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Case Report

A human case died by avian influenza A (H5NG6)
infection in Jiangxi province, China: an
epidemiological and clinical survey
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Abstract: Background: After the first case was laboratory-confirmed, a total of 9 human avian influenza A (HSNG) in-
fection index cases were reported and treated in China as of January 28, 2016. The aim of this study was to analyze
the epidemiological and clinical characteristics of the first fatal HSNG case in Jiangxi province and provide scientific
recommendations for control and prevention of this epidemic. Methods: Thereal-time reverse-transcription poly-
merase chain reaction (RT-PCR) method was conducted to test for the presence of nucleic acid from the influenza
A virus and its subtypes. RNA from throat swab specimens was extracted and reverse-transcribed to double-strand
DNA. Embryonated chicken eggs were used to isolate the virus. Epidemiological and clinical information of this case
were collected by the use of a standard questionnaire, which was recommended by the China Provincial Center for
Disease Control and Prevention. Results: The onset of iliness for this case began on December 12, 2014, where the
patient then died from respiratory failure on December 21, 2014. On January 6, 2016, it was confirmed to be a case
of human infection with the H5N6 virus. There were no secondary cases confirmed among the individual’s close
contacts. There was a clear history of avian exposure for this case and the avian influenza A (H5) nucleic acid was
found in the patient’s residence. Conclusion: The initial presentation of this case was similar to other avian influenza
or influenza viruses, presenting as fever, cough, and other influenza-like illness symptoms. Similar to other human
H5N6 infection cases reported previously, this case suffered from multiple organ failure and died from respiratory
failure. A delay in initiating antiviral therapy was the main cause of death for this case. The epidemiological survey
conducted in this case did not uncover any evidence to suggest human-to-human transmission of the infection.
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Introduction

In May 2014, the National Health and Family
Planning Commission (HFPC) of China anno-
unced the first laboratory-confirmed human
case of avian influenza A (H5NG) infection,
where the patient had been infected in Sichuan
Province [1]. By January 28, 2016, there were
9 laboratory-confirmed human H5N6 cases
reported worldwide, where all cases had been
infected in the China Mainland with a fatality
rate of 55.6% (5/9). All 9 cases were found to
be sporadic cases, with no family cluster or lim-
ited person-to-person transmission reported.
During December 2015, 4 new laboratory-con-
firmed human cases of H5N6 infection were

reported in the Guangdong province of China,
indicating that cross-species H5N6 infection
has become a new emerging public health con-
cern for humans.

On December 22, 2015, the Jiangxi Center for
Disease Control and Prevention (CDC) detected
influenza A (H5) nucleic acid in a throat swab
specimen, which was collected from a patient
with severe pneumonia who was admitted to
the Ganzhou People’s Hospital [2]. On January
6, 2016, the China CDC laboratory confirmed
this to be the first HSNG case in Jiangxi prov-
ince, and the 8" laboratory-confirmed case
worldwide. This patient was an imported case
from Jieyang City, Guangdong Province, who
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subsequently died from respiratory failure on
December 21, 2015. This paper summarizes
the clinical presentation, epidemiological infor-
mation, laboratory results, and preventive and
control measures of this case with accompany-
ing recommendations.

Methods

The throat swab specimens were collected
from this patient as a part of routine monitoring
on December 21, 2015 by staffs at the Ganzhou
People’s Hospital, which were then sent to the
relevant CDCs for laboratory testing. Real-time
RT-PCR was conducted to test for the presence
of nucleic acid from the influenza A virus and its
subtypes. RNA from the throat swab specimens
was extracted and reverse-transcribed to dou-
ble-strand DNA. Embryonic chicken eggs were
used to isolate the virus from throat swab
specimens.

Epidemiological and clinical information were
collected by the use of a standard question-
naire, which was recommended by the China
CDC. The survey collected the following infor-
mation: basic information about the case and
his family, past medical history, the places he
had visited and who he had contacted, recent
exposure history to avian animals and live poul-
try markets, clinical manifestations, laboratory
results and imaging diagnosis, therapeutic
schemes, and clinical outcomes.

