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ABSTRACT

Rationale: In 2019, a small HAdV55-associated outbreak of adenovirus infection occurred among the
intensive care unit (ICU) staff in Xiangya Hospital of Central South University in Hunan Province, China,
during the treatment of a patient.
Objective: To investigate the characteristics of a nosocomial adenovirus outbreak in an ICU.
Methods: We evaluated all the patients treated and the medical staff working in the ICU from August 1 to
September 4, 2019. We further performed an epidemiological and molecular analysis for this outbreak
from patient to healthcare workers and between healthcare workers. After the outbreak, we adopted
exposure prevention and droplet prevention measures based on standard precautions.
Measurements and main results: Between August 1 and August 27, 2019, 27 cases of human adenovirus
cross-infection were reported in our institution. Among the cases, eleven were doctors (41%), eleven were
nurses (41%), three were respiratory therapists (11%), and two were caregivers (7%). The attack rate was
28.4%, and the fatality rate was 0. The results showed that contact with the index case, lack of hand
hygiene or gloving adherence were risk factors for infection after adenovirus exposure. After taking
specific precautions, no new cases of infection have appeared since August 27.
Conclusions: Our results show that HAdV55 in a single patient had strong transmission potential in an
intensive care unit with adequate facilities and standardized operation. We provide convincing evidence
indicating that attention could be highlighted on the role of standard and specific precautions for
controlling the spread of adenovirus in ICUs.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).

Introduction

more than 22% of respiratory infections, are detected more
frequently than bacteria in adults with acute respiratory disease

Adenovirus (AdV) is a nonenveloped virus with an icosahedral
nucleocapsid containing a double-stranded DNA genome (Lynch
et al.,, 2011). It is one of the most common pathogens causing
respiratory infections in immunocompetent adults and elderly
individuals (Hakim and Tleyjeh, 2008; Tan et al., 2016; Lynch and
Kajon, 2016). Respiratory viruses, which account for a proportion of
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(ARD) (Jain et al., 2015; Ruuskanen et al., 2011).

Since the initial isolation in 1953 (Hilleman et al., 1953; Rowe
et al., 1953), more than 60 distinct adenoviral genotypes in seven
species (Human adenovirus A to G) have been found to be
responsible for a wide range of illnesses in humans (Lion, 2014).
HAdV species A, B, C, E are most often associated with respiratory
infections (Crenshaw et al., 2019). Among HAdV species B, all
Subspecies B1 except for HAdV-B50 and HAdV-B14 and -B55 in
subspecies B2 may cause respiratory disease (Binder et al., 2017,
Scott et al.,, 2016; Echavarria, 2008).

The epidemiological characteristics of illness caused by a human
adenovirus (HAdV) tend to occur sporadically without significant
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seasonality. Outbreaks of HAdV associated ARD have been reported
globally in closed or crowded settings, including among military
recruits (Lu et al.,, 2014; Killerby et al., 2019; Park et al., 2017; Biggs
etal., 2018). According to existing reports, the incubation period for
adenovirus infections does not exceed 14 days (Lynch et al., 2011;
Reich et al., 2011). Clinical manifestations include upper and lower
respiratory tract infections, gastroenteritis, keratoconjunctivitis,
myocarditis, etc. (Primo et al., 2018; Kenmoe et al., 2018; Cederwall
and Pahlman, 2020). Transmission of adenoviruses occurs mainly by
direct contact and fomites, such as respiratory droplets and fecal
routes. HAdV can remain in the body for several days to weeks, even
after the resolution of symptomatic infection, and HAdV may survive
outside of the body and in water for prolonged periods (Xu et al.,
2018; Wilson and Zumla, 2019). HAdV-B subtype, especially HAdV-
B55, is associated with a severe respiratory infection (Scott et al.,
2016; Bautista-Gogel et al., 2017), and recently considered responsi-
ble for most outbreaks of adenovirusin China (Xuetal.,2018; Lietal.,
2014; CDC, 2013; Cao et al., 2014).

Herein, we describe the identification, investigation, and
successful containment of an outbreak concerning cross-trans-
mission of HAdV-B55 from a patient in an ICU diagnosed with
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severe pneumonia to medical health workers from August 1 to
August 27, 2019. To our knowledge (Cassir et al., 2014; Nguyen
et al., 2016), the cross-transmission from a patient to more than 20
medical staff members in an adult ICU has not been previously
reported.

