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Introduction

When novel respiratory-transmitted viruses emerge, 
such as the pandemic (H1N1) 2009 influenza A virus 
[A(H1N1)pdm09] in 2009 and notorious severe acute 

respiratory syndrome coronavirus 2 (SARS-Cov-2) in 

2019, the population is generally susceptible because of a 

lack of immunity to novel virus strains (1-3). In addition 

to infecting individuals with underlying conditions, elderly 
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individuals, and pregnant women, A(H1N1)pdm09 also 
infects young healthy individuals without underlying 
diseases. The A(H1N1)pdm09 strain is characterized by 
high transmissibility, particularly among school-aged 
children and household members (4-6).

Influenza viruses are spread via exposure to large-particle 
respiratory droplets, direct contact with patients with 
influenza, or indirect contact with contaminated surfaces 
or environments. All routes of influenza virus transmission 
are universally present in hospitals. Close contact 
between health care workers and inpatients facilitates the 
transmission of influenza viruses. In areas with inadequate 
medical resources, crowded rooms and closed environments 
also contribute to the long-term persistence of influenza 
viruses (7). Hence, it is common for influenza outbreaks to 
occur in health care settings. The rates of infection among 
patients can reach 50% in wards and 20% throughout the 
hospital during influenza outbreaks in the community (8).

Sporadic nosocomial influenza infections have been 
reported in mainland China, including in Xi’an and 
Taizhou (9-11). Yang et al. found that lymphocytopenia, 
hypoalbuminemia and pleural effusion were independent 
factors that can help identify patients at high risk of 
hospital-acquired influenza A infection, which can 
prolong the hospital stay and is associated with high 
mortality (9). However, reports on nosocomial influenza 
outbreaks in southern Chinese hospitals are limited. A 
better understanding of the clinical impact, infection 
control measures, and the epidemiological and molecular 
characteristics of the virus may help clinicians prevent and 
control nosocomial influenza infections. During a period in 
which surveillance of influenza among hospitalized patients 
was being performed, an outbreak of nosocomial influenza 
occurred. We conducted an observational study of this 
nosocomial influenza outbreak to evaluate the effects of the 
infection control measures taken and the clinical impacts in 
patients in a respiratory department of a tertiary hospital in 
Guangzhou, southern China. 

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-897).

Methods

Study population

Between January and February 2016, a nosocomial influenza 
outbreak occurred in the respiratory department of a 

1,520-bed hospital in Guangzhou, China. The respiratory 
department has 16 rooms and 47 beds. The distribution 
of rooms is shown in Figure 1. Patients who developed 
influenza-like illness (ILI) more than 48 hours after 
hospitalization were enrolled as patients with suspected 
cases and were followed until discharge. ILI was defined 
by the presence of a fever (≥38 ℃), at least one systemic 
symptom (chills, headache, myalgia or fatigue) and at least 
one respiratory symptom (cough, sore throat or coryza). 
Nasopharyngeal swab samples were tested for the presence 
of influenza A/B viruses with a rapid influenza antigen test 
(Clearview, UK), real-time reverse transcription polymerase 
chain reaction (RT-PCR) and viral culture. ILI cases were 
confirmed if one of the abovementioned tests was positive; 
otherwise, the cases were defined as probable. Patients in 
the index ward were defined as group A, while those in 
other wards were defined as group B to reduce bias in the 
investigation of possible transmission routes of influenza. 
Patients in group A were monitored for the shedding of 
influenza virus in throat swabs by RT-PCR. Patients who 
were unwilling to provide informed consent were excluded 
from the study.

Epidemiological and clinical data (including demographic 
characteristics, underlying diseases, influenza vaccination 
status, duration of hospitalization, contact with patients 
with ILIs, onset and clinical course of ILI, excess cost due 
to ILI, delay in discharge from hospital, etc.) of all patients 
with suspected cases were recorded by a trained physician to 
evaluate the clinical impact. The cost for each patient was 
defined as medical fees during hospitalization, such as those 
for medical care, laboratory testing, inspections, drugs, etc. 
Living expenses were not included.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Our study was 
approved by the Ethics Committee of Scientific Research 
Projects of the First Affiliated Hospital of Guangzhou 
Medical University (No. 2014.14) and informed consent 
was obtained from all the patients.

