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We describe a review of human adenovirus (HAdV) infections 
occurring among adults in a tertiary hospital in Singapore from 
February to May 2013. A similar increase in cases was observed 
among children and military personnel during the same time 
period. The majority of isolates were identified as HAdV-7, 
likely an emerging pathogen in Asia.
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Emerging and reemerging viruses have caused outbreaks of var-
ying scales in recent years. These often result not only in public 
health emergencies, but they also have significant impact on 
individual health outcomes.

Human adenoviruses (HAdVs) are nonenveloped deoxyrib-
onucleic acid viruses that cause upper respiratory tract infec-
tions and, infrequently, severe pneumonia [1]. There are more 
than 52 serotypes of HAdVs with serotypes B, C, and E respon-
sible for most of these infections documented in preschool 
children and military recruits, the latter due to crowding, 
increased physical and psychological stress [2], among others. 
More recently, multiple HAdV outbreaks have been reported 
in Asia [3–5], suggesting that HAdV might be reemerging 
in the region. Indeed, an outbreak of severe HAdV-7 disease 
among children occurred in Singapore from 2012 to 2013 [6]. 
Available epidemiological information initially directed sur-
veillance attention to pediatric patients and military personnel 
[6]. In this study, we describe a retrospective review of adult 

HAdV infections in one tertiary hospital in Singapore during 
the same period, focusing in particular on the epidemiological, 
clinical, and molecular characteristics of patients with severe 
infections.

METHODS

Singapore General Hospital, an adult public tertiary care hospital 
with an acute care medical facility, routinely screens respiratory 
specimens for viruses using multiplex polymerase chain reac-
tion (PCR) assays. Indications for multiplex PCR sampling are 
patients presenting with symptoms suggestive of a respiratory 
tract infection, including but not limited to fever, cough, sore 
throat, and rhinorrhea. In February 2013, an astute microbiol-
ogist observed an unusually high HAdV PCR positivity rate that 
initiated further investigations. A case was defined as a patient 
whose respiratory sample was positive for HAdV monoinfection 
by multiplex PCR. As the prospective investigations commenced 
well after the first cases were highlighted to the hospital infec-
tion control unit, a retrospective analysis of all the HAdV cases 
that were managed in the hospital before, during, and after the 
“heightened” period was thus conducted (Figure 1A).

We reviewed all PCR results of respiratory samples from the 
Department of Pathology, from February 2012 to June 2013. 
Patient records of HAdV cases were retrieved, and their clini-
cal, laboratory, and radiological characteristics were reviewed. 
Where possible, respiratory samples were retrieved and HAdV 
was typed by sequencing a ~750-base pair segment contain-
ing the hexon gene hypervariable regions 1–6. Severe HAdV 
infection was defined as infection resulting in admission to the 
intensive care unit. Nosocomial infection was defined as a case 
with a positive HAdV PCR, with no other copathogen detected 
that could account for the patient’s clinical presentation, and 
that had a date of specimen collection >48 hours after date of 
hospitalization.

RESULTS

The epidemiologic curve shows a peak in HAdV cases between 
February 1 and May 31, 2013, relative to the other months 
in the study period (Figure  1A). It is notable that the peak 
occurred during approximately the same time period that a 
sudden increase in severe HAdV-7 disease among pediatric 
inpatients and military personnel in Singapore was reported 
[6]. A  total of 35 of 555 (6.3%) respiratory specimens col-
lected from inpatients were positive for HAdV PCR during 
the outbreak period compared with the PCR-positive rate of 
1.4% during the same period in the previous year (P < .001). 
Two of these HAdV-positive cases had dual infections, which 

Open Forum Infectious Diseases®

© The Author 2017. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs licence (http://creativecommons.org/licenses/
by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any 
medium, provided the original work is not altered or transformed in any way, and that the work 
is properly cited. For commercial re-use, please contact journals.permissions@oup.com
DOI: 10.1093/ofid/ofx053

Received 28 November 2016; editorial decision 17 March 2017; accepted 17 March 2017.
Correspondence: J. G. H. Low, MBBS, MPH, Department of Infectious Diseases, Singapore 

General Hospital, 20 College Road, Singapore 169856 (jenny.low@singhealth.com.sg).

mailto:jenny.low@singhealth.com.sg?subject=


2  •  OFID  •  BRIEF REPORT

were removed from further analysis because the disease could 
not be confidently attributed to HAdV infection. Of the 33 
HAdV monoinfections, we attempted typing of 9 respiratory 
viral isolates from 9 different patients: 6 (66.6%) were iden-
tified as HAdV-7, 1 as HAdV-4, and 2 were untyped due to 
insufficient specimen volume. Only 9 patients (27.2%) were 
classified as having nosocomial infection, with the remaining 
24 patients being diagnosed with HAdV within 48 hours of 
admission.

