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Abstract

Research Objective:
To study practices in AIDS control, AIDS patient care and treatment, and AID related

studies.

Research Methodology:

This year is a continuing work implemented during the Phase I, the five-year Phase II,
and three-year Phase III programs, and we shall track conditions of AIDS patients that
underwent the Highly Active Antiretroviral Therapies (HAART) at the National Taiwan
University (NTU) Hospital; at the same time, we shall also study the related opportunistic
infection, clinical researches, and new virus strains. The program of this year, based on the
established human resource foundation, shall see to the continuous utilization of the software
and hardware of the Control Center to further develop the Control Center’s features, and to
focus the work on clinical treatment services, which is to be supplemented by fundamental
studies and behavioral science. The program shall also see to the enhancement of outpatient
treatment service, improvement of the integrated therapy, and study on the pharmaceutical
side effects.

Since the establishment of the HIV/AIDS Control and Study Center of the NTU Hospital
in June 1997, every member of the staff dedicatedly applied themselves to the AIDS control
and clinical operations of the center, and the Center has continued to build a formidable
human resource. Under the strong support of the Center for Disease Control of the Ministry of
Health and Welfare (before was DOH) in the past eighteen years, the NTU AIDS Control
Center managed to achieve the astounding accomplishments for its initial period work in both
clinical treatment service and fundamental research. The human resource training and
distribution of the Control Center has reached a certain level of stability, and the Control
Center lab operations have achieved a certain scale. We expect to see sound progress towards
the key periods of the course of the program. The Control Center adheres to the serious
responsibility in the campaign for AIDS control and treatment since the proliferation of AIDS
is closely related to the social culture and the change of sexual practices. Hence, it is a true
social reform. The AIDS problem could not be solved by mere medical treatment and public
health policies. Hence, in addition to providing AIDS treatment and nursing care, the Control
Center shall also implement the AIDS control campaign in cooperation with the educational,
cultural, and social sectors. The campaign shall focus especially on health education.
Moreover, a series of health education courses and seminars shall be held at the Control

Center and the hospital facilities of the northern district for the popular dissemination of AIDS



control education. This would be the most effective means by which we may break the vicious
HIV communication cycle.

In response to the harm reduction policy of the government, the Control Center, under
the leadership of Dr. Hung Chien-Ching, a team of young doctors and nurses from the
Infectious Disease Department of Yunlin Branch Hospital take turns in conducting the
following procedures every Friday at the Yunlin First Prison, the Yunlin Second Prison, and
the Chiayi Prison: 1. Examine the newly diagnosed AIDS infected inmates or newly admitted
inmates. 2. Understand the risk factors and current health conditions of the inmates, inform
inmates of the relevant important health information, and answer health-related questions of
infected inmates. Furthermore, conduct CD4/CDS8 and AIDS virus count, Hepatitis A, B, and
C viruses, liver function, and other basic biochemical tests. 3. Track the changes in the
CD4/CD8 and/or HIV virus count and changes in the liver function; determine the time when
sufferers should start taking HIV antiretroviral medicine. 4. Evaluate the methadone
maintenance therapy aggressively implemented by the Yunlin Branch Hospital.

In an effort to upgrade and consolidate the resources and AIDS sufferer related
information of the various AIDS designated hospitals in the country, nation-wide
cross-hospital studies on HIV clinical epidemiology had been conducted, and assistance had
been provided to researchers conducting studies on clinical epidemiology related matters,
such as, clinical symptoms of AIDS sufferers in Taiwan, treatment and control of
opportunistic infection, inclination to seek medical treatment, high risk behaviors, drug
resistance and side effects of therapies. Results obtained shall serve as reference for the future
definition and subsequent amendment of AIDS therapy and control related policies. Moreover,
the HIV/AIDS Control and Study Center takes on the key role in leading AIDS treatment and
control related efforts in the country; hence, it should assume the responsibility of planning
the HIV-related education and training of medical personnel in the country, as well as
establishing and operating the PP line. Recently, under the lead of Dr. Sheng Wang-Hui, a
unified HIV body fluid exposure incident treatment procedure had been established through
the concerted efforts of the doctors, nurses, and medical technologists of the NTU Hospital
HIV/AIDS Control and Study Center, with the help of the Branch for Communicable Disease
Control of the Taipei City Hospitals (Kunming Branch) to aid sufferers exposed to the HIV
body fluid. A 24-hour HIV screening and a hotline information and health education service
had been established in an effort to reduce chances of HIV infection and to alleviate the fears
and anxieties of persons seeking advices. Furthermore, a fast and single HIV test channel is
provided to facilitate the diagnosis of any HIV infection within 24 hours. Once HIV infection
is determined, free preventive medicine is provided to the patient within 24 to 36 hours, and

notification is sent to the proper health authorities for the institution of effective epidemic



control. Essentials of the implementation of the 2017 annual program of the HIV/AIDS
Control and Study Center are as follows:

Study Subject: Integrated Plan for the Control of HIV/AIDS

Focal Point of the Study: This research focuses on two major research streams; interventional
processes and other preventive strategies in HIV/AIDS high-risk
populations and integrated approaches to enhance HIV quality care,

with a total of 10 priorities described as follows:

1. National clinical study on pre-exposure prophylaxis (PrEP) in self-pay subjects.

2. Research related to integrated care of patients with abuse substance undertaking drug
replacement therapy using PrEP or non-occupational PEP (post-exposure prophylaxis).

. Effectiveness of counseling line for pre- and post-exposure prophylaxis questions.

. Assessment of the benefits of implementing designated clinics for adult HIV/AIDS.

. Evaluation of the treatment effectiveness in cases treated immediately after diagnosis.

AN DN A~ W

. Pharmacodynamics and genetic study in HIV-infected patients receiving antiretroviral
therapy.

7. Cohort study on resistance profile in HIV/AIDS clients before and after initiation of

treatment.

8. Research related to ageing and other co-morbidities in Taiwanese HIV-infected subjects.

Research objectives:
1. To understand the effectiveness of HIV prophylaxis and integrated interventional
preventive services, and its impact on the national HIV/AIDS prevention and control.
2. To understand the effectiveness of new therapies, care and case follow-up model in
patient treatment care and HIV/AIDS disease prevention and control.
3. To understand the relationship between drug treatment and health outcomes in cases to

improve patient treatment care and quality of life.

We have completed 6 sub-plans. There were 11 papers been published and participated

in 4 international conferences.

Keywords: HIV, AIDS, The HIV / AIDS Control and Study Center, Highly active
antiretroviral therapy, HAART, Post Exposure Prophylaxis line / PP line.



()%

(€]

1997127 32 FHJQANGR w2 AT TR X LR LRGFHEPIHE, - 27 F

wOER Y RT Y AEL 3 PSR R T PR AR BT R SR LR
RBEHLFIGEFY A& A S FTRZRM > AR FRFELIS S 2240 AW
1997# 6% & > d L& Fhudrah o3 2B ATOR S A0 20 5 F A R B Ik
W%E}iﬁﬁﬁréﬁMMféﬁwJa%-\:$5ﬁﬁﬂﬁ¥iﬁmﬁﬁéﬂdgﬁﬁ%
BieBEyEE

R LRI B E 415 £ 22017890 REFTAFFTAEF D RP B8 05
AR B A dce 2365154 (AR 354144 ) P o S s 4 ok B A E16,476 51
o firE KMSMeg 4 4 B 0 5 AR & B 4o A8 % > [8 1985 el A » 3B jbid 4 112016
#£97 (>e121,934 % 2 1988-1991# MSM2 1417 5 1 & 2§ Zi8 /T 1992-1995& B 4 5%
M5 R R L % @ 32T 5 1996-2003F MSM* W 3| & — = © 2004-2006-% # 4 £ *
FEPem N2 A AR BLART o 2 F2005F Foe TR T HE 0 2008F F T R L
F < tgT > MSM* LPREEES- Lo iR & KMSME % & #f 40 5 % = 3010% ° &
«EM%QW*%ﬁ’@%J/:m&&ﬁ'Q5¢@ﬁﬁ~;’%@3wﬁ—u«pw42%§’%
23.81% » 7 & ik 2HE $F 931590 =+ 0 B FARE AR € Eop ko R
f“ﬁ%ﬁﬁé”i“i%%?”ﬁmﬁiﬁw@%ﬁﬁo

AFALEIE oA R AL A BT E R TSR SR 4K B 2005 E R AR
B a e A K o A 2008 E FIRE R A SRR o ) L A & 2 ATR
F*F 02011 & AT 4R 2 9 k%%;ﬁﬁﬁ@;&%»tﬂamM&ﬁw B2 BHFHEF

my

Wi

a@%ﬁﬁﬁﬁﬁ15%1%’%%ﬁﬁﬁﬁmé%uﬂiﬁ%ﬁmmﬁﬁﬁﬁﬁﬂ

P FISE O MBI R BN 2R E S L BBV EY S o o BES T
27 enE_B %2 A/E 374 0 2 8 2004 & 4= & d ﬁ%i&ﬁ%@%ﬁiﬁ%ﬁ’

ﬁﬂ;ﬂﬁ Be&g i o 2 CRFB/C I 3] 8 5 5 74 e B L

2 & LA A o F)

e tips T ERALS B fE R LY RE L T

.
=
.
St
(s
pi
A
2
\_.
T_\
Q'J
iy
.

ol 3R sk 2 R 4 i 1 CD4<300/cmm U B
WHAART SR P 0 E3-48 15 > BEpFER & € 3 42161,000% ° 2HAART % T » €



Ao PR AR REE A E M B R AR YRR AN EAFIER
BF b 352 HRAT AT R sk LB om0 R F o 2 - ) B RE B
FAad Lot - GRS E e B2 A AL E T R hd Bt A
%%%1_ﬂHWﬁ%%ﬁﬁli*&° BIGF s & o % FIRFE ERRE (
TR A SRS G R - TR ARANG ERRAR L BER
BV A Flufsha 7= o TR0 4 ARARNRE ARG S ABFR A ALAF L o A
WRERS L EEB L - AER

ﬁléﬁﬁﬂé%ﬁﬁHWMHmﬁé SR SR R B @wm

S

-10-



(2 )M

Alg =k

FwHPRFLpAKIOED? 1 p423 122 31 p Lt -APEREL P p1 T

FH19ENARI LT FTH AV w2z g HF &84T 7 !

106

B % E BT 5

RPF R SRR EEAFIFEA—CRREP IR @

R P

SR SRR ST RS T RS TR R R T ST

BESFHEELRE - AP n £ P £ BT

& € eopA W v IRIE B (4% (Pre-exposure prophylaxis, PrEP) 2 p 7 5 4 &

2.nPEP & PrEP ¥ & & 2t 4 @ % % 2. N (5B S M RGEPRIEAT Y o

3.%

4.%

Ao TSR LB R AR B R St

=3

Fopdp L TE AR F R

55U TR IRE B R 2 RE A GT R

CALFEARZEHREAF L ERF RSP ATIEFY
7Bk BARPRE S BRE (L2 FLEN S 4 S HT g
S.EIN E BB A X & W R A M

S FET R
LEFAFF R E R F LD IR~ 45 HEP € Bp a3 nl B

2ATIeR ~ BRGEE B R HEY O HE 4'*:/\:')%‘% AR P E RRE R RE e
3EF S BRISREFLAME > LR BEISHEFRE T

fes P E A A2 HE  ABARVNEFLT OB I E R ITN A u AT

v

(<) “EHpE R AFIRT F RAHE 5L R ol E B Gt b LG

FR;FURSEL D DD e dp sl ArE R E 2 - 0 WIRH §
(- =)L Bk () "RFRELFREREL 2L - FRAFT R
PR 4 PE B e pEa E_g2 0 47 B b (rifampicin) B * G0 iE AL o 8 B
FRLenp (T% 50 5t LRlIF* 2 LKA - ¢ 1Rtd bRl F% ke g d

TR AR A B 5 F AR AR R R %

-11-



BRTAFLOPFFART FRLRI A PFTRERE A F RS B LR
¥ o 1450 517 Gutierrez-Valencia A % A 7 7 5 % 3 R > B H H 4o F B A
FOLR P ER e g fpA S Bk A T L G Rk o Bif BE 24 ¥
B RF 6 mBRGI%ABF T Ao BT REERATT A
B o EFpd B2 A F 65 F R E DAz HE o

AR ek P 20128 60 1 p B KA ISR ERR

FEH P RIIREORER c R R BB XA P ¢ 2 F B BB £ ik

3k

|l

BRolamaad o - o d4edoRE 52X \!_'ﬁ(300ng)}%—1?f 77Xt % 8%k

RV - mEAEE :E_"k(600mg) o PV H-TE H R k4R 5N 7\’]’:%/?5
Bk A FHReEESR ~u B APFE SC APFE LR 5 o L4624 LR

% & "5 %(T-CHO ~ TG ~ LDL-C ~ HDL-C) » = #& ~ &1t & ¢ % (HbAlc) - & j%
s B~ CD4 = skt e~ i F 15 3 H35(RPR) 7 b pFieds o
dS%ﬁi%@%%&ﬁ&@iéﬁ%ﬁ%@&%%ﬁ%&ﬁﬁ’#mp

G
G
3
5
W
ol
ﬁ‘*‘
=
o
=
%
=
o
e
(\x
o
o
T
£
|
L
i

S sk

B Ty fud m‘}?&% /v f (highly active antiretroviral therapy ; HAART ) » %
HTIEFRE 07 F o A SR A 2 % % (human immunodeficiency virus
type 1 1 HIV-1)g % % chpsd £ ~ 85 CD4 " shiic > % 157 Mop B 2 48
BB %~ = chh g o 7 & % > {2 Bisg HIV-IHIV-D g% &
FF RS HIV-1 i3 @ 4f - {5 F2 AR I8 s B 41 F chsts” > £21 A /-
FPEIENY RS> Ao A28+ ﬁi4“4§ﬂHW4%®
Foopwo BoBEINAFLRG 2HAFRADARFE
Fledsd FAAETISA R E A F IR L ehz £ - R FPRE o Lk
BAEABEER o FPnt iy FEIL L \
FREE - ARFEFIFR 2012 & 6 7 1 pAF s THRAFARE L
Fel PR R BRI FRRZARE 0 BAR R R R R

sy
%

(,..

i}
s
ﬁxﬂ
T
X
A=7}
H
<y
|
Jo

W

(’}}

¥
ol

P

ﬁ ? q«é\‘ﬁ_c._ ”;fg_*ll— ;Q__;,‘?,ng_%‘iu]fé’ié %ﬁ_;ﬂ’#;# ° gLf.J‘ij.éJ.

g
N
d
\'MA'

’

x
FRPATFIALEFS TV AR RAFLASL )]354595#””’—;1:“ HIV &

-12-



FOREPRES RS AFIEES - F Y0 fRAATRET L N EAE AT
AR B (7 F o g > 2 B IR o ok P B o TR 3% Stanford
University“HIV drug resistance database” 4 74L&+ A 17| » A {7 -0 3
Reverse Transcriptae Inhibitor (RTI) ~ Protease Inhibitor (PI) % Integrase Inhibitor
(INDE = < 5% 5 o 5= > bipl BR|EIIL IR S > NP REHITL B
Tipkrek o 4o A E'{—‘ﬁ(—’» %+ 1000 copies /mL) » 2% 7% #-38 (7 F 2 |4 A T4k
BT RSB S A TR P e § B A TR REEL SR F
DR R ERE Y EY o 2 PR RE RS K TRPDER £tk i
T3 o %2 0 EHEATRS & F R (2016/6/1) 0 T fEE P - A7
4z_(Atripla) ~ B % % (Complera) % = @ % (Triumeq)  “EP F % {8
:jjﬁf)i% o
At FRRFRLEREREE T PR LT ARG EeE R g
RMgit = o
(2)ief7 "6 @ HIV e CAPFLp4 B Ap b2 AR
£ HIV fo C 3P p 4 B A L F B3 TPt M enfep 52 7~ & o
gt e & C i‘]”%‘?ﬁ-‘r i RAPE BRE AR F A “$ C 1‘]”3"(«7?33
Fio LARR ATA L AR B AT niE R b B4 T B 0 £ # HIV
feCAPFLpEE R AmAR Y L HIV 3 B> 72 PREDFE - AL i
A HIV e CAPFEpd B AR LL Y 7 GRIT C AT d ot b 4
B30 2 CAMFUp A R ARID o R LHE 2 AT AL oy
BrEsfogd o BumL CAWFpS ok ik mi snk (TEIFLHES F B
S Bl) AR ERU TR AW T T SRR LA RC TS
ek fe%—ﬁ)}%ﬁ ’ér_m)ﬁ] C i‘]’”‘"l’i—‘)fﬁ%)iﬁ % C i"l”‘:i-‘)}?’:ilé Foefp g KR o
PR SR FRAPIEAPATHFALF AN P SR 50
Wiz o
(z)f*% "HIVEAFESEEFf-ARNFFT"
B ki 4 eop 4 B
5 /?Jﬁ?fr SR AL P FE 0 BB LA T 2R (AIDS)

= & o ART ¥ > ¥ phF #&pe el (nucleoside reverse transcriptase

(highly active antiretroviral therapy, HAART ) &g

s
A
L2

|
3%
b

-13-



inhibitor, NRTI) & jpof ¥ 47 5 254% H pe & # 48-f5 414 (non-nucleoside reverse
transcriptase inhibitor, NNRTI) efavirenz £2 nevirapine ~ v f#$r4|# (protease
inhibitor, PI) lopinavir/ ritonavir ~ CCR5 #r+#|# ( chemokine receptor type 5
antagonist ) maraviroc % 1 & 5 d "F5KF% % cytochrome P450 (CYP 450) 3%t ;
PI #f atazanavir &2 & & fis#r4]%| (integrase strand transfer inhibitor ) raltegravir
dolutegravir i & 5 d "R R H - BE R O§ §F MR A H B
( UDP-glucuronosyltransferase, UGTIAl ) & 7 & % # @ @ 5 &
( glucuronidation ) » + it % s P B ART ehik g & > m fE R s P2 8 -

2 e & F] % 4514 (single nucleotide polymorphism, SNP) ~ 2 32538 ki ~ &
LI LR P E B SHEROESF TR LR RESR
# ( pharmacokinetics, PK ) i ipd H g - A3 @ kA (serum
concentration ) " 4 ¥ it B ipfenk o H I AR € RpS AL B R
Bps > Fr b ? RREF T A F A B efoi s LI H A R AP e L .
7 W ART 7 itk endF 2 /5% AIDS 4p B 22 @84 g % (opportunistic infection )
g4 % 4o rifabutin 22 trimethoprim/sulfamethoxazole (cotrimoxazole) 7 #X » & &
EREr Y RRBETRF B EP W FP - 7 55 ART § % (generic drug)
B R 4o R AER L RE L YRR T AR OCH 2

LR EEHFEADRPTRES - BB M -

2 )’% ?o% @ B i Ap & +7 & (high performance liquid chromatography,
HPLC) te P14 @ kR > fe £ 255 b F R Bt yhic i 17 2 f e %> 5% > 5]
B BIELERT PP < (PKlaboratory ) 1584 % mPEI,%* LRE
B ART 22 8 s Jnd 2o ©® JER > T4k PI4p M 22 & P-glycoprotein & F]4] -
AFF P m{%ﬁ'd WPEM R EHe YRR~ AT AN S B pliv
B MEREGERADARTHE - B H 3 T F2HEAF RPN E %
AR AL SR B R *?Jﬁ’f Tolk S AR g 0 A R A Y
EX P E P B NEFRCE s M H TG N ER R LR AR

E

q..

o

=
“rﬁ

*F %R ATE ke i 2§ P efavirenz ~ nevirapine - atazanavir ~ rifabutin £

trimethoprim/ sulfamethoxazole (cotrimoxazole)s # & & e HPLC = j* » £ #p]

-14-



RF e ALEF PIRENEABARAE P 73";’@J‘%.?:‘&‘.?:gffégég’g}%%&gﬂ:ﬁjm;}?ﬁ
SR SR e S kiR o X iR VB Rl R e Vi R R 0 8 T
Ko FET %2 WTEREP A2 PKlab 0w 7 £ Rl POk R e
BERAGEFFCARTEHEG HIVAF ¥ » 252 307 kR DES 7 RETR
RFEAEMEAET TR LI AL L BHERA L & ARt

ieiT “EHEBEEIR L2 ARV R B BT

?
G

2ERE-E XN AF - S FAIMPLE S TR H S ((Human
immunodeficiency virus; HIV) g % ; #2175 £ @ % € 8p4 i R 22 - 133
E2ARTIRNA R E P E LT JAA F )l dR TR B L S E ¥ (Persons
who inject drugs; PWID) g 4 € ,«‘)J%% g FEE I FIF 118 0 2007 & 3] 2014
EAAE ERTDEDE HRA R FE S 9 1,600 7] 2,000 4 03 & 2R A
Cipd g ARSI EDBRLEL
2010 # = B = A iRAk i sk A W p RET L8 & }ﬁi-‘r By sk v pooE A

Mgt fAp R 2% (serodiscordant couples) 92%f % & ,;)1;34 el B R
g MEL —‘ﬁ (men who have sex with men; MSM ) 44%pR* 4 # & - 2010 & 2_ {5 »
IR A RFEABES T RY kG L EF (pre-exposure
prophylaxis; PrEP) > #8345 L 3 F B € }ﬁsi B %k o
2011 & & B &4 F . (World Health Organization; WHO ) & & ;55 i} e B 4 e
22012 # - 1 £F & HEEE2E (Food and Drug Association; FDA ) 1
2.8 tenofovir + emtricitabine ( TDF/FTC, Truvada) = 3 & & % 3 7 |+ :}xé%mp

E LS 2011 & £ FA T # #]% 3¢ 7 ¢« (US Centers for Disease Control and
Prevention) 7 L& ¥ 5 § 427 5 FJ CH TR BTIERBRLERE LR ip
gl Bgis 2012 # & FRE R HES A 2013 & é“ﬁii%%%i#& kB
WAL AR E AT i F dp 5] X Y0 2014 E X N2 F KB H R PR ER
B % dpsl e WHO »t 2015 £k k B if R ETL 2k € B pA R 4P

iéﬁﬂl‘f‘}éﬁﬂja‘_-%jﬂﬂi%@i— o

-15-



AP RBEHE A AL AL BREH Y X G R R RBFFO
ﬁgw,ﬁ&zﬂai%ﬁé%%iﬁ@ﬁ%iﬁi%ii%%’ﬁ%%ﬁ‘
JH:}}% ~ 3 )gﬂ;*ﬁ; Fcixg o 1 ,;‘b%'%'ri :}z’tli‘—’{'ﬁéa"f )imé’._,‘?’é Fie

BERRGHEIIRFL R G EF DL B RE R RERTEER
FRADFDRFELRY S NEER > U2 Bl fotp MR E 2 S

P Ed o FRAPEAPRBFFELF A e SR LA
(FOHIV Tk it A EAPMAE > #F € Hp+ £ 4 FATPRHhE e o
FARERBBLEFSF - FAF2ARFFNLT:

& m’}ﬁsi k% —‘ﬁ F] 5 B v fuk 4%+ (highly active antitroviral therapy;
HAART) ehfg £ * @ F120ecd 508 o 1395 o =+ Fﬁfmm,{:r A BB &
250 f SR A FAPEOT 40-49 R A K F RS R R 0 F OB B &
B F AR Bk o YA BASERTIE Hopd 4 & 4
B dpaE L R M R, ¢ F R 2 L R
HEF o R LA F AR R T 2 - o F ok R e R -

o BE RS D éi%’%f}?ﬁi}é AFEFCRRBOF LG > LI - 2 g RS
§ m’}?a% BAARM ~ @ 215 X LR 3 2o % ¥ ehiFA5(HIV-Associated Non-AIDS
conditions, HANA)£r§ A& kA% 5 erdB 4 o s e dv s R PRE 50 8 oy 4

A AR ATOIE RO Do 3 5 E (P BB B R
SR A B TR T FERE) S EEF MR P HAR
TR G R H AT P st N R RIS BEER
AT R E S KT 18 R 7’(»—‘5 » & w]ig * WHO FRAX equation &
¥ 10 & p g 4 F 374948 5 > Framingham equation 5 10 & p 2 4 @ i ?ﬁ}?&
ik ' 2 D:A:Dequation iz & SEpNF 4 o n ?filﬁam& e B8 _FRAX
equation ¥ 1 £ & A WA NSO REFF FRARAE EF LA &#D TR o
AN A 2003 # 1 % 1P 22014 F 127 31l PR 372 FFT A
ﬁ%ﬁ&j*6%ai%%oéﬁﬁiﬁﬁk%jﬁ&@&%ﬁ%%~ﬁéﬁ
Tk BN R B R AT B H 8 BRah B X R (F

-16-



4 B APFRC AT ) oA MR g 0 &Y e & D g
i P B Eop 4 £ - CDA M~ skt - RPRtiter ~ F R R 4 - k4B %
A E G2 fhe BBt e 7 AD L B(AC glucose) ~ #E T 1 ¢ # (HbAlc) ~ A #
Beng Ep A £ CCDA M T e ARRE L S~ e TS 10 E N2
e g R FRAKRE > 2 Fas &D R E S DREREGE L
TR BRSO B RS AT HBE

PP EY SR FRATB AP PIERAP R T RFFL T LE O Ry

R RAHER

Fh

-17-



(Z)& %

- B ERR R AR F RASAE L B ] okl B e 62 f
R A o R

S HREFTRBRBRIRED BREFL 2 RERY L FEHE B LRk
BT Faoa RPN TR Z o

= ~ {78 HHIVI-CH ]B—T“\fﬁ* X ﬂjb)%'ﬁlﬁ@@‘” s R A s RN

o~ FNCHIVE R FESEEEAFIFFALY o &N Foofipite o

N P LN LT S by w%a7w¢MFW”,Lm¢%p*%wn1o
S HIVIRA Gt 7B AR MAT L > % 8 wpd B % FATH S SR G 38 i 3 8

FREBLEEF - FLFEAAPRFF AL o d E P Fhoriza o
EENE - REUE B
(A) 28R L35 & B Rm
A 4F AR féi%‘%gﬁﬁ%hé'ﬁ}% R ST BRI R
(1) 2/13~16 p &% W& "2 @B F 742 Conference on Retroviruses and Opportunistic
Infections(CROI 2017)F" € 3& £ (T HE LRt m T # 4 2 [ A H 2 o
1.Lin KY, Hsieh SM, Sun HY, Lo YC, Sheng WH, Chuang YC, Pan SC, Hung CC,
Chang SC. Effectiveness of HAV vaccination among HIV-positive patients
during an HAV outbreak. 22nd Conference on Retroviruses and Opportunistic
Infections. Abstract no. 977. Seattle, WA, 13-16 Feb, 2017.
2. Llibre JM, Hung CC, Brinson C, Castelli F, Girard P, Kahl LP, Blair E, Wynne
B, Vandermeulen K, Aboud M. Phase III SWORD 1 & 2: Switch to DTG+RPV
maintains virologic suppression through 48 Wks. 22nd Conference on
Retroviruses and Opportunistic Infections. Abstract no. 44LB. Seattle, WA,
13-16 Feb, 2017.
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1. Chen GJ, Sun HY, Lin KY, Cheng A, Huang YC, Hsieh SM, Sheng WH, Liu
WC, Hung CC, Chang SC. Serological responses to revaccination with hepatitis
A vaccines among HIV-positive individuals whose anti-HAV antibody waned
after primary vaccination. 16th European AIDS Conference. Abstract no. Milan,
24-27 October, 2017. [oral presentation]

2. Sun HY, Liu WC, Su YC, Chen GJ,, Chang SY, Hung CC. Effectiveness of
substitution of protease inhibitors with dolutegravir in combination with 2
NRTIs as maintenance antiretroviral therapy among HIV-positive patients. 16th
European AIDS Conference. Abstract no. Milan, 24-27 October, 2017. [poster]

3. Wu PY, Zhang JY, Luo YZ, Yang SP, Chang HY Sun HY, Hung CC. Risk of
cardiovascular disease among the HIV-infected patients in Taiwan. 16th
European AIDS Conference. Abstract no. Milan, 24-27 October, 2017. [poster]

4. Su YC, Lin YT, Huang CW, Huang SH, Yang SP, Liu WC, Lin SW, Chang SY,
Hung CC. Effectiveness of maintenance combination antiretroviral therapy
using half-dose efavirenz plus 2 nucleoside reverse-transcriptase inhibitors with
the guidance of therapeutic drug monitoring. 16th European AIDS Conference.
Abstract no. Milan, 24-27 October, 2017. [poster]

5. Liu WC, Liu CH, Sun HY, Hung CC, Kao JH. Real-world effectiveness and
safety of generic velpatasvir plus sofosbuvir for chronic hepatitis C in patients
coinfected with human immunodeficiency virus. 16th European AIDS
Conference. Abstract no. Milan, 24-27 October, 2017. [poster]
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initiating non-nucleoside reverse transcriptase inhibitor plus nucleoside

reverse-transcriptase inhibitors in Taiwan. PLoS One 2017;12:e0171596.
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. Chen GJ, Lin KY, Hung CC*, Chang SC. Hepatitis A outbreak among men who

have sex with men in a country of low endemicity of hepatitis A infection. J

Infect Dis 2017;215:1339-40. [Letter to the editor]

. Lin KY, Chen GJ, Lee YL, Huang YC, Cheng A, Sun HY, Chang SY, Liu CE*,

Hung CC*. Hepatitis A virus infection and hepatitis A vaccination in
HIV-positive patients: a review. World J Gastroenterol 2017;23:3589-606.
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HIV-positive Taiwanese patients in the era of treatment scale-up. PLoS One
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. Huang YS, Yang JJ, Lee NY, Chen GJ, Ko WC, Sun HY, Hung CC*. Treatment

of Pneumocystis jirovecii pneumonia in HIV-infected patients: a review. Expert
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. Lee YL, Lin KY, Cheng CY, Li CW, Yang CJ, Tsai MS, Tang HJ, Lin TY, Wang
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Hung CC, for the Taiwan HIV Study Group. Evolution of hepatitis A virus
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Taiwanese patients. J Microbiol Immunol Infect 2017;50:595-603.
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To investigate the effectiveness and adverse effects of lead-in efavirenz (1/2# for the fist
7 days) plus 2 NRTIs in the treatment of ARV-naive HIV-infected patients, we retrospectively
observed 390 patients who initiated combination antiretroviral therapy consisting 2 NRTIs
plus efavirenz at Taipei City Hospital Kunming Branch between January 2014 and June 2017.
In total, 71.5% of the patients reported one or more adverse effects to the regimens and 33.7%
of the patient’s had to switch efavirenz/2NRTlIs to other non-efavirenz-containing regimens.
Of the adverse effects reported included dizziness (39.7%), skin rashes (23.6%), dreams and
nightmares (15.9%), sleep disturbance (10.3%), and heat sensation (3.1%). While about one
third of the patients had to change regimens due to side effect, virological failure was
observed only in 2.8% (n=11) of the patients who continued efavirenz-containing regimens.
Among those patients who continued to receive efavirenz-containing regimen more than 48
weeks, 92.4% were able to achieve PVL<40 copies/ml at week 48 and 95.7% at week 96.

Between April and July 2016, 77 HIV-infected patients initiated efavirenz-containing
regimens at the National Taiwan University Hospital; 41 started at full dose of efvavirenz
while 36 at lead-in dosing for 1 week followed by switch to full-dose efavirenz. 19 patients
who started lead-in dosing of efavirenz underwent therapeutic drug monitoring when they
were switched to efavirenz at 600 mg daily for 14 days or more. The mean plasma efavirenz
concentration of these 19 patients was 2.29 ng/ml (IQR, 1.43-4.87).

We conclude that, while a substantial proportion of the patients taking
efavirenz-containing regimens had to stop efavirenz, lead-in dosing of efavirenz within the
first week of initiation of cART did not appear to compromise its long-term effectiveness in
achieve durable viral suppression. Despite lead-in dosing in the first week of therapy, all

patients achieved target plasma efavirenz concentrations (>1 ng/ml)

Keywords: efavirenz; therapeutic drug monitoring; plasma HIV RNA load; adverse effect;

highly active antiretroviral therapy
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This study aimed to determine the prevalence of transmitted drug resistance among
antiretroviral-naive HIV-1-infected patients in Taiwan. From January to October, 2017, we
have completed analyses of 456 specimens. The prevalence of transmitted drug resistance to
any class of antiretroviral agents among antiretroviral--naive HIV-1 infected patients was
17.1%. The prevalence of resistance to protease inhibitors, nucleoside or nucleotide
reverse-transcriptase inhibitors (NRTIs), and non-nucleoside reverse-transcriptase inhibitors,
(nNRTTIs) was 0.7% ~ 6.1% and 12.5%, respectively. The prevalence of resistance to more than
two classes of drugs was 2.2%. Compared to the survey conducted in 2016, the prevalence of
antiretroviral resistance to nNRTI has significantly increased from 8.4% to 12.5% (P=0.05)
and that to PI has decreased from 2.5% to 0.7% (P=0.03). Based on the findings of our
surveys, we suggest that patients who are to initiate nNRTI-based single-tablet regimens such
as TDF/FTC/EFV (Atripla) and TDF/FTC/RPV (Complera) as the first-line regimen should
submit blood specimens for determinations of antiretroviral resistance to ensure the efficacy

of antiretroviral therapy.

B 43w © HIV-1; drug resistance; protease inhibitor; reverse transcriptase; integrase
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Atripla 66
AZT/3TC+DTG 1
Combivir+Kaletra 1
Complera 90
DTG study 7
Duovir+LPVr 1
Triumeq 194
Truvada+EFV 26
Truvada+RAL 1
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Background: We previously have shown that the rate of recent hepatitis C virus (HCV)

infection in HIV-positive patients seeking HIV care at the National Taiwan
University Hospital (NTUH), Taipei, had increased from 0 in 1994 to 2000 and
2.29 in 2001 to 2005 to 10.13 per 1,000 person-years of follow-up [PYFU] in
2006 to 2010. This study aimed to investigate whether the increasing trend of
recent HCV infection continued between 2011 and 2015.

Materials and Methods: Between January, 2011 and December, 2015, HIV-positive

Results:

patients seeking care at the NTUH were prospectively observed and serologic
tests for HCV were provided at baseline during their first visit and subsequently
on an annual basis or to those who acquired syphilis or had elevated
aminotransferases according to the national HIV treatment guidelines. Antibodies
to HCV were determined with a third-generation enzyme immunoassay (Ax SYM
HCV 1II; Abbott Laboratories, North Chicago, IL). HCV RNA load was
determined and HCV was genotyped. Recent HCV seroconversion was defined as
the first positive anti-HCV detected within 1 year after the last negative anti-HCV.
The date of seroconversion was assigned as the midpoint between the date of the
last negative and that of the first positive anti-HCV result. All patients were

followed until 30 April, 2016.

During the 5-year study period, 3,483 HIV-positive patients aged 15 years or
older sought HIV care at NTUH. After excluding 29 patients without anti-HCV
data at baseline and 371 testing positive for HCV (prevalent HCV infections),
3,083 were included for prospective follow-up. A total of 136 (4.4%) had recent
HCV infection (incident HCV infections) during a total observation duration of
9900.51 PYFU, giving an overall incidence rate of 14.14 per 1000 PYFU. The
rate was 12.64, 13.81, 13.76, 10.87, and 17.23per 1000 PYFU in 2011, 2012,
2013, 2014, and 2015, respectively. Compared with 2,699 patients without HCV

seroconversion, patients with recent HCV seroconversion were more likely to be
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male (100.0% vs 96.2%, P=0.009), younger (mean age, 32.4 vs 35.6 years,
P=0.0004), and men who have sex with men (85.7% vs 78.4%, P=0.0065) and to
have recent syphilis (64.7% vs 11.2%, P<0.0001). The mean plasma HCV RNA
load was 5.39 logjo copies/ml. Of the 84HCV strains submitted for genotyping,
genotypes 1 and 2 accounted for 45% and 35%, respectively. Additionally, 54
HIV/HCV-coinfected and 124 HCV-monoinfected patients receiving generic
VEL/SOF-based therapies (ribavirin-free for compensated liver disease and
weight-based ribavirin for decompensated cirrhosis) for 12 weeks. The sustained
virologic response at week 12 off-therapy (SVR;,) was achieved in 52 of 54
HIV/HCV-coinfected patients (96.3%; 95% CI, 87.5%-99.0%) and in 122 of 124
HCV-monoinfected  patients  (98.4%; 95% CI, 94.3-99.6%). All
HIV/HCV-coinfected patients completed 12 weeks of treatment without
interruption.  Thirty-eight (70.3%) HIV/HCV-coinfected and 85 (68.5%)
HCV-monoinfected patients had at least one AE. However, most of them were

mild in grade and resolved without medications.

Conclusions: The increasing trend of recent HCV infection continued in HIV-positive
patients seeking HIV care at the university hospital in Taiwan from 2011 to 2015.
Generic VEL/SOF-based therapies for 12 weeks provided excellent effectiveness
and safety profiles for HCV in patients with HIV coinfection.
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2o FY CAPFRR A F fohig ) CAPF U % o 2 ot i)

HCoAPFY

AigH C A

R S 136 2699

7, BEE (%) 136 (100.0) 2,595 (96.2) 0.0090

Py Bapane s> ToE (REL), £ 32481 35.6 (10.6) 0.0004

HIV & 4k %, B X3 (%) 0.0065

e A/ 117 (86.0) 2,116 (78.4)
LER 5@3.7) 282 (10.5)
BIRE RELS R 2(1.5) 8 (0.3)

# 12 (8.8) 293 (10.9)

HBsAg B 1, & % #ic (%) 19 (14.0) 379 (14.0) 0.6626
B Erm S B, B Rk (%) 133 (97.8) 2,514 (93.2) 0.0335
TP HFER L, BEak (%) 88 (64.7) 301 (11.2) <0.001
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%= ~ & #& HIV/HCV g %

HI-HCV H bR A F 20 %

£ & HIV/HCV

HCV ¥ jhR %4

i e '%z '%z P&
Rk 54 124
£, T (L) Kk 40 (11) 61 (11) <0.001
£k >50 &, Bk # (%) 9 (16.7) 103 (83.1) <0.001
§1, BEaE (%) 52 (96.3) 55 (44.4) <0.001
Bamsing, Biik (%) 9 (16.7) 35(28.2) 0.13
HBsAg B+, B % #c (%) 8 (14.8) 7(5.6) 0.07
A 2R, B Rk (%) 2(3.7) 6 (4.8) 1.00
HIV 54 £ <50 copies/mL, i % # (%) 51 (94.4) - -
CD4 #, TiaE (B8 1), 10°cells/L 0.6 (0.2) - -
HIV & 4k %, B X3 (%)

A RS K 4(7.4) - -

TR 48 (88.9) - -

i o R 2(3.7) - -
BMI, L 5iE (&% %), kg/m’ 222(2.2) 24.4 (3.4) <0.001
Hemoglobin, 32 (& 1), g/dL 14.8 (1.5) 13.8 (1.8) 0.001
v ok, TiaE (B 1), 10°cells/L 5.4 (1.4) 5.4 (2.0) 0.81
ol dE, Tl (B8 L), 10° cells/L 224 (69) 170 (70) <0.001
INR, T32E (R Z) 0.99 (0.54) 0.99 (0.91) 0.99
% #-v , g/dL, mean (SD) 4.5(0.3) 4.2 (0.4) <0.001
B E, Ti9E (RF L), mg/dL 1.0 (0.9) 0.9 (0.5) 0.31
PR, T (E L) me/dl 0.3 (0.2) 0.3 (0.2) 0.86
AST, T iaig (& 1) 1.8(1.2) 1.8 (1.5) 0.90
ALT, T35 (BE 1) 2.8 (2.5) 1.9 (1.5) 0.002
Creatinine, T 321 (- %), mg/dL 0.9 (0.2) 0.9 (0.3) 0.54
¢GFR, T35 (12 1), mL/min/1.73m’ 105 (24) 88 (31) 0.001
eGFR < 60 mL/min/1.73m? 1% % # (%) 2(3.7) 27 (21.8) 0.002
HCV 74 £, log, IUML, T35%E (H%F L) 6.3(0.6) 5.9 (1.0) 0.004
HCV #7173, B %48k (%) <0.001

la 8 (14.8) 9(7.3)

1b 19 (35.2) 59 (47.6)
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2 12 (22.2) 52 (41.9)

3 5(9.3) 1(0.8)

4 2(3.7) 0 (0)

6 8 (14.8) 3(2.4)
HCV 54 £ >2MIUmL, i % ¥ (%) 28 (51.9) 45 (36.3) 0.068
HCV 4 £ >6MIUML, B % # (%) 16 (29.6) 17 (13.7) 0.02
goar gy, B R (%) 0-028

FO-1 27 (50.0) 46 (37.1)

F2 16 (29.6) 25(20.2)

F3 5(9.3) 15 (12.1)

F4 6 (11.1) 38 (30.6)
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Az~ A F R CAF LR A § L # P (velpatasvir/sofosbuvir [VEL/SOF])

&t HIVIHCV REiZy# HCV E & 5y
HOV 5551 25 10/ (e = 54) (it =124)
EI(%) %zgézﬁaﬁ % (%) %igéﬁﬁ
e
Week 1 2(37) 1.0-12.5 21(16.9)  11.4-245
Week 2 20 (37.0) 25.4-50.4 58 (46.8)  38.2-55.5
Week 4 46 (85.2) 73.4-92.3 113 (91.1) 84.8-95.0
Week 6 54 (100) 93.4-100 123 (99.2) 95.6-99.9
Week 8 54 (100) 93.4-100 124 (100) 97.0-100
Week 12 54 (100) 93.4-100 123 (99.2) 95.6-99.9
P
Week 4 (SVRy) 54 (100) 93.4-100  122(984)  94.3-99.6
Week 8 (SVRs) 54 (100) 93.4-100 122 (98.4) 94.3-99.6
Week 12 (SVR12) 52 (96.3) 87.5-99.0 122 (98.4) 94.3-99.6
SRR, (A
185 1 1
PN 1 1
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2 P2 *ﬁ 2
e iwp A+ ¥4 (ART) @ > NNRTI & Pl ¥ 3 & 5d "F%pFE % cytochrome P450
(CYP 450) 3 ~ integrase strand transfer inhibitor P| ¢ phase IT f£% UGTI1A1 i - &
PR E b B - PR A F] S 451 (single nucleotide polymorphism, SNP) ~ # 32
TR s B T E LAl FP R A RHEL TR I TR LR RS TR PE
A HBAPM hE Mo FIPL ERIES L Y RREE TRA G E o iof AIDS
4 B % (opportunistic infection) =rfw 4 % 4 rifabutin ¥? trimethoprim/
sulfamethoxazole (cotrimoxazole) 7+ ’ﬁ Tt o
ARG AR WP OE > U ik Ap 4T &k (HPLC) s ¥ kAR ~ A 5] 7
A e TG WIFFEFERL D ART #E - F 523 FF ph2 A
BERPEHIE FHEPN 2 AL S5 Haop g > & ERTE o
£t % 891 PR * EFV~549 =R * ATV~3 = PR * dolutegravir~108 = i¢ * cotrimoxazole

«F

2 1 =R * rifabutin m[iia AT AT o

JR* EFV FehfEdra ¢ RR LR ARY < > 8 <32 kAR F o Rdp il ik |
pg/mL > Fp &4 * EFV £ 6 B 7 b~ ¥ RR BT 2 pg/ml -~ pd £ 13 200
coples/mL—*Ff s ATk FER-H EFV A E R YL ~ i Bie ¥ BB iRk s §
* o B X ATV ehii ® SRR 7 i % tenofovir (TDF)#: 8@ % 1> i k57§ B E » g i
PR R AR Froks AdE e § o 4 SMX-TMP i ¢k R E B ik iy 2
BSMX R R RAEESS P ERVERT LF g A G R REEFLE A
TRE* THfc TMP £ kR i * BE 2 B+ 5 ¥ M % o Dolutegravir £ rifabutin
RO den AR o ¢ R R R K RN -

WA R RIS FOREXREF R AATH RE R ART 42 % n

¢k R PRAS S R B L HPLC 2 2 Rl H @ ART » A& 7 iRk 4p M A7 7 ehile pF > 7
i FFEL kR L

M4k g ;"é‘%f)ﬁai Z 4 ~ AL %] 5 A4 - atazanavir ~ efavirenz, cotrimoxazole, rifabutin,

dolutegravir
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Rsege:

Highly active antiretroviral therapy (HAART) uses combination therapy of multiple
antiretroviral agents. It dramatically improves the clinical responses in patients infected with
human immunodeficiency virus (HIV), and decreases the mortality and morbidity of acquired
immunodeficiency syndrome (AIDS). Efavirenz (non-nucleoside reverse transcriptase
inhibitors, NNRTI), lopinavit/ ritonavir (protease inhibitor, PI), and maraviroc (chemokine
receptor type 5 antagonist, CCR5 antagonist) are metabolized by cytochrome P450 (CYP 450)
enzymes. Atazanavir (PI) and dolutegravir (integrase strand transfer inhibitor) are metabolized
via UDP-glucuronosyltransferase (UGT1A1) in the liver. The activities of abovementioned
enzymes affect the metabolic rates of ART, and their activities are determined by the single
nucleotide polymorphism (SNP), pathophysiological state, and drug interactions. Each
individual may metabolize ART in different rates, which causes the variability in
pharmacokinetic (PK) parameters. Serum drug concentration may decreases in extensive
metabolizes, which leads to treatment failure or drug resistance. On the other hand, serum
concentration may be elevated in slow metabolizers and result in better treatment outcomes
and/or more dose-related toxicity. This phenomenon also applys to antibiotics in the treatment
of  opportunistic  infections in  AIDS  patients, such as rifabutin and
trimethoprim/sulfamethoxazole (cotrimoxazole). Therefore, it is clinically valuable to
measure the plasma concentration of these medications. Furthermore, generic ART have been

available recently.

Measurement of plasma concentration would provide a security net to ensure
effectiveness of safety of treatment. Previous studies used high performance liquid
chromatography (HPLC) to quantify the plasma concentration of ART and other antibiotics in
HIV patients. Unfortunately, the assay is not feasible to all hospitals in Taiwan. A “PK
laboratory” for plasma concentration and SNP may be beneficial for our medical care. The
purpose of this prospective clinical study is to evaluate the relationship between drug plasma
concentration, SNP, and effectiveness and adverse event of ARTs. Results of this study will
serve as guidance for dosing adjustment in clinical use of ARTs and for management of drug
interactions in patients with HIV. We will share our observations and experiences at the
National Taiwan University Hospital domestically and internationally through our

publications in the future.
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Our laboratory has established assay methods with HPLC for plasma concentrations of
efavirenz, atazanavir, co-trimoxazole and rifabutin in the past, and dolutegravir this year. We
have monitored 891, 549, 108, 1 and 3 patient in this year prospectively. There is a significant
inter-individual variation of plasma concentration of ARTs and antimicrobial agents for
opportunistic infections. Therefore, measurement of plasma concentration should be
emphasized in clinical practice in Taiwan. The continuous study in the next year may assure
the availability of the PK lab, provide the data for clinicians as a reference for ART regimen

adjustment, and crucial information for health authority for decision making.
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(1) =3
P e B RLEF - 6T % F‘f:‘*k—i FeRlE- L& ’iﬁé/'f}?“ﬁ%;ﬁ*’”
(antiretroviral therapy, # # ART) R+ & > & /& :}ﬁsi R AL P FE] 4 S A

ART (2 & @ = e »%ic FL€ %o+ J i2 (highly active antiretroviral therapy, f§ A HAART)
{Riofrak A B o LA 2 (AIDS) g 4 = F[3lo ART ¢
P 3 wT-f fa & i & fx $r 4| #| (non-nucleoside reverse transcriptase inhibitor, NNRTI ) ~ #-v fis
Fr4|# (protease inhibitor, PI) ~ CCR5 #r+#|#| ( chemokine receptor type 5 antagonist) %
4 & &5 d 9 REE % cytochrome P450 (CYP 450) 3% ; & & psdr#1#| (integrase strand
transfer inhibitor, INSTI ) i & 5 d #3%  H - B § 5 B R A S i+
(UDP-glucuronosyltransferase, UGT1A1) & {7 § § #&fEfs 5 & (glucuronidation ) > *+ it
FEd e B ART ehiS g & o @ i % A 8 - PR AR 5 242 (single
nucleotide polymorphism, SNP ) I’;‘ai“’;l% s B A LA ApRE o TP E B AR
WEL ORIV L L BEL 0 @ B4 & (pharmacokinetics, PK) efFiiip 2 H g -
o b RPN R R A # 5 f E (induction) PF o L % (halflife)
®~ 5 ¥ Jk & (serum concentration) " i > ¥ v sk o H IR € RpS A
FLEM  FRABR ARSI B2 D P ER 2 P HRITY I8 (targeted site
of action) ek & %38 > 7 av Flpt @ M Ao fr oo~ A I B 4B E 4p B (exposure-related )
3 SRR C T EHCCDA BT A R E A R LI BEAE
Fa? ERTRIZ/NALART #E 23 ART e ¥ kAR AP Tz F ik
Frxo £ F W jIFA F7 § einfE4 F (Department of Health and Human Services, DHHS)
CRCEEORY FRETREEE WA SCILIP Y 3 EL3- B L ¥ JEMIENP s
N ol
Efavirenz (EFV): > 1 pg/mL
Nevirapine (NVP): > 3 pg/mL
Amprenavir g fosamprenavir: > 0.4 ug/mL
Atazanavir (ATV): > 0.15 pg/mL
Indinavir: > 0.1 pg/mL

Lopinavir/ritonavir: > 1 pg/mL
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B Nelfinavir: > 0.8 pg/mL
B Saquinavir: > 0.1-0.25 pg/mL
B Tipranavir: > 20.5 pg/mL

- dm T o ART B2 »n ik > e &l (T % Jrdprd @ d > 7 e 3 "B R HE AR
BB FERERNA B AR ARPHE S PHET AR A
mfﬁﬁ* \}6; L_}A—L_)‘L.&g/ FoATIR o F]pL ,__ﬁr,—g.ﬁg)épp v h WRE BEE Y 30§
Rl ER SRR AT R B 2L FRREDER - T ART R
B g @ R M o 6l4e EFV (7 & & Stocrit » % % > NNRTI #) % ATV (7 &
Z Reyataz > 333 7% » Pl 5 ) & - EFV 4t} 3 f& Jf“"-@T fs B & 44 &) (tenofovir +
emtricitabine) 2. = & - 4F &AM S BFIP H EEp AL RioRERY ohF & U v gk
24 £ Hp g * mﬁ“iqri (adherence) » & F 5 ¥ kAR AZiE 4 pg/mL Fup ko> 32 7 1%
HUERTEY b G ¢ JER & 14 pg/mL g & h3 & 2o EFV %d CYP3A fv CYP2B
%% % 5L CYP2B (516 (2 8:)en SNP ¢ i & EFV A p chiisifig 2§ £ 8 0 ATV
P OSED N AL @ > mH i PIApd o ATV 55 5 4 K382 6 4od & %5 &
Pass sk i B ¥ (lipodystrophy) & & 2 g 5 e fsk @ % P > d 30 ATV otz 2 4R 5B
UGTIAL &3 3 fpid chfn™ » Rp 9F - 2Ok aR* ATV - B2 (3 2
FE A 5%tk E L AL PR OT AR o Bk AR L F R ATV i v
ERARER L Ed o g T & RTF2 - od 3P a e & UGTIAL 3 AT % 354
(genetic polymorphism ) =3 % » f¥ & F M £ (B~ 3> UGT1A1*28) —“‘Ff? i R e A
2REDFECF LR o R Y G 56% s B ¥ @ HeL B FRE
(heterozygous ) # ¢ B 4% & (homozygous) » ¥ ic 3 v B "E i F w7 2 F o F|pb
MAEFE Y B TR Y ERDELE M - @ EFVEAR F > 4 pug/mL & ATV JER 3 >
0.85 pg/mL’ o
¥- 235 CATVEE R - X R FRY - & &3 R IRE W EGE T g chsofe s T
”ﬁ&—giﬁ# Azeg ~ RARIS 2 WIRF o oq P REFL A FIEA N E @S B LR
o R APREPEY Y ET BEHR Fl ATV e ¥ kAR E T 7 £ 3% B DHHS /p)%‘:fﬂ
3% 23K 0.05 pg/ml 1} > & F AR £ K 0 ATV L& 5o PR A CYP3A4 (38
THABRE S > RPN TRE R ATV PF o 05 7 4

re X Ea vOA [ 2
FAXEF BRSNS E

g
34
;‘J
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ritonavir (RTV, boosted PI) « it i | i e s> FIN ZRIATV 2 ® ERF HL & o £
SR i Y ERBF S 0.15- 0.85 pg/mL > L FIE LR B - @
opA AL EN S AFRRER MR Rl ghA S o
4ol ATV > PI 4 0 lopinavir/ritonavir » #8554 CYP 3A4 3> RTV ¥ 5 sedr

\\"’

CYP3A4 £ 2D6 eiE i ~ frac 3 % UGTIAL a1 o CYP3A4 eiia v ae X 37 5 & 5.
BB A g R BRE S R TRk ¥ @ % lopinavir/ritonavir 0 F]p FBa ¢ kR
LR R

e R R # 4 hTB pF > EFV B2 %] % X rifampin 2557 = & ;ﬁg%%m] ) fe
HHUER S - W hF @2 L X EFV glie*  ~ g A FE a4 o0 NVP 46
i nF RS o b NVP 2 rifampin & % pF > NVP £ ¥ JE A& § 7 % 37~58% > ¢ & % 48
F A EATE R Beng (B > B R AP 7 T AEF NVP & rifampin (0% I iF* £
BB fre o b e b A REHEF T fj* B A o fe TRk iR B B R TR R
S #r%F T nevirapine ¥2 rifampin & * 7958 stk 3 & 0 vt 42 EFV £ rifampin & * 1:}?3-%
FFRIE 7= F4 R o i ER G S LERERF B e Az - P
pheh o R HpEF NVP 2 rifampin 0% 245 B Y 0 0 B E AT §H TR *‘1*&
B TB & B e ® NVP iR £ (A3 i+ p 200mg~ &£ %% p 400 mg) &
BEHE (B4 3% 5 p 400mg~4&F 5 p 600 mg) {senm ® kR - 2 IR 0% < &
BHEh ? RN LRIPRIHEF FF 2 NVP BAF oo FIERE WA F
¢ A pR* rifampin > d 3 CYP3A4 22 CYP2B6 &2 45 ® > 4c » NVP 2 k4~ 3 ik 7
ZREUHEBERA 280 P EZRIVBEHFELE L FLRZHE O B EEHE T
[16-19] _

2 EFV #p iz » NVP ",4rf 75 d CYP3A4 3¢t » CYP2B6 » b7 £ & e 2>
CYP2B6 ¢l - PHAT 5 R 5 B A S HERPEF LB > p AL P 97
20%e 4 s o AP0 B E A et 57 3 2 CYP2B6 R HHG 4 £ By TS
d H 325 54e CYP3A4 38 @ £ 5 SNP ehk Flde CYP3A4*1B~CYP3AS5*3 2 MDRI
(multidrug resistance protein 1)+ i & & & %3 & % P2,

#7# dolutegravir (DTG) i & ,?}F‘ai e & e e (integrase strand transfer
inhibitor ) » i & 5 d "% UGTIAIl & 7§ & #fgpc * & (glucuronidation) @ 38 %)
$t UGTI1AL 33 ¥4 (4erifampin) € & % % X dolutegravir ehw ¥ Jk & > & AUC T '
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409 > trough k& T ¥ 6190 0 Flpt F MIREM F I - AehE P - KK AL E P A S T
BUERCERA L oFREET FEHFRF UGTIAL cF it okt g @4

BpenE k> 1 H g

:aéx

g-P- kg * o UGTIAL 73 ¥4 ¢ 3% rifampin -~ rifabutin ~ EFV ~
ritonavir &7 tipranavir 5 o F A 4oTEE 0 T R I IFF Vo HROPE o dodh A7
i UGTIAL § AT % 254 Rl (UGTIAL*28) % s 4 | 4+ LF 7 it 7
Y ERER A AL BT F ERo e

#7% maraviroc (MVC) #_CCRS5 #r+4]#| (chemokine receptor type 5 antagonist) ¥
V- B & & 5 d CYP3A4 2 CYP3AS #38f> F 7 % P-glycoprotein e ;5 e
~ £ % B CYP3A4 2 P-glycoprotein (P-gp ) eiiEtd o 5 * H s e CYP 3A4 Fr#|4 (4o
ritonavir 2 # & PI) £ 34 ¥4+ (EFV ~ etravirine ~ rifampin) P¥ > MVC % 38f3¢ 5 € 4%
PR B EHFALSLREERY > L3 IRAICRT R CARE Y ER i
MVC en@§ > madFo ¥ kR & 50ng/mL 2+ o 7 B2k MVC 22535 CYP 3A4 3
$ (bl4e rifampin) & * pF > MVC 0 AUC F i T ' 64% > R & FEFRF A * T CYP
3A4 #»’Pﬁ‘]%%r%’ﬁ?'lfé_:f&% ez A& =X 600 mg; B e PES B * 5352 CYP 3A4 ) 2 5
A £ P adFHF = 300 mg o £ 3r4] CYP 3A4 »c % #1233 rifabutin 5 #* pF > R &1 P PFie
* H @ CYP A4 drd|f 8 Ed > 97 * MVC ehit ¥ #E 5 % 300 mg 5 % F FFs
% 5592 ch CYP 3A4 44| 5 5 » #) 8 Pl & = 150 mg 3 # AR B doim e o PREH
AR S - % % o f 3T MVC 3 ATE S 2 R Y e A4 R end Hopd R S
R L BP R A R R RAFER R AR R BB B FEERESS
v g ¥ B R~ R gl (EF FE e gt e 0 B2 MVC £ d CYP 3A4 & #fent b 5
CYP3A5 125 % » fed »> CYP3AS B AT 5 31> ¥ | F & F 5 SNP 6986G (*3) =
Al 90% 2 A 4 30% m ¢ B A 73%; RPN IR A 42 = |L%)kpé‘—£ ¥ 3 39 4(93%)
¥ 3 CYP 3A5*3 A 714 » SNP 4ei@ BB MVC cn PK (25 172 @ 4o @ P-gp e =
#_ 4 multidrug resistance-1 (MDR1)£ ]34~ > e p 5 MDRI 9 SNP % & B ¢ 5 4~
FreTRAG SNP A& blfed & /% - &3¢ WA ATl arE A 357 S 4p
o B MVC ¢ PK 82 SNP 4§ EF 4% S0 e AP B @ L & % -

2 ;’% PG % Bty ik 4P & 7 &k (high performance liquid chromatography, HPLC )
B ART & ¥ JER 7> L ¥ 2t & BRI T AR R S Bl e ka2 -
B T kR Tipl¢ w5 (PK laboratory ) » 1584 % 3 ¥ % 4 R ERIART & ¢ ER o T
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Shy

o g ?ORR AT S AN o BlEr MG R R £ RO ARTHE
FRA S e g2 REN KRS S Mﬁﬁmﬂp\iﬂxi Sk R R TR
o AT R 47 ER 2 P g oRE 4 e e R
ERA S AR Fadk

YR R d SR > £ ART & ¢ R SRR (trough) o & SIREY
@ enip s (b 8 Hpa £~ CDAM 7 SRl 1t ) Sfon~ Rl TE™ i 2 F 2 i d
BoAEMAF R A AR 2 W AL 2 PKlab 0¥ (TR TRl R R e & 1
% i % # 0 ART i ¢ ;‘;%fiév’ﬂﬁé%?i%?f—ﬁ‘fé&%EfFé’%%’fé’ﬂlﬁﬁﬂg\{ SR gy AT

B30 B K AT A7 ritonavir ~ Eie 3 F PP CYPIAL B S/ 6 5/ T EE S LR

> \ﬁ}

R ERNEE § T T ART v P kR R -

10
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(2) ##tgr =2
HEHPF: 201717
Fp ik

T B e o i

1 pig2017 & 12 % 31 p o

S AR R R EE B R 0 TRF LR ATV - EFV - DTG % ART &
cotrimoxazole, rifabutiniF & ﬂ/ﬁafr A A

YA ML R RF BT o AR
3

A RE PP E R nd Pl - B 0 ST AR B R

el A e
- o TR * 2 1 S ARTHE A S kK
S B ERLE EARTE D A4 AEPR Y
O TRR FE LR Y RRRE 0 R - B

Fiho%

- EHTRR LR P EARTIS R F o W RIPRE T CDAM ~ sl o J‘*’; Ao R
Rl L RAPR A SR P iR G o Xedkry P B AR o

S B ARPR ATVES - PRI ¢ & Xk & (trough concentration, C24 concentration )
RPRES L ¢ £12+ 1) kR (C12 concentration )

; ® * EFVE > & & (8 iRl

PRE (S0 P 512+ 1) )R (C12 concentration) ; B 4apR* DTGS » — ¥ P

i ® B kA& (trough concentration, C24 concentration )

S RFw A A Y C AR L DF R EHCDAM T sk o BT
CIEaR

R R H AR D

R R T

CFRE PRt A 8 gtk (= phd e fy ~LDL

HDL) % 4 ; A A A FE B P 5L - BEYRF- = - IR Fusk

ER R 3 WL

o AR BEPRIIFTH LS LR R P AR

ToFECRKENARY  RRF Y EARL AR A RN E > B L o)
ARTz * £ i€k R o

A EBRFLFET @R

- ¥
F3E

9. BCYP3A4:h

/G 5 8

‘%ﬁt

“‘g; o

SAFREABDILT S BERRp AP

2

11
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ART = ¥ kR B -

ATV i 7 LRt 7

AT 5 @ % HPLCH BIATV ® BB o & % 35t deT

- ~ HPLC & %%

It

a. RE ¢ 7 p &2 ®E (autosampler) ~ /& §if (gradient pump ) ~ & 47§ 4
1R 4 ~ % oA pl B (UV detector) ~ 7 %0k & % A 73088 o
b. ¥ += (column ) : Mightsil RP-18 GP » with 5 ym beads » 4.6 mm-25 cm > I %}
10 F o F 4 (guard column) e
c. # % 4p (mobile phase) : 10 mM #ifs % % 7% /& (pH=2.5)¥* acetonitrile (ACN)
Wb 5 58:42 (V) e
d. % eh &Pl E 1 249 nm o
e. ynik . 1 mL/min
f. 3 6+R8 4% 1 30 UL
g. F§ R (retention time) @ ATV 5 13.83 4 4& » diazepam (internal standard) %
17.23 & 45 -
it 52 Gl
#- ATV 22 diazepam ;% ** methanol » » # = 1 mg/mL &% B.p777% » 53¢
*-20°C ; £ 12 methanol A = 1.5~5~10~25~50 ~ 75 ~ 100 pg/mL 7 ATV 1
T 27 10 ug/mL 7 diazepam 1 (F/% » 132030 4°C o #-1 (7% 4e » B X R X % 2
il jﬁ i in’]‘%igfﬁ‘%" ATV kR » % 5 0.15~0.5~1~ 2.5~5-7.5~10 ng/mL -
n jfi%ﬁ’ R L
fefie Bl e 3% Jfﬁ-?*ﬁ o bz FRlte s (5 400 pL) @ & B~ 25
u L e diazepam ~ 400 ¢ L 2M sodium carbonate 2 800 ¢ L ethyl acetate-n-hexane
(50 : 50 v/v) > 5d vortex ;R £323 > J* o (HE L 17900 g) Hro o
3-80°C /4 ik 30 A 4a R B 4rG 5B R RIS E § R AR -
4v » 200 1 L methanol 2% fn’i? N FlAEECE S 0 134T 0.22 pum e PVDF filter
WEig > B~ E P 30 uL~ 4~ HPLC ¥ & 47 o

12
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T~ AT R 2T

a. Brr & (accuracy ) % s+ (linearity )
@ﬁ—}%WuﬂViﬁﬁﬁﬁ%’%ﬁéQM@HO%MLQ@§64ﬁw
B iff\f%%—i;%gp » EFEG - pp (intra-day) 2 8 p 2. & (inter-day) &k & #&
PIREM-FHESETERED 0153 10 pg/mL FF ¢ R 5 B 5 90.9%
~97.8% -

b. # & & (precision )
B 3 % R 3R ATV & jﬁﬂr&fﬁgp (0.15,5,10 pg/mL ) 12 4 474
FERE o RSB ARER G 1.90%~2.55% -

c. "z & (recovery)
#-ATV 4¢ » & #( drug-free )= 3]% P37 k&R 99015510 g g/mL)
4¢ ~ internal standard - ATV p x ;“ﬁ%%ﬁ SR I YT S R A v ot fi methanol 3
P~ {3 peak heightratio hZ £ » X HF 3= « FHRESFH TP IF S 95% -

d. E & M (selectivity )
g2 _'riﬁzgw Tl - YR ATV A% hBE R T2 € F P AT R D
HPLC 4 #7732 » ¢ 3 € % T # % efavirenz, nevirapine, zidovudine,
didanosine, stavudine, lamivudine, indinavir, nelfinavir ; Ft. % I’ia%? rifampicin,
isoniazid, pyrazinamide, ethambutol, streptomycin ; % H @ § & & * & &
ofloxacin, acetazolamide, loperamide, prednisolone, phenytoin, amitriptyline,

cotrimoxazole, fluconazole °

e. T_& %2 (limit of quantification ; LOQ ) % i iP|4%&*2 (limit of detection ; LOD )
LOQ : #-iE @ A n 31{“%%&'«@45 ﬁr%i Hagagemant g (S/N) &3 10>
Rloc s AR SRR S A2 22 TEBIT -
LOD : #-4 & A o Jﬁ%ﬁr‘%sﬁﬁ ﬁfv‘%i Hagiwenant @ (S/N) 335 7
S RRE SRR S AT 22 BRET . RS EH T LOQ 5 015
wg/mL > LOD 5 0.1 pg/mL -

f. % %% (stability)
1UpiE S e e ATV shd RFRT LZET 5 4 % ~-20°C 7 g - &

2%@0

13
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El Jﬁ?’\%ﬁ%ﬁﬂi% ('samples )

d 3 ATV B R B - A2PRY NHEF v RS T ’fllia"\?’;é ﬂga‘fﬁfv-%é\;

%%%w%’w—ﬂﬁ&ﬁﬁ<;#gp&ﬁ’ﬂwﬁ@&méjﬁ’%W%
e e E 8 R 2 (8 03w - T JRES 1241 ) PR 2411 ) PEH BT et
e s BB Cl2 kM ? JER(C24)ox Rk &8 * 3 K 49 dun A K2ZEDTA

DRl FEERY NACRT op A 2R I BEAE 2500 g AR

T L A4 M R (JL’]() ALl e B2 400 L s ;“Pj%,uﬁxiﬁf“ i

=3 /,,\,ﬁ;;];; Ag ¢ ATV 43k R o f‘lf&ii g}lg‘%%:x_gooc TR e

EFV »

¢ ER 1eF

AT

i * HPLCH# BIEFV ¥ JE B o = i3 it 4o ¢

- ~ HPLC % %%

a.