Methods
Setting of ICU

The Central South University Xiangya Hospital is a 3500-bed
tertiary referral university-affiliated teaching hospital with a 10-
bed ICU that manages patients more than 18 years old with critical
respiratory illnesses. The ICU is a laminar flow ward equipped with
a combination of a single room and open cubicles, with
approximately 360 admissions annually over the past 10 years.
A negative-pressure isolated room was usually reserved for
patients infected with highly infectious pathogens to protect
other patients and the HCWs in this unit. The other beds are
located in open cubicles, with each cubicle containing 1-2 beds.
The beds are separated from each other by at least three feet. Each
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Figure 1. (A) Floor plan of the ICU and location of patient 3 during his stay in the emergency room. (B) Schematic views of bed for Patient 3.
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bed is provided with a hand wash basin less than 1.5 feet from a
hand sanitizer. Masks and caps from the nurse station are used
(Figure 1). Our institution employs a bundle management strategy
to isolate patients (detailed in Appendix 1). Specific precautions for
patients with potentially communicable diseases mainly depend
on the route of transmission of the pathogen (detailed in
Appendix 1).

Demographic and epidemiological data

Confirmed cases were defined as those who had a positive
adenovirus real-time PCR detection from respiratory tract samples,
regardless of whether they were symptomatic or asymptomatic.
Suspected cases were defined as only those with fever and other
symptoms of infection, but that were not confirmed in the
laboratory. Patients’ demographic information, underlying dis-
eases, visiting dates, stay duration, and the exact time of arrival at
and departure from the ICU are collected. For healthcare workers,
information about their age, gender, occupation, underlying
diseases, patient contact, daily workflow, and date and time of
duty were collected through interviews, an examination of the
staff's work schedule, and a review of electronic signatures in
patients’ medical records and questionnaires. We conducted
symptom screening including fever, shivers, headache, myalgia,
cough, expectoration, chest pain, sore throat, dyspnea, nausea,
vomiting, abdominal pain, diarrhea, and daily conjunctival
redness, and we collected respiratory tract samples every 2-7
days for adenovirus using real-time PCR detection. The incidence
rate was calculated by dividing the number of confirmed cases by
the total number of people exposed in the ICU.

Sample collection

Respiratory tract samples from everyone exposed to the virus,
including nasopharyngeal swabs and tracheal aspirates, and
environmental samples were collected for laboratory screening.
We randomly selected medical staff for real-time PCR positive
screening, to collect venous blood for typing by NGS using the
sealed, opaque envelope method. A total of 36 samples were
obtained each time.

Microbiologic investigation: real-time PCR for the detection of
adenovirus DNA in clinical specimens collected in viral transport
media.

The samples were immediately transferred to a viral transport
medium (Eagle's minimal essential medium, bovine serum
albumin, and antibiotics) and Stored at 4-8 °C before transporting
to the laboratory within 24h. The tests were performed
immediately after the delivery of the samples to the laboratory.
Real-time PCR for the nucleic acid of adenovirus was detected, as
described previously (Huh et al., 2019). Briefly, total nucleic acid
was extracted from specimens mentioned above using a DNA
extraction kit (Biolab, China) according to the manufacturer's
protocol. Adenovirus DNA was detected by real-time PCR using TB
Green Ex Taq II (Tli RNaseH Plus) (Takara Biotechnology Co. Ltd.,
Dalian, China) on a Real-Time PCR System (ABI ViiATM7; Applied
Biosystems, Carlsbad, CA, USA) with the following cycling
conditions: 1 cycle for 10min at 45°C, 1 cycle for 10 min at
95°C, followed by 45 two-step cycles of 15 s at 95°C and 45 s at
60°C.

Next-generation sequence (NGS) was used for blood specimens
and bronchoalveolar lavage fluid (BALF) to detect the pathogens.
Sample DNA extraction was performed using MagPure FFPE DNA
LQ Kit (Magen, China), according to the manufacturer's instruc-
tions. DNA libraries were constructed through DNA fragmentation,
end-repair, adapter ligation, and PCR amplification. An agilent
2100 Bioanalyzer was used for quality control of the DNA libraries.

The libraries were sequenced on the BGISEQ-50 platform. High-
quality sequencing data were generated by removing low-quality
and short reads (length<35bp), followed by computational
subtraction of human host sequences, which were mapped to
the human reference genome (hgl9) using Burrows-Wheeler
alignment.

Classification reference databases were downloaded from the
National Center for Biotechnology Information (NCBI, www.ncbi.
nlm.nih.gov/genomes/). The NGS results were further verified by
PCR.

