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Abstract

Background:

The hemorrhagic fever with renal syndrome, leptospirosis and murine
typhus were zoonotic diseases that transmit by many pathognomonic
reservoirs of mammal to human, especially rodents harboring. Human
infection can occur with contact with contaminated environment by
excreta or bite of infected rodents or flea. There were good evidences
to show that reservoir, pathogen and human cases with these diseases
have occurred in Taiwan. These evidences support that these risk factors
existed and may result in outbreak potentially. To know well about the
epidemiology of pathogens among these reservoirs will contribute to
benefit policy draw up and control of these diseases.

Aim:

To obtain the risk factors and the dynamic situation of hemorrhagic
fever with renal syndrome, leptospirosis and murine typhus among rodents,
a sero—epidemiology investigation was conducted within livelihood area
in high resident density of five metropolises in Taiwan. The results
will contribute of the early awareness, prevention and control measures
to local authorities . The major goals were to reduce the potential risk

and block spread of hemorrhagic fever with renal syndrome, leptospirosis
and murine typhus in the future.

Method:

The cross sectional retrospective design was adopted. The sera and
tissue samples from captured rodents in five metropolises were collected.
ELISA ~ TFA and MAT methods were used to detect and identify the specific
antibody of hemorrhagic fever with renal syndrome, leptospirosis and



murine typhus, respectively. SPSS 14.0 for window edition were used to
analyze and describe the characteristics and associations between
collective parameters. RT-PCR and PCR were performed to detect the
pathogens of infected rat with hemorrhagic fever with renal syndrome,
leptospirosis and murine typhus. The G2 protein gene of M segment of
Hantavirus and 16S rDNA of leptospira were used for phylogenetic
analysis of Hantavirus and Lipospira by maximum likelihood and
distance-based neighbor-joining of MEGA 4 for Molecular Evolutionary
Genetics Analysis Software.

Results:

The major rodents species within livelihood areas in high resident
density of five metropolises in Taiwan were Suncus murinusand and Rattus
norvegicus (p<0.05). The seroconverse of Hantavirus and Leptospira were
significantly associated with body weight, body length, tail length and
species of rat (p<0.05). The seroconverse of Hantavirus frequently
associated with Rattus norvegicus (20.1%) and mainly distribute at Taipei
city (23.9%). The seroconverse of Leptospira usually associated with
Rattus norvegicus (44.6%) and mostly distribute at Tainan City (50. 6%).
The serotype of Hantavirus was all Seoultype (100%) but the serotype of
Leptospira was mostly Shermani type (61.4%). The seroconverse of murine
typhus was 0. 6% (3/474) and was all detected from Rattus norvegicus. The
carrier rate of Hantavirus associated with Rattus norvegicus and Suncus
murinusand were 80.0% and 40.0% by molecular biology technics. The
carrier rate of Hantavirus has not significant difference with species
and geographic distribution of rat (p=0.085; p=0.057). The carrier rate

of Leptospira among Suncus murinusand, Rattus norvegicus and Bandicota



indica were 36.1%, 2.6% and 66. 7%, respectly. The 26.8% carrier rate
of Leptospira was at Taichung City and has significant difference related
with species and geographic distribution of rat. The phylogenetic
analysis of Hantavirus genetic diversity was found to group with
SEO/China. The phylogenetic analysis of Leptospira genetic diversity was

found to group with L. interrogans and L. borgpetersenii.