.

f.

g.

RE & 7 p &L E (autosampler) ~ # & §if (gradient pump ) ~ & 7 &
HfE R 4~ K eha i p® (UV detector) ~ 7 "ok # % A 78088 o

# # (column ) : Mightsil RP-18 GP » with 5 um beads » 4.6 mm-25 cm > # ¥}
3 48 % ok ¥ 1 (guard column) °

# %548 (mobile phase ) : 10 mM Fifk B ¥ #77% ;% (pH=4)£ acetonitrile (ACN)
Wb A 5743 (VIV) e

Hoh UG RL K C 245 nm

seiE ¢ 1 mL/min

L BTREAE 1 20 pL

F % PR (retention time) : EFV % 13.43 4 4% -

- s QR

#-EFV /3 %" methanol # » % = 1 mg/mL ek B.p77% » 13303t 4°C 5 £ 12

methanol ff# = 100  g/mL & EFV 1 1% & e » i B X33 F 2 5 3f( i ﬁfﬁ%—

i e? EFVERE A% 5 05-25-50~75~10.0 pg/mL» 11:2 = 2§ o
2 i RRET T

e o e B &2 o A L FRlR & (300 pL) ¢ A e ~ 300

14
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p L £ acetonitrile i& 73 F=v # 3> 15 d vortex i £33  {* gy (@

# 5 17900 g)des o £ B 400 pLoend Fik > 2 40°C T 1 F F B R R

Bofs 4~ 200 p L do4p 02 in f2 g oo 40 1342 022 pm 7 PVDF filter i /g

Bi# ¢ 20 uL~ 47> HPLC ¢+ -

T~ AT R 2 FEAT

a. ®rx & (accuracy ) % 44+ (linearity )
A17- kPO EFV i iR B e s kA Y 05310 pg/ml e @ i 3 % il
T J\’]‘ﬂ—g‘rr' » EEg - p R (intra-day) ¥ 8 p 2. F (inter-day ) Jk & #
BIRREM A HEEETEAED 05310 pgmL FF¥ MM B 5 97.7%
~101.6% °

b. #F£ & (precision )
#eid 3 % 4Rl 3 ARk R SO EFV & R R & (05,5.0,100 gg/mL) A
VR FHRSEHE AR S 1.15%~1.93% -

c. » 4z F (recovery)
#-EFV 4 » & #(drug-free )n ffg? P37 kA 9(0.5,5.0,10.0 1 g/mL)
e 5o W R S 2w (S peakarea FE B 0 A RT3 o FEESE
T F T 5 101% o

d. E & M (selectivity )
Ziin - Y B EFV B mERE T € T AT R HHPLC 4 477 32
S T :II%-% & atazanavir, nevirapine, zidovudine, didanosine, stavudine,
lamivudine, indinavir, nelfinavir ; F#u5 +% }?a % rifampicin, isoniazid, pyrazinamide,
ethambutol, streptomycin ; % H # § &L & * # 7 ofloxacin, acetazolamide,
loperamide, prednisolone, phenytoin, amitriptyline, cotrimoxazole, fluconazole °

e. T_& %2 (limit of quantification ; LOQ ) % i jP|4%&*2 (limit of detection ; LOD )
FHES%E LOQ 5 0.5 yg/mL > LOD % 0.2 yg/mL -

I~ Rt ¥ & (samples)
d 3 BFV ¥ av S50 4 g & A R i3 0 Tt - Bl ¥ 2 ikop 4 Gpk
TIRY o FRA LK F ISXE R o m - XPREL 12+ 1] FRHET cc
S R R M P R R e R RS Y § K Fta M K2EDTA f) F fc B o

15
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FEBALY LACHRFop L 2 1% FE Y2500 g B IR T e L A
e i (i ) AN o B 500 Lk B0 Boif i B A 4T 4k Y
EFV sk o 142 i 1 0-80°C T % -

/B Z cotrimoxozale & ¥ JE &

~F 3 & * HPLC P cotrimoxozale = ® )k & o = Z 4™ 10 7 3 fupin A
(K2EDTA) 2 & % ;é'fﬁ)]‘a‘a A %% 57 mL > &% 2500 ref s 10 & 4811 B~ (9 o jfi
T 5% -80°Crkda i o

Hefm A iﬁ%%ﬁa‘?ﬁ 200 pL 4c~ 200 pL 7% i % e (perchloric acid) » 144 % = ZPI*:
PoReu FRA 0 BFAIY B0 15000 g Hre S o ds 0 B F ) RRIE: fs > 12022 yum
T g B 1S 14 B pa R 4P A 47 & (high-performance liquid chromatography, HPLC )
& +7 SMX-TMP k& o

HPLC i¢ * ¢ 41 % Luna C18 column, 250x4.6 mm, 5 ym (Phenomenex, Torrance,
CA,USA)> A3 B THiFo 247151 5 1 # #4p (mobile phase) % § ¥ '= (acetonitrile )
2 7mM gipc = & 49 (KH2PO4 ) 14§48 4% v 20:80 #7& = -7 mM #ifik = 3 49 (KH2PO4)
% 1I0M & % i“4 (NaOH) # Fpidg E 3 pH=6.5 - jni# &% 5 | mL/min » & {8 2_#
#2 UV 230 nm i & sz o 3 JF R & o SMX fo TMP ey § P & %) 5 6.98
L gB 3 9.03 &4 o

kA7 R FErkz £ S (calibration curve ) * & » SMX 12 5,10, 25, 50, 100, 200 y
g/mL~TMP 17 0.5, 1,2.5,5,10,20 pg/mL = Bk B 91 2 > & B {71 Eﬁfi\: Y=26186X +
4101.3 » 4p B¢ % #c (correlation coefficient > 12) % 0.9998 » 2 Y=56858X - 9193.7 > 4p
M a#c s 0.9996 - & Z 4= eid P& (lower limit of detection, LOD) % 0.5 g/mL » SMX
v TMP 2. 2 & #%*2 (lower limit of quantification, LOQ) 4 %] % 5g/mL % 1 g/mL - & =t
B PR 5 % e R 2 e & (accuracy )> 4] i 10% 34 §° B2 oA A2 R (precision )
Plie 7 - p p £ 4814 (repeatability ; intra-day precision) % £ p &z £ s+ (inter-day
precision ; between-run repeatability ) » 4 |47 4|40 ¥H1& % 1 (relative standard deviation »

RSD) /| 3+ 2%% 5% o

16
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DTG & # JEZ #&#

k723 & * HPLCH BIDTGx # JE A o = # it 4o

- ~HPLC )k %

m

7~

a. ®E ¢ 7 p#AsE (autosampler) ~ #-/& §iF (gradient pump) ~ & 47 ¢
BE R~ K AR E (UV detector ) ~ 7 %ok % 2 &4 47808 o

b. ¢4 (column) : Luna RP-18, GP, 250x4.6 mm, 5 um (Kanto chemical Co. Inc.,
Japan) » T *¢ 5 48 % i ¢ 4L (guard column ) e

c. ## 48 (mobile phase ) : 10 mM Fi it B % #=% /% (pH=4)£2 acetonitrile (ACN)
b 5 5743 (VIv) e

d. % chamupldE 1 245nm e

e. ;i - 1 mL/min

f. jLbtEEAE 0 20 UL

g ¥ PR (retentiontime) : 11.02 4 45 -

it 52 Gl
#- DTG ;3 *" methanol » » ® = 1 mg/L eik# 5-p+% » 3303t 4°C 5 £ 12

methanol f## & 100 meg/mL 7 DTG 1 ¥j% 3 4 » B = 32K g jfc 1% Jﬁ“ﬁ%—

Bigg? DTGER » % 5 02-05~1.0~2.5~50~8.0~10.0 mcg/mL » 113% =

b

TEM -
Rt
B fie 47 e 'Jf\»%%:’;@%ér‘%i i b2 FiRlte s (& 300 wL) # & B4~ 300
p L £ acetonitrile i& (72 F=v 3% > i5d vortex i £33 - {1* FuEHpois (B

—r‘ﬁﬁ

# 5 17900 g) s > £ P01 400 yLoshk ik 2 40CT 0 F F R F iR eRic o
Botsde » 200 pL #4723 28 ] fo% > 23442 022 wm 9 PVDF filter i
P2 ¢ 20 uL~ 47~ HPLC ¢+ -
AT E 2 FEAT
a.®rx & (accuracy) % 44+ (linearity )
37— 5 7 DTG o 5}%?%1?%9’% » kR d 0.2 3] 10 pg/mL - i 5§ 3 X B
Tg‘fﬂ.?n« » 113 - p o (intra-day ) ¥ 8 p 2. & (inter-day ) &k & & iR
FRM

17
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-
1

b.# & & (precision )
B 3 X 4P 3 Ak R DTG & ’3?{’}%&%’%% (0.2,5.0,10.0 gg/mL) 144
R o

c.w iz ¥ (recovery)
#-DTG 4 » & % ( drug-free ) ;“Tf{ PR 347 FkA 910.2,5.0,10.0 ¢ g/mL)
e 5 b R S a2 (8 peak area FNE B oo RT3 o

diEH ¥ (selectivity)

7=l - ¥ & DTG & * chB S0 T & F 4 247§ ¥4k # SHHPLC 4 413 32

-

¢ EIE % T # ¥ atazanavir, efavirenz, nevirapine, zidovudine, didanosine,
stavudine, lamivudine, indinavir, nelfinavir ; 3% % )]%%-Z rifampicin, isoniazid,
pyrazinamide, ethambutol, streptomycin ; % H i § &L & * #Z % ofloxacin,
acetazolamide, loperamide, prednisolone, phenytoin, amitriptyline, cotrimoxazole,
fluconazole °
e. T_E 1% (limit of quantification ; LOQ) % 7 jB|4&*2 (limit of detection ; LOD )
o A e e & (samples)

I R * DTG i 4 e & o A FE 5 BISIRY o FRIISFK S
57X 5 B >3- XPRELE 24 + 1 | PFFRHET ceid BRI T M ? kR o
&R SR 7 RSyt B K2EDTA | g fc B » EixiEse? M 4°C iz o
it R AT B RS 2500 g B FET e A4 bR (L) 2K
WAEGE 2 B~500 plw iF]{fJ‘/. Boif 1t 0E A TR A P DTG ek & o Flék2

i R -80°C T iR -

18
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(3) &%

12 HPLC # 8] ART ¥ cotrimoxazole (SMX-TMP) ~ rifabutin = ¥ k& = % chf 3 &
FEPCS G fLE G RAFE Y RO Pt A R e e E L R - P PR
P p R FrabrR (precision) 30 &I o BBH G0~ ¥~ F 2 FRA S R
Wz 4 (-80°C) f#ik (3-cycled freeze-thaw ) 2. % T 3% > 357 WF B m A (<
10%) 2 #HrEk (<5%) -

d 3t 4 & B g 0 Dolutegravir e ¥ JE B A~ 4573 % 5 2T %% 3 HPLC frreini
o RERDESE AR 025 10 pg/mL 2 B R4 > 4 LOQ 2 LOD 4 % 3
0.45~0.15 pg/mL - & Dolutegravir i< ~ ® ~ k& (02,5, 10 ng/mL) F » %|i& 7 &
FE£ & (accuracy > * bias%# 7t )~ M Fz & (precision) chiplid » ¥ ¢h 5 & 7% LR
B

AN R 2 BRI H AN~ ¢~ BIERE A FDA 2 15%Mp > 2 4 %
BEE S%UN BT AAN R ENERERE - PPREDFLELFFRER
(precision) > M- PR EAFB IR p B2 L RMEEAT - DTG 2H e~ 7P ~ F 5%2‘]'5‘3
PERE - PP LRI PPRLERRIBS% LA L.

#-05ppm 2 25ppm DTG 22 iE %2 4C/kfa T 2m ¥ 2 01246812~
24~A48~T2 ) PEZF TR o - B4R DTG s ¢ kAR M Ed MAF 0 L RR

A

I T Y R E R Y DTG il 2 ¢ RS RE P jTd G 2t
100%F25%8 4 o BT > 72 | PFiEis * %hik B DTG @ & 90% + 5 2@ & 4Crkis
T 024 e DTG ¥ av € 431 90% ™ T > &5 ¥ i & F] & dolutegravir & ¥ & i< F 74
I AL TN EA 2 E S IL PR R EE AT £ F R RS MR DTG &5

EYCAIFA AR 120
AER2FTFEEAHE BEFVSATV chBHn ¥ kB N2 A5~ ok
i T R R FE R RIES L YRR 125 0 5 891 R™ EFV 549
PR* ATV 22 3 = JR* DTG s 4 2 7% F o ¢ kR & S pEd A R3]~ e~ #liF
* cratp Bl 2 o
PR EFV F infEdr s ¢ R LA dEApy « > A7 247 891 R * EFV 08 i 4
BAF LR G200 PR R RN RAp 2R pgml > Fia ¢ kAR TS

19
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E % 239+£1.25meg/mL (0~1284ug/mL) > 25 4 A 2R3 P P ER ~ @ 1 A b
i ¥ kR 12.84 meg/mL 0 B R IRAFT L B io R dp 51 &R 1~4 meg/mL B -

EFV i & f5d %554 CYP 2B6 & #p 457 7 L2 5 CYP 2B6 5 B F# £ (G516T)
'?5 A&+ A’if'*z ik B¢ O Bcs W B iE 3.47 ug/mL 2 8.78 ug/mL o v 1 ¥ # i b
CYP 2B6 Jﬁ"mZ.SO ng/mL & o {5 BLAS6 e 4 0 145 T v i A 4T LA T
MEECHFIUTERVER » po2fHid PIFREY P o

d 308 S S ool L D EFV i P R R R Tio R dp a1 & kan | pg/ml o Flpt 4R ¢
EFV £ 6 % 1 ~ 5 @ k&R 32 ug/ml ~ 54 & 38 200 copies/mL % » #1935 %
aﬁﬁﬂBW@4ﬁﬂTVﬁ EREL R EHe P ER SRR BCE R T o LS
S EFV & ¥ k&R L3555 3.69 meg/mL (Q1-Q3=2.63-4.36 mcg/mL ) ~ 5L {s i it 64 SII%
Lo @ kR G 1.96 meg/mL (Q1-Q3=1.53-2.33 mcg/mL) > k& T % 51.6% (4 F
26-80.6% ) - 36 i A 3 f[f&«% £ if B ¥ 5 <20 copies/mL o A FT § H#-3F i B oo
FAREERS L} H#F L3 @& % rifampin >« 3F EFV ORI EF 00w o - 2 5 T U
RpE A FFRRY - 2o VR RE BRI E L FRYRIIOpES Bl ivr g 2
& o

ATV i ¥ RS 6+ B ° S HEnS549 s 4 ¢ 0 2HeR S R ATV 5 @ KR -
dWATV R 2 - X JR* - X~ 5T HEATV I Bje ER ot BERY » 2l
Bt L BT T g B f 2460 CI2 (120 A » %34 316 4 (57.6%) ; C24
(24 hr, trough)i & » 235 196 & (35.7%) ; # s & PRE PR 4 2237 4

< }I%Li‘ HRCI2ERRAFA023 mg/L 2+ ~C24 kB RAaF A 0.15 mg/L 12+
BARAET Y CI2EATI9E 2 1.00mg/L~ CI2 LA T35 4 073 mg/L » 353 0 p
Beif Cl22? kR “JP%%'%ZE?? 85.5% C24 =L 41 37.6% % 3 645%}]%“—’17
Hrod ERFWPRE A NPT AFE TR R LR ERE LIRS
ATV > B RS B fc » AR cr @4 A 2 Fu o

ATV i & g4 w575 % UGTIAL &3 445 492 IR ATV 55 4 chSNP» # 3 %
2 A7 UGT1A1*28 —*F‘]’—‘L— 98 % (199%) »# ¥ x5 2 =% F % SNP» H sz
heterozygous ¥ -

HPLC #4522 & » ATV hZ £ 1&'TR 5 0.1 mg/L > &7 & &0 ¢ kA P &

B0 J5 8 5 SRR & b B ) ¥ Bk B (lower limit of quantification, LOQ) p 0.15 mg/L
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M5 0.1 mg/Lo H e A 472 FACR o d 2T ATV el ¥ JE &R ¥ it % tenofovir (TDF) ¥ 58
MR F]pLE A @ * ritonavir (RTV)aykimT™ » &t ?‘Lﬁk‘-t’ 7 22 ATV ¥ TDF F p&
HE o U E R AT Y Qﬁﬁ%?IUV~“%%g‘%“MmewMLm@
oo b g 128 = & % TDF/lamivudine (TDF-based)#? 186 = & * H = NRTI #f
(non-TDF-based)if 6 i * 12} s A 0B IR 83.5%¢:5 4 82 * TDF-based i > ATV
w? kR MMEDPEE D * non-TDF-based /5 rnffia Ao G 64.9% ATV & Pk
ﬁ?éﬂﬁﬁ&UiW$6ﬁ§’éé1MMﬁﬂDEMWd%‘ﬁ1&%ﬁﬁmmﬂﬁb%w
I w4 ok 4 Pz (viroloical failure, P=0.6) - ,T*u’ﬁ g m[ﬁafi £ (40-200 copies/mL )
934 Z ATV ? kR T RlH # b ipd % pr e @ MDRI (positions 2677 and 3435) ~ PXR
genotypes (position 63396)~UGT1A1*28 .7 e mhg % £ B oyt &% ¢ % £ & 4% Journal of
Mwmhd%yﬁmmmmbgumdm&dmnkfﬂWf30 AR 3B A2

Cotrimoxazole * & > 2014 # 1 % 19 p 1 2017 # 8 * 31 p F> mpEiick &Rl
w ¥ & k& (trough concentration) ¥? # % Jk & (peak concentration ) e 108 i 4 h » &
Fep A ¢ o E#d il 45 K (G 23-87 K& )0 82.9% T H o K 98 inp
B L hE G o P B A F 63 A8 68 L7 NATI » NAT2 A\ 3|82 # 5 # LR o

7 & A SMX & TMP- i ¥ 5B k& 2 B tOR R IO L4 ndUE B (3(r>0.9) ~ 7 SMX
¥ TMP 2 &3 kA ® =#ks W 5 117.8 pug/mL (range: 40.2-279.1) and 4.6 pg/mL
(11-10.1) » § 64.9%% 702%:t bl fos2 KB ¢ kR B RPN - 2B B AST 2 ALT
gradel-3 + = ﬁ AR A B2 17.3% LEJE—E}}% A ety 4 AST ~ ALT + & ;F}]“ﬁ
BFASMX i ? B % R MER (p<0.05); #F 4 3 dn (F 2 F269%) % K 4p (B
2 F58%) P UE e A FRBATMP & ¢ kR o Vb B B4R VE B2
Afg o g g Al E (141 vs. 12.3 mg/kg/day, p=0.0302) -

Rifabutin i» ¥ 3 — i )]% A¥eBlom ¥ ER BT F #F%]P\ o Dolutegravir HPLC 4 47 =
BEHE RSB 0 BB NG 2 p o B ¢ RRTIOE A 1.0940.04
meg/mL (1.06~1.13 ug/mL) > BHAEFERZEE 7+ > SRk ERL F0F T
*&ﬁﬂivﬁﬂﬁ%ﬁ(l%uwm)’Wéqléiﬁﬁ’ﬁkﬂi§%4@?ﬁ
(7 € i 45 o

*F 3 3 3R EFV ~ ATV 2 cotrimoxazole (B AF )k & £ B 4 % ~ 2 3% Av\:ffia A eniE
P ¥ R EEREL 0 FRREFY RN Y ERE R £H ATV RREMLE
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FERR o B F m kR R R g

B g 4ct ritonavir EH * UEEZ ATV &L ¢ JER ~ P

B LR T om BFV #MEFike ? ERB T
Barg o

AFTL R R R 2B & FA BT E T #] ATV-EFV DTG rifabutin

27 cotrimoxazole x. ¥ kB RG> 75 R 1 HPLC = 2 P 2

B A WA T Pk ﬁﬁﬁﬁfﬁ%wkﬁﬁmhm&§w§ L ESER BT

o %2 e P 22 PKlab @ {744

Bt A BB RE L 7 ART A8 prend & x’i&:b%; :
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(4) ##h
AT UHFHER 2L S % A A E R BT TRE F R R ART & ¢ 0k
BT = &g * EFV -~ ATV - rifabutin ¥ cotrimoxazole m)]% Ao e P 3T 22 DTG
AT FEEFERL YRR E SHEEF AT SRR BT T o
ATV Tk & % pr o Bt B 8 3o prdrd| B 3 4 N3 6 chdi g o @ Flgd i+
%t% CYP3A4 R3f> v il FIE 2 3 (7% @ B30 % e ) ¥ - " 524 UGT 1Al § #
NEEFT g F R E L g 5%34:«57:}]%4 ¢4
PRy gk o ML FHER ATV e ? kAR FR e d b gL £ R F
2— o FPaiEGe P EREF A 0.15-085 ugmL 2 B o1 ¥ - 3 G > ATV BFE AR (S >

ATV m#”f v ATV 8" e % & o

TIRH* ~ PR B FIFEH N H W] EEHJRL o 4t PRAH LT FRES ATV & ¢ kR
BEREREZ g iph > 2H B R e penigmAn o FER ATV i ¢ kR B

EFV - $ent S &/ § 1 ¥ £.600 mg pET JR* » EF G P 174l SAPM gl (7 F o
BTG % 5 dop A el 395 Y HIV s dp 312 01 pg/mL >
F AR piE S B ITH cnifFfL o
EFV i &g "5ps% CYP 2B6 3> HAF F Ak agd ~ WP &~ FR
G SRR T EHFREEFV n P ER A AF Y BRBER A i B S R
TiE- B SWAT UF RA L 0 P D AR RR i EFVER B G A ¢ o o ¥
FAEHEE MRS E P 300 mg (L3F) %*715&%% FYUEFV L P kR BRI T E
T B S RE b higd o
fECRDIG AR BE R+ T eph 3 pm L kR T & LOpg/mL =+ -

PR EATH 4 hp A2 ek T 2 A SHA AP M Bl (F Y s 4 0 DTG # ik ¥ kR
MEF ALY (1.31 pg/mL vs. 1.01 ug/mL, p value = 0.0013) ; ¢+ *t »  HF 3 % 45
ME o A H 5 UGTIAL*6 & UGTIAI*28 i chik B 1L 2 3 4 49 A gl 5% 4p B >
T ATkt R ER DTG & ¥ kAT G AR DA F AR 2 B F
fiF # A KiE- R -

A

w
N

pli)
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(5) By

ATV £ EFV i & 9 it CYP450 3> @ A 751282 SNP ~ 4 T 78 e« 2
R I LR FPL R BB L YRR RE T B SR BT o b2
fe# 5% HPLC iRl ART & @ k& - A3+ % f5d # pE it 0 HPLC 2] * ATV ~ EFV
i ® kA~ WRIAR MR R A P B c e Bl TR 0 B3 PKab e 5t et &
HFHARERART £ ¢ RR > B RERTRAAY -

P i EE 891 =JR* EFV 549 JR* ATV 7 S5 87 BHEF hEH 5 ¢ k
BARfRS > FEREFEF R ERTR &% TDF il ¥ A ATV & ¥ kR i3
CRHEFRL oA EFNATV L Y KRR R ECFHMERVHF -

B2 St F EFV YRR e ke ~dpg/ml 2 B BT LR
N REPER CYP2BO # % Fde s (GS16T) H » o ¥ R RFITERE DL 4
HRAFT T RAES PAE S - BERHE - 2 NF LR TF D EIIRE DGR
SN I TRUY i SR L T

AR AR A & SMX-TMP %] 8 10 i B kAR > 4§ o A
?_@@)’%égii TMP ok R » FI B AT i 2 2 RBFHE RN HE TV

FIEBER AP ICSMX ERFREFM G TRT2 T rEFERAE R Y AT
2B FHEEM G o p e RRBHEEEES > R TRIES L RR MG 2
WALR T od WA F2 0 ¢ AFERE SRR LESMEH G T RR LR
P a Bk R 2 TERIE R kAR - Rifabutin 2 DTG » % 5§ - =% = (25 4 &
Rl ? R FFERIPN

R R W RRER & 2 PKlab ¥ A4 Rl ¢ R R e & |4 ART
¥ RRNSEVRERFFFAFHNLNLT T LIRS FL L FPHERMA
@ % ART B Epend & g o 27 L ZTHBFRAH > RE2RE FRRATERE
B ATV ~ EFV ~ DTG x5 ® k& cPPR7% 5 & 8 # B ¥4k |2 # ART sh HPLC = 2 > if Bi_
ﬁn“f’wm“ R g ERERE R 2 Pogp 0h F1A] TR TRR AR B T 0 i E

[ER/- ey At B> o
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(6) €&/ & % 2 B 423k

AAG RSB T B P ATV -~ EFV -~ cotrimoxazole - ¥ JE & £ B &~ » & 25

e BT ARM > R R KRR WA DEME NRY o ita kB F R

»rE o DTG ¥ rifabutin B] 3 &5 » I WAL HTE o
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Dolutegravir Stability (2.5ppm Room
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8] 1 ~ Trend of 72 hours dolutegravir concentrations (2.5, 0.5 ppm) in room temperature
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Recovery %

Recovery %

Dolutegravir Stability (2.5ppm 4°C)
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B 2 ~ Trend of 72 hours dolutegravir concentrations (2.5, 0.5 ppm) in 4°C
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After switching to unboosted atazanavir
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v === therapeutic value(C12=230 ng/ml)
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C12 Non-TDF (n=52) C12 TDF (n=65) C24 Non-TDF (n=38) C24 TDF (n=33)
12h+/-1h or 24h+/-1h after intake

Bl 3 ~ Plasma atazanavir concentrations in patients receiving tenofovir, lamivudine plus

unboosted atazanavir and those receiving abacavir or zidovudine, lamivudine plus

unboosted atazanavir
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% 1~ Precision test of dolutegravir (intra-day and inter-day)

Precision (intra-day) 0.5 ppm 5.0 ppm 10.0 ppm
16301 174321 327249
16817 174318 332436
16574 174389 333920
16890 177857 325413
16900 177463 325646
16761 177016 324723
average 16707.2 175894.0 328231.2
STD 231.6 1720.3 3948.2
CV % 1.39% 0.98% 1.20%
Precision (inter-day) 0.5 ppm 5.0 ppm 10.0 ppm
2017/05/22 16301 174321 327249
16817 174318 332436
16574 174389 333920
16890 177857 325413
16900 177463 325646
16761 177016 324723
2017/05/24 16875 178815 334912
16509 179788 333772
16787 179234 333462
2017/05/25 16575 177999 335180
16818 178454 335142
16774 178568 334198
average 16715.1 177351.8 331337.8
STD 184.8 1960.5 4226.
CV % 1.11% 1.11% 1.28%
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% 2~ Univariate and multivariate analysis for factors associated with

virological failurein 200 patients

Variables Reference Univariate Multivariate
HR 95% ClI P-value | HR 95% CI | P-value

Tenofovir-based Non- tenofovir-based | 1.31 | 0.63-2.72 0.49 1.62 | 0.72-3.66 0.24
Age, years per 1-year increase 0.99 | 0.96-1.03 0.71 1.00 | 0.96-1.04 0.96
HBsAg-positive | HBsAg-negative 137 | 0.65-2.86 | 0.41 1.05 | 0.48-2.31 | 091
:”“'HCV"OOS'“V Anti-HCV- negative | 1.14 | 027-475 | 086 | 1.09 | 0.26-4.64 | 0.90
Baseline plasma
HIV RNA load :
( RNA, 40-200 RNA <40 copies/mL 2.70 | 1.27-5.88 0.01 2.33 | 1.03-5.26 0.04
copies/mL)
Without . .
therapeutic drug \O’lv'th therapeutic 246 | 122-498 | 001 | 248 | 1.185.19 | 0.02

e rug monitoring
monitoring

Notes: HRs and 95% Cls were calculated using Cox regression analysis.

Abbreviations: HBsAg, hepatitis B virus surfacce antigen; HCV, hepatitis C virus; HR, hazard

ratio; CI, confidence interval
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Aims of Study: We aimed to enhance the adherence to and willing of using PrEP and
participating in regular screening in the high-risk populations by providing
consultation and free screening tests.

Study design: Individuals who were aged above 20 years and had unprotected sex an initiated
PrEP were included after exclusion of acute HIV infection or pregnancy. After
completing questionnaire interviews at the outpatient clinics or voluntary
counseling and testing (VCT) services, daily PrEP or on-demand PrEP were begun.
The prescription will be paid by the clients. Baseline examinations including HIV
PCR, sexually transmitted diseases (STDs), hepatitis markers were performed. After
taking PrEP, the clients were followed regularly.

Results: During the 10-month study period, 37 persons were enrolled. Only one of them was
a heterosexual female and all the others were male homosexuals. Most of them
decided to use On-demand PrEP (33/37, 89.2%) and they were all homosexuals.
The case numbers of those who completed 6-month, 9-month, and 12-month were 6,
4, and 1, respectively. During follow-up, no HIV seroconversion was detected. One
male had gonorrhea while another one had syphilis during the follow up. No renal
impairment developed while only 2.7% of them reported headache and 16.2%
diarrhea. No individuals stopped PrEP because of adverse effects.

Conclusions: In this study, no HIV seroconversion was detected among the 37 patients
initiating PrEP; and there were no severe adverse effects. As far, the incidence rate

of STDs was low.

Key words. HIV infection; Pre-exposure prophylaxis; PrEP, antiretroviral drug; HIV

examination
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DMEﬁwi§’éﬁ5§§uj’{ﬁ§%®#%ﬁﬁlﬁﬁéiﬁﬁ°é%%{ﬂ
A % 4. 4 Z g5 # (human Immunodeficiency Virus, HIV )i i i i 2 M 3/ 5 78 4 -
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F2RALZEEN U KEFLEHTIRFEHRS  RREFFF 02 FHFR -
oo FREHUSRK Y - ”v\i;ﬁﬁ 100%z2. % 217 5 > [# F,"Ji\;—"l»*'kﬁz*-'yﬁ /ﬁa—*" -
B e TS G SR 2 B RS R B E o
ﬁﬁﬁﬁﬁoﬁﬁ%@?’mmﬂﬁmm5&§%£&%$%ﬁg;@% 2%+ 4
7 1,600 3] 2,200 & » * % > M7 A EE f?}?ﬁfr A B R B4 o
"EF I HIV B i B 2 §onibdnd jGop4 iofk 2 2 (highly active antiretroviral
therapy » HAART) i > & % 8 s & chp & @ fu g2 @ B0 R e - 38
BRI R B AT € R BT R 0 2 St 2 - il
REdy e bt £ BB ESRFFLE T FHAR RS LA EEEEATE F A
e BRMELAGMHPINO2 ALY - P A RERE SR EARBIREE T
MEFE ML EanBg o 2 START# Y - a7 A RHRE Sinfs ¥ 0055 MpH
PR Ao 2 bk o Rt > S LR RERAFIE HpS R AFTF L
AHF AT PHEEFY TR LA T AN Fy F R GRS Do R B
pA R Rt RF - BATOEP R R A R B L IR ATR A o
2010 & * JTem EF AT FLE Hopd BF R T o KT 9 HE S F (men
who have sex with men; MSM ) 44%R 4 5 - 2010 # 2. {5 > 8 FF 57 736 By
oA T & % ow TR (4% (Preexposure prophylaxis; PrEP) $2v3E [ € it &
BAhds aFEFTERH LG HEERY E ,Qgsjffj* B F sk 0 2011 &2 % s o
( World Health Organization; WHO ) & /r'f,%‘i* L f B AF TR 22012 £ - 0 2R & F&
# 1 & (Food and Drug Association; FDA ) i ;% 4% /& tenofovir + emtricitabine ( TDF/FTC,

Truvada) = 3 kg #ifF BREDF EEF 2011 # 2 FA K F 2 5P 7 < (The
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Centers for Disease Control and Prevention in Untied States ) # #4417 9 1217 5 3 » 412
FREDIED L EGREL SR 4550 0 15 2012 £ S HPIER DR BE A L 2013 #

¥ ,_']'é%%#ﬂ'*‘#a. VR & AR ]“*:};\é%%‘rfﬁ]%m]%?:}ﬁﬁl » B3 2014 E DN &
BUA R ETRE R 4p5] o WHO 2015 £ 23k k G o i IR EF T L 230 € Hp

i

Ffiéﬁﬂfﬁiéﬁﬂ:a‘_.%#‘ﬁ'%ai— o
APRRERCRFEIR I L FREH R, DK RRY RBVIEFERET
Reeha L g g ipd pd ok BR(Fd - Hp LR FERE FRFE
AR R R AR AL R e RER R EH I RIS R YD FS D
LR FRETEFRGEHTE LRI RB VI BRE LR S S HER o 2 R
*%w%ﬁ%%i$oiﬁﬁ&?§im’ﬁwa@ﬂ%ﬁ%ﬁﬁiaﬁﬁﬁsm%ﬁ
EEHENIAPRENTROERD L APFRAE 1010 RERLPEAESLEE 0 2
P A% R B AR PR E A A DRI LR EDLF Y 0 8T%
EH 2 * on-demand 17 N P ACE IE PR E L 04 BTG Frip e LA
FREBR Y FRREE TP > AP ARDFE T FT UFRAZ L GHED F
R EERY AT R FFAFLWIRELEHO 7R IO GRPH A%
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(=) Hitg iz
HEYEF 201717 1pig2017 #1231 p -
Ly >
Lz A2 g o FEE E R~ 100 A X 0 = & E 300 A =%
(DA 35 5 Tk 2 BLBEA L o TR~ 28 % 5 #4868 20 At > p &1 HIV
RASREL7TR P LR TLRGY 0 pr RRPIALRE
a) FIMPELH (MSM) 14 67 P jBREETL > 22 6 BT P g g
Al S ES HIVERY S PREIReHRY EREER » &
W - EP R A PR EN R B UIEDERE
b) BirfE - LiEs HIVER S S rbipairs 805 S £ uEpr 2y
Rig* FreriREEE S
QPFYFLAF LEREEFTGZE P EPMER L) BRATIREE PR N
Z & PFJR* (On demand)z. & ;N B = &> & o BRERPAE TXRFEFRR
W8 P IR F 2 PR AT

PRZ T H AR HIV PCR (=)

¥ # it (eGFR)

FRife & 47 Urinalysis

i Fite s (TPPA/RPR, PCR for i# :flis/#. % 7))
A

HBsAg, anti-HBs, anti-HCV

FRE (5w B HIV Ag/Ab combo test

JRE (s = i ? HIV Ag/Ab combo test
I % f# % (RPR, PCR for # /st 2 )
O

JRE (s & L & Fite # 47 Urinalysis; % 7 it (eGFR)

PRZE {5 - & HBsAg, anti-HBs, anti-HCV

a) THFTPLAELF LHERFBLITE ORKRLEFERFE D EF R AR
O Hed R S E T G RIITY SR Y F R ARG Y AP ES e
HALHEPEFES NG I oo

b) HIME € HpA R R B R LR R R RE R T RE R
o B R F IR P sl > TR B A RS R A LR
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2.7 B

™ F 2. Case record form . 453f B P ¥, &S E %, 8 (T* &2 HIV 5 # 2
3457 E

U #* SPSS 2% &_SAS st #cd8 4~ 47 HIV B #2 2 5, ‘I?L—/ﬁi’s? 4 F R liTF 3,

(z) %%

ATRFINE S LERERE ARGELI[ ¢V R MR RFEEE > R LATK R
B E LS LF R I AERAY RS BRI 100 R Jep 23 &%
P AMEIRESFE R A F B R AP EGS Y W e B R AR
4 JRH %%ﬁiﬁéé—‘ﬁ v 237 oo

Table 1 &7 7 & 37 e AR &5 - A AXEH Y 5 33 =EH
@ & PR (On demand)h= 3¢ > @ 4 EHE S PRY - 4 0 T MR R
MSM/Bisexual, & # k& 3384 > 3E * On demand /e % fi 5 & §5 - 1 (31.943.8 vs.
33.8£6.3) s XFFNT D or WA0.5% LS F L o Bl- RISEN KBTI RRE
B AIMA RPN LR A

T%b2méiﬁﬁﬁ%ﬁb%dmHﬁﬁﬁﬁmgﬁ%%ﬁﬁwgﬂﬁi%%°
Piid3,6,0,12 61 EH BA s 8,64, NE 1A b HuhiEar ot}
P AR anti-HIVEME 14 2% 3B EREFR I3 HFITEE 1 L 6% 9B
" pF urine PCR & ﬂHtII% B4 Flp STDHF AW FH54% - AT i B E 5
wIE * On demand g &_daily PrEP 04 = i ? p b iV iE e 304 5 1-5 4 (88.5%,
50%) > % On demand *%# ¥ > 5 154%P fErig i3 - & p e g 5 HIV & 212
R A H A e XA 50% A Ao = 0 N e R R Y gt BlsE 1] 100%
M4 T PIEP (S F & B R YW HF THRRGED SIS AHR - A AR
‘g 5 A Ondemand 2@ o ¥ @ F S EM EL G0 BB EF 0 X 42.3% 5 B PrEPrig {7 en
#42¢ > W5 fic A § nausea 2 4_diarrhea 2 R o

Table3 5 2017# & ~ FFo% & 3879 g & PIEP LA 2 S5 %> & & LA L 7 PrEP
¢onE I A4 BTG ARER T PrEP fhd E & fds [28.9 (£6.9) vs. 30.4 (£6.9)
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p<0.001] > i & £ MSM » §|* g & app % (66% vs. 56.7%, p=0.0049) > 4 = B *
PRSI ERR S B - AP R ES BRI (30.7% vs. 43.8%, p<0.001) » iE
- EPFERYEHPES A (9.6% vs. 3.2%, p<0.0001) - § ¥ R HIV K
(64.9% vs. 51.6%, p<0.001) » #vif § HIV PEP % (70.1% vs. 53.4%, p<0.0001) » ¥ 5 i *
# HIV PEP % (4.4% vs. 1.2%, p=0.0039) » #.7 *vif § HIV PrEP % o 5 %37 & 47 e
5 Rl7) A table 4 ¢ > FgR @ % PrEP en%] 5 2 % S * R app 9 4’&*?‘{ (AOR 1.028,
95% CL: 1.008-1.049), B4 - & § @& * & & * &es 2 & (AOR 2.626, 95% CI:
1.442-4.782) » #vif § HIV PEP % (AOR 2.629, 95% CI: 1.840-3.758) » ©2 2 i i * HIV
PEP (AOR 2.695, 95% CI: 1.074-6.763) -

£-%07 FER 27 PrEP chR TR 17 4 45 0 AR T 2016 £ F Hp crl B3 B (7 o
W= &1 2017 & F R AT PrEP ot ()7 %% > H 7 5 B 58en%) % 7 & Table 5> 1 &
feifd 2016 & “Tiaed & L W a3t B A LG 7 R(15.1%) 0 K E R (23.6%)11 32 LG PR
TEH PR A T 5 (49%)ant Gl A 0 A > BB R E f e T o B PrEP ehFl v
Bl F @ T ' o Table 6 P44t 2017 & HF £ 4 & A2 (7 PrEP £ 4 & .7 ¥ K
2F # PrEP & 2t (74t i > FCB PrEP f0% 2 FERE 7 PrEP o % 0w i i W E 4
Bt FE(102%) 0 X F PEE IR PR 2 417 5(9.5%) 0 i F BB R 38(10.6%) 1 2
5 (27.4%) -
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(z) 3t

JEP m A7 A s % ¥ —F, 'PrEP fif {7 pF % 304 ch 4 ¢ 15 4% Ondemand 7 3¢ >
AAEIRA A § BT 90% 2 % % PrEP w Z B0 P enlh R A fich 1~5 4 0 87 2017
# 7 " International AIDS Conference ;# & IPERGAY - # & 47 % &£, On demand &7
S FOLEGE ST S AR R 0RF S g 0h o AR EY S BRAREHUR 12 B
VA RS 0 KA R EiP - R EY MR HIV B ) 0 BE PEP 4ok
TER AR DT FHE- 0 255 HIV R 2 eh sz 2 - o

Pavk HPEP enEf ¢ 5 — 3844 KAWL * PIEPS g > F'a 2 &
IR %S ¢ 0 4p et # B PROUD study ™ % 72 B IPERGAY study ¥ # i
A bR 8 25~35% Aty FIATE 4 o A& & AR Lot b5
54% 0 PR REN, - 25 RF SHFORBRFIREGK, - G0 Tk

SEP L B F RS F R ST E S FPEP s G o @ F

AAPGETy P FF IR o PrEP auBARY o B IEF L GHR K o

- HAEFHPR LN > PUFIEEF AT AR LELER* PEP 7
FoOXEFEOBARKEPEP A F Y o L ERNFRRLL A A DT FE - o F o
FAREARE % St §EH Ondemand 97 3% > R3F € S A 4 a5 f
Wae, g 800 o chg Mot g frg 3 AP E L F L B apkin o

B3 RFFEE PEP a5 d ¢ o AP mA ® % PrEP %3 L ¥ SR RS
app % % (AOR 1.028,95% CI: 1.008-1.049) 46+ — & & & * 45 # 2% Fett & (AOR
2.626, 95% CI: 1.442-4.782), 4vif § HIV PEP - (AOR 2.629, 95% CI: 1.840-3.758) 11 =
% ¢ * HIV PEP (AOR 2.695, 95% CI: 1.074-6.763) » %71 &84 14 {7 PEP g § 7 1
5 - % & PrEP i3 9:]‘7?/;«#’5& IR I 3 ARG U3 ]“:‘ o

‘]5'3;,14’?1' pe o BEHIVELZGTw > Flpts #F LAE T PrEP o

AFT B W AT - £ A& E R AR LR RS RE B Bieh A o
CoeA PP AT 2 T ST PEP ¢ S Al AL R4 0 T

o AETHEEFFEARE R B REFAAIT
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Table 1. Basic characteristics among cases using on demand or daily PrEP

On demand daily
N=33 (89.2%) N=4 (10.8%)

Gender, n (%)

Male 33 (100.0) 3(75.0)

Female 0(0.0) 1(25.0)
Age(meaniSD), yr 31.943.8 33.846.3
Risk, n (%)

MSM/Bi-sexual 33 (100.0) 3(75.0)

Heterosexual 0(0.0) 1(25.0)

Others 0(0.0) 0(0.0)
Highest level of education, n (%)

More than college 11 (33.3) 1(25.0)

College or less 22 (66.7) 3(75.0)
Current employment status, n (%)

Full-time 20 (60.6) 2 (50.0)

Others 13 (39.4) 2 (50.0)
Current monthly income status, n (%), NTDs
< 50,000 21 (63.6) 1(25.0)
=>50,000 12 (36.40 3(75.0)
Regular screening for HIV infection, n (%) 24 (72.7) 4 (100.0)

13
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Table 2 Baseline and follow-up data between on demand or daily PrEP

Baseline 3 mo 6 mo 9 mo 12 mo
On demand daily On demand daily On demand daily event-driven daily event-driven daily
N=33(89.2%) N=4(10.8%) | N=6(75.0)  N=2(25.0) N=5 (83.3) N=1(16.7) | N=3(75.0) N=1(25.0) [ N=1(100.0) N=0(0.0)
P e m@nié» PrEP 21/33(63.6)  4/4(100.0)
Lab results
Anti-HIV, n/N (%) 0/31(0.0) 0/4 (0.0) 0/6 (0.0) 0/1 (0.0) 0/5 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
RPR=4, n/N (%) 3/31(9.7) 1/4 (25.0) - - - - - - -
RPR=4X + <, n/N (%) - - 1/6 (16.7) 0/1 (0.0) 0/5 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
HBsAg, n/N (%) 1/29 (3.4) 1/3 (33.3) 0/1 (0.0)
Anti-HBs, n/N (%) 23/29 (79.3) 2/3 (66.6) 1/1 (100.0)
Anti-HAV, n/N (%) 7/29 (24.1) 1/3 (33.3) 0/1 (0.0)
Anti-HCV, n/N (%) 1/29 (3.4) 0/3 (0.0) 0/1 (0.0)
:"/':)V "DNAon anysite,n/N | 5,9 103) 0/3 (0.0) 0/3 (0.0) 0/1(0.0) 0/1(0.0)
CT-PCR, n/N (%) 0/27 (0.0) 1/3 (33.3) 0/4 (0.0) 0/1 (0.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
NG-PCR, n/N (%) 0/27 (0.0) 0/3 (0.0) 0/4 (0.0) 0/1 (0.0) 0/4 (0.0) 0/1 (0.0) 0/2(0.0)  1/1(100.0) | 0/1(0.0)
:\T?r::;"/i';f';:‘z)(fj’hl ) 9/25 (36.0) 1/2 (50.0) 1/4 (25.0) 0/1(0.0) 0/1(0.0)
Risk behaviors
Bl 0/26 (0.0) 1/4 (25.0) 1/6 (16.7) 1/2 (50.0) 2/4 (50.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
ﬁ’f"‘*ji z;iﬂé:f;f 16/26 (61.5) 1/4 (25.0) 3/6 (50.0) 1/2 (50.0) 3/4 (75.0) 1/1(100.0) | 1/2(50.0) 0/1 (0.0) 0/1 (0.0)
;;’Efﬁ ;U; ;ﬁ;? 3/26 (11.5) 2/4 (50.0) 0/6 (0.0) 0/2 (0.0) 1/4 (25.0) 0/1 (0.0) 1/2 (50.0) 0/1 (0.0) 0/1 (0.0)
- & 9/26 (34.6) 0/4 (0.0) 2/6 (33.3) 0/2 (0.0) 1/4 (25.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
WA= RI T IEER
0 0/26 (0.0) 0/4 (0.0) 1/6 (16.7) 0/2 (0.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
1~5 23/26 (88.5) 2/4 (50.0) 2/6 (33.3) 0/2 (0.0) 1/4 (25.0) 1/1(100.0) | 2/2(100.00  0/1(0.0) | 1/1(100.0)
6~10 3/26 (11.5) 1/4 (25.0) 3/6 (50.0) 1/2 (50.0) 3/4 (75.0) 0/1 (0.0) 0/2(0.0)  1/1(100.0) | 0/1(0.0)
>10 0/26 (0.0) 1/4 (25.0) 0/6 (0.0) 1/2 (50.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
gj% ; E;gi_’;imv 4/26 (15.4) 0/4 (0.0) 2/6(33.3) 0/2 (0.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
BTz BIGIIPER T %
Y E e B
100% 12/26 (46.2) 2/4 (50.0) 2/6 (33.3) 0/2 (0.0) 0/4 (0.0) 0/1 (0.0) 1/2 (50.0) 0/1(0.0) | 1/1(100.0)
75% 5/26 (19.2) 1/4 (25.0) 1/6 (16.7) 1/2 (50.0) 2/4 (50.0) 1/1(100.0) | 0/2(0.0)  1/1(100.0) | 0/1(0.0)
50% 2/26 (7.7) 0/4 (0.0) 2/6 (33.3) 0/2 (0.0) 1/4 (25.0) 0/1 (0.0) 1/2 (50.0) 0/1 (0.0) 0/1 (0.0)
25% 0/26 (0.0) 0/4 (0.0) 0/6 (0.0) 0/2 (0.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
0% 3/26 (11.5) 0/4 (0.0) 1/6 (16.7) 0/2 (0.0) 1/4 (25.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
FR TN 4/26 (15.4) 1/4 (25.0) 0/6 (0.0) 1/2 (50.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
BTz BT ABRT R
Y el i
100% 1/26 (3.8) 1/4 (25.0) 0/6 (0.0) 0/2 (0.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
75% 2/26 (7.7) 0/4 (0.0) 0/6 (0.0) 0/2 (0.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
50% 3/26 (11.5) 1/4 (25.0) 1/6 (16.7) 0/2 (0.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
25% 1/26 (3.8) 0/4 (0.0) 0/6 (0.0) 0/2 (0.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
0% 16/26 (61.5) 2/4 (50.0) 5/6(83.3)  2/2(100.0) | 4/4(100.0) 1/1(100.0) | 2/2(100.00 1/1(100.0) | 1/1(100.0)
R 3/26 (11.5) 0/4 (0.0) 0/6 (0.0) 0/2 (0.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
Btz B IR PR
Wi 2 b
100% 0/26 (0.0) 0/4 (0.0) 0/6 (0.0) 0/2 (0.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
75% 0/26 (0.0) 0/4 (0.0) 0/6 (0.0) 0/2 (0.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
50% 0/26 (0.0) 0/4 (0.0) 0/6 (0.0) 1/2 (50.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
25% 0/26 (0.0) 1/4 (25.0) 0/6 (0.0) 0/2 (0.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
0% 0/26 (0.0) 0/4 (0.0) 0/6 (0.0) 0/2 (0.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
AEFEA: 26/26 (100.0)  3/4(75.0) 6/6 (100.0)  1/2(50.0) 4/4 (100.0) 1/1(100.0) | 2/2(100.00 1/1(100.0) | 1/1(100.0)
;g— ERRRTEIR 11/26 (42.3) 0/4 (0.0) 4/6 (66.7) 0/2 (0.0) 2/4 (50.0) 0/1 (0.0) 1/2 (50.0) 0/1 (0.0) 0/1 (0.0)
@ 24600} 2/26 (7.7) 0/4 (0.0) 0/6 (0.0) 0/2 (0.0) 1/4 (25.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
oAyt 6/26 (23.1) 0/4 (0.0) 4/6 (66.7) 0/2 (0.0) 2/4 (50.0) 0/1 (0.0) 1/2 (50.0) 0/1 (0.0) 0/1 (0.0)
;LD;‘L*;; '(’ﬂ‘,/oe)d'c'"e within 15 126 (7.7) 0/4 (0.0) 1/6(167)  0/2(0.0) 1/5 (20.0) 0/1(00) | 0/2(00  1/1(1000) | 0/1(0.0)
BIfER (ZHEEE)
Nil 3/6 (50.0) 0/2 (0.0) 3/4 (75.0) 1/1(100.0) | 1/2(50.0) 0/1 (0.0) 0/1 (0.0)
naussea 0/6 (0.0) 1/2 (50.0) 1/4 (25.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
headcahe 2/6 (33.3) 1/2 (50.0) 1/4 (25.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
diarrhea 1/6 (16.7)  2/2(100.0) 0/4 (0.0) 0/1 (0.0) 1/2 (50.0)  1/1(100.0) | 1/1(100.0)
others 1/6 (16.7) 1/2 (50.0) 0/4 (0.0) 0/1 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0)
14
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Table 3.Comparison of characteristics between 2016 and 2017 regarding wiling or unwilling to use PrEP

2016 Apr-Sep

2017 Apr-Sep

Individuals

Individuals

Variables Lo - - Statistics All Individuals willing Individuals unwilling  Statistics
Allindividuals  willing to use unwilling to use e
P value* individuals to use PrEP to use PrEP P value
PrEP PrEP
Patient number, n (%) 1,173 (100.0) 546 (46.5) 627 (53.5) 933 (100.0) 365 (39.1) 568 (60.9)
Age, mean (x SD), years 29.7 (£7.9) 29.7 (£7.2) 29.8 (8.6) 0.2643 29.6 (£6.9) 28.9 (+6.9) 30.4 (+6.9) <.0001
Gender, % (n/N)
Male 88.2 93.4(510/546)  83.7 (525/627) <.0001 87.4 89.6 (327/365) 85.9 (488/568) 0.2067
(1,035/1,173) ) ) ) (815/933) ' ' )
Female 11.8 (138/1,173) 6.6 (36/546) 16.3 (102/627) " 1172/'9533) 10.4 (38/365) 13.9 (79/568)
Transgender 0.0 (0/1,173) 0.0 (0/546) 0.0 (0/627) 0.1 (1/933) 0.0 (0/365) 0.2 (1/568)
Highest level of education, %
(n/N)
More than high school 88.3 89.1(486/546)  87.7 (550/627) 0.5241 924 92.9 (339/365) 92.1 (523/568) 0.7054
& (1,036/1,173) ) ) ) (862/933) ) ) )
High school or less 11.7 (137/1,173) 11.0 (60/546) 12.3 (77/627) 7.6(71/933)  7.1(26/365) 7.9 (45/568)
Current employment status, %
(n/N)
Full-time 61.6 (719/1,167) 66.5 (356/543) 58.2 (363/624) 0.0112 (606;}'9633) 67.4 (246/365) 62.9 (357/568) 0.1612
Others 38.4 (448/1,167) 34.4 (187/543)  41.8 (261/624) (33305/;‘33) 32.6 (119/365) 37.2 (211/568)
Current monthly income status,
% (n/N), NTDs
< 30,000 42.8 (497/1,161) 39.1(210/537) 46.0 (287/624) 0.0203 (37463533) 38.1(139/365) 41.7 (237/568) 0.2747
>30,000 57.2 (664/1,161) 60.9 (327/537)  54.0 (337/624) (55573'9733) 61.9 (226/365) 58.3 (331/568)
Sexual partners, % (n/N)
Non-MSM male 20.9 (245/1,173) 17.6 (96/546) 23.8 (149/627) (16127/.9433) 11.8 (43/365) 21.0(119/568))
MSM or bisexual male 67.4 (790/1,173) 75.8 (414/546)  60.0 (376/627) <.0001 ( 6523'913 3) 77.8 (284/365) 65.1 (370/568) <.0001
Female 11.8 (138/1,173) 6.6 (36/546) 16.3 (102/627) " 1172/'9533) 10.4 (38/365) 13.9 (79/568)
Activities engaged in, % (n/N)
coi:;‘r‘::rr)k (provider or 10.1(119/1,173) 9.5 (52/546) 10.7 (67/627) 05611 |[9.7(90/933) 8.2 (20/365) 10.6 (60/568) 0.2571
Having sex with someone 60.3
dating online or from apps 57.5(674/1,173) 61.5(336/546) 53.9 (338/627) 0.0092 (563/933) 66.0 (241/365) 56.7 (322/568) 0.0049
Having sex with someone 114
dating at places, like a pub, 9.5(112/1,173)  11.5 (63/546) 7.8 (49/627) 0.0362 (106/'933) 13.7 (50/365) 9.9 (56/568) 0.0733
bathhouse, or gym
One night stand 27.5(323/1,173) 32.6 (178/546)  23.1(145/627) <.0001 " 9233'97 33) 23.3 (85/365) 19.0 (108/568) 0.1167
Risk behaviors
Number of sex partners within
3 months
0 16.9 (198/1,169) 13.8 (75/543) 19.7 (123/626) 0.0295 ( 10123':33) 10.4 (38/365) 11.3 (64/568) 0.0071
1-5 79.7 (932/1,169) 82.7 (449/543)  77.2 (483/626) (77?/':33) 80.3 (293/365) 84.5 (480/568)
>5 3.3(39/1,169) 3.5 (19/543) 3.2 (20/626) 6.2 (58/933) 9.3 (34/365) 4.2 (24/568)
Having a committed sexual 39.9
sartner within 3 months 45.2 (530/1,173) 47.6(260/546)  43.1(270/627) 0.1263 (372/933) 37.3(136/365) 41.6 (236/568) 0.1940
Condomless anal sex in the 38.7
oast 1 year 38.3(449/1,173) 46.2 (252/546)  31.4 (197/627) <.0001 (361/933) 30.7 (112/365) 43.8 (249/568) <.0001
Partner infected with HIV or 49
other STIs 11.1(130/1,173) 12.6 (69/546) 9.7 (61/627) 0.1355 (46/933)** 6.0 (22/365) 4.2 (24/568) 0.219
ye:er having STisinthe past1 | ¢ g (30/1,173) 8.2 (45/546) 5.6 (35/627) 0.0815 [8.9(83/933)  11.0(40/365) 7.6 (43/568) 0.0784
Ever using recreational drugs
before or during sexual activity or
attending drug party in the past 1 7.5(88/1,173) 11.7 (64/546) 3.8 (24/627) <.0001 5.7 (53/933) 9.6 (35/365) 3.2 (18/568) <.0001
year
Knowledge on prevention
Regular screening for HIV 52.9 (620/1,173) 60.3 (329/546)  46.4 (291/627) <.0001 >6.8 64.9 (237/365) 51.6 (293/568) <.0001
infection ’ ! ) ' ’ (530/933) ' ' '
Knew of HIV PEP 67.2 (788/1,173) 73.1(399/546)  62.0 (389/627) <.0001 (55593':3 3) 70.1 (256/365) 53.4 (303/568) <.0001
HIV PEP used - - - - 2.5(23/933) 4.4 (16/365) 1.2 (7/568) 0.0039
Knew of HIV PrEP 40.2 (471/1,173) 48.0 (262/546)  33.3 (209/627) <.0001 ( 42425};323 3) 34.8 (127/365) 51.9 (195/568) <.0001
Diagnosis of STDs by current VCT
Syphilis 2.9(34/1,173) 3.7 (20/546) 2.2 (14/627) 0.1644 |4.6(43/933)  5.3(19/365) 4.2 (24/568) 0.5237
HIV 3.4 (40/1,173) 5.7 (31/546) 1.4 (9/627) <.0001 3.0 (28/933) 4.1 (15/365) 2.3 (13/568) 0.1194
15
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Table 4. Multivariate analysis for factors associated with the willingness to use pre-exposure
prophylaxis against HIV infection in individuals seeking for voluntary counseling
and testing for HIV from April to June 2017

Variables References OR (95% Cl) P value
age 1.028 (1.008-1.049) 0.0055
Having sex with someone dating nil 1.494 (1.124-1.985) 0.0056
online or from apps

Ever using recreational drugs in the nil 2.626(1.442-4.782) 0.0016
past 1 year

Knew of HIV PEP unknown 2.629 (1.840-3.758) <.0001
Ever using HIV PEP nil 2.695 (1.074-6.763) 0.0347

Table 5. Comparisons of the barriers among those who do not want to receive PrEP between

2016 and 2017
2016 Apr-Sep 2017 Apr-Sep
no Consider Characteristics N=627 N=568
e E e L iEgdian (%) 268 (42.7) 120 (21.1)
gBFX DTS 322 (51.4) 183 (32.2)
E3 I I e 57(9.1) 45 (7.9)
AR g R 53 (8.5) 86 (15.1)
R BB A - 31 (5.5)
£E% 116 (18.5) 134 (23.6)
= 3F ~ (mean) 138 139
¥ 19 RE - 4(0.7)
% 4 P18 3 BLIFER 54 (8.6) 31 (5.5)
Bo#EHg plive 73 (11.6) 15 (2.6)
R & 28 (4.5) 15 (2.6)
R TR E e 27 (4.3) 2 (0.4)
tR jev & - 1(0.2)
L@ Lap % 27 5 44(7.0) 9(1.6)
dod AP G *J::T% € % 2 (0.3) 1(0.2)
W YRR P REE A 1(0.1) 28 (4.9)
16
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Table 6. Comparison among those who had heard or known PrEP and those who had never

known PrEP in 2017

2017 Apr-June

¥ B 2 §_PreP

K B & 7 K PrEP

no Consider Characteristics N=274 N=294
ERC A ol S i 58 (21.2) 62 (21.1)
(T E 2T 91 (33.2) 92 (31.3)
BAERE R 39 (14.2) 47 (16.0)
% g B (5 B R 28 (10.2) 3(1.0)
TEE 75 (27.4) 59 (20.1)
& 3F ~ 143 136
AP PRI RREEF L BEL 26 (9.5) 2(0.7)
A7 BB 29 (10.6) 2(0.7)
G EEE 3(1.1) 42 (14.3)
£ = e 3(1.1) 1(0.3)
thk e # 1(0.4) -
B BEF G plivr 2(0.7) 13 (4.4)
* B & - 15 (5.1)
GEAGACAGE T - 2(0.7)
LEEHLAIEI % 2175 : 9(3.1)

17
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Rsege:

A cross-sectional questionnaire interview was performed to collect information on the
demographic and clinical characteristics at the HIV clinics of the National Taiwan University
Hospital between March and September, 2017. In the 5-month study period, 2,808 patients

were enrolled and 1251 were aged =40 years, of whom 926 patients had complete data for

the assessment of their CVD risk. The participants, who were predominately male with a
mean age of 49.5 years, 32.1% had current smoking, 12.3% had hypertension and 15.1% used
antihypertensive medications. However, if those aged 40 years or more who were current

smokers had stopped smoking, FRS and ASCVD CVD risk = 10% was reduced from
75.0% and 71.0% to 60.0% and 66.0%, respectively, in those aged = 60 years.