Assemble NGS sequencing reads to take the contig sequence.
The complete sequence (of 34,738bp) is assembled according to
the overlap between contigs. Sixty-one previously identified
human adenovirus genomes for sequence download fromwere
downloaded from the NCBI database. All samples were sequence
-aligned (software: mafft-7.4). Subsequently, the Aalignment
sequence was used to construct the rootless NJ evolutionary
tree.—!>The complete sequence (34,738 bp) is assembled accord-
ing to the overlap between contigs. Sixty-one previously identified
human adenovirus genomes for sequence were downloaded from
the NCBI database. All samples were sequence-aligned (software:
mafft-7.4). Subsequently, the alignment sequence was used to
construct the rootless NJ evolutionary tree.

Statistical analysis

Classification variables were expressed as frequency (percent-
age), and continuous variables were expressed as median (range,
interquartile range). The incubation period was compared using
Student's t-test. We used binary logistic regression analysis to
assess the risk factors for adenovirus infection among all patient
contacts. For these analyses, odds ratios and 95% confidence
intervals were reported. Bilateral P values less than 0.05 indicated
statistical significance. We performed statistical analysis using SAS
version 9.2 and GraphPad Prism version 8.

Results
Description of the outbreak

Between August 1 and August 27, 2019, 27 confirmed cases of
medical staff infection with human adenovirus were identified in
Xiangya Hospital of Central South University in Hunan Province,
China. All confirmed cases were part of a single outbreak involving
an adult in the ICU.

Index case

Starting from August 5, 2019, doctors and nurses successively
began to exhibit cough, fever, and other symptoms. Considering
the longest incubation period of 14 days, index case investigation
targeted all patients with adenovirus admitted to the ICU from July
24 to August 5. We examined people who had contact with
patients 8 and 3, the two cases of adenovirus infection who were
hospitalized during this period. Patient 8, a patient with severe
adenovirus pneumonia, had already been admitted to the only
laminar flow ward in the ICU. Therefore, patient 3 stayed in a
cubicle temporarily. Only people who had contact with patient 3
showed symptoms of or tested positive for adenovirus infection
(Figure 1). Therefore, we considered patient 3 to be the index case.

On August 1, 2019, a 29-year-old male with respiratory tract
adenovirus infection (patient 3) was transferred to the ICU with
fever, cough, and expectoration as the chief complaints. The
definitive diagnosis of adenovirus infection was made 24h after
admission; examination showed that the adenovirus DNA was
2.34E+6 and sequenced as type B55 by NGS. The systemic
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Table 1

Characteristics and symptoms of HCWs with laboratory-confirmed adenovirus infection.

Characteristics

HCWs with confirmed cases (N=27)

Doctors (N=11)

Nurses (N=11)

Respiratory therapists (N=3) Caregivers (N=2)

Male sex — no. (%) 5(45) 2(18)
Age — yr
Median 33 31
Range 23-41 21-40
Underlying illness — no. (%)
Lung disease 0 0
Immunosuppressive condition 0 0
Signs and symptoms — no. (%)
Fever 6(55) 4(36)
Shivers 1(9) 0
Headache 4(36) 5(45)
Myalgia 4(36) 5(45)
Respiratory symptoms
Sore throat 8(73) 8(73)
Cough 4(36) 5(45)
Expectoration 3(27) 5(45)
Chest pain 0 109)
Shortness of breath 0 2(18)
Gastrointestinal symptoms
Nausea 0 4(36)
Vomiting 0 3(27)
Diarrhea 2(18) 109)
Ocular symptoms
Redness 109) 109)
Duration of signs and symptoms — no. (%)
>7 days 6(54) 7(64)
<7 days 3(27) 2(18)
Complication — no. (%)
Pneumonia 0 109)
Specimen source — no. (%)
Nasopharyngeal swab 11(100) 11(100)
Tracheal aspirate 0 3(27)
Blood 1(9) 4(36)
Protective measures — no. (%)
Mask 7(64) 6(55)
N95-Respirator 3(27) 5(45)
Protective clothing 109) 109)
Handwashing hygiene® 10(91) 11(100)
Direct contact® — no. (%) 8(73) 7(64)
Indirect contact® — no. (%) 7(64) 3(27)
Relative infection — no. (%) 109) 2(18)

2(67) 0

32 53.5
26-36 52-55
0 0

0 0
1(33) 1(50)
0 0
2(67) 0
2(67) 0
3(100) 1(50)
3(100) 1(50)
3(100) 1(50)
1(33) 0

