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Abstract

Nosocomial infections are common in pediatric patients and can be fatal in infants and immunocompromised patients. In
September 2018, a high positive rate of human adenovirus HAdV was occurred among hospitalized children in the
Children’s Hospital Affiliated to the Capital Institute of Paediatrics in Beijing. To investigate whether this outbreak of
HAJdYV was related to nosocomial infections or the result of community infections, we collected respiratory specimens from
patients with acute respiratory infections in a respiratory ward during June to December 2018, and screened for respiratory
viruses. Among 1,840 cases included, 95 (5.2%, 95/1840) were positive for HAdV and 81 were genotyped based on
phylogenetic analysis, including seven as HAdV-1 (8.6%), 30 HAdV-3 (37.0%), two HAdV-6 (2.5%), and 42 HAdV-7
(51.9%). More HAdV-positive samples were collected in August (4.7%, 12/255), September (15.0%, 41/274) and October
(6.9%, 17/247), with a peak in September 2018. By combining the results of HAdV phylogenetic analysis with clinical data
of patients, there were 77 cases (4.2%, 77/1840; 81.1%, 77/95) excluded from nosocomial infections, eight cases repre-
senting possible infections transmitted by visitors or attending parents, three cases without sequences that might have been
due to infection transmitted by roommates positive for HAdV, one case of a roommate without an HAdV sequence, and six
cases that shared highly homologous sequences with those of their roommates, for which nosocomial infections might be
considered. In conclusion, genotyping of HAdVs based on phylogenetic analysis combined with clinical information
provides a powerful method to distinguish nosocomial infections from community acquired infection, especially when
tracing the origins of nosocomial infections.
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Introduction

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s12250-020-00299-y) contains supplemen-
tary material, which is available to authorized users.

Hospital-acquired, or nosocomial, infections often repre-
sent a sensitive topic, which are the basis of medical dis-
putes, especially with respect to respiratory infections
(Wen et al. 2019). However, nosocomial viral respiratory
infections, accounting for 10% of healthcare-related
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infections, are common in pediatric patients and could be
fatal for infants with background diseases and immune-
compromised patients (Rutledge-Taylor et al. 2012; Quach
et al. 2018). To reduce the incidence of nosocomial
infection, point of care testing, commercially available for
influenza virus, respiratory syncytial virus (RSV), or
human adenovirus, is performed for outpatients with acute
respiratory tract infections (ARTIs) before their admission
(Ding et al. 2017). For patients positive for the same virus,
not only standard precaution but also isolation management
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strategies should be adopted, such as assigning them to a
single room or in a cohort, whereas for patients with neg-
ative results, general rooms with multiple patients might be
chosen (Kobayashi et al. 2019).

Human adenovirus (HAdV) is a common and important
viral pathogen causing ARTIs. Some types of HAdV, such
as HAdV3 and HAdV7, can cause outbreaks, especially in
infants and immune-compromised people, which can result
in rapidly progressive consolidation of lung tissues with
severe or even fatal respiratory inflammation (Lion 2014),
followed by acute respiratory distress syndrome (Hung and
Lin 2015) and respiratory failure (Lai et al. 2013). There
have been more than 100 subtypes of HAdV (~ 103 types)
reported to date, belonging to seven different groups (A—
G). Among them, types 1-52 (serotypes) were identified
through serum neutralization tests or hemagglutination
inhibition tests, whereas types 53—-103 (genotypes) were
classified by bioinformatics analysis. In general, HAdV
group B (HAdV-3, 7, 11, 14, 16, 21, 34, and 35), C
(HAdV-1, 2, 5, and 6), and E (HAdV-4) are associated with
respiratory tract infections (Sun et al. 2018; Xu et al. 2018;
Dhingra et al. 2019). Further, HAdV has an average
incubation period of 3-8 days (Lessler er al. 2009).

In previous studies, HAdV infections have been spo-
radic throughout the year in Beijing, China, and the posi-
tive rate of HAdV in hospitalized children is approximately
2.08% annually, as determined by direct immunofluores-
cence antigen tests (Deng et al. 2013). However, the pos-
itive rate of HAdV among hospitalized children from the
Children’s Hospital Affiliated to the Capital Institute of
Paediatrics in Beijing, China in September 2018 increased
rapidly to nearly five-fold higher levels than the previous
annual positive rates, with a few severe cases leading to
death, suggesting a local outbreak of HAdV or hinting at
the occurrence of HAdV nosocomial infections. To confirm
whether this outbreak of HAdV was a result of a com-
munity outbreak or was related to nosocomial infections,
we combined genotyping of HAdVs based on phylogenetic
analysis and clinical information to distinguish pediatric
nosocomial HAdV infection from community acquired
infection.