Between 2004 and 2014, 2130 ART-naive HIV-positive patients without DM initiated
cART at the National Taiwan University Hospital. All patients were followed until the date
when DM was diagnosed, 31 December, 2015, loss to follow-up, or death, whichever

occurred first. Incident DM was defined as fasting glucose=126 mg/dl or HbA1C = 6.5%.

Over a total observation of 10,866 person-years of follow up (PYFU), DM was diagnosed in
36 patients, with an overall incidence rate of 3.3 per 1,000 PYFU. While the rate increased
with cumulative exposure to cART, from 0 per 1000 PYFU in patients with cumulative
exposure to CART of <12 months to 3.5 per 1000 PYFU in those with cumulative exposure of
=72 months, the overall rate decreased from 3.7 per 1,000 PYFU in 2004-2008 to 1.6 per

1,000 PYFU (p=0.04). The occurrence of DM was associated with an older age (adjusted
hazard ratio [aHR], 1.079; 95% CI, 1.044-1.116), hypertension (aHR: 4.903, 95%
CI:1.965-12.235, P<0.001), exposure to darunavir (aHR: 3.157, 95% CI:1.130-8.815,P=0.03),
duration of exposure to antiretroviral therapy (<12 months, 0/1000 person-years of follow-up

[PYFU]; 12-36 months, 2.8/1000 PYFU, 36-72 months, 4.7/1000 PYFU and =72 months,
3.5/1000 PYFU.

Between 2016 and 2017, 2404 HIV-positive patients were enrolled and evaluated by
WHO FRAX equation to assess the fracture probability. The average age of the patients was
40 years old, and their average body mass index was 22.9 kg/m®. 2325 (96.7%) patients had
received ART. Using FRAX equation, the percentage of patients with low (<10%), moderate
(10-20%) and high (>20%) 10 year probability of a major osteoporotic fracture was 98.7%,
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1.2%, and 0.08%, respectively. The percentage of patients with low, moderate, and high 10
year probability of a hip fracture was 95.8%, 2%, and 2.2%, respectively. 336 patients
underwent bone mineral density (BMD) examination. The average BMD of the femoral
neck/hip was 0.82/0.89 g/cm? and the average BMD of the lumbar spine was 1.06 g/cm®.
Their average serum 25-OH Vitamin D level was 23.7 ng/ml. 258 of 336 (76.8%) patients had
a 25-OH Vitamin D level <30 ng/ml. In multivariate analysis, factors associated with reduced

BMD were older age and lower body weight.

Key words: diabetes mellitus, antiretroviral therapy, Framingham Heart Study (FRS) risk

scores, D:A:D risk equation, ASCVD, cardiovascular disease, smoking

cessation, fracture, osteoporosis
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B 5 622 cells/uL » & R ﬁ'l:f,is% € T E 5 1.42 logyo copies/mL » 142 i+ (19.2%)# 7
Bt B 350 103 2(12.9%)0 C FPF 3 R B2 o bk g adte o 114 =
(12.3%)F % & B 73 &= (7.9%)F /R > e p B * B Ffed 5140 = (15.1%)# R
Fa REF 98 (10.6%)H PR E & Pn E e o

Ape-HRF A RHEEA AR oL gA/RE L DR % > & Framingham
equation (FRS)fs & ¢ » Ak 10 & p 2wk FARHE G ¢ Z10%H2 345 281
4 (30.3%) ~D:AID (R)B e fe A RS EpF 2w BAHE G > B =10%% 2
HF 37 4 (4.0%)~ASCVD Rk *&i*f A K10 & oA F R A s A |
=7.5%x > F 5 208 4 (22.5%) ~ =10%0= 32 H 5 129+ (13.9%) -
EES KRG AT B R A DR R =10%4 5] Gk 1 B Ao flZ o JEL40-44 R 3 =
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60 fa te? B & ¥ o b =10%X v BIFRG MLF E AL S Eart S 44 FRS £
F7 B=10%e 37 F 4 BI5.8% (40-44 ) A 3 75.0% (=60 &) ~ D:A:D(R) =
10%:% 37 4 vt 511£.0.3% (40-44 f) + = 21.0% (260 % )~ASCVD f=10%:5 3+
B 1E_1.8% (40-44 )+ 2 71.0% (=60 ) -

BRGNP BEFLPER ISR L ERL KRG A B R G =10%T
PLE RS e BlZ o B R AT R IR Y AN AR R
= 10%¢h% 35 0L G130 ¢ T % o FRS £ £ ¢ L+_40-44;§zsi1’€%dﬂ“‘ K 58% T %3 0% =
60 3 ¢ S T5% T 3 60.0%  ASCVD £ 4 ¢ f 40-44 3 ¢ L 1.8% T 1
0.3% ~ 260 f 3+ @ L T1%T " 1 66.0%

2~ B R et BB g

B AR RAT LY AP 2003 £ 10 1 P ek 2014 £ 120 31 p > AR
ATEARZ B F G 2514 4 0 ARG 582 4 0 = 125 4 0 H P A w|peg i iR R
L6 BT 2TA(LE)E T4 A (=) %”Tiiﬁﬁﬂ%?%}’ﬁﬂ%jf VR BRI 2K 5 36 4
B AR R FE 5 2,130 £ 0 22,130 g %K bk PREBG 2015 # 10 7
31 p 50k o fekinfzdcBle

B 2,130 &Y o M HEERT S 10971 % E o AP R 36 ATHE 2R
2 1 % BRI AR e 4 S5 3.28/1000 4 o i HRE SERER L 50 o B E $1 0
PR SRR R 8 VS Ll =il SR B -V S Ll L R R R A
Bk (403 vs. 32,4 k)~ F RF L blehE b B (40.6 vs. 3.3%) ~ A #BEH CD4 Hc i i
(173 vs.301 cells/pL) ~ A # BEeéem w AEBcE R B (96 vs. 88 mg/dl) o & 1 ek & F ol dr
4 -

BSRAhAATY o AP EAT L B R BT ATE L OB B R Y E R RE (aHR:
1.079, 95% CI:1.044-1.116, P<0.001) ~ % = /& (aHR: 4.903, 95% CI:1.965-12.235, P<0.001)
~ ¥ (SR ¥ 1§ darunavir # 4 (aHR: 3.157,95% CI:1.130-8.815, P=0.03)F B ° (% =)

o P > 2N PR ﬁ:fﬁ;i Brah k()L Eaui <12 B~ 12-36
BY36-72 0 =72 B 0 AN RFHRRBOFLSF (M) APERIRBS B
ARk BPFRARE B CRORE L FA&F > <12 B2 5 0/1000 * & ~12-36 B 7 5
2.8/1000 * & ~36-72 B * % 4.7/1000 A & ~ =72 B * % 3.5/1000 % & o 4ok i 5 H

10

-149-



5 % 4~ zidovudine/lamivudine > 2% i+ F RS FS R FE K BT ARE n‘%/‘]\)ﬁi g 4 F4x
B <12 B * 5 1.8/1000 ~ &~12-24 I * % 1.7/1000 ~ & ~24-36 # * 5 3.1/1000 ~ & -~
>

‘m\\

36 %7 % 3.8/1000 % & - (B]T)

3~ F FE A e g

PRERABRGFEOFALY > AR AL RiFLed 10 2R GTER S
(WHO FRAX equation)3g iz A & 10 & p 3 4 ¥ 470k %% ck p 2016 # 5% 4 p 1 2017
E# 51 23 p Lk 240417Fp’5’”%?]":'-i”-&#5£m 40 # > H ¢ § 4 2310 0 ik
96.1% > CD4 chE 328 & 609 cells/uL > € i#@p 4+ o+ £ L 39% 5 1.5 logio copies/mL
#4 5 2110 =(87.8%) 8 #p# £ 1 >t 50 copies/mL o %33 F LT L dpden T 5
5229 kg/m® > F 321 #(13.9%) 5 B A3 & 6 FR £ 1 > 235 2(10.1%) C 4]
R B T I 0 159 4 (6.6%)F P AT AAT R > 776 4 (32.3%)F Pt R L M b o
fpoEm L AT 0§ 113 R(T%)E 3 R R B A AT 4T 0 662 12(27.5%)%
PR ARG AR 0 1089 (453%)E 3Kk A G B R - BHAF TR Y n
Fa BB A S 257 A (BL5%)F p & it 3 H =R 3 88 4 (3.7%) -
PR AR B R 49 A (2.1%) 0 FEL AR BRI & 35 4 (15%) 0 F FEE T
B 17 £ (0.7%) (% m ) -

f 2,404 Bk B2 ® 02305 = (96.7%)F IR dipmd B0 § H R s 928 4
(38.6%) £ # 106 2(11.4%)F 4B fjfi» # & B 227 4 (24.5%)" § 5 %5 F 352 £ (37.9%) -
AL HE BH G AP 0 89 X (9.6%) M FRTE i AEE D « 187 £ (20.2%)H PRF s B
B~ 134 4 (14.4%) 8 PR & 75 B H ~ 106 4 (11.4%) 8 £ 559k C A% & 2 o FRAX B
K04 10 & P E 2 LR RLE 4P % 0 98.7% P B AR T ATR %
(Z10%)12%% 37 % B B F47h % (10-20%)-0. 08%< 3+ % B % A& F 471 "6 (=20%) -
FA 10 &g 2 BAE ¥ IR & 0 95.8%% %&@xa&%#w A 2%")’7*4“ Be Rt
IThE 2.2 EBE REATRE G

- - E R AN E 45 KRR 4 J];,"—’Jef‘:}éh’;;i% % R ¥ % (Hologic) » 7 3 = FF
AT AT 5 336 40 F G 327 (92.1%)> T 32 E# G 54 o> 5 PR* tenofovir disoproxil
fumarate (TDF)iups+ % FF 327 ~(92.1%) > PR* protease inhibitors (PI)§ 3 163 +
(45.9%) > PE* [ pF 3 tenofovir disoproxil fumarate (TDF)¥ protease inhibitors (PT)2- ol
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FE ok F 152 4 (42.8%)0 % nF FALT %A & hT 5 0.82/0.89 glem’
T B AR G OTIOE 1.06 glom” o ¥ FACKEE ¥ %R KT (48.2%) & K ¢ gl F
FREL(14%) 50t BB i 62%; MEHLE A LT (38.5%) & & = AP F FaREH(S.5%) 0 b
B iE 44% o i %k 25-OH it & D ehT3oiE 23.7 ng/ml > § 258 i=¢hip % 2 25-OH
At D330 ng/ml(# T

FoRARrEMEt TR e TS SR AT o R R MM TS S R
BiAe— ARRIF %R E R G 4 1155 ©(95%1% 4 % 0.993-1.342 ;P & 0.0311) > & 48
EEH - 2 TRIR %G 5 0.870 (95%1% 1 % ¥ 0.783-0.966;P i 0.0091) » # 55 £t e
B FF 23575 AR R(R S ) e

(z) 3t

bk BABRLGAFTTY CFRSEAGEY » AR 10 AP F A vk FARR
% =10%:% 5% 281 £ (30.3%) ~ D:ADD (R)R %37 A & 5 & P 82 v F AR
B =10%%2 32 K F 37 A (4.0%) ~ (ASCVD) b '&3% 5 A % 10 3 p 3 2 B0kl
s R =T7.5%% K 208 4 (22.5%) ~ =10%:01 R F 129 4 (13.9%) -

NESAS K RFZ B R AR G Z10%A ] L B2t B L 40-44 R D 260 K B
PR AT o bR Z10%G0 B G SEF E AR b S AR o Bl e g B R &
ﬂﬁﬁf%%ww’Eﬁﬁ%ﬁﬁ@iﬁﬁ%&%%ﬁAwmoyﬂ,ﬁwgm@ﬁﬁ
VR R FR e A0 R E B F B F A A S APM (p<0.05)°>
ML EEAPFCL BRFDERFF 2 - c FEAPL FRELFEY U F LR
(12.3%) 1k % ¥

=% dﬁz HAARFE NESRLERGABAIREL AA R ESET LRI

T

Jﬁ.i#’ffwmlﬁﬁfgsm& % = 10% 7t Lnﬂ’rsgﬂwg‘”i o H B Ty B 5L B
FFEG A e g A A R0 E P ek F ik g g T - B DIAD
ST REFIR Y BRa ﬂ;yl»m?f}i-‘[ﬁim’%iff W(IRR) ¢ T FE o EGE BT Y - £
332 TR EHES = £en 1497 o

ERE AR R Y AP R ek 2,130 B R 0 £ BT 10971 4 & 536 R

A Ao > BB R 0S4 5 328/1000 4 & o AP AR R R T AT
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BARAPE o A u L PE EpE T (4471000 4 &) $ WenF g (5.0/1000
&) 12 DIAD SF g (42/1000 4 £ )0 AR RO H B AT T RS, A ] 5 R R &
A3 (14.1/1000 « )7 % @ene 75 (11.35/1000 4 &)z 58k - HFF
ERT LA FRAA Y (1311000 4 &) e 300 apT § 5 55 3 FR T iR ]
ATy REY F RS DT (96.01%) 0 Edes ARl By RERIE(LETE R
JrehT oL 325 f)

IR U A BB OR R 2 2 M RIS R AT - RO A
FLesrBRopg s FEFES kR MHRARL § A3 Hi8%(0-3.51000 + &) -
f— BT %S BT P R TR B(NRTD S 4 o § 8 AAp a4 227
APy Sk Apin o APET 25T R E> zidovudine/lamivudine % 4~ pFRFAXE
W o e 4 F 4% % (1.8-3.8/1000 % &) <

bERpEARAFYRAENITIREREFLY CHFR T HREL CRAFEF
A B EF RO B R R K S B 0 4 RS P A p et Tanglh b
T Y 13 WHO FRAX R 5 A 4754 %510 # p 4 4 1 & F B F 3760k % 098.7%
PR P BEREITE G (S10%) 1.2%% 37 % B2 R F47h & (10-20%) ~ 0.08%% 3
FHERTITR G(220%) 0 FAN0 & ] F AT FAT0R % 0 958%E P E AT
PR C2%E P E Y RTATR G C22% 2P BARTATR G A A g Hp S

4'*2 MR FITh %o v}f?%v‘ 7 i 12 FRAX equation #*fz & ;‘éftef)ﬁaaz«}g %L—fﬂzm% IR %
b X IR B AR S0 EEp A R A EF L L R AT TI0R G 5 52£26%°
AR ERGE LR 7064 EEBA R AE 0 BE LA RFREF IR s 4
2.941.5% o FrrE Ak RAF A K 10 £ )2 B F R IFE AT F4TR %1
FoPTFARRER B DL R Ted & F BB 372 ARE B AT g0 Ax s
EHAERAZE 60 Fenk o (Bl- ~ Bl ) ¥ R ATE RS Fenflaip bl 715 5 %97
AATE RS S E R F LR TS L ATES YL B g
FRAEKSFR > B Y o Fld
B pEdrdl A S AP L BT B R A M B E S SR BT F i A vitamin

Ddgi o> LaAPamad PGB RS S HT RAT AP HERE

L v e . 33 :
€ jop 4 Eenik * 4o tenofovir” ~ efavirenz -
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FRS £ 4 ¢ £.=10%:10 5]44_5.8% (40-44 &)+ < % 75.0% (=60 &)~ D:A:DR) %
=10%ev 517£.0.3% (40-44 #)+F = 21.0% (=60 #) ~ ASCVD #=10%¢t 555 1.8%
(40-44 Fo) 2 T1.0% (Z60 f)- B % f 3 15w s # B s e0h 1 = 10%<00 BI3R g T %
FRS & % ¥ % 40-44 & ¥ j¥ 58% T "8 3 0% > =60 f ® & _75% ™ % 2 60.0% > ASCVD
E%ﬂﬁAmM%ﬂﬁU$%T%EIB%‘2@%6ﬁﬂH%T%i6&%ﬂ&%@@ﬁ@
RET o BB R O 4 55 3.28/1000 A E o BEFR B R E ik § B (aHR: 1.079,
95% CI:1.044-1.116,P<0.001) - :}"@;ﬁs—% Zr Ak BEFRARE al%ff\;[is g A4 FAXE 0 <12
® 2 % 0/1000 ~ & ~12-36 % * % 2.8/1000 ~ & ~36-72 B " % 4.7/1000 * & ~ =72 i
7% 3.5/1000 4 & o

¥ %‘r&‘.‘i}fi}}%m& = H AT 3 0 1 WHO FRAX equation 3 iz A K 10 & p 3 4 F 37
b o BT 10 E P A 3R RUER TR GFER Y 98.7% N BERFITR
% (S10%) > 12%% 3 % B RFATR & (10-20%) ~ 0.08%% 3 % Fd & ¥ 47k (=
20%) © FA_10 & P32 B F ITOR G > OS8% X P H B A FITE & 2% H
PRERITR &~ 22%% %J"fg}rs B d 3Th Moo £#L AT X0 45 Ren€ oA B A F
#X ¥ %R 4 (Hologic) » H 2% ¥ /AL + 2R & HTI2E L 0.82/0.89 g/em’ >
e d B R % A HTE 1.06 glom® s i 5k 25-OH ‘& & D T ¥ai 23.7 ng/ml
7 258 (76.8%) ik %k 2. 25-OH st & D ] 3+ 30 ng/ml o # % & "% & % Farfiagp
MFF S RIELITY > ERH AL F DR R TF]F o
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f- R FARLRTEREAZBEAATA

Characteristic N=926
Male, n (%) 864 (93.3)
Age, mean (SD), year 49.5 (7.7)
Body mass index, mean (SD), kg/m’ 23.9 (3.5)
Systolic blood pressure, mean (SD), mmHg 127 (17.1)
Diastolic blood pressure, mean (SD), mmHg, 79 (11.8)
Positive anti-HCV, n (%) N=797 103 (12.9)
Positive HBsAg, n (%) N=739 142 (19.2)
Positivity anti-HAV, n (%) N=863 751 (87.0)
Smoking status, n (%)
Never 422 (45.6)
Past 207 (22.4)
Current 297 (32.1)
Family history of Diabetes mellitus, n (%) 296 (31.9)
Family history of Hypertension, n (%) 526 (56.8)
Family history of CAD, n (%) 153 (16.5)
HIV viral load, median (SD),log 10 copies/ml 1.42 (0.52)
CD4, mean (SD), cells/ul, 622 (289)
TG, mean (SD), mg/dl, 158 (126)
T-cholesterol, mean(SD), 172 (35)
HDL, mean(SD), mg/dl 44 (11)
Comorbidities, n (%)
CAD 19 (2.1)
Diabetes mellitus 73 (7.9)
Hypertension 114 (12.3)
Concurrent medications, n (%)
Lipid-lowering 98 (10.6)
Hypoglycemics 71 (7.6)
Anti-hypertensives 140 (15.1)
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2o CBRRFL L BEARTR

variable DM(+),n=36 DM(-), n=2094  all, N=2130 p
Sex, male, n (%) 35(97.22) 2010 (95.99) 2045 (96.01) 0.7077
Age at HIV diagnosis,years  40.28 (10.88) 32.40 (9.34) 32.53 (9.42) <.0001
HBsAg-Positive, n (%) 257 (12.69) 264 (12.82) 0.1997
Anti-HCV Positive, n (%) 187 (9.27) 188 (9.16) 0.2048
Hypertension, n (%) 62 (3.29) 75 (3.91) <.0001
CAD, n (%) 13 (0.69) 15 (0.78) 0.0004
Baseline CD4 count mean 173.2 (207.5) 301.8 (246.4) 299.6 (246.3) 0.0071
(SD), cells/ul (N=27,1581)
Baseline HIV RNA, mean 4.99 (0.81) 4.80 (0.93) 4.80 (0.93) 0.2420
(SD),log 10 copies/ml
(N=33,1844)
Baseline AC sugar, mean 96.1 (18.5) 88.3 (10.1) 88.49 (10.39) 0.0416
(SD), mg/dl
Baseline Hb, mean (SD), 12.89 (2.72) 13.65 (2.22) 13.64 (2.23) 0.0518
g/dL
Baseline MCV, mean 86.3 (12.5) 86.5 (8.13) 86.51 (8.23) 0.9222
(SD),IL
Duration of follow up, mean 5.11 (2.45) 5.10 (3.01) 5.10 (3.00) 0.9847
(SD),year
ART, n (%) 36 (100.00) 1889 (90.21) 1925 (90.21) 0.0483
ART duration, mean (SD), 54.16 (54.16) 48.99 (34.29)  49.09 (34.13) 0.2254
month
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Variable aHR 95% CI P

Age 1.079 1.044 - 1.116 <.0001
Sex 1.562 0.194- 12.599 0.6757
Hypertension 4.903 1.965- 12.235 0.0007
CAD 3.882 0.823-18.310 0.0866
Baseline PVL 1.290 0.720-2.309 0.3921
Baseline CD4 0.998 0.995-1.000 0.0655
ART duration 0.954 0.941- 0.969 <.0001
Tenofovir, TDF 0.173 0.059- 0.509 0.0014
Darunavir, DRV 3.157 1.130- 8.815 0.0282
Cumulative duration of exposure to g ggg 0.957-1.003  0.0896
Cumulative duration of exposure to 0.981 0.957- 1.005 0.1207

Atazanavir
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Variable N=2404
Male, n (%) 2310 (96.1)
Age, mean (SD), year 40.0 (11.0)
18-29 years, n (%) 410 (17.0)
30-39 898 (37.4)
40-49 680 (28.3)
50-59 290 (12.1)
>60 126 (5.2)
CD4 count, mean (SD), cells/ul 609 (271)
Plasma HIV RNA load, mean (SD), logio copies/ml 1.5(0.7)
Plasma HIV RNA load =50 copies/ml, n (%) 2110 (87.8)
BH, mean (SD), cm 171.1 (6.4)
BW, mean (SD), Kg 67.3 (11.2)
Body mass index, mean (SD), kg/m’ 229 (3.4)
HBsAg-positive, n (%) 321 (13.9)
Anti-HCV-positive, n (%) 235 (10.1)
Route of HIV transmission, n (%)
MSM/bisexual 2125 (88.4)
Heterosexual 216 (9.0)
IDU 42 (1.7)
Other 21 (0.9)
Daily calcium supplement, n (%) 159 (6.6)
Daily multi-vitamin, n (%) 776 (32.3)
Previous fracture, n (%) 350 (14.6)
Parents with fractured hip, n (%) 113 (4.7)
Mother 83 (73.5)
Father 40(35.4)
Mother and father 11 (9.7)
Family history of diabetes, n (%) 662 (27.5)
Mother 351 (53.0)
Father 392 (59.2)
Mother and father 81(12.2)
Family history of hypertension, n (%) 1089 (45.3)
Mother 647 (59.4)
Father 698 (64.1)
Mother and father 256 (23.5)
Current smoker, n (%) 757 (31.5)
Use of glucocorticoids, n (%) 49 (2.1)
Rheumatoid arthritis, n (%) 35(1.5)
Secondary osteoporosis, n (%) 17 (0.7)
Alcohol consumption, 3 or more units/day, n (%) 88 (3.7)
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Variable N=355
Male, n (%) 327 (92.1)
Age, mean (SD), year 54 (8)
On tenofovir disoproxil fumarate (TDF), n (%) 327 (92.1)

On protease inhibitors (PI) 163 (45.9)
BMD of femoral neck/hip , mean (SD), g/cm2 0.82/0.89 (0.14)
Lumbar spine (L1-L4), mean (SD), g/cm’ 1.06 (0.17)

25-OH Vitamin D, mean (SD), ng/ml 23.7(9.1)

25-OH Vitamin D <30 ng/ml, n (%) 258/336 (76.8)

22~ F RREMRAPM TS 2 5 RIE LT

Variable* Adjusted OR 95% CI P
Male gender, n (%) 7.533 1.119-50.717 0.0380
Age, per 1-year increase 1.085 1.007-1.168 0.0311
Body mass index, per 1-kg/m? increase 1.143 0.852-1.535 0.3726
Body weight, per 1-kg increase 0.870 0.783- 0.966 0.0091
25-OH Vitamin D, per 1-ng/ml increase 1.007 0.956-1.060 0.7874
Tenofovir disoproxil fumarate (TDF) 6.158 0.933-40.668 0.0591
Protease inhibitors (PI) 5.748 0.320-103.245 0.2353

*Variables with P<0.05 and ART were entered into logistic regression analysis
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Variable* Adjusted OR

95% ClI P

Male gender, n (%)

Age, per 1-year increase

Body mass index, per 1-kg/m” increase
Body weight, per 1-kg increase

25-OH Vitamin D, per 1-ng/ml increase
Tenofovir disoproxil fumarate (TDF)

Protease inhibitors (PI)

16.218
1.155
1.603
0.645
1.093
3.789
3.263

0.392-671.806 0.1425
0.993-1.342 0.0611
0.683-3.760 0.2779
0.450-0.924 0.0168
0.986-1.211 0.0922
0.149-96.192 0.4195

0.090-117.963 0.5183

*Variables with P<0.05 and ART were entered into logistic regression analysis
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Abstract

Objectives

Two nucleos(f)ide reverse-transcriptase inhibitors (NRTIs) plus 1 non-NRTI (nNRTI) remain
the preferred or alternative combination antiretroviral therapy (cART) for antiretroviral-naive
HIV-positive patients in Taiwan. The three most commonly used nNRTIs are nevirapine
(NVP), efavirenz (EFV) and rilpivirine (RPV). This study aimed to determine the incidences
of hepatotoxicity and skin rashes within 4 weeks of initiation of cCART containing 1 nNRTI
plus 2 NRTIs.

Methods

Between June, 2012 and November, 2015, all antiretroviral-naive HIV-positive adult patients
initiating nNRTI-containing cART at 8 designated hospitals for HIV care were included in
this retrospective observational study. According to the national HIV treatment guidelines,
patients were assessed at baseline, 2 and 4 weeks of cART initiation, and subsequently
every 8 to 12 weeks. Plasma HIV RNA load, CD4 cell count and aminotransferases were
determined. The toxicity grading scale of the Division of AIDS (DAIDS) 2014 was used for
reporting clinical and laboratory adverse events.
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Results

During the 3.5-year study period, 2,341 patients initiated nNRTI-containing cART: NVP in
629 patients, EFV 1,363 patients, and RPV 349 patients. Rash of any grade occurred in
14.1% (n = 331) of the patients. In multiple logistic regression analysis, baseline CD4 cell
counts (per 100-cell/ul increase, adjusted odds ratio [AOR], 1.125; 95% confidence interval
[95% CI], 1.031-1.228) and use of NVP (AOR, 2.443; 95% CI, 1.816-3.286) (compared
with efavirenz) were independently associated with the development of skin rashes. Among
the 1,455 patients (62.2%) with aminotransferase data both at baseline and week 4, 72
(4.9%) developed grade 2 or greater hepatotoxicity. In multiple logistic regression analysis,
presence of antibody for hepatitis C virus (HCV) (AOR, 2.865; 95% Cl, 1.439-5.704) or
hepatitis B surface antigen (AOR, 2.397; 95% ClI, 1.150-4.997), and development of skin
rashes (AOR, 2.811; 95% ClI, 1.051-7.521) were independently associated with the devel-
opment of hepatotoxicity.

Conclusions

The baseline CD4 cell counts and use of NVP were associated with increased risk of skin
rashes, while hepatotoxicity was independently associated with HCV or hepatitis B virus
coinfection, and development of skin rashes in antiretroviral-naive HIV-positive Taiwanese
patients within 4 weeks of initiation of nNRTI-containing regimens.

Introduction

In recent practice guidelines of first-line antiretroviral treatment of HIV infection, the pre-
ferred or alternative combination antiretroviral therapy (cART) regimens include a com-
bination of two nucleo(#)side reverse-transcriptase inhibitors (NRTIs) (tenofovir disoproxil
fumarate [TDF] and emtricitabine or lamivudine) plus an active drug from one of the follow-
ing classes: integrase strand transfer inhibitor (INSTT), ritonavir-boosted protease inhibitor
(PI) [1-3], non-nucleoside reverse transcriptase inhibitor (nNRTI) (efavirenz [EFV] [2] or ril-
pivirine [RPV])[3]. The World Health Organization (WHO) Guidelines 2015 recommend
either nevirapine (NVP) or EFV as a part of first-line antiretroviral therapy [4]. Other than
efficacy, the choice of first-line therapy is determined based on various considerations, which
include safety, drug tolerability, transmission of drug-resistant HIV-1 in the untreated popula-
tion, coinfections, such as tuberculosis [5] and viral hepatitis, pregnancy, comorbidities, con-
current medications, or availability of antiretroviral agents. The cost of antiretroviral therapy
is also an important factor to consider, especially in countries with limited resources [6].

The antiretroviral regimens containing the first-generation nNRTIs, EFV and NVP, have
been shown to be efficacious and safety in different populations [7, 8]. In patients co-infected
with HIV infection and tuberculosis, EFV remains the preferred nNRTI to be combined with
rifampicin-containing anti-tuberculous therapy [5, 9]; however, neuropsychiatric symptoms
are common adverse effects of EFV [10, 11]. In contrast, NVP is the preferred nNRTT in the
first-line antiretroviral regiments in pregnancy because of substantial clinical experience in
pregnant women and its proven efficacy in reducing mother-to-child transmission [12, 13];
however, higher incidences of rash, Stevens-Johnson syndrome, and hepatotoxicity have been
associated with NVP than EFV [7, 14-17].
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The frequency of elevation of liver enzymes in patients on EFV-containing regimens ranges
from 1 to 8% [7, 8, 18-20], whereas in patients treated with NVP-containing regimens, it
ranges from 4 to 18% [8, 16, 18-22]. NVP-related hepatotoxicity occurs almost exclusively
during the first 6 weeks of treatment, which is more likely to develop in women with CD4 cell
counts >250 cells/pl and in men with CD4 cell counts >400 cells/pl [23, 24], In previous
studies, the associated factors with EFV-related hepatotoxicity were hepatitis C virus (HCV)
coinfection and excessive alcohol use [25, 26]; moreover, skin rash has been reported to be
associated with symptomatic hepatitis [23].

The second-generation nNRTIs, RPV, has demonstrated antiviral efficacy similar to that of
EFV in antiretroviral-naive adults with baseline plasma HIV RNA load (PVL) 100,000 cop-
ies/ml over 96 weeks in phase 3 clinical trials (ECHO and THRIVE) [27-29]. Compared with
EFV, RPV was associated with a significantly lower incidence of skin rash (4% vs. 9%) and
treatment-emergent elevation of aminotransferase levels (6% vs. 10-11%) [28].

In Taiwan, the three most commonly used nNRTIs among antiretroviral-naive patients are
NVP, EFV, and RPV. A higher prevalence of chronic viral hepatitis B or C among HIV-posi-
tive patients in Taiwan [30, 31] and pharmacokinetics of antiretroviral therapy [32] has raised
our concerns about the potential risks of hepatotoxicity and skin rashes related to the use of
nNRTIs as the first-line antiretroviral therapy [33]. This multicenter, retrospective observa-
tional study aimed to investigate the incidences of skin rashes and hepatotoxicity within the
first 4 weeks of initiation of nNRTI-containing antiretroviral therapy in HIV-1-infected adult
patients in Taiwan.

Methods
Study population and setting

This retrospective observational study was conducted at 8 designated hospitals for HIV care
around Taiwan (National Taiwan University Hospital, Tri-Service General Hospital, Far Eastern
Memorial Hospital, Taoyuan General Hospital, Taichung Veterans General Hospital, Changhua
Christian Hospital, Chia-Yi Christian Hospital and Chi Mei Hospital). We included all HIV-posi-
tive patients aged 20 years or greater who were antiretroviral-naive and initiated nNRTI-con-
taining cART between 1 June, 2012 and 31 November 2015. All patients were followed until 31
January, 2016, death or loss to follow-up, whichever occurred first. The study was approved by the
research ethics committee of each participating hospital and informed consent was waived.

HIV care, including cART and monitoring of CD4 cell count and PVL, has been provided
free-of-charge since cART became available in Taiwan in April 1997. Due to financial constraints
on the provision of free-of-charge access to cART, the Centers of Disease Controls (CDC) in
Taiwan implemented regulations on the prescription of cART to antiretroviral-naive HIV-posi-
tive patients who received their first-line cART on 1 June 2012. Four categories of cART were
defined: the first category consisted of NVP, RPV or EFV plus zidovudine/lamivudine (coformu-
lated); the second category, NVP or EFV plus abacavir/lamivudine (coformulated); or TDF/
emtricitabine (coformulated) or TDF and lamivudine; the third category, zidovudine/lamivu-
dine plus protease inhibitors (PIs) or raltegravir; and the fourth category, TDF/emtricitabine,
TDF and lamivudine, or abacavir/lamivudine plus PIs or raltegravir. Patients could start antire-
troviral regimens in the first three categories, but initiation of regimens in the fourth category
required approval before prescription. Raltegravir was not available in clinical use for antiretro-
viral-experienced patients until 2009; and in 2012, it was available for antiretroviral-naive pa-
tients to be combined with 2 NRTIs. RPV was not available until January 2014. In patients with
chronic HBV infection, TDF-containing regimens were recommended and RPV was recom-
mended only for patients with baseline PVL <100,000 copies/ml.
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Laboratory investigations

Before initiation of cART, baseline assessment included hemogram, CD4 count, PVL, sero-
logic markers of syphilis and hepatitis A, B, and C viruses, urinalysis, and serum biochemistry,
including total bilirubin, alanine aminotransferase (ALT), aspartate aminotransferase (AST)
and lipid profiles. Transmitted drug resistance mutations of HIV-1 to NRTIs, nNRTIs, PIs,
and INSTIs were not routinely determined before cART was initiated; genotypic resistance
testing was only performed retrospectively for the purposes of surveillance [34, 35].

After initiation of cART, patients were mandatorily enrolled in case management program
implemented by Taiwan CDC and patients were usually seen 2 weeks after initiation of cART
to assess the adverse effects and tolerability of the regimens prescribed. Aminotransferases and
hemogram were determined. Patients returned for reassessment of virological and immuno-
logical responses and adverse effects at week 4 of cART, and subsequently every 8 to 12 weeks.
At these visits, physical examination was performed and PVL, CD4 cell count, serum chemis-
tries, including total bilirubin, AST, ALT, and lipid profiles, were determined to assess the
clinical and laboratory adverse events. A standardized case record form was used to collect
information on demographic and clinical characteristics and immunological and virological
responses.

Definitions

We assessed the incidence of skin rashes within 4 weeks of cART initiation. Hepatotoxicity
grading was based on ALT and AST levels, which was defined in accordance with the Division
of AIDS Table for Grading the Severity of Adult and Pediatric Adverse Events (DAIDS AE
Grading Table) [36], in the following manner: grade 1, 1.25-2.4 times the upper limit of nor-
mal (ULN) (upper normal values, 31-41 U/L for AST and 41-44 U/L for ALT, depending on
the ULN values of each participating hospital); grade 2, 2.5-4.9 x ULN; grade 3, 5.0-9.9 x
ULN; and grade 4, 210 x ULN, for those patients with normal aminotransferase levels at
baseline. For patients with abnormal aminotransferase levels at baseline, hepatotoxicity was
defined as a 2-fold or greater increase from baseline levels [33]. The skin rashes was graded
according to the Division of AIDS Table for Grading the Severity of Adult and Pediatric
Adverse Events (DAIDS AE Grading Table) [36].

HCYV infection was defined as presence of antibodies for HCV, while hepatitis B virus
(HBV) infection was defined as presence of HBV surface antigen (HBsAg).

Statistical analysis

Categorical variables were analyzed by using X test and continuous variables were compared
using Student’s ¢ test. A P-value of <0.05 was considered statistically significant. All P values
were two-tailed. Variables with P<0.10 or those of biological significance in the univariate
analyses were entered into a multivariate logistic analyses. Association between hepatotoxicity
and skin rash and clinical characteristics were assessed in logistic regression analysis. Variables
included in these analyses were age, gender, HIV risk group, baseline CD4 cell count, baseline
PVL, and baseline AST and ALT. Statistical analyses were performed using SAS software (Ver-
sion 9.3).

Results
Clinical characteristics of the patients

A total of 2,341 antiretroviral-naive patients started cART between June 2012 and November
2015; 629 patients received NVP plus 2 NRTTs, 1,363 patients EFV plus 2 NRTTs, and 349
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patients RPV plus 2 NRTIs. Their baseline demographic and clinical characteristics are shown
in Table 1. Overall, the great majority (95.8%) of the patients were male, with a mean age of 33
years, and men who have sex with men and injection drug users accounted for 77.7% and
16.7% of the patients, respectively. While the mean PVL was 4.7 log,, copies/mL, most of the
patients initiated cART late with a mean CD4 count 279 cells/ul and only 29.8% initiated
cART with a baseline CD4 count of 350 cells/ul or greater (data not shown). HBsAg was deter-
mined in 2,291 patients (97.9%) with 275 (12.0%) testing positive, while anti-HCV antibody
was determined in 2,286 patients (97.7%) with 437 (19.1%) testing positive.

Not unexpectedly, clinical characteristics differed significantly among the patients initiating
cART with 3 different regimens consisting of nNRTIs plus 2 NRTIs because of the regulations
on prescription of the first-line antiretroviral therapy in antiretroviral-naive patients, a higher
prevalence of chronic HBV infection that required cART containing TDF, and injection drug
users who often had low PVL and higher CD4 counts at baseline than other risk groups owing
to infections with defective HIV-1 subtype CRF 07_BC in Taiwan [37]. Therefore, a higher
proportion of patients who initiated RPV plus 2NRTTs were injection drug users than those
who initiated EFV or NVP plus 2 NRTIs (24.3% vs 15.3% and 15.2%, respectively) (Table 1).
Compared with patients initiating EFV or NVP plus 2 NRTIs, patients initiating RPV plus 2
NRTIs had a lower mean PVL (4.3 vs 4.8 log;, copies/ml) and higher CD4 count (388 vs 281
and 214 cells/pl, respectively).

Within the first 4 weeks of cART, the percentage of patients who discontinued nNRTIs due
to any adverse events was 55.4%. Of the patients discontinuing nNRTTs, 67.1% were due to

Table 1. Clinical characteristics of the patients initiating non-nucleoside reverse-transcriptase inhibitor-containing regimens.

Variable

Case number, n (%)
Age, mean (SD), years

Male sex, n (%)

Risk behavior for HIV transmission, n (%)

HBsAg positivity, n (%)
Anti-HCV positivity, n (%)

ALL NVP group EFV group RPV group P*

2341 629 1363 349 -

33 (9.3) 33(10) 33(9.3) 33 (8.6) 0.7905

2242 (95.8) 597 (94.9) 1314 (96.4) 331 (94.8) 0.1979
0.0025

MSM | 1818 (77.7) 493 (78.4) 1080 (79.2) 245 (70.2)
IDU | 390 (16.7) 96 (15.2) 209 (15.3) 85 (24.3)
Others | 133 (5.7) 40 (6.4) 74 (5.4) 19 (5.4)

275/2291 (12.0) | 56/617 (9.1) 202/1333 (15.2) | 17/341 (5.0) <.0001
437/2286 (19.1) | 99/618 (16.0) | 243/1331(18.3) | 95/337 (28.2) | <.0001
<

CD4 count at baseline, mean (SD), cells/pl 279 (183) 214 (127) 281 (189) 388 (194) .0001

Plasma HIV RNA load at baseline, mean (SD), logo copies/ml 4.7 (0.8) 4.8 (0.8) 4.8 (0.8) 4.3 (0.6) <.0001

Baseline AST, mean (SD), IU/L 42 (84) 38 (98) 45 (86) 37 (38) 0.0398

Baseline ALT, mean (SD), IU/L 43 (97) 35 (43) 46 (120) 42 (59) 0.0010
NRTIs, n (%)

ZDV/3TC | 1219 (52.1) 355 (56.4) 537 (39.4) 327 (93.7) <.0001

ABC/3TC | 130 (5.6) 45 (7.2) 82 (6.0) 3(0.9) 0.0001

TDF/3TC or TDF/FTC | 986 (42.1) 224 (35.6) 743 (54.5) 19 (5.4) <.0001

CD4 count at 1 month, mean (SD), cells/pl, 398 (222) 333 (177) 401 (224) 491 (241) <.0001

Plasma HIV RNA load at 1 month, mean (SD), log;, copies/ml, 2.5(0.8) 2.7 (0.9) 2.5(0.8) 2.2(0.7) <.0001

*P value was calculated for the differences among the three groups. Continuous variables were analyzed with nonparametric statistics, Kruskal-Wallis H
test, while categorical variables with chi-square test.

Abbreviations: 3TC, lamivudine; ABC, abacavir; ALT, alanine aminotransferase; AST, aspartate aminotransferase; EFV, efavirenz; FTC, emtricitabine;
HBsAg, hepatitis B virus surface antigen; HCV, hepatitis C virus; IDU, injection drug users; MSM, men who have sex with men; NVP, nevirapine; RPV,
rilpivirine; SD, standard deviation; TDF, tenofovir disoproxil fumarate; ZDV, zidovudine.

doi:10.1371/journal.pone.0171596.t1001
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skin rash, 23.2% due to neuropsychiatric symptoms, 5.6% due to gastrointestinal upset, 5.3%
due to hepatitis, and 1.1% due to depression.

Skin rashes: Incidence and associated factors

Within 4 weeks of cART, rash of any grade occurred in 331 (14.1%) of the patients: 149
(23.7%) in NVP group, 180 (13.2%) in EFV group, and 2 (0.6%) in RPV group. The mean
interval between initiation of cART and development of skin rashes was longer for the NVP
group than EFV group (22 vs 16 days, P = 0002). Of the 149 patients who received NVP with
skin rash, the proportions of HBV coinfection did not differ between those who discontinued
and those who continued NVP (10.6% vs. 14.3%, p = 0.756), and neither did the proportions
of HCV coinfection (19.2% vs. 14.3%, P = 0.749). Likewise, of the 180 patients who received
EFV with rash, the proportions of HBV coinfection did not differ between those who discon-
tinued and those who continued EFV (10.6% vs. 25.0%, p = 0.131), and neither did the propor-
tions of HCV coinfection (14.2% vs. 25.0%, P = 0.311) (data not shown).

Table 2 shows the results of univariate analyses of factors associated with skin rash for all
patients after initiation of nNRTI-containing regimens within the first 4 weeks. In univariate
analysis, patients who initiated NVP plus 2 NRTIs had a higher risk of developing skin rashes
(P<0.0001), while those who initiated RPV plus 2 NRTIs had a lower risk. In multiple logistic
regression analysis among patients who received NVP or EFV, we found a higher baseline
CDA4 cell counts (per 100-cell/ul increase, adjusted odds ratio [AOR], 1.125; 95% confidence
interval [95% CI], 1.031-1.228) and use of NVP plus 2 NRTIs (AOR, 2.443; 95% CI, 1.816-
3.286) were independently associated with the development of skin rashes (Table 3).

For each of nNRTI-containing regimen, the results of multivariate analysis of associated
factors with skin rashes are shown in S1 Table. In NVP group, we found that baseline CD4 cell
count (P = 0.05) and age (P = 0.04) were associated with developing skin rashes in univariate
analysis (data not shown), while in multiple logistic regression analysis, we were not able to
identify any factor statistically significantly associated with developing skin rashes. In EFV

Table 2. Univariate analyses for factors associated with skin rash after initiation of nNRTI-containing regimens within the first 4 weeks.

Variable

Age, mean (SD), years

Gender, male, n (%)

Baseline CD4, mean (SD), cells/pl
Baseline CD4 >200 cells/ul, n (%)
Baseline CD4 >250

Baseline CD4 >350

Baseline PVL, mean (SD), log4o copies/ml
HBsAg-positive, n (%), [n =2291]
Anti-HCV-positive, n (%), [n = 2286]
Baseline AST, mean (SD), IU/L,
Baseline ALT, mean (SD), IU/L,
NVP, n (%)

EFV, n (%)

RPV, n (%)

Skin rash No skin rash All P
n =331 n=2010 n =2341
33.21 (9.55) 33.36 (9.27) 33.34 (9.31) 0.7805
314 (94.86) 1928 (95.92) 2242 (95.77) 0.3762
274.6 (177.3) 279.5(184.5) 278.8 (183.5) 0.6503
218 (66.67) 1304 (66.06) 1522 (66.15) 0.8296
176 (53.82) 1080 (54.71) 1256 (54.58) 0.7650
97 (29.66) 591 (29.94) 688 (29.90) 0.9197
4.80 (0.83) 4.73(0.78) 4.74 (0.78) 0.1630
36 (11.11) 239 (12.15) 275 (12.00) 0.5938
54 (16.67) 383 (19.52) 437 (19.12) 0.2261
39.7 (59.6) 42.4(87.9) 41.9 (84.3) 0.5175
41.4 (67.3) 43.1 (101.3) 42.8 (97.1) 0.7229
149 (45.02) 480 (23.88) 629 (26.87) <.0001
180 (54.38) 1183 (58.86) 1363 (58.22) 0.1261
2(0.60) 347 (17.26) 349 (14.91) <.0001

Abbreviations: 95% Cl, 95% confidence interval; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HBsAg, hepatitis B surface antigen;
HCYV, hepatitis C virus; nNRTI, non-nucleoside reverse-transcriptase inhibitor; NVP, nevirapine; RPV, rilpivirine; SD, standard deviation.

doi:10.1371/journal.pone.0171596.t002
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Table 3. Multivariate analyses for factors associated with skin rash after initiation of nNRTI-contain-
ing regimens within the first 4 weeks (patients receiving rilpivirine were excluded).

Variable OR* 95%Cl*

Age 1.004 0.988-1.020
Male gender 0.691 0.359-1.329
Baseline CD4 cells/pl, per 100-cell/ul increase 1.125 1.031-1.228
Baseline PVL logyo copies/m 1.083 0.893-1.315
HBsAg-positive 0.949 0.626—1.438
Anti-HCV-positive 0.842 0.568-1.247
Baseline AST, per 1-IU/L increase 0.999 0.997-1.002
Baseline ALT, per 1-IU/L increase 1.000 0.998-1.002
NVP (vs EFV) 2.443 1.816-3.286

* These analyses were conducted in 1992 patients.

Abbreviations: 95% Cl, 95% confidence interval; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; EFV, efavirenz.

HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; nNRTI, non-nucleoside reverse-transcriptase
inhibitor; NVP, nevirapine; PVL, plasma HIV RNA load.

doi:10.1371/journal.pone.0171596.t003

group, developing skin rashes was associated with older age (P = 0.02) and baseline CD4 cell
count=350 cells/pl (P = 0.004) in univariate analysis (data not shown). In multiple logistic
regression analysis, only baseline CD4 cell count 2350 cells/ul (AOR, 2.326; 95% CI, 1.211-
4.466) was independently associated with the development of skin rashes.

Hepatotoxicity: Incidence and associated factors

Baseline aminotransferase levels available for patients initiating EFV-, NVP-, and RPV-con-
taining regimens are shown in Table 1. Among the 1,455 patients (62.2%) with both baseline
and follow-up data of aminotransferases at week 4, 72 (4.9%) patients developed hepatotoxicity
of grade 2 or greater: 37 (4.4%) in EFV group, 24 (6.9%) in NVP group and 11 (4.1%) in RPV
group. In patients with treatment-emergent hepatic laboratory abnormalities, there was a
higher incidence of grade 2 or more AST and ALT elevation in the patients with normal base-
line levels of aminotransferase in the NVP group than in the EFV and RPV groups at week 4
(Fig 1).

Of the 24 patients who received NVP with hepatotoxicity, the proportions of HBV coinfec-
tion did not differ between those who discontinued and those who continued NVP (7.7% vs.
36.4%, p = 0.084), and neither did the proportions of HCV coinfection (23.1% vs. 45.5%,

P =0.247). Of the 37 patients who received EFV with hepatotoxicity, the proportions of HBV
coinfection did not differ between those who discontinued and those who continued EFV
(27.3% vs. 34.8%, p = 0.662), and neither did the proportions of HCV coinfection (36.4% vs.
36.0%, P = 0.983) (data not shown).

Univariate analyses of factors associated with hepatotoxicity for all patients are shown in
Table 4. We found that older age (P = 0.0038), anti-HCV positivity (P<0.0001), HBsAg posi-
tivity (P = 0.0007), and development of skin rashes within 4 weeks of cART (P = 0.0008) were
associated with hepatotoxicity of grade 2 or greater. In multiple logistic regression analysis,
anti-HCV positivity (AOR, 2.865; 95% CI, 1.439-5.704), the development of skin rash (AOR,
2.811; 95% CI, 1.051-7.521) and HBsAg positivity (AOR, 2.397; 95% CI, 1.150-4.997) were
independently associated with the development of hepatotoxicity (Tables 5 and 6). Other vari-
ables analyzed such as male gender, HIV transmission category, baseline CD4 count and base-
line PVL were not statistically significantly associated with hepatotoxicity.
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Fig 1. Percentages of grade 2 or higher hepatotoxicity at week 4 in patients with normal aminotransferase levels at baseline (NVP,
nevirapine; EFV, efavirenz; RPV, rilpivirine).

doi:10.1371/journal.pone.0171596.9001

The results of multivariate analysis for each nNRTI-containing regimen are shown in S2
Table. In univariate analysis in NVP group (data not shown), we found that baseline CD4 cell
count (P = 0.002), HBsAg positivity (P = 0.04) and development of skin rash within 4 weeks of
cART (P<0.001) were associated with hepatotoxicity of grade 2 or greater. In multiple logistic
regression analysis, a higher baseline CD4 cell count (per 100-cell/pl increase, AOR, 1.705;
95% CI, 1.187-2.449) and development of skin rashes (AOR, 4.704; 95% CI, 1.537-14.394)
were independently associated with the development of hepatotoxicity.

In univariate analysis in EFV group (data not shown), we found that that older age (P =
0.02), anti-HCV-positivity (P = 0.02), and HBsAg positivity (P = 0.02) were associated with
hepatotoxicity of grade 2 or greater. In multiple logistic regression analysis (52 Table), anti-
HCV positivity (AOR, 5.342; 95% CI, 1.865-15.302) and HBsAg positivity (AOR, 3.598; 95%
CI, 1.353-9.570) were independently associated with the development of hepatotoxicity. For the
patients in RPV group, we were not able to identify any factor statistically significantly associ-
ated with hepatotoxicity in either univariate analysis or multiple logistic regression analysis.

Discussion

In this study conducted in a country where cART comprising 1 nNRTI plus 2 NRTIs remains
the preferred regimen for antiretroviral-naive HIV-positive patients, we found that the overall
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Table 4. Univariate analyses for factors associated with hepatotoxicity after initiation of nNRTI-containing regimens within the first 4 weeks.

Variable With hepatotoxicity
n=72
Age, mean (SD), years 36.66 (10.17)
Male gender, n (%) 70 (97.22)
Baseline CD4, mean (SD), cells/pl 262 (157.8)
Baseline CD4 >200 cells/ul, n (%) 48 (67.61)
Baseline plasma HIV RNA load, mean (SD), log4, copies/ml 4.71 (0.75)
HIV mono-infected, n (%) [n = 1432] 31 (44.93)
HIV/HBV co-infected, n (%) [n = 1165] 16 (34.04)
HIV/HCV co-infected, n (%) [n = 1298] 27 (46.55)
Development of skin rashes, n (%) 8 (11.11)
Baseline AST, mean (SD), IU/L 39 (23.5)
Baseline ALT, mean (SD), IU/L 43 (29.9)
NVP, n (%) 24 (33.33)
EFV, n (%) 37 (51.39)
RPV, n (%) 11 (15.28)

n=1383
33.46 (9.05)
1320 (95.44)
284 (189.4)
906 (65.84)
4.72 (0.75)
945 (69.33)
173 (15.47)
295 (23.79)
47 (3.40)
43 (96.3)
44 (112.5)
323 (23.36)
801 (57.92)
259 (18.73)

Without hepatotoxicity

ALL
n =1455
33.62(9.13)
1390 (95.53)
283 (188.0)
954 (65.93)
4.72(0.75)
976 (68.16)
189 (16.22)
322 (24.81)
55 (3.78)
42 (94.0)
44 (109.7)
347 (23.85)
838 (57.59)
270 (18.56)

P

0.0038
0.4766
0.2616
0.7599
0.889
<.0001
0.0007
<.0001
0.0008
0.3726
0.7984
0.0527
0.2744
0.4629

Abbreviations: 95% Cl, 95% confidence interval; ALT, alanine aminotransferase; AST, aspartate aminotransferase; EFV, efavirenz; HBV, hepatitis B

virus; HCV, hepatitis C virus; nNRTI, non-nucleoside reverse-transcriptase inhibitor; NVP, nevirapine; RPV, rilpivirine; SD, standard deviation.

doi:10.1371/journal.pone.0171596.t004

incidence of hepatotoxicity and skin rashes within 4 weeks of initiation was 4.9% and 14.1%,
respectively. HCV coinfection and development of skin rash were independently associated
with hepatotoxicity of grade 2 or greater. On the other hand, a higher baseline CD4 cell count
and use of NVP plus 2 NRTTs were independently associated with the development of skin

rashes.

The rate of skin rashes among HIV-positive patients receiving regimens containing first-
generation nNRTIs ranges from 3.8 to 21.6% [7, 17, 28, 33, 38, 39]. In our study, the overall
incidence of skin rashes in patients initiating nNRTI-containing regimens was 14.1% (331/
2341), which was significantly higher in patients starting NVP-containing regimens (23.7%)

Table 5. Multivariate analyses for factors associated with hepatotoxicity after initiation of NNRTI-con-
taining regimens within the first 4 weeks (HBV/HIV co-infected vs HIV mono-infected).

Variable

Age, per 1-year older

Male gender

Baseline CD4 count, per 100-cell/ul increase
Baseline PVL, per 1-log,o copies/mlincrease
HBsAg-positive (vs HIV mono-infected)
Development of skin rashes

Baseline AST, per 1-1U/L increase

Baseline ALT, per 1-1U/L increase

NVP

EFV

* These analyses were conducted in 1455 patients.
Abbreviations: 95% CI, 95% confidence interval; ALT, alanine aminotransferase; AST, aspartate

aminotransferase

EFV, efavirenz; HBsAg, hepatitis B surface antigen; NVP, nevirapine; PVL, plasma HIV RNA load.

doi:10.1371/journal.pone.0171596.t005

Odds Ratio*

1.025
0.936
1.133
2.397
2.919
0.997
1.000
1.423
0.733

95% CI*
0.993-1.059

0.758-1.155
0.695-1.847
1.150-4.997
0.976-8.732
0.985-1.010
0.990-1.010
0.454-4.453
0.251-2.139
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Table 6. Multivariate analyses for factors associated with hepatotoxicity after initiation of nNRTI-con-
taining regimens within the first 4 weeks (HCV/HIV co-infected vs. HIV mono-infected).

Variable Odds Ratio* 95% CI*

Age, per 1-year older 1.008 0.975-1.042
Male gender 2.209 0.502-9.713
Baseline CD4 count, per 100-cell/ul increase 1.041 0.865—1.253
Baseline PVL, per 1-log,o copies/mlincrease 1.135 0.754-1.707
Anti-HCV-positive (vs HIV mono-infected) 2.865 1.439-5.704
Development of skin rashes 2.811 1.051-7.521
Baseline AST, per 1-1U/L increase 0.998 0.987-1.009
Baseline ALT, per 1-IU/L increase 1.000 0.990-1.010
NVP 1.717 0.710-4.152
EFV 0.861 0.387-1.917

* These analyses were conducted in 1455 patients.

Abbreviations: 95% ClI, 95% confidence interval; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; EFV, efavirenz

HCV, hepatitis C virus; NVP, nevirapine PVL, plasma HIV RNA load.

doi:10.1371/journal.pone.0171596.1006

than that in those starting EFV-containing regimens (13.2%) and RPV-containing regimens
(0.6%). In addition, a higher baseline CD4 count and use of NVP were associated with the
development of skin rashes. According to the systematic review and meta-analysis by Shubber
et al [10], severe skin rash was more likely to develop among patients on NVP than those on
EFV (OR 3.9; 95% CI, 2.5-5.4). In contrast, skin rash was rare in patients receiving RPV in our
study, which was similar to the findings observed in the ECHO and THRIVE studies [28]. The
mechanism of NVP-associated hypersensitivity is unclear, but several HLA alleles have been
found to be associated with NVP hypersensitivity [40, 41]. In our study, the mean onset time
of rashes was 18 days among nNRTTI users and 22 days among NVP users, which are also con-
sistent with what have been described in the previous reports (8-13 days among nNRTI users
[15, 38] and 14-30 days among NVP users) [33, 39].

Hepatotoxicity is observed in 1.1-25.5% of HIV-positive patients treated with cART [7, 14—
16,20-22, 33, 39, 42]. The wide range of hepatotoxicity rates among patients receiving cART
may be related to different study designs and populations (age, gender, races, and body
weight), prevalence of HBV or HCV coinfection, definitions of hepatotoxicity used, follow-up
duration, CD4 counts (particularly in pregnant patients with CD4 >250 cell/pl receiving nevi-
rapine for the prevention of mother-to-children transmission) [43], and antiretroviral regi-
mens initiated. For example, the overall rate of hepatotoxicity, defined as grade 4, was 7.9% in
a retrospective cohort study of 560 HIV-positive patients in the Netherlands [42] while the
rate of severe hepatotoxicity, defined as grade 3, was 5% in another prospective cohort study of
820 HIV-positive women in 3 countries [39].

The findings that patients on NVP are more likely to develop hepatotoxicity than those on
EFV in our study are consistent with those in several studies [10, 14, 15, 18, 25]. Our study also
found the baseline CD4 counts and the development of rashes were associated with hepatotox-
icity among the patients starting NVP-containing regimens. Likewise, a review of 17 random-
ized clinical trials of NVP shows rash and other possibly immune-mediated events (most often
fever) occurred concurrently with hepatic events in 2.2% of NVP-treated patients, and approx-
imately 46% of symptomatic hepatic events were associated with rash [23]. The key risk factors
of this unique rash-associated hepatotoxicity were treatment with NVP, almost exclusively
within the first 6 weeks of NVP, and higher baseline CD4 cell counts [23]. Additionally, a
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2-fold or greater increase of aminotransferases from the ULN levels was associated with devel-
oping rashes in Taiwanese patients receiving NVP-containing regimens [33]. Thus, baseline
assessment of liver function is needed in patients who are scheduled to initiate NVP-contain-
ing regimens. It is prudent to carefully monitor when NVP-containing regimens is chosen or
avoid use of NVP in those who have elevated aminotransferases at baseline.

Higher baseline levels of AST/ALT have been shown to be associated with cART-associated
hepatotoxicity [21, 23, 39]. We also found the rate of hepatotoxicity at week 4 was higher in
patients with abnormal baseline levels of AST/ALT than that in those with normal baseline lev-
els of AST/ALT (AST, 5.3 vs. 2.6%; ALT, 7.2 vs.3.7%) (data not shown). Chronic viral hepatitis,
particularly HCV coinfection, has been recognized a risk factor for hepatotoxicity [16, 18, 21,
23, 25, 26]. Our findings in HIV-positive Taiwanese are in line with the findings of these studies.
The mechanism of increased antiretroviral-associated hepatotoxicity in patients with chronic
viral hepatitis is not clearly known, but is more likely to be multifactorial. While initiation of
antiretroviral therapy containing lamivudine with or without TDF could suppress replication of
HBYV, previous studies have suggested that hepatic injury may be caused by enhanced HCV rep-
lication and cytotoxic T-cell activity during cART-associated immune reconstitution [18, 44,
45]. However, our findings of similar increases of CD4 count within 4 weeks of cART may not
support this hypothesis of immune reconstitution-related hepatotoxicity (data not shown).

Our findings may have clinical implications in the management of HIV infection in
patients who start cART containing nNRTIs. Monitoring of AST/ALT levels every 2 weeks
during the first month of therapy may identify early, and potentially reversible, drug-induced
hepatotoxicity, particularly in patients with chronic HCV infection. The appearance of a rash,
nausea, or fever during the first 4 weeks of therapy should prompt closer monitoring and
assessment.

There are several limitations in this study and interpretation of our findings should be cau-
tious. First, the patients were not randomly assigned to any of the regimens in this cohort and
primary care physicians might take into consideration risk behaviors for HIV transmission,
baseline liver function, hepatitis coinfection, and immunological as well as virological status of
the patients before prescribing any of the 3 nNRTI-containing regimens on an individual
basis, which may introduce significant bias or confounding factors. For example, other than
the CD4 count cut-offs that are associated with risks for hepatotoxicity related of NVP, we pre-
viously found that elevated aminotransferase values at baseline were associated with NVP-
associated skin rashes in HIV-positive patients in Taiwan [33]. Clinicians might tend not to
prescribe NVP to patients with chronic viral hepatitis or patients who were injection drug
users; instead, RPV plus 2 NRTIs was more likely to be used in such populations given the
findings that RPV plus 2 NRTIs was associated with lower incidence of hepatotoxicity than
EFV in ECHO/THRIVE trials.

Second, we did not have data on exposure to other hepatotoxins (e.g. alcohol and chronic
aflatoxin exposure) or agents that might cause hepatotoxicity or skin rashes (e.g. anti-tubercu-
lous agents, fluconazole, trimethoprim/sulfamethoxazole) [46]. Third, because of concerns
about the long-term impact of other chronic viral hepatitis, fatty liver and other medications,
we limited the observation duration to 4 weeks with an attempt to assess the short-term tolera-
bility of the nNRTI-containing regimens. Such a short observation duration may have under-
estimated the overall incidence of hepatic and dermatologic complications related to cART in
our patients and precluded us from identifying factors associated with chronic elevations of
transaminase, such as ongoing exposure to regimens containing ddl, d4T and TDF and short-
term exposure to NVP, EFV, FTC and ATV [47]. Fourth, the data regarding the percentages of
HBsAg-positive patients with HBeAg-positive and/or detectable HBV DNA and these of
HCV-positive patients with detectable HCV RNA were not available. These data might be
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essential to understanding the role of active replication of HBV or HCV as an underlying
cause of hepatotoxicity. Lastly, the case number of patients receive RPV plus 2 NRTIs was
much smaller than that of the other two groups (349 patients receiving RPV; 1363 receiving
EFV; 629 receiving NVP)

In conclusion, our study among a large treatment-naive HIV-positive population receving
nNRTI- containing regimens in Taiwan reveals that the overall rate of hepatotoxicity within 4
weeks of cART initiation was low (4.9%). HCV or HBV coinfection and development of skin
rash were independently associated with the development of hepatotoxicity, whereas higher
baseline CD4 counts and use of NVP were independently associated with skin rashes within 4
weeks of cART initiation.
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Background. Previous studies have shown that the durability of serological response is impaired in successfully vaccinated human
immunodeficiency virus-1 (HIV-1) positive subjects after receiving 2 doses of inactivated hepatitis A virus (HAV) vaccine. We eval-
uated whether 3 doses compared with 2 doses of HAV vaccine could improve the long-term seroprotection for this susceptible group.

Methods. Antibody persistence among HIV-positive men who have sex with men aged 18-40 years who had received 2 or 3
doses of HAV vaccine according to a 0-6- or a 0-1-6-month schedule was evaluated biannually for 5 consecutive years in this pro-
spective, nonrandomized cohort study.

Results. At the end of 5 years, seroprotection persisted in 79% (146/185) versus 76% (85/110) and 94% (146/155) versus 88%
(84/95) of the 3- versus 2-dose primary responders by intention-to-treat and per-protocol analyses, respectively (P > .05). Throughout
the 5 years, the geometric mean concentrations of anti-HAV immunoglobulin G (IgG) were significantly higher for the 3-dose than
the 2-dose group. In the multivariable analysis, a 3-dose regimen compared with a 2-dose regimen (odds ratio = 3.36; 95% confi-

dence interval = 1.14-9.93) was independently associated with sustained seroprotection.