0 0
1(33) 0

0 1(50)
0 0
1(33) 0
3(100) 1(50)
0 0

0 0
3(100) 2(100)
0 0

0 0
3(100) 1(50)
0 1(50)
0 0
3(100) 0
3(100) 1(50)
2(67) 1(50)
0 0

2 Seven-step hand-washing method advised by our Hospital Infection Control Center using either plain or antiseptic-containing soap and water and the use of alcohol-
based products (gels, rinses, foams) that do not require water. The specific steps are: (1) palms rubbing relative to each other; (2) fingers crossed, palms being rubbed against
each other; (3) fingers crossing, palms rubbing relative; (4) bending finger joints rubbing palm; (5) rub thumb in palm; (6) rub fingertips in palm; (7) wash wrist if the wrist is
contaminated. Timing: (1) before contacts with patients; (2) before contact with clean, sterile objects and aseptic procedures; (3) after contact with patients’ blood, body
fluids, secretions and feces, and after glove removal; (4) after contact with patients; (5) after contact with surrounding items of patients.

b (1) The HCW's skin or mucous membrane has directly contacted the patient's blood or blood-containing body fluids; (2) the HCWs have touched the patient’s skin and

mucous membranes with hands without gloves.

¢ (1) HCW's skin or mucous membrane has touched the equipment used by the patient (including medical equipment and daily necessities without thorough disinfection
or sterilization); (2) the medical staff's skin or mucous membrane has directly contacted the patient without hand hygiene; (3) the medical staff's skin or mucous membranes
come in contact with the medical staff's protective equipment such as work clothes, masks, etc. that have been infected or splashed by the patient’s blood or other body fluids.

symptoms improved after treatment with cidofovir (5 mg/kg per
week). The patient was then transferred to the general ward on
August 8, 2019, and isolation treatment was continued. Five
household contacts, including four adults, were followed up; no
one was infected except the 4-year-old daughter.

Contact investigation

During his stay in the ICU, the patient's scope of activities was
limited to his own bed. A total of 37 people were contacted after
patient 3 was admitted to the ICU. From August 10 to August 21, 27
cases of adenovirus infection were confirmed (Figure 2). To identify
the source of the first case, we randomly selected medical staff
members for positive screening to collect venous blood for typing by
NGS. Based on the genome sequences, we found that four of the six
healthcare personnel showed positive adenovirus infection and

were identified as HAdV-B55. The phylogenetic analysis of whole
genomic sequences confirmed that the most closely related
sequence to this clade is MK123981.1 55, which was consistent
with the result of NGS (Figure 3).

Among the cases of adenovirus infection, eleven were doctors
(41%), eleven were nurses (41%), three were respiratory therapists
(11%), and two were caregivers (7%) (Table 1). Most of the infected
cases were women, and the median ages were 33, 31, 32, and 53.5
years among doctors, nurses, respiratory therapists, and care-
givers, respectively. The most common symptom was sore throat
(73%, 73%, 100% and 50% of infected doctors, nurses, respiratory
therapists, and caregivers, respectively), and most people's
symptoms lasted more than seven days (54%, 64%, 100% and
50%). During patient 3's stay in ICU from August 1 to August 8, the
exposed population was 95, including 83 workers, nine patients,
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Table 2

Risk factors for transmission of adenovirus in all exposed HCWs in ICU.
All exposed HCWs (N=83) 0Odds ratio (95% CI) P Value
Contact with the index case 4.253(1.393-12.984) 0.011
Hand hygiene adherence® 0.239(0.079-0.720) 0.011
Gloving adherence 0.591(0.127-2.761) 0.057
Gowning adherence 4.253(1.393-12.984) 0.57

Droplet precautions adherence® . -

¢ In addition to handwashing hygiene mentioned above, the timing also includes:
(1) before wearing personal protective equipment (PPE); (2) after touching PPE
while getting off work; (3) after removing and disposing of PPE.

" Including wearing mask or N95-Respirator.

and three visitors to the ICU during this period. The incidence rate
was 28.4%, and the fatality rate was 0.

Epidemiologic investigation

The infection rate was 54% among the 35 medical workers who
had contact with the primary case, and 17% for the 48 medical
workers who had not.

