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Nosocomial Co-Transmission
of Avian Influenza A(H7N9)
and A(H1N1)pdm09 Viruses
between 2 Patients with
Hematologic Disorders
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A nosocomial cluster induced by co-infections with avian influenza A(H7N9) and A(H1N1)pdm09 (pH1N1) viruses occurred in 2 patients at a hospital in Zhejiang Province, China,
in January 2014. The index case-patient was a 57-year-old
man with chronic lymphocytic leukemia who had been occupationally exposed to poultry. He had co-infection with H7N9
and pH1N1 viruses. A 71-year-old man with polycythemia
vera who was in the same ward as the index case-patient for
6 days acquired infection with H7N9 and pH1N1 viruses. The
incubation period for the second case-patient was estimated
to be <4 days. Both case-patients died of multiple organ failure. Virus genetic sequences from the 2 case-patients were
identical. Of 103 close contacts, none had acute respiratory
symptoms; all were negative for H7N9 virus. Serum samples
from both case-patients demonstrated strong proinflammatory cytokine secretion but incompetent protective immune
responses. These findings strongly suggest limited nosocomial co-transmission of H7N9 and pH1N1 viruses from 1 immunocompromised patient to another.
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A

s of January 4, 2016, a novel avian influenza A virus, A(H7N9), first identified in China in March
2013 (1), had caused 676 laboratory-confirmed cases of
influenza in humans and 275 influenza-associated deaths
in mainland China (Chinese Center for Disease Control
and Prevention, unpub. data). Most H7N9 virus infections
have been acquired through exposure to live poultry markets (LPMs) in urban settings (2) and have been sporadic,
but a few have occurred in clusters of >2 epidemiologically linked cases (3). Human-to-human transmission is
difficult to prove because exposure to a common source
often cannot be excluded. Nosocomial transmission of
H7N9 virus has recently been reported in China’s Zhejiang Province (4). We investigated possible nosocomial
co-transmission of H7N9 and influenza A(H1N1)pdm09
(pH1N1) viruses between 2 immunocompromised patients in Zhejiang Province.
Methods

Patients and Samples Collection

China’s national surveillance system for influenza-like illness (ILI), severe acute respiratory illness, and pneumonia
of unexplained origin indicated a cluster of 2 H7N9 virus
infections occurring in the same ward at Taizhou Hospital
in Zhejiang Province, China, during January 10–15, 2014.
We collected throat swabs and serum from the 2 affected
case-patients for virologic, serologic, and cytokine studies.
We collected specimens from the upper respiratory tract by
using pharyngeal swabs or from the lower tract by using
bronchoalveolar lavage. These specimens were collected
on January 19 and 21 from the index case-patient and the
second case-patient, respectively.
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Controls

We retrieved stored serum samples from 21 other H7N9
virus–infected patients (mean age 60 years, range
44–76 years) from Zhejiang Province (mean number
of days from onset 6 days, range 2–10 days). Serum
samples from 6 healthy volunteers were collected for use
as controls.
Investigation of Contacts

Close contacts were defined as described (1); all healthcare workers, patients sharing the same ward, and those
patients’ family members were included. Close contacts
were placed under daily active surveillance for 7 days.
After written informed consent was obtained, a structured
questionnaire was used to gather information on demographic characteristics, exposure history, and clinical outcome. Throat swab samples for H7N9 virus testing were
taken from all close contacts during the observation period, and convalescent-phase serum samples were collected
3–4 weeks after the last exposure to a patient with H7N9
virus infection.
Laboratory Methods

Specific real-time reverse transcription PCR (rRT-PCR)
assays for seasonal influenza viruses (H1, H3, and B) and
avian influenza viruses (H5N1 and H7N9) were conducted
as described (5). All specimens found to be positive for
virus RNA were inoculated into MDCK cell cultures for
virus isolation (2). Virus genetic sequences were obtained
directly from clinical specimens or from virus isolates by
using an MiSeq desktop sequencer (Illumina, Inc., San Diego, CA, USA) as described (6–8). We designed 3 different controls to verify results: the H7N9 RNA negative and
positive controls and an MDCK cell control.
Microneutralization (MN) and hemagglutination inhibition (HI) assays were performed by using A/
Anhui/1/2013(H7N9) virus antigen in accordance with
World Health Organization protocols (9). A titer of >1:40
was defined as seropositive.
Concentrations of cytokines and chemokines in serum were measured by using the Bio-PlexPro Human
Cytokine Array 27-Plex Group I and 21-Plex Group
II (Bio-Rad, Hercules, CA, USA). Raw data were
analyzed by using xPONENT (Merck Millipore, Darmstadt, Germany).
Statistical Analyses

A value of 0.1 pg/mL for cytokine level was assumed for
statistical purposes in cases in which the concentration
was undetectable. The 95% CIs for the cytokine levels of
healthy controls and the control patients with H7N9 virus
infection were generated by using SPSS software version
17.0 (SPSS Inc., Chicago, IL, USA).

Ethics

This research was determined by the China’s National
Health and Family Planning Commission to be part of a
continuing public health outbreak investigation and therefore exempt from institutional review board assessment.
The protocol for collection of epidemiologic data and
serologic testing of close contacts was approved by the
institutional review board of the Zhejiang Provincial Center for Disease Control and Prevention. Written informed
consent was obtained from all contacts and controls who
participated.
Results
Clinical Features of the 2 Confirmed Cases

