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In April 2013, two members of one family were succes-
sively confirmed as cases of avian influenza A(H7N9) 
virus infection in Shanghai, China. Respiratory speci-
mens from the two cases and their close contacts were 
tested using real-time reverse-transcription (RT)-PCR. 
Paired serum specimens from contacts were tested 
by haemagglutination inhibition assay and microneu-
tralisation test. The index patient developed severe 
pneumonia. Her husband presented with pneumonia 
shortly thereafter. Both cases had highly similar clini-
cal features and infection with A(H7N9) virus was con-
firmed in both cases by genetic analysis. Phylogenetic 
analysis revealed a high level of similarity between the 
sequences from the two patients and environmental 
samples collected from wet markets in Minhang and 
Changning districts. Six samples from the Changning 
wet market were confirmed as A(H7N9) positive. Of 27 
close contacts, one developed mild respiratory symp-
toms and another tested positive for A(H7N9) antibod-
ies, but both were negative by real-time RT-PCR. The 
other 25 close contacts of both cases were A(H7N9) 
negative. Limited human-to-human transmission of 
the virus most likely occurred in the family cluster. 
However, other close contacts did not test positive for 
the virus, suggesting limited potential for extensive 
human-to-human transmission of the virus.

Introduction
A novel influenza virus was isolated from two fatal 
human cases in Shanghai, China in March 2013 [1]. 
Genomic sequencing indicated that the recombinant 
virus belonged to the influenza A subtype H7N9. Low 
pathogenic avian influenza A(H7N9) virus infection 
occurs in animals and is mostly asymptomatic [2] but 
had not been previously reported in humans [3]. Illness 
caused by this novel virus in humans is characterised 
by a sudden onset of high fever (≥39 °C) and respira-
tory symptoms, followed by a progressive decline in 

lung function. The global impact of influenza A(H7N9) 
is not yet well understood and a pandemic was feared 
as the number of cases continued to increase in China 
[4].

Past epidemiological evidence has demonstrated that 
infection with avian influenza A(H5N1) virus may occur 
by handling or coming into contact with infected poul-
try or birds [5]. Unprotected exposure to critically ill 
patients may have led to human-to-human transmis-
sion of A(H5N1) virus in Thailand in 2004 [6,7]. Familial 
clustering of A(H5N1) virus infection was also observed 
in Jiangsu Province, China in 2007 [8]. As for A(H5N1), 
human-to-human transmission of A(H7N9) virus merits 
further study.

Three family clusters of A(H7N9) virus infection were 
reported in 2013: all cases were blood relatives 
[9,10]. Due to the limited number of cases, possible 
human-to-human transmission could not be ruled out. 
More and more cases have been reported in 2014 in 
Zhejiang, Guangdong, Jiangsu and Shanghai provinces 
of China, indicating that A(H7N9) viruses were circulat-
ing asymptomatically among natural hosts and that 
the transmission route of this virus is complex [4,11]. 
As of 17 June 2014, 247cases have been reported in 
2014 [12]. Evidence of human-to-human transmission is 
important for making recommendations on vaccination 
and treatment, as how readily the virus moves between 
people determines what kind of preventive measures 
and policies should be enacted.

We report the results of an investigation into a fam-
ily cluster of cases with A(H7N9) virus infection in 
Shanghai, China. A couple who presented with severe 
pneumonia were hospitalised in April 2013: both were 
confirmed as A(H7N9) positive. Epidemiological, clini-
cal and laboratory findings are described and provide 
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clues to the possibility of human-to-human transmis-
sion – data vital to the prevention and control of re-
emerging human infection with A(H7N9) virus.

Methods

Epidemiological investigation
The Shanghai Municipal Center for Disease Control 
and Prevention (SCDC) was informed about the index 
case, on 3 April. Investigative staff from the SCDC 
interviewed the couple the same day, during Case A’s 
hospitalisation to verify the reported exposure history 
starting one week before the onset of symptoms and 
to establish event timelines. A standardised structured 
questionnaire was used to collect demographic infor-
mation, information on syndromes and symptoms, 
epidemiological history (including exposure to poultry 
and livestock, extent of outdoor activity and poultry-
market visits) and information on close contacts. An 
epidemiological investigation, identification and active 
surveillance of close contacts were initiated on 3 April 
immediately once the SCDC had been informed about 
the index case.