Conclusion:

The Suncus murinusand and Rattus norvegicus reservoirs were
associated with a higher risk to transmit Hantavirus and Leptospira
within market and night market in five metropolises, Taiwan. Despite male
or female rats, the transmit risk was associated with more habitus of
rats. In spite of the small sample size, the other group of rat (Rattus
losea losea, Rattus rattus, Bandicota indica) also has a risk to transmit
Hantavirus and Leptospira but the significance of sastatistics has to
explore in the future. Related with Hantavirus and Leptospira, rat
associated with latively lower risk to transmit Rickettsia of murine

typhus within market and night market in five metropolises, Taiwan.

keywords: Hantavirus, Leptospira, Rickettsia typhi, Sero-epidemiology,
Phylogenetic analysis, Taiwan
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(=) 494>l ¢ 4n= iR il F o dpl (MAT) [54] ~ » 3 2 & %
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Protem AFIRZIR R FT R LHS PR P R2 RG24
A 313 E it 2% Chin, C. & Nichol, S.T. [20, 58]
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—31;41?},;& » 513 A 4o
(1).  HTN-SEO viruses:
a~ %1 =HFIS
F: 5 -GATATGAATGATTG(T/C)TTTGT-3’

R: 5 -CCATCAGGGTCT(T/C)TCCA-3



b % 2 = HtFsl 3 ¢
F: 5 -TGTATAATTGGGAC(T/A)GTATCTAA-3
R: 5 -GCAAAGTTACATTT(T/C)TTCCT-3’

(2).  PUU-PH viruses

a~ B 1= HIFiS
F: 5 -TTTAAGCAATGGTG(C/T)ACTAC(T/A)AC-3
R: 5 -CCATAACACAT(A/T)GCAGC-3’

b % 2 = HitFsl 5 ¢
F: 5 -AGAAAGAAATGTGCATTTGC-3’
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2. AEBITE R P B A 47

3. 16STDNA A F1 A 7| A4 * K 1§ iE'J?J?’vET! BEFR S MG o H
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Pipa B 7| R 2 B AT A% 513 2 fFE R 7 A FdeT o

(1). Real-time PCR W p]: 49:34% 248 16S r-RNA 513 ~ 4+~

7|8 F JiE it %4 Slack & 4 i?‘)I%[BQ} °
F: 5 -CCCGCGTCCGATTAG-3’
R: 5 -TCCATTGTGGCCGRACAC-3’

Lepto probe:
5 (FAM)CTCACCAAGGCGACGATCGGTAGC3 (BHQ)
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B3t 462 537 16 1015

* Hv RC)RERX3~ LT rExI0~ R &x3 & #)

211 2 egps B8 2 P § Fo FHMBHS*

oA AT 7 ov o3 % 27 K

FooRE R e 129 98 229 194 316 966
EAR 71 45 107 60 191 474
X 0 1 1 0 1 3
el 71 44 106 60 190 471

P 5 0. 0% 2.2% 0. 9% 0. 0% 0. 5% 0. 6%
Ok 10 6 23 10 0 49

S 139 104 252 204 316 1015




12 & &Fdig f,}%—%i FiAE PR ek B % 2R A7 %

3R BR Hv 8 pit’ w3

iR L 83 31 1 115
PCR % = 5 #c 37 3 0 0.121 40
15 30 1 0 31

1L 7 2 0 9

R 81.1%  33.3% - 77. 5%
R Y 7 6 0 13
PCR % = 5% # 3 2 0 - 5
15 2 1 0 3

1L 1 1 0 2

R 66.7%  50.0% - 60. 0%
L3RG 90 37 1 128
£ P(R% = % % 40 5 0  0.085 45

L3 pp 32 2 0 34
L 8 3 0 11

&b pE P 80.0%  40.0% - 75. 6%

1 Fisher exact test

¥ wFHBHERfe& R LR T RE S % RpFigih v sl g7 » FEOR
T /AT RLLEET O 2 EHFRLE (012D -

* R FHBHRLZ g MR EEHEIE  ERfe& R R LR I RE
LR &~ E REFpa4F o wTespr o 2 2HFHLE(p0.085) -



I3 L E@ET F e pA L AMEPRe%SE 1 A48 %

oA A oe N e pEGD a3

& FBPER Y 22 17 15 8 13 115
PCR=% = H 5% #ic 6 1 13 5 15 0.072 40
e 3 0 11 4 13 31