The index case-patient was a 57-year-old man with untreated, Rai stage IIIA chronic lymphocytic leukemia,
which manifested itself as absolute lymphocytosis, anemia,
and cervical lymphadenopathy but was otherwise asymptomatic. On January 8, 2014, the patient experienced onset of fever, chills, and mild cough with sputum (Figure
1). He had not received a seasonal influenza vaccination.
Two days later, he was admitted to the hematology ward
at Taizhou Hospital (bed 26) because of continued fever
(Figure 2; online Technical Appendix Figures 1 and 2,
http://wwwnc.cdc.gov/EID/article/22/4/15-1561-Techapp.
pdf). Chest radiography performed 4 days after disease
onset indicated consolidation of the left lower lung (online Technical Appendix Figure 3). On day 7 of illness,
the patient experienced rapid respiratory deterioration that
required mechanical ventilation. He was transferred to the
intensive care unit (ICU) of the respiratory ward (bed 3)
(online Technical Appendix Figure 4). Oral oseltamivir (75
mg twice a day) was started on day 10 of illness. A throat
swab sample collected on day 11 of illness was positive for
H7N9 and pH1N1 viruses. The patient was then moved to
the department of infectious diseases (bed 10) for isolation
(online Technical Appendix Figure 5). On day 10 of illness,
the geometric mean titer of the H7-specific antibody from
MN was 63.5. On day 15 of illness, the patient died of complications, including acute respiratory distress syndrome,
septic shock, and multiorgan failure (Figure 1; Table 1).
The second case-patient was a 71-year-old man with
diabetes who had been undergoing insulin therapy for 20
years. He had received no vaccination against seasonal influenza. He had polycythemia vera that had been diagnosed
5 years before and was undergoing cytoreductive therapy
with interferon and hydroxyurea. On December 30, 2013,
he was admitted to a hospital in Jiaojiang District (also located in Taizhou) for mild fever (37.8°C) that was compatible with adverse effects from interferon therapy (Figure
1). The fever resolved by January 5, 2014. On January 8,
the patient was transferred to the hematology ward (bed 27,
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next to the index case-patient) in Taizhou Hospital to optimize clinical management of his polycythemia vera (Figure
2). He remained afebrile until January 14, when he experienced a high fever (39.7°C) and productive cough. One day

later, the patient received inhalation and parenteral methylprednisolone therapy for asthma. On January 19, shortness of breath developed, and he was moved to the hospital
ICU, where tracheal intubation and mechanical ventilation

Figure 1. Timeline of pertinent exposures, dates of illness onset, and virologic findings for 2 patients (index case-patient and casepatient 2) who were co-infected with avian influenza A(H7N9) and A(H1N1)pdm09, and 3 non–H7N9-infected patients who shared
the same hematology ward, Taizhou Hospital (hospital A), Zhejiang Province, China, January 10–15, 2014. Orange box indicates the
period when patients 2–5 were exposed to the index case-patient. Blue line indicates that the period when the 3 non–H7N9-infected
patients (3–5) were exposed to case-patient 2. Index case-patient was a 57-year-old man with confirmed co-infection with H7N9 and
pH1N1 viruses. Case-patient 2 was a 71-year-old-man also with confirmed co-infection with H7N9 and pH1N1 viruses. Patient 3 was a
78-year-old man with chronic B lymphoma cell leukemia. Patient 4 was a 50-year-old man with acute myeloid leukemia. Patient 5 was
a 61-year-old man with macroglobulinemia. H7N9, avian influenza A(H7N9) virus; HI, hemagglutination inhibition; ICU, intensive care
unit; LPM, live bird market; NPPV, noninvasive positive pressure ventilation; pH1N1, influenza A(H1N1)pdm09 virus; rRT-PCR, real-time
reverse transcription PCR.
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were initiated (online Technical Appendix Figure 6). The
next day, oseltamivir treatment (75 mg 2×/d) was initiated,
and throat swab samples collected for virology testing were
positive for influenza H7N9 and pH1N1 viruses. The patient was transferred to the Infectious Disease Department
on January 21 (online Technical Appendix Figure 7). The
geometric mean titers obtained through H7N9 virus MN
on day 9 of illness was 113.1. The patient died on day 10
of acute respiratory distress syndrome and multiple organ
failure (Figure 1; Table 1).
Epidemiologic Links and Exposure History

The index case-patient lived with 4 family members in a
3-floor house in Linhai District. The second case-patient
lived with 2 family members in an apartment in Jiaojiang District and had not come into contact with the index
case-patient before being hospitalized. No pets, domestic
animals, or birds were present in the immediate vicinity of the residences of either patient. However, the index
case-patient worked daily as a butcher in an LPM near his

residence during the 2 weeks before illness onset; the last
known exposure in the LMP occurred on January 7 (online
Technical Appendix Figures 8, 9). The second case-patient
had no history of exposure to live birds or LPMs in the 2
weeks before his hospital admission. The 2 patients had no
history of eating poultry or known contact with a person
with febrile illness in the 2 weeks before onset.
The second case-patient (in bed 27) shared the same
room and was in the adjacent bed to the index case-patient (in bed 26) during January 10–15 (Figure 2). During this period, the index case-patient remained mostly
confined to his bed, whereas the second patient was ambulatory. Aerosol-generating procedures were performed
for the index case-patient on January 14–15, including
continuous oxygen mask inhalation and negative pressure suction. Endotracheal intubation and bag valve mask
ventilation was used for 2 hours and mechanical ventilation for 5 hours until he was transferred to the ICU on
January 15. During January 10–15, the index case-patient
had continued high fever with sweating and was washed