Medical records were also reviewed for the time of 
symptom onset and progression of the illness. Nasal 
swabs and pharyngeal swabs from the two patients 
were collected during their hospitalisation.

Close contacts were defined as individuals known to 
have been within 1 metre or to have had contact with 
the serum, respiratory or faecal secretions of a case 
of A(H7N9) infection without having used effective 
protective equipment at any time from one day before 
the symptoms onset of the case to the day the case 
was placed in isolation or died [13]. The close contacts 
were monitored twice daily for fever and respiratory 
symptoms via repeated interviews over the 10 days 
after their last exposure to the cases. Nasopharyngeal 
swabs were collected if febrile respiratory symptoms 
appeared during observation. Paired sera were col-
lected from close contacts during both acute and fol-
low-up phases (≤1 week and 3–4 weeks, respectively, 
after their last exposure to the cases).

Households and places known to have been visited by 
the cases in the seven days before the onset of symp-
toms were surveyed to assess the source of possible 
environmental exposure. These included the Taiyang 
(TY) wet market (an open market selling fish, poultry, 
pork, etc.) in Changning district, which the index case 
often visited before the onset of symptoms. Because 
poultry at the TY wet market came from a wholesale 
market that also supplied Ruili (RL) wet market (in 
Minhang district), we also collected environmental 
samples from this wet market.

Faeces samples and tracheal and cloacal swabs were 
collected from pigeons raised in the community where 
the patients resided. Sera samples were also collected 

from some of these pigeons to test serologically for 
A(H7N9) antibodies.

Environmental samples (including chicken faeces, 
wastewater from a slaughterhouse, swabs from a 
chicken cage surface and poultry chopping boards) 
from the TY and RL wet markets were collected accord-
ing to the standard operation procedures (SOPs) of 
the China Center for Disease Control and Prevention 
(CDC). All samples were placed in sterile viral transport 
medium at 4 °C and transferred to an SCDC laboratory 
for A(H7N9) virus detection within two hours.

All investigations were conducted in accordance with 
the policy approved by the SCDC ethics committee. 
Informed consent was obtained from patients and 
close contacts.

Laboratory testing
Total nucleic acid was isolated from each sample (200 
µl) using MagNA Pure LC 2.0 (Roche, Switzerland) with 
the MagNA Pure LC DNA Isolation Kit (Roche, Germany). 
Real-time reverse transcription (RT)-PCR, to detect 
influenza A, H7 and N9, was performed according to 
the SOPs of the World Health Organization (WHO) [14].

In order to explore the genetic relationship between 
the two cases, total genomic segments were amplified 
using RNA isolated directly from original specimens as 
described previously [15]. The A(H7N9)-positive envi-
ronmental samples collected from the TY wet market 
in Changning were sequenced simultaneously. On the 
basis of the threshold cycle value, we also chose one 
A(H7N9) virus-positive environmental sample, col-
lected from the RL wet market for sequencing. To facili-
tate the phylogenetic analysis, sequences of novel 
A(H7N9) viruses from the two members of this family 
and environmental samples collected in Shanghai in 
2013 were downloaded from the Global Initiative on 
Sharing All Influenza Data (GISAID) EpiFlu database 
(Table 1). In addition, the standard A(H7N9) strain A/
Anhui/01/2013 [1] was also analysed. Sequence simi-
larity analyses were performed with MegAlign method 
[16] in the Lasergene 7.01 software package. We used 
MEGA software (version 5.05) [17], multiple alignments 
by MUSCLE algorithm (a multiple sequence alignment 
method with reduced time and space complexity) and 
phylogenetic trees constructed by neighbour-join-
ing method to estimate the viral gene relationship 
with selected influenza A virus strains obtained from 
GISAID.