“Close contacts” was defined individuals any-
one who the case had interaction with without
any effective means of protection against
transmission of the infection, such as his family
members and medical staff within 2 weeks
before the onset of his illness until the day that
the patient died. All close contacts were medi-
cally monitored for 2 weeks and throat speci-
mens were collected.

Results

The patient in this study was a 42-year-old male
vegetable peddler, who was a resident of
Huichang, Jiangxi Province. He had lived near
an agricultural trade market in the town of
Jieyang, Guangdong for a long period. His past
medical history included calcification in his
right liver lobe, calculus of the bile duct, coro-
nary heart disease, diabetes, and hyperten-
sion.
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Clinical history

On December 12, 2015, the case began to
develop a fever (39.5°C) and a cough, had
slight difficultly in his breathing (not related to
his body position), and other symptoms of influ-
enza-like illness (ILI). He was then treated in 2
rural clinics (the specific drugs used were
unknown). On December 14, 2015, the patient
was moved to Lancheng District People’s
Hospital of Jieyang City due to the worsening of
his condition. Upon admission, the patient pre-
sented with the following: a temperature of
39.5°C, a blood pressure of 162/102 mmHg, a
rapid blood glucose of 18.4 mmol/L, a white
blood cell (WBC) count of 5.98 x 10%/L with
90.5% neutrophils, and a negative dengue
NS1. The computed tomography (CT) chest
scan showed right upper pulmonary lobar pneu-
monia. Of note, the patient’s chest CT images
were destroyed by his relatives before the sur-
vey was conducted. He was treated with penicil-
lin sodium, amoxicillin and clavulanate potassi-
um, and levofloxacin sodium chloride; however,
the symptoms mentioned above still did not
improve. At 9:00 PM on December 18, 2015,
the patient was driven back to Huichang from
the Lancheng District People’s Hospital by his
relatives, and was admitted to the Huichang
County People’s Hospital with respiratory fail-
ure, pulmonary infection, hypertension, and
diabetes mellitus. Upon admission, his WBC
count was 1.12 x 10°%/L with 75.5% neutro-
phils, 21.5% lymphocytes, 2.7% monocytes,
and 0.1% eosinophils. Two rapid tests for the
influenza A antigen were performed and both
were positive. Levofloxacin and cefotaxime
sodium, which were used for anti-infection, and
antipyretic symptomatic treatment were admin-
istered; however, the patient’'s cough and
expectoration did not improve and his dyspnea
became aggravated. At 11:00 PM on that day,
the case was transferred to Ganzhou People’s
Hospital, and was admitted to the Departme-
nt of Respiratory Medicine at 4:32 AM on De-
cember 19, 2015. The results of his physical
examination upon admission were, as follows:
a body temperature of 36.0°C, a pulse of 101
beats/min, a breathing rate of 22 breathes/
min, a blood pressure of 101/68 mmHg, an
enhanced pectoral fremitus on his right side,
double lung voiceless percussion and the use
of a stethoscope displayed attenuated breath-
ing sounds and moist rales from his right side.
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Table 1. Summary about the results of related blood biochemical indices

