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ABSTRACT

Physicians participated in our flu surveillance system from February to June, 2002
obtained throat swabs from children presenting with flu-like illness. A total of 11
specimens were collected with tubes containing collection media and antibiotics on
working days and sent directly to our laboratory by express mail. Each specimen was
inoculated onto Madin-Darby canine kidney (MDCK) cells tissue culture for virus
growth, performed hemagglutination tests, and examined their cytopathic effect
(CPE). The positive samples showed CPE were re-inoculated into 10-day old
embryonated eggs. For establishing a rapid molecular diagnosis for possible novel
intra-species transmission flu A virus in Taiwan, we employed reverse transcriptase
-polymerase chain reaction (RT-PCR) methods for detecting and subtyping
influenza A viruses. Up to now, our RT-PCR system at NTU is capable to detect not
only positive control of human H1, H3 but aso avian H1, H5, and H6. Thirteen of
total 25 samples tested by RT-PCR with avian H1 primer set showed positive results,
including 3 in 8 throat swab (37.5%), 5in 10 MDCK (50%), and 5 in 7 embryonated
eggs fluid (71.4%). In summary, direct detection of flu A virus by RT-PCR may
decrease the sensitivity of detection. In addition, MDCK cells provide the most
convenience in amplifying virus. Future studies should try to inoculate chicken eggs
for those samples without CPE from MDCK cells because the low passage of chicken

eggs can provide virus stocks for vaccine preparation.



INTRODUCTION

The causing agents of influenza are influenza A, B and C viruses which belong
to the Orthomyxoviridae family.  Type A influenza viruses are the most important
as they result in severe epidemics or pandemics and are responsible of important
pathological outcomes. Subtypes of influenza A viruses depend on the nature of their
surface glycoproteins. haemagglutinin (H) and neuraminidase (N). Pandemic
influenza due to constant changes of influenza A viruses is a major public health
problem with global concerns. Three possible mechanisms are involved in
antigenic variation. First, the continuous “antigenic drift” due to point mutations
in the gene coding for the H protein, leads to the progressive emergence of new vira
strains and needs to annually evaluate the best composition of human flu vaccine in
that indicated year. Second, “ antigenic shift” due to genetic reassortment in pigs by
which the gene coding for the H protein, or both genes coding for H and N proteins
are involved, a new viral sub-type appears, then replaces the precedent and suddenly
responsible human pandemics. Third, the inter-species transmission to facilitate flu
A virus to jump across host species, the situation resulted in six deaths out of 18
patientsin Hong Kong in 1997.

Ecology of Influenza involves the infection of many different hosts, including
human beings and several animal species, such as ducks, chickens, geese, other
domestic avians, wild birds, pigs and even ocean mammals. Inter-species
transmission of influenza A viruses has been documented to berelated to several
past flu pandemics. In addition, several other findings support this potential human
health threat. First, swine influenza viruses provide the best direct evidence for
transmission of influenza viruses between species because pigs are the best mixing
vessels for different influenza A viruses. Antigenically and genetically identical
Hsw1N1 influenza viruses were isolated from pigs and man on the same farm in
Wisconsin, U.S.A. Second, the isolation of H3NZ2 influenza viruses from a wide range
of lower animals and birds suggests that influenza viruses of man can spread to the
lower orders. Under certain conditions, the H3N2 viruses can even persist for several
years in some species. Third, the isolation of a large number of influenza A viruses
from aquatic birds, that possess surface proteins antigenically similar to the viruses
isolated from man, pigs and horses, serves as a reservoir of genetic pool or arolein
the origin of some of the pandemic strains of influenza A viruses through
reassortment.

In December 1997, government workers in Hong Kong slaughtered 1.4 million



chickens to prevent the potential spreading of H5N1 across the globe (Tam, 2002).
In addition, the reappearance of H5 in 2002 signifies the importance of inter-species
transmission study in Taiwan. Therefore, the first year of this study is to establish
integrated surveillance system of influenza virus and rapid laboratory methods to
detect novel influenza A viruses which are not conventional human H1-H3.