The A(H7N9) antibody titre was determined in paired 
sera from close contacts using the haemagglutina-
tion inhibition (HI) assay from the China CDC [18]. A 
microneutralisation (MN) test was performed for serum 
samples with titres ≥40. Two assays were conducted 
according to WHO SOPs [19,20]; the standard antigen 
used in the two assays was produced from A(H7N9) 
isolates (A/AH/1/2013(H7N9)).
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Results

Cases A and B
Case A, the index case, in this family cluster was a 
woman in her early 50s who lived in the Changning 
district of Shanghai with her husband (Case B). The 
patient was very weak and developed a low-grade 
fever, chills and arthralgia on 27 March 2013. She took 
acetaminophen and aminophenazone at home the fol-
lowing day and visited the local hospital (Hospital A) on 
29 and 30March. Chest X-ray showed right-lower-lobe 
pneumonia. She was given a three-day prescription 
of ceftazidime and levofloxacin for symptomatic and 
anti-infection treatment. However, she visited a sec-
ond hospital (Hospital B) with a temperature of 39.5 °C 
on 1 April. Initial testing showed that her white blood 
cell count was normal; she received further antibiotic 
therapy with ceftriaxone and ofloxacin. She was admit-
ted the following day with a diagnosis of severe pneu-
monia and acute respiratory distress syndrome (ARDS). 
Tests upon admission revealed leucopenia and hypox-
aemia. A lung computerised tomography scan showed 
diffuse bilateral lung infiltrates associated with right 
pleural effusion. Despite endotracheal intubation and 
administration of oseltamivir (75 mg twice a day via a 

nasogastric feeding tube, a total of two doses of 75 mg 
before her death) and corticosteroids, the patient died 
on 3 April.

Case B, Case A’s husband who was in his mid-50s, 
developed a fever on 2 April. He was admitted to 
Hospital Bon 3 April with a temperature of 39.5 °C, 
rhinorrhoea, dry cough and sore throat. A chest X-ray 
showed bilateral lower-lobe infiltrates. On 4 April, 
he was transferred to another hospital (Hospital C, 
where suspected or confirmed A(H7N9) cases were 
treated). He began treatment with oseltamivir (75 mg 
orally twice daily from 3 to 10 April). Although he was 
mechanically ventilated on 8 April, he also developed 
ARDS, on 11 April. He progressively deteriorated in the 
hospital until his death on 26 June.

A timeline of key events is shown in Figure 1.

On 4 April, A(H7N9) virus was detected by real-time 
RT-PCR of RNA extracts from respiratory specimens 
taken from Case A during the acute phase of her ill-
ness. Real-time RT-PCR of RNA extracts from pharyn-
geal swabs from Case B were negative for A(H7N9) on 

Figure 1
Timeline of key events during illness of two cases of influenza A(H7N9) virus infection, Shanghai, China, March–June 2013

SCDC: Shanghai Municipal Center for Disease Control and Prevention. 
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5 April, whereas testing of pharyngeal swabs taken on 
10 April confirmed the presence of the A(H7N9) virus.

The index case had had surgery several years before 
this infection, but had otherwise been in good physi-
cal condition before symptom onset. She had not eaten 
poultry or come into direct contact with live poultry 
or individuals with febrile respiratory symptoms dur-
ing the two weeks before symptom onset. The pork 
and vegetables that made up her daily diet were pur-
chased in a supermarket and the TY market near her 
home. Live poultry were sold and slaughtered at this 
wet market that Case A visited daily. The area where 
live poultry were available was approximately 2 metres 
from the vegetable stands she often visited. Although 
homing pigeons were raised on roofs adjacent to the 
couple’s residence, neither had come into contact with 
pigeons or their faeces. No other birds or poultry were 
raised in her residential quarter and no live poultry 
was ever brought home.

Case B had not visited any wet market 14 days before 
symptom onset. He reported no history of live poultry 

exposure and had not been in contact with sympto-
matic individuals except for Case A. He too had not 
eaten or purchased live poultry or poultry products 
during the two weeks before the onset of his symp-
toms. He had participated in the care of Case A, provid-
ing unprotected care, including bedside care day and 
night either at home or in the hospitals between 27 
March and 3 April.

Environmental samples
A total of 12 faeces samples and 51 tracheal or cloa-
cal swabs from 27 pigeons in the couple’s community 
collected on 13 April were negative for A(H7N9) by real-
time RT-PCR. A total of 27 serum samples from these 
pigeons were negative for A(H7N9) using the HI assay.