Materials and Methods
Ward Setting

This study was carried on at the Department of Respiratory
Medicine, Children’s Hospital Affiliated to the Capital
Institute of Paediatrics, a tertiary hospital in Beijing, China
which is situated on the same floor and consists of 13
wards. These 13 wards include 70 beds; the first 12 wards
have five beds each (No. 1-60), and the 13th ward has eight
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beds (No. 61-68) along with two additional beds (No. 69
and 70) outside the door used temporarily in peak season
with space limitations. Each ward contains a shared bath-
room and a common balcony. Attending parents and visi-
tors are allowed in these wards.

Clinical Specimens

From June to December 2018, 3 months prior to and
3 months after September 2018 (as the intermediate point),
throat swabs, nasopharyngeal swabs (NSs), nasopharyngeal
aspirates (NPAs), and bronchoalveolar lavage fluids were
collected from pediatric patients with ARTI admitted to the
Department of Respiratory Medicine, Affiliated Children’s
Hospital, Capital Institute of Pediatrics for respiratory virus
screening and were subjected to direct immunofluores-
cence (DFA) tests (Diagnostic Hybrids, Athens, OH, USA)
for antigen testing or NxTAG™ RPP assays (Luminex
Molecular Diagnostics Inc., Toronto, Canada) for nucleic
acid detection. Specimens were immediately stored at 4 °C
and sent to the laboratory within 12 h. Upon arrival at the
laboratory, each clinical specimen was handled in a Class
Il bio-safety cabinet and processed immediately using
2.5 mL of viral transport medium (Yocon Biotechnology
Co., Ltd, Beijing, China) and then centrifuged (500 x g,
10 min).

For DFA, cell pellets from all NPA and NS specimens
were re-suspended and spotted onto an acetone-cleaned
slide. Then, individual monoclonal antibody reagents,
labeled with fluorescein isothiocyanate (FITC) against
RSV, HAAV, influenza virus (Flu) A and B, and parain-
fluenza virus (PIV) 1-3 were used for virus identification.
Supernatants were stored, and some of the specimen was
used for nucleic acid extraction.

For NxXTAG™ RPP assays, supernatants from all
specimens were treated for nucleic acid extraction using
MS-2 bacteriophage as an internal control. Extracts were
tested for Flu A (with additional subtyping for HI, H3, and
H5 variants) and Flu B, RSV A and B, PIV1-4, HAdV,
human metapneumovirus, coronaviruses 229E, NL63,
OC43, and HKUI, enterovirus’/human rhinovirus, and
human bocavirus (HBoV) according to the manufacturer’s
instructions in a 96-well plate format. The plate was then
analyzed using Luminex xXPONENT, and the resultant data
were analyzed with the Luminex SYNCT Data Analysis
Software (Luminex). A mean fluorescence intensity value
above the threshold level for a particular target indicated a
positive result for that target. For specimens positive for
HAJdV, confirmed by one of these two respiratory virus
screening methods, genotyping and phylogenetic analyses
of HAdV were performed.
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Viral DNA Extraction

Viral DNA was extracted from 140 pL of each collected
HAdV-positive specimen using the QIAamp® Viral RNA
Mini Kit (250) (Qiagen, Germany) according to the man-
ufacturer’s instructions. Remaining specimens were stored
at — 80 °C for further use.

Polymerase Chain Reaction (PCR) and Phylogeny-
Based Classification of HAdV DNA

All DNA positive for HAdV was tested by PCR to amplify
a 301-bp fragment from the hexon gene using the primer
pair HAdV-HEX1885 (5-TGCCCCAATGGTC-3') and
HAdV-HEX1913 (5-ATCCGCGGGGTGCT-3') (Allard
et al. 2001; Allard et al. 1990; Liu et al. 2009). The PCR
conditions were as follows: denaturation at 94 for 5 min,
followed by 45 cycles at 94 °C for 40 s, 53 °C for 40 s,
and 72 °C for 40 s, with a final extension at 72 °C for
7 min. Then, PCR products were purified, and sequences
were determined using the Sanger sequencing method by
Sino Geno Max Co., Ltd. (Beijing, China).