We took 27 infected HCWs cases and 56 uninfected HCWs
exposed in the ICU as Controls for Logistic regression analysis
(Table 2). In the multivariate model, contact with the index case
(OR4.253; 95%CI 1.393-12.984, P=0.011), hand hygiene adherence
(OR 0.239; 95%CI 0.079-0.720, P=0.011), gloving adherence (OR
0.591; 95%Cl1 0.127-2.761, P=0.057) was independently associated
with incident infection, while droplet precautions adherence and
gowning adherence did not show any association with incident
infection.

After investigation, we confirmed that the number of medical
workers with adenovirus infection transmitted by the index case
was five, and transmitted by their colleagues was 10. We compared
the incubation periods in eight healthcare workers who had
infections transmitted by the index case and six healthcare
workers who had infections transmitted by their colleagues whose
contact date and symptom occurrence date could be determined.
The median incubation period was seven days (range: 4-10,
interquartile range: 5-9) vs. three days (range: 1-7, interquartile
range: 1.75-5.5) (Figure 4).

Infection control measures and response

Unit-based interventions. Having transferred all patients to
other ICUs in our hospital, separately, we emptied the whole unit
for 72 h for thorough sterilization by 75% alcohol, twice a day. Since
adenovirus usually does not remain infectious at a long distance
when transmitted by droplets (Musher, 2003), no special air

treatment and ventilation measures were taken. During this
treatment, we tested for HAdV in air and all possible contaminated
devices and equipment. When all tests revealed negative results,
our unit reopened, and those who were less likely infected,
asymptomatic, and negative on RT-PCR could come back for
clinical work. The index case was placed on contact and droplet
precautions. Such precautions remained for14 days from the
positive test result or until symptoms resolved. An infection
control team was established, and members supervised daily
medical staff's behavior at work, including wearing protective
outfits (caps, masks, work clothes, isolation gown), hand hygiene,
and gloving adherence. It was emphasized that medical staff
should wear masks for respiratory tract isolation when talking
with each other. The ICU staff members were screened for signs
and symptoms of illness daily. PCR screening for staff and patients
should continue every week. Any symptomatic staff members with
evidence of upper respiratory infection or conjunctivitis were
evaluated by the Occupational Health Department and underwent
adenoviral testing. Affected staff members were furloughed for 14
days from the date of symptom onset. Symptomatic family
members were identified by ICU staff and counseled not to visit
until symptoms resolved. Basic prevention practices were ob-
served and reinforced on the unit under the guidance of infection
prevention and trained hand hygiene observers. Routine situa-
tional briefings were carried out to keep staff members updated
and receiving recommendations in a timely manner. After taking
these measures, no further new cases of infection were identified
on August 27.

Discussion

This report investigates adenoviral infection among medical
staff caused by patient 3 in the ICU of Xiangya Hospital of Central
South University in southern China. The infection occurred in the
ICU, where disease prevention measures and equipment are
relatively complete. Patients had not been given any treatment
approaches that might cause aerosolization, such as aerosol
inhalation. In addition, the air inlets of our institution are located
directly above each bed and air is discharged from the outlets on
both sides of the bed. Although the positive predictive values of the
detections were very low, the samples from air and the air outlets
were all negative; therefore, we determined that the possibility of
air transmission was not very high. We investigated the lack of
preventive measures that might have occurred during or after the
medical staff's contact with adenovirus patients. After analysis, it
was found that the risk factors of this contact transmission were:
contact with the index case, and lack of hand hygiene or gloving
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Figure 4. (A) Transmission map of outbreak of adenovirus infection and (B) incubation periods. Group A indicates eight healthcare workers who had infections transmitted by
the index case and group B indicates six healthcare workers who had infections transmitted by their colleagues.
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adherence. When it comes to hand hygiene, some staff would not
wash or rub their hands immediately after taking off their working
outfit but would rub their hands with an alcohol-based hand rub
located on the door wall after changing to their casual clothes and
shoes in the dressing room. During this period, their hands might
have contacted their mask or work clothes and then contacted
their eyes, mouth, nose, and other body parts, which may be one of
the possible causes of the spread.

After the comprehensive screening conducted on August 15,
seven medical workers with negative screening results showed
positive results after PCR screening on August 21. After investiga-
tion, we hypothesize that these medical workers were infected by
viral transmission from their colleagues, based on the following
reasons: (1) There were almost no preventive isolation measures
among medical staff, 87% of them did not always wear masks when
communicating with their colleagues during working hours. (2)
Personnel had close-range conversations without wearing masks
with their colleagues who were infected with adenovirus, with the
distance not exceeding 50 cm. (3) After implementing respiratory
tract isolation measures for some time, no new cases were
detected after August 27. Although the diagnosis of patients was
rapid and timely, the response of the medical staff when symptoms
occurred was not timely enough. Therefore, during an outbreak
period, attention should be paid not only to patients but also to
medical workers’ health status, which may be one of the
transmission routes (Cassir et al., 2014; Cavari et al., 2016; Hoyle
et al.,, 2016). At the same time, prevention among medical staff
should also be emphasized, which may be the most easily
neglected step in ICU work.