Figure 2. Schematic floor plan of the hematology ward where 2 case-patients with confirmed avian influenza A(H7N9) and A(H1N1)
pdm09 virus co-infection and 1 non–H7N9-infected patient stayed, Taizhou Hospital, Zhejiang Province, China, January 10–15, 2014.
The room was 22.4 m2 (6.4 m × 3.5 m) in floor area, with 1 door (30 cm × 40 cm) and 1 window (105 cm × 20 cm), and 0.6 m of space
separated the beds of the patients. H7N9, avian influenza A(H7N9) virus; pH1N1, influenza A(H1N1)pdm09 virus.
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Table 1. Selected characteristics of 5 patients who shared the same hematology ward at Taizhou Hospital, Zhejiang Province, China,
January 2014*
Characteristic
Index case-patient
Case-patient 2
Patient 3
Patient 4
Patient 5
Demographics and medical history
Age, y
57
71
78
50
61
Sex
M
M
M
M
M
Type of residence
Rural
Urban
Urban
Rural
Rural
Occupation
Farmer
Retiree
Retiree
Farmer
Farmer
History of smoking
No
Yes
No
No
No
History of alcohol use
No
No
No
No
No
Obesity
No
No
No
No
No
Underlying conditions
Chronic
Polycythemia
B cell lymphocytic Acute myeloid Macroglobulinemia;
leukemia (M2a) gout; kidney stone
lymphocytic
vera; cerebral
leukemia;
leukemia; hernia
infarction;
hypertension
operation
diabetes
Chronic drug use
No
Yes
Yes
Yes
Yes
No. family members
5
3
6
4
5
Exposure history
Birds, other animals at home
Yes
No
No
Yes
No
Visited an LPM
Yes
No
No
Yes
No
Exposure to a febrile person
No
Yes
Yes
Yes
Yes
Duration of exposure, d
—
5 (index patient)
5 (index patient);
4 (patient 2)
3 (patient 2)
(source)
11 (patient 2)
Specimen collection date
Jan 19 (throat swab
Jan 21 (throat
Jan 26
Jan 20
Jan 20 (throat
(type)
and serum)
swab and serum)
(Serum)
(throat swab);
swab); Jan 26
Jan 26 (serum)
(serum)
Diagnostic method
Virus isolation;
Virus isolation;
HI
rRT-PCR;HI
rRT-PCR;HI
rRT-PCR; HI
rRT-PCR;HI
Date of confirmation
Jan 19
Jan 21
NA (negative)
NA (negative)
NA (negative)
Laboratory results
H7N9 and
H7N9 and
Negative
Negative
Negative
pH1N1 positive
pH1N1 positive
Clinical features
Exposure to onset, d
1
4
NA
NA
NA
Onset to admission, d
2
6
NA
NA
NA
Onset to ICU, d
7
5
NA
NA
NA
Onset to antiviral drugs, d
10
6
NA
NA
NA
Onset to death, d
15
10
NA
NA
NA
Days in hospital
13
16
23
9
5
Date of outcome
Jan 23
Jan 24
Jan 17
Jan 23
Jan 22
Outcome
Died
Died
Survived
Survived
Survived
*H7N9, avian influenza A(H7N9) virus; HI, hemagglutination inhibition; ICU, intensive care unit; LPM, live poultry market; NA, not available; pH1N1,
influenza A(H1N1)pdm09 virus; rRT-PCR, real-time reverse transcription PCR.

and had clothes changed by his wife. Neither patient had
vomiting or diarrhea. The ward floor and surfaces were
disinfected by using domiphenbromide (1:400 concentration) twice a day.
Three other patients shared the same ward during this
period (Figure 2; Table 1). Bed 25 was occupied during
January 2–17 by patient 3, a 78-year-old man with chronic
B cell leukemia, and during January 17–22 by patient 5,
a 61-year-old man with macroglobulinemia. After the index case-patient was transferred to the ICU, during January 15–23, bed 26 was occupied by patient 4, a 50-yearold man with acute myeloid leukemia (Figure 1). Patient
3 was H7N9 virus antibody–negative by HI test 42 days
and 44 days after his most recent exposures to the second
case-patient and index case-patient, respectively. Patients
4 and 5 were negative by rRT-PCR for influenza A viruses
1 day after their most recent exposures and were negative
for H7N9 virus antibody by HI test 40 days after their most
recent exposure to the second case-patient. Because the
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diagnosis of H7N9 virus infection was not suspected during their stay in this room, neither the index case-patient
nor the second case-patient wore a protective mask, and
the 25 staff or visitors who visited the room did not use any
personal protective equipment.
Investigation of Contacts

A total of 68 close contacts of the index case-patient were
identified, including 2 patients in the hematology ward,
7 patients in the ICU of the respiratory ward, 51 healthcare workers, 4 household members, and 4 social contacts.
The median duration of exposure to the index case-patient
was 3.5 hours (interquartile range [IQR] 2.5–6.5 hours].
No close contacts reported taking oseltamivir chemoprophylaxis. A total of 64 close contacts of the second casepatient were identified, including 3 patients in the hematology ward, 6 patients in the ICU, 51 healthcare workers,
2 household members, and 2 social contacts. None of
the contacts developed acute respiratory symptoms. The
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median duration of exposure to at least 1 of the case-patients was 2 hours (IQR 1–3 hours) (Table 1).
Of the contacts of the index case-patient in the hematology ward, 31 close contacts (2 patients, 21 healthcare
workers, 4 household members, and 4 social contacts) were
traced. During the 7-day surveillance period, acute respiratory symptoms developed in 1 of 2 patients who shared the
room in the hematology ward and in 2 of 4 social contacts.
On January 23, a total of 8 throat swabs were collected from
2 of patients in the hematology ward, 4 household members, and 2 social contacts. Of these, only 1 (case-patient 2)
was found to be infected with H7N9 virus. For patient 2, a
total of 28 close contacts (3 patients, 21 healthcare workers, and 4 household members) were traced, and none of
them had symptoms of disease. Three throat swab samples
collected from the 3 patients were negative for H7N9 virus.
During January 15–19, a total of 27 close contacts of
the index case-patient when he was in ICU (20 healthcare
workers and 7 patients sharing the ICU ward) were traced;
6 of the patients and 4 of the healthcare workers had throat
swab samples collected. One of symptomatic patients, a
71-year-old man who had been in the ICU during January 10–19 and had chronic obstructive pulmonary disease,
pneumonia, and chronic renal failure, was positive for
pH1N1 virus by rRT-PCR on throat swab samples collected on January 20. A total of 26 close contacts of the second
case-patient (20 healthcare workers and 6 patients sharing
the ICU ward) were traced. None of them none of them had
signs or symptoms of disease. Throat swab samples were
not collected.
Ten healthcare workers had contact with the index casepatient and 10 with the second case-patient for the periods
these patients were in the infectious disease ward. All throat
swab samples collected during January 20–24 from these
20 contacts were negative for H7N9 and pH1N1 viruses by
rRT-PCR. Overall, serum samples from 84 contacts who
consented to have serum collected for testing were negative
for H7N9 virus antibodies by MN and HI assays.
On January 20, a total of 10 environmental samples
from the LPM that the index case-patient worked in before his illness (online Technical Appendix Figure 8) were
collected; 1 of these was positive for H7N9 and H9N2 viruses, and another was positive for H7N9 virus. Two throat
swab samples from workers in this LPM were negative for
influenza A virus. Furthermore, throughout January 2014,
environment surveillance results in Linhai District showed
that 17 (60.71%) of 28 LMPs were positive for H7N9 virus
(online Technical Appendix Figure 9).
Viral Genetic Sequence Analysis of H7N9
and pH1N1 Viruses