Environmental sampling of markets was carried out 
on 4 April. As all poultry markets in Shanghai were 
closed on 5 April on order from the Shanghai Municipal 
Government in response to the A(H7N9) outbreak [21], 
samples from chickens in the TY market were unavail-
able at the time of sampling (the live poultry stand in 
the market closed on 4 April). However, six samples 

Figure 2
Phyloygenetic tree of avian influenza A (H7N9) virus haemagglutinin and neuraminidase sequences for two cases in a 
family cluster, Shanghai, China, March–June 2013

HA: haemagglutinin; NA: neuraminidase.
Multiple alignments were constructed by using the MUSCLE algorithm (a multiple sequence alignment method with reduced time and space 
complexity) of MEGA software version 5.05. Phylogenetic trees were constructed by using the neighbour-joining method with bootstrap 
analyses of 1,000 replications. Bootstrap values are shown in the nodes. Sequences of CN01 are shown in green, sequences of CN02 are 
shown in red, and sequences of TY01 and RL01 are shown in blue. The scale bar indicates base substitutions per site.
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collected from a poultry chopping board, two chicken 
faeces samples and two water samples from the live 
poultry trading area on the day the TY market closed 
were positive for influenza A and five samples from the 
poultry chopping board and one chicken faeces sample 
were positive for A(H7N9) by real-time RT-PCR.

Five samples from RL wet market, including one 
chicken faeces, one swab from a pigeon cage surface, 
one swab from duck cage surface, one swab from a 
pork chopping board and one waste-water sample 
from a slaughterhouse, were tested for influenza A 
and A(H7N9) by real-time RT-PCR. All five samples 
were positive for influenza A. Four samples were also 
positive for A(H7N9): the swab from the pork chopping 
board was negative.

The viruses detected in the patients and the chicken 
faeces samples from the TY and RL wet markets were 
designated as follows:

•	 A/Shanghai/patient CN02/2013 (H7N9), from Case A 
(referred to hereafter as CNO2);

•	 A/Shanghai/patient CN01/2013 (H7N9), from Case B 
(CN01);

•	 A/Environment/Shanghai/TY01/2013 (H7N9), from 
Changning TY market (TY01);

•	 A/Environment/Shanghai/RL01/2013 (H7N9) (from 
Minhang RL market (RL01).

Sequences of eight RNA segments of CN02, CN01 
and TY01 viruses were submitted to GenBank under 
accession numbers KF918656–KF918663, KF609516–
KF609523 and KF918664–KF918671, respectively. 
Sequences of the five RNA segments – polymerase 
(PA), haemagglutinin (HA), neuraminidase (NA), matrix 
protein (MP), non-structural protein (NS) – of RL01 virus 
were submitted to GenBank under accession numbers 
KJ572519–KJ572523. Eight gene segments from Case 
A (CN02) in this study were most similar to those of 
Case B isolates (CN01) (≥99.9%). Phylogenetic analysis 
of the HA genes revealed that CN02 and CN01 strains 
were in one branch, distinctly separate from other 
human A(H7N9) strains isolated in Shanghai (Figure 
2). Both homology and phylogenetic analysis indicated 
that CN02 possessed a similar genetic constellation 
as CN01. The HA genes of the TY01 and RL01 strains 
were 99.6% similar by MegAlign method, which sug-
gests the possibility that the A(H7N9)-positive chick-
ens in these two markets could have been from the 
same source. With regard to the NA gene, CN02, CN01 
and TY01 strains were located in the same large branch 
whereas RL01 was in another branch, which indicates 
that the NA gene of this novel avian influenza virus may 
come from different strains.

Similar to most human A(H7N9) viruses, CN02 and CN01 
acquired the ability to bind to human-like receptors with 
the substitutions G186V and Q226L in the HA protein 
(H3 numbering) [22,23]. The 69–73 amino acid deletion 
was also presented in the NA gene (N2 numbering). 

Base pairs 1–429 of CN01 were not sequenced, so full 
data are not available on the sequence or any deletions 
in the NA gene of this isolate.

The presence of lysine at amino acid 294 of the NA 
gene in the CN01 strain indicates possible resistance 
to oseltamivir [24], whereas arginine was maintained 
at this position in the CN02 NA gene, indicating its 
sensitivity to neuraminidase inhibitors [25]. However, 
both CN01 and CN02 had an S31N mutation in the M2 
protein, which confers resistance to adamantine. No 
truncated PB1-F2, associated with increased virulence 
[26,27], was observed in CN01 and CN02. Aspartic acid 
at PB2 residue 701 (present in CN01 and CN02) is asso-
ciated with reduced transmissibility [28]. Amino acid 
627K was present in PB2 of CN01 and CN02, but amino 
acid 627E was detected in TY01 (E627K is associated 
with increased virulence [29,30]).