Conclusions.

Three doses versus 2 doses of HAV vaccine improve the durability of immune responses in terms of higher con-

centrations of specific IgG, which take Jonger to decay to subthreshold levels.

Keywords.

long-term antibody persistence; hepatitis A vaccine; immunogenicity; seroresponsiveness; seroprotection.

Hepatitis A virus (HAV) infection is the most common form
of acute viral hepatitis worldwide [1]. Approximately 1.4 mil-
lion clinical cases and tens of millions of HAV infections occur
every year, although these figures are likely to underestimate the
high proportion of asymptomatic cases [1]. The case fatality rate
is low, however, ranging {rom 0.1% in children aged <15 years
to 2.1% in adults aged >40 years [1, 2]. Improved sanitation in
many parts of the world, including Taiwan, has resulted in a
greater proportion of the population remaining susceptible to
the disease, which is more severe in adulthood [2-6].

Among persons living with human immunodeficiency
virus (HIV), men who have sex with men (MSM) are more
susceptible to HAV infection. Among such individuals, HAV
infection is approximately 1.5-3 times more prevalent than
among the general population {7, 8] and causes more episodes
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of severe disease, partly due to the higher burden of chronic
liver disease [9~11]. Moreover, HIV-positive individuals have
higher peak HAV loads and prolonged duration of viremia,
with important public health consequences for transmission
within the community [12]. Although routine vaccination of
HIV-positive adults is not widely accepted, the World Health
Organization, the US Advisory Committee on Immunization
Practices guidelines, the British HIV Association (BHIVA)
guidelines for the immunization of HIV-positive adults, and
the European AIDS Clinical Society all recommend vaccinat-
ing HIV-positive persons if other risk-conferring lifestyle or
medical conditions concur [13-16]. Men who have sex with
men and injection drug users are considered at higher risks
of acquiring HAV {8, 17, 18]. For these at-risk HIV-positive
persons, the most widely recommended vaccination schedule
is 2 doses of formaldehyde-inactivated vaccine separated by
6-12 months [1].

Compared with healthy controls, the immune response to
the HAV vaccine is impaired in HIV-positive patients, with
seroconversion rates after 2 doses of vaccine ranging 48.5%-
93.9% [1]. Moreover, the duration of protection is impaired
in successfully vaccinated HIV-positive patients [19] such
that the BHIVA recommends a booster vaccine dose every
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5 years [16, 20]. However, few studies have assessed the
duration of protection provided by HAV vaccination in
HIV-positive adults, and none have assessed the duration of
protection provided by >2 doses of HAV vaccination beyond
the 4th year {20, 21]. Although previously Launay et al and
our group have demonstrated that addition of a 3rd dose can
augment both the proportion of primary responders and the
absolute concentrations of HAV antibodies shortly after vac-
cination, the aim of this study was to determine whether the
dose-response persists in the long-term with implications
on how many doses to be delivered in the primary series and
the timing of booster doses for this vulnerable population
[22, 23].

METHODS

Study Population and Settings

This prospective cohort study of HIV-positive males aged
18~40 years who were HAV vaccine-naive and seronegative
for anti-HAV immunoglobulin G (IgG) at baseline was con-
ducted at the National Taiwan University Hospital. Subjects
were vaccinated with 2 or 3 doses of HAV vaccine (HAVRIX
1440) between June 2009 and December 2010 according to a
0-6-month schedule (2 doses) or 0-1-6-month schedule (3
doses) as previously described [23]. All participants were then
followed for 5 years, and serum samples were obtained biannu-
ally at months 12, 18, 24, 30, 36, 42, 48, 54, and 60 for determi-
nation of anti-HAV antibody titers.

Before and throughout the study period, participants had
free access to regular outpatient HIV care including combi-
nation antiretroviral therapy (cART) and monitoring of CD4
cell count and plasma HIV RNA load as part of the public
health program of Taiwan Centers for Disease Control for HIV
infection and AIDS. cART was defined as the use of at least 3
agents from at least 2 classes of antiretroviral agents accord-
ing to the local treatment guidelines. The study was approved
by the Research Ethics Committee of the hospital, and the
participants gave written informed consent (registration no.
200903063 M).

Laboratory Methods

The anti-HAV antibody titers were determined with the use of
a commercially available enzyme-linked immunosorbent assay
method (ETI-AB-HAVK PLUS; DiaSorin, Saluggia, Italy) [23].
The laboratory staff was unaware of the doses of HAV vaccine
the subjects had received. Plasma HIV RNA load was quanti-
fied using the Cobas Amplicor HIV-1 Monitor test with a lower
detection limit of 20 copies/mL, and CD4 count was deter-
mined using FACFlow (BD FACS Calibur, Becton Dickinson,
CA). The CD4 counts and plasma HIV RNA load were mon-
itored 1 month after initiation of cART in antiretroviral-naive
participants or after a change of regimens for virological failure
and every 3—-6 months thereafter.

Definitions

Seroconversion was defined by anti-HAV antibody concentra-
tions of 220 mIU/ml. Participants were classified as primary
responders if they had documented seroconversion at month 12
(ie, 6 months after the last vaccine dose and before month 18).
Those lacking seroconversion at month 12 and before month 18
were classified as primary nonresponders. Primary responders
were followed for the persistence of antibody responses for the
next 4 years at 6-month intervals and were considered to have
lost seroprotection (be seroreverters) if their anti-HAV IgG lev-
els dropped to <20 mIU/mL during follow-up and remained
<20 mIU/ml. Vaccinees with a one-off IgG level <20 mIU/mL
that recovered to 220 mIU/ml. at the next testing without meet-
ing the definition of a natural booster event were considered
technical blips and not seroreverters. In the per-protocol anal-
ysis of the persistence of the antibody responses to vaccination,
vaccinees with missing serological data were excluded. In the
intention-to-treat analysis, vaccinees with missing serological
data were considered as seroreverters.

Natural booster events among primary responders by expo-
sure to circulating HAV were defined by any sustained second-
ary rises of 22-fold magnitude above the preceding anti-HAV
IgG titers after an initial decline in IgG titers that was otherwise
unexplained by additional booster dose(s) of HAV vaccines.
A crude incidence rate of HAV acquisition was calculated from
the number of natural booster events.

Late seroconversion occurring after month 18 among the pri-
mary nonresponders were classified as (1) late effects of vaccina-
tion and immune restoration when subthreshold titers increase
gradually from 1-19 to 220 mIU/mL and were sustained for at
least 6 months or as (2) responses following natural HAV infec-
tion if anti-HAV IgG increased suddenly from below the level
of detection (ie, 0 mIU/mL) to >2-fold the threshold value of
protection (ie, >40 mIU/mL) at any point during follow-up and
was sustained for at least 6 months in the absence of additional
vaccination(s).

Statistical Analysis

The analyses were conducted using the statistical package SAS
9.2. Chi-square tests or, if necessary, Fisher’s exact tests were
used for categorical variables. Student’s t and Mann-Whitney
U tests were used for numerical variables. Because observations
were made over time periods, generalized estimating equations
to account for the interdependence among observations were
used to compare mean response rates to different HAV vac-
cine doses, with adjustments made for time-updated variables,
including the patient’s age at time of vaccination and at each
testing, the CD4 cell counts >350 cells/puL at baseline and CD4
gains at each testing (in increments of 50 cells/pL), suppressed
plasma HIV RNA load to <20 copies/mL at baseline and each
testing, receipt of cART at time of vaccination and at each test-
ing, baseline hepatitis B coinfection defined by the presence of
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hepatitis B surface antigen at time of vaccination, hepatitis C
virus (HCV) infection defined by the seroconversion of anti-
HCV antibody, or syphilis defined as an acute 4-fold increase in
rapid plasma reagin titers combined with clinical findings com-
patible with early syphilis (primary, secondary, or early latent
syphilis) or confirmed by the Treponema pallidum hemagglu-
tination assay during the study period. A stepwise model com-
parison and selection were used to determine the final model.
We used the SAS PROC GENMOD procedure to fit generalized
estimating equation models. Odds ratios (ORs) for each prog-
nostic factor and 95% confidence intervals (CIs) were also cal-
culated. All statistical tests were 2-tailed, and P values <.05 were
considered significant.

RESULTS

The study cohort comprised 365 HIV-positive MSM with a
mean age of 30 (standard deviation [SD] = 5.2) years and CD4
count of 485 (SD = 215) cells/uL. Of 365 vaccinees, 334 had
their anti-HAV titers determined at month 12 and could be
classified as primary responders or nonresponders. There were
110 (87.3%) primary responders and 16 (12.7%) nonresponders
among the 126 vaccinees who received 2 doses of HAV vaccine,
and 185 (88.9%) primary responders and 23 (11.1%) nonre-
sponders among the 208 vaccinees who received 3 doses and
were followed beyond month 12 (Figure 1). The clinical charac-
teristics of the overall cohort and these 4 subgroups are shown
in Table 1.

At baseline, there were significant differences between the
2-dose and 3-dose primary responders, with the former having
higher baseline CD4 counts (560 vs 470 cells/uL), lower plasma
HIV RNA load (2.5 vs 2.9 log,, copies/mL), and higher cART
coverage (70.0% vs 58.9%). With regards to viral hepatitis and

HIV-positive men who have sex
with men, anti-HAV-negative,
aged 18-40 years

n= 365
I
I ]
2-dose HAVRIX at 0, 6 months 3-dose HAVRIX at 0, 1, 6 months
n=140 n=225
Missing at 12 months = 14 Missing at 12 months = 12
No data after 12 months = 5
Enrolled for S-year follow-up study Enrolled for 5-year follow-up study
n=126 n =208
Primary responder Nenrespender Primary responder Nonresponder
anti-HAV 1gG 2 20 anti-HAV igG <20 anti-HAV igG 2 20 anti-HAV IgG <20
n= 110 a= 16 n= 185 n= 23

I Follow-up for determinations of anti-HAV igG titers at 18, 24, 30, 36, 42, 48, 60 months ‘

Figure 1. Study flow of human immunodeficiency virus—paositive men who have
sex with men who received 2 or 3 doses of inactivated hepatitis A vaccine {HAVRIX).
Abbreviations: HAV, hepatitis A virus; IgG, immunoglobulin G.

syphilis coinfections, the proportions of patients with chronic
viral hepatitis were comparable between the 2 groups, although
prior syphilis was more frequent among the 2-dose versus the
3-dose responders (24.7% vs 14.2%; P = .03). Despite these dif-
ferences, the crude primary response rates of the 3-dose group
with more advanced HIV disease were noninferior to the 2-dose
group (88.9% vs 87.3%; P = .65). After matching baseline immu-
nologic and virologic characteristics, the primary response of
the 3-dose group by per-protocol analysis was in fact higher
than the 2-dose group (91.7% vs 81.6%; P = .04; data not shown
because it was previously reported in our earlier study [23]).

Within dosing groups, there were marked differences in the
surrogate markers of baseline immune status between primary
responders and nonresponders, particularly for the 3-dose
group, with nonresponders having, as expected, lower mean
CD4 counts than responders (415 vs 560 cells/iiL, P = .02 {or the
2-dose group; 315 vs 470 cells/uL, P=.001 for the 3-dose group).
There were also significantly fewer subjects with undetectable
plasma HIV RNA load at the time of vaccination among those
who did not seroconvert compared with those who serocon-
verted after 3 doses of vaccination (21.7% vs 43.8%; P = .046).

At the end of the 5-year study, the overall mean CD4 counts
and the proportions of viral suppression and subjects taking
¢ART had increased from 485 (SD = 215) at baseline to 635
(SD = 252) cells/pl., from 44.1% to 80.2%, and from 61.6% to
91.2%, respectively. Because of universal access to HIV care,
there were no longer any significant differences in the CD4
counts, plasma HIV RNA load, and treatment status between
the subgroups at the end of the 5 years of follow-up.

Persistence of Serological Responses Among Primary Responders

The percentages of persistent responders classified by anti-HAV
IgG titers of 220 mIU/mL by intention-to-treat and per-pro-
tocol analyses in the following years are shown in Figure 2
(and the Supplementary Table). The proportion of vaccinees
with persistent seroprotection waned over time from 87.0%
and 90.0% at 18 months to 76.4% and 78.9% after 60 months
for the 2-dose and 3-dose groups, respectively, by intention-
to-treat and from 93.4% and 94.7% at 18 months to 88.4%
and 94.2% after 60 months for the 2-dose and 3-dose groups,
respectively, by per-protocol analysis. However, persistent
seroprotection was more consistently observed for the 3-dose
vaccinees compared with the 2-dose vaccinees, although the
difference between the 2 groups was only statistically signif-
icant in the per-protocol analysis in the 2nd-4th years after
vaccination. The Kaplan-Meier curves also show a nonsignif-
icant trend toward better maintained levels of seroprotection
for the 3-dose versus 2-dose group (Figure 3), whereas the
geometric mean concentrations of specific anti-HAV IgG were
consistently maintained at a higher level for the 3-dose group
compared with the 2-dose group throughout the 5 vears of fol-
low-up (Figure 4).
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Figure 2. Percentage of persistent responders classified by anti—hepatitis A virus (HAV) immunoglobulin G {IgG) titers of 220 miU/mL by intention-to-treat {A) and per-pro-
toco! analysis { B} in the 5 years following vaccination with 2 or 3 doses of hepatitis A vaccine.

Multivariable Analysis for Factors Associated With Persistent
Seroprotection

Because of the differences in surrogate markers of immune
status and risk behavior between the 2 dosing groups at base-
line, a multivariable analysis was conducted to identify the
factors associated with persistent seroprotection, as shown in
Table 2. One additional dose of HAV vaccine in this study
was associated with Jong-term persistence of seroprotection
(adjusted OR [aOR] = 3.36; 95% CI = 1.14-9.93; P = .03),
as was acquisition of syphilis during the follow-up period
(aOR = 3.73; 95% CI = 1.00-13.9; P = .05). In contrast,
acute HCV seroconversion during the follow-up was associ-
ated with loss of seroproteclive responses (aOR = 0.08; 95%
Cl=.01-48; P = .01).

Product-Limit Survival Estimates
With Number of Subjects at Risk and 95% Hall-Wellner Bands

1.0~
0.8
z
E 0.6 -
g
o
g
2 04
5
o
0.2.
‘Logrank P= .24
.0 HogrEnk P=.24
2 doses 119 110 a8 a0 83
Jdoses |_188 165 169 ) AE. 181, 148
[ 10 20 30 40 50 60
Time to seroreversion or LTFU (months)
Dose e 24088 i 3 JOSES
Figure 3. Kaplan-Meier curves plotting the time to seroreversion {in months)

stratified by dosing groups. The shaded areas indicate the 95% confidence inter-
vals, and the numbers above the X-axis indicate the pointwise numbers at risk.
Abbreviations: LTFU — loss-to-follow up.

Natural Boosters Among Primary Responders

Only 45.1% (133/295) of the primary responders had anti-HAV
IgG concentrations that peaked at 12 months after vaccination
and decayed gradually in a stepwise manner from the start
of the study to the end of the follow-up period. The remain-
der (54.9%; 162/295) had either late peaking of anti-HAV IgG
concentrations or sustained secondary rises of anti-HAV IgG
after an initial decline during the following 4 years. When the
secondary rises were of 22-fold magnitude above the previous
anti-HAV IgG and sustained for 6 months, these were classified
as natural booster events from exposure to circulating wild-type
HAV. According to this definition, the overall crude incidence
rate of HAV exposure among the primary responders was 19.6
per 1000 person-years of follow-up (PYFU), with a slightly
higher incidence rate among 2-dose versus 3-dose vaccinees
(21.9 vs 18.2 per 1000 PYFU). These episodes were asymptom-
atic, and only 3 were associated with modest elevations of either
total serum bilirubin (to 3.76 mg/dL) or hepatic transaminases
(within 3 times the upper limit of normal).

Late Seroconversion of Primary Nonresponders

Of the 16 nonresponders after 2 doses of HAV vaccination, 6
(37.5%) subsequently seroconverted, whereas of the 23 non-
responders after 3 doses of HAV vaccination, 11 (47.8%) sub-
sequently seroconverted. Of these late seroconverters, the
majority were classified as late effects of vaccination (5 in the
2-dose group and 9 in the 3-dose group). Only 1 late serocon-
version in the 2-dose group and 2 seroconversions in the 3-dose
group were classified as possibly due to asymptomatic HAV
acquisition.

DISCUSSION

In this prospective long-term study of the durability of seropro-
tection conferred by vaccination with 2 or 3 doses of inactivated
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Figure 4. The sequential geometric mean concentrations of serum anti-hepatitis A virus (HAV) immunoglobulin G (IgG} were significantly higher for human immunodefi-
ciency virus {HIVi-positive males receiving 3 vs 2 doses of HAV vaccine throughout the 5 years of follow-up.

HAV vaccine (HAVRIX 1440) among HIV-positive MSM, we
documented that anti-HAV IgG titers 220 mIU/mL were main-
tained by 88.4% and 94.2% of primary responders in the 2- and
3-dose groups, respectively. The 3-dose schedule appeared
to achieve the durability of immune responses generated by
a 2-dose schedule in healthy individuals, in whom protective
antibody levels have been shown to persist beyond 10 years
and underlying immune memory has been shown to provide

Table 2. Multivariable Analysis of Factors Associated With Persistent
Seroprotective Responses Defined by Anti-Hepatitis A Virus Immuneglobulin
G Levels of 220 mlU/mL 5 Years After Vaccination With 2 or 3 Doses of
Inactivated Hepatitis A Vaccine in Human Immunedeficiency Virus—Pasitive
Men Who Have Sex With Men

Variable aOR 95% Cl

Pvalue

Age at vaccination >30 vs < 30 years
Baseline combination ART A

treatrnent naive

CART: ]
Syphifis during follow-up D
HECV seroconversion during follow-up

3.73 1.00-1380 .06

08 01
230 82-644 .1

Smoker vs non-smoker

Smokers were defined as those who reported to have smoked at least 100 cigarettes in
their lifetime. Those who reported never having smoked 100 cigarettes were defined as
never smoker.

Abbreviations: aOR, adjusted odds ratio; cART, combination antiretroviral therapy; Cl, confi-
dence interval; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus.

protection far beyond the duration of anti-HAV antibodies [24].
Our findings suggest that, given immune reconstitution with
cART and a primary 3-dose vaccine series, booster vaccinations
after 5 years as recommended by the BHIVA may not be neces-
sary in HIV-positive individuals in the same way that boosters
are not recommended in healthy individuals.

In addition, we confirm that the geometric mean concen-
trations of anti-HAV IgG were higher following 3 doses rather
than 2 doses of HAV vaccination, rendering these titers more
robust to rapid decline to subthreshold levels, despite the base-
line lower CD4 counts, higher plasma HIV RNA load, and
lower cART coverage of the 3-dose group. Furthermore, more
late seroconversions, possibly as a delayed effect of cART, were
observed among the primary nonresponders following 3 doses
rather than 2 doses of vaccination (47.8% vs 37.5%). The multi-
variable analysis confirmed that the addition of a vaccine dose
sandwiched at week 4 between the 0- and 6-month doses was
an independent predictor of durable protection after 5 years
(aOR = 3.36; P = .03). This dose-response sustainability has also
been observed following vaccination with 7-valent pneumococ-
cal conjugate vaccine and recombinant hepatitis B vaccine in
HIV-positive persons receiving cART [25, 26].

The multivariable analysis also identified recent episodes of
syphilis during the follow-up period to be associated with per-
sistent responses (aOR = 3.73; P = .05). Given the shared routes
of transmission (through oral-anogenital sexual transmission)
between syphilis {27] and HAYV, it is possible that acute syphilis
is associated with natural booster events by wild-type circulat-
ing HAV, which appears not to be uncommon in our relatively
young cohort of sexually active MSM [28]. Because there is a
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lack of serological marker of natural HAV infection, unlike that
represented by the antibody against the hepatitis B core antigen
for hepatitis B infection, we used the arbitrary definition of an
otherwise unexplained sustained >2-fold rise in anti-HAV IgG
following an initial decline. Overall, 26 of the primary respond-
ers (11 in the 2-dose group and 15 in the 3-dose group) met
the criteria for asymptomatic HAV acquisition, giving rise to a
crude incidence rate of 19.6 per 1000 PYFU.

On the other hand, acute HCV infection in the follow-up
period was a risk factor for loss of protective levels of anti-
HAV IgG. Although HCV is also sexually acquired [29], it is
known to suppress the host immune response [30] by infecting
immune cells, such as macrophages, B cells, and T cells, as well
as interfering with host immune responses through the endog-
enous interferon system [31], T cell function [32], and possibly
also dendritic cell function [33]. Hence, it is possible that the
immunomodulatory effects of HCV infection predominate and
lead to loss of sustained antibody production.

Neither the CD4 cell count nor suppression of HIV replica-
tion at time of vaccination was predictive of the development
of anti-HAV in our regression analysis in contrast with other
published studies [21, 34, 35]. This may be because of the rel-
atively low proportion of patients in our study with very low
CD4 cell counts, but notably, only 1 other study, which had 26
patients with long-term follow-up data, has vaccinated patients
with >2 vaccine doses [21]. Our data imply that the addition
of a 3rd dose of HAV vaccine can ameliorate the degree of
immune impairment at baseline, although individuals with
more advanced HIV disease may need more time to develop
immunity consistent with data from other studies of HAV vac-
cination among immunocompromised populations [20].

There are several limitations to this study, and interpretation
of our findings should be cautious. First, this was not a random-
ized controlled trial. Therefore, 3 doses may not outperform 2
in the long run because the proportions of primary responders
with persistent seroprotection at 5 years were not statistically
different between the 2 dosing groups. However the 3-dose
group had significantly lower CD4 cell counts at baseline.
Hence, whether subsets of HIV-positive persons with initial low
CD4 counts or risk factors such as viral hepatitis would bene-
fit from a 3-dose schedule deserves further study. In addition,
any potential benefits of adding a 3rd dose should be weighed
against the additional costs incurred. Second, no clinical end-
points to determine vaccine efficacy were studied. Third, our
population was comprised entirely of young MSM in an area
of low to intermediate HAV endemicity [2]. Hence whether the
findings are generalizable to injecting drug users, women or
children coinfected with HIV, or individuals residing in areas of
higher HAV endemicity remains to be proven.

In conclusion, in this prospective, nonrandomized longitudi-
nal study, the 3-dose group with lower baseline CD4 counts and
higher plasma HIV RNA load compared with the 2-dose group

maintained higher antibody concentrations but similar sero-
protection rates after 5 years. Therefore, 3 doses may overcome
the poor responses observed for those with more advanced
immunosuppression and render these responses longer lasting
because higher titers take longer to serorevert. However, given
concurrent cART and subtle immunosuppression, 2 standard
doses also achieved highly durable seroprotection (>75%), ren-
dering additional doses or booster vaccinations of questionable
relevance for this population.

Supplementary Data

Supplementary materials are available at The Journal of Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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Hepatitis A Outbreak Among
Men Who Have Sex With Men in
a Country of Low Endemicity of
Hepatitis A Infection

To THE EpITOR—We read with interest
the recent article by Manor et al [1] on
an outbreak of hepatitis A virus (HAV)
infection originating among injecting
drug users and homeless adults in Tel
Aviv, and subsequently spreading to the
general population in Tel Aviv metro-
politan region. From analyses of clin-
ical and sewage samples, Manor et al
presented phylogenetic evidence to
suggest that HAV had continued to cir-
culate endemically in Israel despite the
universal toddlers’ vaccination (UTV)
program in place since 1999, and finally
resulted in the outbreak in Tel Aviv in
2012-2013.

In the United States {2], Australia
[3], and Korea [4], reports have also
demonstrated an increase of the sero-
prevalence of anti-HAV immunoglob-
ulin G (IgG) and a decrease of acute
hepatitis A incidence with the imple-
mentation of large-scale vaccination
programs. In Israel, the seropreva-
lence of anti-HAV IgG is 80%-90% in

J0A
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children who are covered by the UTV
program; in contrast, the seropositivity
is only <57% in adult populations who
are not included in the UTV program.
Furthermore, compliance with HAV
vaccines was generally low in at-risk
groups, such as men who have sex with
men (MSM) or injection drug users [5],
which may increase the risk of subse-
quent HAV outbreaks.

Before 1980, Taiwan was a country of
high HAV endemicity. However, recent
surveys suggest that seropositivity has
declined significantly among Taiwanese
children, with the improvement of sani-
tation and implementation of HAV vac-
cination for toddlers in townships with a
high incidence of acute hepatitis A after
1995. In a survey conducted in central
Taiwan in 2010, the seroprevalence of
anti-HAV antibody was only 2.3% among
schoolchildren aged <15 years [6]. The
incidence of acute hepatitis A declined
significantly in both vaccine-covered
townships and non-vaccine-covered
townships [7].

The seropositivity in young, high-
risk populations was also low in Taiwan.
The

seroprevalence among human
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immunodeficiency virus (HIV)~-infected
MSM aged <40 years was 27.5% in a
survey between 2004 and 2007 [8]. In
another survey conducted among young
HIV-infected and  HIV-uninfected
MSM aged 18-40 years between 2009
and 2010, the overall HAV seropreva-
lence further decreased to 10.4% [9].
Although HAV vaccination is recom-
mended for high-risk populations by
the Adult Committee on Immunization
Practices (ACIP) of Taiwan’s Centers for
Disease Control (CDC), compliance has
been low.

Since June 2015, 2 indigenous cases of
acute hepatitis A in patients coinfected
with HIV were reported to the Taiwan
CDC; the number of indigenous cases
of acute hepatitis A increased thereafter,
with >1000 indigenous cases reported in
2016 (Figure 1), and >70% of the cases
concentrated in northern Taiwan [10].
At least 70% of the cases were in MSM;
60% had HIV infection and >60% had
syphilis, gonorrhea, or shigellosis; and
subgenotype TA was identified as the
strain causing the outbreak (Taiwan
CDC, unpublished data). In response
to this unprecedented outbreak of acute

number of indigenous case of

acute hepatitis A reported to Taiwan CDC
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Number of indigenous cases of acute hepatitis A virus (HAV) reported to the Taiwan Centers for Disease Control (CDC) between 2014 and 2016, including among
men who have sex with men {MSM). Black arrowhead marks the start of the ongoing outbreak of acute hepatitis A.
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hepatitis A among at-risk populations,
a vaccination campaign against HAV
was launched in September 2015 at des-
ignated hospitals for HIV care, and the
Taiwan CDC has, since October 2016,
provided free HAV vaccine to HIV-
infected patients and those individuals
who sought medical attention because
of sexually transmitted diseases; this
has been associated with gradually
decreasing trends of acute hepatitis
A (Figure 1).

Both data from Israel and Taiwan
demonstrate that outbreaks of acute hep-
atitis A among high-risk populations may
occur even though the incidence of HAV
infection is low in the general population.
While universal coverage of HAV vaccines
decreases the burden of acute hepatitis
A in the general population, this bene-
fit may not extend to high-risk groups
when vaccination practices are neglected.
Awareness of, and adherence to, the
recommendations of HAV vaccination
should be promoted among the health-
care providers and at-risk populations.
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Hepatitis E Virus—-Associated
Neurological Injury in China

To THE Eprror—We read with interest
the article by Zhou et al [1] as hepatitis
E virus (HEV)-associated neurological
injury is of general interest and arouses
attention worldwide [2]. The authors
found that HEV can infect neurons and
the virus RNA and that proteins can be
detected in the brains of infected mice and
macaques [1]. In their study, both mice
and macaques were infected with HEV
genotype 4 (HEV-4); however, the human
patients they presented were all enrolled
in countries where HEV-3 is predominant.
Fewstudies havereported HEV-4-induced

neurological injury in patients. China is
endemic for HEV and the predominated
subtype is HEV-4 [3]. Thus, we have inves-
tigated the prevalence of HEV in patients
with neurological injury in China.

Our study cohort was composed of 69
patients with Guillain-Barré syndrome
(GBS) and 21 patients with encephalitis
who were recruited at Peking University
First Hospital, Beijing, China, from
January 2014 to December 2015. All
patients were diagnosed according to
international criteria [4, 5]. Paired serum
and cerebrospinal fluid (CSF) samples
from all patients were obtained. This study
was approved by the Ethics Committee of
Peking University Health Science Center.
All patients gave informed consent for
testing of clinical samples.

The ages of GBS patients ranged from
9 to 80 years (median, 48 years) and of
encephalitis patients from 1 to 71 years
(median, 29 years). A large majority of
the recruited GBS (46/69 [66.7%]) and
encephalitis (16/21 [76.2%]) patients
were male. Anti-HEV immunoglobulin
M (IgM) (Wantai, Beijing, China) was
demonstrated in 1 (1/69 [1.4%]) of the
GBS patients but none of the encephali-
tis patients. This anti-HEV IgM-puositive
patient was also anti-HEV immunoglob-
ulin G (IgG) positive (Wantai, Beijing,
China). Of the 69 GBS patients and the
21 encephalitis patients, 18 (26.1%) and
9 (42.9%) tested positive for anti-HEV
IgG, respectively. HEV RNA was tested in
paired serum and CSF samples from all
patients by a nested reverse transcription
polymerase chain reaction, which has
been described previously [3]. No HEV
RNA was detected (Table 1).

Thus, 1 of 69 (1%) GBS patients had a
possible acute HEV infection. However
no HEV RNA was detected. Two previous
reports conducted in the Netherlands and
Bangladesh, where HEV-3 and HEV-1
predominates, respectively, found that 5%
[6] and 119% [7] of patients with GBS had
positive anti-HEV IgM. More recently,
a study conducted in Belgium [8] found

1340 « JID 2017:215 (15 April) « CORRESPONDENCE

-193-



WwJ

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.f6publishing.com

DOI: 10.3748 /wjg.v23.i20.3589

World | Gastroenterol 2017 May 28; 23(20): 3589-3606

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

REVIEW

Hepatitis A virus infection and hepatitis A vaccination in
human immunodeficiency virus-positive patients: A review

Kuan-Yin Lin, Guan-Jhou Chen, Yu-Lin Lee, Yi-Chia Huang, Aristine Cheng, Hsin-Yun Sun, Sui-Yuan Chang,

Chun-Eng Liu, Chien-Ching Hung

Kuan-Yin Lin, Department of Medicine, National Taiwan
University Hospital Jin-Shan Branch, New Taipei 20844, Taiwan

Guan-Jhou Chen, Yi-Chia Huang, Aristine Cheng, Hsin-Yun
Sun, Chien-Ching Hung, Department of Internal Medicine,
National Taiwan University Hospital, Taipei 10002, Taiwan

Aristine Cheng, Hsin-Yun Sun, Chien-Ching Hung, National
Taiwan University College of Medicine, Taipei 10002, Taiwan

Yu-Lin Lee, Chun-Eng Liu, Department of Internal Medicine,
Changhua Christian Hospital, Changhua 50006, Taiwan

Sui-Yuan Chang, Department of Clinical Laboratory Sciences
and Medical Biotechnology, National Taiwan University College
of Medicine, Taipei 10048, Taiwan

Sui-Yuan Chang, Department of Laboratory Medicine, National
Taiwan University Hospital and National Taiwan University
College of Medicine, Taipei 10002, Taiwan

Chien-Ching Hung, Department of Parasitology, National
Taiwan University College of Medicine, Taipei 10048, Taiwan

Chien-Ching Hung, Department of Medical Research, China
Medical University Hospital, Taichung 40402, Taiwan

Chien-Ching Hung, China Medical University, Taichung 40402,
Taiwan

Author contributions: Lin KY, Chen GJ, Lee YL, Huang YC,
Cheng A, Sun HY and Chang SY performed the literature search
and review, and wrote the paper; Liu CE and Hung CC edited and
revised the manuscript.

Supported by Centers for Disease Control, Taiwan, No. JH105022.

Conflict-of-interest statement: Chien-Ching Hung has received
research support from Janssen, Abbvie, Bristol-Myers Squibb,
Merck, and ViiV and speaker honoraria from Gilead Sciences,
and served on the advisory boards for Gilead Sciences, ViiV,
Abbvie, and Janssen. Other authors report no potential conflict of
interest.

Baishidenge ~ WJG | www.wjgnet.com

-194-

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Chien-Ching Hung, MD, PhD, Clinical
Professor, Department of Internal Medicine, National Taiwan
University Hospital, 7 Chung-Shan South Road, Taipei 10002,
Taiwan. hcc0401@ntu.edu.tw

Telephone: +886-2-23123456-67552

Fax: +886-2-23707772

Received: February 12, 2017
Peer-review started: February 14, 2017
First decision: March 16,2017
Revised: March 31, 2017

Accepted: May 4, 2017

Article in press: May 4, 2017
Published online: May 28, 2017

Abstract

Hepatitis A virus (HAV) is one of the most common
infectious etiologies of acute hepatitis worldwide. The
virus is known to be transmitted fecal-orally, resulting
in symptoms ranging from asymptomatic infection
to fulminant hepatitis. HAV can also be transmitted
through oral-anal sex. Residents from regions of low
endemicity for HAV infection often remain susceptible in
their adulthood. Therefore, clustered HAV infections or
outbreaks of acute hepatitis A among men who have sex
with men and injecting drug users have been reported
in countries of low endemicity for HAV infection. The
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duration of HAV viremia and stool shedding of HAV
may be longer in human immunodeficiency virus (HIV)-
positive individuals compared to HIV-negative individuals
with acute hepatitis A. Current guidelines recommend
HAV vaccination for individuals with increased risks
of exposure to HAV (such as from injecting drug use,
oral-anal sex, travel to or residence in endemic areas,
frequent clotting factor or blood transfusions) or with
increased risks of fulminant disease (such as those with
chronic hepatitis). The seroconversion rates following
the recommended standard adult dosing schedule (2
doses of HAVRIX 1440 U or VAQTA 50 U administered
6-12 mo apart) are lower among HIV-positive individuals
compared to HIV-negative individuals. While the
response rates may be augmented by adding a booster
dose at week 4 sandwiched between the first dose and
the 6-mo dose, the need of booster vaccination remain
less clear among HIV-positive individuals who have lost
anti-HAV antibodies.

Key words: Epidemiology; Viral hepatitis; Acute hepatitis;
Fecal-oral transmission; Oral-anal sex; Men who have
sex with men; Injecting drug use; Immunosuppression;
Immunization

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We provide an updated review of hepatitis A
virus (HAV) coinfection among human immunodeficiency
virus (HIV)-positive individuals, focusing on the epide-
miology, clinical manifestations, and prevention for HAV
infection. The reported outbreaks of acute hepatitis A
among men who have sex with men and injecting drug
users are summarized. Updated vaccination guidelines
for prevention of HIV-positive individuals against HAV
infection are presented. We also review the published
data of effectiveness or efficacy of HAV vaccination
studies and the different approaches to improvement of
the serological responses to conventional HAV vaccines
among HIV-positive individuals.

Lin KY, Chen GJ, Lee YL, Huang YC, Cheng A, Sun HY, Chang
SY, Liu CE, Hung CC. Hepatitis A virus infection and hepatitis A
vaccination in human immunodeficiency virus-positive patients:
A review. World J Gastroenterol 2017; 23(20): 3589-3606
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i20/3589.htm DOI: http://dx.doi.org/10.3748/wjg.v23.
i20.3589

INTRODUCTION

Hepatitis A virus (HAV) is one of the most common
infectious etiologies of acute hepatitis worldwide.
According to the WHO estimates, HAV resulted in 13.7
million illnesses and 28000 deaths in 2010™. HAV is
primarily transmitted fecal-orally via contaminated
food or water, or through close contact with an infected
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person. With improved sanitation and provision of
HAV vaccination, areas or populations with high HAV
endemicity show patterns of declining endemicity,
according to their socioeconomic backgrounds!®.
Based on the different age-specific HAV seroprevalence
profiles, the world can be divided into countries of high,
intermediate, low, and very low HAV endemicity™. In
countries of high endemicity, most people acquire HAV
in their early childhood and are immune to the virus.
On the contrary, adults from low endemic areas are
first exposed to HAV during travel to or residence in
endemic areas, or being engaged in risky behaviors,
such as contact with infected persons, being men who
have sex with men (MSM), or using illicit drugs®*.

Several outbreaks of acute HAV infection among
the MSM and injecting drug users’ (IDUs") communities
have been reported in several developed countries
of low endemicity for HAV infection. The duration of
HAV viremia and stool shedding of HAV may be longer
in HIV-positive individuals, increasing the window of
opportunity for wider transmission of HAV to those
engaged in risk behaviors. HAV vaccination is the
most efficient approach to prevention of acquiring
HAV infection. However, the seroconversion rates
following the recommended standard 2-dose HAV
vaccination schedule are lower among HIV-positive
individuals compared to HIV-negative individuals,
and the vaccination effectiveness among HIV-positive
individuals is rarely investigated in the outbreak
setting”®. In this article, we review the epidemiology
and clinical manifestations of acute HAV infection and
HAV vaccination among HIV-positive individuals in the
era of combination antiretroviral therapy (cART).

HAV VIROLOGY

HAV, first identified by Feinstone et a/*® in 1973,
belongs to the Hepatovirus genus of the family
Picornaviridae. The genome of HAV is a positive-strand
RNA (range, 7470 to 7478 nucleotides) and encodes
only a single open reading frame, which is translated
into a polyprotein. The polyprotein is then cleaved
by the virus-encoded protease (3C"™) to yield 8 viral
proteins, including VPO, VP3, VP1-2A, 2B, 2C, 3AB,
3C"°, and RNA-dependent RNA polymerase (RDRP,
3D"). The virus particle is composed of 3 proteins,
VPO, VP1-2A, and VP3. During the assembly of the
virus capsid, 2A will be removed from the VP1-2A
by cellular protease or 3C", and at the final stage
of maturation, VPO will be cleaved into VP2 and VP4.
Five copies of each protein will be assembled to form
a pentamer, and 12 copies of the pentamer will form
a virus capsid. Despite that there are some amino
acid variations between different HAV strains, the
detection of anti-HAV antibody is not as complicated
as other RNA viruses due to the fact that HAV exists
as a single serotype. Due to the advances of molecular
technology, 7 unique genotypes (I to VII) of HAV are
defined by analysis of a 168-base region, located
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between the C terminus of VP1 and N terminus of
P2A". These 7 genotypes exhibit less than 85% of
sequence identity between genotypes and no more
than 15% of divergence within a genotype, a criterion
used for polioviruses, another member of the family
Picornaviridae. However, further detailed analyses
of other viral regions reveal that the genotypes 1I
and VIl should be reclassified as subtypes A and B of
genotype II'™, and genotypes I and Il could also be
divided into subgenotypes A and B™.. Four genotypes
(I, I, I, and VI) are of human origin, and 3 (1IV,
V, VI) are of simian origin. Genotypes I and 1 are
the most prevalent genotypes identified in humans.
Subgenotypes IA and IB are often found in North and
South Americas, Europe, China, and Japan'’. Clusters
within genotypes predominant in certain geographic
regions have been reported, such as a group of
subgenotype IA strains from the United States™”, and
genotype II in the Netherlands, France, and Sierra
Leone' '), However, in other regions, the presence of
variant genotypes was reported in Europe and Japan,
likely representing international spread from the
endemic regions.

EPIDEMIOLOGY OF HAV INFECTION
AMONG HIV-POSITIVE PATIENTS

HAV seroprevalence among HIV-positive patients
Previous studies have shown higher seroprevalence
and incidence of HAV infection among MSM compared
to the general population™**¥, which were associated
with oral-anal sex and the number of sexual contacts
and partners!"**>?, The HAV seroprevalence also
increases with age, indicating the cohort effect™***%!],
Unlike MSM, heterosexual men with risky sexual
behaviors has been inconsistently associated with
higher HAV seroprevalence. While a few studies
reported a lower seroprevalence and incidence among
heterosexual men with sexually transmitted diseases
(STDs) compared to MSM™®'® others indicated that
the risks for HAV infection among heterosexual men
with STDs and MSM were similar’*****, IDUs also
had a higher HAV seroprevalence than the general
population*'***?*1_ However, the high seroprevalence
might not be solely attributable to needle contami-
nation, since some reported similar elevation of the
HAV seroprevalence between IDUs and non-injecting
illicit drug userst***?,

Although the direct evidence on the correlation
between contracting HIV and HAV was scarce,
observational data suggested that HIV-positive
individuals, especially MSM and IDUs, are at increased
risk of acquiring HAV®, In addition, one small study
including 15 HIV-positive individuals demonstrated that
the duration of HAV viremia in HIV-positive individuals
with acute hepatitis A was prolonged compared to
that in HIV-negative individuals with acute hepatitis A,
which may increase the probability of HAV transmission
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to others™!. Several studies have reported the HAV
seroprevalence among HIV-positive individuals and
at-risk persons in areas of different HAV endemicities
and vaccine coverage (Table 1)[**?326%21 n these
studies, the HAV seroprevalence among HIV-positive
individuals ranged from 15.1% in Taiwan to 96.3%
in Iran®**!, While studies conducted in countries of
high HAV endemicity showed no differences in the
HAV seroprevalence between HIV-positive and HIV-
negative individuals'”’, the seroprevalence in countries
of low endemicity was higher among HIV-positive
individuals compared to HIV-negative individuals®®®>",
Among HIV-positive individuals, older age and in-
jecting drug use were identified as the independent
factors associated with seropositivity for HAV; the HAV
seroprevalence was lower in HIV-positive MSM despite

the at-risk sexual behaviors!>*3%333¢],

Hepatitis A outbreaks in the MSM population

In countries of low HAV endemicity, the majority of
HAV-seronegative adults remain susceptible to acute
HAV infection. Outbreaks of acute hepatitis A are often
caused by introduction of HAV through contaminated
foods and person-to-person transmission”. Numerous
outbreaks of acute hepatitis A have been reported in
the MSM population through sexual contacts, which
are summarized in Table 217, Since the early 1980s,
outbreaks of acute hepatitis A among MSM have
been described in Denmark™®, Sweden™!, the United
Kingdom'™, and the United States'®"®?. The incidence
of acute HAV infection among MSM peaked in the
1990s, and the affected countries included the United
Kingdom!™®##°211 "the Netherlands™®, Norway"”, the
United States'®*®**®!, Canada'®" and Australia’®”®. One
of the largest epidemics of acute hepatitis A occurred
in Sydney, Australia, where 2 outbreaks affected 323
and 186 MSM during 1991-1992 and 1995-1996,
respectively’™?, Since 2015, Taiwan reported a large
outbreak involving more than 1000 indigenous cases,
with more than 70% of the affected individuals being
MSM! While the HAV vaccine was licensed and
recommended for MSM since the mid-1990s™”, the
emergence of HAV infection continued to pose a health
threat to MSM in several developed European countries
during the 2000s, including Italy™***>>¢! Denmark!®*,
Spain®®**®, Poland””, and the United Kingdom®®.

The duration of outbreaks of acute hepatitis A
among MSM were mostly curtailed at 2 years; however,
the outbreak in Canada extended from December
1994 to February 1998®. The cyclical outbreaks were
noted in Australia during 1991-1996*! and in Spain
during 1989-2010", which might be facilitated by the
continuous circulation of particular HAV strains in the
MSM population®****”, The predominant circulating
HAV strains among MSM belonged to genotype
IAPP0>>5960721 ' The patients contracting HAV during the
outbreaks were mostly young adults with a mean or
median age of 28-36 years®™*", HAV was recognized
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Table 1 Seroprevalence of hepatitis A virus infection among human immunodeficiency virus-positive patients and at-risk populations

Ref. Location Study Study population Age HIV-positive Other populations Associated factors' and
period (yr)  population comments
HIV-positive
population
Nandwani et al™ London, United 1993 255 men attending 32 41.3% MSM, 32.4% No difference between
Kingdom genitourinary clinics Heterosexuals, 30.0% homosexual and
Unknown HIV status, heterosexual men
26.4%
Fainboim et al™” Buenos Aires,  1994-1995 484 HIV-positive 29 84.0% HIV-positive MSM, High seroprevalence
Argentina patients 83.3% without difference between
HIV-positive HIV-positive and HIV-
heterosexuals, 86.3% negative individuals
HIV-positive IDUs,
85.7%
Blood donors, 82.4%
Aloise et al® Rio de Janeiro,  1988-2004 581 HIV-positive 35 79.8% NA Older age and lower
Brazil patients educational level
Lee et al®™ Tainan, Taiwan ~ 2000-2005 484 patients with recent 36 65.8% HIV-positive MSM, Seroprevalence increased
diagnosed HIV infection 40.0%; with age and among
HIV-positive heterosexuals
heterosexuals, 85.2%
HIV-positive IDUs,
70.1%
Sun et al™ Taiwan 2004-2007 1580 HIV-positive 39 60.9% HIV-positive MSM, Older age and injecting
patients 50.5% drug use
HIV-positive Higher seroprevalence in
heterosexuals, 79.3%  HIV-positive individuals
HIV-positive IDUs,
62.0%
HIV-negative
individuals, 48.0%
Davoudi et al®™ Tehran, Iran  2005-2006 247 HIV-positive 36 96.3% NA
patients
Hoover et al™ 6 major cities’,  2004-2007 627 HIV-positive MSM 41 16.1%" NA Low HAV screening and
United States vaccination rates (28.5%)
Linkins et al™ Bangkok, 2006-2008 1291 MSM 27 32.4%" HIV-negative MSM, Older age and lower
Thailand 25.5% education level
Baek et al™ Seoul, South 2008-2010 188 HIV-positive 39 62.8% HIV-positive MSM, Older age
Korea patients 57.1%
HIV-positive
heterosexuals, 65.8%
Tseng et al™ Taipei, Taiwan ~ 2009-2010 1128 MSM 1840  151%° HIV-negative MSM, Older age
7.4% No difference between HIV-
positive and HIV-negative
individuals
Kourkounti et al®  Athens, Greece ~ 2007-2011 897 HIV-positive MSM 41 35.7%" NA Older age and being
foreigners
At-risk
populations (MSM
and IDUs)
Corey et al™ Seattle, United ~ 1977-1979 159 patients from STD 31 NA MSM, 30.4% (annual Oral-anal sexual contact
States clinics incidence, 22%)
Heterosexuals, 12.3%  Higher seroprevalence and
(annual incidence, 0%) incidence in MSM
McFarlane et al™ Nova Scotia, 1977-1978 421 patients from STD 25 NA MSM, 42.4% Higher number of sex
Canada clinics Heterosexuals, 39.2% partners and older age
Blood donors, 12.6%
Student nurses, 13.2%
Kryger et al” Copenhagen, 1979 269 men with previous 33 NA MSM, 36.0%; More episodes of syphilis in
Denmark syphilis Heterosexual, 20.0% younger MSM
Coutinho et al™”  Amsterdam, the ~1980-1982 689 MSM 31 NA MSM, 42.0% (incidence, ~ Longer duration of
Netherlands 14.0%) homosexual activity
Crofts et al™ Victoria, Australia 1990-1992 2175 prison entrants 30 NA 1DU, 43.7% History of incarceration
293 IDUs Prison entrants, 60.1%
Blood donors, 30.0%
Katz et al™ San Francisco and  1992-1993 411 MSM 21 NA MSM, 28.0% Sexual and drug-using
Berkeley, United behaviors
States
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Villano et al™ Baltimore, United 1993-1994 294 MSM NA NA MSM, 32.3% Increased risk for HAV
States 292 IDUs IDU, 66.4% infection in MSM and IDUs
Blood donors, 13.7%
Corona et al™ Rome, Italy 1997 432 male patients from  NA NA MSM, 60.3% Older age and more sexual
STD clinics Heterosexual, 62.2% partner
Ochnio ef al™ Vancouver, 1998 494 individuals from 32 NA MSM, 25.5% Increased risk for HAV
Canada street outreach clinics IDU, 42.6% infection in MSM and IDUs
Street youth, 6.3%
Ross et al™ Birmingham, 2000 210 men attending NA NA MSM, 23.0%; Ethnicity, older age, and
United Kingdom genitourinary clinics Heterosexual men, history of sex in a sauna
32.0%
Diamond et al™” Washington, 1997-2000 833 MSM 15-29 NA MSM, 21.0% Ethnicity, IDU, HBV and
United States HIV infection
Vaccination rate, 21%
Bialek et al™ 7 major cities’,  1994-2000 2708 MSM 15-29 NA MSM, 18.4% More male sex partners and
United States unprotected anal sex
O'Riordan et al™  London, United 2004 395 MSM attending ~ NA NA MSM, 49.9%
Kingdom genitourinary clinics
Van Rijckevorsel Amsterdam, the  1992-2006 1697 hepatitis A patients NA NA Incidence, 0.97/1000  Clustered transmission in
et al™ Netherlands MSM social MSM networks
Removille et al™ Luxembourg 2005 368 problem drug users NA NA IDUs, 57.1%
nIDUs, 65.9%
Bozicevic et al Zagreb, Croatia 2006 360 MSM 27 NA MSM, 14.2%
Weerakoon et al™’ ~ Melbourne,  2002-2011 3055 MSM 33 NA MSM, 39.0% Vaccination levels over
Australia 40%-50% to prevent
outbreaks
Ali et al™? Sydney, Australia 1996-2012 14799 MSM 30 NA MSM, 31.9% in 1996 to ~ Vaccination rate, 9.8% in

63.8% in 2012 1996 to 45.2% in 2012

'Factors associated with HAV seropositivity were identified by bivariate or multivariable logistic regression analysis; “The 6 major cities included Atlanta,
Chicago, Los Angeles, Miami, New York City, and San Francisco; 3Only HIV-positive MSM were included; “The 7 major cities included Baltimore, Dallas,

Los Angeles, Miami, New York City, San Francisco, and Seattle. HAV: Hepatitis A virus; IDUs: Injecting drug users; MSM: Men who have sex with men;
NA: Not available; nTDUs: Non-injecting drug users; STD: Sexually transmitted disease.

as being transmitted among MSM through sexual
contacts'”®, and case-control studies have identified
several associated factors such as having anonymous
sex partners, group sex, oral-anal and digital-rectal
intercourse’®, contact with patients with acute hepatitis
A having sex in gay saunas™"*”, and visiting saunas
and darkrooms™. In light of the risky sexual behavior,
the largest HAV vaccination campaign for MSM was
launched in Montréal, in which 9500-15000 first doses
of HAV vaccine were administered to achieve a coverage
rate between 20% and 41%. However, the decrease
in the incidence of acute hepatitis A shortly after the
vaccination campaign might indicate the relatively late
implementation of HAV vaccination and the natural
decline after herd immunity was established at the end
of the outbreak!®”. The vaccination campaigns targeting
MSM in Atlanta and Barcelona recruited 3,000 persons,
which resulted in a 16% decrease of reported acute
hepatitis A cases™*®.

Coinfections with HAV and HIV were identified
during the 2000s in Italy®*****, Spain®®, and
Poland™). Most HAV/HIV-coinfected individuals were
males with known HIV status, while others were found
to be HIV-positive concomitantly with acute HAV
infections™****”), Among all male patients who received
a diagnosis of acute hepatitis A during 2002-2008
in Italy, 15.2% (56/368) were HIV-positive®™. After
excluding those without available HIV serology, the
HIV seroprevalence among was 27.6%"*. The high
proportion of HAV/HIV coinfection in the areas of low

Raishidenge ~ WJG | www.wjgnet.com

-198-

HAV endemicity highlights the importance of routine
HIV testing in patients with acute hepatitis A™".

Hepatitis A outbreak in the IDU population

Outbreaks of acute hepatitis A in the IDU population
have been reported since 1970s as the numbers of
IDUs increased”?!. The studies of outbreaks of acute
hepatitis A among IDUs are summarized in Table
381 During 1970-1979, the cyclic occurrence of
outbreaks of acute hepatitis A in Sweden suggested
a continuously increasing pool of susceptible young
IDUs in the closed communities”*. The outbreaks
were mostly described in Europe”®”® and the United
States®®%! in the 1980s and 1990s, but were seldom
described after the early 2000s°%%¢, Up to 492 IDUs
were infected with HAV in Norway between 1995 and
1996V71, In Terni, Italy; 47 cases of acute hepatitis
A were reported during 2002-2003, among which
included 35 IDUs and 2 HIV-positive individuals. The
most recent outbreak of acute HAV infection among
IDUs was described in Israel during 2012-2013, which
occurred in IDUs and homeless adults with subsequent
spread to the general population in Tel Aviv, despite
the nation-wide implementation of universal toddler’s
vaccination in 1999,

The outbreaks of acute hepatitis A among IDUs
mainly lasted between 1 and 2 years, and young
patients with a mean or median age of 20-34 years
were predominantly affected”*5!!, HAV could be
transmitted fecal-orally through poor personal hygiene
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Table 2 Outbreaks of acute hepatitis A in the men who have sex with men population

Ref. Location Study Case Male MSM  HIV-positive Age Risk factors' and comments
period number patients (yr)
Europe
Hoybye et al*’ Copenhagen, Denmark ~ 1977-1978 45 45 21 NA 29
Christenson et Stockholm, Sweden 1979-1980 145 145 145 NA NA Multiple partners and oral-anal
al™! sexual contact
Mindel et al*! London, United Kingdom 1980 24 NA 23 NA NA  HAV infection was associated with
homosexual activity
Kani et al™ London, United Kingdom  1989-1990 7000 NA 41 NA NA Oral-anal sexual contact
Atkins et al*” London, United Kingdom  1989-1992 206 121 65 NA NA Oral-anal sexual contact and
sexual promiscuity
Leentvaar-Kuijpers Amsterdam, the 1992-1993 293 NA 39 NA NA Visiting saunas and darkrooms
et al™ Netherlands
Walsh et al™’ Thames region, United 1995 481 NA 58 NA NA Oral-anal and digital-rectal
Kingdom intercourse
Stene-Johansen Oslo, Norway 1995-1998 26 26 26 NA NA
et al™
Bell et al®™ London and East Sussex, 1997 48 NA 41 NA NA Eating shellfish and sex in gay
United Kingdom saunas
Manfredi et al™ Bologna, Italy 1999-2004 122 104 81 11 28 Unprotected sexual contact
Mazick et al™ Copenhagen, Denmark 2004 18 18 18 NA NA  Casual sex and sex in gay saunas
Girardji et al™ Rome, Italy 2002-2008 473 368 115 57 25-64 Same gender sex
Routine HIV test in HAV-infected
patients should be considered
Bordji et al™ Rome, Italy 2008-2010 162 143 34 14 36 Monophyletic HAV strain
sustained the outbreak
Tortajada et al™ Barcelona, Spain 2002 48 47 NA 28% 31
2003-2004 60 60 NA 24% 32
2008-2009 189 185 NA 21% 38
Dabrowska et al™ Warsaw, Poland 2007-2008 860 NA 50 6 28 No difference in disease severity
between HIV-positive and HIV-
negative individuals
Tortajada et al® Barcelona, Spain 2008-2009 150 126 87 NA 33
Sfetcu et al™ Northern Ireland, United  2008-2009 38 36 26 NA 29 The outbreak strain was
Kingdom indistinguishable from that in
Czech Republic
Taffon et al™! Tuscany, Italy 2008 240 NA 32% NA NA A unique circulating HAV strain
North America
Kosatsky et al™! Anchorage, Alaska 1982-1983 17 17 17 NA 19-31
Desenclos et al'™ Florida, United States ~ 1988-1989 311 69 26 NA NA
Henning et al'*” New York, United States 1991 180 180 62 NA 20-49  Anonymous sex partner, group
sex, oral-anal and digital-rectal
intercourse
Allard et al™! Montréal, Canada 1996-1997 376 376 376 NA 68 Vaccination campaign achieving
20%-41% coverage in MSM
decreased incidence rapidly
Finton et al® Atlanta, United States 1996 222 NA 75% NA NA Vaccination campaign in MSM
decreased reported cases
Cotter et al*”! Ohio, United States 1998-1999 136 118 47 NA 33 Contact with hepatitis A cases
Asia-Pacific region
Stewart et al'® Melbourne, Australia 1991 495 407 210 NA NA Sexual and social contact
Stokes et al®! Sydney, Australia 1991-1992 570 515 330 NA 31 Sexual contact was the most
reported contact type
Ferson et al'®” Sydney, Australia 1991-1996 1138 991 587 NA 30 Household or sexual contact
Delpech et al”! Sydney, Australia 1997-1999 354 265 139 NA 32
Chen et al™" Taiwan 2015-2016 > 1000 NA  >70% > 60% NA A total of 1296 cases reported as of

February, 2017

'Risk factors of acquiring HAV infection were identified by case-control studies. HAV: Hepatitis A virus; MSM: Men who have sex with men; NA: Not

available.

and living conditions, or percutaneously through
contamination of illicit drugs or injecting equipment by
fecal materials or blood®™". Three case-control studies
identified not washing hands after using the toilet or
before preparing food, not washing hands prior to

preparing drugs, sharing of needles or syringes, use of
contaminated illicit drugs, and contact with jaundiced
persons to be factors associated with acute hepatitis A
in IDUs®*®*%), To curb the epidemic of acute hepatitis
A, HAV vaccination programs were implemented in
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Table 3 Outbreaks of acute hepatitis A in the injecting drug user population

Ref. Location Study period Total patients IDU HIV-positive Age (yr) Risk factors' and comments
individuals
Europe
Widell et al™ Malmo, 1970-1979 323 188 NA NA
Sweden
Sundkvist Helsingborg, 1983-1984 36 32 NA 18-35 The outbreak was associated with
et al”™ Sweden intrarectal transportation of illicit drugs
Leino et al! Helsinki, 1994-1995 238 131 NA 31 The outbreak was associated with
Finland intrarectal transportation of illicit drugs
Stene-Johansen Oslo, Norway 1995-1996 621 492 NA NA The outbreak was associated with needle
et al” sharing
O’Donovan United 1998-1999 27 14 NA 25
et al”™ Kingdom
Syed et al™ Bristol, United 2000 123 69 NA 25 The outbreak was associated with
Kingdom parenteral transmission from
contaminated illicit drugs; HAV
vaccination of IDUs decreased the
reported cases
Roy et al®” Aberdeen, 2000-2002 106 74 NA NA Not washing hands after using the
Scotland toilet, or before preparing food or drugs,
sharing needles/syringes, and injecting
contact with jaundiced persons
Spada et al™" Terni, Ttaly 2002-2003 47 35 2 34 Contact with jaundiced persons, but
not related to injecting practices; HAV
vaccination of IDUs decreased the
reported cases
North America
Harkess etal®”  Oklahoma, — 1984-1987 79 42 NA 23-27
United States
Jenkerson New York, 1986-1987 256 70 NA NA
et al™ United States
Jin et al®! Canada 1987-1989 65 59 NA NA
Hutin et al® Iowa, United 1996-1997 158 9.7% NA NA Methamphetamine injection, sharing
States methamphetamine use, using brown
methamphetamine, and needle sharing
Vongetal™  Florida, United ~ 2001-2002 403 11% NA 32 HAV vaccination in jail decreased the
States reported cases
Asia-Pacific
region
Shaw et al™” Queensland, 1997 875 118 NA NA Sharing of instruments for smoking
Australia marijuana
Manor et al®!  Tel-Aviv, Israel 20122013 75 9 NA 33

'Risk factors of acquiring HAV infection were identified by case-control studies. HAV: Hepatitis A virus; HIV: Human immunodeficiency virus; IDU:

Injecting drug user; NA: Not available.

Table 4 Clinical symptoms and signs of patients with acute

hepatitis A infection”?*!

Symptoms Frequency
Asymptomatic 14%
Fever 48%-87%
Nausea/ vomiting 56%-88%
Anorexia 66%-96%
Fatigue/malaise 49%-80%
Upper abdominal pain 42.5%-82%
Diarrhea 89%-23%
Signs

Jaundice 24%-99%

Hepatomegaly 7%-78%

Splenomegaly 18%-30%

the United Kigndom", Norway™®*’ and Italy®®", and
harm reduction program by providing clean injecting
equipment was implemented in Switzerland™"'.
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CLINICAL MANIFESTATIONS OF ACUTE

HAV INFECTION

The incubation period of acute HAV infection is 2.5 to
5 wk®'. The typical symptoms of acute hepatitis A
include fatigue, malaise, nausea, vomiting, anorexia,
fever, and right upper quadrant pain. The frequencies
of symptoms or signs of acute hepatitis A are listed in
Table 4>°°, While most of acute HAV infections are
self-limited, the severity of the symptoms may vary
with age and concurrent comorbidities, particularly
chronic viral hepatitis. Acute HAV infection is usually
silent or subclinical in children, but approximately
30% of the infected patients older than 6 years have
symptoms including hepatitis, jaundice, and abdominal
pain®®”. Less than 25% of the patients have diarrhea
though HAV is transmitted through fecal-oral route®®.
The data on the symptoms of acute hepatitis A
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Table 5 Comparison of clinical manifestations of hepatitis A
virus between human immunodeficiency virus-positive patients

or human immunodeficiency virus-negative patients with
acute hepatitis A

HIV-positive HIV-negative patients
patients
Natural course of acute HAV infection
Incubation period (wk) NA 2.5-511
Duration of stool NA 25 (HAV antigen)"”!
shedding (d) 81 (HAV RNA)™™
Duration of viremia (d) 53 (10-89)™! 22-95106:108]
Laboratory findings
Peak T-bilirubin (mg/dL)  5.1-5.9% 5.7-8.7%7%5%%]
Peak AST (IU/L) 9291339 1231-2271%%%)
Peak ALT (IU/L) 1995-2368! 1079344217100
Duration of elevated 63 + 381" 514
AST/ALT (d)
Peak ALP (IU/L) 807171 228-396/

HIV: Human immunodeficiency virus; ALP: Alkaline phosphatase;
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HAV:
Hepatitis A virus; NA: Not available.

among HIV-positive individuals are limited, and the
study by Ida et a/*® of 15 HIV-positive and 15 HIV-
negative individuals with acute hepatitis A suggested
no differences in the frequency and severity of clinical
symptoms of acute hepatitis A between the two
groups.

Patients with acute hepatitis A usually have signifi-
cantly elevated levels of serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and bilirubin.
In previous studies, the average peak levels of total
bilirubin were 7-8 mg/dL and the levels of AST and
ALT were higher than 1000 IU/L?>9%93%%1%0  Alkaline
phosphatase (ALP) and y-glutamyl transpeptidase
(y-GT) are also elevated in patients with acute hepatitis
A. Resolution of the abnormal biochemical tests
generally occurs within 1 to 6 wk after the onset of
the illness™. Approximately 85% of the patients who
are infected with HAV have full clinical and biochemical
recovery within 3 mo and nearly all have a complete
recovery by 6 mo™. The study by Ida et a/*® reported
lower elevations in total bilirubin, AST, and ALT in
HIV-positive individuals during acute hepatitis A than
HIV-negative individuals, which were considered to
be related to the weaker immune responses in HIV-
positive patients or clonal spreading of a specific HAV
strain that was able to escape from immunity in the
study. Regulatory T cells (Tregs) normally suppress the
T-cell responses directed against hepatitis viruses and
down-regulate the immune reaction that is responsible
for liver damage in viral hepatitis''®". The study by
Choi et al"™® suggested a decrease in Tregs leading
to a severe liver injury during acute hepatitis A. HIV-
positive individuals however are known to have high
Tregs, compared to their HIV-negative counterparts,
hence they may experience less severe injury during
acute hepatitis A™®). On the other hand, Ida et al’*”
reported higher levels of ALP and y-GT during acute
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hepatitis A in HIV-positive individuals than HIV-
negative patients. Biliary tract is not the primary target
of HAV infection. Lymphocytic cholangitis is rarely seen
with acute HAV infection*®. However, HIV-related
cholangitis or cholangiography is a well-recognized
late complication of acquired immunodeficiency
syndrome (AIDS). Opportunistic infections such as
cytomegalovirus infection or cryptosporidiosis may
also cause cholangitis. HIV is also able to cause
direct cytopathic effects on the biliary tract mucosa.
Hence, the higher levels of ALP and y-GT observed in
HIV-positive patients with acute hepatitis A may be
explained by multiple factors other than the liver injury
caused by HAV itself.