No virus isolate was obtained from the index case-patient,
but the partial genome of the virus was obtained by direct

sequencing from his pharyngeal swab specimens. Fulllength membrane protein and nonstructural gene sequences
and partial hemagglutinin and neuraminidase sequences
were obtained. A virus isolate was obtained from the second case-patient, and the full virus genome was ascertained.
Alignment of the membrane protein and neuraminidase sequences from the index case-patient with the H7N9 virus
sequences from the virus isolated from the second casepatient showed that these 2 sequences shared 99.5% and
100% nucleic acid sequence identity, respectively. Both
case-patients had viruses that were oseltamivir-sensitive
(E120V, H276Y and R294K in neuraminidase protein)
but amantadine-resistant (S31N in matrix 2 protein). The
pH1N1 virus neuraminidase gene segment from the index
case-patient was 100% identical to that from the second
case-patient.
Serum Cytokine Levels

Serum levels of cytokines and chemokines in the index
case-patient (10 days after illness onset) and the second
case-patient (9 days after illness onset) were compared
with those of 21 other patients infected with H7N9 virus. Levels of 13 cytokines and chemokines (granulocyte
colony–stimulating factor, growth-regulated oncogene-a,
interleukin [IL] 10, IL-12p40, IL-16, IL-18, IL-1 receptor
antagonist, IL-2 receptor antagonist, IL-3, IL-6, IL-8, leukemia inhibitory factor, monocyte chemoattractant protein-1, monocyte chemoattractant protein 3, and stromal
cell–derived factors) from the index case-patient and the
second case- patient were higher than the upper bound of
the 95% CIs of the mean levels of other patients infected
with H7N9 virus (Table 2; online Technical Appendix
Figure 10). In contrast, levels of interferon-gamma (IFNg), IL-2, IL-12, and IL-4, which are correlated with adaptive immune responses to influenza viruses, were comparable to those observed in healthy persons but much lower
than those observed in nonimmunocompromised H7N9
virus–infected patients (online Technical Appendix Figure 11). The lack of these cytokines, which are associated
with the development of T helper (Th) 1, Th2, and Th17
cells, might have led to an incapable adaptive immune response in these 2 case-patients and thereby enhanced the
pathogenicity of the viruses.
Discussion
Although ≈600 cases caused by H7N9 virus have been reported, 41 clustered cases from 20 disease clusters have
been reported. The clustered cases accounted for only 5.9%
of the total cases, so there seems to be evidence of limited
transmission (10). Our study found epidemiologic differences between 1 nosocomial cluster caused by co-infection
with H7N9 and pH1N1 viruses and a previously documented family cluster induced by a single H7N9 virus.
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Table 2. Cytokine and chemokine levels for controls compared with 2 patients with confirmed co-infection with avian influenza
A(H7N9) and A(H1N1)pdm09 viruses, Taizhou Hospital, Zhejiang Province, China, January 2014*
Healthy controls, n = 6
H7N9-infected controls. n = 21
Cytokine or
Index casechemokine
Mean
95% CI
Mean
95% CI
patient
Case-patient 2 Change
G-CSF
27.6
21.9 to 33.3
47.5
32.1 to 62.9
3421.0
5,759.0