High viral load and increased respiratory tract secretions are
factors for severe acute respiratory syndrome (SARS)-related
coronavirus superspreaders (Christian et al., 2004). This index
case had the following characteristics: (1) The viral load was high.
NGS sequencing results showed that the copy numbers of HAdV-
B55 were 59,331 in the alveolar lavage fluid, and 16,556 in the
blood. (2) Cough was severe and the sputum volume was moderate
(about 50-100mL/day). (2) No ventilator was used, so the
respiratory tract virus could not be discharged through the
ventilator pipeline. (4) The patient refused to wear a mask.
However, he did not cause any more nosocomial infection after
being transferred to a general ward. Perhaps the transmissibility of
the adenovirus was due to various factors, such as the time of
disease onset, duration of exposure, and dynamics of virus
shedding. Therefore, more evidence is required for further
confirmation.

We think it may be due to the difference in viral load and
transmission route for the difference in incubation periods
between the two groups. Of the 27 medical staff with adenovirus
infection, 25 (92.6%) were wearing surgical masks or N95
respirators (Table 1) during contact with the first case, and the
remaining 2 were not in contact with adenovirus patients. It was
more likely that the patient's saliva or other body fluids splashed
on the medical staff's personal protective equipment (PPE), and
protective loopholes appeared when putting on and taking off the
PPE, such as when masks or work clothes were removed and either
the hands were not washed in time or hand rubbing with the use of
alcohol-based hand rub was not done on time. However, the
transmission of adenovirus infection by colleagues was relatively
simple, and droplet transmission was more likely. There was
almost no protection among the medical staff. They did not wear
masks for close conversation (less than 50 cm). However, due to the
lack of timely acquisition of relevant samples for viral load
measurement, this is only our speculation, so more studies are
needed for further confirmation.

There were some limitations to our investigation and analysis.
No hand hygiene assessment was conducted; information on hand

hygiene adherence during this period was obtained by question-
naires and interviews, which might be biased. The regression
model to investigate risk factors for this outbreak is incomplete
due to the limited sample size. Thus, this model measures only a
fraction of possible explanations and does not allow a full and
complete investigation of this outbreak.

In summary, we reported an outbreak of adenovirus in the ICU
of a large class Illa teaching hospital. This outbreak was triggered
by an index case-patient with adenovirus, causing further spread
among the medical personnel, which undoubtedly has a warning
effect. In the outbreak of adenovirus, medical personnel them-
selves can also be part of the disease's spread. Most previous
studies have emphasized the susceptibility of ICU patients to
infectious diseases and the prevention and protection of patients
by medical workers, often ignoring the protection of medical
workers themselves and the prevention among medical workers.
Medical staff should not be ignored in the formulation of
preventive measures against infectious diseases.

Ethics

All examinations and screening were a part of routine clinical
practice. The study was approved by the Xiangya Hospital Central
South University Research Ethics Committee (No. 201912536).

Authors’ contribution

Conception and design: Minhui Dai, Pinhua Pan, Hongyi Tan.

Acquisition of data: Maodan Hou, Wenzhong Peng, Guo Chen, Yi
Li.

Analysis: Minhui Dai.

Drafting the manuscript for relevant intellectual content:
Minhui Dai, Yanhao Wu.

Revised the manuscript: Minhui Dai, Jing Deng, Hongyi Tan,
Haitao Li.

Final approval of the version submitted for publication: Minhui
Dai.

Agreement to be accountable for all aspects of the work: Pinhua
Pan, Jingmei Lu.

Conflict of interest
No conflict of interest to declare.
Acknowledgments

This study was supported in part by the National Key R&D
Program of China (No. 2018YFC1311900 and No. 2016YFC1304204).
We would like to thank Editage (www.editage.cn) and Dr. Yun Tan
for English language editing, BGI for its biotechnology support, and
Professor Dan Luo for her care and encouragement.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in
the online version, at https://doi.org/10.1016/j.ijid.2020.06.103.