To supplement the limitation of using only the hexon for
subtyping of HAdV in identifing recombinants, three pairs
of universal PCR primers that target the variable regions of
the three major capsid genes, i.e. hexon, penton base and
fiber genes from bioRxiv preprint (Zhang et al. 2020) were
also used to amplify and get sequences of hexon, penton
base and fiber genes under the permission of Prof. Qiwei
Zhang.

The sequences were then subjected to phylogenetic
analysis with NCBI Blast (https://blast.ncbi.nlm.nih.gov/
Blast.cgi’PROGRAM=blastn&BLAST_PROGRAMS=mega
Blast& PAGE_TYPE=BlastSearch& SHOW_DEFAULTS=
on&LINK_LOC=blasthome) to identify their HAdV types.

Phylogenetic Analysis of Viral Homology

Phylogenetic analysis, conducted using MEGA version X
software (Molecular Evolutionary Genetics Analysis Ver-
sion X), was carried on to construct phylogenetic trees
based on the sequences collected in the study and those
from the GenBank database (numbered with their GenBank
number) as controls using the neighbor-joining method and
maximum composite-likelihood model. Bootstrap values
were estimated with 1000 replications to assess the relia-
bility of the individual nodes in each phylogenetic tree
(Tamura and Suzuki 2004; Saitou and Nei 1987; Kumar
et al. 2018).

Clinical Data Collection

The medical records from the pediatric patients with con-
firmed HAdV-positivity were reviewed retrospectively.
The following clinical data were extracted from the
records: date of admission, date of discharge, bed number
(bed No.), ward number (ward No.), date of sample
collection.

Results
Genotyping of HAdV

Figure 1 presents a flow chart showing the strategy of virus
screening and case inclusion or exclusion. In this study, a
total of 2,262 respiratory tract specimens were collected
from pediatric patients with ARTI who were admitted to
the Department of Respiratory Medicine from June to
December 2018, of which 105 specimens were positive for
HAdV, as determined by DFA and/or RPP assays. After
removing duplicates, a total of 1,840 cases were included
for further analysis, including 266 patients admitted to the
hospital in June, 246 in July, 255 in August, 274 in
September, 247 in October, 262 in November, and 290 in
December (Fig. 2A). Among these, 95 were HAdV-
positive (5.2%, 95/1840), of which only 81 individual
cases, including 56 males (69.1%) and 25 females (30.9%),
were genotyped for HAdV by PCR combined with phylo-
genetic analysis for viral homology of 301-bp fragments of
the hexon gene, including seven cases positive for HAdV1
(8.6%, 7/81), 30 for HAdAV3 (37.0%, 30/81), two for
HAdV6 (2.5%, 2/81), and 42 for HAdV7 (51.9%, 42/81);
14 individual cases were not subjected to phylogenetic
analysis due to insufficient PCR products for DNA
sequencing.

Using three pairs of universal PCR primers that target
the variable regions of the three major capsid genes, we
obtained 79 sequences of the penton gene, 75 sequences of
the hexon gene, and 66 sequences of fiber gene (Supple-
mentary Figure S1) among those 81 individual cases with
301-bp hexon gene fragments. There were two cases
(1W799 and D1476) with three capsid gene sequences
belonging to different HAdV types, which might have been
due to infection by recombinants or co-infection by dif-
ferent HAdV types, one case (D1909) without any
sequence corresponding to those three capsid genes, and 78
cases with sequences in accordance with the genotyping
results of the 301-bp hexon gene fragments. Therefore, we
selected the genotyping results of the 301-bp fragments of
the hexon gene for further analysis.
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Fig. 1 The flow chart of the
critical of cases inclusion or
exclusion and distinguishing

2262 specimens tested by DFA and/or NXTAG™
RPP assay from June to December 2018

nosocomial HAdV infection
from community infection.

v

422 specimens with
duplication excluded

1840 specimens were left for analysis

l

| 95 specimens positive for HAdV |

PCR and
sequence
analysis

14 cases with
no sequences

81 cases with available sequences
in phylogenetic analysis

N/

Cases with specimens collected in 48 hours after the
first admission or the admission with over 8 days
isolation from the previous admission

Yes (68 cases)

No Nosocomial
infection was not
considered

Cases with sequences in different sero- or geno-type
or in different clusters of one type from those Yes (17 cases)
suspected as resources of infection