P 3 1 2 1 2 9

B 50. 0% 0. 0% 84. 6% 80. 0% 86. 7% 77. 5%

m FRAER G 3 5 0 0 0 13
PCR% = 4 5 #ic 4 1 0 0 0 - 5
Rt 3 0 0 0 0 3

I 1 1 0 0 0 9

B 75. 0% 0. 0% - - - 60. 0%

L3P R 25 29 15 8 13 128
£21PCR% & s % B 10 9 13 5 15 0. 057 45
LB 6 0 11 4 13 34
s 4 2 2 1 2 11
LB 60. 0% 0. 0% 84. 6% 80. 0% 86. 7% 75. 6%

¥ FH (o ATAR) (5P A ) s (fa?  FRPDEFF 2 AH IS RTINS B
BopA L B LR BA FASEFELE (p0.072) ¢

¥ LB R2LFREREEHEFE AR TR IR R AT ALY
1z & (p=0.057) -



%\' 14 /-E is ﬁﬁ—%— *qﬁjﬁﬁ ;IJ LL -‘J!n':’fj.ln\ ﬂl]&é_\;c

AR 8 B o R Bt

AT A A 32 2 - 34
Seoul type 32 2 - 34
Other type 0 0 - 0
et 32 2 - 34

* —;ﬂ ? &z(/J—%‘ f?;&z N _%,‘I;J‘I‘I *‘5;\&‘1 . ﬁL.ﬁE)



% 15 & HfEdqAvl e 54t PCR BRI 2475 %

# R BRI EHER L RE e pE(XY)

L ABERE 125 74 0 3 2 204
PCR= = # 5 #ic 125 74 0 3 2 <0.001 204
o 62 2 0 0 1 65

1L 63 72 0 3 1 139

B 49. 6% 2. 7% - 0. 0% 50. 0% 31. 9%

s AR g 155 172 3 4 1 335
PCR= = # 2 #ic 155 172 3 4 1 <0.001 335
s 36 4 0 0 1 41

1L 119 168 3 4 0 294

R 23. 2% 2. 3% 0. 0% 0. 0% 100. 0% 12. 2%

B FHRAMRY 19 24 0 1 0 44
PCR= = # 2 #ic 19 24 0 1 0 <0. 001} 44
tREs 10 1 0 0 0 11

1 9 23 0 1 0 33

EREES 52. 6% 4. 2% - 0. 0% - 25. 0%
L3R g 299 270 3 8 3 583
&2 P(R% = H % B 299 270 3 8 3 <0.001 583
N 1A 108 7 0 0 2 117

£ IE 191 263 3 8 1 466

&3 EE 36. 1% 2. 6% 0. 0% 0. 0% 66. 7% 20. 1%

% R R ECTF B~ LR - R EE S 7B A e A (X fest) 2 1
£ 4 (Fisher exact test) R &+ =p eI N L F1E L 2 (p<0.001) -
$ ok TR 6 A R PR LS EE S LR T S AF LR (p<0. 001) -



% 16 & E4F® Hehil e e PCR Rl R #2758 %

SAH 0 A 5@ caw gt pr(® ot

AR R 26 14 66 45 53 204
PCR = = s 5 #ic 26 14 66 45 53 0.597 204
iRes 6 3 24 13 19 65

23E3 20 11 42 32 34 139
ERER 23.1%  21.4%  36.4%  28.9%  35.8% 31. 9%

i PR 65 50 69 44 107 335
PCR= = # 5 #ic 65 50 69 44 107 0.084 335
iRea 6 6 11 10 8 41

e 59 44 58 34 99 294

R 9.2%  12.0%  15.9%  22.7% 7.5% 12. 2%
EiFHRMRL 7 6 22 9 0 44
PCR =% = ¥ 5% #ic 7 6 29 9 0o - 44
Res 2 0 7 2 0 11

e 5 6 15 7 0 33
R 28. 6% 0.0%  31.8%  22.2% - 25. 0%
LR g 98 70 157 98 160 583
£ 21PCR=% = K 2 Bic 98 70 157 98 160 0.021 583
L3 14 9 42 25 27 117