Reference

ltems Value Unity 14" 18" 19" (09:35 19" 14:52 20™ 07:00
C-reaction protein 0.0-8.00 mg/L - - 261.00 - -
Lactate dehydrogenase 80-285 u/L - - 901.00 - -
Creatine kinase 0-190 u/L - - 779.40 - -
Creatine kinase MB isoenzyme 0.00-25.00 u/L - - 23.65 - -
Alpha-hydroxybutyrate dehydrogenase 76.00-218.00 U/L - - 830.00 - -
WBC counts 3.5-9.5 109/L 5.98 1.12 1.31 1.29 -
Ratio of neutrophils 40-75 % 90.5 75.5 71.80 86.01 -
Ratio of lymphocytes 20-50 % - 21.5 24.40 7.82 -
Ration of Lymphomonocyte 3-10 % - 2.7 3.80 5.40 -
Ratio of eosinophil granulocyte 0.4-8.0 % - 0.1 0.00 0.80 -
Neutrophils counts 1.8-6.3 10°%/L - - 0.94 1.11 -
Lymphocytes counts 1.1-3.2 10°%/L - - 0.32 0.10 -
Mononuclear cell counts 0.1-0.6 10°/L - - 0.05 0.07 -
Eosinophil granulocyte counts 0.02-0.52 10°%/L - - 0.00 0.01 -
Red blood cell counts 4.3-5.8 10%2/L - - 5.10 4.62 -
Platelet counts 125-350 10°%/L - - 70 70 -
Mean platelet volume 6.5-12.0 fL - - 13.5 12.4 -
Platelet distribution width 9.0-17.0 % - - 19.7 18.4 -
Bilirubin total 5.10-19.00 umol/L - - 20.00 - 9.90
Bilirubin direct 0.0-6.80 umol/L - - 7.70 - 3.70
Indirect bilirubin 3.40-14.00 umol/L - - 12.30 - 6.20
Glutamate-pyruvate transaminase 9-50 u/L - - 73.00 - 67.00
Glutamic oxalacetic transaminase 15-40 u/L - - 172.00 - 171.00
Alpha-L-fucosidase 5.00-40.00 u/L - - 14.30 - 18.80
Total protein 60.00-85.00 g/L - - 49.50 - 44.80
Albumin 35.00-55.00 g/L - - 29.30 - 26.80
Globulin 20.00-40.00 g/L - - 20.20 - 18.0
Urea nitrogen 2.3-7.6 mmol/L - - 8.25 - 17.76
Creatinine 53-123 umol/L - - 85.10 - 135.00
Fibrinogen 2.0-4.0 g/L - - 5.20 - -
Activated partial thromboplastin time 20-40 S - - 30.4 - -
Thrombin time 14-24 s - - 17.30 - -

The related results of the blood biochemical
analysis are summarized in Table 1. The Gan-
zhou People’s Hospital immediately organized
a consultation about this case, and the panel’s
conclusion was that this patient had viral pneu-
monia (with the possibility of an influenza A
viral infection). Piperacillin and tazobactam
were given as antiviral therapy, and methyl-
prednisolone sodium succinate was given as
an anti-inflammatory therapy; however, the
patient’'s respiration did not significantly
improve. In the meantime, his liver function
became impaired, his myocardial enzyme level
increased, and he experienced multiple organ

14850

failure. The chest CT conducted on December
19, 2015 demonstrated that lesions had sig-
nificantly and rapidly developed in comparison
to the chest CT performed previously (Figure 1).
The lesions were found in both lungs; and,
mainly in the right lung. On the same day, this
case was transferred to Intensive Care Unit of
Ganzhou People’s Hospital for further care. The
case was given medical treatment in isolation
by the use of tracheal intubation and ventilator
therapy (with a tidal volume of 450 mL, positive
end expiratory pressure of 16 ¢cmH,0, and a
fractional concentration of inspired oxygen of
100%). In the meantime, transfusion of albu-
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Figure 1. Chest CT images from the patient, which were conducted on December 19, 2015. A large area of patchy
and globular shadows or mutation can be seen in the right lung and left lower lung, with an air bronchus and pleural
effusion detected.

Table 2. Summary on the results of the blood gas analysis under the condition of Vt 450 ml, PEEP 16