References

Bautista-Gogel J, Madsen CM, Lu X, Sakthivel SK, Froh I, Kamau E, et al. Outbreak of
respiratory illness associated with human adenovirus type 7 among persons
attending Officer Candidates School, Quantico, Virginia. | Infect Dis 2017;2019.

Biggs HM, Lu X, Dettinger L, Sakthivel S, Watson ]JT, Boktor SW. Adenovirus-
associated influenza-like illness among college students, Pennsylvania, USA.
Emerg Infect Dis 2018;24:2117-9.


http://www.editage.cn
http://10.1016/j.ijid.2020.06.103
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0005
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0005
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0005
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0010
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0010
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0010

M. Dai et al./International Journal of Infectious Diseases 98 (2020) 390-397 397

Binder AM, Biggs HM, Haynes AK, Chommanard C, Lu X, Erdman DD, et al. Human
adenovirus surveillance - United States, 2003-2016. MMWR Morbid Mortal
WKly Rep 2017;66:1039-42.

Cao B, Huang GH, Pu ZH, Qu JX, Yu XM, Zhu Z, et al. Emergence of community-
acquired adenovirus type 55 as a cause of community-onset pneumonia. Chest
2014;145:79-86.

Cassir N, Hraiech S, Nougairede A, Zandotti C, Fournier PE, Papazian L. Outbreak of
adenovirus type 1 severe pneumonia in a French intensive care unit,
September—October 2012. Euro Surveill: Bull Europeen sur les maladies
transmissibles [[Eur Commun Dis Bull]] 2014;19.

Cavari Y, Kaplan O, Zander A, Hazan G, Shemer-Avni Y, Borer A. Healthcare workers
mobile phone usage: a potential risk for viral contamination. Surveillance pilot
study. Infect Dis (London, England) 2016;48:432-5.

CDC. Adenovirus-associated epidemic keratoconjunctivitis outbreaks - four states,
2008-2010. MMWR Morbid Mortal Wkly Rep 2013;62:637-41.

Cederwall S, Pahlman LI. Respiratory adenovirus infections in immunocompetent
and immunocompromised adult patients. Epidemiol Infect 2020;147:e328.
Christian MD, Poutanen SM, Loutfy MR, Muller MP, Low DE. Severe acute respiratory

syndrome. Clin Infect Dis: Off Publ Infect Dis Soc Am 2004;38:1420-7.

Crenshaw BJ, Jones LB, Bell CR, Kumar S, Matthews QL. Perspective on adenoviruses:
epidemiology, pathogenicity, and gene therapy. Biomedicines 2019;7.

Echavarria M. Adenoviruses in immunocompromised hosts. Clin Microbiol Rev
2008;21:704-15.

Hakim FA, Tleyjeh IM. Severe adenovirus pneumonia in immunocompetent adults:
acase report and review of the literature. Eur ] Clin Microbiol Infect Dis: Off Publ
Eur Soc Clin Microbiol 2008;27:153-8.

Hilleman MR, Werner JH, Gauld RL. Influenza antibodies in the population of the
USA; an epidemiological investigation. Bull World Health Organ 1953;8:613-31.

Hoyle E, Erez JC, Kirk-Granger HR, Collins E, Tang JW. An adenovirus 4 outbreak
amongst staff in a pediatric ward manifesting as keratoconjunctivitis - a
possible failure of contact and aerosol infection control. Am ] Infect Control
2016;44:602-4.

Huh K, Kim I, Jung ], Lee JE, Jhun BW, Gu SH, et al. Prolonged shedding of type 55
human adenovirus in immunocompetent adults with adenoviral respiratory
infections. Eur J Clin Microbiol Infect Dis: Off Publ Eur Soc Clin Microbiol
2019;38:793-800.

Li X, Kong M, Su X, Zou M, Guo L, Dong X, et al. An outbreak of acute respiratory
disease in China caused by human adenovirus type B55 in a physical training
facility. Int ] Infect Dis: IJID: Off Publ Int Soc Infect Dis 2014;28:117-22.

Lion T. Adenovirus infections in immunocompetent and immunocompromised
patients. Clin Microbiol Rev 2014;27:441-62.

Lu QB, Tong YG, Wo Y, Wang HY, Liu EM, Gray GC, et al. Epidemiology of human
adenovirus and molecular characterization of human adenovirus 55 in China,
2009-2012. Influenza Other Respir Viruses 2014;8:302-8.

Lynch 3rd JP, Fishbein M, Echavarria M. Adenovirus. Semin Respir Crit Care Med
2011;32:494-511.