A

No

Nosocomial infections were considered

Monthly Distribution of HAdV-Positive Cases

In June, there were four cases (1.5%, 4/266) of HAdV
infection, including one with HAdV1, two with HAdV3,
and one with HAdV7, whereas there was only one case
(0.4%, 1/246) of HAdV3 infection in July. However, cases
of HAdAV infection increased rapidly in August with 12
cases (4.7%, 12/255), including five HAdV3, one HAdV6,
and six HAdV7, as well as in September with 41 cases
(15.0%, 41/274), including three HAdV1, six HAdV3, one
HAdV6, 23 HAdV7, and eight unknown. Thereafter,
HAAQV infection cases decreased gradually, with 17 cases
(6.9%, 17/247) in October, consisting of one HAdV1, six
HAdV3, seven HAAV7, and three unknown, 10 cases
(3.8%, 10/262) in November, including one HAdV1, five
HAdV3, two HAdV7, and two unknown, and 10 cases
(3.4%, 10/290) in December, comprising one HAdV1, five
HAdV3, three HAdV7, and one unknown (Fig. 2B).
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Phylogenetic Analysis of Viral Homology
Combined with Clinical Information

Based on phylogenetic trees of the 301-bp fragment of the
hexon gene, sequences of seven cases were typed as
HAAdV1 in three clusters, 30 as HAdV3 in five clusters, two
as HAdV6 in two clusters, and 42 as HAdV7 in eight
clusters (Fig. 3). According to clinical information and
data of phylogenetic analysis, those 95 cases, including 81
with sequences in phylogenetic trees and 14 without
sequences, were grouped step-by-step as shown in Fig. 1.
There were 46 cases of patients admitted to the Department
of Respiratory Medicine for the first time and confirmed to
be HAdV-positive within 48 h after admission, including
40 in phylogenetic trees (in blue, Fig. 3; 1W799, D1476,
and D1909 were included) and six without sequences,
whereas there were 22 cases with specimens collected
within 48 h after admission with more than 8 days isola-
tion from the previous discharging, including 17 in phy-
logenetic trees (in green, Fig. 3) and five without
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Fig. 2 Monthly distributions of HAdV positive cases during June to
December, 2018 in the study. A Numbers tested or Numbers positive
for HAdV; B Numbers of case positive for different HAdV types.

sequences. All of these 68 (71.6%, 68/95) cases were not
considered nosocomial infections.

Among cases of patients admitted to the Department of
Respiratory Medicine more than once, there were nine
cases (in orange, Fig. 3), including five cases with 7 days,
two cases with 6 days, one case with 4 days, and one case
with 3 days of isolation from the previous discharging.
These were confirmed to be associated with sequences of
different genotypes or different clusters of one type, as
compared to those of their HAdV-positive roommates
during the previous admissions of these nine patients.
Therefore, these nine (9.5%, 9/95) patients might have
been infected by the community. Among cases confirmed
as HAdV 48 h after admission, there were eight cases (in
yellow, Fig. 3) with no homologous sequences shared with
those of their roommates, which implied that these patients
might have been infected by visitors or attending parents.
However, there were three cases from other wards with
sequences sharing high homology with those of the eight
cases. For these eight patients, most (5/8) might have been
infected during Aug 15 to Sep 12.

There were 10 remaining cases, for which nosocomial
infections could not be excluded. Among them, there were

three groups. In group one, there were three cases without
sequences that might have indicated infection by room-
mates positive for HAdV. In group two, there was one case
(in red, Fig. 3) with a roommate positive for HAdV, but
without an HAdV sequence. In group three, there were six
cases (in purple, Fig. 3) with HAdV sequences that shared
high homology with those of roommates during their pre-
vious or current admission, which was supported by the
high homology of three capsid gene sequences shared with
those of their roommates (Supplementary Figure S1). For
these 10 cases, most (6/10) might have also been infected
during Aug 15 to Sep 12 (Table 1).

Discussion

HAJdV infections and outbreaks usually occur worldwide
year-round and are mainly sporadic, although higher rates
of HAdV infections have sometimes been reported in the
winter and spring in northern China and in the spring and
summer in southern China (Li et al. 2015). However, in the
present study, an outbreak of HAdV was observed among
children from a respiratory ward of a children’s hospital in
northern China in August (4.7%, 12/255), September
(15.0%, 41/274), and October (6.9%, 17/247), with a peak
in September 2018. Among over 100 types of HAdVs,
some have tropism for the respiratory tract, especially
HAAV types 3, 4, 7, 14, 21, and 55. Moreover, HAdV-7,
and in particular the genomic variant HAdV-7d, has
recently emerged in the US and is more commonly asso-
ciated with severe respiratory disease with a higher mor-
tality rate than that with other HAdV types (Potter et al.
2012). In this report, among those types identified, such as
HAdV1, HAdV3, HAdV6, and HAdV7, HAdV 3 (37.0%,
30/81) and 7 (51.9%, 42/81) were the major pathogens,
which was consistent with the results of previous studies
indicating that HAdV7 and HAdV3 were the most preva-
lent (Chen et al. 2015; Lu et al. 2019).