MATERIALSand METHODS

1. Study Design and Areas

Since the rural areas are very large and impossible to do al those
virological surveillance. This study select those areas with unusual outbreaks of
flu in pigs, domestic avians and possible novel influenza A virus isolated from
wild bird flu surveillance system.  In other words, we contacted directly with
the pediatricians located in those areas with unique flu virus isolated such as pig
flu HINZ2 in TaoYuan.

2. Study Subjects and Patient Specimens of I ntra-species
Transmission

During the spring influenza season in 2002, 11 throat swabs were collected
from children according to the case definition of flu-like illness (fever, cough,
sore-throat, and myalgia symptoms, with exclusion of mild rhinitis, bronchitis,
tonsillitis by doctors’ diagnosis) but add one of the following three situationsin
the designed questionnaires (fatal cases, animal contacted patents, patients or
their family who ever been to Hong Kong, China, or southern asian countries
within two months, and patients whose family or neighborhoods had flu-like
illness cases). Specimens were obtained by each pediatrician participating in our
flu active surveillance scheme form northern (Tao-Yoan General Hospital), central
(Chang-Hua Christian Hospital), and southern (Ping-Tung Christian Hospital)
Taiwan island. The samples were taken and stored in viral collecting medium,
thereafter transported directly to the laboratory at the Institute of Epidemiology,
National Taiwan University.

3. RNA and Primersof Positive Controls (Avian and Human
Controls)
The reference RNAs for human H1, H3, avian H1, H3, H5, H6, H7 and H9
were kindly provided by Professor Kao at the National Taiwan University
Hospital (NTUH) in Taipei and Ms. Ming-Shiuh Lee at the Institute of Animal



Health at Dam-Shui.. Six identified cell culture supernatants of clinical specimens
from NTUH were also kindly provided by Professor Kao and served as " positive
controls’ for re-confirmation.

4. Nucleic acid Extraction

A 280ul aliquot of collecting medium and culture supernatant was extracted
to isolate the virus genomic RNA. Nucleic acid extraction of throat swab
specimen or cell culture supernatant was performed by using QlAamp Vira RNA
Minikit (Qiagen). 100ul to 200ul sample was extracted following suggested
manufacturer’s protocol.

For embryonated eggs alantoic fluid, RNA was aso extracted with Trizol
reagent following suggested manufacturer’s protocol. The RNA extraction of
embryonated eggs was using Trizol regent (Invitrogen Life Technologies). Briefly,
0.3ml of alantoic fluid was mixed with 1ml of Trizol reagent. After mixing
completely and being kept at room temperature for 15 min, the mixture was
extracted with 0.1ml chloroform. After centrifugation at 14,000 rpm for 15 min at
4 , the RNA in the aqueous layer was precipitated by adding 0.25ml isopropanol.
The RNA precipitate was collected by centrifugation at 14,000rmp for 10 min at 4

, washed by 75% ethanol and dissolved in 40ul of RNase-free water.

5. RT-PCR

A one-tube RT-PCR was performed in a mixture (25ul) by using SuperScript
one step RT-PCR system (Invitrogen life technologies). The cDNA was
synthesized for 30 minat 50  of type A detection, or for 1 hour at 46  of type
B and human H1+H3 detection. The PCR conditions of type A detection were
40 cycles of denaturing for 1 min at 94 , annealing for 3 min at 55 , and
extension for 3 minat 72 , followed by final extension for 10 minat 72 . The
condition of type B and human H1+H3 were the same as above, expect that the
annealing time and temperature were reduced to 2 min at 53 . Two sets of
primers were synthesized to detect influenza A and B viruses from multiple
species

primer set A: M52: 5-CTTCTAACCGAGGTCGAAACG-3', and
M253 5'-AGGGCATTTTGGACAAAKCGTCTA-3';
primer set B: B55 5-ACAAATTGAGGTGGGTCCG-3 ,and
B127 5 -ACCAGGGTAGTCAAGGGCT-3).

The primers for human H1, H3, avian H1, H3, H5, H6, H7 and H9 were
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kindly provided by Professor Kao and Ms. Ming-Shiuh Lee.