GROa
260.2
79.6 to 440.8
164.8
89.4 to 240.2
320.8
757.4

IL-10
0.8
0.4 to 1.2
17.8
12.9 to 22.7
42.2
234.1

IL-12p40
719.8
59.5 to 1380.1
240.3
5176.0
585.5
28.2 to 508.8

IL-16
530.0
260.8
170.2 to 351.3
627.4
468.51
71.7 to 1131.7

IL-18
69.9
31.5 to 108.2
163.7
101.3 to 226.1
530.9
1,501.1

IL-1Ra
111.8
89.5 to 134.1
218.3
164.3 to 272.2
506.7
1,340.1

IL-2Ra
79.6
51.2 to 108.1
97.5
49.9 to 145.1
699.9
425.4

IL-3
101.4
30.9 to 171.8
30.8
815.3
210.4
0.8 to 62.4

IL-6
4.1
2.8 to 5.4
91.5
50.7 to 132.3
819.6
22,009.0

IL-8
7.0
2.7 to 11.4
62.2
45.5 to 79.0
1,228.3
2,075.3

LIF
9.1
0.7 to 17.5
7.9
1.3 to 14.4
34.4
31.2

MCP-1
7.0
2.9 to 11.0
238.4
91.8 to 384.9
569.7
757.4

MCP-3
28.5
8.8 to 48.2
8.6
28.8
39.5
1.4 to 18.7

SDF-1a
83.0
43.4 to 122.6
72.6
37.3 to 107.9
641.8
273.7

Extaxin
79.7
36.3 to 123.1
108.9
79.1 to 79.1
25.5
36.3

GM-CSF
0.1
0.04 to 0.1
65.8
44.5 to 87.1
38.8
26.4

66.7
61.3 to 72.1
117.3
91.8 to 142.7
64.3
62.9
IFN-

IL-12 p70
8.0
5.3 to 10.7
32.7
25.7 to 39.7
18.0
6.0

IL-2
3.9
1.9 to 5.8
17.8
13.2 to 22.4
5.3
7.9

IL-4
2.9
2.2 to 3.5
8.4
6.5 to 10.4
1.2
1.7

IL-5
1.7
1.1 to 2.2
7.2
4.5 to 10.0
2.1
1.8

MIG
315.7
189.8 to 441.5
7,860.2
4245.5 to 11,474.9
2,246.4
429.8

PDGF-bb
532.0
419.8 to 644.3
3,608.5
2,746.0 to 4,471.1
784.5
21.2

RANTES
613.5
798.5 to 983.5
12,716.5
9,193.1 to 16,239.9
658.5
178.2

*Levels are given in pg/mL. Arrows indicate cytokine and chemokine levels that were significantly higher () or lower () in the serum samples of the index
patient and patient 2 compared with 95% CIs of the mean values of 21 other patients infected with the avian influenza A(H7N9) virus. G-CSF, granulocyte
colony stimulating factor; GM-CSF, granulocyte macrophage colony–stimulating factor; GROa, growth-regulated oncogene-; IFN-, interferon-gamma;
IL, interleukin; MCP, monocyte chemoattractant protein; MIG, macrophage-induced gene ; PDGF-bb, platelet-derived growth factor bb; Ra, receptor
antagonist; RANTES, regulated on activation normal T cell expressed and secreted; SDF, stromal cell–derived factors.

The index case-patient had been exposed to an LPM
that was retrospectively proven to be positive for influenza
H7N9 virus. The second case-patient had no avian exposure but experienced onset of clinical disease within 4 days
of close contact with the index case-patient. The second
case-patient was co-infected with H7N9 and pH1N1 viruses, as was the index case-patient. Virus genetic sequences
of H7N9 and pH1N1 viruses from the 2 case-patients were
identical. These findings strongly suggest nosocomial human-to-human co-transmission of both influenza viruses in
2 non–blood-related patients with hematologic disorders.
The findings also demonstrate a lack of transmission to
other patients and healthcare workers, reinforcing the contention that H7N9 virus remains poorly transmissible from
human to human.
In this particular event, the incubation period was 4
days, compatible with previous estimates of incubation
period (11). This incubation period was more plausible
than the incubation periods of 13 days, 7 days, and 10
days reported for the Jiangsu (3), Shanghai, and Guangdong clusters, respectively (12,13), where infection from
a common source cannot be ruled out. In other family clusters, the index patient’s illness was more severe,
whereas most of the secondary cases were milder and
rarely fatal (14,15). The greater disease severity in the
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second case-patient in our study might be attributable to
the co-infection with influenza pH1N1 virus in combination with his underlying disease and the delayed initiation
of antiviral therapy (16).
The exact route of transmission from the index casepatient to the second case-patient remains unclear. Transmission through respiratory droplets is possible because the
index case-patient had repeated bouts of coughing, and he
had several aerosol-generating procedures conducted during his hospitalization. Cross-infection through fomites,
the unwashed hands of healthcare workers or visitors, or
unsanitary medical equipment might also be possible. Before the 2 case-patients were confirmed to have H7N9 virus
infection, no personal protective equipment was used.
Serologic methods rarely yield an early diagnosis of
influenza virus. Apart from their retrospective diagnostic
value, serologic methods are applied in epidemiologic and
immunologic studies. In our study, we conducted HI and
MN tests for all contacts of the 2 case-patients under negative and positive quality control. However, we did not detect any serologic evidence of secondary transmission in
approximately 84 contacts. The basic reproduction number
(R0), a measure of transmission potential of H7N9 virus
compared with pH1N1 virus, was 0.1 versus 1.7, indicating
that the transmission potential of H7N9 virus was much
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lower than that of pH1N1 virus. Thus, prolonged exposure
and the immunocompromised status of the 2 case-patients
might have contributed to the transmission of infection.
Co-infection of H7N9 and seasonal influenza A(H3N2)
viruses has been reported in a patient from Jiangsu Province, China, but this patient recovered, possibly because of
his young age (15 years) and early initiation of antiviral
treatment; evidence of secondary transmission was not actively sought (17).
Patients with hematologic malignancy, such as chronic
lymphocytic leukemia and polycythemia vera, have multiple immune defects (18–21), including defects in T-cell
function and natural killer cell dysfunction, decreased antibody responses, and abnormal cytokine production (21).
Patients with such disorders are thus more prone to new
infections and prolonged virus shedding (18,20,22–28).
For example, a patient with chronic lymphocytic leukemia
who was not in an ICU was infected with pH1N1 virus and
continued to shed virus for 59 days; antiviral resistance
developed, consistent with the patient’s immunocompromised condition (28). In our study, the index case-patient
was confirmed as H7N9 virus–positive on day 11 after
illness onset, which suggests prolonged viral shedding in
older, immunocompromised patients. However, the consequences of H7N9 patients with hematologic malignancies
are poorly understood in terms of clinical outcomes and
transmission potential.
Innate immune dysregulation might contribute to
the pathogenesis of severe avian influenza (29). In our
study, the 2 H7N9 virus–infected case-patients who died
had chronic lymphocytic leukemia and polycythemia
vera, respectively. Chronic lymphocytic leukemia is associated with dysfunction of innate and adaptive immunity (21,30,31). Cytokines, such as IL-8, associated with
acute respiratory distress syndrome (32), and IL-6, associated with severe cytokine-release syndrome, can occur in
chronic lymphocytic leukemia patients after treatment with
rituximab, an anti-CD20 monoclonal antibody (33). The
underlying disease (polycythemia vera) in the second casepatient is associated with Janus kinase 2 mutation V617F,
which leads to constitutive tyrosine phosphorylation activity that promotes cytokine hypersensitivity, including IL-3
and stem cell factor (34,35). The abnormal signaling pathway in cells of patients with polycythemia vera can also
contribute to growth of fibroblasts and microvascular endothelial cells and induce the production of profibrogenic and
angiogenic cytokines (36).
Hypercytokinemia has been reported in the peripheral blood of H7N9 virus–infected patients with substantially elevated levels of cytokines and chemokines (e.g.,
IL-1b, IL-6, IL-8, IL-10, IL-12, IL-17, monokine induced
by IFN-g, macrophage inflammatory proteins 1a and
1b, monocyte chemotactic protein 1, interferon-induced