RT-PCR

All swab samples were tested for the presence of influenza 
A virus, influenza B virus and A(H1N1)pdm09 with the 
Flu A/Flu B/H1 kit and an ABL7500 system in accordance 
with the manufacturer’s protocols (Guangzhou Institute 
of Respiratory Disease Medical Technology, Co., Ltd., 
Guangzhou, China), as described elsewhere (12).

https://dx.doi.org/10.21037/jtd-21-897
https://dx.doi.org/10.21037/jtd-21-897
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Viral sequencing and phylogenetic analysis

To verify that the nosocomial cases of influenza originated 
from the same index patient, we further sequenced the 
viral strains and performed phylogenetic analysis. Influenza 
viruses were isolated from all samples using Madin-Darby 
canine kidney (MDCK) cells. Viral cultures from positive 
samples were collected and stored at −70 ℃ prior to 
molecular sequencing.

Viral RNA was extracted from the viral culture medium 
using a QIAamp Viral RNA Mini Kit (Qiagen Co., Ltd., 
Germany) in accordance with the manufacturer’s protocols. 

A QIAGEN OneStep RT-PCR Kit was used to amplify the 
target genes. The primers for the hemagglutinin (HA) and 
neuraminidase (NA) genes were designed according to the 
recommendations of the National Institutes of Health, and 
the HA sequence was divided into HA1 and HA2 sequences 
(Table 1). The drug resistance mutation H275Y was covered 
by the NA primers. The conditions for amplification were as 
follows: 50 ℃ for 15 min; 94 ℃ for 2 min; 35 cycles of 94 ℃  
for 30 s, 55 ℃ for 30 s, and 72 ℃ for 1 min; and 72 ℃ for 
10 min for HA1 and HA2 and 50 ℃ for 15 min; 94 ℃ for  
2 min; 35 cycles of 94 ℃ for 30 s, 50 ℃ for 30 s, 72 ℃ for 

Figure 1 Diagram of the respiratory department and locations of the index and secondary patients. The circular ward has 16 rooms and 47 
beds (numbers 4 and 14 are not used). Each room has a separate washroom, except Room 17 and Room 18. The index patient * in room 11 
bed 31 developed a high-grade fever on 21 January 2016. Subsequently, some patients in the ward also developed fever and were considered 
as secondary patients #.
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90 s; and 72 ℃ for 10 min for NA. The PCR products were 
electrophoresed in a 1.2% agarose gel for quality control 
and then purified with an agarose gel recovery kit.

The PCR products were sequenced on an ABI 3730XL 
DNA sequencer (Applied Biosystems, Foster City, CA, 
USA). The sequences were assembled, edited and aligned 
with BioEdit, and a phylogenetic tree was constructed 
with Molecular Evolutionary Genetics Analysis version 
5.05 (MEGA 5.05) software. The reliability of all the 
phylogenetic groupings was determined through a bootstrap 
resampling analysis (1,000 replicates). Viral strains were 
classified according to the protocol for influenza A virus 
global swine H1 clade classification (Influenza Research 
Database).

Statistical analyses

This was a prospective study of nosocomial influenza in 
which the goal was to enroll all influenza cases and evaluate 
the clinical impacts rather than evaluate the efficacy of 
infection control measures. Therefore, no sample size 
calculation was performed. Quantitative data are presented 
as medians and interquartile ranges (IQRs) or means ± 
standard deviations (SDs), and categorical variables are 
reported as frequencies and percentages.

Results

Clinical characteristics

The suspected index patient (patient 1) was a female patient 
with tuberculous stenosis of the left main bronchus who 

developed high-grade fever (the clinical presentation was 
consistent with an ILI) on 21 January 2016. Influenza 
was suspected, which prompted nasopharyngeal swab 
sampling. Oseltamivir was administered despite a negative 
result on the rapid influenza antigen test. Three days later, 
three of four other patients in the same room (Room 11) 
successively developed ILIs (patients 2, 4 and 6), and one 
of the four patients had a positive rapid influenza antigen 
test result. These findings prompted the suspicion of a 
nosocomial influenza outbreak. Additionally, patients 3 and 
5 in Room 1 also developed symptoms of ILI after patient 
3 underwent bronchoscopy. Ultimately, eight hospitalized 
patients in three rooms developed ILIs during the outbreak 
and were included in our analysis (Figure 1). Seven of the 
eight patients underwent nasopharyngeal swab sampling 
and tested positive for A(H1N1)pdm09 according to real-
time RT-PCR (Table 2). Therefore, an infection control 
measures bundle was immediately implemented to minimize 
further nosocomial spread of the pathogen; the bundle 
included isolating the patients with ILIs, performing rapid 
influenza antigen testing, initiating anti-influenza treatment, 
enforcing hand hygiene, monitoring the temperature 
of medical staff, and enforcing stringent visitor control. 
Patients in the same room could communicate with each 
other before the influenza outbreak, but it was suggested 
that communication be avoided after the influenza outbreak, 
especially for fever patients. During the outbreak, Rooms 
12 and 15 were used as isolation rooms, and five patients 
were transferred to these rooms once the clinical diagnosis 
was confirmed (Figure 2).