As a type of non-enveloped double-stranded DNA virus,
HAdVs can persist in the environment for a long time.
Moreover, additional factors, such as close living quarters,
arduous mental and physical settings, and difficulty main-
taining personal hygiene, contribute to the transmission and
associated morbidity of HAdVs (Bautista-Gogel et al.
2020). Therefore, an analysis of an unusual increase of
HAAdV detected in the respiratory ward in this study indi-
cated if nosocomial infection caused by HAdV had
occurred. To answer this question, genotyping of HAdV
based on a phylogenetic analysis was combined with
clinical information for nosocomial infection identification.

Based on clinical data only, 68 among 95 cases were
positive for HAdVs, including 46 admitted to the respira-
tory ward for the first time and confirmed to be HAdV-
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Fig. 3 Phylogenetic trees of 301 bp fragments of hexon gene isolation from the previous admission. Orange: sequences from cases
constructed using MEGA X software to identify the genotypes of who were admitted over one time and confirmed with sequences in
HAdV-positive specimens. Sequences from the study were named as different sero- or geno-type or in different clusters of one type from
“No. of specimens—Date of admission-Date of discharging—No. of their roommates positive for HAdV during their previous admission.

ward and bed-Typing of HAdV”. Sequences from GenBank were Yellow: sequences from cases confirmed to be HAdV after 48 h from
labelled with their GenBank number- typing of HAdV, which were in admission shared no homology sequence with their roommates. Red:
different clusters (Cluster 1-8) in different HAdV types. Blue: sequences from case owning a roommate positive for HAdV, but
sequences from cases admitted to the Department of Respiratory without HAdV sequence. Purple: sequences from cases with HAdV
Medicine for the first time and were confirmed to be HAdV positive sequences shared high homology with that of roommates in the
within 48 h after admission. Green: sequences from cases with previous or this admission.

specimens collected in 48 h after the admission with over 8 days
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Table 1 Information of the ten cases for whom nosocomial infection were considered.
Groups No. The previous admission The admission Date confirmed as Sero- or Geno- Cluster
HAGdV positive type of HAdV
Date of Date of No. of Date of Date of No. of
admission  discharge  bed admission  discharge  bed
1 DI1334 - - - 8/18 9/7 66, 9/3 Unknown Unknown
23,
21
D1834 - - - 11727 12/5 46 12/2 Unknown Unknown
DI1380 8/26 9/8 42 9/11 10/22 59 9/11 Unknown Unknown
D1873 - - - 11/30 12/18 44 12/10 HAdV7 1
Iw300 - - - 9/26 10/19 69,9 10/11 HAdV7 1
DI1376 - - - 9/4 9/19 48 9/11 HAdV7 1
99533 9/3 97 30,8 9/11 9/27 63 9/11 HAdV3 1
DI1399 8/28 97 34 9/13 9/22 69 9/13 HAdV7 1
D1419 9/1 9/12 31 9/16 10/9 8 9/16 HAdV7 1
D1656 10/13 10/19 31 10/26 11/7 70 10/26 HAdV7 1
Groups Possible date of Nosocomial infection was  Possible sources of infection
infection considered
No. Sero- or Geno-type Cluster Date of Date of No. of
of HAdV admission discharge bed
1 8/18-9/3 Yes 99180 HAdV-7 1 8/15 977 61
98638 HAdV-6 1 8/10 8/23 68
11/27-/12/2 Yes D1806 Unknown Unknown 11/27 12/11 50
8/26-/9/8 Yes D1302 HAdV-7 5 8/16 9/4 44
11/30-12/10 Yes D1806 Unknown Unknown 11/27 12/11 50, 40
3 9/26-10/10 Yes 99943  HAdV-7 1 9/26 10/8 70
9/4-9/11 Yes DI1341 HAdAV-7 1 9/1 9/8 49
9/3-9/7 Yes 99416 HAdV-3 1 9/5 9/8 32,8
8/28-9/6 Yes 99058 HAdV-7 1 8/27 9/8 34,9
9/1-9/12 Yes 99547 HAdV-7 1 9/11 9/10 33,6
10/13-10/19 Yes 1w671 HAdV-7 1 10/11 10/24 34
positive within 48 h after admission, as well as 22 cases community acquired. Therefore, 77 (4.2%, 77/1840;