protein of 10 kDa, and regulated on activation normal T
cell expressed and secreted [RANTES]) (5,29,37,38). Despite underlying immune defects in the context of steroid
therapy, the 2 H7N9 virus–infected case-patients in our
study mounted strong proinflammatory cytokine responses (e.g., production of IL6, IL8, and monocyte chemotactic protein 1), even stronger than those observed in other
nonimmunocompromised patients with H7N9 infection.
On the other hand, levels of cytokines known to correlate
with immune protection against influenza viruses, such as
IL-2, IL-4 and IFN-g, which contribute to development
of Th1, Th2, and Th17 cells, were observed to be much
lower in the 2 case-patients reported here compared with
other H7N9 virus–infected patients. Thus, disorders of innate immune and adaptive immune responses in these 2
case-patients might have contributed to the disease severity and fatal outcomes.
In summary, our findings strongly suggests nosocomial human-to-human co-transmission of H7N9 and pH1N1
viruses between 2 immunocompromised case-patients with
hematologic diseases, with no evidence of transmission to
others. The deaths of these 2 case-patients might have been
attributable to co-infection with pH1N1 virus, delayed initiation of antiviral therapy, and the patients’ immunocompromised status. These findings suggest the need for awareness and early testing for influenza in hematology units and
for liberal use of early antiviral treatment if patients exhibit
ILI symptoms. Implementing rigorous infection control
practices might minimize cross-transmission. Avoiding the
use of corticosteroids in patients with infection also needs
to be emphasized.
Acknowledgments
We gratefully acknowledge the involvement of the medical
teams who worked in the Department of Hematology and the
intensive care unit at Taizhou Hospital, Wenzhou Medical
College, Zhejiang Province, China.
This work was supported by grants from Provincial
Medical Research Fund of Zhejiang, China (nos.
WKJ2013-2-008,2012KYA161, and 2014C13G2010106).
H.Y. acknowledges the support of grants from the National
Science Fund for Distinguished Young Scholars (81525023) and
the US National Institutes of Health Comprehensive International
Program for Research on AIDS grant (U19 AI51915). This study
was also funded by the National Scientific and Technological
Major Project under the 12th Five-Year Plan of China grant no.
2013ZX10004-904, titled “The Epidemiology, Prevention, and
Control of Key Infectious Diseases on the Social Population in
Zhejiang Province, China,” and by the National Natural Science
Foundation of China (grant nos. 81373141 and 81401312).
M.P. is supported from an Area of Excellence Scheme of the
University Grants Committee, Hong Kong, China (grant no.
AoE/M-12/06).

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 22, No. 4, April 2016

605

SYNOPSIS
Dr. Chen is a director of the Department of Infectious Disease
at Taizhou Hospital, Wenzhou Medical College, Zhejiang
Province, China. His interests include clinical treatment and
diagnosis of infectious diseases.

14.

References

16.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

606

Li Q, Zhou L, Zhou M, Chen Z, Li F, Wu H, et al. Epidemiology
of human infections with avian influenza A(H7N9) virus in China.
N Engl J Med. 2014;370:520–32. http://dx.doi.org/10.1056/
NEJMoa1304617
Chen Y, Liang W, Yang S, Wu N, Gao H, Sheng J, et al. Human
infections with the emerging avian influenza A H7N9 virus from
wet market poultry: clinical analysis and characterisation of viral
genome. Lancet. 2013;381:1916–25. http://dx.doi.org/10.1016/
S0140-6736(13)60903-4
Qi X, Qian YH, Bao CJ, Guo XL, Cui LB, Tang FY, et al. Probable
person-to-person transmission of novel avian influenza A (H7N9)
virus in eastern China, 2013: epidemiological investigation. BMJ.
2013;347:f4752. http://dx.doi.org/10.1136/bmj.f4752
Fang CF, Ma MJ, Zhan BD, Lai SM, Hu Y, Yang XX, et al.
Nosocomial transmission of avian influenza A (H7N9) virus in
China: epidemiological investigation. BMJ. 2015;351:h5765.
http://dx.doi.org/10.1136/bmj.h5765
Yu X, Jin T, Cui Y, Pu X, Li J, Xu J, et al. Influenza H7N9 and
H9N2 viruses: coexistence in poultry linked to human H7N9
infection and genome characteristics. J Virol. 2014;88:3423–31.
http://dx.doi.org/10.1128/JVI.02059-13
Zhou B, Donnelly ME, Scholes DT, St George K, Hatta M,
Kawaoka Y, et al. Single-reaction genomic amplification
accelerates sequencing and vaccine production for classical and
swine-origin human influenza a viruses. J Virol. 2009;83:10309–
13. http://dx.doi.org/10.1128/JVI.01109-09
Li R, Zhu H, Ruan J, Qian W, Fang X, Shi Z, et al. De novo
assembly of human genomes with massively parallel short read
sequencing. Genome Res. 2010;20:265–72. http://dx.doi.org/
10.1101/gr.097261.109
Li H, Handsaker B, Wysoker A, Fennell T, Ruan J, Homer N,
et al. The Sequence Alignment/Map format and SAMtools.
Bioinformatics. 2009;25:2078–9. http://dx.doi.org/10.1093/
bioinformatics/btp352
Pamaran RR, Kamigaki T, Hewe TT, Flores KM, Mercado ES,
Alday PP, et al. Epidemiological characterization of influenza
A(H1N1)pdm09 cases from 2009 to 2010 in Baguio City, the
Philippines. PLoS One. 2013;8:e79916. http://dx.doi.org/10.1371/
journal.pone.0079916
Turner N, Pierse N, Bissielo A, Huang QS, Baker MG,
Widdowson MA, et al. The effectiveness of seasonal trivalent
inactivated influenza vaccine in preventing laboratory confirmed
influenza hospitalisations in Auckland, New Zealand in 2012. Vaccine.
2014;32:3687–93. http://dx.doi.org/10.1016/j.vaccine.2014.04.013
Cowling BJ, Jin L, Lau EH, Liao Q, Wu P, Jiang H, et al.
Comparative epidemiology of human infections with avian
influenza A H7N9 and H5N1 viruses in China: a population-based
study of laboratory-confirmed cases. Lancet. 2013;382:129–37.
http://dx.doi.org/10.1016/S0140-6736(13)61171-X
Hu J, Zhu Y, Zhao B, Li J, Liu L, Gu K, et al. Limited human-tohuman transmission of avian influenza A(H7N9) virus, Shanghai,
China, March to April 2013. Euro Surveill. 2014;19:20838.
http://dx.doi.org/10.2807/1560-7917.ES2014.19.25.20838
Xiao XC, Li KB, Chen ZQ, Di B, Yang ZC, Yuan J, et al.
Transmission of avian influenza A(H7N9) virus from father to
child: a report of limited person-to-person transmission,
Guangzhou, China, January 2014. Euro Surveill. 2014;19:20837.
http://dx.doi.org/10.2807/1560-7917.ES2014.19.25.20837