¢mH,0 and FiO, 100%

Iltems Reference Unity 197 207

Value 04:36 12:02 14:14 20:42 00:07 06:12 14:42 21:09 23:15
Ph 7.35-7.45 - 742 730 735 743 741 743 737 137 741
Pa0, 83-108  Mmhg 46 42 54 37 35 36 38 29 26
PaCO, 35-45 Mmhg 32 41 35 35 36 36 37 33 35
Na 135-145 Mmol/L 127 128 131 130 132 133 136 138 137
K 3.5-5.5 Mmol/L 4.0 4.2 3.8 4.3 4.5 4.6 4.6 3.6 4.3
lonized Ca 1.15-12.35 Mmol/L 0.98 113 1.08 118 121 122 128 117 1.32
BG 3.9-6.1 Mmol/L 124 193 182 147 12.0 105 15.0 142 149
Haematocrit 35-51 % 50 45 34 35 37 37 36 31 38
Total Co, 22-29 Mmol/L 21.8 215 204 243 239 250 225 201 233
Buffer Base -3-3 Mmol/L -3.7 -62 -6.3 -1.1 -1.8 04 -39 62 -24
BE -2.3-3 Mmol/L -27 -59 57 -08 -15 01 -35 55 -20
Oxygen Saturation  95-98 % 83 71 86 73.0 68 71 70 53 49
Bicarbonate 1823 Mmol/L 20.8 20.2 193 232 228 239 214 191 222
Hemoglobin 11.7-17.4  G/DI 155 140 105 109 115 115 112 9.6 118

BG: blood glucose; BE: base excess; PaCO,: CO, partial pressure; Pa0,: O, partial pressure.

min was performed to relieve the patient’s
edema, ceftazidime was given to treat infec-
tion, oseltamivir was given as an antiviral ther-
apy and other therapeutic regimens were con-
ducted according to other reported symptoms;
however, his blood oxygen saturation was still
poor (at about 80%), with a large amount of
bloody secretions in his airway, and a blood
pressure of only 85-92/42-56 mmHg. The
results of the blood gas analysis are summa-
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rized in Table 2. At 6:00 AM on December 21,
2015, this patient died from respiratory failure.
The timeline for the clinical course of this
patient is presented in Figure 2.

Epidemiological survey
Occupational exposure history: Before the
onset of his iliness, this patient worked as a

vegetable peddler in an agricultural trade mar-
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District People's Hospital for
therapy.

Ganzhou People's Hospital.

failure.

Figure 2. The patient’s clinical course timeline.
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specimen was H5 nucleic acid

positive.

The patient began to The patient hospitalized in Huichang This case was transferred Ganzhou CDC reported China CDC reported that
appear ILI symptoms, County People's Hospital. to Intensive Care Unit that the specimen was the specimen was weak
and treated in 2 rural (ICU) of Ganzhou People's influenza A positive. positive of HSN6 subtype
clinics. Hospital. avian influenza virus.

| ] | | ‘

! | : |

t
12" Dec 14" Dec 18" Dec 19" Dec 19"Dec 21" Dec 22"Dec  23™Dec 6™ Jan 2016
09:00 pm 04:32 AM °5=i’° AM
The patient gone to Lancheng The patient hospitalized in The patient died of respiratory Jiangxi CDC reported that the
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ket in a town in Jieyang, Guangdong for many
years, and there were 7 live poultry stalls in
that market. Two weeks before the onset of his
illness, no poultry had died as a result of dis-
ease and no ILI symptoms were reported in the
stall owner of the live poultry. Family members
of the paper denied that he had contacted any
individuals with ILI symptoms and stated his
travel history 14 days before the onset of his
iliness.

Residence environment survey: The patient
lived near the 2" floor of that agricultural trade
market and the surrounding environment was
very poor. There was a slaughter zone for chick-
ens, ducks and other poultry downstairs and a
rubbish-dealing site nearby. Only the patient
and his wife lived in his home for a long period
of time, and they raised 14 chickens on the bal-
cony (none of the chickens died of disease).
During the period from the onset of his illness
to his death, his wife did not display any suspi-
cious symptoms.

Close contact monitoring: According to the epi-
demiological survey, 35 individuals, including
the case’s family members and medical staff at
the hospitals the case had visited, were defined
as close contacts and all of them were medi-
cally monitored. Following a medical observa-
tion period of 2 weeks, no close contact devel-
oped a fever or cough, except one of the
medical staff from the Emergency Department
at Lancheng District People’s Hospital. During
the full medical observation period, all of the
close contacts had a throat swab specimen
collected for analysis, and no suspected cases
of severe pneumonia or avian influenza infec-
tion were found.