with specimens collected 48 h after admission with more
than 8 days between isolation and the previous admission,
for which HAdV infections were confirmed as community
acquired. It has been assumed that if the HAdV infection
associated with the second case is transmitted from the first
case, the viral nucleic acids of the two samples should
naturally fall within the same cluster, whereas if the viral
nucleic acids of two samples exhibit evolutionary distance
from each other, they would not have originated from the
same source and would be grouped into different clusters
(Liu et al. 2009). Combined with the genotyping of HAdV
based on phylogenetic analysis, there were nine cases
confirmed with sequences of different genotypes or in
different clusters when compared to sequences from
HAdV-positive roommates during a previous admission,
for which HAdAV infections were also confirmed to be

81.1%, 77/95) cases were excluded from nosocomial
infections, which revealed that the majority of cases in the
local significant increase in patients with adenovirus
infection were not associated with nosocomial infection.
Combining HAdV genotyping based on phylogenetic
analysis with clinical information, there were eight cases of
patients that might have been infected by visitors or
attending parents, whereas there were 10 cases, including
three without sequences, of patients that might have been
infected by roommates positive for HAdV, including one
with a roommate without an HAdV sequence and six
sharing highly homologous sequences with their room-
mates; for these, nosocomial infections might be consid-
ered. For these 18 cases, most (11/18) might have been
infected during Aug 15 to Sep 12, which implied a period
of careless ward management. As indicated previously
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herein, more HAdV infections are detected in the winter
and spring in northern China (Li et al. 2015), whereas more
restricted methods are used to reduce the incidence of
nosocomial infection (Ding et al. 2017). However, standard
precaution and isolation management for pediatric patients
with respiratory symptoms, even if they have negative
results in rapid tests, should be adopted. There are many
transmission routes for HAdV, including inhaling air from
an infected person sneezing or coughing, through direct
physical contact with carriers, or touching a surface con-
taminated by HAdV, among others. Therefore, as the
guideline of the Healthcare Infection Control Practices
Advisory Committee recommends, isolation from other
patients, in addition to standard precaution, is recom-
mended for patients with respiratory infection if possible
(Civardi et al. 2013; Kobayashi et al. 2019; Mao et al.
2019). In addition, attending parents were observed to be
walking around the corridors without protective masks and
clothing, which might increase their chance of becoming a
carrier of infection that could be transmitted to other wards
(Dare and Talbot 2016; Topoulos et al. 2019). Therefore,
strict supervision of the nursing system, regular disinfec-
tion of the floor, armrests, chairs, and air in the ward, and
preventing viral infections among healthcare workers and
caregivers could be helpful to reduce nosocomial infections
(Wang et al. 2019). Kobayashi et al. (2019) used a similar
strategy to retrospectively investigate two episodes of
nosocomial infection by HBoV and human rhinovirus in a
pediatric ward in a tertiary hospital in Japan. More data
should be accumulated to evaluate the practical value of
applying this strategy in clinical treatment.

In conclusion, genotyping of HAdVs based on phylo-
genetic analysis and that combined with clinical informa-
tion provides a powerful method to distinguish nosocomial
infection from community infection, especially when
tracing the origin of the nosocomial infection. In this study,
most cases were confirmed as community acquired HAdV
infection, which implied a significant increase in patients
with adenovirus infection observed. However, there were
18 cases for which nosocomial infection could not be
excluded, indicating the requirement of more strict mea-
sures to prevent nosocomial infection.

There were several limitations to this study. There were
14 cases that lacked HAdV sequences, which resulted in
four cases that could not be excluded from nosocomial
infections. HAdV infection results in varied long-term
incubation, which means some cases might have been
confirmed as HAdV-positive beyond 48 h after admission.
Viral transmission caused by visitors also made the anal-
ysis more complicated. Moreover, the results indicated that
only 301 bp sequence of hexon gene is not enough to
accurately determine HAdV type or identify recombinants,

@ Springer

which should be supplemented by phylogenetic analysis of
sequences of hexon, penton base and fiber genes.
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