All patients developed fever, fatigue, and headache. Most 
patients had systemic or respiratory symptoms (e.g., cough, 
myalgia). Six patients had available serum procalcitonin 
(PCT) and C-reactive protein (CRP) levels, and their PCT 
levels were normal or slightly elevated, while their CRP 
levels were markedly elevated (l45.4±33.1 ng/mL).

Because five of eight patients had undergone fiberoptic 
bronchoscopy within 3 days before developing fever 
(Figure 2), we assessed whether bronchoscopy contributed 
to the transmission of influenza. A survey was conducted 
to investigate patients who had undergone bronchoscopy. 
During this period, bronchoscopy was performed by five 
specialized doctors. The management of bronchoscopes 
followed a standard operation procedure. Fifty-four patients 
(group B) had undergone bronchoscopy, of whom 6 (11.1%) 
developed transient fever. These patients were distributed 
in various wards of the hospital. None of the other patients 

Table 1 Primers for the HA1, HA2 and NA genes of A(H1N1)
pdm09 used for amplification and sequencing

Name Primer sequence
Length of  

target  
fragment (bp)

HA1-F 5'-ATACGACTAGCAAAAGCAGGGG-3' 1,162

HA1-R 5'-TGCTCATTTTGATGGTGATAACCG-3'

HA2-F 5'-ATCCGATCACAATTGGAAAATGTCC-3' 812

HA2-R 5'-GTGTCAGTAGAAACAAGGGTGTTT-3'

NA-F 5'-AGCAAAAGCAGGAGT-3' 1493

NA-R 5'-AGTAGAAACAGGAG-3'

HA, hemagglutinin; NA, neuraminidase; A(H1N1)pdm09, the 
pandemic (H1N1) 2009 influenza A virus; F, forward; R, reverse.
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who were hospitalized in the same ward as the 6 patients in 
group B developed fever. Only 1 patient (1.9%) experienced 
worsening respiratory symptoms. Only 3 patients (5.6%) 
received a short-term course of empirical antibiotics, and all 
6 patients (11.1%) recovered from fever.

All laboratory-confirmed cases in patients in group A 
were treated with oseltamivir for a mean of 4 days (2 to  
6 days). All patients recovered from nosocomial influenza 
infection and were discharged home. Patient 2 had a 
prolonged period of viral shedding. He had bronchiectasis 
and Penicillium marneffei infection, which are common in 
immunocompromised patients. His fever was relieved at  
7 days after onset. However, the viral test was still positive 11 
days after the onset of fever. The duration of viral shedding 
was significantly longer than that of fever. Compared 
to the expected duration of hospitalization in patients 

without fever, the duration of hospitalization in patient 
with fever was prolonged by a median of 7.0 (3.75–8) days,  
and the mean excess cost was 3,358±1,399 RMB.

During the outbreak, none of the health care workers 
reported symptoms of ILIs; therefore, nasopharyngeal 
swab sampling and viral detection were not performed. 
Oseltamivir was not prescribed for patients other than those 
with ILIs in the index ward or health care workers.

Phylogenetic analysis

Influenza virus isolates were successfully recovered from 
four of seven patients who tested positive for A(H1N1)
pdm09. The HA and NA genes of these four strains were 
sequenced. The phylogenetic analysis of the concatenated 
HA and NA sequences revealed that these strains were 

Figure 2 Timeline of the influenza-like illness (ILI) cases during the nosocomial influenza A (H1N1) 2009 outbreak. Patient 1 developed 
high-grade fever on 21 January, and Patients 2, 4 and 6 in Room 15 developed ILIs on 24 and 25 January. On 24 January, patient 3 in Room 
1 developed identical symptoms, followed by patient 5 in the same room. Finally, eight patients hospitalized in three rooms developed ILIs 
during the outbreak. Patients 1, 2, 3, 6 and 8 had undergone fiberoptic bronchoscopy before the development of fever.
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clustered in the same clade and were genetically similar 
to the A/California/115/2015 strain, which is classified in 
the 1A.3.3.2 lineage (Figures 3,4) and negative for the drug 
resistance mutation H275Y.