Laboratory testing

Testing of throat swab specimens from the
case and his close contacts: On December 21,
2015, the Ganzhou People’s Hospital sent the
throat swab specimens from this case as rou-
tine monitoring specimens to the Ganzhou CDC
for laboratory testing. On December 22, 2015,
the Ganzhou CDC reported that the specimen
was influenza A universal primer positive; how-
ever, the specific subtype was unidentified. On
the next day, the Jiangxi province CDC reported
this specimen that was sent by the Ganzhou
CDC as H5 nucleic acid positive. On January 6,
2016, the China CDC reported the test result
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for this specimen was weakly positive for the
H5NG6 virus as detected by the real-time RT-PCR
method. Deep sequencing uncovered a partial
influenza virus fragment. However, the content
of the virus was too low to get enough sequence
data; therefore, further analysis could not be
conducted. The virus isolation test demonstrat-
ed a negative result for the E1 generation by
the use of the specific pathogen free chicken
embryo. The throat swab specimen collected
from the medical staff with ILI symptoms men-
tioned above was negative for the influenza A
nucleic acid by the use of real-time RT-PCR.

Environmental testing for suspicious exposure:
On December 24, 2015, the Jieyang CDC col-
lected 20 environmental samples from the 7
live poultry stalls in the market mentioned
above. From the Jieyang CDC testing, one sam-
ple was H5 nucleic acid positive, four samples
were H9 nucleic acid positive, ten samples
were influenza A universal nucleic acid positive,
and the remaining samples were influenza A
nucleic acid negative. Because all of the 14
chickens fed by this patient were disposed of by
his relatives, no specimens from these chick-
ens were collected successfully.

Preventive and control measures

After the outbreak of this epidemic, the Jiangxi
CDC had timely reported it to the Jiangxi provin-
cial HFPC, and notified the Guangdong provin-
cial CDC. In order to be certain of the diagnosis,
the specimen was sent to the China CDC for
further testing at the same time. The Jiangxi
CDC, Gangzhou CDC, Guangzhou CDC, Jieyang
CDC, and related hospitals had conducted pre-
ventive and control measures as follows: 1,
they performed a survey on the clinical and epi-
demiological features of this case to investi-
gate the possible infection source and risk fac-
tors; 2, theytracked, investigated, and medically
monitored the close contacts of this case to
observe and report the abnormal situation in a
timely manner; 3, they disinfected the agricul-
tural trade markets of Jieyang and the hospitals
where this case had visited; 4, they guided the
medical staff on how to personally protect
themselves from infection and performed nos-
ocomial infection control; 5, they actively
searched for patients with similar symptoms,
and strengthened the surveillance of patients
with ILI and unexplained pneumonia in related
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hospitals and communities; and 6, they timely
reported the suspected cases with severe
pneumonia and collected specimens for labo-
ratory testing.

Discussion

In 1996, the H5N1 virus was first detected in
geese within China. During the past 20 years,
H5 subtype viruses continuously evolved and
underwent reassortment, generating multiple
virus clades [3]. Recent research reported that
the virus reassortment in clade 2.3.4.4 has
given rise to some novel H5 highly pathogenic
avian influenza virus subtypes, including the
H5N2, H5N6 and H5NS8 virus, which has widely
spread in Asia, Europe, and North America
among wild birds or poultry [4-9]. In 1975,
Garcia et al. were the first to isolate the HSNG
virus from mallards in North America [10]. In
March 2014, the H5N6 virus outbreak caused
the death of 457 birds in Laos. Since 2013, the
H5NG6 subtype virus has been found in ducks or
chickens in some areas of Jiangxi, Guangdong,
and Sichuan province, indicating that the HSNG
virus is circulating in China [11, 12]. Recently, it
is believed that cross-species infection with the
H5NG6 influenza can occur for humans [13]. In
early 2014, the Chinese national HFPC report-
ed the first human H5NG virus infection case in
Nanchong City, Sichuan Province [14]. After the
first case was confirmed, a total of 9 human
cases of H5N6 influenza viral infection were
reported in Guangdong province, Yunnan prov-
ince, and lJiangxi province. Nowadays, this
infection has been considered as a newly
emerging public health problem in China [15].