Close contacts
An additional 27 persons, including 22 medical person-
nel, four relatives and a friend, were identified as close 
contacts. All but one – a sibling of Case A – underwent 
10 days of medical observation and did not develop 
acute respiratory symptoms. The sibling, in their early 
50s, escorted Case A to an outpatient appointment 
on 1 April, cleaned her corpse without protection and 
attended the funeral of Case A on 3 April. This patient 
subsequently developed a fever of 37.6 °C, head-
ache and sore throat on 4 April and was admitted on 
5 April, but recovered and was discharged on 9 April. 
The patient was administered oseltamivir from 5 to 9 
April (75 mg twice daily). The patient reported no his-
tory of exposure to live poultry in a wet market or other 
symptomatic individuals two weeks before the onset of 
symptoms. Throat swabs collected from the patient on 
the first day of medical observation were all negative 
for A(H7N9) by real-time RT-PCR.

Of the 27 close contacts, 14 were sampled at both 
acute phase and follow-up phase (four weeks after last 
contact); the other 13 close contacts chose not to be 
sampled for paired sera.

Nine of the 14 close contacts’ acute serum samples 
were positive in the HI assay, with titres ≥40. The MN 
assay was used for further confirmation of the nine 
HI-positive serum samples. Only one acute serum 
was positive, with a titre of 20: the other eight had an 
MN titre<10. Follow-up sera of all 14 were negative for 
A(H7N9) antibodies in the HI assay.

Details of the type of exposure of the close contacts 
and sera collection are shown in Table 2.

Discussion
The epidemiological and clinical features described 
here are most consistent with another family cluster of 
avian influenza A(H7N9) in Shanghai, China. A similar 
clinical picture was seen in both cases, which provides 
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support to the hypothesis that the same pathogen 
caused both illnesses.

The origin of infection for the index case was plau-
sibly live poultry in her local wet market, acquiring 
A(H7N9) from the environment during the course of her 
daily visit to the market. Visiting a live poultry market, 
where avian influenza A viruses can be maintained 
and amplified [31], is a known risk factor for A(H5N1) 
infection in mainland China [32] and Hong Kong [33]. 
The Ministry of Agriculture in China announced that 

A(H7N9) virus detected from poultry specimens from 
markets in Shanghai had a high degree of similarity 
with the A(H7N9) virus isolated from patients on 4 April 
[34]. After live poultry markets were shut down, the 
number of reports of fatal cases of A(H7N9) virus infec-
tion dramatically diminished in Shanghai [21]. Before 
the poultry markets were disinfected, environmental 
samples collected in the market that Case A visited 
daily tested positive for avian influenza A(H7N9), which 
supports the hypothesis that the local wet market was 
the source of the infection in this case.

Table 2
Type of exposure and sera collection of 27 close contacts of two cases of influenza A(H7N9) infection, Shanghai, China, 
March–June 2013

Characteristic

Close contactsa,b

Only exposed to Case A Only exposed to Case B Exposed to both 
cases

Household
(n=1)

Healthcare 
workers
(n=22)

Household
(n=1)

Social
(n=1)

Household
(n=2)

Age range in years 50sc 28–52 50sc 50sc 50–56
Sex (male) 0 8 0 1 0
Possible exposure
Contact with poultry 0 0 0 0 0
Visited wet market 0 3 0 0 0
Type of contact with A(H7N9) cases
Provided direct cared 1 2 1 0 2
Close physical contacte 1 21 1 0 2
Exposed to case (<1 metre) 1 22 1 0 2
Contact with serum, respiratory or faecal 
secretions of case 0 8 0 0 1

Duration of exposure to casein hours (range) 1c 1 (0.2–8) 13c 1c 10.5 (6.5–15)
Personal protection equipment used
N95 respirator 0 0 0 0 0
Surgical mask 0 22 0 0 0
Goggles 0 0 0 0 0
Face shield 0 0 0 0 0
Gloves 0 10 0 0 0
Gowns 0 22 0 0 0
Symptoms
Febrile respiratory symptoms 0 0 0 0 1
Serum collection
Paired sera samples collected 0 13 0 1 0
Time in days from last exposure to acute serum 
collection for paired sera in days (range) NA 1 (1–2) NA 0 NA