Lynch III JP, Kajon AE. Adenovirus: epidemiology. global spread of novel serotypes,
and advances in treatment and prevention. Semin Respir Crit Care Med
2016;37:586-602.

Jain S, Self WH, Wunderink RG, Fakhran S, Balk R, Bramley AM, et al. Community-
acquired pneumonia requiring hospitalization among U.S. adults. N Engl ] Med
2015;373:415-27.

Kenmoe S, Vernet MA, Le Goff ], Penlap VB, Vabret A, Njouom R. Molecular
characterization of human adenovirus associated with acute respiratory
infections in Cameroon from 2011 to 2014. Virol J 2018;15:153.

Killerby ME, Rozwadowski F, Lu X, Caulcrick-Grimes M, McHugh L, Haldeman AM,
et al. Respiratory illness associated with emergent human adenovirus genome
Type 7d, New Jersey, 2016-2017. Open Forum Infect Dis 2019;6:0fz017.

Musher DM. How contagious are common respiratory tract infections?. N Engl ]
Med 2003;348:1256-66.

Nguyen C, Kaku S, Tutera D, Kuschner WG, Barr ]. Viral respiratory infections of
adults in the intensive care unit. J Intens Care Med 2016;31:427-41.

Park JY, Kim BJ, Lee EJ, Park KS, Park HS, Jung SS, et al. Clinical features and courses of
adenovirus pneumonia in healthy young adults during an outbreak among
Korean military personnel. PLOS ONE 2017;12:e0170592.

Primo D, Pacheco GT, Timenetsky M, Luchs A. Surveillance and molecular
characterization of human adenovirus in patients with acute gastroenteritis
in the era of rotavirus vaccine, Brazil 2012-2017.] Clin Virol: Off Publ Pan Am Soc
Clin Virol 2018;109:35-40.

Reich NG, Perl TM, Cummings DA, Lessler ]. Visualizing clinical evidence: citation
networks for the incubation periods of respiratory viral infections. PLoS ONE
2011;6:€19496.

Ruuskanen O, Lahti E, Jennings LC, Murdoch DR. Viral pneumonia. Lancet (London,
England) 2011;377:1264-75.

Rowe WP, Huebner R], Gilmore LK, Parrott RH, Ward TG. Isolation of a
cytopathogenic agent from human adenoids undergoing spontaneous degen-
eration in tissue culture. Proc Soc Exp Biol Med Soc Exp Biol Med (New York, NY)
1953;84:570-3.

Scott MK, Chommanard C, Lu X, Appelgate D, Grenz L, Schneider E, et al. Human
adenovirus associated with severe respiratory infection, Oregon, USA, 2013-
2014. Emerg Infect Dis 2016;22:1044-51.

Tan D, Zhu H, Fu Y, Tong F, Yao D, Walline ], et al. Severe community-acquired
pneumonia caused by human adenovirus in immunocompetent adults: a
multicenter case series. PLOS ONE 2016;11:e0151199.

Wilson P, Zumla A. Transmission and prevention of acute viral respiratory tract
infections in hospitals. Curr Opin Pulmonary Med 2019;25:220-4.

XuL, Liu]J, Liu C, DuanY, Zhu Y, Xu B, et al. Case-control study of the epidemiological
and clinical features of human adenovirus 55 and human adenovirus 7 infection
in children with acute lower respiratory tract infections in Beijing China, 2008-
2013. BMC Infect Dis 2018;18:634.


http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0015
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0015
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0015
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0020
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0020
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0020
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0025
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0025
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0025
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0025
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0030
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0030
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0030
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0035
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0035
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0040
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0040
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0045
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0045
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0050
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0050
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0055
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0055
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0060
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0060
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0060
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0065
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0065
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0070
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0070
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0070
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0070
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0075
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0075
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0075
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0075
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0080
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0080
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0080
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0085
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0085
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0090
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0090
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0090
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0095
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0095
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0100
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0100
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0100
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0105
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0105
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0105
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0110
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0110
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0110
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0115
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0115
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0115
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0120
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0120
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0125
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0125
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0130
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0130
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0130
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0135
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0135
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0135
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0135
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0140
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0140
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0140
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0145
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0145
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0150
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0150
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0150
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0150
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0155
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0155
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0155
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0160
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0160
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0160
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0165
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0165
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0170
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0170
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0170
http://refhub.elsevier.com/S1201-9712(20)30538-5/sbref0170