In the general population, stool shedding of HAV
antigen can be detected 19 d before the peak elevation
of ALT levels and continue for at least 25 d™®! and even
up to 80 d", The duration of viremia is estimated to
last around 20 to 40 d®°'" and even longer than 3
mo"'%, In the study by Ida et a*®, the median duration
of HAV viremia in HIV-positive individuals with acute
hepatitis A was 53 d, which was longer than that of HIV-
negative individuals. A longer duration of HAV viremia
may be related to impaired host immunity™®. Besides,
the relationship between duration of viremia and
specific HAV genotypes is still inconclusive!’®'%”), The
comparisons of clinical manifestations of acute hepatitis
A between HIV-positive and HIV-negative individuals are
summarized in Table 5[25,57,91-93,95,98—100,105-109].

Other atypical presentations of acute hepatitis A
include renal insufficiency and relapsing hepatitis®?,
which are usually present in children. Some individuals
experienced a prolonged hepatitis (5.8%)"*! or
cholestasis (6.8%), especially in the presence of
hepatitis B virus®®!, Severe hepatic failure is rare and
occurs more commonly in patients with underlying
diseases or advanced age. Reported case fatality rates
were 0.1% in infants and children, 0.45% in those
aged 15 to 39 years, and 1.1% in those aged > 40
years. Patients with chronic hepatitis C virus (HCV)
infection have a substantial risk of fulminant hepatitis
and death associated with HAV superinfection!**”,
HIV-positive individuals acquire HAV infection mostly
in their adulthood and often have other underlying
liver disease®*”!, which may increase the risk of
hepatic failure and fatality caused by HAV. Therefore,
prevention by HAV vaccination is important, especially
for the HIV/HCV-coinfected individuals.

HAV VACCINATION AND FACTORS
ASSOCIATED WITH IMMUNOGENICITY
AND PERSISTENT PROTECTION

Vaccine immunogenicity and factors associated with
immunogenicity

HAV vaccination is not universally recommended for
HIV-positive individuals but specifically for those with

May 28, 2017 | Volume 23 | Issue 20 |



Lin KY et a/. HIV and HAV coinfection

Table 6 Hepatitis A virus vaccination recommendations by the British human immunodeficiency virus Association, the European

AIDS Clinical Society, the US Advisory Committee for Immunization Practices and the World Health Organization

Health Target candidates Dosing Schedule Comments
Authority
BHIVA™M™! Household and sexual contacts of infected persons Monovalent HAV vaccine recommended We support the BHIVA’s
Travellers Patients with CD4 counts > 350 cells/mm’ recommendations of targeted
MSM should be offered 2 vaccine doses at 0 and 6 mo vaccination during outbreaks and of
Injecting and non-injecting drug users Patients with CD4 counts < 350 cells/mm’  stratifying dosing schedule by CD4
Individuals at risk of infection during outbreaks should receive 3 vaccine doses at 0, 1, and 6 mo counts, particularly administering
Those with occupational exposure to HAV Patients at continued risk of exposure receive a  a 3-dose schedule for those with
(e.g., laboratory workers, sewage workers) boosting vaccine dose every 10 yr lower CD4 counts. Despite waning
Hemophiliacs Following a significant exposure, HIV-positive antibody levels, we could not find
Residents of care institutions, and their care contacts who are HAV-seronegative receive  evidence to justify routine boosters
givers post-exposure prophylaxis with the HAV every 10 yr for those at risk. It may
vaccine, with the first dose given as soon as be preferable to follow antibody
possible and within 14 d of exposure; if the  titers and revaccinate seroreverters
CD4 count is < 200 cells/ mm’, they should also
receive human normal immunoglobulin
EACS™ Travellers Vaccinate if seronegative. Did not specify how  Shorter list of at risk candidates for
MSM vaccination. Our review supports
IDUs their recommendation to check
Active hepatitis B or C infection antibody titers in individuals with
risk profile to guide the need for
primary or booster vaccinations
ACIP™ MSM Monovalent vaccine formulations should be Unlike BHIVA, in addition to the
Injection or non-injection illicit drugs users administered in a 2-dose schedule at either 0  monovalent vaccine formulations,
Persons working with HAV-infected primates or and 6-12 mo (Havrix), or 0 and 6-18 mo (Vaqta) ACIP also recommends the
with HAV in a research laboratory setting combined hepatitis A and B vaccine
Persons with chronic liver disease If the combined hepatitis A and hepatitis B No mention of the need to follow
Persons who receive clotting factor concentrates vaccine (Twinrix) is used, administer 3 doses at antibodly titers or booster vaccines
Travellers 0,1, and 6 mo; alternatively, a 4-dose schedule or the application of immunization
Close personal contact (e.g., household or regular ~ may be used, administered on days 0, 7, and during outbreaks
babysitting) with an international adoptee during ~ 21-30 followed by a booster dose at 12 mo
the first 60 d after arrival in the United States from
a country with high or intermediate endemicity
WHO™ Travellers Inactivated vaccine: 2 doses, the second dose Does not specify whether all

Immunosuppressed patients
Patients with chronic liver disease

normally 6 mo after the first. If needed, this
interval may be extended to 18-36 mo

HIV-positive persons should be
considered as immunosuppressed
patients although evidence from
Table 5 suggests that except for the
duration of viremia acute HAV is
not more severe in HIV-positive
compared to HIV-negative patients

HAV: Hepatitis A virus; HIV: Human immunodeficiency virus; IDUs: Injecting drug users.

increased risks of exposure (such as from injecting
drug use, oral-anal sex, travel to or residence in
endemic areas, frequent clotting factor or blood
transfusions) or with increased risks of fulminant
disease (such as those with chronic hepatitis) (Table
6)* 14 Of the two types of HAV vaccines that are
currently available internationally, the live attenuated
vaccine (based on H2 or LA-1 HAV strains and
manufactured as well as mainly used in China or
India) and the inactivated HAV vaccine (based on
clinical trials since 1991 and licensed in the United
States since 1995), only the latter is recommended
for HIV-positive individuals. There are 3 formulations
of inactivated HAV vaccines that have been assessed
in HIV-positive individuals with varying degrees of
immunodeficiency as shown in Table 71****#!, Although
different specific anti-HAV IgG titers have been used to
define seroconversion (10, 18, 20, or 33 mIU/mL), the
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majority of these studies have adopted 20 mIU/mL as
the surrogate titer for seroprotection.

The earliest studies of HAV vaccination in moderately
to severely immunodeficient HIV-positive individuals
preceded the licensure of the adult formulation of
HAVRIX 1440 U wherein a triple-mini dosing scheme
(3 pediatric doses of HAVRIX 720 U administered at O,
1, and 6 mo) was applied to hemophiliac patients and
MSM with or without HIV!*?***1, The seroconversion
rates among such HIV-positive hemophiliacs and MSM
at month 7 were consistently between 76.0%-76.9%
and lower than their HIV-negative counterparts at
100%™#7*#1 Later studies of HIV-positive individuals
without hemophilia but with other risk factors such as
MSM confirmed that the seroconversion rates following
the recommended standard adult dosing schedule (2
doses of HAVRIX 1440 U or VAQTA 50 U administered
6-12 mo apart) were lower among HIV-positive adults
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Table 7 Primary response rates and predictors of seroconversion after hepatitis A virus vaccination in human immunodeficiency

virus-positive patients

Ref. Dates Design/ No. of patient’ HAV/ CD4, PVL, ART Timing of  Response rate Predictors and
Country dosing cells/ logio, response’, (%): ITT/PP comments*
scheduless mm®  copies/ mo/cut-off*,
(mo) mL mlU/mL/assay
Tseng 2009-2010 Prospective, Standard 2-dose HAVRIX Mean, Mean, 67.1% 12,18/20, 12 m (CIA): MSM only study;
et al™! Taiwan 1440 U/ 538 25 a. CIA 75.7/81.7  Higher baseline CD4
All 126; 2 doses (ARCHITECT 12m (ELISA): and suppressed PVL;
(0, 6) HAVADb-IgG) NA/88.6 3 doses over 2 doses
CD4 matched, 114 b. ELISA 18 m (ELISA):
(ETIAB- NA/86.6
3-dose HAVRIX  Mean, Mean,3 582% HAVKPLUS) 12m (CIA):
1440/ 452 77.8/81.8
All, 213; 3 doses 12 m (ELISA):
0,1, 6) NA/89.2
CD4 matched, 114 18 m (ELISA):
NA/86.9
Standard 2-dose  HAVRIX NA NA NA 12 m (CIA):
1440/ 88.5/97.9
HIV-negative, 193 2 doses 12 m (ELISA):
(0, 6) NA/100
18 m (ELISA):
NA/100
Mena 1997-2009 Retrospective, Standard 2-dose, HAVRIX Median, 55.3%° 61.4% 10-16/20, NA/80.7 Higher CD4/CD8
et al™ Spain 241 1440/ 531 CIA (Advia ratio; 2 or more doses
(0, 6-12) Centaur) compared to 1 dose
Accelerated, 41 TWINRIX Median, 73.2% 80.5% 5/20, NA/70.7 only; female; no HCV
720/ 543 CIA (Advia infection
0,7,214d, Centaur)
6-12)
Jimenez 2002-2008 Retrospective, Standard 2-dose, HAVRIX Median, Median, 70.0% Variable/< 0.8 NA/54 Higher baseline CD4
et al™” United States 125 1440/ 410 Sl signal relative count and suppressed
(0, 6-12) to cut-off, PVL
101 TWINRIX CIA (Vitros NA/53
720/ ECi)
0,1, 6-12)
Kourkounti Retrospective, cART- HAVRIX 628 <1.7 100.0% 7-13/20, NA/78 Higher baseline CD4
et g™ Greece experienced, 63 1440 or ELFA count
cART-naive, 50  Vagqta 50/ 472 3.9 0.0% (VIDAS) NA/76
(0, 6-12)
Weinberg ~ 1994-2010 Prospective ~ Hormone oral 2 doses 478 47%°  78.0% NA/20, NA/62 Women only study;
et al™ observational, contraceptive, 13 (0, 6) or ELISA Higher baseline CD4
United States No contraceptive, 3 doses (Mediagnost) NA/51 count and suppressed
149 0,2,6) PVL
Launay 2003-2005 Randomized Standard 2-dose, HAVRIX Median, Median, 78.0% 6-18/20, 6m:44.9/46.8 Absence of tobacco
et al"™ controlled 49 1440/ 355 <17 ELISA 7 m: 69.4/72.3 smoking
trial, France (0, 6) (ETIAB- 18 m: 61.2/69.8
3-dose, 46 HAVRIX Median, Median, 83.0% HAVKPLUS) 6m:69.6/74.4
1440/ 351 <17 7 m: 82.6/88.4
0,1, 6) 18 m: 78.3/85.7
Overton 1997-2004 Retrospective, 1 or2-dose,268 HAVRIX Mean, Mean, 67.5% NA/NA NA/49.6 Male; PVL < 1000
et al™ United States 1440/ 447 2.9 copies/mL
NA (1 or2 ELISA (Not
doses) specified)
Weissman  2001-2003 Retrospective, Standard 2-dose, HAVRIX  Mean, NA 81.9% 6-13/18, 48.6 (67/138)  Female; CD4 count
et al™ United States 138 1440/ 424 EIA (Abbot at vaccination > 200
(0, 6-12) IMx HAV Ab) cells/mm’
Wallace 1997-1998 Randomized Standard 2-dose, Vaqta50/ Mean, 452  76.0% 1,6,7,12/10, 1m:NA/61, 100% of subjects
et al™®! controlled  HIV-positive, 55 (0, 6) 457.5 Quantitative CD4 <300/ with CD4 counts
trial, United modified 300+, 48/74 = 300 cells/ mm’
States HAVAb assay 7 m:NA/94, seroconverted
(NA) CD4 <300/
300+, 87/100
12 m: NA/90,
CD4 <300/
300+, 80/100
Standard 2-dose, Vagqta 50/ NA NA NA 1m: NA/90
HIV-negative, 72 0, 6) 7 m: NA /100
13 m: NA/90
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Kemper 1995-1997 Double-blind,
et al™ placebo-
controlled
trial, United
States
Neilsen Pre-1996 Randomized
et al'™ controlled
trial,
Australia
Wilde Pre-1995 Prospective,
et al"™ United
Kingdom
Tilzey Pre-1995 Prospective,
et al"™ United

Kingdom

Hess et al"™  Pre-1994 Prospective,
controlled,

Germany

Santagostino Pre-1994
1[129]

NA, Ttaly
eta

Standard 2-dose,
HIV-positive, 48

Accelerated
2-dose, HIV-
positive, 48

Standard 2-dose,
HIV-positive, 42

Standard 2-dose,
HIV-negative, 46

Three mini-dose,
HIV-positive
hemophiliacs, 31

Three mini-dose,
HIV-positive
hemophiliacs, 25

Three mini-dose,
HIV-negative
hemophiliacs, 8

Three mini-dose,
HIV-negative
healthy controls,
25

Three mini-dose,
HIV-positive
MSM, 26
Three mini-dose,
HIV-negative
MSM, 20
Three mini-dose,
HIV-positive
hemophiliacs, 47
Three mini-dose,
HIV-negative
hemophiliacs, 66

HAVRIX
1440/
0, 6)

HAVRIX
1440/
©,1)

HAVRIX
1440/
0, 6)

HAVRIX
1440/
©,6)

HAVRIX
720/
©,1,6)

HAVRIX
720/
©,1,6)

HAVRIX
720/
©,1,6)

HAVRIX
720/
©,1,6)

HAVRIX
720/
©,1,6)
HAVRIX
720/
©,1,6)
HAVRIX
720
©,1,6)
HAVRIX
720
©,1,6)

376

Mean
569

Mean
454

NA

Median
450 (IgG
positive
after 2
doses)
Median
335 (IgG
positive
after 3
doses)
NA

NA

NA

495

NA

NA

NA

3.29

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

91.0%

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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1,6,7,9/33,
ELISA
(Enzymun;
Boehringer
Mannheim)

1,3/20,
ELISA
(Enzymun;
Boehringer
Mannheim)
1,7/20,
ELISA
(Enzymun;
Boehringer
Mannheim)
1,7/20,
ELISA
(Enzymun;
Boehringer
Mannheim)
1,2,7/20,
EIA (SORIN
Biomedica
INCstar, Italy)

1,2,6,7/20,
ELISA

(Boehringer-

Mannheim)

1,2,6,7/20,
ELISA (SB
Biologicals)

1,2,7,12/20

NA

1m: NA/11
CD4 <200/
200+, 0/16
6m: NA/9
CD4 <200/
200+, 0/13
7 m: NA/49,
CD4 <200/
200+, 11/62
9m: NA/52,
CD4 <200/
200+, 9/67
1m: NA/80.0
7 m: NA/93.2
CD4 = 200, 64

1m: NA/75.6
7 m: NA/81.3
CD4 < 200, 64

1 m: NA/90.2
7 m: NA/100

2m: NA/29

7 m: NA/55

1m: NA/26
2 m: NA/50
6 m: NA/47
7 m: NA/76
1m: NA/57
2 m: NA/86
6 m: NA/100
7 m: NA/100
1 m: NA/100
2 m: NA/100
6 m: NA/100
7 m: NA/100

2m: NA/78.6
7 m: NA/76.9

2m: NA/100
7 m: NA/100

12 m: NA/76.6

12 m: NA /100

Subjects with higher
baseline CD4 counts
were more likely to
seroconvert and to
have higher antibody
titers

MSM only study;
subjects with higher
baseline CD4 counts
were more likely to

seroconvert and to
have higher antibody
titers; Vaccine

schedule did not
affect response; HIV-
negative subjects had
higher seroconversion

rates and GMTs

Hemophiliacs
only (all anti-HCV
positive); no patients
with CD4 counts
<170 cells/mm’
seroconverted

Men only study;
After 3 doses, all HIV-
positive hemophiliacs

with anti-HAV titers
of <50 mIU/mL had

CD4 counts <100

cells/mm’. HAVRIX
1440 was given as a
4" booster dose to the
4 HIV vaccinees with
anti-HAV <50
mlIU/mL after 3 doses;
only 1 subsequently
developed anti-HAV
> 50 mIU/mL

MSM only study;

Seroconversion rates
were independent of
CD4 counts

Hemophiliacs;
Seroconversion rates
were dependent on
stage of HIV disease

"Number of HIV-positive individuals with baseline negative anti-HAV and data available; “Duration specified after the first dose when primary serological

response was assayed; *Cut-off value of specific anti-HAV IgG used to define serological response; “Factors identified by multivariate analysis in HIV-

positive individuals unless specified; *Percentage of patients with undetectable plasma HIV RNA load. cART: Combination of antiretroviral therapy; CIA:
Chemiluminescence immunoassay; EIA: Enzyme immunoassay; ELISA: Enzyme linked immunosorbent assay; HAV: Hepatitis A virus; HCV: Hepatitis C
virus; ITT: Intention-to-treat; NA: Not available; PVL: Plasma HIV RNA load; PP: Per-protocol.
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compared to HIV-negative healthy adults, ranging
from 48.6%-94.0%!"**'**!, In a meta-analysis including
8 studies, combining a total of 458 HIV-positive
patients, the overall rate of serological response to HAV
vaccination was 64%!"*%, In addition, the geometric
mean titers (GMTs) of specific antibodies were also
lower among HIV-positive individuals compared to the
healthy populationt*>***"),

Overall, factors that correlated best with the poor
response to HAV vaccination among HIV-positive
individuals were surrogates of immune status such
as low CD4 cell counts and high plasma HIV RNA
loads at the time of vaccination as shown in Table
7111531291 Other factors identified with low rates of
seroconversion were HCV coinfection and tobacco
smoking™'®**!, Both male and female genders have
been associated with seroconversion!***?,

While the vaccination effectiveness among
HIV-positive individuals was mostly evaluated by
seroconversion rates in the countries of low ende-
micities, the serological and clinical responses to HAV
vaccination were rarely investigated in the outbreak
setting. In a recent prospective observational study
during the outbreak of acute hepatitis A among MSM
in Taiwan, the overall seroconversion rate among HIV-
positive MSM was 39.7% and 93.4% after receiving 1
dose and completing 2-dose series of HAV vaccination,
respectively. Despite the delayed serological response,
HAV vaccination had led to a 93% reduction in the risk
of acute HAV infection among HIV-positive MSM during
the outbreak setting. Higher CD4 cell counts were
consistently correlated with higher seroconversion
rates".

Studies published after the meta-analysis in 2006
made various attempts to augment the immune
response to the inactivated HAV vaccine despite the
aforementioned non-modifiable adverse factors. One
attempt was by using a virosome-formulated HAV
vaccine (Epaxall, Berna Biotech Ltd.) to enhance
the immune responses of 14 HIV-positive individuals
compared to 64 healthy adults™?. After a primary
dose at day 1 and a booster dose 12 mo later, the
seroconversion rates (anti-HAV IgG > 20 mIU/mL)
at month 13 were 91.7% and 100% in HIV-positive
adults and in healthy adults, respectively. The GMTs
of anti-HAV increased from 25.5 mIU/mL after the
primary immunization to 659.2 mIU/mL after the
booster dose in HIV-positive adults!**?,

Other attempts were by increasing the number
of doses of vaccine administered™*******1, Two doses
over 1 dose of HIV vaccine increased seroconversion
rates in HIV-positive individuals™!'*"**, There is
less convincing evidence to show that 3 doses over
2 doses further increased seroconversion rates,
possibly due to the smaller margin of benefit and
the relatively larger sample size of adequate power
needed to demonstrate the benefit. However, 2 studies
showed trends of augmented responses in terms of

Raishidenge ~ WJG | www.wjgnet.com

seroconversion rates and GMTs by adding a booster
dose at week 4 sandwiched between the first dose and
the second dose at week 24™>*?, In the intention-to-
treat (ITT) analysis, seroconversion at week 28 was
observed in 82.6% vs 69.4% (P = 0.13) and at week
48 in 84.2% vs 78.1% (P = 0.23) in the 3-dose vs the
2-dose group for the French and Taiwanese studies,
respectively.

When multiple doses have been used, the timing of
the second and third dose did not affect immunogenicity
in persons with limited immunodeficiency!**. Hence,
in the outbreak settings, an accelerated schedule,
i.e., delivering the second or third booster dose at
an interval of less than 3 mo from the first dose may
be preferable although more studies are needed™".
However, in HIV-positive individuals with more
advanced immunodeficiency (CD4 < 300 cells/mm?
or AIDS status), it may be preferable to wait for the
CD4 count to recover before delivering the booster
doses!'*'*1, In the most primitive example, of the 2
HIV-positive hemophiliacs with CD4 counts below 100
cells/mm? who, after the third dose of HAVRIX 720 U,
went on to receive a fourth booster dose of HAVRIX
1440 U, neither seroconverted™*”,

To our knowledge, there is limited experience with
using HAV vaccination as post-exposure prophylaxis
in HIV-positive individuals. Although in healthy indi-
viduals, HAV vaccine has been demonstrated to be
capable of protecting susceptible contacts with benefits
of long-term protection when compared to passive
immunization by immunoglobulins™*,

Durability of seroprotection and factors associated with
persistent seroprotection

In healthy adults following a primary 2-dose schedule,
mathematical models indicate that anti-HAV antibodies
may persist in > 90% of vaccinees for 40 years or
more'", In HIV-positive individuals, a slight decrease
was observed over time; 88.6%-100% of responders
were still seroprotected after 1 year'**>*?”, 86.8%-90%
after 3 years!******!, 85%-85.4% after 4 years*****"],
and 75.5%-88.4% after 5 years!'****'3, percentages
of seroprotection at the end of 5 years of follow-up
were 78.9% vs 76.4% by ITT analysis (P = 0.61) (Table
8)*>1¥#1 GMTs were significantly higher throughout
each consecutive year with the 3-dose schedule as
compared to the standard 2-dose schedule*®!, Factors
associated with persistent seroprotection include
virologic suppression at vaccination and maintained
lower levels of HIV viremia as denoted by time-
updated plasma HIV RNA load!****”!, 3-dose compared
to 2-dose schedule (adjusted odds ratio 3.36; 95%CI:
1.14-9.93), acute syphilis and absence of acute
hepatitis C*****%,

Given the lower initial antibody levels, the apparent
waning of antibody levels and the increasing life
expectancy of HIV-positive individuals, post-vaccination
booster doses may be necessary to maintain anti-
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Table 8 Long-term response rates and predictors of sustained seroprotection after hepatitis A virus vaccination in human

immunodeficiency virus-positive patients

Ref. Dates Design/ No. of HAV/ CD4, PVL, logio, ART Timing of  Response rate Predictors of
Country patient' dosing cells/  copies/mL (%) assay’, yr/cut- (%): ITT/PP persistent response
schedules  mm’® off*, mlu/ and comments*
(mo) mL/Assay
Cheng 2010-2015 Prospective, Primary HAVRIX 560/415 25/2.8 70/56 2,3,4, At1.5 MSM only study;
et al™ Taiwan responders: 1440 U/ 5/20 yr: 3-doses over 2-dose,
2 doses, 110 2 doses ELISA 2 doses: syphilis, lack of acute
(0, 6) (ETIAB- 90.0/93.4 HCV
3 doses, 185 3 doses HAVK PLUS) 3 doses:
0,1, 6) 87.0/94.7
Non- 470/315 2.9/33 59/63 At5yr:
responders: 2 doses:
76.4/88.4
2 doses, 16 3 doses:
78.9/94.2
3 doses, 23
Kernéis 2006-2009 Prospective, ~ Primary =~ HAVRIX 362 62%° NA 7, At3.7 PVL < 50 copies/mL
et al™” France responders: 1440/ 43/20 yr: at time of last vaccine
71 (52) 2 doses ELISA Overall: dose and a short
(0, 6) (ETIAB- 61.9/84.6 duration of HIV
3 doses HAVK PLUS) infection
0,1, 6)
Jablonowska 2004 Prospective, Primary HAVRIX 450 NA 37 1.5, Atl5 Lack of co-infection
et al"™™ Poland responders: 1440 5/20 yr: with HCV
66 (0, 6) CIA (Cobas, 75.8/81.9
Roche)
At5yr:
56.1/75.5
Crum- 1996-2003 Retrospective, 116 Vaqta 50 or Median, 50%° 62 3,6-10/10 At3yr: Lower PVL; PVL <
Cianflone United States HAVRIX 467 90 400 copies/mL
et al™ 1440 At6-10 yr:
(0, 6-18) 85

"Number of vaccinees with primary seroconversion after the last dose of vaccine; (figure in parentheses is the number of vaccinees with primary conversion
and subsequent sera for follow-up of antibody persistence); Duration specified after the first dose when primary serological response was assayed; *Cut-off

value of specific anti-HAV IgG used to define serological response; ‘Factors identified by multivariate analysis in HIV-positive individuals unless specified;

*Percentage of patients with undetectable plasma HIV RNA load. ART: Antiretroviral therapy; CIA: Chemiluminescence immunoassay; ELISA: Enzyme

linked immunosorbent assay; HAV: Hepatitis A virus; HCV: Hepatitis C virus; ITT: Intention-to-treat; MSM: Men who have sex with men; NA: Not

available; PVL: Plasma HIV RNA load; PP: Per-protocol.

HAV levels after 10 years in HIV-positive individuals
in the absence of virologic suppression™™, Currently,
only the British HIV Association (BHIVA) recommends
delivering booster vaccination every 10 years whilst
other health authorities recommend regular monitoring
of anti-HAV IgG and booster vaccinations only if at
continued risk after seroconversion (Table 6)M!4,
However, among immunocompetent hosts, memory
responses to HAV may exist even in the absence
of detectable antibodies™, and in the era of cART,
the same may apply to HIV-positive patients with
immune reconstitution™". Nevertheless, the strategies
of booster HAV vaccination to those with waning
immunity or non-responders need more studies to
confirm the effectiveness.

Vaccine safety

Serious adverse events following HAV vaccination
in HIV-positive individuals are rare and not more
common among HIV-positive individuals compared
to HIV-negative vaccinees. HAV vaccination does not
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-206-

have a significant impact on plasma HIV RNA load,
progression to AIDS, or CD4 cell count!*?*12413%,

CONCLUSION

In this review, we have found that, in developed coun-
tries of low HAV endemicity, HIV-positive individuals
remain susceptible to HAV infection because of low
adherence to recommended HAV vaccination, at-
risk sexual behaviors, and injecting drug use, as de-
monstrated by the recent outbreaks of acute HAV
infections among MSM and IDUs in Taiwan and Israel,
respectively’*®®! despite the implementation of HAV
vaccination programs in children. Serological response
rates to the recommended 2-dose HAV vaccination
are lower in HIV-positive individuals than HIV-negative
individuals; an additional dose of HAV vaccine may
improve serological responses and durability of
seroprotection in HIV-positive individuals with initial
low CD4 cell counts. While clinical trials are warranted
to confirm the HAV vaccine efficacy in the outbreak
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setting of acute HAV infection, the recent observational
study suggested that implementation of the 2-dose
HAV vaccination was effective in preventing acute HAV
infection among MSM. With ongoing improvements
in survival and quality of life with modern cART,
the importance of awareness of and adherence
to HAV vaccination recommendations cannot be
overemphasized among health care providers as well
as at-risk populations.
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Abstract

Objectives

The international and national HIV treatment guidelines in 2016 have focused on scaling up
access to combination antiretroviral therapy (CART). We aimed to assess the trends and
treatment outcomes of late cART initiation in Taiwan.

Methods

Between June 2012 and May 2016, we retrospectively included antiretroviral-naive HIV-
positive adults who initiated cART. Late initiation was defined as when cART was initiated in
patients with a CD4 count <200 cells/mm? or having experienced AIDS-defining illnesses.
The treatment outcomes were assessed up to 6 months after starting cART.
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Results

We included 3655 HIV-positive patients, and the majority of the patients were male (95.4%)
with a median age of 31 years and initiated non-nucleoside reverse-transcriptase inhibitor-
containing regimens (87.0%). The median CD4 count at cART initiation increased from 207
cells/mm?in 2012 to 298 cells/mm? in 2016, and the overall proportion of late cART initiation
decreased from 49.1% in 2012 t0 29.0% in 2016 (P for trend <0.001). Late cART initiation
mainly resulted from late presentation for HIV care and was associated with older age (per
1-year increase, adjusted odds ratio [AOR], 1.05; 95% ClI, 1.04—1.06), HBsAg seropositivity
(AOR, 1.31;95% Cl, 1.04—1.64), HIV care in central and southern Taiwan, initiating cART in
earlier year, non-intravenous drug users (AOR, 1.96; 95% Cl, 1.33—-2.86), and negative hep-
atitis C serostatus (AOR, 1.47; 95% ClI, 1.04—2.08). Compared with non-late initiators, late
initiators had a higher rate of all-cause mortality (1.7% vs. 0.3%) and regimen modification
due to virological failure (7.1% vs. 2.6%). The predicting factors of all-cause mortality were
late cART initiation (adjusted hazard ratio [AHR], 5.40; 95% ClI, 2.14—13.65) and older age
(AHR, 1.06; 95% ClI, 1.03-1.10).

Conclusions

While the proportion of late cART initiation decreased over time in Taiwan, late initiation
remained in a substantial proportion of HIV-positive patients. The late initiators had higher
risk for poor outcomes. The need for strategies to earlier detection of HIV infection and
expediting cART initiation should be highlighted, especially among the older population.

Introduction

The scale-up combination antiretroviral therapy (cART) helps reduce AIDS-related deaths
and new HIV infections, as well as decrease further expenses for medical services [1]. The
global and national HIV treatment guidelines and programs support and facilitate the scale-up
of cART. The US Department of Health and Human Services (DHHS) guidelines have recom-
mended cART for all HIV-positive patients regardless of CD4 cell count since 2012 [2]. Fur-
ther results from randomized trials also confirmed the benefits of immediate initiation of
cART in all HIV-positive patients [3, 4]. The global target set by World Health Organization
and the Joint United Nations Programme on HIV/AIDS (WHO/UNAIDS) in 2015 aimed to
provide cART to 90% of all people with diagnosed HIV infection by expanding the use of
cART to all HIV-positive patients [5]. At the end of 2015, 46% of people living with HIV
worldwide were receiving cART [6].

Many countries in the Asia-Pacific region have made great strides in accessing cART
through their HIV treatment guidelines and programs, and the region’s treatment coverage
rate has increased from 19% in 2010 to 41% in 2015; however, the coverage rate still lagged
behind the global coverage rate [6-8]. While studies conducted in Asia have demonstrated the
increasing trends of CD4 cell count at cART initiation, the median CD4 cell count remained at
around 200 cells/mm? in 2011 [9]. The low median CD4 cell count at cART initiation suggests
that late HIV diagnosis, delayed linkage to HIV care, and late cART initiation despite timely
entry into care remain prevalent in this region [9].

These previous findings may not be generalized across all Asia-Pacific countries, however;
whether the national HIV treatment programs get HIV-positive patients treated earlier may

PLOS ONE | https://doi.org/10.1371/journal.pone.0179870 June 30, 2017 2/14

214-


https://doi.org/10.1371/journal.pone.0179870

@° PLOS | ONE

Trends and outcomes of late cART initiation

rely on regional studies. In Taiwan, a high-income country according to the World Bank clas-
sification [10], HIV-related medical services are provided free-of-charge. In response to
expanding antiretroviral therapy through the national HIV treatment guidelines [11], assessing
the trends and predictors of late cART initiation can improve engagement strategies in HIV
care. In this study, we aimed to investigate the CD4 cell counts at cART initiation, to character-
ize the temporal trends of late cART initiation, and to evaluate the associated factors with late
cART initiation and its impact on treatment outcomes in Taiwan.

Patients and methods

Study population and setting

We conducted a retrospective cohort study at 11 major designated hospitals for HIV care that
participated in the Taiwan HIV Study Group. We included all HIV-positive patients aged 20
years or greater who were antiretroviral-naive and initiated cART between 1 June 2012 and 31
May 2016. Patients without baseline CD4 cell count before cART initiation were excluded.
Data was collected locally at each participating hospital, and then pooled and analyzed at the
National Taiwan University Hospital. The study was approved by the Research Ethics Com-
mittee of National Taiwan University Hospital, Research Ethics Review Committee of Far
Eastern Memorial Hospital, Medical Ethics and Institutional Review Board of Taoyuan Gen-
eral Hospital, and Institutional Review Boards (Tri-Service General Hospital, National Taiwan
University Hospital Hsin-Chu Branch, Taichung Veterans General Hospital, Chung Shan
Medical University Hospital, Changhua Christian Hospital, Chia-Yi Christian Hospital,
National Cheng Kung University Hospital, and Chi Mei Medical Center). The informed con-
sent was waived.

The Taiwan Centers for Disease Control (CDC) has provided HIV-positive patients with
free-of-charge medical services, including cART, management of opportunistic illnesses, and
laboratory testing, including monitoring of CD4 cell count and plasma HIV RNA load (PVL).
Genotypic resistance assays were neither offered free-of-charge or routinely determined before
cART initiation, although surveillance data suggested that the prevalence of transmitted drug
resistance of HIV-1 to at least one antiretroviral was in the range of 10-15%; instead, the assays
were performed at Taiwan CDC or a few designated hospitals for patients with virological fail-
ure and PVL >1000 copies/mL [12-14].The national HIV treatment guidelines had increased
the CD4 cell count threshold for cART initiation from 350 to 500 cells/mm? in September
2013 [11], which was further revised to treat all HIV-positive patients irrespective of CD4 cell
count in June 2016. In light of increasing medical expenditure and budgetary constraints, Tai-
wan CDC has implemented regulations on the regimens of cART to be initiated in antiretrovi-
ral-naive patients since 1 June 2012. Between 1 June 2012 and 31 May 2016, antiretroviral-
naive patients had been recommended to start cART with the preferred regimens of non-
nucleoside reverse-transcriptase inhibitor (nNRTI)-containing regimens [15]. After 1 June
2016, the preferred regimens have been changed to 3 single-tablet regimens, including cofor-
mulated efavirenz/emtricitabine/tenofovir, rilpivirine/emtricitabine/tenofovir, and dolutegra-
vir/abacavir/lamivudine. Rilpivirine and coformulated emtricitabine/tenofovir were not
available in Taiwan until early 2014 and 2015, respectively. The study period was selected
based on the date when major changes were made to the national HIV treatment guidelines.

Data collection and definitions

We collected the information on demographics and clinical characteristics, such as age, sex,
mode of HIV exposure, hepatitis B virus (HBV) surface antigen (HBsAg), hepatitis C virus
(HCV) antibody, baseline CD4 cell count and PVL at cART initiation and serial follow-up

PLOS ONE | https://doi.org/10.1371/journal.pone.0179870 June 30, 2017 3/14

-215-


https://doi.org/10.1371/journal.pone.0179870

@° PLOS | ONE

Trends and outcomes of late cART initiation

visits, AIDS-defining illnesses before cART initiation, dates of cART initiation and loss to fol-
low-up, and initial and switched antiretroviral regimens. The baseline CD4 cell count and PVL
were defined as the data prior to and nearest to the date of cART initiation. Late initiation of
cART was defined as when cART was initiated in patients with a baseline CD4 cell count <200
cells/mm? or having experienced AIDS-defining illnesses before cART initiation [9, 16].

The treatment outcomes were assessed at 6 months and comparisons were made between
HIV-positive patients with and without late cART initiation, and those initiating cART at CD4
cell count <500 versus =500 cells/mm?, or PVL <100,000 versus =100,000 copies/mL. Within
6 months after initiating cART, patients returned for assessment of virological, immunologi-
cal, and clinical responses at week 4, and subsequently every 8 to 12 weeks [15]. The treatment
outcomes assessed included all-cause mortality and regimen modification. Regimen modifica-
tion, which was defined as the removal, addition or switch of at least one antiretroviral drug
from the initial cART regimen within 6 months after cART initiation, and loss to follow-up.
The reasons for modifying cART regimen were further categorized into 4 groups, including
adverse event, treatment failure (e.g. virological failure, loss to follow-up, or cART interrup-
tion), simplification, and other reasons (e.g. drug-drug interaction, patient’s choice, or
unknown cause). Virological failure was defined as a PVL >200 copies/mL at least 6 months
after starting cART.

Statistical analysis

Categorical variables were analyzed using the Chi-square test or Fisher’s exact test if the
expected values were <10. Continuous variables were compared using the Wilcoxon-Mann-
Whitney test. The trend analyses were evaluated by the generalized linear model and Cochran-
Armitage trend test for continuous and categorical variables, respectively. The factors associ-
ated with late cART initiation were identified by logistic regression model. The predictors

of all-cause mortality and regimen modification were determined by Kaplan-Meier survival
estimations and Cox proportional hazards model. All variables in univariate analyses were
selected for subsequent multivariable analyses. Ninety-five percent confidence intervals (Cls)
of odds ratios (ORs) or hazard ratios (HRs) were computed to estimate the effects of each vari-
able. All tests were two-tailed and P <0.05 was considered statistically significant. Statistical
analyses were performed using Stata software version 12.0 (Stata Corporation, College Station,
TX).

Results
Characteristics of study population

During the 4-year study period, 3655 HIV-positive Taiwanese patients initiating cART were
included. The demographics and clinical characteristics of all included patients are summa-
rized in Table 1. Most patients were male (95.4%) with a median age of 31 years and men who
have sex with men (76.9%) and received HIV care at designated hospitals in northern Taiwan
(70.9%). Approximately 10% and 20% of the patients were HBsAg-positive and anti-HCV-pos-
itive at cART initiation, respectively. The overall median baseline CD4 cell count was 270
cells/mm? (interquartile range [IQR], 148-381 cells/mm?), and 13.2% of the patients had expe-
rienced AIDS-defining illnesses before cART initiation. Half (50.6%) of the patients initiated
cART before the first half year of 2014, and approximately 87.0% started nNRTI-containing
regimens.

Among those 3655 included patients, the dates of and CD4 cell counts at HIV diagnosis
were available in 953 patients (26.1%), in whom 340 (35.7%) presented for HIV care with CD4
cell counts <200 cells/mm?’. The median duration between HIV diagnosis and cART initiation
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Table 1. Patients’ characteristics at initiation of combination antiretroviral therapy (cART) stratified by late and non-late initiation of cART.

Characteristics All patients Patients with late initiation Patients with non-late initiation P*
(n =3655) (n=1278) (n=2377)
Age, median (IQR), years 31 (26-38) 33 (28—41) 30 (25-37) <0.001
Sex, male, n (%) 3487 (95.4) 1219 (95.4) 2268 (95.4) 0.966
Mode of HIV exposure, n (%) <0.001
Homosexual sex 2810 (76.9) 987 (77.2) 1823 (76.7)
Heterosexual sex 220 (6.0) 109 (8.5) 111 (4.7)
Intravenous drug use 591 (16.2) 162 (12.7) 429 (18.0)
Others** 34 (0.9) 20 (1.6) 14 (0.6)
Region of HIV care, n (%)*** <0.001
Northern Taiwan 2593 (70.9) 819 (31.6) 1774 (68.4)
Central Taiwan 509 (13.9) 222 (43.6) 287 (56.4)
Southern Taiwan 553 (15.1) 237 (42.9) 316 (57.1)
HBsAg seropositivity, n (%) 390 (10.7) 172 (13.5) 218(9.2) <0.001
HCV seropositivity, n (%) 665 (18.2) 185 (14.5) 480 (20.2) <0.001
Baseline CD4 cell count, median (IQR), 270 (148-381) 89 (34-156) 339 (272-442) <0.001
cells/mm?®
Baseline PVL, median (IQR), logso copies/ | 4.8 (4.3-5.2) 5.2 (4.8-5.6) 4.6 (4.2-5.0) <0.001
mL
AIDS-defining illness, n (%) 483 (13.2) 483 (37.8) 0(0.0) <0.001
Year of cCART initiation, n (%) <0.001
June 2012—May 2013 793 (21.7) 331 (25.9) 462 (19.4)
June 2013—May 2014 1057 (28.9) 365 (28.6) 692 (29.1)
June 2014—May 2015 1045 (28.6) 353 (27.6) 692 (29.1)
June 2015—May 2016 760 (20.8) 229 (17.9) 531 (22.3)
Type of cART, n (%) 0.640
NRTIs plus nNRTI 3180 (87.0) 1108 (86.7) 2072 (87.2)
NRTIs plus PI 368 (10.1) 128 (10.0) 240 (10.1)
NRTIs plus INSTI 107 (2.9) 42 (3.3) 65 (2.7)

Abbreviations: CART, combination antiretroviral therapy; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; INSTI, integrase strand transfer
inhibitor; IQR, interquartile range; NRTI, nucleoside reverse-transcriptase inhibitor; NANRTI, non-nucleoside reverse-transcriptase inhibitor; PI, protease

inhibitor; PVL, plasma HIV RNA load.

*The statistical significance was tested for the differences between patients with late and non-late cART initiation.

**Qthers included patients with exposure to blood products and unknown exposures.

***Five hospitals located in northern Taiwan (National Taiwan University Hospital, Tri-Service General Hospital, Far Eastern Memorial Hospital, Taoyuan
General Hospital, and National Taiwan University Hospital Hsin-Chu Branch); 3 hospitals in central Taiwan (Taichung Veterans General Hospital, Chung
Shan Medical University Hospital, and Changhua Christian Hospital) and 3 hospitals in southern Taiwan (Chia-Yi Christian Hospital, National Cheng Kung
University Hospital, and Chi Mei Medical Center).

https://doi.org/10.1371/journal.pone.0179870.t001

was 1.6 months (range, 0-182.3 months) in these patients. The interval between HIV diagnosis
and cART initiation according to the year of HIV diagnosis decreased from 3.5 months in
2012 to 0.5 months in 2016.

Trends of CD4 cell count at cART initiation

The trends of median CD4 cell counts at cART initiation that were assessed over each
6-month study period are shown in Fig 1. The median CD4 cell count significantly increased
from 207 cells/mm?® for the patients initiating CART in the second half year of 2012 to 298
cells/mm? for those in the first half year of 2016 (P for trend <0.001). The CD4 cell counts
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Fig 1. Trends in median and distribution of CD4 cell counts at initiation of combination antiretroviral therapy (cART) from 1
June 2012 to 31 May 2016.

https://doi.org/10.1371/journal.pone.0179870.9001

were classified into 4 groups: <200 cells/mm?, 200-349 cells/mm?, 350-499 cells/mm?, and
=500 cells/mm”. In the second half year of 2012, the majority of the patients (47.7%) initiated
cART with a CD4 cell count <200 cells/mm?; in contrast, more than one-third of the patients
(38.4%) started cART with a CD4 cell count =350 cells/mm” in the first half year of 2016.
While the proportions of baseline CD4 cell counts between 350-499 cells/mm? and =500
cells/mm? from 2013 onwards were significantly higher than those in 2012, the proportions of
CD4 cell counts between 200-349 cells/mm? and <200 cells/mm? decreased over time (P for
trend <0.001). However, there were still 30% of the patients who initiated cART late with CD4
cell counts <200 cells/mm? in the most recent study year. In addition, the median CD4 cell
counts had no significant change among patients aged 50 years or greater, among whom the
median CD4 cell count was 130 cells/mm” in the second half year of 2012 and 165 cells/mm’
in the first half year of 2016.

Trends and associated factors with late cART initiation

Among the 3655 patients, 1278 (35.0%) initiated cART late and 2377 (65.0%) did not. In Fig 2,
the proportion of the patients with late cART initiation had significantly declined from 49.1%
in the second half year of 2012 to 29.0% in the first half year of 2016 (P for trend <0.001).
However, the percentage of the patients having AIDS-defining illnesses prior to cART initia-
tion remained at more than 10% till the first half year of 2016, without statistically significant
difference compared with those of previous study years (P for trend = 0.082).

The demographics and clinical characteristics of the patients stratified by late and non-late
cART initiation are shown in Table 1. The patients with late cART initiation were older and
more likely to be heterosexual, seropositive for HBsAg, and seronegative for HCV antibody,
and to receive HIV care at hospitals in central and southern Taiwan. They also tended to have
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Fig 2. Changes over time in proportion of patients with late initiation of combination antiretroviral therapy
(cART) and AIDS-defining ilinesses from 1 June 2012 to 31 May 2016.
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lower baseline CD4 cell counts and higher PVL, and started cART in the earlier years (all P
<0.05). In multivariable analysis, the factors associated with late cART initiation were older
age (per 1-year increase, adjusted OR [AOR], 1.05; 95% CI, 1.04-1.06), receiving HIV care at
hospitals in central and southern Taiwan (AOR, 1.78; 95% CI, 1.45-2.19 and 1.65; 95% CI,
1.35-2.00, respectively), and HBsAg seropositivity (AOR, 1.31; 95% CI, 1.04-1.64). Late cART
initiators were more likely to be non-intravenous drug users (IDUs) (AOR, 1.96; 95% CI,
1.33-2.86) and to test negative for anti-HCV (AOR, 1.47; 95% CI, 1.04-2.08). In line with the
aforementioned trend analysis for baseline CD4 cell count, there was a statistically significant
association between non-late cART initiation and initiating cART in later years, which
strengthened over time during the study period (Table 2).

Treatment outcomes and predicting factors

The comparisons of treatment outcomes between late and non-late initiation are shown in
Table 3, while the comparisons between patients initiating cART at CD4 cell counts <500 ver-
sus =500 cells/mm? are shown in S1 Table. All-cause mortality occurred in 22 (1.7%) and 6
(0.3%) patients in the late initiation and non-late initiation groups, respectively. The estimated
HR for all-cause mortality in the late initiation group was 6.86 (95% CI, 2.78-16.91) compared
with the non-late initiation group in univariate analysis (Fig 3A). However, the difference in
all-cause mortality between the patients initiating cART at CD4 cell counts <500 and those at
CD4 cell counts =500 cells/mm? did not reach statistical significance (HR, 3.37; 95% CI, 0.46—
24.78) (Fig 3B). In multivariable analysis, late cART initiation remained statistically signifi-
cantly associated with all-cause mortality. The other independent predictor of all-cause mortal-
ity was older age (per 1-year increase, adjusted HR [AHR], 1.06; 95% CI, 1.03-1.10) (Table 4).
Within 6 months after cART initiation, more than 40% of the patients had to modify their first
antiretroviral regimens; the major reason for modification was cART-associated adverse events,
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Table 2. Logistic analysis to identify the factors associated with late initiation of combination antiretroviral therapy.

Variables Univariate analysis Multivariable analysis *
OR (95% Cl) P AOR (95% CI) P

Age, per 1-year increase 1.04 (1.03-1.04) <0.001 1.05 (1.04-1.06) <0.001
Male sex 0.99 (0.72-1.37) 0.966 0.95 (0.64-1.40) 0.784
Mode of HIV exposure

Homosexual sex 1.00 (reference) 1.00 (reference)

Heterosexual sex 1.81(1.38-2.39) <0.001 0.99 (0.71-1.39) 0.970

Intravenous drug use 0.70(0.57-0.85) <0.001 0.51 (0.35-0.75) 0.001
Region of HIV care

Northern Taiwan 1.00 (reference) 1.00 (reference)

Central Taiwan 1.68 (1.38-2.03) <0.001 1.78 (1.45-2.19) <0.001

Southern Taiwan 1.62 (1.35-1.96) <0.001 1.65 (1.35-2.00) <0.001
HBsAg seropositivity 1.54 (1.25-1.91) <0.001 1.31(1.04-1.64) 0.020
HCV seropositivity 0.67 (0.56-0.81) <0.001 0.68 (0.48-0.96) 0.030
Year of cART initiation

June 2012—May 2013 1.00 (reference) 1.00 (reference)

June 2013—May 2014 0.74 (0.61-0.89) 0.002 0.77 (0.63-0.93) 0.008

June 2014—May 2015 0.71 (0.59-0.86) <0.001 0.72 (0.59-0.88) 0.001

June 2015—May 2016 0.60 (0.49-0.74) <0.001 0.65 (0.52-0.81) <0.001

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; OR, odds ratio.
*All variables in univariate analyses were selected for subsequent multivariable analyses.

https://doi.org/10.1371/journal.pone.0179870.t002

followed by treatment failure and simplification (Table 3). The percentages of overall regimen
modification, regimen modification due to adverse events, and simplification were all similar
when the comparisons were stratified by late cART initiation (Fig 3C) or initiating cART at CD4

Table 3. Comparisons of treatment outcomes in patients with late and non-late combination antiretroviral therapy initiation.

Outcomes Patients with late initiation (n = 1278) | Patients with non-late initiation (n =2377) |HR (95% CI) P
All-cause mortality, n (%) 22(1.7) 6(0.3) 6.86 (2.78-16.91) | <0.001
Regimen modification, n (%)* | 598 (46.8) 1041 (43.8) 1.10 (0.99-1.21) 0.077
Adverse event 422 (33.0) 834 (35.1) 0.94 (0.83-1.05) 0.264
Treatment failure** 120 (9.4) 120 (5.1) 2.02(1.56-2.61) | <0.001
Virological failure 91 (7.1) 62 (2.6) 2.82 (2.04-3.90) <0.001
Baseline PVL >100,000 69 (5.4) 24 (1.0) 2.04 (1.28-3.25) 0.003
copies/mL
Baseline PVL <100,000 22 (1.7) 38 (1.6) 2.27 (1.34-3.84) 0.002
copies/mL
Loss to follow-up or 29 (2.3) 58 (2.4) 1.03 (0.64-1.64) 0.911
interruption
Simplification 47 (3.7) 70 (2.9) 1.23 (0.85-1.78) 0.281
Others 14 (1.1) 20 (0.8) 1.21 (0.60-2.43) 0.591

Abbreviations: Cl, confidence interval; HR, hazard ratio; PVL, plasma HIV RNA load.

*Regimen modification included the removal, addition, and switch of at least one antiretroviral drug from the initial CART regimen, and loss to follow-up
within 6 months after starting cART.

**The causes of treatment failure included virological failure, loss to follow-up, and cART interruption. Virological failure was defined as a PVL >200 copies/
mL at least 6 months after starting cART.

https://doi.org/10.1371/journal.pone.0179870.t003
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Fig 3. Kaplan-Meier estimates of the cumulative proportion of patients with treatment outcomes. All-cause
mortality stratified by late initiation and non-late initiation (A), All-cause mortality stratified by baseline CD4 cell counts
<500 and 2500 cells/mm?® (B), Regimen modification stratified by late initiation and non-late initiation (C), and Regimen
modification stratified by baseline CD4 cell counts <500 and 2500 cells/mm? (D).

https://doi.org/10.1371/journal.pone.0179870.g003

cell counts <500 cells/mm? (Fig 3D). Patients initiating cART late and at CD4 cell counts <500
cells/mm” were more likely to modify cART for virological failure, with the estimated HR of 2.82

Table 4. Cox-regression hazards model for factors predicting all-cause mortality.

Variables Univariate analysis Multivariable analysis *
HR (95% ClI) P AHR (95% Cl) P
Late initiation 6.86 (2.78-16.91) <0.001 5.40 (2.14-13.65) <0.001
Age, per 1-year increase 1.07 (1.05-1.10) <0.001 1.06 (1.03-1.10) <0.001
Male sex 1.31(0.18-9.64) 0.791 1.97 (0.26-14.82) 0.508
HBsAg seropositivity 1.39 (0.48—4.02) 0.539 0.84 (0.29-2.43) 0.742
HCV seropositivity 1.25 (0.51-3.07) 0.633 0.96 (0.38—2.43) 0.933
Year of cART initiation
June 2012—May 2013 1.00 (reference) 1.00 (reference)
June 2013 —-May 2014 1.89 (0.59-6.02) 0.283 2.37 (0.74-7.57) 0.147
June 2014 —May 2015 1.93 (0.60-6.15) 0.267 2.42 (0.75-7.75) 0.138
June 2015 -May 2016 1.04 (0.26-4.17) 0.953 1.37 (0.34-5.51) 0.654

Abbreviations: AHR, adjusted hazard ratio; cCART, antiretroviral therapy; Cl, confidence interval; HBsAg, hepatitis B surface antigen; HCV, hepatitis C
virus; HR, hazard ratio.

*All variables in univariate analyses were selected for subsequent multivariable analyses.

https://doi.org/10.1371/journal.pone.0179870.t004
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(95% CI, 2.04-3.90) and 2.58 (95% CI, 1.21-5.52) in univariate analysis, respectively. The negative
impact of late cART initiation on virological response was observed not only in the patients initi-
ating cART at PVL <100,000 but also those at PVL 2100,000 copies/mL (Table 3).

Discussion

Despite the substantial number of studies on the trends of CD4 cell count at cART initiation
before 2013, this study aimed to evaluate the temporal changes and outcomes of late cART ini-
tiation during the period of rapid treatment scale-up based on recent guidelines [17-19]. Our
study demonstrates declining proportions of late initiation over the 4-year study period. Initi-
ating cART late was mainly driven by late presentation for care, which had significant impact
on all-cause mortality and regimen modification due to virological failure.

The trends of CD4 cell count at cART initiation provide valuable insight into how well HIV
programs are implemented in response to HIV epidemic [20]. Since initiating cART at a higher
CD#4 cell count prevents HIV-associated illnesses, averts new infections, and saves money to
achieve the target of ending the AIDS epidemic [5], current HIV treatment guidelines have
evolved to recommend initiating cART regardless of CD4 cell counts [2, 21]. Both the WHO
and Taiwanese HIV treatment guidelines had increased the CD4 threshold from 350 cells/mm”>
to 500 cells/mm? in 2013 [11, 19]. In our study, the overall median baseline CD4 cell count
remained below 300 cells/mm? and less than half of the patients started cART at a CD4 cell
count >350 cells/mm”. In addition, the proportion of late cART initiators was substantial, with
29% in the first half year of 2016. Nearly half of late cART initiators had prior AIDS-defining ill-
nesses, for which no statistically significant temporal declines were found. The percentage of
late cART initiation remained high because it was the consequence of late presentation for HIV
care. The findings of our study and the previous studies all suggest that HIV-positive patients
still accessed HIV care and treatment late worldwide. According to the meta-regression from
Western developed countries, the mean CD4 cell count at presentation for HIV care increased
minimally by 1.5 cells/mm? per year, from 307 cells/mm? in 1992 to 336 cells/mm” in 2011 [17].
A large multi-national cohort study in Asia, which recruited patients in all categories of country
income, reported temporal trends similar to our study [9], in which the median CD4 cell count
at cART initiation increased from 115 cells/mm? in 2008 to 302 cells/mm” after 2011, and pro-
portion of late cART initiation decreased from 81.7% to 36.3%.

The factors associated with late cART initiation identified in our study were partly consis-
tent with previous studies, which reported that male sex, older age, earlier year of cART initia-
tion, heterosexual sex as the HIV exposure category, marital status, and higher education level
were associated with a greater likelihood of late cART initiation [9, 22, 23]. The older HIV-
positive patients, especially those aged 50 years or greater, had lower CD4 cell counts at cART
initiation without statistically significant trends compared with all included HIV-positive
patients. Entry into HIV care at an advanced age is not only associated with higher mortality
in both the natural and treated history of HIV infection but with adverse consequences of
delayed cART initiation [24, 25]. The contributing factors to the findings that older HIV-posi-
tive patients were diagnosed and treated at a more advanced stage may include limited sexual
health information targeting older adults, poor awareness of the risk of HIV infection, and fail-
ure of physicians to consider the possibility of HIV infection [26, 27]. The Taiwanese national
surveillance data also reported the similar epidemiological picture; the percentages of newly
diagnosed HIV infection and AIDS in patients between the age of 40 and 64 years were 15.3%
and 28.7%, respectively [28].

The differences in the timing of cART initiation across geographical regions may reflect
diverse socioeconomic status of the patients and the clinical practices of physicians. People
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living in central and southern Taiwan have lower accessibility of medical resources and educa-
tional status, which may hamper scale-up of HIV treatment [23, 29, 30]. The finding of lower
baseline CD4 cell count among HIV/HBV co-infected patients when cART was initiated may
be related to the adverse impact of HBV on immunologic progression, especially in patients
with positive hepatitis B e-antigen and a high HBV DNA load [31, 32]. Therefore, the recom-
mendation of immediate cART initiation in HBV co-infected patients should be reinforced
[2]. In contrast, HIV/HCV co-infection was inversely related with late cART initiation. The
previous outbreak of HIV infection among Taiwanese IDUs had led to the high prevalence of
HIV/HCV co-infection among the IDUs in our study (82.3%) [33]. Given that fact that HIV
screening is mandatory for inmates and persons on entry into correctional facilities, who also
receive free-of-charge HIV care under the national HIV treatment program in Taiwan, it is
not surprising that linkage to HIV care and cART initiation during the incarceration periods
is much easier for IDUs with HCV infection than other risk groups [33].

The large Asian observational cohort with the similar mortality rate also reported that late
cART initiation was associated with mortality [9]. The meta-analysis of clinical trials has dem-
onstrated that late cART initiation was consistently associated with poorer CD4 cell count
recovery, which was not modulated by the individual cART regimen [34]. In our study, we did
not observe the impact of late cART initiation on reasons of regimen modification other than
due to virological failure. The absence of difference in the overall percentage of regimen modi-
fication between patients with and those without late cART initiation was also observed in an
Australian cohort study [35]. The relationship between initiating cART at a CD4 cell count
<500 cells/mm” and regimen modification due to virological failure also supported the recom-
mendation of universal access to cART [2, 21].

Our study has several limitations. First, the lack of information on other patient-level char-
acteristics, such as education, marital status and socioeconomic status, may preclude us from
identifying the association between those patient-level characteristics with late cART initia-
tion. The association between seeking HIV care in different regions in Taiwan and late cART
initiation probably reflects the impact of patient-level characteristics. Second, though almost
every Taiwanese is covered by the National Health Insurance and HIV care is free of charge in
Taiwan, the extent to which the late cART initiation in our study was driven by late HIV diag-
nosis, delayed linkage into HIV care, and late cART initiation was unclear. The substantial
proportion of patients presenting for HIV care with CD4 cell counts less than 200 cells/mm®
suggested late diagnosis may play an important role in late cART initiation. Finally, genotypic
resistance assays were not routinely determined in Taiwanese treatment-naive HIV-positive
patients and thus the impact of transmitted drug resistance of HIV-1 on the short-term treat-
ment outcomes was unclear.

In conclusion, the median CD4 cell count at cART initiation increased and the proportion
of late initiation decreased over time among HIV-positive Taiwanese patients in the era of
treatment scale-up. However, the median CD4 cell count remained lower than the recom-
mended threshold of cART initiation and the percentage of late initiators was still substantial.
The late initiators had increased probability of all-cause mortality and regimen modification
due to virological failure. The strategies to facilitating earlier diagnosis of HIV infection and
access to cART are urgently needed, especially among the older population.
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ABSTRACT ARTICLE HISTORY

Introduction: Pneumocystis pneumonia is a potentially life-threatening pulmonary infection that occurs Rece"’e‘ij 15 April 2017
in immunocompromised individuals and HIV-infected patients with a low CD4 cell count. Trimethoprim-  Accepted 4 August 2017

sulfamethoxazole has been used as the first-line agent for treatment, but mutations within dihydrop- KEYWORDS

teroate synthase gene render potential resistance to sulfamide. Despite advances of combination Interstitial pneumonitis;
antiretroviral therapy (cART), Pneumocystis pneumonia continues to occur in HIV-infected patients trimethoprim-

with late presentation for cART or virological and immunological failure after receiving cART. sulfamethoxazole;

Areas covered: This review summarizes the diagnosis and first-line and alternative treatment and alternative therapy;
prophylaxis for Pneumocystis pneumonia in HiV-infected patients. Articles for this review were identified ~ Prophylaxis; combination
through searching PubMed. Search terms included: ‘Pneumocystis pneumonia’, ‘Pneumocystis jirovecii ~ 2ntiretroviral therapy
pneumonia’, ‘Pneumocystis carinii pneumonia’, ‘trimethoprim-sulfamethoxazole’, ‘primaquine’, ‘trime-

trexate’, ‘dapsone’, ‘pentamidine’, ‘atovaquone’, ‘echinocandins’, ‘human immunodeficiency virus infec-

tion’, ‘acquired immunodeficiency syndrome’, ‘resistance to sulfamide’ and combinations of these

terms. We limited the search to English language papers that were published between 1981 and

March 2017. We screened all identified articles and cross-referenced studies from retrieved articles.

Expert commentary: Trimethoprim-sulfamethoxazole will continue to be the first-line agent for

Pneumocystis pneumonia given its cost, availability of both oral and parenteral formulations, and

effectiveness or efficacy in both treatment and prophylaxis. Whether resistance due to mutations within

dihydropteroate synthase gene compromises treatment effectiveness remains controversial. Continued

search for effective alternatives with better safety profiles for Pneumocystis pneumonia is warranted.

1. Introduction Pneumocystis pneumonia is a potentially life-threatening
pulmonary infection that occurs among HIV-infected
patients with a low CD4 count [21,22]. It is formerly
known as Pneumocystis carinii pneumonia (PCP), but DNA
analysis showed Pneumocystis organisms from different
host species have very different DNA sequences [23]. The
organism causing human PCP is now named Pneumocystis
jirovecii [24]. The acronym PCP can still be used despite
the name change because it can be read 'Pneumocystis
pneumonia’ [23]. Patients with Pneumocystis pneumonia
classically present with fever, nonproductive or minimally
productive cough, dyspnea (clinical triad), and malaise,
which, however, are not specific to Pneumocystis pneumo-
nia [21,22,25]. The average duration of pulmonary symp-
toms is about 3 weeks before presentation for medical
attention. Extrapulmonary manifestations of Pneumocystis
infection are rare, however [26]. In the present review, we
aim to review the preferred and alternative antimicrobial
agents for the treatment of and prophylaxis for
Pneumocystis pneumonia in HIV-infected adult patients.

With the advances of combination antiretroviral therapy
(cART), the incidence of Pneumocystis pneumonia in HIV-
infected population has significantly decreased worldwide
[1-4]. In the North American AIDS Cohort Collaboration on
Research and Design (NA-ACCORD), the incidence rate of
Pneumocystis pneumonia declined from 0.92 cases during
2000-2003 to 0.39 cases during 2008-2010 per 100 person-
years of observation [1]. Nevertheless, Pneumocystis pneumo-
nia continues to draw our attention because it still occurs in
HiV-infected patients who are not aware of their HIV infection
and present with late-stage disease [5,6], those who are aware
of their infection but not linked to HIV care [6,7], and those
with poor adherence to cART or infected with multidrug-resis-
tant HIV [8,9] with virological and immunological nonresponse
despite cART [10]. Although the life expectancy has signifi-
cantly increased among HIV-infected patients in the cART era
[11], Pneumocystis pneumonia remains an important cause of
pulmonary infections [12,13], hospitalization [14,15], and
death [16-20] in the HiV-infected populations.
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2. Diagnosis of Pneumocystis pneumonia

The diagnosis of Pneumocystis pneumonia may be difficult
owing to nonspecific symptoms and signs, and should be
considered in patients at risk for Pneumocystis pneumonia
who present with consistent radiographic findings [21,27].
Imaging studies are an essential companion to microbiological
testing for the diagnosis of Pneumocystis pneumonia [28]. The
chest radiographic findings may be normal in patients with
early mild disease. Diffuse bilateral infiltrates extending from
the perihilar region are visible in most patients with
Pneumocystis pneumonia. Given an equivocal chest radiogra-
phy, high-resolution computed tomography (HRCT) of the
lungs yields a high sensitivity for Pneumocystis pneumonia in
HIV-infected patients [29]. The most frequent HRCT findings
are bilateral, ground-glass changes with apical predominance
and peripheral sparing with a background of interlobular sep-
tal thickening [28]. Nuclear imaging modalities such as 18F
fludeoxyglucose-positron emission tomography have been
used as an adjunct to plain radiography or CT [30,31].