Discussion

Here, we report a case series of hospitalized patients with 
nosocomial A(H1N1)pdm09 infections in a ward of the 
respiratory department of a tertiary hospital in Guangzhou 
city. By adopting an infection control measure bundle, the 
nosocomial influenza outbreak was effectively contained. 
None of the patients had concomitant disorders, and all the 

patients recovered from influenza after antiviral treatment. 
Moreover, all but one patient tested positive for A(H1N1)
pdm09, and most strains were confirmed to belong to 
an identical cluster based on the molecular phylogenetic 
analysis of four influenza virus isolates.

Nosocomial influenza is common because of the 
transmissibility of the influenza virus and susceptibility 
of the hospitalized population. Shedding of influenza 
virus particles occurs in asymptomatic patients during 
the incubation period (13). These patients are unlikely 
to be isolated before diagnosis. Hence, these patients are 
important sources of nosocomial influenza virus infections. 
Most patients in respiratory wards have underlying chronic 

Figure 3 Phylogenetic analysis of the hemagglutinin (HA) sequence of the pandemic influenza A (H1N1) 2009 virus recovered from 
influenza-like illness (ILI) patients. Compared with the World Health Organization (WHO)-recommended vaccine strains, the HA 
sequences of the strains isolated in the current study were clustered in the same clade and identified as genetically similar to the A/
California/115/2015 strain.
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pulmonary diseases and are more susceptible to developing 
severe influenza than healthy subjects.  Moreover, 
hospitalized patients are likely to reside in crowded rooms 
where ventilation is poor, which facilitates the transmission 
of the influenza virus between the index patient and 
susceptible individuals. In fact, the influenza virus can 
be easily transmitted through large-particle respiratory 
droplets produced by the index patient when they cough 
or sneeze. Indirect contact transmission can occur when 
influenza viruses on a contaminated surface or substance are 
transferred to the mucous membranes in the nose, mouth or 
eyes. In this nosocomial influenza outbreak, some patients 
who developed ILIs were hospitalized in the same room as 

the index patient. Therefore, these patients with secondary 
cases likely came into contact with a contaminated 
environment or inhaled air contaminated with respiratory 
droplets containing the influenza virus.

The virus isolates were classified into the same lineage 
by phylogenetic analysis, suggesting that they originated 
from the same ancestor. However, how the influenza virus 
was transmitted from the patients in Room 11 to patient 
3 in Room 1 and patient 7 in Room 3 remains unclear. 
Early in the outbreak, it was thought that these patients 
were infected during bronchoscopy. However, there 
were no secondary cases associated with the 6 primary 
fever patients in group B in the other wards. Hence, 

Figure 4 Phylogenetic analysis of the neuraminidase (NA) sequence of the pandemic influenza A (H1N1) 2009 virus recovered from influenza-
like illness (ILI)  patients. Compared with the World Health Organization (WHO)-recommended vaccine strains, the NA sequences of the 
strains isolated in the current study were clustered in the same clade and identified as genetically similar to the A/California/115/2015 strain.
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transmission might have occurred through respiratory 
droplet exposure or indirect contact with contaminated 
surfaces. Health care workers might have also contributed 
to the transmission of the influenza virus through indirect 
contact. A similar phenomenon was reported in a study 
by Eibach, in which three H3N2 outbreaks occurred in 
an acute-care geriatric department. They found that two 
outbreaks lasted for only 2 to 3 days because all the patients 
were promptly isolated, whereas the third lasted for at 
least 10 days because only one patient was isolated (14). 
This was different from the nosocomial transmission of 
Middle East respiratory syndrome coronavirus, for which 
the risk factors for transmission include the location in 
which exposure occurs (15). Hence, the early diagnosis of 
influenza and quarantining of affected patients are crucial to 
minimizing the likelihood of viral transmission. The prompt 
quarantining of affected patients results in rapid control 
of outbreaks within respiratory wards. This infection 
control method was also successful for the early control of 
nosocomial SARS-CoV-2 transmission, which occurred 
among patients via respiratory exposure or indirect contact 
with an index patient (16,17).