The clinical presentation of this case displayed
similar classical signs and symptoms to the
other highly pathogenic avian influenza virus
infections, such as H7N9 and H10NS8. This
includes fever, cough, and respiratory discom-
fort as the initial symptoms, with the develop-
ment of severe pneumonia where acute res-
piratory distress syndrome (ARDS) with leuco-
penia and lymphopenia decreased rapidly.
Similar to HIN1 infection in humans, this case
presented with liver and heart damage. Relat-
ed tests demonstrated that the levels of aspar-
tate transaminase (AST), lactate dehydroge-
nase (LDH), and hydroxybutyrate dehydroge-
nase (HBDH) were increased, and levels of total
protein and albumin were decreased. This clini-
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cal presentation was similar to other human
cases of HHNG influenza infection as Pan et al.
[16]. previously reported. The fatality of this
case might be due to 3 major reasons. The first
is the delay in administering antiviral therapy.
From the first day of the onset of the iliness on
December 12, 2015, to the day that the patient
was transferred to the Ganzhou People’s Hos-
pital on December 19, 2015, no antiviral thera-
py was administered to this patient. Previous
studies have shown that when antiviral therapy
was given to patients with an avian influenza
virus infection within the first 3 days, this can
shorten the duration of viral shedding and
reduce the incidence of mortality [17, 18]. The
second reason is the lack of awareness of
avian influenza virus infection in the primary
hospitals. In the first 6 days, the clinics or hos-
pital where the patient was treated did not con-
sider the possibility of avian influenza virus
infection, and the rapid test for the avian influ-
enza virus was not conducted. The third reason
is that oseltamivir was administered too late.
For this case, oseltamivir was given on day 8 of
his iliness. Oseltamivir is widely recommended
to be used as an antiviral drug for classical and
new atypical avian influenza virus infection. The
correct treatment regimen for H6N6 influenza
virus infection is still unclear and is currently
being explored. Previous indexed cases did not
prove that oseltamivir was effective against
H5N6 infection. However, the use of oseltamivir
is still recommended as an effective therapy for
avian influenza virus infection with no drug
resistance detected [19, 20].

The epidemiological survey of this case demon-
strated that there was a clear exposure history
to poultry, and H5 nucleic acid was detected
in the environment where the patient lived.
According to the results of the medical monitor-
ing of the close contacts, no evidence was
found suggesting that human-to-human trans-
mission occurred. Because there are only 9
patients with H5NG infection in China, and that
all of them are sporadic cases with no epide-
miological association, the possible human-to-
human transmission of H5N6 should not be
excluded and further investigation should be
conducted.

According to the results of this survey, and the
background information pertaining to the fre-
quent outbreaks of H5N6 infection in humans,
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this study puts forward the following recom-
mendations: 1, strengthen the surveillance of
human avian influenza infection and environ-
mental monitoring of the avian influenza virus,
especially for a new avian influenza virus; 2,
reinforce the use of technology for diagnosis
and treatment and increase the knowledge of
medical staff in regards to the prevention and
control of avian influenza infection in order to
reduce the severity of infection cases and
resulting mortality to a great extent; 3, strength-
en the information exchange between the agri-
culture department, industry department, and
other related departments, and timely grasp
the epidemic situation.

Conclusion

The first symptoms of this case were similar to
other avian influenza or influenza virus infec-
tions, which presented as fever, cough, and
other ILI symptoms. Similar to previously report-
ed cases of human H5NG6 infection, this case
suffered from multiple organ failure and subse-
quently died from respiratory failure. A delay in
the initiation of antiviral therapy was a main
cause for death for this case. The epidemiologi-
cal survey for this case did not uncover any evi-
dence of human-to-human transmission.
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