Because Pneumocystis cannot be readily cultured in the
routine laboratory, the golden standard for the diagnosis of
Pneumocystis pneumonia is the direct visualization of the
organisms in the respiratory specimens, such as induced spu-
tum, bronchoalveolar lavage (BAL) fluid, or lung biopsy speci-
mens [21,32,33]. In the 1960s and 1970s, the identification of
the organism was made by staining with Gomori-methena-
mine silver, cresyl violet, toluidine blue O, or calcofluor white,
and in 1986, monoclonal antibodies for Pneumocystis were
developed [25,34]. In recent years, the diagnosis can be
made by identification of Pneumocystis DNA in a clinically
relevant sample [27,35]. Studies on the use of molecular diag-
nosis have largely been based on BAL specimens in HIV-unin-
fected immunocompromised patients [30,36], but experience
with HIV-infected patients is limited [37-39]. Pneumocystis
colonization is easily detectable in individuals with HIV infec-
tion [40]. The range of colonization prevalence varies from
20% to 69% based on DNA detection with PCR-based methods
[41]. This variability likely results from differences in the
patient populations studied, the samples collected, and the
detection methods used. Quantitative real-time PCR assays
may become useful in distinguishing colonization from active
infection [42,43] and monitoring therapeutic effectiveness
[44], but these assays are not yet available for routine clinical
use. Messenger RNA is much less stable than DNA, and its
identification may serve as a surrogate for organism viability
[35]. The use of serum testing to diagnose Pneumocystis pneu-
monia [35], such as (1-3)-8-D-glucan (BDG), Krebs von den
Lungen-6 antigen, and S-adenosyl methionine also gains
great interests [45]. BDG is a cell wall component of many
fungi, including Candida, Aspergillus, and Pneumocystis but not
the Zygomycetes [35]. A cost-effectiveness analysis showed
that BDG was found to be the most reliable serologic biomar-
ker for the diagnosis of Pneumocystis pneumonia [45]. Elevated
BDG levels can also be observed in patients infected with
other fungi, however, and false positives can be seen as a
result of other clinical variables. Therefore, potential con-
founding factors must be considered when interpreting the
results of this test [46].
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3. Treatment of Pneumocystis pneumonia
3.1. Trimethoprim-sulfamethoxazole: the drug of choice

Over the past several decades, trimethoprim-sulfamethoxazole
(TMP-SMX) remains the drug of choice for all forms of
Pneumocystis pneumonia. TMP and SMX act synergistically to
block folic acid synthesis by inhibiting dihydrofolate reductase
(DHFR) and dihydropteroate synthase (DHPS), respectively
[47,48]. A fixed combination of TMP-SMX in the ratio of 1:5
of weight could achieve a 1:20 concentration ratio in vivo, at
which the maximum inhibition of susceptible organism occurs
[49]. Patients with folate deficiency or glucose-6-phosphate
dehydrogenase (G-6-PD) deficiency should avoid this agent,
however.

Before TMP-SMX was well accepted as the first-line therapy,
treatment of Pneumocystis pneumonia was limited to the use
of pentamidine. TMP-SMX was initially found to be highly
effective for Pneumocystis pneumonia in rat model [50].
Subsequent trials in humans demonstrated that TMP-SMX
was either equally effective or superior to pentamidine as
therapy for Pneumocystis pneumonia in both pediatric and
adult patients [51-54]. In a study including 70 AIDS patients,
oxygenation improved 8 days earlier, and survival was greater
by up to 25% (95% confidence interval [Cl], 5-45%, p = 0.03) in
subjects receiving TMP-SMX than those receiving pentami-
dine [54].

The dose, efficacy, and potential side effects of TMP-SMX
are summarized in Table 1. TMP-SMX has the advantage of
good efficacy and availability in both oral and parenteral
forms, but adverse effects are common [66]. The recom-
mended daily dose for Pneumocystis pneumonia is TMP
15-20 mg/kg plus SMX 75-100 mg/kg. This dose was
established by Hughes et al. from the experience that
TMP 20 mg/kg/day plus SMX 100 mg/kg/day was more
effective than TMP 4-7 mg/kg/day plus SMX 20-35 mg/
kg/day in the pediatric cancer patients [67]. Owing to fre-
quently encountered side effects, treatment with a lower
dose of TMP-SMX was reinvestigated. Thomas et al
reported an overall survival rate of 93% (and 81% in
patients with severe disease) among 73 HiV-infected
patients treated with TMP 10 mg/kg/day plus SMX
50 mg/kg/day [68]. A step-down strategy from intermedi-
ate-dose TMP-SMX (TMP 10-15 mg/kg/day) to low-dose
TMP-SMX (TMP 4-6 mg/kg/day) in selective patients was
also shown to be successful [69]. The efficacy of a lower
dose of TMP-SMX (<15 mg/kg/day of TMP) needs further
confirmation, however. Several prospective studies evalu-
ated the role of therapeutic drug monitoring in conjunction
with TMP-SMX therapy [70-73]. A target SMX peak serum
level of 100-150 pg/ml was proposed to maximize the
therapeutic efficacy [51]. However, association between
peak SMX levels and rates of adverse events and the utility
of therapeutic drug monitoring during TMP-SMX therapy
for Pneumocystis pneumonia remain uncertain [74,75]. The
optimal treatment duration of Pneumocystis pneumonia has
not been well studied, but it is generally recommended to
treat HiV-infected patients for 21 days and HIV-uninfected
patients for at least 14 days [76,77].
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Mutations in the DHFR and DHPS gene of P. jirovecii with
resistance to TMP and SMX, respectively, have been reported,
and the prevalence seems increasing [78,79]. Kazanjian et al.
reported that DHPS gene mutations were detected in 76% of
the specimens from patients exposed to sulfa or sulfone pro-
phylaxis compared with 23% of the specimens from patients
not exposed [80]. The mutations in the DHFR or DHPS gene
have been linked to prophylactic failure, but published reports
[81-87] regarding whether the mutations increased the rates
of death or treatment failure remain controversial due to
different definitions for treatment success or failure and eva-
luation of death at different time points [78]. In the study
using different definitions of prophylaxis and mortality end-
points among 301 HiV-infected patients with Pneumocystis
pneumonia to analyze the association between prophylaxis,
DHPS mutant subtypes, and treatment outcomes [88], Yoon
et al. revealed that prophylaxis increased the risk of infection
with pure DHPS mutant, irrespective of definitions used.
Nevertheless, infection with mutant DHPS was not associated
with increased mortality [88].

Adjunctive corticosteroid therapy is beneficial for HIV-
infected patients with moderate to severe Pneumocystis pneu-
monia, defined by arterial oxygen pressure less than 70 mmHg
or an alveolar-arterial oxygen gradient greater than 35 mmHg
while breathing ambient air [89]. It was observed that con-
comitant use of corticosteroids attenuated the inflammatory
responses following degradation of P. jirovecii [90]. A rando-
mized study including 251 HiV-infected patients with
Pneumocystis pneumonia demonstrated that treatment with
corticosteroids had led to a lower cumulative risk of respira-
tory failure and death at 31 days, as well as a lower risk of
death within 84 days [89]. Another study also found that
adjunctive corticosteroids given with antibiotics for less than
72 h in patients with AIDS and severe Pneumocystis pneumo-
nia could significantly improve survival (corticosteroids recipi-
ents 75% vs. placebo recipients 18%, p < 0.008) [91]. In a meta-
analysis, HIV-infected patients with Pneumocystis pneumonia
who were treated with adjunctive corticosteroids had a sig-
nificantly decreased risk of mortality (relative risk, 0.55;
p < 0.05) as compared to those without corticosteroids
[92,93]. The recommended protocol is an initial dose of
40 mg of oral prednisone twice daily on day 1 through 5,
and 40 mg of prednisone daily on day 6 through 10, and
20 mg of prednisone daily on day 11 through 21 [94]. For
HIV-uninfected patients with moderate to severe Pneumocystis
pneumonia, data on the efficacy of adjunctive corticosteroids
are limited, and it is unclear how to treat patients with prior or
ongoing use of corticosteroids [77,95,96). Although the role of
adjunctive corticosteroids is not well studied, many experts
still suggest the use of corticosteroids in this population given
the high mortality of the disease.

Reported ADRs
thrombocytopenia, nausea/vomiting, diarrhea, glossitis, hepatitis, pancreatitis,

hyperkalemia, hyponatremia, AKI, psychosis, tremor
renal injury, reversible neutropenia/thrombocytopenia and eosinophilia,

diarrhea, Clostridium difficile colitis
Primaquine: methemoglobinemia, nausea/vomiting if taken on empty stomach

Fever, hypersensitivity, skin rash, SJS/TEN, hemolytic anemia, leukopenia,
Hypotension, azotemia, neutropenia, cardiac arrhythmias, dysglycemia,
Clindamycin: fever, rash, erythema multiforme, anaphylaxis, nausea, hepatitis,
Fever, rash, nausea, hepatitis

Dapsone: methemoglobinemia, gastrointestinal discomfort, DHS

Trimethoprim: fever, rash, hyperkalemia

Treatment-limiting
ADRs
17-40% [53,56,59-61]

20-33% [60,61]
20-33% [60,61]
4-7% [61,62]

36% [62]
23% [60]

Reported treatment
success rate
40-74% [53,54,59,62]
64-76% [58,63]
85-100% [59,60,64]
88-93% [60,65]

67-93% [53-61}
57-80% [61,62]

Severity of disease

Moderate-to-severe®
Moderate-to-severe®
Moderate-to-severe®
Mild-to-moderate®
Mild-to-moderate®
Mild-to-moderate®

IV/PO  Mild-to-moderate®

Route

[\

3.2. Alternative therapies for pneumocystis pneumonia

Owing to the high rate of intolerance of first-line TMP-SMX
[66], several antimicrobials have been used as alternative or
rescue therapy for HIV-infected patients with Pneumocystis
pneumonia. The clinically available alternative therapies for
Pneumocystis pneumonia are summarized in Table 1.

pO, > 70 mmHg while breathing ambient air and alveolar-arterial O, gradient <35 mmHg.

Arterial pO, < 70 mmHg while breathing ambient air or alveolar-arterial O, gradient >35 mmHg.

SMX 75-100 mg/kg

30 mg/day
Clindamycin 1800 mg/day plus Primaquine PO

30 mg/day
Atovaquone 750 mg twice to thrice per day PO

day
ADR: adverse drug reaction; AKI: acute kidney injury; DHS: dapsone hypersensitivity syndrome; IV: intravenously; PO: orally; SJS: Stevens-fohnson syndrome SJS; TMP-SMX: trimethoprim-sulfamethoxazole; TEN: toxic epidermal necrolysis.

2Arterial
b

Clindamycin 2400 mg/day plus Primaquine iV
Dapsone 100 mg/day plus TMP 20 mg/kg/ PO

Regimens and dose

Therapy of choice: TMP-SMX
TMP 15~20 mg/kg plus
Alternative therapies
Pentamidine 4 mg/kg/day

Table 1. Summary of available therapies to treat Pneumocystis pneumonia and reported adverse effects.
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Alternative therapies for Pneumocystis pneumonia are gener-
ally classified according to the severity of disease (Table 1).
For patients with moderate-to-severe Pneumocystis pneumo-
nia, intravenous pentamidine has been used as the first-line
therapy before introduction of TMP-SMX and remains as an
alternative therapy to TMP-SMX [97]. When compared with
TMP-SMX in clinical trials, intravenous pentamidine was asso-
ciated with similar or slightly inferior clinical outcome [53-
55]. However, the use of systemically administered pentami-
dine is generally limited by its toxicities. Some studies also
reported using a reduced dose of intravenous pentamidine
(3 mg/kg/day) for the treatment of HIV-infected patients with
mild-to-moderate Pneumocystis pneumonia, with less adverse
effects and similar clinical efficacy [98,99]. Use of aerosolized
pentamidine was also evaluated as salvage therapy for
patients who could not tolerate TMP-SMX and intravenous
pentamidine; however, most patients included in these clin-
ical trials had only mild-to-moderate Pneumocystis pneumo-
nia and the clinical effectiveness was inferior to systemic
therapies [56,100]. Trimetrexate, a potent DHFR inhibitor
that demonstrated up to 1500-fold higher in vitro activity
compared to TMP, has been used to treat Pneumocystis
pneumonia in combination with calcium folinate to reduce
adverse effects [101]. In a head-to-head comparison study of
treating moderate-to-severe Pneumocystis pneumonia in HIV-
infected patients with trimetrexate vs. TMP-SMX, the efficacy
of trimetrexate appeared to be inferior to TMP-SMX with
higher rates of 21-day mortality and treatment failure [571.
Despite being inferior to TMP-SMX, intravenous trimetrexate
still demonstrated a treatment success rate of 62-71% in
clinical studies [57,102].

Another medication that had been used in the past is
eflornithine, an irreversible inhibitor of ornithine decarboxy-
lase [103]. In two cohorts reporting compassionate use of
eflornithine as salvage therapy for HiV-infected patients with
Pneumocystis pneumonia who failed to respond to or were
intolerant of TMP-SMX and intravenous pentamidine, the
treatment success rate was 45.5% (15/33) and 87.0% (27/31)
[103,104]. However, both trimetrexate and eflornithine are not
available for treatment of Pneumocystis pneumonia globally.

Clindamycin and primaquine in combination is also recom-
mended by clinical guidelines as alternative treatment [97],
although clinical trials demonstrating its efficacy in patients
with moderate-to-severe Pneumocystis pneumonia are scarce.
In a clinical trial comparing clindamycin and primaquine in
combination vs. TMP-SMX, which included 44 patients with
moderate-to-severe Pneumocystis pneumonia who presented
with initial Pa0O, between 50 and 70 mmHg, the clinical suc-
cess rate was similar with either drug combination [58].
Retrospective studies also demonstrated clindamycin and pri-
maquine in combination as an effective alternative when
patients had clinical failure or progression during the therapy
with TMP-SMX [59,60,63]. However, in a retrospective study
including  HIV-uninfected  patients who  developed
Pneumocystis pneumonia after renal transplantation, the clin-
ical efficacy of clindamycin-primaquine seemed to be inferior
to TMP-SMX in patients with severe pneumonia [105].

For HiV-infected patients with mild-to-moderate Pneumocystis
pneumonia, the alternative therapies most commonly used
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include clindamycin-primaquine, atovaquone, as well as dap-
sone-TMP. Combination of cdlindamycin and primaquine has
been proved to be both effective and tolerable in patients with
mild-to-moderate Pneumocystis pneumonia. When compared
with TMP-SMX in prospective and retrospective cohorts, treat-
ment with clindamycin and primaquine was associated with simi-
lar treatment success and 3-month mortality rates and fewer
adverse effects [58-60,64,106). The clinical efficacy of clindamycin
and primaquine was also compared with other salvage therapies.
In a meta-analysis conducted in 2001 that included 497 patients in
need of salvage therapy with microbiologically confirmed
Pneumocystis pneumonia from 27 published studies, combination
of clindamycin with primaquine seemed to be associated with the
highest treatment success rate among all of the alternative regi-
mens assessed [107]. Compared with intravenous pentamidine,
clindamycin combined with primaquine was also associated with
higher treatment success rates in patients with mild-to-moderate
Pneumocystis pneumonia [59,63).

For patients who could tolerate oral medications, atova-
quone was another alternative to TMP-SMX in patients with
mild-to-moderate Pneumocystis pneumonia. However, in a
double-blinded randomized trial, atovaquone appears to be
less efficacious than TMP-SMX and was associated with a
higher treatment failure rate (20% vs. 7%) and mortality rate
(7% vs. 0.6%)[61]. In contrast, atovaquone was better tolerated
with less treatment-limiting adverse effects than TMP-SMX (7%
vs. 20%) and intravenous pentamidine (4% vs. 36%) [61,62].
Treatment success with atovaquone was positively associated
with serum level of atovaqoune, as patients with serum levels
higher than 15 pg/ml had a treatment success rate of greater
than 95% [61]. To ensure adequate serum concentration, the
medication should be taken with food containing moderate
fat to increase its bioavailability [108]. On the other hand, the
efficacy of atovaquone would be reduced if patients have
diarrhea or other illness interfering the absorption of atova-
quone [61]. Furthermore, atovaquone should not be coadmi-
nistered with rifampicin, rifabutin, boosted atazanavir, and
efavirenz because these medications are known to decrease
the serum level of atovaquone. An advantage of atovaquone
is the safety when treating patients with G-6-PD deficiency, for
whom primaquine, SMX, and dapsone are contraindicated.

Dapsone, coadministrated with TMP, is another alternative
to treat mild-to-moderate Pneumocystis pneumonia. In pro-
spective trials conducted in the 1990s, dapsone combined
with TMP demonstrated similar clinical success rates to TMP-
SMX with less treatment-limiting toxicity [60,65]. However, the
use of this combination is largely limited by the availability of
single-formulated TMP.

Echinocandins are a new class of antifungal medication by
inhibition of the synthesis of BDG, an important component of
fungal cell. The cyst form of P. jirovecii also contains BDG and
might be susceptible to echinocandins, while the trophic form
does not synthesize the molecule and is not susceptible to
echinocandins. In an animal study with P. muring-infected
mice, treatment with echinocandins significantly reduced the
cyst burden within the lung tissue, while the reduction of
trophic burden was suboptimal [109]. Three commercially
available echinocandins (caspofungin, micafungin, and anidu-
lafungin) were compared in the animal study at different
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doses. All three agents displayed similar effects in reducing
the cyst burden of the infected lung tissue when given at a
high dose, though micafungin appeared to be less efficacious
than the other two agents when given at a lower dose [109].
In another animal study involving immunocompromised rats
with Pneumocystis infection, treatment with either caspofun-
gin or TMP-SMX had similar rat survival and reduction of cyst
burden in the lung tissue [110]. Other investigators also
demonstrated additive effects when combining caspofungin
with TMP-SMX to treat P. murina-infected mice [111]. Despite
the success in animal studies, experience of treating
Pneumocystis pneumonia with echinocandins in the HIV-
infected patients remains very limited. All reported cases of
Pneumocystis pneumonia treated with echinocandins, includ-
ing HiV-infected and HIV-uninfected patients, are summarized
in Table 2. In a retrospective cohort, Armstrong-James et al.
reported their experience with combination of caspofungin
with other second-line medications, including clindamycin-
primaquine, TMP-SMX, or intravenous pentamidine, as salvage
therapy for Pneumocystis pneumonia in HiV-infected patients.
In this single center cohort study, the treatment success rate
of patients with microbiologically confirmed Pneumocystis
pneumonia was as high as 90% [124]. In another small retro-
spective study, anidulafungin was used as the only alternative
agent for seven HIV-infected patients with Pneumocystis pneu-
monia intolerant of TMP-SMX, and two patients died of non-
Pneumocystis pneumonia-related causes during follow-up
[125]. In HIV-uninfected, immunocompromised patients who
were diagnosed with Pneumocystis pneumonia, the reported
effectiveness -of echinocandins was inconsistent, however
(Table 2). To the best of our knowledge, echinocandin mono-
therapy for HiV-infected patients with Pneumocystis pneumo-
nia has not been evaluated in clinical trials and should only be
used very carefully as salvage therapy when other medications
are unavailable or cause intolerable adverse effects.

4. Prevention of Pneumocystis pneumonia

Guidelines have been published for prophylaxis against
Pneumocystis pneumonia in patients with HIV infection, hema-
tologic malignancies, or organ transplantation [76,77,126,127].
However, controversies remain on the use of prophylaxis in
many immunocompromised populations, such as patients
receiving corticosteroids for pulmonary diseases or immuno-
suppressive agents for rheumatologic diseases.

For asymptomatic HIV-infected patients, guidelines recom-
mend that patients with CD4 counts less than 200 cells/ul start
primary prophylaxis for Pneumocystis pneumonia. This recom-
mendation is based on the observation of a large-scale study
of 1665 HIV-infected patients, in which the risk of
Pneumocystis pneumonia greatly increased in participants
with a CD4 count less than 200 cells/ul (relative risk, 4.9; 95%
Cl, 3.1~-8.0) [128]. Other proposed criteria for primary prophy-
laxis include oropharyngeal candidiasis, CD4 cell percentage
less than 14%, or a history of AIDS-defining illness [128,129].
With the use of antimicrobial prophylaxis, the risk of develop-
ing Pneumocystis pneumonia decreased by ninefold [130].
Once the CD4 count increases to 200 cells/ul or more for
greater than 3 months in response to cART, primary
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prophylaxis may be discontinued. Using the above criteria, a
randomized trial showed no episodes of Pneumocystis pneu-
monia occurred in patients off primary and secondary prophy-
laxis after a median follow-up for 20 and 12 months,
respectively [131]. Lately, a lower CD4 threshold for disconti-
nuing prophylaxis in patients on effective cART was examined.
Observational data from 23,412 patients revealed that prophy-
laxis significantly reduced the incidence of Pneumocystis pneu-
monia among patients with CD4 counts less than 100 cells/yl,
but not those with CD4 counts of 101-200 cells/ul [132]. The
pooled analyses suggested that the primary prophylaxis for
Pneumocystis pneumonia might be withdrawn safely in
patients with a suppressed HIV replication and a CD4 count
of 101-200 cells/ul [133,134]. However, more data are needed
to support this conclusion, and the sustained adherence and
response to cART should be taken into consideration before
the decision to discontinue prophylaxis is to be made.

HIV-infected patients who have been successfully treated
for Pneumocystis pneumonia should be given secondary pro-
phylaxis until the CD4 counts increase to 200 cells/pl or more
for greater than 3 months after the initiation of ART [135].
Both primary and secondary prophylaxis should be reintro-
duced if the CD4 count decreases to less than 200 cells/pl
again [136].

4.1. Agents for prophylaxis against Pneumocystis
pneumonia

TMP-SMX is the preferred prophylactic agent for Pneumocystis
pneumonia, which can simultaneously provide protection
against toxoplasmosis and several bacterial infections. TMP-
SMX has been shown to be superior to alternative regimens in
a meta-analysis of 6583 patients on prophylaxis for
Pneumocystis pneumonia [137]. The recommended dose of
TMP-SMX is one double-strength (DS; TMP-SMX dose of
160 mg/800 mg) tablet or one single-strength (SS; TMP-SMX
dose of 80 mg/400 mg) tablet daily. In @ multicenter trial, none
of the 260 HiV-infected patients receiving DS or SS TMP-SMX
developed Pneumocystis pneumonia, but adverse reactions
were seen more frequently in the DS group [138]. In another
study comparing the efficacy of once-daily vs. thrice-weekly
DS TMP-SMX for prophylaxis for Pneumocystis pneumonia in
2625 HIV-infected patients, the estimates of efficacy endpoints
favored daily DS TMP-SMX for Pneumocystis pneumonia,
death, and bacterial pneumonia, though the rates of intoler-
ance were also higher [139]. The dose of one DS TMP-SMX
daily is suggested in patients with a lower CD4 count (less
than 100 cells/pl) since it confers better protection against
toxoplasmosis than low-dose TMP-SMX [140].

For patients intolerant of TMP-SMX, dapsone [141], atova-
quone [142,143], aerosolized pentamidine [144], and a com-
bined regimen with dapsone, pyrimethamine plus leucovorin
[145,146] are alternative prophylactic agents. The regimen of
dapsone, pyrimethamine plus leucovorin is favored if prophy-
laxis against toxoplasmosis is indicated. Table 3 summarizes
the results of the studies evaluating the prophylactic regimens
of Pneumocystis pneumonia in HIV-infected patients. A recent
study suggested that CD101 is a novel long-acting echinocan-
din and inhibits the formation of asci which is critical for
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replication of Pneumocystis [168]. Compared with no treat-
ment, both CD101 and TMP-SMX significantly reduced nuclei
levels (trophic forms) and asci levels in C3H/HeN mice infected
with P. murina [168].

Dapsone is the commonly used alternative prophylactic
agent [149]. A comparative trial of dapsone vs. TMP-SMX as
primary prophylaxis revealed only one episode of
Pneumocystis pneumonia in each group during the 1638
person-months of observation [151]. Bozzette et al. com-
pared the effectiveness among TMP-SMX, dapsone, and
aerosolized pentamidine for primary prophylaxis for
Pneumocystis pneumonia, and the estimated 36-month
cumulative risk of Pneumocystis pneumonia was 18%, 17%,
and 21%, respectively (p = 0.22) [166]. Additionally, failure of
prophylaxis was more commonly observed with 50 mg of
dapsone than with 100 mg. In another randomized trial
comparing TMP-SMX, dapsone plus pyrimethamine, and
aerosolized pentamidine as primary prophylaxis, the annual
rate of Pneumocystis pneumonia was 3.0%, 8.3%, and 5.6%,
respectively (p > 0.05) [164]. The effect of dapsone as an
alternative prophylactic agent was also observed in HIV-
uninfected patients [169]. However, clinicians should be
aware of the organisms not covered by dapsone monother-
apy, such as Toxoplasma or Nocardia [170].

Atovaquone has a comparable efficacy to dapsone and
aerosolized pentamidine, and it is also active against
Toxoplasma. In a trial of 1057 patients on prophylaxis for
Pneumocystis pneumonia, the relative risk of developing
Pneumocystis pneumonia for atovaquone group vs. dapsone
group was 0.85 (95% Cl, 0.67-1.09; p = 0.2) [142]. One study
comparing atovaquone 750 or 1500 mg daily with aerosolized
pentamidine revealed no statistically significant difference in
the incidence of Pneumocystis pneumonia [143]. Aerosolized
pentamidine, given at a dose of 300 mg monthly, was inferior
to TMP-SMX but resulted in less treatment-associated side
effects [144]. However, aerosolized pentamidine lacks the
activity against Toxoplasma.

5. Adverse effects of anti-Pneumocystis treatments

The common and some rare but severe adverse effects of the
first-line and alternative treatment regimens of Pneumocystis
pneumonia are summarized in Table 1.

5.1. Trimethoprim-sulfamethoxazole

Two mechanisms have been postulated to explain the TMP-
SMX-induced toxicities [171]. Hypersensitivity to TMP-SMX is
possibly mediated by glutathione metabolism [48,172]. Single-
nucleotide polymorphism rs761142 in the glutamate cysteine
ligase catalytic (GCLC) subunit was found to be associated
with reduced GCLC mRNA expression. By catalyzing a critical
step in glutathione biosynthesis, it is associated with SMX-
induced hypersensitivity in HIV-infected patients. The hepatic
N-acetyltransferase plays a role in transforming TMP-SMX to
nontoxic metabolites, and the rate of acetylation may contri-
bute to the risks of TMP-SMX-related toxicity. A previous study
has shown that HiV-infected patients with slow acetylation
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phenotypes had a higher incidence of adverse reactions to
TMP-SMX [173]. The alternative pathway of TMP-SMX metabo-
lism is via the cytochrome protein 450 (CYP) 2C9 pathway,
wherein SMX is metabolized to hydroxylamine by the CYP 2C9
pathway. Hydroxylamine plays an important role in TMP-SMX-
related toxicity [174]. The frequency of poor metabolizers for
CYP 2C9 may vary among persons of different ethnicities; for
example, in the Taiwanese population the frequency is around
8.2%, which is significantly lower than that in Caucasians
(about 20%) [175]. Therefore, the likelihood of TMP-SMX
being metabolized rapidly to hydroxylamine will be higher
among Taiwanese, which may contribute to the higher inci-
dence of hepatotoxicity observed in a previous multicenter
study [66].

5.1.1. Constitutional

TMP-SMX-related drug fever could occur immediately only a
few hours after taking the medications, and it could also have
a delayed onset up to the eighth day of treatment [176].
Hypersensitivity reactions, such as fever, rash, and hypoten-
sion, could develop immediately after the administration of
TMP-SMX. The presence, absence, or characteristics of prior
adverse reactions to TMP-SMX does not predict the subse-
quent severe reactions. Although the mechanism of hypersen-
sitivity remains unknown, this reaction has features of both
IgE-mediated anaphylaxis and cytokine (tumor necrosis fac-
tor)-mediated effects [177]. Oral desensitization procedure
may help the patients with AIDS tolerate TMP-SMX well, and
the success rate could be as high as 80-100% [178,179].

5.1.2. Dermatologic

Cutaneous reactions to TMP-SMX develop in 8-47% of the
AIDS patients with Pneumocystis pneumonia. This rash gener-
ally occurs 4 days after the initiation of therapy (1-9 days),
mainly with presentations of maculopapular cutaneous erup-
tions [180].

5.1.3. Hematologic

TMP-SMX-induced thrombocytopenia occurs 1-2 weeks after
initiation of the medications. Severe cases of thrombocyto-
penia have been reported, which usually resolves within a
week of discontinuation of TMP-SMX. A decrease in platelets
with or without purpura is one of the most frequently
reported severe adverse events in the elderly patients.
Thrombocytopenia is often associated with megaloblastic
anemia; therefore, use of TMP-SMX should be cautious in
patients with megaloblastic anemia until more data become
available. Monitoring of hemogram during the course of
TMP-SMX therapy is advised [181]. AIDS patients treated for
Pneumocystis pneumonia may experience a higher rate of
leukopenia with an incidence of 21.8-47%. Leucovorin (foli-
nic acid) could lower the incidence of neutropenia. However,
the incidences of treatment failure (15%) and death (11%)
were significantly higher in the group that received leucov-
orin [66,182]. Therefore, leucovorin should not be routinely
used and could be considered for selective patients who
develop severe neutropenia.
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5.1.4. Gastrointestinal

TMP-SMX is associated with upper gastrointestinal upset, such
as nausea or vomiting, which may occur in 3.4-24.9% of the
patients and appears to be higher among females than males.
Glossitis is infrequently reported, occurring in 04% of the
patients. Occurring in 0.6% of the patients, diarrhea is a rela-
tively uncommon reaction to TMP-SMX use [66,183]. In the
study by Yang et al., about 16.4% of the patients who received
TMP-SMX for Pneumocystis pneumonia developed TMP-SMX-
related hepatotoxicity; of the hepatotoxicity events, 89.4%
were classified as hepatocellular type, 2.1% cholestatic type,
and the other 8.5% mixed type; and 42.6% of the cases were
of grade 3 to 4 hepatotoxicity, and 6.4% of the patients
developed jaundice. The interval between initiation of TMP-
SMX and development of hepatotoxicity ranged from 2 to
24 days (median, 11 days) [66]. Furthermore, 87.2% of the
patients had normalization of liver-function profiles after
dose reduction or discontinuation of TMP-SMX; however,
42.6% had to discontinue TMP-SMX and change to other regi-
mens (clindamycin plus primaquine or dapsone), and 34% had
to reduce the dose of TMP-SMX [66].

Fluconazole is an inhibitor for CYP2C9 activity [184]. In a
previous pharmacokinetic study in healthy volunteers who
concurrently received fluconazole and TMP-SMX, the use of
fluconazole decreased the area-under-the-curve of hydroxyla-
mine by 37% [185]. Therefore, the observation that the risk of
TMP-SMX-related hepatotoxicity was reduced in association
with concomitant use of fluconazole may be explained by
reduced formation of hydroxylamine by fluconazole [66].
Pancreatitis has been linked to TMP-SMX use in several case
reports. If evidence of pancreatic involvement occurs during
sulfonamide therapy, the medication should be discontinued
immediately [186].

5.1.5. Electrolyte disturbance and renal impairment

TMP is structurally similar to the potassium-sparing diuretics,
such as amiloride and triamterene. It has been postulated that
hyperkalemia is caused by the inhibition of sodium channels
in the distal tubules [48]. The risk factors of developing hyper-
kalemia include renal insufficiency, having underlying disor-
ders of potassium metabolism, and receiving concomitant
hyperkalemia-inducing drugs [187,188]. The serum potassium
concentration increases by an average of 1.1 mM after 7-
10 days of treatment. The incidence of TMP-SMX-related
hyperkalemia was about 21-28% in patients under the treat-
ment for Pneumocystis pneumonia [189]. The serum potassium
level would decrease after discontinuing TMP-SMX [189]. The
incidence of hyponatremia may be as high as 70% in AIDS
patients [66,190]. Hyponatremia has been attributed to a large
volume of fluid required for intravenous infusion and diuretic
action causing natriuresis. Acute kidney injury could develop
in about 11% of the patients who received TMP-SMX for
Pneumocystis pneumonia [191]. Acute kidney injury resolved
promptly with discontinuation of therapy in almost all
patients, but in some sporadic cases, dialysis was needed.
Patients with hypertension and diabetes mellitus have
increased risk for renal insufficiency, especially if these condi-
tions are poorly controlled. The treatment dose, duration, or
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age is not associated with increased risk of acute kidney injury.
Renal function would return to baseline in more than 90% of
the patients within a mean of 9.1 = 94 days (median,
5.5 days) after discontinuation of the medication [66,191].

5.1.6. Neuropsychiatric disorder

A multicenter, retrospective study demonstrated that the inci-
dence of acute psychosis was estimated 11.9% in HiV-infected
patients who received TMP-SMX for Pneumocystis pneumonia
after a median duration of 5 days of treatment (range,
3-11 days) [192]. The incidence increased from 0% in patients
who received a daily trimethoprim dose of <12 mg/kg to
23.5% in those who received a daily dose of >18 mg/kg. The
risk significantly increased with a higher daily dose of TMP-
SMX and use of adjunctive corticosteroids for Pneumocystis
pneumonia. Tremor has been temporally related to TMP-SMX
in AIDS patients being treated for Pneumocystis pneumonia.
The onset of tremors usually occurred within 3-6 days after
the initiation of treatment, and the symptoms resolved 2-
3 days after TMP-SMX was discontinued or the dose was
reduced [193,194].

5.2. TMP plus dapsone

Dapsone (diaminodiphenyl sulfone or DDS) is a sulfone-
derived medication that was initially used as an antibacterial
agent to treat leprosy in the 1940s, and it was later also used
for Pneumocystis pneumonia and toxoplasmosis. The adverse
effects of dapsone could be classified into two types: (1) dose-
dependent (pharmacological) adverse effects that include
hemolytic anemia and methemoglobinemia; and (2) dose-
independent (idiosyncratic) adverse effects that include dap-
sone hypersensitivity syndrome [195]. Dapsone is metabolized
by the liver through the oxidation reactions of N-acetylation
and N-hydroxylation [196]. Hydroxylated amine metabolites
produced during the oxidation reactions are potent oxidants
that have been suspected to cause dapsone's hematologic
effects, including hemolytic anemia and methemoglobinemia
[197]. The initial treatment for patients with methemoglobine-
mia involves ventilator support and removing the offending
agent. A previous study suggested that a patient with dyspnea
or a methemoglobin level of more than 30% should receive
methylene blue intravenously at 1-2 mg per kilogram of body
weight over a 5-min period [198]. Methylene blue is oxidized
into leucomethylene blue by accepting an electron from nico-
tinamide adenine dinucleotide phosphate (NADPH) in the
presence of NADPH-methemoglobin reductase.
Leukomethylene blue plays as an artificial electron acceptor
to methemoglobin, resulting in its conversion back to hemo-
globin [199]. Dapsone hypersensitivity syndrome is a severe,
multiorgan reaction to dapsone that includes fever, rash, jaun-
dice, splenomegaly, lymphadenopathy, and pedal edema.
Hemolytic anemia, atypical lymphocytosis, and hepatitis are
other associated findings. Dapsone hypersensitivity syndrome
is now considered to be one kind of Drug Reaction with
Eosinophilia and Systemic Symptoms (DRESS), which is a spe-
cial pattern of drug hypersensitivity. Only withdrawal of dap-
sone is usually not enough, and prolonged high-dose
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corticosteroid therapy may be needed [200]. The incidence of
dapsone hypersensitivity syndrome among Chinese patients
was estimated 1.5%, with a case fatality rate of 9.6%. Early
withdrawal of dapsone and appropriate treatment reduce the
fatality rate. Most importantly, the HLA-B 13:01 allele has been
found to be a useful genetic marker for screening for dapsone
hypersensitivity syndrome among high-risk populations [201].

5.3. Atovaquone

Atovaguone has been shown to be effective for the treatment
of Pneumocystis pneumonia in HIV-infected patients who were
intolerant of TMP-SMX or dapsone, especially those with G-6-
PD deficiency [61,62]. About 2-4% of the patients who took
atovaquone would develop adverse effects, such as rash or
liver dysfunction, and fewer than 2% of the patients devel-
oped pruritus, nausea, vomiting, or fever [61,202]. Atovaquone
is generally well tolerated to most of the treated patients.

5.4. Primaquine plus clindamycin

Primaquine has been known to undergo N-dealkylation in
humans to generate 6-methoxy-8-aminoquinoline (6-MAQ).
N-dealkylation of primaquine followed by N-oxidation of 6-
MAQ may be a contributing pathway for the expression of
primaquine homological toxicity, such as hemolysis [203].
Hemolysis can occur among the G-6-PD deficient individuals
[204]. The second important side effect is an increase in the
level of serum methemoglobin, which is mild arrd generally
well tolerated unless the patient has an inborn deficiency of
the methemoglobin reductase metabolic pathway [205].
Finally, the abdominal discomfort is the most common
adverse effect of primaquine. Primaquine can result in dose-
dependent gastrointestinal discomfort when taken on an
empty stomach, and it is well tolerated when taken with
food [206].

The common side effects of systemic clindamycin treat-
ment are diarrhea, nausea, vomiting, abdominal pain, and
metallic taste. Hepatotoxicity is a rare adverse effect of clin-
damycin. While hepatotoxicity occurs, it is usually a transient
elevation of transaminases. There are only a few cases of acute
idiosyncratic liver injury after receiving systemic clindamycin
therapy [207]. Clindamycin-induced acute liver injury is
mediated by apoptotic mechanisms that result in cell death
[208]. Fever, pruritus, and rash could occur during the treat-
ment of clindamycin. Some rare serious dermatological events,
such as acute generalized exanthematous pustulosis [209] and
DRESS, have also been observed [210]. Furthermore, HLA-
B*51:01 is a risk allele for clindamycin-related cutaneous
adverse effects in Han Chinese, especially when clindamycin
is administered via intravenous route [211].

It has been known that adverse hematological effects, such
as anemia, neutropenia, and thrombocytopenia, could occur
when receiving clindamycin, alone or in combination.
Neutropenia may be caused by direct damage to the neutro-
phils or their precursors, inhibition of granulocyte colony-sti-
mulating factor (G-CSF) activity, or an idiosyncratic reaction
[212,213]. Thrombocytopenia could be caused by the
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immune-related destruction of platelets or caused by an idio-
syncratic reaction [214]. A case report revealed that the pan-
cytopenia was established by injury of the hematopoietic
tissue [215].

Clindamycin could cause acute kidney injury, which can
present so severe that temporary hemodialysis is needed.
Clindamycin-related acute kidney injury is largely reversible
and is associated with episodes of gross hematuria [216].
Clindamycin can lead to the development of Clostridium diffi-
cile-associated colitis, now described as C. difficile infection
(CDY) [217]. The risk of having colitis on clindamycin treatment
is similar to the risks with treatment with expanded-spectrum
cephalosporins and broad-spectrum penicillins, and the inci-
dence of colitis is reportedly 5% among the hospitalized
patients [218]. The most important risk factors for the disease
include hospitalization, comorbid conditions, old age, and the
duration of treatment [219]. CDI is not common in patients
taking clindamycin for 3 days or less [220]. If clindamycin is
discontinued immediately after the occurrence of diarrhea, the
disease is often self-limited [221]. However, recent emergence
of BI/NAP1/027 strain has significantly changed the impor-
tance of CDI in that some previous effective treatment regi-
men, such as metronidazole, faces a higher risk of treatment
failure [222].

5.5. Pentamidine

Pentamidine must be given intravenously over at least 1 h to
avoid possible lethal hypotension. The adverse effects can be
severe and irreversible and include renal injury, hyperkalemia,
dysglycemia (life-threatening hypoglycemia that can occur
days or weeks after initial infusion and could be followed by
hyperglycemia), neutropenia, and torsades de pointes [223].
Therefore, 5% glucose solution should be used to dissolve
pentamidine. Local pain or sterile abscess formation at an
intramuscular injection site can also occur [224].
Nephrotoxicity occurs in at least 25% of patients with
Pneumocystis pneumonia receiving parenteral pentamidine.
Pentamidine-induced nephrotoxicity can be manifested by
an increase in serum creatinine concentration and/or blood
urea nitrogen that usually develops gradually and appears
during the second week of therapy. Renal insufficiency is
usually mild to moderate in severity and reversible following
discontinuation of pentamidine; however, acute renal failure
(e.g. serum creatinine concentration greater than 6 mg/dl) or
severe renal insufficiency requiring discontinuation of the
drug may occur occasionally [225,226]. Urinary luminal penta-
midine inhibits distal nephron reabsorption of sodium ion by
blocking apical sodium channels in a manner similar to ‘potas-
sium-sparing’ diuretics. This causes a decrease in the electro-
chemical gradients that drives secretion of distal nephron
potassium ion. This renal tubular effect is responsible for
pentamidine-induced  hyperkalemia {227]. Pentamidine-
induced dysglycemia are primarily due to inappropriate insulin
release and toxicity to the islet beta-cells. Drug accumulation
due to an excessive dosage, prolonged courses, and renal
impairment is the determining risk factor [228]. Pentamidine
administration could occasionally result in acute pancreatitis,
and, therefore, serum amylase concentrations should be
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monitored during the treatment process [229]. Inhalational
pentamidine could result in respiratory irritation, and it should
be avoided in patients with active or a prior history of asthma.
Patients with possibility of pulmonary tuberculosis should be
excluded from  inhalational  pentamidine  therapy.
Bronchodilators could be used before the usage of inhala-
tional pentamidine, and it can reduce the unwanted respira-
tory irritations [230].

5.6. Caspofungin

Fever, thrombophlebitis, headache, and liver enzyme eleva-
tions are well-known drug-related side effects of caspofungin
noted in clinical trials [231]. The most-common drug-related
adverse events in the patients receiving caspofungin were
phlebitis (2-3.8%), and increased alkaline phosphatase level
(2-6.9%) and aspartate transaminase level (2-4%) [232].
Diarrhea and nausea were also observed. Hypokalemia could
develop during the treatment in 11.8% of the patients [233].

6. Timing of antiretroviral therapy initiation

Most HlV-infected patients presenting with Pneumocystis
pneumonia are antiretroviral therapy (ART)-naive. Early initia-
tion of cART following treatment of Pneumocystis pneumonia
has been shown to result in better outcomes in a randomized
trial that compared early (median, 12 days after initiation of
therapy for opportunistic infection) vs. deferred initiation of
cART {median, 45 days) in 282 patients with acute opportu-
nistic infections other than tuberculosis (63% of patients with
Pneumocystis pneumonia). Lower risks of AIDS progression and
death were also observed in the early-ART group [234]. Thus,
the Centers for Disease Control and Prevention, the National
Institutes of Health, and the HIV Medicine Association of the
Infectious Diseases Society of America recommend that cART
be initiated within 2 weeks of diagnosis of Pneumocystis pneu-
monia [76]. Nevertheless, several experts believe that the
initiation of cART can be delayed until acute treatment is
completed in the guidelines by the German and Austrian
AIDS societies [235]. Furthermore, a study has shown that
improved survival for HIV-infected patients with severe
Pneumocystis pneumonia was independent of timing of
CART [236).

Early initiation of cART may raise concerns about the risk of
immune reconstitution inflammatory syndrome (IRIS). In the
above mentioned study by Zolopa et al,, IRIS was confirmed in
20 patients, and 13 were patients with Pneumocystis pneumo-
nia [234]. However, unlike cryptococcosis-{237] and tuberculo-
sis-related IRIS [238], use of uniform RIS definitions for all
opportunistic infections in the trial is questionable. Although
early ART did not increase the risk for IRIS than deferred ART
(odds ratio = 0.06; 95% confidence interval 0.24-1.4, p = 0.35)
[239], life-threating IRIS after Pneumocystis pneumonia has
been reported [240]. It remains difficult to distinguish
Pneumocystis pneumonia-related IRIS from clinical deteriora-
tion after the treatment of Pneumocystis pneumonia and cART
due to disease relapse [241], concurrent infections, drug resis-
tance, or toxicity.
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In the study of tuberculosis-related IRIS, additional illnesses
other than tuberculosis (72%), such as new AIDS-defining ill-
ness, bacterial infections, gastroenteritis, and drug toxicity to
CART, are the most frequent causes for clinical deterioration
during antitubercular treatment in HIV-infected patients [242].
Therefore, in the setting of clinical deterioration in HIV-
infected patients with Pneumocystis pneumonia who initiate
cART, every effort should be made to rule out other illness
than Pneumocystis pneumonia while keeping the entity of
Pneumocystis pneumonia-related IRIS in mind.

7. Conclusions

With the widespread, early initiation of effective cART and use
prophylactic TMP-SMX, Pneumocystis pneumonia could be pre-
vented in HIV-infected populations. However, HIV-infected
patients unaware of their HIV infection or aware of HIV infec-
tion but with poor adherence to cART with virological and
immunological failure continue to suffer significant morbid-
ities and mortality by Pneumocystis pneumonia. Current mole-
cular and serum diagnostic modalities have improved the
diagnosis of Pneumocystis pneumonia in vulnerable hosts
with compatible symptoms. TMP-SMX and several alternative
therapies have proven effective in the treatment of and pro-
phylaxis for Pneumocystis pneumonia in HIV-infected patients
in the pre-cART as well as post-cART era; however, the treat-
ment options remain associated with significant side effects.
Additionally, emerging resistance associated with DHPS muta-
tions may potentially compromise the efficacy of prophylaxis.
Health-care providers treating HIV-infected patients with
Pneumocystis pneumonia should be vigilant for any adverse
reactions during the course of treatment and prophylaxis.

8. Expert commentary

With the early diagnosis of HIV infection through testing and
widespread use of cART, HIV-infected patients developing
Pneumocystis pneumonia will continue to decrease, but it
will not disappear given the fact that late diagnosis of HIV
infection, poor compliance, and emergence or transmission of
multiple-drug resistant HIV may continue to occur in some
HIV-infected patients. Furthermore, Pneumocystis pneumonia
has become an emerging challenge to HIV-uninfected patients
receiving cytoreductive chemotherapy or immunosuppres-
sives  [243,244]. Given the declining incidence of
Pneumocystis pneumonia among HIV-infected patients, pri-
mary care or infectious diseases physicians will become less
familiar with this disease and its management when dealing
with HIV-infected patients at risk; and late diagnosis and inap-
propriate management may cause significant morbidities and
mortalities.

The diagnosis of Pneumocystis pneumonia remains proble-
matic due to the nonspecific symptoms and signs of the
disease and the inability to evaluate treatment response by
the currently available diagnostic methods in the setting of
clinical deterioration when the differential diagnosis includes
additional illness, such as cytomegalovirus pneumonitis, treat-
ment failure, and IRIS. Since there is no in vitro culture system
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for Pneumocystis, the identification of the organisms in the
respiratory specimens remains the gold standard. With the
improved sensitivity, molecular diagnosis and serum BDG test-
ing through less invasive diagnostic procedures will become
popular in the diagnosis and evaluation of treatment response
of Pneumocystis pneumonia. Nevertheless, how to distinguish
colonization from active disease by molecular diagnosis or
serum testing will become challenging.

With the effectiveness and long-term clinical experience of
TMP-SMX for Pneumocystis pneumonia, TMP-SMX will continue
to be the first-line agent for Pneumocystis pneumonia since it
is available in both oral and parenteral formulations, effective
in both treatment and prophylaxis for Pneumocystis pneumo-
nia and infections caused by several other bacteria or proto-
zoa, and with great cost-effectiveness in resource-limited
regions. Whether emergence of TMP-SMX-resistant
Pneumocystis impacts the clinical outcomes deserves further
investigation by standardized definitions for clinical outcome
assessment.

Although many alternative agents could be considered in
the setting of intolerance of TMP-SMX for Pneumocystis pneu-
monia, their unavailability and common adverse reactions still
preclude their use in clinical practice. Given the safety profiles
and demonstrated effectiveness against cyst form in rodent
model of Pneumocystis pneumonia, more clinical studies are
warranted to examine the effectiveness or efficacy of echino-
candins as an alternative agent or in combination for patients
with Pneumocystis pneumonia who are intolerance of TMP-
SMX since the clinical data on the effectiveness of echinocan-
dins remain limited.

9. Five-year view

Pneumocystis pneumonia will remain an important cause of
morbidity and mortality in HIV-infected patients with late HIV
diagnosis and failure to respond to cART. Future diagnosis of
Pneumocystis pneumonia will rely on molecular diagnosis.
Despite its numerous adverse reactions, TMP-SMX will con-
tinue to be the first-line treatment and prophylaxis for
Pneumocystis pneumonia. Given the limited access to other
alternative agents and their associated side effects, echinocan-
dins will become increasingly used as an alternative agent for
Pneumocystis pneumonia.

Key issues

e The incidence of Pneumocystis pneumonia has decreased
dramatically in HIV-infected patients in the era of combina-
tion antiretroviral therapy (cART). However, Pneumocystis
pneumonia still poses a great threat to HIV-infected
patients presenting with late-stage disease, poor adher-
ence, or failure to respond to cART.

e |dentification of P. jirovecii in the respiratory specimens by
direct visualization or staining methods remains the gold
standard for diagnosis of Pneumocystis pneumonia, though
detection of Pneumocystis DNA has gained increasing inter-
est and clinical experience.

e Trimethoprim-sulfamethoxazole (TMP-SMX, TMP 15-20 mg/
kg plus SMX 75-100 mg/kg for 21 days) is the most
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effective therapy for all forms of Pneumocystis pneumonia.
For HIV-infected patients with moderate to severe disease,
adjunctive corticosteroid therapy significantly reduces the
mortality.

® Early initiation of cART following treatment of Pneumocystis
pneumonia in cART-naive HiV-infected patients is asso-
ciated with better outcomes. Clinicians should be aware of
paradoxical immune reconstitution inflammatory syndrome
(IRIS) when there is clinical deterioration after initiation of
CART.

o Alternative therapies for Pneumocystis pneumonia include
intravenous pentamidine, clindamycin plus primaquine,
atovaquone, and dapsone plus TMP. Trimetrexate and eflor-
nithine have been shown to be effective for Pneumocystis
pneumonia, but both agents are not globally available. All
alternative regimens are less efficacious than TMP-SMX.

e Echinocandins exert its activity against Pneumocystis pneu-
monia by inhibiting beta-1,3-D-glucan of the cyst form of P.
jirovecii. Case reports and retrospective studies have
demonstrated their potential role as alternative therapy
for Pneumocystis pneumonia in HIV-infected patients.

e Primary prophylaxis against Pneumocystis pneumonia
should be started in HiV-infected patients whose CD4
counts less than 200 cells/uL. A lower CD4 threshold (less
than 100 cells/ul) for prophylaxis has been proposed for
patients with suppressed HIV replication and good adher-
ence to cART.

o TMP-SMX is the preferred prophylactic agent for
Pneumocystis pneumonia, and it can prevent toxoplasmosis
simultaneously. The alternative agents are dapsone, atova-
quone, and aerosolized pentamidine with comparable
efficacy to each other, but all are inferior to TMP-SMX.

o TMP-SMX therapy is often associated with significant side
effects. Genetic difference in the enzymes participating the
metabolic pathway of TMP-SMX is related to the frequency
and severity of TMP-SMX-related adverse effects.
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Abstract

Objectives

The study aimed to describe the seroprevalence of hepatitis A virus (HAV) in HIV-positive
adult patients in Taiwan between 2012 and 2016 and to examine the evolution of HAV sero-
prevalence between 20042007 and 2012-2016.

Methods

Clinical information and data of anti-HAV antibody results were collected from 2,860 antire-
troviral-naive HIV-positive Taiwanese aged 18 years or older who initiated combination anti-
retroviral therapy at 11 hospitals around Taiwan between 2012 and 2016 (2012-2016
cohort). A multivariate logistic regression mode! was applied to identify independent vari-
ables associated with HAV seropositivity. Comparisons of HAV seroprevalences and asso-
ciated clinical characteristics were made between this 20122016 cohort and a previous
cohort of 1580 HIV-positive patients in 2004—2007 (2004—-2007 cohort).
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Results

Of the 2,860 HIV-positive patients between 2012 and 2016, the overall HAV seropositivity
rate was 21.2% (605/2860), which was independently associated with an older age (ad-
justed odds ratio [AOR], per 1-year increase, 1.13; 95% confidence interval [95% Cl], 1.11—
1.15) and co-infection with hepatitis B virus (AOR 1.44; 95% Cl, 1.08-1.93). Residence in
southern Taiwan (AOR 0.49; 95% Cl, 0.34-0.72) was inversely associated with HAV sero-
positivity. The overall HAV seroprevalence in the 2012-2016 cohort was significantly lower
than that in the 2004-2007 cohort (21.2% vs 60.9%, p<0.01). The decreases of HAV sero-
positivity rate were observed in nearly every age-matched group, which suggested the
cohort effect on HAV seroepidemiology. However, among individuals aged 25 years or
younger, the HAV seropositivity rate increased from 3.8% (2/52) in the 2004—-2007 cohort to
8.5% (50/587) in the 2012-2016 cohort, with 95.4% (560/587) being MSM in this age group
of the latter cohort.

Conclusions

HAV seroprevalence has decreased with time among HIV-positive adults in Taiwan. The
cohort effect has increased the number of young HIV-positive patients that are susceptible to
HAYV infection in a country without nationwide childhood vaccination program against HAV.

introduction

Hepatitis A virus (HAV) is transmitted through the fecal-oral route either by direct contact
with an infectious person or by ingestion of contaminated food or water [1]. According to the
World Health Organization (WHO) estimation, HAV infection caused 3.7 million illnesses
and 28,000 deaths in 2010 with differences observed in regions of different endemicities
around the world [2]. In the developing countries in Asia, Africa, Central and South Americas,
and Oceania, most HAV infections occur in childhood and the seroprevalence before teenage
ranges from 63% to 94% [3, 4]. In contrast, the overall HAV seroprevalence is less than 15%
among the adolescents in the North America, Europe, and Australia [5].

The correlation between the HIV and HAYV infection varies according to the local HIV and
HAYV epidemiology [6]. In the countries of high HAV endemicity, no significant difference of
HAV seroprevalence was observed between HIV-positive and HIV-negative individuals [7]. In
contrast, HIV-positive patients usually have a higher HAV seroprevalence than their HIV-neg-
ative counterparts in the developed countries of low HAV endemicity [8, 9]. Certain sexual
behaviors associated with risk groups for HIV transmission may also increase the risk for
HAV transmission, including oral-anal sex [10] and percutaneous exposure to contaminated
acute hepatitis A outbreaks in countries of low HAV endemicity because of an increasing
number of susceptible hosts. For example, injecting drug users (IDUs) in countries with better
health and hygiene conditions usually have higher HAV seroprevalence than the general popu-
rate due to co-infections with hepatitis B virus (HBV) or hepatitis C virus (HCV) [11]. On the
other hand, outbreaks of acute HAV infection among men who have sex with men (MSM)
were linked to risky sexual contacts and increased international travel and susceptible hosts,
especially in young adults with low adherence to recommended HAV vaccination [6, 17].
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Taiwan used to be endemic for HAV infection; seroepidemiologic studies in the 1980s
revealed that more than 90% of Taiwanese became HAV-seropositive by the age of 20 years
implementation of vaccination program for children in counties of high endemicity for HAV
infection, HAV seroprevalence has significantly declined and less than 10% of teenagers were
positive for anti-HAV antibodies in 1998 [22]. Among the HIV-positive patients, a study by
Sun et al between 2004 and 2007, when an outbreak of HIV infection was occurring among
IDUs in Taiwan, revealed a higher HAV seroprevalence (60.9%) among HIV-positive patients
than HIV-negative individuals seeking health check-ups (48.0%); and injection drug use and
age were identified as the independent factors associated with HAV seropositivity [9].

However, the HIV epidemic has significantly changed in recent years in Taiwan. The pro-
portion of IDUs among the newly diagnosed HIV-positive patients declined rapidly with the
successful, sustained implementation of harm reduction program since 2004-2005 [23-25];
instead, the number of young HIV-positive MSM increased steadily and MSM has again
become the major risk group for HIV transmission. The increasing number of susceptible host
who have a low adherence to the recommendations of HAV vaccination has laid the fertile
ground for an outbreak of acute hepatitis A to occur in Taiwan in June 2015 [26-28]. Further-
more, the outbreak strain in Taiwan appeared to be genetically linked to the strain that caused
the recent outbreak of acute hepatitis A in Europe [17].

In this study, we aimed to examine the evolution of HAV seroepidemiology and identify
the associated factors with HAV infection among HIV-positive Taiwanese patients in recent
years to help inform the HAV vaccination policy.

Patients and methods
Study setting and population

This retrospective cohort study was conducted at 11 major designated hospitals for HIV care
around Taiwan, where HIV care including combination antiretroviral therapy (cART) and
Between 1 June, 2012 and 31 May, 2016, all patients who were aged 18 years or greater and ini-
tiated cART were included in this study (20122016 cohort). A case record form was used to
collect information on the demographic and clinical characteristics of the patients at baseline
and during follow-up, which included birth date, sex, route of HIV transmission, serologies of
viral hepatitis and syphilis, CD4, and PVL. Patients were divided into four risk groups accord-
ing to the routes of HIV transmission including MSM, IDUs, heterosexual contact, and
unknown status. The study was approved by the Research Ethics Committee of National Taj-
wan University Hospital [201003112R] and Far Eastern Memorial Hospital [105040-F], Medi-
cal Ethics and Institutional Review Board of Taoyuan General Hospital [TYGH103011}, and
Institutional Review Boards of Tri-Service General Hospital [1-105-05-057], National Taiwan
University Hospital Hsin-Chu Branch [105-017-F], Taichung Veterans General Hospital
[CF16114B), Chung Shan Medical University Hospital {CS14034], Changhua Christian Hos-
pital [160408], Chia-Yi Christian Hospital [105034], National Cheng Kung University Hos-
pital [B-BR-105-038], and Chi Mei Medical Center [10505-002]. The informed consent was
waived.

HAV vaccination was not included in routine vaccination schedule for toddlers in Taiwan.
Since 1995, HAV vaccination was only provided to children in 30 indigenous townships and
19 non-indigenous townships in order to control HAV infection in counties of high endemici-
ties of HAV infection in Taiwan. However, the vaccination program covered only 2% of the
total population in Taiwan. The study sites participating in this study did not include hospitals

PLOS ONE | hitps://doi.org/10.1371/journal.pone.0186338 October 16, 2017 3/15

-249-



@PLQS | ONE

HAV seroepidemiology and HIV infection

located in those townships that were covered by the HAV vaccination program. It was only
until one year after the onset of the recent outbreak of acute hepatitis A that Taiwan Centers
for Disease Control (CDC) started to implement free-of-charge 1-dose HAV vaccination pro-
gram in October 2016 that aimed to target those testing negative for anti-HAV antibody who
were aged 40 years or less, those who had close contacts with individuals receiving the diagno-
sis of acute hepatitis A, and those who had sexually transmitted infections.

A previous retrospective cohort study conducted at two designated hospitals for HIV care
by Sun et al was compared to examine the evolution of HAV seroprevalence among HIV-posi-
tive patients in Taiwan [9]. The previous cohort study was performed between 2004 and 2007
(2004-2007 cohort), which included 1580 HIV-positive persons seeking HIV care and 2581
HIV-negative controls seeking health check-up at the National Taiwan University Hospital,
Taipei (northern Taiwan) and National Taiwan University Hospital Yun-Lin Branch (central
Taiwan). In this 2004-2007 cohort, the HIV-positive patients included 658 (41.6%) MSM, 304
(19.2%) heterosexuals, and 577 (36.5%) IDU.

Laboratory investigations

Testing for anti-HIV antibodies, Western blot for confirmation of HIV infection, CD4 count
and PVL and antibodies for HBV and HCV were performed by each participating hospital
line anti-HAYV antibody, anti-HCV antibody, hepatitis B surface antigen (HBsAg), anti-
hepatitis B surface antibody (anti-HBs antibody), anti-hepatitis B core antibody (anti-HBc
antibody), and the rapid plasma reagin (RPR) for syphilis were collected locally at each partici-
pating hospital, which were then pooled and analyzed at the National Taiwan University Hos-
pital, Taipei. HBV infection was defined as patients to have positive result of either HBsAg or
anti-HBc antibody or both.

Statistical analysis

All statistical analyses were performed with the use of SPSS software version 20.0 (SPSS Inc.,
Chicago, IL, USA). Categorical variables were compared using the Chi-square or Fisher’s exact
test, whereas non-categorical variables were compared using the Mann-Whitney U-test. The
variables with p-value <0.2 in univariate analysis were allowed to enter into multiple logistic
regression model. A multiple logistic regression model was built to identify independent vari-
ables associated with anti-HAV seropositivity. All tests were two tailed and a p-value of <0.05
was considered significant.

Results

In the 2012-2016 cohort, a total of 2,860 HIV-positive patients were included for analysis,
which included 2,229 (77.9%) MSM, 437 (15.3%) IDUs, 166 (5.8%) heterosexuals, and 28
erosexuals (40.0 £ 12.5 years) and IDUs (41.8 + 7.7 years) (both comparisons, p<0.001). With
regard to specific age groups, 54.9% of MSM were aged less than 30 years, while only 24.1% of
heterosexuals and 2.8% of IDUs were aged less than 30 years (both comparisons, p<0.001).
The overall HAV seroprevalence was 21.2% and the rate was significantly lower among MSM
(16.7%) than heterosexuals (37.3%) and IDU (37.1%) (both comparisons, p<0.001). In our
study, most of the included patients lived in northern Taiwan (70.4%), and the composition of
risk groups for HIV infection, including MSM, heterosexuals and IDUs, was different across
the different regions in Taiwan. For example, less MSM (154/316, 48.7%) and more IDUs
(123/316, 38.9%) were included in central Taiwan than northern Taiwan (MSM, 81.8% {1647/

PLOS ONE | hitps:/doi.org/10.1371/journal.pone.0186338 October 16,2017 4/15

-250-



@'PLOS l ONE

HAV seroepidemiology and HIV infection

Table 1. Demographic and clinical characteristics of HIV-positive patients with different routes of HIV transmission, 2012-2016.