Time in days from last exposure to convalescent 
serum collection for paired sera in days (range) NA 21 (21–25) NA 13c NA

NA: not applicable.
a Close contacts were defined as individuals known to have been within 1 metre or to have had contact with the serum, respiratory or faecal 

secretions of a case of influenza A(H7N9) infection without having used effective protective equipment at any time from one day before the 
symptoms onset of the case to the day the case was placed in isolation or died [13].

b Data are numbers of close contacts unless otherwise indicated.
c No range given as only one close contact.
d Provided care for the patient and had the possibility of coming into contact with respiratory secretions or faecal material.
e Within 1 metre and in contact with the patient without personal protection.
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Several pieces of epidemiological evidence gathered 
in the family cluster investigations support the ori-
gin of infection for Case B being the virus transmitted 
from the index patient (his wife). First, he developed 
symptoms six days after the onset of his wife’s symp-
toms and had provided care for her on each of these 
six days. Influenza virus incubation period is generally 
two to five days [35]. Second, during the course of his 
wife’s illness, Case B was in close and regular contact 
with her, including eating and living together and pro-
viding unprotected bedside care. Prolonged and direct 
exposure to his critically ill wife made person-to-person 
spread of the virus possible. Third, Case B never vis-
ited the market and had not purchased or eaten poultry 
two weeks before the onset of his symptoms. Pigeons 
found in the community where the couple resided were 
negative for A(H7N9). Therefore it is highly unlikely 
that the novel virus was transmitted from pigeons or 
poultry to the secondary case in this family cluster.

The sequence comparison showed high similarity 
between the virus strains from samples collected from 
the two cases. Gene similarity analysis and phyloge-
netic analysis showed that Case B was likely to be the 
secondary case in this household infection. Genetic 
analysis supports the hypothesis that this was another 
family cluster of avian influenza infection [8].

One close contact developed mild symptoms during 
the medical observation phase, but real-time RT-PCR 
and HI assay ruled out the possibility of A(H7N9) virus 
infection. An acute serum sample from another close 
contact tested positive at a 1:20 dilution in the MN 
assay, but no fourfold elevation was detected in the 
follow-up serum. Other close contacts did not develop 
acute respiratory symptoms during the 10 days of 
medical observation, with all other paired sera testing 
negative for A(H7N9) antibodies.

We previously found that only two of 440 close con-
tacts of 32 confirmed cases of A(H7N9) virus infection 
developed fever, cough or other respiratory symp-
toms in Shanghai in 2013 (data not shown). Given this 
finding and the fact that no further transmission was 
observed in the family cluster studied here, we specu-
late that human-to-human transmission of this novel 
avian A(H7N9) virus is limited. Even if, as seems likely, 
Case B was infected by the same virus that infected his 
wife, transmission arose following very close, frequent 
and unprotected contact. In this instance, limited per-
son-to-person transmission of avian influenza A(H7N9) 
virus possibly occurred in this couple, as documented 
for subtype H7 transmission in the Netherlands in 
2003 [36]. Similar to A(H5N1) virus, A(H7N9) virus 
mainly affects the lower respiratory tract, sputum and 
endotracheal aspirates [37], which may lead to reduced 
virus shedding in the upper respiratory tract.

Whether susceptibility to severe influenza in humans 
is heritable or not is still controversial [38]. More than 

90% of A(H5N1) case clusters have occurred in blood 
relatives [39]. Previous reports of family clusters of 
A(H7N9) virus infection imply genetic susceptibility to 
this virus in a family. The cases in these family clusters 
were blood relatives. In contrast, however, the couple 
in our study were not blood relatives, which implies 
that prolonged, intense exposure to a sick person 
without any personal protective equipment can lead to 
human-to-human transmission of the virus to someone 
who is no more likely than anyone else in the popula-
tion to share genes that make them more susceptible 
to infection. Thus, further in-depth study on genetic 
susceptibility to A(H7N9) virus infection is needed [40].

Taken together, our results indicate that human-to-
human transmission of A(H7N9) virus most likely 
occurred between these two family members. Our 
investigation of their close contacts does not sug-
gest that the virus has developed the ability to trans-
mit readily and widely between humans. More urgent 
research is required to better understand the charac-
teristics of the virus and determine its transmissibility 
between humans.
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