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Liu T, Bi Z, Wang X, Li Z, Ding S, Bi Z, et al. One family cluster of
avian influenza A(H7N9) virus infection in Shandong, China. BMC
Infect Dis. 2014;14:98. http://dx.doi.org/10.1186/1471-2334-14-98
Jie Z, Xie J, He Z, Song Y, Hu Y, Li F, et al. Family outbreak of
severe pneumonia induced by H7N9 infection. Am J Respir
Crit Care Med. 2013;188:114–5. http://dx.doi.org/10.1164/
rccm.201304-0797LE
Liu B, Havers F, Chen E, Yuan Z, Yuan H, Ou J, et al. Risk factors
for influenza A(H7N9) disease—China, 2013. Clin Infect Dis.
2014;59:787–94. http://dx.doi.org/10.1093/cid/ciu423
Zhu Y, Qi X, Cui L, Zhou M, Wang H. Human co-infection with
novel avian influenza A H7N9 and influenza A H3N2 viruses in
Jiangsu province, China. Lancet. 2013;381:2134. http://dx.doi.org/
10.1016/S0140-6736(13)61135-6
Melchardt T, Weiss L, Greil R, Egle A. Viral infections and their
management in patients with chronic lymphocytic leukemia.
Leuk Lymphoma. 2013;54:1602–13. http://dx.doi.org/10.3109/
10428194.2012.755178
Morrison VA. Infectious complications in patients with chronic
lymphocytic leukemia: pathogenesis, spectrum of infection, and
approaches to prophylaxis. Clin Lymphoma Myeloma. 2009;9:
365–70. http://dx.doi.org/10.3816/CLM.2009.n.071
Anderson LA, Landgren O, Engels EA. Common community
acquired infections and subsequent risk of chronic lymphocytic
leukaemia. Br J Haematol. 2009;147:444–9. http://dx.doi.org/
10.1111/j.1365-2141.2009.07849.x
Dasanu CA. Intrinsic and treatment-related immune alterations
in chronic lymphocytic leukaemia and their impact for clinical
practice. Expert Opin Pharmacother. 2008;9:1481–94.
http://dx.doi.org/10.1517/14656566.9.9.1481
Chu CC, Zhang L, Dhayalan A, Agagnina BM, Magli AR,
Fraher G, et al. Torque teno virus 10 isolated by genome
amplification techniques from a patient with concomitant
chronic lymphocytic leukemia and polycythemia vera. Mol Med.
2011;17:1338–48. http://dx.doi.org/10.2119/molmed.2010.00110
Hentrich M, Rockstroh J, Sandner R, Brack N, Hartenstein R.
Acute myelogenous leukaemia and myelomonocytic blast crisis
following polycythemia vera in HIV positive patients: report of
cases and review of the literature. Ann Oncol. 2000;11:195–200.
http://dx.doi.org/10.1023/A:1008304401661
Kaptan K, Beyan C, Cetin T, Ural AU, Ustün C, Avcu F, et al.
Anemia following human parvovirus B19 infection in a patient
with polycythemia vera. Am J Hematol. 2002;69:296–7.
http://dx.doi.org/10.1002/ajh.10067
Thursky KA, Worth LJ, Seymour JF, Miles Prince H, Slavin MA.
Spectrum of infection, risk and recommendations for prophylaxis
and screening among patients with lymphoproliferative disorders
treated with alemtuzumab. Br J Haematol. 2006;132:3–12.
http://dx.doi.org/10.1111/j.1365-2141.2005.05789.x
Kharfan-Dabaja MA, Velez A, Richards K, Greene JN, Field T,
Sandin R. Influenza A/pandemic 2009/H1N1 in the setting of
allogeneic hematopoietic cell transplantation: a potentially
catastrophic problem in a vulnerable population. Int J Hematol.
2010;91:124–7. http://dx.doi.org/10.1007/s12185-009-0464-5
Lai S, Merritt BY, Chen L, Zhou X, Green LK. Hemophagocytic
lymphohistiocytosis associated with influenza A (H1N1) infection
in a patient with chronic lymphocytic leukemia: an autopsy case
report and review of the literature. Ann Diagn Pathol. 2012;16:477–
84. http://dx.doi.org/10.1016/j.anndiagpath.2011.03.009
Alonso M, Rodríguez-Sánchez B, Giannella M, Catalán P,
Gayoso J, López Bernaldo de Quirós JC, et al. Resistance and
virulence mutations in patients with persistent infection by
pandemic 2009 A/H1N1 influenza. J Clin Virol. 2011;50:114–8.
http://dx.doi.org/10.1016/j.jcv.2010.10.007
Wang Z, Zhang A, Wan Y, Liu X, Qiu C, Xi X, et al. Early
hypercytokinemia is associated with interferon-induced