Generally, influenza virus shedding occurs from the 
day before symptom onset until 5 days after symptom 
onset (18). It is recommended that hospitalized influenza 
patients, whether they have suspected or confirmed cases, 
are isolated considering standard isolation precautions 
and precautions targeting control of the dissemination 
of respiratory droplets for 7 days after the onset of 
symptoms (19). However, the duration of viral shedding 
is prolonged in immunocompromised patients and 
critically ill patients (20-22), as was observed in patient 
2 in our study. As recommended by the Centers for 
Disease Control and Prevention in the US (23), patients 
with influenza can be discharged when their respiratory 
symptoms and fever clinically improve or at 7 days after 
symptom onset. However, when patients continue to exhibit 
symptoms or virus shedding after 10 days of treatment, 
antiviral drug resistance testing should be performed. 
The doses and courses of antiviral drugs should be 
adjusted on an individual basis (24). In the current study, 
patient 2 was isolated for more than 7 days and received 
prolonged treatment with antivirals. We speculated that 
immunodeficiency might have contributed to prolonged 
viral shedding in this patient, as has been reported in some 
studies (24,25). The monitoring of viral shedding may be 
a useful guide for antiviral treatment. Further studies are 
needed to determine whether viral shedding can be used to 

determine the necessary duration of isolation and the course 
of antiviral treatment.

Health care workers can contribute to nosocomial 
influenza virus transmission because they can be exposed to 
influenza in both the community and the hospital (8). These 
patients may be symptomatic or asymptomatic and might 
not follow standard isolation precautions or precautions 
specific to control of the dissemination of respiratory 
droplets at work. Hence, health care workers are important 
potential sources of influenza outbreaks in hospital settings. 
Many reports have described the transmission of influenza 
from health care workers to patients (14,26,27). Previously 
published data suggested that health care workers were the 
index patients in nosocomial influenza outbreaks. However, 
in our study, there was no sign of acute febrile illness among 
health care workers. The fact that throat swabs were not 
obtained from the health care workers and that health care 
workers were not tested for the presence of the influenza 
virus should be regarded as major limitations. A number of 
studies have shown increases in the rates of influenza virus 
vaccination among health care workers, and such increases 
were found to be associated with reductions in the incidence 
of nosocomial influenza infection (28,29).

Antiviral treatment is an effective approach to shorten 
the duration of viral shedding, reduce the viral load in vivo 
and alleviate symptoms, provided it can be administered 
within 48 or 72 hours after illness onset (18,30,31). 
However, patients with severe influenza or high-risk 
patients might still benefit from antiviral treatment, even 
when it is administered 72 hours or more after illness onset 
(32,33). In our study, oseltamivir was administered to most 
patients once the diagnosis of influenza was suspected or 
confirmed. In the present study, prolonged hospital stays 
and increased costs were major consequences, similar to 
other studies (9,34). Excess mortality was also reported 
in the literature (9). However, none of the patients with 
confirmed cases developed complications, except one patient 
with bronchiectasis and Penicillium marneffei infection who 
had a prolonged period of viral shedding, in our study. The 
patients recovered from influenza after antiviral treatment 
with oseltamivir. Studies have shown that prolonged 
shedding of the virus is associated with drug resistance 
(35,36). However, the common drug resistance mutation 
H275Y in the NA protein was not identified in the isolates 
in our study. Antiviral treatment should be prolonged for 
7 days or more in patients infected with influenza with 
this mutation (37). Routine monitoring of the viral load in 
immunocompromised populations might help determine 
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the course of antiviral treatment.
Both shorter and longer courses of neuraminidase 

inhibitor chemoprophylaxis were effective in patients with 
exposure to influenza patients, preventing the nosocomial 
spread of influenza (38-40). Hence, it is recommended by 
the Infectious Diseases Society of America to reduce the 
secondary spread of influenza (18). In the present study, 
although there were new cases after identification of the 
index case, the route of transmission from the index patient 
to the new patients could not be confirmed. Transmission 
of the influenza virus between these influenza patients 
was retrospectively confirmed by phylogenetic analysis. 
Hence, chemoprophylaxis was difficult to carry out for all 
the patients in the ward in this situation. The infection 
control bundle played a role in the prevention of secondary 
influenza and the containment of the nosocomial influenza 
outbreak in the present study, but the bundle did not 
include chemoprophylaxis.

There are other limitations that should be considered. 
First, there was no sampling of the air or surfaces in our 
ward or of the instruments within the bronchoscopy room; 
in addition, visitors were not tested for influenza. Therefore, 
we cannot confirm the source of this outbreak. Second, 
only four influenza strains were successfully recovered and 
sequenced. For those from whom isolates were not obtained, 
three patients tested positive for H1N1 on real-time RT-
PCR, and one patient tested negative on the rapid influenza 
antigen test. It remains unclear whether all eight patients 
were infected with the same influenza strain.

Conclusions

Clinicians should be vigilant with regard to the risk of 
nosocomial A(H1N1)pdm09 infection in hospitalized 
patients. After the implementation of infection control 
measures, the nosocomial A(H1N1)pdm09 outbreak was 
rapidly contained; those with fever experienced a delay in 
discharge and excess costs, but no mortality occurred.
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