Al HIV-positive Men who have sex with | Heterosexuals | injecting drug users
persons men
Number, n= 2860 2229 166 437
Male sex, n (%) 2730 (95.5) 2229 (100) 107 (64.5) 368 (84.2)
Age, mean + SD, years? 32.9+9.3 30577 40.0+12.5° 41.8+7.7°
Age group, years®
18-20, n (%) 78 (2.7) 75 (3.4) 3(1.8) 0(0.0)
21-25 509 (17.8) 485 (21.8) 16 (9.6) 2(0.5)
26-30 696 (24.3) 661 (29.7) 21(12.7) 10(2.3)
31-35 606 (21.2) 497 (22.3) 29(17.5) 75(17.2)
36-40 382 (13.4) 229 (10.3) 24 (14.5) 124 (28.4)
41-45 255 (8.9) 153 (6.9) 12(7.2) 88 (20.1)
46-50 173 (6.0) 84 (3.8) 24 (14.5) 64 (14.6)
51-55 86 (3.0) 25 (1.1) 14 (8.4) 46 (10.5)
56-60 55 (1.9) 15 (0.7) 11 (6.6) 26 (5.9)
>60 20(0.7) 5(0.2) 12(7.2) 2{0.5)
Residence in Taiwan®, n (%) .
Northern 2013 (70.4) 1647 (73.9) 75(45.2) 276 (63.2)
Central 316 (11.0) 154 (6.9) 29 (17.5) 123 (28.1)
Southern 531 (18.6) 428 (19.2) 62 (37.3) 38(8.7)
Cohort
Diagnosed before 2015/5/31 2118 (74.1) 1642 (73.7) 128 (77.1) 327 (74.8)
Diagnosed after 2015/6/1 742 (25.9) 587 (26.3) 38 (22.9) 110(25.2)
Median CD4,? (range), cells/pl 272 (0-2217) 275 (0-2217) 216 (1~1085)° 287 (0-917)
Median plasma HIV RNA load,® (range), log10, copies/ 4.8 (1.3-7.6) 4.8 (1.43-7.6) 4.7 (1.6-6.6) 4.4 (1.3-6.7)°
mi
Positive anti-HAV antibody, n (%) 605 (21.2) 372 (16.7) 62 (37.3)° 162 (37.1)°
Positive HBsAg, n/N° (%) 309/2851 (10.8) 200/2221 (9.0) 24/165 (14.5)° 82/437 (18.8)°
Positive anti-HBs antibody, n/N® (%) 1083/2051 (52.8) 927/1720 (53.9) 64/135 (47.4) 86/179 (48.0)
Positive anti-HBc antibody, n/N® (%) 603/1937 (31.1) 430/1629 (26.4) 50/123 (40.7)° 119/170 (70.0)°
Positive anti-HCV antibody, n/N° (%) 511/2849 (17.9) 78/2219 (3.5) 20/166 (12.0)° 412/436 (94.5)°

Abbreviations: anti-HAV, anti-hepatitis A virus; anti-HBs, anti-hepatitis B surface; anti-HBc, anti-hepatitis B core; anti-HCV, anti-hepatitis C virus; HBsAg,

hepatitis B surface antigen

2 p<0.001 for comparisons among men who have sex with men (MSM), heterosexuals, and injecting drug users (IDUs); between MSM and heterosexuals;
between MSM and IDUs; and between heterosexuals and IDUs.
® n/N = number of patients with positive test results/number of patients with test results.

¢ Compared with MSM, p<0.05.

hitps://doi.org/10.137 1/journal.pone.0186338.1001

2013]; and IDUs, 13.7% [276/2013]) and southern Taiwan (MSM, 80.6% [428/531]; and IDUs

For co-infections with other viral hepatitis, MSM had statistically significantly lower sero-
positive rates of HBsAg (9.0%) and anti-HBc antibody (26.4%) than heterosexuals and IDUs,
and higher percentages of positive anti-HBs antibodies than non-MSM groups (53.9% vs
47.7%, p = 0.053). In contrast, IDUs had the highest rate of HCV seropositivity (94.5%), com-
pared with heterosexuals (12.0%) and MSM (3.5%) (Table 1).

In the univariate analysis (Table 2), factors associated with anti-HAV positivity in the
2012-2016 cohort included an older age, female sex, higher PVL, residence in regions other
than southern Taiwan, non-MSM, HBV infection as indicated by presence of either HBsAg,
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Table 2. Factors associated with positive anti-HAV antibody in the 2012-2016 cohort.

Anti-HAV antibody Univariate Multivariate
Negative(n = 2255) | Positive(n = 605) OR 95% Cl p OR 95% CI P

Age, mean £ SD, years 31.1£8.0 39.3+10.8 - - <0.01 1.13 1.11-1.15 1 <0.01
Male sex, n (%) 2171 (96.3) 559 (92.4) 0.47 10.32-0.68:<0.01! 0.59 0.28-1.23 : 0.29
CD4, mean £ SD, cells/ul 287.1+£188.0 277.6£199.5 - - 0.28 - - B
Plasma HIV RNA load, mean = SD, log4o copies/ml 4.8+0.8 47+0.8 - - 0.01 0.95 0.83—-1.09 | 0.46
Residence in Taiwan, n (%) <0.01

Northern 1578 (70.0) 434 (71.7) Referent Referent

Central 216 (9.6) 100 (16.5) 1.68 11.30-2.18:<0.01} 0.75 0.48-1.16 | 0.19

Southern 460 (20.4) 71(11.7) 0.56 10.43-0.74:<0.01: 0.49 0.34-0.72 : <0.01
Risk group, n (%) <0.01

MSM 1857 (82.3) 372 (61.5) Referent Referent

Heterosexuals 104 (4.6) 62 (10.2) 2.94 2.35-3.68 <0.01 1.49 0.83-2.66 | 0.18

IDUs 275(12.2) 162 (26.8) 2.98 |2.13-4.15: <0.01 1.44 0.75-2.75 | 0.27

Others 19(0.8) 9(1.5) 2.37 11.06-5.27: 0.03 | 2.861 :0.76-10.85: 0.12
HBYV infection®, n (%) 427/1559 (27.4) 220/371 (59.3) 3.86 13.05-4.89:<0.01: 1.44 1.08-1.93 | 0.01
Anti-HBs-positive, n (%) 864/1652 (52.3) 219/399 (54.9) 111 :0.89-1.38: 0.35 - - -
Anti-HCV-positive, n (%) 325/2249 (14.5) 186/600 (31.0) 2.66 |2.16-3.28{<0.01] 1.523 | 0.90-2.59 | 0.12
RPR-positive, n (%) 404/1622 (24.9) 87/391 (22.3) 0.86 10.66-1.12: 0.27 - - -

Abbreviations: 95% Cl, 95% confidence interval; anti-HAV, anti-hepatitis A virus; anti-HBs, anti-hepatitis B surface; anti-HBc, anti-hepatitis B core; anti-
HCV, anti-hepatitis C virus; HBsAg, hepatitis B surface antigen; IDUs, injecting drug users; MSM, men who have sex with men; OR, odds ratio; RPR, rapid

plasma reagin; 8D, standard deviation.

2HBYV infection indicates presence of either HBsAg, anti-HBc or both.

https://doi.org/10.1371/journal.pone.0186338.1002

the results of anti-HBs antibody and RPR with anti-HAV positivity.

In the multivariate analysis (Table 2), an older age (adjusted odds ratio [AOR], per 1-year
increase, 1.13; 95% confidence interval [95% CI}, 1.11-1.15) and HBV infection (AOR 1.40;
95% CI, 1.03-1.90) were independently associated with HAV seropositivity. On the other
hand, residents in southern Taiwan were less likely to have positive anti-HAV antibody than
those in northern Taiwan (AOR 0.49; 95% ClI, 0.34-0.72). To explore the association between
HAYV seropositivity and HBV infection, we performed a subgroup analysis by dividing our
cohort into two groups including the sexually-transmitted group (heterosexuals and MSMs)
sis, the statistically significant association between HAV and HBV infection was still noted in
the sexually-transmitted group (AOR 1.38; 95% CI, 1.06-1.78), but not in the percutaneous
exposure group (AOR 1.43; 95% CI, 0.62-3.30).

We further examined the impact of geographic region and risk group for HIV transmission
on the HAV seroprevalence in different age groups. We found that patients in central Taiwan
after the age of 40-45 years and those in northern Taiwan before the age of 30-35 years had
IDUs in central and southern Taiwan was 48.7% and 52.6%, respectively, which was signifi-
cantly higher than that of northern Taiwan (29.7%). Heterosexuals in central Taiwan had
higher HAV seroprevalence (55.2%) than those in northern Taiwan (34.7%) and southern Tai-
wan (32.3%). Conversely, MSM in northern Taiwan (19.6%) had the highest HAV seropreva-
lence followed by those in central Taiwan (12.3%) and those in southern Taiwan (7.2%). The
higher HAV seroprevalence in the young cohort in northern Taiwan was attributed to higher
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Fig 1. Comparisons of hepatitis A virus seroprevalence according to different regions in Taiwan.

https://doi.org/10.1371/journal.pone.0186338.9001

In order to investigate the evolution of HAV seroprevalence, we compared the current
2012-2016 cohort to the 2004-2007 cohort [9]. HIV-positive patients in the 2012-2016 cohort
were significantly younger than those in the 2004-2007 cohort (mean age, 32.9 vs. 40.7 years,
p<0.05). The proportion of patients aged less than 25 years increased from 3.3% (52/1580) in
the 2004-2007 cohort to 20.5% (587/2860) in the 2012-2016 cohort. Most (95.4%, 560/587) of
the young patients in the 2012-2016 cohort were MSM (Table 1). In contrast, the proportion
of IDUs declined from 36.5% (577/1580) in the 20042007 cohort to 15.3% (437/2860) in the
2012-2016 cohort.

Although the HAV seroprevalence increased with age in both cohorts, the overall HAV
seroprevalence of the 2012-2016 cohort (21.5%) was significantly lower than that of the 2004~
2007 cohort (60.9%, p<0.05). Two diverse trends, however, were observed for the evolution of
age-specific seroprevalence. Patients aged less than 25 years had a higher HAV seroprevalence
in the 2012-2016 cohort than those in the 2004-2007 cohort; in the rest of specific age groups, a
parallel decline of HAV seroprevalence was observed from the 2004-2007 cohort to the 2012~
2016 cohort (all comparisons between the age-matched groups, p<0.001, Fig 2). For subgroup
analysis of patients in different risk groups for HIV transmission, two different trends of HAV
seroprevalence were also found in MSM and heterosexuals (54 and S5 Figs). There were only 2
HIV-positive IDUs aged less than 25 years in the 2012-2016 cohort and the number was too
ing those before or after the recent outbreak of acute hepatitis A in mid-2015, a higher HAV
seroprevalence was found among the individuals aged 30 years or younger who were included

was the most at-risk population for HAV infection in the recent outbreak in Taiwan.
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Fig 2. Comparisons of hepatitis A virus seroprevalence according to age-specific groups between the 2004-2007 cohort and the
2012-2016 cohort.

https://doi.org/10.1371/iournal.pone.0186338.g002

Comparing the HAV seroprevalence by year of birth may provide a more precise descrip-
tion of the cohort effect (Table 3). Persons born before 1980 who were included in the 2012-
2016 cohort had a lower HAV seroprevalence than those in the 2004-2007 cohort. However,
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Fig 3. Comparisons of hepatitis A virus seroprevalence according to age-specific groups in the 2012-2016 cohort
during the non-epidemic (2012—May 2015) and epidemic (June 2015-2016) period.

https://doi.org/10.1371/journal.pone.0186338.9003
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Table 3. Comparisons of hepatitis A seroprevalence by age and birth year between the 2004-2007 cohort and the 2012-2016 cohort.

Study cohort Sun et al.[9] Current study

(2004-2007 cohort) (2012~2016 cohort)
Overall
Age, years Year of birth Case/total Rate, % Year of birth Casef/total Rate, %
18~-20 After 1988 0/1 0 After 1996 6/35 17.1
20~-28 1980-1988 11/159 6.9 1988-1996 75/786 9.5
28-36 1972-1980 182/460 39.6 1980-1988 141/1027 13.7
36-44 1964-1972 334/483 69.2 1972-1980 153/580 26.4
44-52 1956-1964 240/272 88.2 19641972 133/279 47.7
52-60 1948-1956 108/116 93.1 1956-1964 73/123 59.3
60-68 1940-1948 53/54 98.1 19481956 18/23 78.3
>68 Before 1940 34/35 97.1 Before 1948 6/7 85.7
Men who have sex with men
18-20 years After 1988 0/0 - After 1996 6/31 19.4
20-28 19801988 2/46 4.3 1988-1996 71/753 9.4
28-36 1972-1980 41/186 22.0 1980-1988 114/898 12.7
36-44 1964-1972 121/217 55.8 1972-1980 82/357 23.0
44-52 19561964 85/106 80.2 1964-1972 71149 47.7
52-60 1948-1956 28/30 93.3 1956-1964 21/33 63.6
60-68 1940-1948 8/8 100 19481956 6/7 85.7
>68 Before 1940 4/4 100 Before 1948 1/1 100

https://doi.org/10.1371/journal.pone.0186338.1003

the HAV seroprevalence increased in patients born between 1980 and 1988 from 6.9% (11/
159) in the 2004-2007 cohort to 13.7% (141/1027) in the 2012-2016 cohort. Moreover, the
proportion of HIV-positive patients born after 1988 had significantly increased and most of
the young HIV-positive patients were MSM (784/821, 95.5%) and their HAV seroprevalence
was 9.9% (81/821) (Table 3).

Discussion

The present study demonstrated the evolution of HAV seroprevalence due to cohort effect
related to the changes of HIV epidemiology in Taiwan. There were two diverse trends of HAV
seroprevalence between specific age groups of HIV-positive patients in Taiwan. We observed a
parallel decline of HAV seropositivity in each age-matched group older than 25 years between
years) mainly consisting of MSM, HAV seroprevalence increased than before. The findings
may demonstrate the impact of the changing HIV epidemiology on HAV seroepidemiology in
decreasing and MSM account for the majority of the patients newly diagnosed with HIV
infection.

81.3% in the age group 20 to 24 years in 1979 in Taipei area and nearly 100% among subjects
in southern Taiwan in 1981 [19-21]. With the improvement of sanitation, people born after
1982 had significant declines of HAV seroprevalence [30]; only 0.96% (2/209) among individ-
uals born between 1984 and 1985 tested positive for anti-HAV antibodies in the adolescents
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immunity against HAV has created a huge number of susceptible host to acquisition of HAV,
especially in the young cohort. As a result, the surveillance data from Taiwan CDC revealed
that the majority of the HIV-positive patients acquiring acute hepatitis A in the recent out-
break since June 2015 were men aged between 18 and 39 years who contracted HIV through
unsafe sex [32].

Although HAYV infection is a vaccine-preventable disease, cases of acute hepatitis A con-
tinue to occur worldwide because of low awareness of and adherence to HAV vaccination [27,
2017 was linked to an international event to celebrate equality rights of the lesbian, gay, bisex-
ual and transgender community called “EuroPride” that took place in Amsterdam in 2016
M-HAV16-090 was 99.57% identical to the previous strain submitted by Japan in 2001 and the
strain responsible for the recent outbreak of acute hepatitis A in Taiwan [34, 35]. In addition,
the strain also caused several HAV outbreaks in the United Kingdom, Germany, Italy, and
Spain since late 2016. The worldwide outbreaks have two features in common: all of the
affected countries were of low endemicity for HAV infection, and most of the patients in the
outbreaks were young MSM [16-18]. The international travel and unprotected sexual contacts
among MSM populations, including oral-anal sex or digital-anal sex, might have played an
important role in the transmission of HAV.

In our 2012-2016 cohort, the association between injecting drug use and higher HAV prev-
alence was no longer observed. In Taiwan, with the implementation of harm reduction pro-
gram since 2004-2005 [25, 36] comes with the significant decreases of IDUs acquiring HIV in
recent years. The IDUs accounted for 15.3% of all HIV-positive patients in the 2012-2016
cohort, which was significantly lower than that (36.5%) in the 2004-2007 cohort [9]; moreover,
the HAV seroprevalence among IDUs also decreased from 62.0% to 37.1% despite the average
age increased from 35.7 years to 41.8 years. We postulate that the harm reduction program
that included expanded access to counseling, screening, clean needles and syringes, and meth-
decreased HAV transmission among IDUs in Taiwan.

An association between HBV and HAV infection was noted among MSM and heterosexu-
als, but not IDUs in our multivariate analysis. In previous studies on MSM, several factors
such as the number of sexual partners, group sex, oral-anal and digital-rectal intercourse were
also suggested the intimate contact such as sex exposure may increase both of the risks of HAV
and HBV transmission. While the factors such as poor personal hygiene, oral ingestion of fae-
cally-contaminated drugs and parenteral transmission have been identified to facilitate HAV
routes than HAV. Most of our IDUs were born in the era without vaccination coverage [9, 37]
and the rate of HBV infection had been high regardless of the positive result of anti-HAV anti-
body (50.0%) or not (46.0%). Similar to previous study, as high as 94.5% of IDUs had HCV
infection in out cohort [9]. The high infection rates of HBV and HCV infection among the
IDUs may preclude us from identifying the association between HAV seropositivity and HCV
or HBV infection.
countries including Israel, U.S.A., Argentina and Chile have introduced universal HAV vacci-
nation in routine childhood immunizations and have achieved great reduction of HAV infec-
tion in the general population [41-44]. Besides, the cost-effective analysis for universal
childhood HAV vaccination also demonstrated both health and economic benefits [45-47].
The previous vaccination policy in Taiwan covered only 2% of the total population, however
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[48]. Given the fact that a mathematical model suggested an immune threshold of 70% to pre-
of increasing numbers of susceptible hosts and frequency of international travel. The adher-
ence to recommendations of HAV vaccination was low among the HIV-positive MSM in
recent surveys [27, 28], and implementation of nationwide HAV vaccination program is
urgently needed to control and prevent the HAV outbreaks.

There are several limitations of our study. First, the included patients came from different
areas in these two cohorts used to examine the evolution of HAV seroprevalence. The present
2012-2016 cohort included HIV-positive patients from 11 designated hospitals for HIV care
around Taiwan while the previous 20042007 cohort included patients from only two hospitals
located in northern and central Taiwan. To minimize the interference of geographic variation
on the HAV seroprevalence, we performed a sensitivity analysis by comparing only patients
from northern and central Taiwan. The evolution of HAV seroprevalence was still noted (57
Fig). Second, the information on personal hygiene, living environment, socioeconomic status,
sexual behaviors, and illicit drug-taking behavior was lacking in our study. Those factors may
confound the findings of changing HAV prevalence. Third, we were not able to collect the
history of HAV vaccination in this retrospective study. Some of our patients might have been
vaccinated and presence of anti-HAV antibody could not be used to differentiate natural infec-
tion from vaccination, though a recent survey suggested that the rate of HAV vaccination was

In conclusion, the HAV seroepidemiology in HIV-positive patients is changing in Taiwan.
The cohort effect has created a huge number of susceptible host to HAV infection, which may
have contributed to the outbreak of acute hepatitis A among young HIV-positive MSM in Tai-
wan in recent years. Information, education and communication to increase the HAV vaccina-
tion coverage are urgently needed among the susceptible individuals.

Supporting information

81 Fig. Comparisons of hepatitis A virus seroprevalence among men who have sex with
men (MSM) according to geographic regions in Taiwan.
(TIF)

§2 Fig. Comparisons of hepatitis A virus seroprevalence among injecting drug users
(IDUs) according to geographic regions in Taiwan.
(TIF)

$3 Fig. Comparisons of hepatitis A virus seroprevalence among heterosexuals according to
geographic regions in Taiwan.
(TIF)

$4 Fig. Comparisons of hepatitis A virus seroprevalence according to age-specific groups
among men who have sex with men between the 2004-2007 cohort and the 2012-2016
cohort.

(TIF)

S5 Fig. Comparisons of hepatitis A virus seroprevalence according to age-specific groups
among heterosexuals between the 2004-2007 cohort and the 2012-2016 cohort.
(TIF)

S6 Fig. Comparisons of hepatitis A virus seroprevalence according to age-specific groups
among injecting drug users between the 2004-2007 cohort and the 2012-2016 cohort.
(TIE)

PLOS ONE | htips:/doi.org/10.1371/journal.pone.0186338 October 16, 2017 11/18

-257-



@'PLQS I ONE

HAV seroepidemiology and HIV infection

S7 Fig. Sensitivity analysis of comparing hepatitis A seroprevalence according to age-spe-
cific groups between the 2004-2007 cohort and the 2012-2016 cohort including only
patients from northern and central Taiwan.

(TIF)

§1 Table. Factors associated with positive anti-HAV antibody among men who have sex
with men (MSM) and heterosexuals.
(DOCX)

52 Table. Factors associated with positive anti-HAV antibody among injecting drug users
(IDUs).
(DOCX)

S$3 Table. Comparisons of hepatitis A virus seroprevalence by age and birth year among
heterosexuals in the two cohorts.
(DOCX)

$4 Table. Comparison of hepatitis A virus seroprevalence by age and birth year among
injecting drug users (IDUs) in the two cohorts.
(DOCX)

$1 Data. The minimal data set of the patients in this study.
(XLSX)

Acknowledgments

The authors also thank all study members participating in the Taiwan HIV Study Group:
Hsin-Yun Sun, Sui-Yuan Chang, Pei-Ying Wu, Jun-Yu Zhang, Hsi-Yen Chang, Wen-Chun
Liu, Yi-Ching Su, and Chien-Ching Hung, National Taiwan University Hospital, Taipei;
Ning-Chi Wang and Te-Yu Lin, Tri-Service General Hospital and National Defense Medical
Center, Taipei; Kuan-Yin Lin, National Taiwan University Hospital Jin-Shan Branch, New
Taipei City; Chia-Jui Yang and Mao-Song Tsai, Far Eastern Memorial Hospital, New Taipei
City; Yi-Chieh Lee, Lotung Poh-Ai Hospital, Lo-Hsu Foundation, I-Lan; Chien-Yu Cheng and
Shu-Hsing Cheng, Tao-Yuan General Hospital, Ministry of Health and Welfare, Tao-Yuan;
Yu-Shan Huang, National Taiwan University Hospital Hsin-Chu Branch, Hsin-Chw; Yuan-Ti
Lee and Chia-Chun Lin, Chung Shan Medical University Hospital, Taichung; Shih-Ping Lin,
Chia-Yin Hsieh, and Hsiu-Wen Wang, Taichung Veterans General Hospital, Taichung; Mao-
Wang Ho, China Medical University Hospital, Taichung; Chung-Eng Liu and Yu-Lin Lee,
Changhua Christian Hospital, Changhua; Yi-Chien Lee, Ditmanson Medical Foundation
Chia-Yi Christian Hospital, Chia-Yi; Hung-Jen Tang and Huei-Chun Ku, Chi Mei Medical
Center, Tainan; Chia-Wen Li, Nan-Yao Lee, and Wen-Chien Ko, National Cheng Kung Uni-
versity Hospital, Tainan; Po-Liang Lu and Yen-Hsu Chen, Kaohsiung Medical University Hos-
pital, Kaohsiung; Hsi-Hsun Lin, E-Da Hospital, Kaohsiung; Wen-Chi Huang and Chen-
Hsiang Lee, Kaohsiung Chang Gung Memorial Hospital, Kaohsiung; Tun-Chieh Chen, Kaoh-
siung Municipal Ta-Tung Hospital, Kaohsiung.

Author Contributions
Conceptualization: Yu-Lin Lee, Yuan-Ti Lee, Chun-Eng Liu, Chien-Ching Hung.

PLOS ONE | https:/doi.org/10.137 1/journal.pone.0186338 October 16, 2017 12/15

-258-



@ @
@ ) ?LOS I ONE HAV seroepidemiology and HIV infection

Data curation: Yu-Lin Lee, Kuan-Yin Lin, Chien-Yu Cheng, Chia-Wen Li, Chia-Jui Yang,
Mao-Song Tsai, Hung-Jen Tang, Te-Yu Lin, Ning-Chi Wang, Yi-Chien Lee, Shih-Ping Lin,
Yu-Shan Huang, Hsin-Yun Sun, Jun-Yu Zhang, Wen-Chien Ko, Shu-Hsing Cheng.

Formal analysis: Yu-Lin Lee, Kuan-Yin Lin.
Funding acquisition: Chien-Ching Hung.
Methodology: Yu-Lin Lee, Chien-Ching Hung.
Supervision: Yuan-Ti Lee, Chun-Eng Liu.
Writing - original draft: Yu-Lin Lee.

Writing - review & editing: Kuan-Yin Lin, Shu-Hsing Cheng, Yuan-Ti Lee, Chun-Eng Liu,
Chien-Ching Hung.

References
1. Cuthbert JA. Hepatitis A: old and new. Clin Microbiol Rev. 2001; 14(1):38-58. hitps:/doi.org/10.1128/

3. Jacobsen KH, Koopman JS. Declining hepatitis A seroprevalence: a global review and analysis. Epide-
miol Infect. 2004; 132(6):1005-22. PMID: 15635957

4. Neffatti H, Lebraud P, Hottelet C, Gharbi J, Chaliouf T, Roque-Afonso AM. Southern Tunisia: A still high
endemicity area for hepatitis A. PLoS One. 2017; 12(4):e0175887. doi: 10.1371/journal.pone.0175887.
eCollection 2017. PMID: 28426700

5. WuD, Guo CY. Epidemiology and prevention of hepatitis A in travelers. J Travel Med. 2013; 20(6):394—

6. LinKY, Chen GJ, Lee YL, Huang YC, Cheng A, Sun HY, et al. Hepatitis A virus infection and hepatitis A
vaccination in human immunodeficiency virus-positive patients: A review. World J Gastroenterology.
2017; 23(20):3589-606.

7. Fainboim H, Gonzalez J, Fassio E, Martinez A, Otegui L, Eposto M, et al. Prevalence of hepatitis viruses
in an anti-human immunodeficiency virus-positive population from Argentina. A multicentre study. J
Viral Hepat. 1999; 6(1):53—7. PMID: 10847130

8. NandwaniR, Caswell S, Boag F, Lawrence AG, Coleman JC. Hepatitis A seroprevalence in homosex-
9. SunHY, Kung HC, Ho YC, Chien YF, Chen MY, Sheng WH, et al. Seroprevalence of hepatitis A virus
infection in persons with HIV infection in Taiwan: implications for hepatitis A vaccination. Int J Infect Dis.
2009; 13(5):e199-205. doi: 10.1016/.ijid.2008.12.009. Epub 9 Feb 8. PMID: 19208490
10. ishida T, Nakamura T, Ajisawa A, Negishi M, Kashiyama T, Takechi A, et al. Outbreak of hepatitis A
virus infection among HIV-1 seropositive men who had sex with men. Jpn J Infect Dis. 1999; 52(3):131—

11. SpadaE, Genovese D, Tosti ME, Mariano A, Cuccuini M, Proietti L, et al. An outbreak of hepatitis A
virus infection with a high case-fatality rate among injecting drug users. J Hepatol. 2005; 43(6):958-64.
Epub 2005 Jul 11. hitps://doi.org/10.1016/j.jhep.2005.06.012 PMID: 16143420

12.  Villano SA, Nelson KE, Vlahov D, Purcell RH, Saah AJ, Thomas DL.. Hepatitis A among homosexual
men and injection drug users: more evidence for vaccination. Clin Infect Dis. 1997; 25(3):726-8. PMID:
9314468

13. Collier MG, Drobeniuc J, Cuevas-Mota J, Garfein RS, Kamili S, Teshale EH. Hepatitis A and B among
young persons who inject drugs—vaccination, past, and present infection. Vaccine. 2015; 33

14. Lugoboni F, Pajusco B, Albiero A, Quaglio G. Hepatitis A Virus among Drug Users and the Role of Vac-
cination: A Review. Front Psychiatry. 2011; 2:79. doi: 10.3389/fpsyt.2011.00079. eCollection 2011.
PMID: 22347865

15. Syed NA, Hearing SD, Shaw IS, Probert CS, Brooklyn TN, Caul EO, et al. Outbreak of hepatitis A in the
injecting drug user and homeless populations in Bristol: control by a targeted vaccination programme

PLOS ONE | https://doi.org/10.1371/journal.pone.0186338 October 16, 2017 13/15

-259-



@'PLQS l ONE

HAV seroepidemiology and HiV infection

16.

17.

18.

19.

20.

21.

22,

23.

24,

25,

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

and possible parenteral transmission. Eur J Gastroenterol Hepatol. 2003; 15(8):901-6. PMID:
12867801

Beebeejaun K, Degala S, Balogun K, Simms I, Woodhalt SC, Heinsbroek E, et al. Outbreak of hepatitis
A associated with men who have sex with men (MSM), England, July 2016 to January 2017. Euro Sur-
veill. 2017; 22(5).(pii):30454. doi: 10.2807/1560-7917.ES.2017.22.5.

Freidl GS, Sonder GJ, Bovee LP, Friesema IH, van Rijckevorsel GG, Ruijs WL, et al. Hepatitis A out-
break among men who have sex with men (MSM) predominantly linked with the EuroPride, the Nether-
lands, July 2016 to February 2017. Euro Surveill. 2017; 22(8).(pii):30468. doi: 10.2807/1560-7917.ES.
2017.22.8.

Werber D, Michaelis K, Hausner M, Sissolak D, Wenzel J, Bitzegeio J, et al. Ongoing outbreaks of hep-
atitis A among men who have sex with men (MSM) Berlin November 201 6 to January 201 7—linked to

7917.E5.2017.22.5.
Hwang LY Beasley RP, Yang Cs, Hsu LC, Chen KP. lncidence of hepatitis A virus infection in children

Sung JL, Chen DS, YudJdU, Wang TH, Lay MY, Wang CY, etal Hepatms Avirus infection in Taiwan. A
hospital-based study. Trop Geogr Med. 1980; 32(4):324-8. PMID: 6259786

Wu JS, Chen CH, Chiang YH, Lee YC, Lee MH, Ko YC, et al. Hepatitis A virus infection in Taiwan. Tai-

Wang SM, Liu CC, Huang Y8, Yang YJ, Lei HY. Change in hepatitis A virus seroepidemiology in south-
ern Taiwan: a large percentage of the population lack protective antibody. J Med Virol. 2001; 64
(2):104--8. PMID: 11360241

Chen KT, Chang HL, Chen CT, Chen YA. The changing face of the HiV epidemic in Taiwan: a new chal-
lenge for public health policy strategies. AIDS Patient Care STDS. 2009; 23(3):195-201. hitps://doi.org/
10.1089/apc.2008.0047 PMID: 19866537

Hsieh YH, Lin PC. Current Trends and Future Projection of HIV/AIDS Epidemic in Taiwan: A Modeling
Analysis. Curr HIV Res. 2016; 14(2):138-47. PMID: 26487305

Chen JS. Harm reduction policy in Taiwan: toward a comprehensive understanding of its making and
effects. Harm Reduct J. 2016; 13:11. https://doi.org/10.1186/512954-016-0101-6 PMID: 27044357

Tseng YT, Sun HY, Chang SY, Wu CH, Liu WC, Wu PY, et al. Seroprevalence of hepatitis virus infec-
tion inmen who have sex with men aged 18-40 years in Taiwan. J Formos Med Assoc. 2012; 111

Chen GJ, Lin KY, Sun HY, Sheng WH, Hsieh SM, Huang YC, et al. Incidence of acute hepatitis A
among HiV-positive patients during an outbreak among MSM in Taiwan: Impact of HAV vaccination.
Liver Int. 2017; 8(10):13468.

Chen GJ, Lin KY, Hung CC, Chang SC. Hepatitis A outbreak among men who have sex with menina
country of low endemicity of hepatitis A infection. J Infect Dis. 2017;15(10).

Wu PY, Cheng CY, Liu CE, Lee YC, Yang CJ, Tsai MS, et al. Multicenter study of skin rashes and hepa-
totoxicity in antiretroviral-naive HIV-positive patients receiving non-nucleoside reverse-transcriptase
inhibitor plus nucleoside reverse~transcriptase inhibitors in Taiwan PLoS One. 2017; 12(2):e0171596.

Su SB, Lin CY, Sheu MJ, KanWC, Wang HY, Guo HR. Decrease in seropreva|ence of hepatitis A after
the implementation of nationwide disposable tableware use in Taiwan. BMC Public Health. 2010;
10:719. hitps://doi.org/10.1186/1471-2458-10-719 PMID: 21092247

Chen JY, Chiang JC, Lu SN, Hung SF, Kao JT, Yen YH, et al. Changing prevalence of anti-hepatitis A
virus in adolescents in a rural township in Taiwan. Chang Gung Med J. 2010; 33(3):321-6. PMID:
20584510

Hsieh Y-J, Huang AS, Chiu C-M, Chou Y-M, Yang C-H. A Vaccination Program to Control an Outbreak
of Acute Hepatitis A among MSM in Taiwan, 2016. World Academy of Science, Engineering and Tech-
nology. 2017; 4(2).

Ishii K KiyoharaT Yoshizaki S, KawabataK KanayamaA YahataY et al Epidemiological and

PLOS ONE | https://doi.org/10.1371/journal.pone.0186338 October 16, 2017 14/15

-260-



@°PLOS l ONE

HAV seroepidemiology and HIV infection

36.

37.

38.

39.

40.

41.

42,

43.

44.

45,

46.

47.

48.

49.

Chen JS. Education as networking: Rethinking the success of the harm reduction policy of Taiwan.
Health (London). 2015; 19(3):280-93. doi: 10.1177/1363459314545697. Epub 2014 Aug 18. PMID:
25139870

Sun HY, Sheng WH, Tsai MS, Lee KY, Chang SY, Hung CC. Hepatitis B virus coinfection in human
immunodeficiency virus-infected patients: a review. World J Gastroenterol. 2014; 20(40):14598-614.
doi: 10.3748/wjg.v20.i40.14598. PMID: 25356024

Stewart T, Crofts N. An outbreak of hepatitis A among homosexual men in Melboume. Med J Aust.

Song YJ, Lim J, Park WS, Sohn H, Lee MS, Shin DH, et al. Seropositivity among Korean Young Adults
Approximately 2 Years after a Single-Dose Vaccination against Hepatitis A Virus. PLoS One. 2015; 10
(11):e0142297. doi: 10.1371/journal.pone.0142297. eCollection 2015. PMID: 26540392

Kim KA, Lee A, Ki M, Jeong SH. Nationwide Seropositivity of Hepatitis A in Republic of Korea from 2005

Quezada A, Baron-Papillon F, Coudeville L, Maggi L. Universal vaccination of children against hepatitis
Ain Chile: a cost-effectiveness study. Rev Panam Salud Publica. 2008; 23(5):303-12. PMID:
18510790

Levine H, Kopel E, Anis E, Givon-Lavi N, Dagan R. The impact of a national routine immunisation pro-
gramme initiated in 1999 on Hepatitis A incidence in tsrael, 1993 to 2012. Euro Surveill. 2015; 20(7):3—
10. PMID: 25719962

Mor Z, Srur S, Dagan R, Rishpon S. Hepatitis A disease following the implementation of universal vacci-
nation: who is at risk? J Viral Hepat. 2010; 17(4):293-7. doi: 10.1111/.1365-2893.2009.01176.x. Epub
2009 Aug 18. PMID: 19691457

Zhuang GH, Pan XJ, Wang XL. A cost-effectiveness analysis of universal childhood hepatitis A vaccina-
tion in China. Vaccine. 2008; 26(35):4608—16. doi: 10.1016/j.vaccine.2008.05.086. Epub Jun 13. PMID:
18597903

Valenzuela MT, Jacobs RJ, Arteaga O, Navarrete MS, Meyerhoff AS, Innis BL. Cost-effectiveness of
universal childhood hepatitis A vaccination in Chile. Vaccine. 2005; 23(32):4110-9. Epub 2005 Apr 12.

Lopez E, Debbag R, Coudeville L, Baron-Papillon F, Armoni J. The cost-effectiveness of universal vac-
cination of children against hepatitis A in Argentina: results of a dynamic health-economic analysis. J
Gastroenterol. 2007; 42(2):152-60. Epub 2007 Mar 12. hitps;//doi.org/10.1007/s00535-006-1984-x
PMID: 17351805

Tsou TP, Liu CC, Huang JJ, Tsai KJ, Chang HF. Change in hepatitis A epidemiology after vaccinating
high risk children in Taiwan, 1995-2008. Vaccine. 2011; 29(16):2956-61. doi: 10.1016/j.vaccine.2011,
Regan DG, Wood JG, Benevent C, Ali H, Smith LW, Robertson PW, et al. Estimating the critical immu-
nity threshold for preventing hepatitis A outbreaks in men who have sex with men. Epidemiol Infect.

PLOS ONE | htps://doi.org/10.1371/journal.pone.0186338 October 16, 2017 15/15

-261-



Downloaded from http://bmjopen.bmj.com/ on October 26, 2017 - Published by group.bmj.com

Open Access Research

Awareness and willingness towards pre-
exposure prophylaxis against HIV
infection among individuals seeking
voluntary counselling and testing for
HIV in Taiwan: a cross-sectional
questionnaire survey

BM)J Open

To cite: Lee Y-C, Chang S-Y,
Lin K-Y, et al. Awareness

and willingness towards
pre-exposure prophylaxis
against HIV infection among
individuals seeking voluntary
counselling and testing for HIV
in Taiwan: a cross-sectional
questionnaire survey. BMJ Open
2017;7:¢015142. doi:10.1136/
bmjopen-2016-015142

» Prepublication history and
additional material for this
paper are available online. To
view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2016-
015142).

Received 12 November 2016
Revised 31 July 2017
Accepted 1 August 2017

CrossMark

For numbered affiliations see
end of article.

Correspondence to
Dr Chien-Ching Hung;
hcc0401@ntu.edu.tw

Yi-Chieh Lee," Sui-Yuan Chang,?® Kuan-Yin Lin,* Lan-Hsin Chang,’
Wen-Chun Liu,”> Cheng-Hsin Wu,® Hsin-Yun Sun,® Chien-Ching Hung,>®"#

Shan-Chwen Chang®

ABSTRACT

Objectives We aimed to investigate the awareness and
willingness towards pre-exposure prophylaxis (PrEP)
among individuals seeking voluntary counselling and
testing (VCT) for HIV in Taiwan, where PrEP is currently not
reimbursed by the insurance.

Methods Between April and October 2016, a
questionnaire interview was conducted among VCT
clients to inquire about the attitudes towards PrEP against
HIV infection. Multivariate logistic regression analysis

was performed to identify the associated factors with
willingness to initiate PrEP.

Results During the 6-month period, 1173 VCT clients
(99.8%) completed the interviews, with 67.4% being
homosexual or bisexual male. While 67.2% of the clients
knew of postexposure prophylaxis, 40.2% heard of PrEP.
Overall, 546 clients (46.5%) were willing to initiate PrEP
and 89.5% of them would choose event-driven PrEP. In
multivariate analysis, male gender (OR 1.796; 95% Cl
1.165 to 2.768), full-time job (OR 1.354; 95% Cl 1.052

to 1.742), one-night stand (OR 1.374; 95% Cl 1.043 to
1.810), having casual sex partners within 3 months (OR
1.329; 95%Cl 1.031 to 1.714), condomless anal sex (OR
1.405; 95% Cl 1.122 to 1.878) and ever having chemsex
or attending a drug party in the past 1year (OR 2.571;
95% Cl 1.541 to 4.287), regular screening for HIV infection
(OR 1.321; 95%Cl 1.021 to 1.711) and knowledge of PrEP
(OR 1.504; 95%Cl, 1.159 to 1.953) were associated with
willingness to initiate PrEP.

Conclusions Understanding the willingness to initiate
PrEP against HIV among the VCT clients in Taiwan,

which was associated with male gender, risky sexual
behaviours and awareness of PrEP, will help inform the
implementation of PrEP programme.

INTRODUCTION

Pre-exposure prophylaxis (PrEP), with the
use of antiretroviral agents by HIV-negative
individuals before potential exposure to HIV

Strengths and limitations of this study

» This is the first study in the Asia-Pacific region to
investigate the willingness of initiating pre-exposure
prophylaxis (PrEP) among individuals, particularly
men who have sex with men (MSM), who sought
voluntary counselling and testing (VCT) for HIV.

» This study provides important information on factors
and barriers associated with the willingness to start
PreP, which may inform the implementation of PrEP
among individuals at risk for HIV infection in the
Asia-Pacific region, where PrEP is not reimbursed
by the national health insurance in most of the
countries.

» Information and recall bias may limit the
interpretation of the data that were obtained using
questionnaire interviews from the clients.

» The findings in this single-centre study with an HIV
incidence rate of 5.5 per 100 person-years among
the VCT clients who are MSM may not be generalised
to other settings, risk groups, centres or countries.

to prevent transmission, has been proven to
be efficacious in the reduction of HIV trans-
mission in clinical trials in certain popula-
tions, such as men who have sex with men
(MSM), heterosexual men and women and
injection drug users."™ The efficacy of PrEP
in preventing HIV transmission depends on
the adherence to daily doses of tenofovir
disoproxil fumarate (TDF) and emtricitabine
(FTC),? which could be greater than 90% if
the adherence is high (taking four tablets
or more per week).” The US Food and Drug
Administration (FDA) has approved daily use
of coformulated TDF/FTC as PrEP in July
2012.° The US Centers for Disease Control
and Prevention published a comprehensive
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clinical practice guideline of PrEP for the prevention of
HIV infection in May 2014.” Furthermore, the Pre-expo-
sure Option for reducing HIV in the UK: immediate or
Deferred (PROUD) study supported the addition of PrEP
to the standard prevention strategies for MSM who were
at risk of HIV infection in England, refuting the concerns
of risk compensation,® and the results of the Intervention
Préventive de I'Exposition aux Risques avec et pour les
Gays (IPERGAY) trial has provided another efficacious
prevention strategy using on-demand PrEP in MSM
against HIV infection in France.’

Although the results of the clinical trials of PrEP are
promising and a significantly increasing trend in the
utilisation of TDF/FTC for PrEP among commercially
insured persons in the USA between 2010 and 2014,"
successful implementation of PrEP among high-risk
populations needs an understanding of sociocultural
relationship, knowledge and acceptability of the inter-
vention and appropriate risk assessment. Several studies
have explored the awareness and willingness of PrEP in
different high-risk populations.""™ The percentage of
willingness and acceptability of PrEP ranged from 49.9%
to 60.8% in these studies, which was associated with lower
levels of education, regular gay scene attendance, high-
risk unprotected anal intercourse (defined as having two
or more partners, casual partners and/or unknown/
discordant partners in the previous 12 months) and
testing for HIV or sexually transmitted infections (STIs)
in the previous 12 months."

In Asia-Pacific region, PrEP using TDF/FTC has not been
widely implemented or reimbursed by the health insurance,
except in Australia and Thailand." In Taiwan, 34479 cases
of HIV infection have been reported to Taiwan Centers for
Disease Control (CDC) between 1984 and 2016, with an
estimated HIV prevalence of 1465 per 100000 populations.
The annual cases of HIV infection continues to increase
over the past decade and MSM remain the leading risk
group of HIV infection, accounting for 60.4% of reported
cases of HIV infection.'”” HIV care, including combination
antiretroviral therapy and monitoring of plasma HIV RNA
load and CD4 count, is provided free-of-charge at desig-
nated hospitals around Taiwan. However, the National
Health Insurance does not reimburse the cost related to
PrEP, though Taiwan CDC and Taiwan AIDS Society have
issued PrEP guidelines in May 2016."°

Understanding how PrEP is perceived by individuals at
risk for HIV transmission is important before implemen-
tation of PrEP as one of the HIV prevention strategies.
This cross-sectional questionnaire survey aimed to inves-
tigate the awareness and willingness toward PrEP among
individuals seeking confidential voluntary counselling
and testing (VCT) services for HIV in Taiwan.

METHODS

Setting of the VCT services

VCT services for HIV and syphilis have been offered
free-of-charge in Taiwan, with grant support from the

Taiwan CDC.'” The National Taiwan University Hospital
(NTUH) has provided VCT services since 1999, which was
expanded in 2006. The number of attendees of the VCT
programme at NTUH accounted for approximately 14%
of the total number in Taiwan in recent years.'® ' Each
client seeking VCT services has a unique identification
code for test results and has to complete a standardised,
confidential, self-administered questionnaire interview
prepared in Chinese (the English translated version avail-
able as online supplementary data at BMJ Open Online),
designed by Taiwan CDC. After completion of counsel-
ling by trained counsellors, a blood sample was obtained
for testing for HIV, syphilis and other STIs. This study
was approved by the Research Ethics Committee of the
hospital (registration number, 200904084R), and the
VCT clients gave written informed consent with the use
of the unique code before participating in this survey.

Among the VCT clients, the overall prevalence and inci-
dence rate was 3.5% and 3.4 per 100 person-years (PY) for
HIV infection, 2.2% and 1.6 per 100 PY for syphilis and
0.3% and 0.34 per 100 PY for HCV infection, respectively,
and the prevalence was 4.2% to 4.7% for chlamydia, 1.0%
for amoebiasis and 0.7% for gonorrhoea.'” ' * Among
the MSM population, the incidence rate of HIV infec-
tion (5.5 per 100 PY) was 10-fold higher than that of
heterosexuals.”'

Self-administered questionnaire interview of PrEP

The content of the questionnaire for VCT and PrEP
comprised of four parts: first, the general and basic
data of age, gender, level of education, current employ-
ment status and current monthly income status; second,
frequency of seeking VCT services for HIV and activities
clients engaged in, for example, one-night stand sex
(defined as a single sexual encounter without an expec-
tation of further relationship); third, risk assessment,
which included the number of sexual partners in the
past 3 months and condomless anal intercourse and use
of recreational drugs in the past lyear and fourth, the
knowledge of HIV postexposure prophylaxis (PEP) and
PrEP, willingness to use PrEP, concerns about using PrEP
and reasons of no intention to use PrEP. PrEP was briefly
described and information on the two current PrEP
strategies was provided: oral PrEP with TDF/FTC admin-
istered on a once-daily basis and with TDF/FTC on an
on-demand (event-driven) basis, especially on the differ-
ences of medication instruction and cost.”? During the
study period, TDF/FTC had not yet obtained its approval
for PrEP from Taiwan FDA. All antiretrovirals were only
available at the designated hospitals for HIV care around
Taiwan.

The pilot questionnaire interview was conducted
among the first 66 VCT clients to identify the validity and
comprehensibility of the questionnaire from 9 March to
7 April 2016. After modification of the questionnaire, 44
clients piloted questionnaire interview from 8 to 13 April
2016 and no changes were made to the questionnaire
thereafter.
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Statistical analysis

Statistical analyses were performed using SAS software
V.9.2 (SAS, North Carolina, USA). Continuous variables
were reported as mean+SD, analysed with non-parametric
statistics and compared with Kruskal-Wallis tests. Categor-
ical variables were expressed as percentage of the total
number of clients analysed and compared with x* test.
To identify factors associated with willingness of initiating
PrEP, the variables with a p value less than 0.05 in univar-
iate analysis were entered into the multivariate logistic
regression analysis. Model selection were conducted
using a backward elimination technique based on two
criteria (ie, Akaike Information Criteria (AIC) and Type
IIT p values) until the final model reached the optimum
(minimum) AIC.2 A p value of less than 0.05 was consid-
ered statistically significant. Missing data were excluded
for analysis.

RESULTS

From 8 April to 8 October 2016, a total of 1175 clients
sought VCT services at NTUH and 1173 of them (99.8%)
agreed to participate in this study and completed ques-
tionnaire interviews. The demographic and clinical char-
acteristics of the participants are shown in table 1. The
participants had a mean age of 29.7 years (SD, 7.9 years),
88.2% were of male gender, 67.4% were homosexual
or bisexual male, 88.3% had diploma more than high
school, 61.6% had full-time job and 57.2% had monthly
income more than 30 000 New Taiwan Dollars (NTDs)
(approximately US$950).

Regarding the activities that VCT clients were engaged
in, 57.5% of the clients reported having sex with someone
online from apps and 27.5% had one-night stand sex. Up
to 80% of the clients (79.7%) reported having 1-5 sexual
partners in the past 3 months; 38.3% had condomless
anal sex within the past lyear and 11.1% had partners
with HIV infection or other STIs. Sixty-nine percent of
the clients had a casual sexual partner. Around 8.0% of
the clients (7.5%) admitted to use of recreational drug
during sexual activity or attending a drug party within 3
months before this survey.

With respect to knowledge on HIV testing and preven-
tion, 52.9% of the clients had used to attend regular
screening for HIV. About two-thirds of the clients
(67.2%) knew of PEP while 40.2% heard of PrEP before
this survey. While 3.4% of the clients tested positive for
HIV, 2.9% tested positive for syphilis in the survey during
the study period.

Overall, 546 VCT clients (46.5%) expressed their will-
ingness to use PrEP, if TDF/FTC was approved for PrEP
in Taiwan. Comparisons of the baseline data and char-
acteristics between the clients with and without willing-
ness to use PrEP are shown in table 1. Compared with
individuals unwilling to use PrEP, individuals willing to
use PrEP were more likely to be male (93.4% vs 83.7%,
p<0.0001) and homosexual and bisexual male (75.8% vs
60.0%, p<0.0001), to have full-time job (66.5% vs 58.2%,

p=0.0112) and current monthly income more than 30
000 NTDs (60.9% vs 54.0%, p=0.0203), to be engaged
in sex with someone online from apps (61.5% vs 53.9%,
p=0.0092) and with someone by dating at places like a
pub, bathhouse or gym (11.5% vs 7.8%, p=0.0362) and
to have one-night stand sex (32.6% vs 23.1%, p<0.0001).

When the risk behaviours were concerned, not having
any sexual partners (13.8% vs 19.7%, p=0.0295) and
having a casual partner (53.7% vs 65.6%, p<0.0001) were
negatively associated with willingness to use PrEP. On the
other hand, having condomless anal intercourse in the
past lyear (46.2% vs 31.4%, p<0.0001) and ever using
recreational drug during sexual activity or attending a
drug party in the past lyear (11.7% vs 3.8%, p<0.0001)
were associated with willingness to use PrEP.

Regarding the knowledge of HIV testing and prevention,
regular screening for HIV (60.3% vs 46.4%, p<0.0001),
and being aware of PEP (73.1% vs 62.0%, p<0.0001) and
PrEP (48.0% vs 33.3%, p<0.0001) were more common in
clients with willingness to use PrEP than those without.
Compared with clients without willingness to use PrEP,
clients with willingness to use PrEP were more likely to
test positive for HIV during the current VCT visits (5.7%
vs 1.4%, p<0.0001).

In multivariate analysis, factors associated with will-
ingness to use PrEP are shown in table 2. Independent
factors associated with willingness to start PrEP included
male gender (OR 1.796; 95% CI 1.165 to 2.768), having
full-time job (OR 1.354; 95% CI 1.052 to 1.742), one-night
stand sex (OR 1.374; 95% CI 1.043 to 1.810), casual sex
partners within 3 months (OR 1.329; 95% CI 1.031 to
1.714) and condomless anal sex in the past 1year (OR
1.405; 95%CI 1.122 to 1.878), ever using recreational
drugs during sexual activity or attending a drug party in
the past lyear (OR 2.571; 95%CI 1.541 to 4.287) and
having regular screening for HIV infection (OR 1.321;
95%CI 1.021 to 1.711) and knowledge of PrEP (OR
1.504; 95% CI 1.159 to 1.953).

Of the 546 clients who reported willingness to use
PrEP, 89.5% preferred to use TDF/FTC on an on-de-
mand (event-driven) basis. However, the concerns raised
about PrEP included higher cost of medications (41.0%),
potential side effects (33.5%) and inconvenient access to
acquisition of TDF/FTC (28.7%). The reasons for not
considering PrEP for the 627 clients included having
adopted protective measures during sex (78.5%) and
concerns about higher cost of medications (18.5%),
potential side effects (11.6%) and inconvenient access to
acquisition of TDF/FTC (8.6%).

DISCUSSION

This is the first study to report on awareness of using TDF/
FTC as PrEP against HIV and willingness to use PrEP
among individuals seeking for VCT in the Asia-Pacific
region in recent years. We found that, while PrEP was not
reimbursed by the National Health Insurance in Taiwan,
46.5% of VCT clients were willing to use PrEP and 89.5%
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Individuals willing to  Individuals unwilling Statistics
Variables All individuals use PrEP to use PrEP p value*

Age, mean (SD), years 29.7 (7.9) 29.7 (7.2) 29.8 (8.6) 0.2643
Male 88.2 93.4 83.7 <0.0001
Female 11.8 6.6 16.3
Transgender 0.0 0.0 0.0
More than high school 88.3 89.1 87.7 0.5241
High school or less 11.7 11.0 12.3
Full time 61.6 (719/1167) 66.5 (356/543) 58.2 (363/624) 0.0112
Others 38.4 (448/1167) 34.4 (187/543) 41.8 (261/624)
<30000 NTDs 42.8 (497/1161) 39.1 (210/537) 46.0 (287/624) 0.0203
>30000 NTDs 57.2 (664/1161) 60.9 (327/537) 54.0 (337/624)

Non-MSM male 20.9 17.6 23.8 <0.0001
MSM or bisexual male 67.4 75.8 60.0
Female 11.8 6.6 16.3

Sex work (provider or consumer) 10.1 9.5 10.7 0.5611

Having sex with someone datingat 9.5 11.5 7.8 0.0362
places, like a pub, bathhouse or gym

[\
~
(3]

One-night stand sex 32.6 23.1 <0.0001

Number of sex partners within 3 months

Having a committed sexual partner ~ 45.2 (530/1173) 47.6 (260/546) 43.1 (270/627) 0.1263
within 3months

Condomless anal sex in the past 38.3 (449/1173) 46.2 (252/546) 31.4 (197/627) <0.0001
1year

Ever having STls in the past 1year 6.8 (80/1173) 8.2 (45/546) 5.6 (35/627) 0.0815

Ever using recreational drugs before 7.5 (88/1173) 11.7 (64/546) 3.8 (24/627) <0.0001
or during sexual activity or attending
drug party in the past 1year

Continued
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Table 1 Continued

Individuals willing to  Individuals unwilling Statistics

Variables All individuals use PrEP to use PrEP p value*
Knowledge on prevention, %
Regular screening for HIV infection 52.9 60.3 46.4 <0.0001
Knew of HIV PEP 67.2 73.1 62.0 <0.0001
Knew of HIV PrEP 40.2 48.0 33.3 <0.0001
Diagnosis of STls by current VCT visit
Syphilis 2.9 (34/1173) 3.7 (20/546) 2.2 (14/627) 0.1644
HIV 3.4 (40/1173) 5.7 (31/546) 1.4 (9/627) <0.0001

*p Value was calculated for the differences among the two groups. Continuous variables were analysed with non-parametric statistics,

Kruskal-Wallis test, while categorical variables with % test.

MSM, men who have sex with men; NTD, New Taiwan Dollar; PEP, postexposure prophylaxis; PrEP, pre-exposure prophylaxis; STI, sexually

transmitted infection; VCT, voluntary counselling testing.

of them preferred to use PrEP on an event-driven basis.
VCT clients who were male with full-time job, regular
screening for HIV infection and knowledge of PrEP and
engaged in one-night stand sex, having casual sex part-
ners and condomless anal sex and using recreational
drugs before or during sex were more likely to report
willingness of initiation of PrEP. Given the demonstrated
efficacy of PrEP in preventing HIV infection among MSM
who were engaged in risky behaviours,® ? these findings
suggest that there is a substantial unmet need for a new
prevention strategy against HIV transmission among indi-
viduals who perceived themselves at risk for HIV and STIs
and sought VCT in Taiwan.

In this study, the risky behaviours that we identified to
be associated with willingness to use PrEP, particularly
condomless anal sex, were similar to those reported in
other studies,'? *#" which implies that engagement in
risky sexual behaviours may potentiate the willingness
to use PrEP. However, ever using recreational drugs
before or during sexual activity has only been identified
in a recent study that revealed the association between
use of amyl nitrate and having sex outside the relation-
ship.28 Recreational drug use before or during sex, also
termed ‘chemsex’, was associated with increased odds

of unprotected anal intercourse by encounter-level anal-
ysis,* ** which has been found to be a risk factor for acqui-
sition of HIV infection.?! *? Therefore, the published
guidelines also identify those persons having chemsex as
potential candidates to initiate PrEP.’

Regarding the awareness of HIV prevention, we found
that prior knowledge of PrEP was associated with willing-
ness to uptake PrEP. Goedel and colleagues also identi-
fied the correlation between awareness with willingness
to use PrEP in gay, bisexuals and other MSM in New
York City.”” In Spain, MSM who had heard of PrEP were
more forceful in their options on the willingness to use
PrEP.** Therefore, with the increased awareness of PrEP,
the population at risk will be more likely to accept and
initiate PrEP. To effectively implement PrEP programme,
information, education and counselling of PrEP should
be delivered to the populations at risk for HIV infection.

Among VCT clients with willingness to use PrEP, almost
90% of them preferred event-driven strategy to preven-
tion against HIV infection in our study. However, the
VCT clients were concerned about inconvenient access
to acquisition of TDF/FTC (28.7%), higher cost of the
medications (41.0%) and their potential side effects
(33.5%). In the Dutch study, Bil and colleagues found that

Table 2 Multivariate analysis for factors associated with the willingness to use pre-exposure prophylaxis (PrEP) against HIV
infection in individuals seeking voluntary counselling and testing for HIV

Variables Reference OR (95% CI) p Value
Male Female 1.796 (1.165 to 2.768) 0.0081
Full-time job Other types 1.354 (1.052 to 1.742) 0.0187
One-night stand sex Nil 1.374 (1.043 to 1.810) 0.0240
Having a casual sex partner within 3months Nil 1.329 (1.031 to 1.714) 0.0283
Condomless anal sex in the past 1year No 1.405 (1.122 to 1.878) 0.0046
Ever using recreational drugs before or during sexual No 2.571 (1.541 to 4.287) 0.0003
activity or attending drug party in the past 1year

Regular screening for HIV infection No 1.321 (1.021 to 1.711) 0.0344
Knew of HIV PrEP Not knowing of PrEP 1.504 (1.159 to 1.953) 0.0022

NTD, New Taiwan Dollar; PEP, postexposure prophylaxis.
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compared with daily PrEP use, the benefits of intermit-
tent PrEP use included the lower cost and potential risk
of side effects and lower threshold to start PrEP, while the
barriers to PrEP included the perceived need to plan their
sex life and adherence to multiple prevention strategies
among MSM.” Another qualitative research identified
preference of on-demand PrEP over daily PrEP, injectable
PrEP and free or standardised access through community
organisations or government hospitals among MSM in
India.”® The greatest consensus regarding more accept-
able PrEP attributes has been in the mode of delivery and
its cost.”” Therefore, provision of information on PrEP
efficacy and potential side effects, a convenient access to
PrEP service and reimbursement of PrEP are necessary
to make implementation of PrEP more successful among
the populations at risk.

The cost of PrEP medications has been a major
concern and barrier to wide implementation of PrEP
among persons at risk for HIV infection. Several math-
ematical models investigated the cost-effectiveness or
impact of PrEP on the HIV epidemic among MSM in
North America,sg_41 Australia,42 the UK® and the Neth-
erlands.** All these studies demonstrated that targeting
PrEP to MSM at high risk of HIV infection was cost-ef-
fective. The variability of cost-effectiveness among the
different studies could be due to the differences in the
HIV epidemic among MSM, direct and indirect costs and
the percentage of MSM targeted for intervention. There-
fore, the demonstration of the cost-effectiveness of PrEP
and the potential impact on HIV epidemic when PrEP
is used along with other HIV treatment and prevention
programmes should be able to provide evidence and
rationale for the policymakers to commit to the imple-
mentation of affordable PrEP for persons at risk for HIV
infection.”” *

Compared with other studies about willingness to use
PrEP, our study had a large sample size (1173 partici-
pants) and high participation rate of questionnaire inter-
view (99.8% of 1175 VCT clients approached). However,
several limitations should be considered. First, the study
was conducted using confidential questionnaire inter-
view to collect information on sexual risk behaviours
and all data were self-reported; therefore, it is difficult
to avoid recall bias and we were not able to verify the
information provided. Second, the willingness of PrEP
use might be overestimated because of the hypothetical
questions in questionnaire interview. Given the barriers
to initiation of PrEP using TDF/FTC, it remains to be
seen whether action will be taken by the individuals with
risky behaviours when TDF/FTC was approved for PrEP
in Taiwan. Third, this is a single-centre study including
VCT clients who were mainly MSM with an HIV inci-
dence rate of 5.5 per 100 PY and all the study partici-
pants are of Asia ethnicity. Therefore, our findings may
not be generalised to participants of other ethnicities
and countries.

CONCLUSIONS

Among the individuals seeking VCT services in Taiwan,
a substantial portion (46.5%) of the participants had
willingness to initiate PrEP against HIV infection, which
were independently associated with having risky sexual
behaviours and awareness of PrEP. The barriers to PrEP
included cost, potential adverse effects and accessibility
issues. The implementation of PrEP in Taiwan could be
facilitated through dissemination of the information on
PrEP and provision of PrEP that is affordable and easy to
access.
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Methods: Medical records of HIV-infected Taiwanese patients seeking HIV care at a university
hospital from 2011 to 2014 were reviewed. The change of estimated glomerular filtration rate
(eGFR) was compared between patients not receiving combination antiretroviral therapy
(cART) and those starting cART with or without TDF. The determinants of annual eGFR changes
and factors associated with greater annual eGFR decline in TDF-exposed patients were

Results: A total of 775 patients were included: 140 were cART-naive, 393 received TDF-
containing cART, and 242 received cART without TDF. Compared with cART-naive patients,
the annual eGFR decline was greater in TDF-exposed patients (0.57 + 8.6 mL/min/1.73 m?
and 2.7 + 8.9 mL/min/1.73 m2, p = 0.012). The annual eGFR decline between patients
receiving cART with or without TDF was similar (2.7 + 8.9 mL/min/1.73 m? and
1.8 = 8.3 mL/min/1.73 m?, p = 0.567). Diabetes was associated with worsening eGFR decline
in all studied patients. TDF exposure correlated with an additional annual eGFR decline of
2.73 mL/min/1.73 m? (95% confidence interval 0.139—5.326, p = 0.039) in patients with
CD4 count < 350 cells/uL. Among TDF-exposed patients, the factors associated with annual
eGFR decline of > 3 mL/min/1.73 m? were higher baseline eGFR and lower CD4 counts.

Conclusion: Among HIV-infected Taiwanese patients, cART exposure correlated with the
decline of renal function. However, TDF-exposed patients are more likely to have prominent
eGFR decline, especially those with higher baseline eGFR, advanced HIV disease, and diabetes.
Copyright © 2015, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

inhibitor;
proximal renal
tubulopathy;
tenofovir explored.
nc-nd/4.0/).
Introduction

Tenofovir disoproxil fumarate (TDF) is a widely used
nucleotide reverse-transcriptase inhibitor, and is an
important component of combination antiretroviral therapy
(CART) for patients with human immunodeficiency virus
(HIV) infection.™? With the introduction of cART, survival of
HIV-infected patients has significantly improved. However,
aging, multiple comorbidities, complex medications, and
prolonged cART may increase the risk of kidney injury. In
recent years, kidney dysfunction has become a clinically
relevant and important issue.>™>

Since its introduction for clinical use, TDF has been
found to be associated with an increased risk of kidney
tubular dysfunction including Fanconi syndrome, diabetes
insipidus, or osteomalacia.®’ Decline in renal function was
also reported in patients with exposure to TDF, experi-
encing either acute or chronic kidney injury, or merely a
decrease of estimated glomerular filtration rate (eGFR)
when compared with baseline values.®

The magnitude and clinical impact of TDF on renal func-
tion are still being debated. Variable degrees of eGFR loss
have been reported, ranging from < 5 mL/min/1.73 m? to >
10 mL/min/1.73 m? annually.>~"° In a 10-year longitudinal
prospective follow-up study, there was only a mild decline of
eGFR that was attributable to TDF."" By contrast, a study on a
cohort of Japanese patients showed that the loss of eGFR
increased continuously for up to 5 years.'> Moreover,
increased frequency of proteinuria has been observed in pa-
tients receiving TDF-containing cART."®>'* Because protein-
uria may often precede GFR loss, measurements of
biomarkers, such as urine B-2-microglobulin, have been pro-
posed for early detection of renal tubular dysfunction.'®

Previous studies have shown different incidences and
profiles of adverse effects of cART in Asian populations
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compared with those reported in Western countries.'®"”

The predictive factors of TDF-related kidney injury have
been recognized, which vary among patients of different
ethnicities. For Asian people, a lower weight'®"® and
certain genetic variability’® may contribute to the devel-
opment of kidney injury. A few studies have reported on
the change in renal function in TDF-exposed Asians, %' 24
however, most of the studies had short observation periods.
This study aimed to assess the eGFR changes and to identify
the risk factors for decline of renal function associated with
TDF exposure in HIV-1-infected Taiwanese patients.