&t e 84 61 115 73 133 466
s 14.3%  12.9%  26.8%  25.5%  16.9% 20. 1%

kAU EA S TR F RS R T S R RS RAT 2T B s
Wi Ltz 2 (p0.05) -

o FHE G R R FREREEE S I RS ERET > FEET KLY Hp0]
I L EFEA R (p0.02D) -



217 & B A Tl o il A 3 it

| F R % B % % B % AR % g8 % &3t %
=B ERE

EA S i | 0 3 2 124 73 202
bataviae 0 - 0 0. 0% 0 - 18 14. 5% 11 15. 1% 29 14. 4%
bratislava 0 - 0 0. 0% 0 - 5 4. 0% 2 2. 1% 7 3. 5%
javanica 0 - 0 0. 0% 0 - 1 0. 8% 3 4. 1% 4 2. 0%
shermani 0 - 2 66. 7% 2 100. 0% 8 62. 9% 42 57. 5% 124 61. 4%
kennewicki 0 - 1 33.3% 0 - 9 7. 3% 7 9. 6% 17 8. 4%
bataviae, kennewicki 0 - 0 0. 0% 0 - 1 0. 8% 1 1. 4% 2 1. 0%
bratislava, icterhamarage 0 - 0 0. 0% 0 - 2 1. 6% 1 1. 4% 3 1. 5%
icterhamarage 0 - 0 0. 0% 0 - 2 1. 6% 1 1. 4% 3 1. 5%
bratislava, kennewicki 0 - 0 0. 0% 0 - 1 0. 8% 1 1. 4% 2 1. 0%
kennewicki, shermani 0 - 0 0. 0% 0 - 5 4. 0% 1 1. 4% 6 3. 0%
bataviae, icterhamarage 0 - 0 0. 0% 0 - 0 0. 0% 1 1. 4% 1 0. 5%
bataviae, shermani 0 - 0 0. 0% 0 - 2 1. 6% 2 2. 1% 4 2. 0%

& Pl A 4 A 0 0 0 1 1 2

&3 0 3 2 125 74 204




ot b A % o I I % B3t %
=B ERE

EA S i | 26 14 65 45 52 202
bataviae 4 15. 4% 0 0. 0% 16 24. 6% 1 2.2% 8 15. 4% 29 14. 4%
bratislava 2 7. 7% 0 0. 0% 1 1. 5% 3 6. 7% 1 1. 9% 7 3. 5%
javanica 0 0. 0% 0 0. 0% 1 1. 5% 2 4. 4% 1 1. 9% 4 2. 0%
shermani 11 42. 3% 14 100. 0% 41 63. 1% 34 75. 6% 24 46. 2% 124 61. 4%
kennewicki 4 15. 4% 0 0. 0% 3 4. 6% 2 4. 4% 8 15. 4% 17 8. 4%
bataviae, kennewicki 1 3. 8% 0 0. 0% 0 0. 0% 0 0. 0% 1 1. 9% 2 1. 0%
bratislava, icterhamarage 1 3. 8% 0 0. 0% 0 0. 0% 1 2. 2% 1 1. 9% 3 1. 5%
icterhamarage 1 3. 8% 0 0. 0% 1 1. 5% 0 0. 0% 1 1. 9% 3 1. 5%
bratislava, kennewicki 0 0. 0% 0 0. 0% 0 0. 0% 1 2. 2% 1 1. 9% 2 1. 0%
kennewicki, shermani 0 0. 0% 0 0. 0% 0 0. 0% 1 2. 2% 5 9. 6% 6 3. 0%
bataviae, icterhamarage 1 3. 8% 0 0. 0% 0 0. 0% 0 0. 0% 0 0. 0% 1 0. 5%
bataviae, shermani 1 3. 8% 0 0. 0% 2 3. 1% 0 0. 0% 1 1. 9% 4 2. 0%

& Pl A 4 A 0 0 1 0 1 2

& 3 26 14 66 45 53 204
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