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 22, No. 4, April 2016

Nosocomial Cluster with A(H7N9) and A(H1N1)pdm09

30.

31.

32.

33.

34.

35.

transmembrane protein-3 dysfunction and predictive of fatal H7N9
infection. Proc Natl Acad Sci U S A. 2014;111:769–74.
http://dx.doi.org/10.1073/pnas.1321748111
Schröttner P, Leick M, Burger M. The role of chemokines in
B cell chronic lymphocytic leukaemia: pathophysiological
aspects and clinical impact. Ann Hematol. 2010;89:437–46.
http://dx.doi.org/10.1007/s00277-009-0876-6
Burger JA. Chemokines and chemokine receptors in chronic
lymphocytic leukemia (CLL): from understanding the basics
towards therapeutic targeting. Semin Cancer Biol. 2010;20:424–30.
http://dx.doi.org/10.1016/j.semcancer.2010.09.005
di Celle PF, Carbone A, Marchis D, Zhou D, Sozzani S, Zupo S,
et al. Cytokine gene expression in B-cell chronic lymphocytic
leukemia: evidence of constitutive interleukin-8 (IL-8) mRNA
expression and secretion of biologically active IL-8 protein. Blood.
1994;84:220–8.
Winkler U, Jensen M, Manzke O, Schulz H, Diehl V, Engert A.
Cytokine-release syndrome in patients with B-cell chronic
lymphocytic leukemia and high lymphocyte counts after treatment
with an anti-CD20 monoclonal antibody (rituximab, IDEC-C2B8).
Blood. 1999;94:2217–24.
James C, Ugo V, Le Couédic JP, Staerk J, Delhommeau F,
Lacout C, et al. A unique clonal JAK2 mutation leading to
constitutive signalling causes polycythaemia vera. Nature. 2005;
434:1144–8. http://dx.doi.org/10.1038/nature03546
Ugo V, Marzac C, Teyssandier I, Larbret F, Lécluse Y, Debili N,
et al. Multiple signaling pathways are involved in erythropoietin-

36.

37.

38.

independent differentiation of erythroid progenitors in
polycythemia vera. Exp Hematol. 2004;32:179–87.
http://dx.doi.org/ 10.1016/j.exphem.2003.11.003
Hoermann G, Cerny-Reiterer S, Herrmann H, Blatt K,
Bilban M, Gisslinger H, et al. Identification of oncostatin M as a
JAK2 V617F-dependent amplifier of cytokine production and bone
marrow remodeling in myeloproliferative neoplasms. FASEB J.
2012;26:894–906. http://dx.doi.org/10.1096/fj.11-193078
Guo J, Huang F, Liu J, Chen Y, Wang W, Cao B, et al. The serum
profile of hypercytokinemia factors identified in H7N9-infected
patients can predict fatal outcomes. Sci Rep. 2015;5:10942.
http://dx.doi.org/10.1038/srep10942
Huang F, Guo J, Zou Z, Liu J, Cao B, Zhang S, et al. Angiotensin
II plasma levels are linked to disease severity and predict fatal
outcomes in H7N9-infected patients. Nat Commun. 2014;5:3595.
PubMed http://dx.doi.org/10.1038/ncomms4595

Address for correspondence: Hongjie Yu, Division of Infectious Disease,
Key Laboratory of Surveillance and Early-Warning on Infectious
Disease, Chinese Center for Disease Control and Prevention, 155
Changbai Rd, Changping District, Beijing, 102206, China; email:
yuhj@chinacdc.cn; Enfu Chen, Department of Infectious Diseases,
Zhejiang Provincial Center for Disease Control and Prevention, 3399
Binsheng Rd, Binjiang District, Hangzhou 310051, China;
email: enfchen@cdc.zj.cn

January 2016: Sexually Transmitted Infections
Including:
•R
 isk Factors for Primary Middle East Respiratory Syndrome Coronavirus Illness in Humans, Saudi Arabia, 2014
•H
 uman Papillomavirus Prevalence and Herd Immunity after Introduction of Vaccination Program,
Scotland, 2009–2013
• Epidemiology of Haemophilus ducreyi Infections
•W
 aterborne Elizabethkingia meningoseptica in Adult
Critical Care
•H
 uman Papillomavirus Vaccination at a Time of Changing
Sexual Behavior
•M
 ultiorgan WU Polyomavirus Infection in Bone Marrow
Transplant Recipient
•M
 ultifacility Outbreak of Middle East Respiratory Syndrome in
Taif, Saudi Arabia
•F
 alling Plasmodium knowlesi Malaria Death Rate among Adults
despite Rising Incidence, Sabah, Malaysia, 2010–2014
•P
 orcine Epidemic Diarrhea Virus and Discovery of a
Recombinant Swine Enteric Coronavirus, Italy
• Increase in Sexually Transmitted Infections among Men Who
Have Sex with Men, England, 2014
•S
 eroepidemiology of Human Enterovirus 71 Infection among
Children, Cambodia

http://wwwnc.cdc.gov/eid/articles/issue/22/01/table-of-contents
Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 22, No. 4, April 2016

607