Considering of RNA degradation, we performed a two-steps RT-PCR for
avian H1, H3, and H5 detection,. cDNA was synthesized by using SuperScript
reverse transcriptase and random hexamers. Each 25ul reaction mixture contained
2ul of RNA, 5ul of 5% RT buffer, 500uM each deoxynucleoside triphosphate,
2.5uM random hexamer, and 0.4U of RNase inhibitor per ul (all from Invitrogen
life technologies). After incubation for 10 minat 25 , RT was carried out for 50
min at 42 , followed by RT inactivation for 15 min at 70 . The cDNA was
stored at -20  before further use.

Only 10% of first-strand cDNA was used for PCR. The PCR conditions of
amplification were just the same as we mentioned above.

A PE 9600 Thermocycler (Perkin-Elmer) was used to carry out PCR reaction.
PCR products were electrophoresized and visualized on a 1.5% ethidium
bromide-stained agarose gel using UV illumination. A 100-bp marker (5ul) was
used as a control for fragment lengths.
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1. Positive control
By running RT-PCR with primer set A, each reference RNA was amplified a band of

244 bp as we expected (Fig. 1).

Six samples from National Taiwan University Hospital (ID number: 1501, 1507, 1305,
1436, 1479, and 2338) were a so subject to one-tube RT-PCR reaction. The size of PCR
products with influenza B and human H1+H3 primers were also identified to be 108bp and
067pb separately (Fig. 2).

For avian influenza, only H1, H5, and H6 have expected amplification by using
two-steps RT-PCR (Fig. 3).

2. Specimens
By using the avian primer set of H1, 1 out of 8 collection medium extractant,
5 out of 10 MDCK cell culture supernatant, and 5 out of 7 alantoic fluid of
embryonated eggs had amplification products (Fig. 4, 5, 6).
We also performed avian H5 for embryonated eggs allantoic fluid.
Fortunately, there was no amplification products appeared (data not show).
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Fig. 2

HA typing of avian and human influenza RNA by RT-PCR. Each lane
showed the typing result of a single reference RNA and indicated the
products of expected size (244bp) for matrix gene of type A. Lane M:
100bp DNA size ladder maker. Lanes 1-6: avian H1, H3, H5, H6, H7,
H9. Lanes 7, 8 human H1, H3 RNA from NTU.

Human B and H1+H3 typing of human influenza RNA by RT-PCR.
Lane M: 100bp DNA size ladder maker. Lanes 1-6: 1501, 1507, 1365, 1436,
1479, 2338. Six identified clinical specimens from NTU. Each is
represented by its registration number. RT-PCR products after amplification
with primers specific to human B and H3 are 108bp and 967bp respectively.
Lanes1, 2 5 areidentified to beinfluenza B. Lanes 3, 4, 6 are identified
to beinfluenza H3.
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Fig. 3

The results of positive control RNA by two-steps RT-PCR. Lane M:
100bp DNA size ladder maker. Lanes 1-6: avian H1, H3, H5, H6, H7,
H9. for each subtype-specific avian primer sets. Lane 7. human
H1+H3 samples detected by human H1+H3 mixed primer sets. Only
influenza of avian H1, H5, H6, and human H1+H3 had expected
amplification of 200bp, 441bp, 325bp, 650bp, and 967bp respectively.

1 2 3 4 5 6 7 8 M 9 10 11 12 13 14 15 16

Fig. 4 The results of throat swab samples and cell culture supernatants
by two-steps RT-PCR. The primer s used are specific to avian H1. Lane M:
100bp DNA size ladder maker. L anes 1-8: throat swab samples (1D
number s of 104, 302, 303, 304, 305, 306, 401, and 402). Lane 9-16: MDCK
cell culture supernatants (ID numbersof 14, 15, 16, 31, 32, 33, 34, and 35).
Oneclinical throat swab 402 (Lane 8:) and 3 MDCK  culture supernatants
(Lanes 12-14: 31, 32, and 33) were amplified. These products are agreed to the
size of avian H1 amplification (200bp). Run the gel with similar sample no.
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Fig.5 The results of cell culture and embryonated eggs by two-steps RT-PCR.
The primers used are specific to avian H1. Lane M: 100bp DNA size ladder
maker. Lanes 1, 2. MDCK culture supernatants (1D #36, and #37). Lane 3,
4. allantoic fluid of embryonated eggs (ID #305, and #302). Two cell
culture supernatants (Lane 1, 2. MDCK 36, 37) and one embryonated eggs
(Lanes 3: egg 305) are amplified as the products with the size of avian H1
amplification (200bp). Lane N: negative control. Lane P: positive control.