Methods

Patient population

This retrospective cohort study was conducted between
January 2011 and December 2014 at a university hospital
that is the largest designated hospital for HIV care in
Taiwan. Because TDF was not introduced into clinical use in
Taiwan until 2011, the study population included all HIV-
infected patients who regularly sought HIV care at the
hospital since 2011. Three groups of patients were defined
according to their treatment status: those not receiving
CART, those receiving TDF-containing cART, and those
receiving cART not containing TDF.

Patients were included if they were aged > 20 years with
at least two serum creatinine measurements with an in-
terval of 90 days or more. The exclusion criteria included
receipt of ART < 90 days, intermittent or unknown duration
of ART exposure, and end-stage renal disease on dialysis.
ART was initiated and prescribed according to the national
treatment guidelines for HIV infection proposed by the
Taiwan Centers for Disease Control.”” The decision to
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switch or stop cART was at the discretion of the HIV-
treating physicians. The study was approved by the
Research Ethics Committee of National Taiwan University
Hospital (registration number NTUH-201301041RIND). The
data were analyzed anonymously, and written or oral
informed consent was waived.

Data collection and evaluation of renal function

We used a standardized case record form to collect the
information on the demographics, sexual preference,
weight and height, comorbidity, treatment history of cART,
plasma HIV RNA load, CD4 lymphocyte count, concomitant
medications, and serum creatinine at the start of the study
from the medical records of the patients. Chronic kidney
disease was defined as an eGFR < 60 mL/min/1.73 m?.
Dyslipidemia was defined by regular use of lipid-lowering
agents, or a total cholesterol of > 240 mg/dL, or a tri-
glycerides level of > 200 mg/dL. Serum creatinine mea-
surements were performed every 6—12 months until the
study ended. All patients underwent annual proteinuria
screening. If the patients discontinued TDF due to renal
dysfunction, serum creatinine levels and urinalysis results
were monitored and followed up until the end of study
(December 31, 2014).

We used the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation, incorporating serum
creatinine, age, sex, and race as four parameters to esti-
mate GFR. The CKD-EPI equation was shown to be more
accurate than the Modification of Diet in Renal Disease
(MDRD) equation in the subgroup with GFR > 60 mL/min/
1.73 m?.2% Such populations include patients without kidney
disease and young patients, which are very much similar to
our study population. Guidelines published by the Kidney
Disease Improving Global Outcomes organization, managed
by the National Kidney Foundation of the United States,
recommends the CKD-EPI equation for patients with higher
GFR.?” Proteinuria, detected using spot urine sample, was
defined as > 1+ (i.e., urine protein level > 30 mg/dL).

Our primary outcome of interest was the change of GFR
for each group of patients. The secondary objective was to
identify the risk factors associated with GFR decline in
patients with TDF exposure.

Statistical analysis

Patients’ demographics and basic characteristics were
evaluated by descriptive statistics. Data were presented as
mean (standard deviation) or count (percent). Categorical
variables were compared using chi-square test or Fisher
exact test. Continuous variables were compared using the
Kruskal—Wallis one-way analysis of variance or Man-
n—Whitney U test. For data from two related samples,
variables were compared using paired t test. A two-tailed p
value < 0.05 was considered statistically significant. Fac-
tors associated with annual eGFR change in all patients
were identified using multivariate linear regression model.
Factors associated with annual eGFR decline by > 3 mL/
min/1.73 m? in patients exposed to TDF were explored
using the multivariate logistic regression model. Variables
were entered into the model with a backward stepwise

linear or logistic regression approach with p value < 0.1 as a
requirement for acceptance. Data were analyzed using
SPSS software version 18.0 (SPSS Inc., Chicago, IL, USA).

Results

Clinical characteristics of patients

During the 4-year study period, a total of 775 HIV-infected
patients with available serial serum creatinine data over a
90-day interval were included for analysis: 140 were not
receiving cART, 393 had exposure to TDF-containing cART
(TDF-exposed group), and 242 received cART not containing
TDF (non-TDF-exposed group). The baseline characteristics
of the patients are shown in Table 1. Overall, most patients
were middle-aged homosexual men. The average weight of
patients was 66.6 kg. One fourth of the patients in the TDF-
exposed group had chronic hepatitis B virus infection. More
patients in the non-TDF-exposed group had diabetes mel-
litus, hypertension, dyslipidemia, and longer duration of
CART exposure with 80% of the regimens containing prote-
ase inhibitor(s). The mean follow-up duration of the pa-
tients was 672 days (standard deviation 292 days).

Renal function change of HIV patients exposed or
unexposed to tenofovir

The trends of changes in eGFR in each group of patients are
demonstrated chronologically by the timing of serum
creatinine tests in Figure 1. In the 4-year study period,
patients not starting cART had stable eGFR at around
110 mL/min/1.73 m?. By contrast, patients receiving cART
had significant decline of eGFR: a decline from 105.6 mL/
min/1.73 m? to 97.6 mL/min/1.73 m? in the TDF-exposed
group, and from 99.4 mL/min/1.73 m? to 92.7 mL/min/
1.73 m? in the non-TDF-exposed group (Figure 1).

In Table 2, we compared the changes between the first
and the last eGFR among the three groups. Both groups of
patients receiving cART with or without TDF had significantly
lower eGFR in the last measurements, compared with their
respective first eGFR measurements (105.6 + 16.4 mL/min/
1.73 m* and 100.5 + 17.1 mL/min/1.73 m%; 99.4 4+ 17.6 mL/
min/1.73 m? and 96.4 + 18.1 mL/min/1.73 m2, respectively;
both p < 0.001), however, patients not receiving cART had
similar levels (110.1 + 14.4 mL/min/1.73 m? and
109.8 + 13.4 mL/min/1.73 m?; p = 0.387). Compared with
patients not receiving cART, the annual decline of eGFR was
greater in the TDF-exposed group (0.57 + 8.6 mL/min/
1.73 m? and 2.7 + 8.9 mL/min/1.73 m?; p = 0.012). How-
ever, the annual declines of eGFR between the TDF-exposed
group and the non-TDF-exposed group were not statistically
significantly different (2.7 + 8.9 mL/min/1.73 m? and
1.8 + 8.3 mL/min/1.73 m?; p = 0.567). The annual per-
centage of decline in eGFR was 0.1 + 8.1% for the patients
not receiving cART, which was significantly lower than that
for the TDF-exposed group (2.3 + 8.6%, p = 0.032) or the
non-TDF-exposed group (1.3 + 10.3%, p = 0.035). A urine
specimen tested positive for proteinuria (protein
level > 30 mg/dL) in 23.2% of the patients not receiving
cART, 13.9% of the patients in the TDF-exposed group, and
14.0% of the patients in the non-TDF-exposed group. The
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Table 1 Baseline characteristics of the HIV-infected patients with different treatment status.
Not on cCART CcART experienced, CART experienced, non-TDF P
(n = 140) TDF exposed (n = 393) exposed (n = 242)

Age (y) 31.5+ 7.3 38.2 +£ 10.0 43.4 +12.3 <0.001
Male sex 131 (93.6) 379 (96.4) 230 (95.0) 0.345
MSM 115 (82.1) 330 (84.0) 172 (71.1) <0.001
Injecting drug user 15 (10.7) 6 (1.5) 5(2.1) <0.001
Weight (kg) 67.8 + 14.1 65.9 + 10.7 67.0 + 11.4 0.63
BMI (kg/m?) 23.0 £+ 4.1 22.6 + 3.4 23.4+ 3.4 0.038
Comorbidity

HBsAg positive 12 (8.6) 100 (25.4) 30 (12.4) <0.001

Anti-HCV positive 28 (20) 37 (9.4) 10 (4.1) <0.001

Hypertension 6 (4.3) 37 (9.4) 40 (16.5) <0.001

Diabetes mellitus 5 (3.6) 15 (3.8) 21 (8.7) 0.018

CKD # 0 (0) 2 (0.5) 11 (4.5) <0.001

Malignancy 1(0.7) 28 (7.1) 15 (6.2) 0.554

Heart failure 0 (0) 2 (0.5) 2 (0.8) 0.017
Years since HIV diagnosis 55+25 7.0 £ 4.8 9.9 £4.9 <0.001
Duration of ART (y) 0+0 5.9 + 4.6 9.1 +£4.9 <0.001
CD4 count (cells/pL) 541 + 173 374 + 291 547 + 258 <0.001
Plasma HIV RNA load 3.96 + 0.8 3.3+£1.9 1.70 £ 0.9 <0.001

(log1o copies/mL)
Exposed to PI 0 (0) 140 (35.6) 197 (81.4) <0.001
ACEI or ARB use 3(2.1) 14 (3.6) 17 (7.0) 0.042
Dyslipidemia 2 (1.4) 18 (4.6) 49 (20.2) <0.001
Follow-up duration (d) 549 + 267 797 + 316 541 £ 137 <0.001

2 Defined as eGFR < 60 mL/min/1.73 mZ.
Results are presented as n (%) or mean =+ standard deviation.

ACEl = angiotensin llI-converting enzyme inhibitor; ARB = angiotensin Il receptor blocker; BMI = body mass index; cART = combination
antiretroviral therapy; CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; HCV = hepatitis C virus;
HIV = human immunodeficiency virus; MSM = men who have sex with men; Pl = protease inhibitor; TDF = tenofovir disoproxil

fumarate.

prevalence of proteinuria was significantly higher in the
patients not receiving cART than the TDF-exposed and non-
TDF-exposed groups (23.2% vs. 13.9%, p = 0.032; 23.2% vs.
14.0%, p = 0.035, respectively), but it was similar between
the TDF-exposed and the non-TDF-exposed groups (13.9% vs.
14.0%, p = 0.524).

The factors influencing annual change of eGFR in HIV-
infected patients were explored by multivariate linear
regression (Table 3). The analysis indicated that presence
of diabetes mellitus and dyslipidemia would lead to greater
eGFR decrement annually at a rate of 5.01 mL/min/1.73 m?
[95% confidence interval (Cl), 1.539—7.128, p = 0.002] and
2.46 mL/min/1.73 m? (95% Cl, 0.838—6.177, p = 0.010),
respectively. On the contrary, chronic kidney disease
(defined as eGFR < 60 mL/min/1.73 m?) and every addi-
tional CD4 cell count increase would lessen the annual
decrement of eGFR. TDF exposure had no significant influ-
ence on annual eGFR change.

In the subgroup analysis, we investigated the influence
of TDF exposure on the annual eGFR change in patients with
different CD4 levels using linear regression. In 277 patients
with CD4 count < 350 cells/pL, those exposed to TDF had
an additional 2.73-mL/min/1.73 m? eGFR decrement
annually (95% Cl 0.139—-5.326; p = 0.039). Diabetes melli-
tus continued to have a significant impact on eGFR decline
in this analysis (Table 3, Analysis 2).
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Factors associated with renal function decline in
patients with TDF exposure

Analysis of the risk factors associated with annual eGFR loss
>3 mL/min/1.73 m? in 393 TDF-exposed patients is shown
in Table 4. In univariate analysis, factors associated with
annual eGFR loss >3 mL/min/1.73 m? were increased
plasma HIV RNA load and higher baseline eGFR. Patients
with higher CD4 counts and longer TDF exposure appeared
to have a lower rate of annual eGFR loss >3 mL/min/
1.73 m?. In multivariate logistic regression, higher baseline
eGFR levels were associated with an increased risk of
annual eGFR loss > 3 mL/min/1.73 m? [for every 10 mL/
min/1.73 m? increase, odds ratio (OR) 1.292; 95% Cl
1.123—1.486; p < 0.001], and higher CD4 counts were
protective against HIV RNA (for every 1 cell/uL increase, OR
0.999; 95% CI 0.998—1.000; p = 0.008).

Outcomes of patients with TDF-related renal
failure

During the study period, 11 of 393 (2.8%) patients dis-
continued TDF. Six patients switched to other cART regi-
mens due to emergence of antiretroviral resistance, and
five (1.3%) patients withdrew TDF due to increased serum
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Figure 1. Trends of changes in estimated glomerular filtra-
tion rate (eGFR) in HIV-infected patients with three different
status of combination antiretroviral therapy (cART). The three
groups were as follows: patients not receiving cART [ART (—)],
patients receiving TDF-containing cART [ART (+), TDF (+)],
and patients receiving cART not containing TDF [ART (+), TDF
(—)]. The maximal follow-up duration was 48 months.
TDF = tenofovir disoproxil fumarate.

creatinine levels. The details of these five patients are
shown in Table 5. Their average eGFR at baseline was
74 mL/min/1.73 m?. At TDF discontinuation, the average
loss of eGFR was 32 mL/min/1.73 m?, and the average in-
crease of serum creatinine levels was 0.67 mg/dL. Three
patients had pre-existing hypertension or diabetes mellitus.
The other two patients had no chronic illness, but their
body mass indices were < 20 kg/m?. The serum creatinine
level of four patients recovered partially after TDF
discontinuation (median follow-up duration 161 days). The
only one patient with worsening renal function despite
discontinuation of TDF was the oldest, with poorly
controlled diabetes mellitus.

Discussion

In this Taiwanese cohort, the average annual decline of
eGFR in TDF-exposed patients was 2.7 mL/min/1.73 m2. In
multivariate analysis, TDF exposure was correlated with an
additional annual eGFR decrement of 2.73 mL/min/1.73 m?
in patients with CD4 count < 350 cells/uL. For patients
receiving TDF, the factors associated with annual eGFR
decrement > 3 mL/min/1.73 m? were lower CD4 counts and
higher baseline eGFR in multivariate analysis. The preva-
lence of proteinuria was higher in patients not receiving
CART, but similar between patients receiving TDF- or non-
TDF-containing cART. During the 4-year study period, five
(1.3%) patients withdrew TDF due to deteriorating renal
function.

The first study in HIV-infected Asians to evaluate change
of creatinine clearance after TDF initiation was performed
in Thai patients.?’ Using the Cockcroft—Gault formula and
MDRD formula, the authors concluded that creatinine
clearance remained stable after a median of 21 weeks of
TDF exposure. Later studies in HIV-infected Japa-
nese,'>'823 Chinese,?? and Vietnamese?® patients all sug-
gested a harmful effect of TDF on renal function, yet
expressed the result in different ways, such as TDF expo-
sure shown to increase the risk of eGFR < 60 mL/min/
1.73 m?, eGFR > 10 mL/min/1.73 m? or a 25% decline of
eGFR from baseline, or presence of urine markers for
proximal renal tubulopathy. Overall, these studies sug-
gested a higher risk for TDF-related renal dysfunction
among Asians than the patients in Western countries.

Few studies in Asian people calculated the eGFR changes
over time. Cao et al”’ reported an 8.8-mL/min/1.73 m?
decline in eGFR at Week 48 in patients receiving both TDF
and protease inhibitors.?? Kinai and Hanabusa?® reported a
17-mL/min/1.73 m? loss of eGFR at Week 96 in TDF-treated
patients. The degrees of eGFR decline in these two studies
are much greater compared with our observation. This
could be due to the difference in observation duration.
Several reports have found that eGFR of TDF-treated pa-
tients tends to decline rapidly within the first few months
of TDF exposure, and then stabilizes.?”?°*° It has been
suggested that changes in eGFR may be due to inhibition of
creatinine secretion of the proximal tubule due to TDF
exposure rather than due to actual damages to glomerular
functions.®' When patients are followed up for longer pe-
riods, the average annual decline in eGFR would be smaller.
Another factor leading to discrepancies in eGFR levels
among the different studies is the equation used to esti-
mate GFR. In HIV-infected patients with eGFR > 120 mL/
min/1.73 m?, MDRD may give higher mean eGFR estimates
than CKD-EPI.*?

Advanced HIV disease, characterized by a low CD4 count
and high plasma HIV RNA load, had been recognized as a
predictor of TDF-related renal function decline.'® Current
guidelines suggest initiating cART in HIV-infected in-
dividuals with a CD4 count < 500 cells/uL, and as the pri-
ority, for patients who have a CD4 count < 350 cells/uL." In
our study, TDF exposure was associated with a 2.73-mL/
min/1.73 m? eGFR decline annually in patients with CD4
count < 350 cells/puL. Our results suggest that more
frequent monitoring of renal function is needed in patients
with advanced HIV disease preparing for initiation of TDF-
based regimens. Among the factors that would increase
the risk of renal dysfunction in TDF-exposed patients, a
lower body weight is frequently mentioned in Asian pop-
ulations.'®2%33 The hypothesis is that a lower weight would
lead to a higher TDF plasma concentration, which increases
the risk of nephrotoxicity. A recent study measuring TDF
plasma concentration revealed that overexposure to TDF
was associated with a time-dependent decrease in eGFR.>*
In multivariate analysis, we did not find a statistically sig-
nificant association between a lower weight and kidney
dysfunction. However, two of the five patients with no
comorbidity who discontinued TDF due to worsening renal
function in our study did have a low body mass index.

Our analyses showed TDF-exposed patients with higher
eGFR at baseline tend to have more prominent eGFR loss.
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Table 2 Renal function change and incidence of proteinuria of HIV-infected patients with different treatment status.
Not on cCART  cART CART Three Not on Not on CART
(n = 140) experienced, experienced, groups CART vs. CART vs. TDF experienced,
TDF exposed  TDF unexposed p TDF exposed unexposed TDF vs. non-TDF
(n = 393) (n = 242) p
First serum 0.89 + 0.14  0.89 + 0.18 0.91 + 0.18
Cr (mg/dL)
Last serum 0.88 +£0.13  0.93 + 0.19 0.94 + 0.22
Cr (mg/dL)
First eGFR ¢ 110.1 +£ 14.4 105.6 + 16.4 99.4 + 17.6
(mL/min/1.73 m?)
Last eGFR 109.8 + 13.4 100.5 + 17.1  96.4 + 18.1
(mL/min/1.73 m?)
Annual eGFR change —0.57 +8.6 —2.7 +8.9 —-1.8+8.3 0.057 0.012 0.12 0.567
(mL/min/1.73 m?)
Annual eGFR —0.1 + 8.1 —2.3+ 8.6 -1.3 +£10.3 0.059 0.032 0.035 0.524
change (%)
Proteinuria 23.2% (16/69) 13.9% (47/338) 14.0% (32/235) 0.115 0.052 0.055 0.922

(> 30 mg/dL)

@ eGFR was calculated by CKD-EPI equation.
Results are n (%), or mean + standard deviation.
CART combination antiretroviral therapy; CKD-EPI

— = Chronic

Kidney Disease Epidemiology Collaboration; Cr creatinine;

eGFR = estimated glomerular filtration rate; HIV = human immunodeficiency virus; TDF = tenofovir disoproxil fumarate.

Similar findings have also been reported previously. '®3%3¢

Horberg et al*> demonstrated that TDF-exposed patients
with a baseline eGFR > 80 mL/min/1.73 m? had a more
pronounced eGFR loss than those with baseline eGFR be-
tween 50 mL/min/1.73 m? and 79 mL/min/1.73 m?. A later
study from Japan found that high eGFR levels at baseline
was a risk factor for a decline in eGFR by > 25%."® CKD
patients were expected to have faster decline of renal
function after initiating a nephrotoxic drug treatment. The

exact reason for these conflicting data is unclear. One
possible explanation is that by using the MDRD or CKD-EPI
formula, patients with high eGFR had greater eGFR
change than those with low eGFR in response to a same
level of serum creatinine elevation. To avoid this phe-
nomenon, methods that evaluate renal function directly,
such as >'Cr-EDTA clearance, might be more accurate.
Proteinuria was observed in a higher percentage of pa-
tients not receiving cART compared with the patients

Table 3  Determinants of annual change of eGFR in HIV-infected patients using multivariate linear regression.
Variable Univariate analysis Multivariate analysis
Regression coefficient (95% Cl) p Regression coefficient (95% Cl) p
Analysis 1: All patients * (N = 775)
Male sex —3.574 (—6.493 to —0.600) 0.018
Diabetes mellitus —3.969 (—6.698 to —1.241) 0.004 —5.011 (—7.768 to —2.254) <0.001
Chronic kidney disease 7.747 (2.997—12.497) 0.001 10.149 (5.403—14.895) <0.001
Dyslipidemia —1.986 (—4.138 to 0.165) 0.070 —2.455 (—4.610 to —0.301) 0.026
CD4 count (cells/pL) 0.004 (0.002—0.007) <0.001 0.005 (0.003—0.007) <0.001
Tenofovir exposure —1.376 (—2.600 to —0.151) 0.028
ACEI or ARB use —2.616 (—5.608 to 0.377) 0.087
Analysis 2: Patients with CD4 < 350 (cells/uL)® (N = 277)
Diabetes mellitus —13.862 (—20.757 to —6.967) <0.001 —14.507 (—21.389 to —7.625) <0.001
Tenofovir exposure —2.246 (—4.905 to 0.412) 0.097 —2.733 (—5.326 to —0.139) 0.039

2 In analysis 1, univariate linear regression showed no significant contribution (p > 0.1) of age, injective drug user, body weight, HBsAg-
positivity, Anti-HCV-positivity, hypertension, congestive heart failure, duration of cART, plasma HIV RNA load, exposure to protease

inhibitor, and follow-up duration on eGFR (not listed in the table).

b In analysis 2, univariate linear regression showed no significant contribution (p > 0.1) of age, injective drug user, body weight, HBsAg-
positivity, Anti-HCV-positivity, chronic kidney disease, hypertension, congestive heart failure, dyslipidemia, ACEl or ARB use, duration of
ART, plasma HIV RNA load, exposure to protease inhibitor, and follow-up duration on eGFR (not listed in the table).

ACEl = angiotensin llI-converting enzyme inhibitor; ARB = angiotensin |l receptor blocker; cART = combination antiretroviral therapy;
Cl = confidence interval; eGFR = estimated glomerular filtration rate; HCV = hepatitis C virus; HIV = human immunodeficiency virus.
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Table 4 Determinants of annual decline of eGFR by > 3 mL/min/1.73 m? in HIV-infected patients treated with tenofovir.

Annual decline of eGFR

Univariate analysis Multivariate analysis

> 3 mL/min/ < 3 mL/min/ OR (95% Cl) p OR (95% Cl) p
1.73 m? (n = 146) 1.73 m? (n = 247)
Age (Y) * 38.8 + 11.1 37.8 +£9.3 1.009 (0.989—1.030) 0.363
Male sex 143 (97.9) 236 (95.5) 2.222 (0.61—8.099) 0.226
Weight < 50 kg 11 (7.5) 13 (5.5) 1.423 (0.62—3.268)  0.406
HBsAg-positive 32 (21.9) 68 (27.5) 0.739 (0.457—1.196) 0.218
Anti-HCV-positive 11 (7.5) 26 (10.5) 0.693 (0.332—1.447) 0.328
Hypertension 17 (11.6) 20 (8.1) 1.496 (0.756—2.957)  0.247
Diabetes mellitus 8 (5.5) 7 (2.8) 1.988 (0.706—5.600) 0.194
Malignancy 11 (7.5) 17 (6.9) 1.102 (0.502—2.423) 0.808
Congestive 1(0.7) 1(0.4) 1.697 (0.105—27.33)  0.709
heart failure
Dyslipidemia 5 (3.4) 13(5.3) 0.638 (0.223—1.828)  0.403
CD4 count (cells/uL) * 308 & 294 412 + 282 0.999 (0.998—0.999) 0.004 0.999 (0.998—1.000) 0.008
HIV PVL 3.6 £1.9 3.1 +£1.8 1.156 (1.035—1.291) 0.010
(logqo copies/mL) ®
Exposure to Pl 54 (37.0) 86 (34.8) 1.099 (0.718—1.682)  0.665
ACEI or ARB use 6 (4.1) 8 (3.2) 1.280 (0.435—3.766)  0.653
Tenofovir 736 + 178 833 + 332 0.999 (0.998—1.000) 0.003 1.000 (0.999—1.000) 0.186
exposure (d) ®
Baseline eGFR 110.2 + 16.4 102.9 + 15.9 1.342 (1.168—1.542) <0.001 1.292 (1.123—1.486) <0.001

(mL/min/1.73 m?) @

2 For continuous variable in logistic regression, the odds ratios are shown for each 1-year increase in age, for each 1-cell/pL increase of
CD4 count, for each 1 log;o copy/mL increase of PVL, for each 1-day increase of TDF exposure, and for each 10-mL/min/1.73 m? increase

of baseline eGFR.

ACEl = angiotensin Il-converting enzyme inhibitor; ARB = angiotensin Il receptor blocker; Cl = confidence interval; eGFR = estimated
glomerular filtration rate; HCV = hepatitis C virus; HIV = human immunodeficiency virus; OR = odds ratio; Pl = protease inhibitor;

PVL = plasma HIV RNA load; TDF = tenofovir disoproxil fumarate.

receiving cART in our study. This is not unexpected because
with the introduction of cART, there has been a decreasing
incidence of HIV-associated nephropathy. A previous study
also showed that cART initiation was associated with
improvement in proteinuria.®” Being a simple laboratory
test, urine dipstick test is recommended for screening
proteinuria in TDF-treated patients.>® One study that
included 10,841 HIV-infected patients reported that 1
additional year of TDF exposure was associated with 34%
increased risk of proteinuria.®” Limited by the small sample
size of our study, we did not find a statistically significant
difference in the prevalence of proteinuria between the
TDF-exposed and non-TDF-exposed groups.

Five (1.3%) patients withdrew TDF due to increased
serum creatinine levels during the study period. The
average increase in serum creatinine levels was 0.67 mg/dL
at TDF discontinuation. In a cohort study of 10,343 HIV-
infected patients receiving TDF-containing cART, 2.2% of
patients had an increase in serum creatinine levels of >
0.5 mg/dL, and 0.5% experienced a serious renal adverse
event of any type.”> A more recent study in Thailand re-
ported that 41 of 1204 (3.4%) TDF-treated patients had an
increase in serum creatinine level of > 0.5 mg/dL from
baseline.*' Published guidelines suggest obtaining mea-
surements of serum creatinine levels consistently for TDF-
treated patients.>® However, there is no consensus on the
optimal timing to discontinue TDF in patients whose kidney
function declines progressively, and the best marker for

TDF-related kidney injury has yet to be defined. After
discontinuation of TDF, four of the five patients in this study
had their eGFR partially recovered, which is in line with the
previous studies showing that the loss of renal function may
not be fully reversible with TDF withdrawal.*?

There are several limitations of our study and our results
should be interpreted with caution. First, this is a retro-
spective study. Patients included in our study might not
have a uniform schedule of blood sampling, and their
adherence to cART might be incomplete. Second, although
we provided a relatively longer observation period than
previous studies in Asia,”""?? the duration of TDF exposure
was no more than 4 years. Because the pattern of eGFR
decline may not be linear, the changes of renal function in
the short-term observation period may not predict the long-
term clinical effect. Third, we did not examine other pa-
rameters representing renal tubular dysfunction, such as
glycosuria, urine phosphate, or urinary B2-microglobulin.
Likewise, we assessed proteinuria only qualitatively. Mea-
surement of microalbuminuria or urine protein-to-
creatinine ratio would more precisely reflect the urine
protein loss. Finally, HIV-infected women and patients with
a low eGFR comprised only a small proportion of our study
populations. Whether our findings can be generalized to
these patients warrants further investigations.

In conclusion, cART exposure correlated with the decline
of renal function among HIV-infected Taiwanese patients.
However, TDF-exposed patients are more likely to have
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Details of the patients who discontinued tenofovir due to worsening renal dysfunction.

Table 5

After TDF withdrawal

Cr

Protein in

Maximal

TDF Baseline

(cells/pL) duration (d) Cr

Comorbidity Concomitant CD4

Patient Age/Sex Weight

eGFR

eGFR urinalysis

Cr

eGFR

ART

(kg)/BMI (kg/m?)

No.

(mg/dL)

(mg/dL) (mL/min/1.73 m?)

0.9

67
55
45

1.3

30 (14)

1.6 53
1.9 42
1.8 42
1.9 39
1.9 33

106

663
869

242
497

3TC/LPVr
3TC/EFV

Nil

55/18.2

40/M
43/M
50/M
54/M
75/M

1
2
3
4

1.5
1.7

1.8

2.2

Negative
100 (2+)
30 (1+)
50 (1+)

53
70

76

1.5
1.2
1.1
1.1

HTN

67/22.3
73/26.1

530
311

15
738

3TC/NVP
3TC/RAL

HTN, DM
Nil

41

13

410

60/19.2

28

65

3TC/LPVr
lamivudine; ART = antiretroviral therapy; BMI = body mass index; Cr = creatinine; DM = diabetes mellitus; EFV = efavirenz; eGFR = estimated glomerular filtration rate;

HTN, DM

62/24.2

5

3TC

lopinavir/ritonavir; M = male; NVP = nevirapine; RAL = raltegravir; TDF = tenofovir disoproxil fumarate.

HTN = hypertension; LPVr
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prominent eGFR decline, especially those with advanced
HIV disease (lower CD4 and high HIV RNA), diabetes melli-
tus, and higher baseline eGFR levels. Our results highlight
the importance of renal function monitoring when starting
TDF in patients initiating cART. As the survival rates of HIV-
infected patients are approaching that of the general
population in the cART era, the impact of prolonged TDF
exposure on renal function should be carefully monitored.
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Abstract ,

Background: An unprecedented outbreak of acute hepatitis A has ‘occurred among
MSM in Taiwan since June 2015, We aimed to describe the seroepidemiology of HAV
infection and to investigate the relationship between HAV vaccination and the inci-
dence of acute hepatitis' A among HIV-positive patients at the largest designated hos-
pital for HIV care during the outbreak.

Methods: Between 2012 and 2016, the HAV serostatus, vaccination history and clini-
cal characteristics of. HIV-positive patients were retrospectively reviewed. A case-
control study was performéd to identify the factors associated with acute hepatitis A.
The trends of HAV vaccination rate and incidence of acute hepatitis A among HAV-
seronegative patients were exammed during the outbreak. - '
Results: During the 4.5-year period, 2088 HlV-posmve patients with a mean age of
37y.7 years and 90.2% being MSM were included. The overall HAV seroprevalence was -
34.3%, which was signiﬁcantly higher in older and non-MSM patients. The estimated
incidence rate of acute hepatitis A'was 52.6 cases per:1000 person-years of follow-up
during the outbreak: The associated factors with acquiring acute hepatitis A were re-
cent syphilis and having not received HAV vaccines. The HAV vaccination rate during

the outbreak increased from 4.7% to.70.6% and the incidence rate of acute hepatitis

A‘ declined when up to 65% of the pafients were immunized or tested positivé for
HAV. e : ‘

Conclusions: The ‘seroprevalence of HAV. infection ‘was low in the younger HiV-

positiveindividuals. Prevention of acute hepatitis A was achieved among HIV-paositive,

‘HAV-seronegative patients through HAV .vaccination and increased herd immunity

during the ongoing outhreak.

KEYWORDS

faecal-oral transmission, immunization, immunosuppression, sexually transmitted disease

Abbreviations: 95% Cl, 95% confidence interval; ACIP, Adult Committee on Immunization Practices; AOR, adjusted odds ratio; ¢ART, combination antiretroviral therapy; COC, Centers for
Disease Control; HAV, hepatitis A virus; HBsAg, hepatitis B virus surface antigen; HBV, hepatitis B virus; HCV, hepatitis C virus; 1gG, immunoglobulin G; IgM, immunoglobulin M; MSM, men who
have sex with men; NTUH, National Taiwan University Hospital; PCR, polymerase-chain reaction; PVL, plasma HIV RNA load; PYFU, person-years of follow-up; RPR, rapid plasma reagin; TPPA,
Treponema paliidum particle agglutination.

© 2017 John Wiley & Sons A/S. [ 1
Published by John Wiley & Sons Ltd

Liver International. 2017;1-8. wileyonlinelibrary.com/journal /liv

-279-



CHENET aL.

1 | INTRODUCTION

Hepatitis A virus (HAV) is one of the most common infectious aetiolo-
gies of acute hepatitis worldwide, with an estimated 1.37 million cases
in 2010. The virus is transmitted faecal-orally, resulting in symptoms
ranging from asymptomatic infection to fulminant hepatitis. In coun-
tries with a high endemicity for HAV, most individuals are exposed to
HAV during childhood and develop long-standing protective immu-
nity thereafter.? In contrast, residents from regions of low endemicity
for HAV infection often remain susceptible in their adulthood; and
clustered HAV infections or outbreaks have been reported in these
regions. Other than being labelled as a food-borne infection, HAV can
also be transmitted faecal-orally through oral-anal sex among men
who have sex with men (MSM).3'4 In developed countries, outbreaks
among the MSM community have been reported and resulted in sig-
nificant economic losses.”’

HAV infection is a vaccine-preventable disease, and current
guidelines recommend HAV vaccination for high-risk groups such as
MSM.B? HAV vaccination not only provides protection to vaccinated
individuals, but generates herd immunity against outbreaks of acute
hepatitis A in the MSM community when a high HAV vaccine coverage
is achieved.1%1t HAV vaccines, with or without HAV immune globulin,
are also recommended by international guidelines for post-exposure
prophyla><is.8'9 Recently, Parron et al.!? reported using HAV vaccina-
tion as post-exposure prophylaxis during outbreaks for patients ex-
posed to index cases of acute hepatitis A, with an estimated efficacy
of 97.6%. However, it is not clear whether the results could be gen-
eralized to HIV-positive individuals who have suboptimal responses
to HAV vaccination.®® Furthermore, the effectiveness of implementing
HAV vaccination in the setting of an ongoing outbreak of acute hepa-
titis A has rarely been evaluated. In this retrospective cohort study, we
aimed to investigate the seroepidemiology of HAV and the correlation
between HAV vaccine coverage and the incidence of acute hepatitis A
among HIV-positive patients seeking HIV care at a designated univer-
sity hospital during an ongoing acute hepatitis A outbreak in Taiwan
between mid-2015 and 2016.%

2 | METHODS

2.1 | Study setting

Acute hepatitis A is a notifiable disease in Taiwan, and an average of
83 indigenous cases were reported to Taiwan's Centers for Disease
Control (CDC) annually during 2010 to 2014.3 Since June 2015, an
ongoing acute hepatitis A outbreak has been occurring in Taiwan,**
and a total of 1053 indigenous cases were reported in 2016, with
65% of the cases concentrating in four cities in the greater Taipei
area (Taipei City, Keelung City, New Taipei City and Taoyuan City).*®
High rates of HIV co-infection and MSM characterized this outbreak.
Further virological investigations revealed that HAV genotype 1A
was responsible for this outbreak (Taiwan CDC, unpublished data).
Before this outbreak, the rate of HAV vaccination had been low

among HIV-positive patients, despite the recommendations by the
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Key Points

o While the HAV seroprevalence was low among young
HIV-positive M5M in Taiwan, poor adherence to HAV
vaccination recommended was observed before the out-
break of acute hepatitis A.

o During the outbreak of acute hepatitis A in Taiwan, re-
cent syphilis was identified as the associated factor
among HIV-positive MSM in the case-control study.

¢ During the ongoing outbreak, HAV vaccination for HIV-
positive individuals reduced the risk of acute hepatitis A.

¢ In the setting of an outbreak of acute hepatitis A, a herd
immunity exceeding 65% of the entire cohort reduced
further transmission of HAV.

Adult Committee on Immunization Practices (ACIP) of Taiwan CDC.
In response to the outbreak, a campaign of 2-dose HAV vaccination,
given at 6-12 months apart, was launched at the designated hospi-
tals for HIV care around Taiwan since September 2015. In the cam-
paign, Taiwan CDC announced the outbreak in the mass media and
distributed alert letters to medical societies concerned and special-
ists of infectious diseases to promote HAV screening and vaccination
among the at-risk populations. Afterwards, since 1st October 2016,
the Taiwan CDC started to provide free-of-charge HAV vaccines to
patients with HIV infection and those with newly diagnosed syphilis
or gonorrhoea who were aged 40 years or less. In our cohort, alt HIV-
positive patients were encouraged to receive HAV vaccines regard-
less of their CD4 cell count, plasma HIV RNA load (PVL), or use of
combination antiretroviral therapy (cART).

2.2 | Study population

HIV-positive patients aged 18 years or greater who sought HIV care
at least once at the National Taiwan University Hospital (NTUH) be-
tween 1st January 2012 and 30th June 2016 were included in this
study. HIV-positive individuals who had never been tested for anti-
HAV antibodies were excluded from further analysis. HIV-positive
patients who were lost to follow-up before 1st June 2015 were also
excluded since their information on contracting acute hepatitis A was
not available during the outbreak.

We reviewed the medical records of the patients from 1st January
2012 to 30th November 2016 to collect information on demographics
and clinical characteristics, which included age, sex, risk group for HIV
transmission, use of antiretroviral therapy, CD4 cell count and PVL at
baseline, and serologies of HAV, hepatitis B virus (HBV), hepatitis C
virus (HCV) and syphilis at baseline and during follow-up, and dates of
HAV vaccination and acute hepatitis A.

Most of the included patients were followed every 3-6 months as
part of routine HIV care in our clinics according to the national HIV
treatment guidelines. All patients were followed until time of death,

loss to follow-up, or to end of this study on 30th November, 2016,
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whichever occurred first. The study was approved by the National
Taiwan University Hospital Research Ethics Committee (registration
no., 201003112R) and informed consent was waived.

2.3 | Laboratory investigations

During the study period, the determinations of anti-HAV immuno-
globulin G (IgG) were performed using chemiluminescence immu-
noassay (ARCHITECT HAVADb-IgG, Abbott Diagnostics, Wiesbaden,
Germany). In patients with acute hepatitis A during the study period,
anti-HAV immunoglobulin M (IgM) was determined with the use of
the Architect HAVAb-IgM assay (Abbott Diagnostics, Wiesbaden,
Germany). Anti-HCV antibody and HBV surface antigen (HBsAg) were
also detected by chemiluminescent micro-particle immunoassays. PVL
was quantified using the Cobas Amplicor HIV-1 Monitor test {Cobas
Amplicor version 1.5, Roche Diagnostics, Indianapolis, IN, USA) with
a lower detection limit of 20 (1.3 log,,) copies/mL. CD4 count was
determined using FACFlow (BD FACS Calibur, Becton Dickinson,
San Jose, CA, USA). Serological tests for syphilis included the rapid
plasma regain (RPR) test {BD Macro-VueTMRPR Card tests, USA) and
Treponema pallidum particle agglutination (TPPA) test (FTI-SERODIA-
TPPA. Fujirebio Taiwan Inc., Taoyuan, Taiwan).

2.4 | Case definitions

Acute hepatitis A was defined by the presence of clinical symptoms,
elevated aminotransferases and positive anti-HAV IgM. Stool speci-
mens were obtained from those who were diagnosed with acute hep-
atitis A for polymerase-chain reaction (PCR) assays to detect HAV at
the Taiwan CDC. The baseline HAV serology was defined as the first
available anti-HAV IgG test results between 1st January 2012 and
30th June 2016. Baseline clinical characteristics and laboratory find-
ings were those collected at the time of baseline HAV serological test-
ing. Patients who tested positive for anti-HAV IgG at baseline were
defined as “HAV-seropositive” and considered to be immune to new
HAYV infection; in contrast, patients who tested negative for anti-HAV
IgG were defined as "HAV-seronegative” and considered susceptible
to acute HAV infection before HAV vaccination was administered.

Patients who had consistent clinical symptoms, new RPR serore-
activity in the presence of positive TPPA test, or a four-fold increase
in RPR titres were considered to have early syphilis that included pri-
mary, secondary, or early latent syphilis.

2.5 | Case-control study

After identifying the cases of acute hepatitis A in our cohort during
the study period, we conducted a 1:3 matched case-control study to
examine the associated factors with acute hepatitis A. Controls were
those HAV-seronegative, HIV-positive patients in our cohort who did
not acquire acute hepatitis A during the same period. Controls were
matched to cases by age (£3 years), sex, route of HiV transmission and
duration of follow-up (3 months). If more than three controls were

available for matching, three controls were selected randomly by the
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EXCEL software, version 15.29 (Microsoft Corporation, Albuguerque,
New Mexico, the United States).

2.6 | Incidence of acute hepatitis A and
vaccine coverage

To better understand the relationship between the incidence of
acute hepatitis A and HAV vaccine coverage, we calculated the dura-
tion of follow-up and incidence of acute hepatitis A among unvac-
cinated, HAV-seronegative patients every 6 months before and every
2 months after the detection of acute hepatitis A outbreak in Taiwan.
For each unvaccinated, HAV-seronegative patient included, the at-
risk duration was defined as the interval between the date of the first
available HAV serology or beginning of the designated follow-up pe-
riod, whichever occurred first, and the date of death, loss to follow-
up, administration of the first dose of HAV vaccines or the end of
designated study period, whichever occurred first. Confirmed cases
of acute hepatitis A were recorded within each designated period
and the incidence was calculated accordingly. The observation of the
study ended on 30 November, 2016.

It has been hypothesized that a substantial proportion of immunity
to HAV in the high-risk population could confer herd immunity and
prevent outbreaks from taking place.’ To better describe the rela-
tionship between the incidence rate of acute hepatitis A and the level
of HAV herd immunity during this outbreak, we classified patients as
being “protected against HAV” for those who were HAV-seropositive
at baseline, had received at least one dose of HAV vaccine, or had re-
covered from acute hepatitis A during the study period. In our previous
HAV vaccination study, we have found that HAV-seropositive patients
following vaccination might lose their anti-HAV IgG during the 5-year
longitudinal follow-up;1%7 those patients with sero-reversion would
be considered susceptible to new HAV infections and HAV booster
vaccination was recommended if they tested negative for anti-HAV
during the study period.

The proportion of patients who were “protected against HAV” and
the incidence rate of acute hepatitis A were calculated at the begin-
ning of and during each designated follow-up period. Total reported
cases of acute hepatitis A in the greater Taipei region were also re-

corded for comparison.

2.7 | Statistical analysis

We used descriptive statistics to describe the seroprevalence of HAV
infection among the HIV-positive patients. To understand the relation-
ship between the level of herd immunity and the incidence of acute
hepatitis A, we depicted the proportion of patients immune to HAV
and the incidence rate of acute hepatitis A every 2 months during the
outbreak. Comparisons of demographic and clinical characteristics
were made between HAV-seropositive and HAV-seronegative pa-
tients. The non-categorical variables were compared using Student's t
test or Mann-Whitney U test and categorical variables were compared
using Chi-square test. In the case-control study, a multivariable logis-

tic regression analysis was used to determine the adjusted odds ratio
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of each variable for acquiring acute hepatitis A. The statistical analy-
ses were performed using STATA software, version 14.0 S/E (Stata
Corporation, College Station, Austin, TX). All P values are two-sided.

3 | RESULTS

3.1 | HAV seroprevalence and baseline
characteristics

During the 54-month study period, 2859 HIV-positive patients sought
HIV care at NTUH; 771 patients (27.0%) who had never been tested
for HAV serologies were excluded from further analysis. Of the 2088
patients with available baseline anti-HAV IgG data, 34.3% (n=717)
were seropositive and 65.7% (n=1371) were seronegative. The HAV
seroprevalences in different age groups are shown in Figure 1. Of
note, the HAV seropositivity was 19.6% (247/1262) among those
who were MSM and aged 40 years or less.

The demographic and clinical characteristics of HAV-seropositive
and HAV-seronegative patients are shown in Table 1. In muitivari-

able logistic regression analysis, factors that remained statistically

HAV-seropositivity
100%

75%
50%

25%

12.5% 10.5%

0%

30-40 40-50
Age group

B-MSM HiV-positive patients
MSM Hiv-positive patients

FIGURE 1 HAV seroprevalence by age and risk groups of HIV
transmission

significantly associated with HAV seropositivity were age (per 1-year
increase, adjusted odds ratio [AOR], 1.09; 95% confidence [95% Cl],
1.08-1.11), previous HAV vaccination (AOR, 5.25; 95% Cl, 4.05-6.82)
and not acquiring HIV via MSM risk behaviour (AOR, 1.95; 95% Cl,
1.17-3.24; data not shown).

3.2 | Case-control study

Forty-six cases of acute hepatitis A were diagnosed during the follow-
up period. All of the patients contracting acute hepatitis A were MSM.
Of these 46 patients, four developed acute hepatitis A after receiving
HAV vaccines; two developed acute hepatitis A within 2 weeks after
HAV vaccination and the other two developed acute hepatitis A 3 and
6 months after the first dose of HAV vaccination, respectively.

The comparisons made between the 46 case patients and 138
controls are shown in Table 2. In multivariable logistic regression
model, case patients with acute hepatitis A were more likely to have
early syphilis within 3 months (AOR, 9.41; 95% Cl, 3.23-27.40), less
likely to have received HAV vaccines during the study period (AOR,
0.10; 95% Cl1 0.10-0.35), and had lower baseline PVL (AOR per 1-log
increase, 0.77; 95% Cl 0.63-0.94) when compared to controls (data
not shown). There were no statistically significant differences in other
clinical characteristics, including baseline CD4 cell count, presence of
anti-HCV antibody and HBsAg at baseline and recent acquisition of
HCW.

3.3 | HAVvaccine coverage and acute HAV infection

During the study period, a total of 944 of 1371 HAV-seronegative
patients {68.9%) received at least one dose of HAV vaccine. Most of
the vaccinated patients (919/944, 97.4%) received vaccination only
after the outbreak was taking place. Early in the outbreak, the cover-
age rate of vaccination was as low as 4.7% among HAV-seronegative

patients {3.8% of our entire cohort) despite our vaccination campaign,

TABLE 1 The demographic and clinical characteristics of HAV-seropositive and HAV-seronegative HIV-positive patients

Age, mean (SD), y

37.7 {10.9) 451 (11.7) 33.9(8.2) <.001
Male sex, n (%) -2019.(96.7) 1679 (94.7) 1340 (97.7) <.001
MSM, n (%) 1884 (90.2) 592 (81.6) 1299 (94.7) <.001
cART use, 1 (%) 2019.{96.7) : 701(97.8} 1318{96.1) .- 046
HBsAg positivity, n (%) 258/1952(13.2) 122/690(17.7) 136/1262(10.8) <.001
Anti-HCV positivity, n (%) 92/1851 (5.0) 40/664(6.0) 52/1187 (4.4) A2
Baseline PVL, median (IQR), log,, Copies/mLa'b 1.3 (1.3-4.5) 1.3{1.3-2.7) 2.3(1.3-4.7) <.001
Baseline CD4 cell count, median (IQRY), cells/ul® 484'(325-666) ‘519 {362-702) 468 (304-652) <.001
Previous HAV vaccmatron before the outbreak, n (%) 573(27.4) 408 (56. 9) 165 (12 Q) <,001

CART, combination antiretroviral therapy; HAV, hepatitis A virus; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; IQR, mterquamle range; MSM,

men who have sex with men; PVL, plasma HIV RNA load.

apatients with undetectable PVL were arbitrarily assigned as having 19 copies/mL.
bBaseline data of CD4 and PVL were obtained within 3-6 mo of inclusion into the study.
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TABLE 2 Case-control analysis of
factors associated with acute hepatitis A

Age, mean (SD), y
Male sex, n (%)
MSM, n (%)

HBsAg positivity at baseline, n (%)
Anti-HCV positivity at baseline, n (%)

HCV seroconversion®

cART use, n (%)

‘Baseline CD4 cell count, mediah {IQR),

cells/pLe

Baseline PVL, median (IQR), log,,

copies/mL>¢

Duration of follow-up, median {IQR),

mo

Recent syphilis within £3 mo of acute

hepatitis A, n (%)

Previous HAV vaccination before date

30.2(5.9) 30.3(5.7) .93

46(100) 138 (100) -

46 (100) 138 (100) -
4/40 (10) 7/110(6.3) 39
5/44 (11.3) 6/130(4.3) A1
1/29(2.2) 1/79 (0.7} 46

44/46 (95.7) 135/138 (97.8) .60
420 {310-666) 432 (258-595) .82

3.9(1.3-4.9) 4.5(3.6-5.1) .04

18.3(18.3-31.8) 19 {14.5-31.8) .82
18/46 (12.3) 9/136 (6.6) <.001
4/46 (8.7) 58/138 (42.0) <.001

of acute hepatitis A, n-(%)°

CART, combination antiretroviral therapy; HAV, hepatitis A virus; HBsAg, hepatitis B surface antigen;
HCV, hepatitis C virus; PVL, plasma HIV RNA load; IQR, interquartile range; MSM, men who have sex
with men; SD, standard deviation.

2patients who had HCV seroconversion during the study period.

bpatients with undetectable PVL were arbitrarily assigned as having 19 copies/ml.

“Baseline data of CD4 and PVL were obtained within 3-6 mo of inclusion into the study.

For the control patients, we considered them to be “vaccinated before the date of acute hepatitis A”
if they were vaccinated before their matched case patients were diagnosed with acute hepatitis A.

which increased to reach 70.6% of the HAV-seronegative patients at
the end of the study, when the acute hepatitis A outbreak continued
around Taiwan.

The total follow-up duration of unvaccinated, HAV-seronegative
patients was 798.66 person-years. The overall incidence rate of acute
hepatitis A was 52.6 cases per 1000 person-years of follow-up (PYFU)
during the outbreak period (from 1st June 2015 to 30th November
2016).

The trends of the proportions of patients who were “protected
against HAV” (ie, patients who were vaccinated or tested positive for
HAV), and the incidence rates of acute hepatitis A are demonstrated
in Figure 2. After the detection of the acute hepatitis A outbreak, the
incidence rate of acute hepatitis A in our cohort continued to increase
with time, peaking in April-May 2016, with an incidence rate of 118.5
cases per 1000 PYFU. Meanwhile, the proportions of patients who
were protected against HAV also increased simultaneously. Although
the proportion of HAV-seropositive patients remained stable at
around 20%-30%, the proportion of HAV-seronegative patients who
received HAV vaccines continued to increase during the ongoing out-
break. In June, 2015, when the first several cases of acute hepatitis A
were reported, only 4.7% of HAV-seronegative patients in our cohort
had ever been vaccinated and 2.8% of HAV-seronegative patients had
completed two doses of HAV vaccination. As of October, 2016, the
proportion of HAV-seronegative patients who received one dose and
two doses had increased to 70.6% and 28.8% respectively. After the
proportion of patients who were vaccinated or tested positive for HAV
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exceeded 65% of the entire cohort, the incidence rate of acute hepa-
titis A started to decrease in our hospital and a similar trend, albeit to
a lesser extent and delayed, was observed within the greater Taipei

area {Figure 2).

4 | DISCUSSION

In this cohort study conducted in Taiwan, we found that the overall
seroprevalence of HAV was low in HIV-positive patients, particularly
in MSM aged less than 40 years (19.6%), which may facilitate the de-
velopment of outbreaks of acute hepatitis A, along with risky sexual
behaviours and low adherence to the recommended HAV vaccina-
tion. In the setting of the acute hepatitis A outbreak in Taiwan, we
found that the overall incidence rate of acute hepatitis A was 52.6
cases per 1000 PYFU among the HAV-seronegative, HIV-positive pa-
tients seeking HIV care at our university hospital. The incidence rate
declined only after the level of herd immunity exceeded 65% of our
entire cohort in the setting of the ongoing outbreak. By the time when
the incidence of acute hepatitis A started to decline, 46.4% of HAV-
seronegative patients had been vaccinated against HAV but only 9.1%
had completed two doses of HAV vaccines {Figure 2}.

Although serological responses after HAV vaccination were not
determined, one dose of HAV vaccine seemed to provide high level of
protection against new HAV infection in our cohort in the setting of on-

going outbreak of acute hepatitis A, as only four vaccinees developed
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Incidence of acute hepatitis A
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FIGURE 2 The relationship between HAV vaccine coverage and incidence rate of acute hepatitis A in our cohort, and reported cases of acute

hepatitis A in the greater Taipei area

acute hepatitis A after their first dose of HAV vaccine. It is well known
that serological responses to HAV vaccines among HiV-positive indi-

viduals are inferior to HIV-negative individuals, 7

and the serological
responses are positively associated with higher CD4 cell counts and
suppression of HIV replication.”® In our cohort, 96.7% of patients
were on cART and had a high CD4 cell count (median, 484 cells/ul),
which might contribute to the high level of protection observed in our
cohort after the first dose of HAV vaccination.

In recent years, the seroprevalence of HAV had declined signifi-
cantly in Taiwan.2®2 In our previous survey in 2009-2010, the HAV se-
roprevalence of HIV-positive MSM aged 40 year or less was 15.1%,2
which was similar to the proportion {19.6%) observed in this study.
Despite the recommendations by the ACIP of Taiwan CDC, the adher-
ence to HAV vaccination in this immunocompromised remained low;
only 12% of HIV-positive patients had received HAV vaccines before
2012 in our cohort and only 4.7% of HAV-seronegative patients un-
derwent vaccination early in the outbreak. The low adherence to the
vaccination recommendation may be explained by the fact that HAV
infection is often overlooked by physicians and patients because of
its self-limited disease course. In a study enrolling 1329 HIV-positive
MSM in the United States who were regularly followed at HIV clinics,
only 47.2% were screened for HAV serologies and only 28.5% of HAV-
seronegative patients were vaccinated.??

In our cohort, acute hepatitis A was statistically significantly
associated with early syphilis within 3 months. In many studies,
syphilis was used as a surrogate of risky sexual behaviours that in-
creased transmission of other sexually transmitted diseases. In HIV-

positive patients, recent syphilis had been linked to seroconversion of

-28

4-

sexually transmitted HCV.2%%* A similar association was also observed
in faecal-orally transmitted infections such as shigellosis.?> Outbreaks
of sexually transmitted HAV had been reported in the past decades
worldwide.%4*® In an outbreak of acute hepatitis A affecting 25 MSM
in New York in 1995, the transmission of HAV was associated with
recent oral-anal or digital-rectal intercourse.?® In Denmark, an out-
break of acute hepatitis A was also linked to casual sex in gay saunas.?”
These findings highlight that safe sex practices and adherence to vac-
cination recommendations for vaccine-preventable diseases cannot be
overemphasized in the high-risk populations such as MSM.

The effectiveness of HAV vaccination in the outhreak setting has
rarely been evaluated in high-risk populations before. In a retrospec-
tive study focusing on post-exposure prophylaxis for individuals who
had exposure to index HAV cases during an outbreak, Parron et al.2
found that HAV vaccination resulted in a 97.6% reduction of secondary
cases. In our case-control study, timely HAV vaccination was protec-
tive against acquiring acute hepatitis A (AOR 0.10, 95% Cl1 0.03-0.35).
We also demonstrated herd immunity whereby the incidence rate of
acute hepatitis A declined as the proportion of patients who were
“protected against HAV” in our cohort expanded (Figure 2). Beginning
from the onset of the outbreak in June 2015, the incidence rate of
acute hepatitis A continued to increase every 2 months with a peak
observed in April-May 2016. The proportion of patients “protected
against HAV” also increased as more and more patients received HAV
vaccine in our cohort. The incidence rate of HAV declined significantly
when the level of herd immunity exceeded 65%. Meanwhile, the re-
ported cases of acute hepatitis A within greater Taipei area did not

decrease as drastically as that in our cohort.
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Like other infectious diseases, it has been hypothesized that herd
immunity against HAV might serve to prevent outbreaks from taking
place. In an observational cohort study from Australia, the authors
concluded that HAV outbreaks were rare when the HAV seropreva-
lence exceeded 40%-50% at the population level.*® Using the epide-
miological data collected during the 1991-1992 outbreaks in Sydney,
Regan et al.!! estimated the range of basic reproduction number (Rg)
of HAV among an MSM population to be 1.71-3.67. Based on this
estimation, they also suggested a critical immunity threshold of 70%
to prevent future outbreaks.

The study has several limitations and interpretation of our findings
should be cautious. Firstly, while our data were collected retrospec-
tively from the largest medical centre for HIV care in northern Taiwan
where the epidemic concentrated, most patients received cART and
had achieved good control of HIV. Our findings might not be general-
izable to other parts of world or cohorts of HIV-positive patients not
receiving cART or with more advanced immunosuppression. Secondly,
not all HIV-positive patients in our cohort were tested for anti-HAV IgG
and we were not able to have a precise estimation of the serological
responses to HAV vaccination and seropositivity throughout the study
duration. Thirdly, in the case-control study, potential factors associated
with risky sexual behaviours, such as recreational drug use or unpro-
tected oral-genital or oral-anal sex and consistency of condom use,
were not recorded. Fourthly, in the analysis of vaccine coverage rate
and incidence of acute hepatitis A in our cohort, we were not able to
determine the impact of vaccine coverage rate in the community. Also,
our study only focused on symptomatic acute hepatitis A and might
have underestimated the true incidence of HAV acquisition since as-
ymptomatic seroconversion could not be estimated in our cohort.

In conclusion, we identified that the incidence of acute hepatitis
A'in the setting of a prolonged outbreak started to decline when the
level of herd immunity for HAV reached 65% among HIV-positive
patients in Taiwan, where the contemporary HAV seroprevalence re-
mained low in the young MSM population. Provision of information,
education and communication with respect to safe sex practices and
HAV vaccination are important to prevent future outbreaks among

such susceptible persons.

CONFLICT OF INTEREST

Chien-Ching Hung has received research support from Janssen,
Abbvie, Bristol-Myers Squibb, Merck, and ViiV and speaker honoraria
from Gilead Sciences, and served on the advisory boards for Gilead
Sciences, ViiV, Abbvie and Janssen. Other authors report no potential
conflict of interest.

REFERENCES

1. Havelaar AH, Kirk MD, Torgerson PR, et al. World Health Organization
Global Estimates and Regional Comparisons of the Burden of
Foodborne Disease in 2010. PLoS Med. 2015;12:e1001923.

2. Jacobsen KH, Wiersma ST. Hepatitis A virus seroprevalence by age
and world region, 1990 and 2005. Vaccine. 2010;28:6653-6657.

-285-

10.

11

12.

i3.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24,

Franco E, Giambi C, {alacci R, Coppola RC, Zanetti AR. Risk groups for
hepatitis A virus infection. Vaccine. 2003;21:2224-2233.

Corey L, Holmes KK, Sexual transmission of hepatitis A in homosexual
men: incidence and mechanism. N EnglJ Med. 1980;302:435-438.
Tortajada C, de Olalla PG, Pinto RM, Bosch A, Cayla J. Outbreak of
hepatitis A among men who have sex with men in Barcelona, Spain,
September 2008-March 2009. Euro Surveill. 2009;14:19175.

Bordi L, Rozera G, Scognamiglio P, et al. Monophyletic outbreak of
Hepatitis A involving HIV-infected men who have sex with men,
Rome, Italy 2008-2009. J Clin Virol. 2012;54:26-29.

Sansom SL, Cotter SM, Smith F, et al. Costs of a hepatitis A outbreak
affecting homosexual men: Franklin County, Ohio, 1999. Am J Prev
Med. 2003;25:343-346.

Fiore AE, Wasley A, Bell BP. Prevention of hepatitis A through ac-
tive or passive immunization: recommendations of the Advisory
Committee on Immunization Practices (ACIP). MMWR Recomm Rep.
2006;55:1-23.

Geretti AM, Brook G, Cameron C, et al. British HIV Association
Guidelines on the Use of Vaccines in HIV-Positive Adults 2015. HIV
Med. 2016;17(Suppl. 3):s2-s81.

Weerakoon AP, Chen MY, Read TR, Bradshaw C, Fairley CK. Immunity
to hepatitis A when outbreaks of infection in men who have sex with
men (MSM) are rare. Vaccine. 2012;30:3430-3434.

Regan DG, Wood JG, Benevent C, et al. Estimating the critical immu-
nity threshold for preventing hepatitis A outbreaks in men who have
sex with men. Epidemiol Infect. 2016;144:1528-1537.

Parron |, Planas C, Godoy P, et al. Effectiveness of hepatitis A vac-
cination as post-exposure prophylaxis. Hum Vaccin Immunother.
2017;13:423-427.

Lin KY, Chen GJ, Lee YL, et al. Hepatitis A virus infection and hepatitis
Avaccination in HIV-positive patients: a review. World J Gastroenterol.
2017,;23:3589-3606.

Chen GJ, Lin KY, Hung CC, Chang SC. Hepatitis A outbreak among
men who have sex with men in a country of low endemicity of hepa-
titis A infection. J Infect Dis. 2017;215:1339-1340.
http:/nidss.cde.gov.tw/en/. Accessed January 6, 2017.

Cheng A, Chang SY, Sun HY, et al. Long-term durability of responses
to 2 or 3 doses of hepatitis A vaccination in HIV-positive adults on
antiretroviral therapy. J Infect Dis. 2017;215:606-613.

Tseng YT, Chang SY, Liu WC, et al. Comparative effectiveness of two
doses versus three doses of hepatitis A vaccine in human immunode-
ficiency virus-infected and -uninfected men who have sex with men.
Hepatology. 2013;57:1734-1741.

Kemper CA, Haubrich R, Frank 1, et al. Safety and immunogenicity of
hepatitis A vaccine in human immunodeficiency virus-infected pa-
tients: a double-blind, randomized, placebo-controfied trial. J Infect
Dis. 2003;187:1327-1331.

Tsai CF, Lin DB, Chen SC, Chang YH, Chen CY, Lin JB. Seroepidemiology
of hepatitis A virus infection among schoolchildren in Taiwan. J Med
Virol. 2011;83:196-200.

Tsou TP, Liu CC, Huang JJ, Tsai KJ, Chang HF. Change in hepatitis A
epidemiology after vaccinating high risk children in Taiwan, 1995-
2008. Vaccine. 2011;29:2956-2961.

Tseng YT, Sun HY, Chang SY, et al. Seroprevalence of hepatitis virus
infection in men who have sex with men aged 18-40 years in Taiwan.
J Formos Med Assoc. 2012;111:431-438.

Hoover KW, Butler M, Workowski KA, et al. Low rates of hepatitis
screening and vaccination of HIV-infected MSM in HIV clinics. Sex
Transm Dis. 2012;39:349-353.

Sun HY, Chang SY, Yang 2V, et al. Recent hepatitis C virus infections
in HIV-infected patients in Taiwan: incidence and risk factors. J Clin
Microbiol, 2012:50:781-787.

Chan DP, Sun HY, Wong HT, Lee S5, Hung CC. Sexually acquired hep-
atitis C virus infection: a review. Int J Infect Dis. 2016;49:47-58.



CHEN €T AL

25. Chiou CS, lzumiya H, Kawamura M, et al. The worldwide spread of
ciprofloxacin-resistant Shigella sonnei among HiV-infected men who How to cite this article: Chen G-J, Lin K-Y, Sun H-Y,
have sex with men, Taiwan. Clin Microbiol Infect. 2016;22:383.e11-6.

26. Henning KJ, Bell E, Braun J, Barker ND. A community-wide outbreak
of hepatitis A: risk factors for infection among homosexual and bisex-
ual men. Am J Med. 1995:99:132-136. Impact of HAV vaccination. Liver Int. 2017;00:1-8.

27. Mazick A, Howitz M, Rex §, et al. Hepatitis A outbreak among MSM https://doi.org/10.1111/1iv.13468
linked to casual sex and gay saunas in Copenhagen, Denmark. Euro
Surveill. 2005;10:111-114.

et al. Incidence of acute hepatitis A among HIV-positive

patients during an outbreak among MSM in Taiwan:

-286-



	伍附件
	P2-4-World J Gastroenterol.pdf
	组合
	WJGv23i20Cover
	WJGv23i20Contents


	P2-9-J microbiol immunol infect (1).pdf
	Kidney dysfunction associated with tenofovir exposure in human immunodeficiency virus-1-infected Taiwanese patients
	Introduction
	Methods
	Patient population
	Data collection and evaluation of renal function
	Statistical analysis

	Results
	Clinical characteristics of patients
	Renal function change of HIV patients exposed or unexposed to tenofovir
	Factors associated with renal function decline in patients with TDF exposure
	Outcomes of patients with TDF-related renal failure

	Discussion
	Conflicts of interest
	Acknowledgments
	References