M P 1 2 3 4 5 N

1kbp

500bp

200bp

Fig. 6 Theresults of embryonated egg by running two-steps RT-PCR. The primers
used are specific to avian H1. Lane M: 100bp DNA size ladder maker. L ane 1-5:
allantoic fluid of embryonated eggs (ID #105, 301, 304, 305, and 309). Four
embryonated eggs (Lanes 2-5: egg 301, 304, 305, and 309) are amplified asthe
products with the same size as avian H1 amplification (200bp). Lane N: negative
control. Lane P: positive control.
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DISCUSSION ()

1. What do welearn from the epidemic lesson in Hong Kong?

In 1997, a highly pathogenic avian H5N1 influenza virus was transmitted
directly from live commercial poultry to humans in Hong Kong. The virus not only
infected human but also caused high case fatality rate (30%) with six fatal cases out of
the 18 infected persons identified. Mice study found that the molecular basis for the
high virulence of this virus involved an amino acid change in the PB2 protein.
Therefore, it is very important to do molecular epidemiologic study by sequencing all
eight segments of novel influenzaA virus, particularly the internal gene and HA.

2. Appearance of HON2 in Human Populations

To eliminate the source of the pathogenic virus, al birds in the Hong Kong
markets were slaughtered. In 1999, another avian influenza virus of HON2 subtype
was transmitted to two children in Hong Kong. In 2000-2002, H5N1 avian viruses
reappeared in the poultry markets of Hong Kong, although they have not infected
humans. Continued circulation of HSN1 and other avian viruses in Hong Kong raises
the possibility of future human influenza outbreaks. Moreover, the acquisition of
properties of human viruses by the avian viruses currently circulating in southeast
China might result in a pandemic. Several Molecular epidemiologic studies of HON2
found one isolate from quail in 1999 (Qa/HK/A/7/99) had high homology to the flu
virus isolated from Hong Kong in 1997 [HK/156/97 (H5N1)] but another HON2
Ck/HK/Fy20/99 strain had more similarities to chicken/duck isolates, indicating the
multiple lineage of HIN2 already occurred in avian populationsin Hong Kong.

3. Establishment of Rapid Molecular Diagnosis

Because of gradually setting up our assay procedure by using narrow budget, we
firstly used reference RNA and primers to perform RT-PCR reaction. We also tested
avian influenza H1 and H5 primer sets on samples (Fig. 4, 5, 6). Without further
sequencing analysis, the positive PCR products by using avian H1 primers are
suspected to be avian-like human H1 influenza. Although the primer sets which
specific to type A and human H1+H3 had been tested by one-step RT-PCR on al
clinical specimens, and cell culture fluid, no amplification has been attained (data not
show) that might be caused by RNA degradation. We were testing on two-steps
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RT-PCR with new protocol and adjustment, hopefully it will improve our diagnosis
methods in the near further.
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RECOMMENDATION
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1997

FUTURE DIRECTIONS

. From molecular point of view, the specificities and sensitive of RT-PCR reactions
will need to be improved.

. The H5N1 “bird flu” incident in Hong Kong in 1997 was raised global attention of
cross- species influenzainfection. The additional requirement for rapid tests to
detect viruses originating from no-human hosts is crucial in Taiwan. Therefore, we
are going to meet the need by improving sensitivity and specificity on molecular
diagnosis, and also pay more attention on surveillance scheme.

. Because of genetic variation, the target regionsin newly emerging strains
complementary to the primers or probes used in an assay must be regularly
analyzed by nucleotide sequencing to check for sequence mismatches between the
primer or probe, and target sequences. In the event of sequence mismatches, the
primers or probes should be updated in order to avoid false negative assay results.
. To accumulate adequate data for analysis is the main subject on this study. Since
the results may provide prediction and prevent avian influenza outbreaks in
Taiwan.
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