Four HAdV-infected patients had severe infection. All 4 
patients were males with a mean age of 51  years (95% confi-
dence interval, 31.8–62.2  years). Only 1 patient had underly-
ing diabetes mellitus, whereas the remaining 3 had no other 
existing comorbidities. All 4 patients had abnormal pulmo-
nary infiltrates on chest radiograph on presentation. Among 
patients with severe infection, 2 (50%) had HAdV-7 infection 
and 1 (25%) had HAdV-4. The fourth patient had an untyped 
HAdV: this patient died, giving an overall mortality of 3%. All 4 
patients received intravenous cidofovir.

Because HAdV-7 was the predominant strain, whole-genome 
sequencing of 3 HAdV-7 isolates with sufficient ribonucleic acid 
samples were performed. All 3 isolates were identical, with the 
exception of a small indel in the 3’-untranslated region of the L2 
gene in 2 of the isolates. It is notable that the sequenced isolates 
were >99% identical to KC440171 (Figure 1B), which has been 
found to cause a number of adenovirus outbreaks in southern 
China [7].

DISCUSSION

This description of HAdV infections, with a predominance of 
HAdV-4 and HAdV-7, among adult civilians is the first of its 
kind in Singapore. Although the strain is not novel, it seems to 
be new in the local population, resulting in a significant number 
of severe cases with increased mortality and morbidity.

Although there is no systemic surveillance of HAdV in 
Singapore, published data thus far indicate that HAdV infection 
is sporadic. Doraisingham and Ling [8] noted outbreaks caused 
by influenza and parainfluenza, but not HAdV in children from 
January 1977 to December 1979. Furthermore, an epidemiologi-
cal study of respiratory viral pathogens among Singapore military 
servicemen between 2009 and 2012 identified HAdV monoin-
fection in only 3.7% of cases with febrile respiratory illness [9]. 
Other isolated outbreaks have been reported in Singaporean mil-
itary servicemen [10] and in the pediatric population [6].

In Asia, several HAdV outbreaks have been reported recently 
[4, 5, 7], including those attributed to HAdV7. A  2012–2013 
study of HAdV-7 associated with severe pediatric infections 
in Singapore showed 100% nucleotide similarity with the 
sequences reported from outbreaks in Taiwan and China [6], 
suggesting transboundary transmission of virus in the region. 
This trend in HAdV-7 emergence may be a relatively recent 
trend because a serosurvey reported in 2001 showed low 
immunity to HAdV-7 in Singapore [11]. Furthermore, infec-
tion with HAdV-7 in Singapore also appears to be associated 
with more severe disease [12]. However, the possibility that 

80000

70000

60000

50000

T
ot

al
 A

R
I 

at
 p

ol
yc

li
n

ic
s

40000

30000

20000

10000

0
2012/09 2012/10 2012/11 2012/12 2013/01 2013/02

Time (year/month)

Adenovirus PCR positive cases

A B

ARI

2013/03 2013/04 2013/05 2013/06

25 AB243118_Japan_2003

HQ659699_China_2007

X76551_USA_1954

GQ478341_China_2008

AY594255_USA_1954

AC_000018_Reference_Strain

AY601634_USA_1997

AF065068_USA_1996

AF053086_Japan_1992

AY769946_Korea_1999

KF268135_USA_2013

89
KC689914_China_2012

KC689913_China_2012

GU230898_China_2009

JX174426_Taiwan_2011

JX174430_Taiwan_2011

JX174429_Taiwan_2011

JX174428_Taiwan_2011

JX174427_Taiwan_2011

JX625134_China_2010

JF800905_China_2009

KC440171_China_2011

0.0060

SGH-ADV_B

SGH-ADV_C

SGH-ADV_A

AF065068_USA_1955

74

75

92

91

100

20

15

10

T
ot

al
 A

d
en

ov
ir

u
s 

P
C

R
 p

os
it

iv
e 

ca
se

s 
in

 o
u

r 
ce

n
tr

e

5

0

Figure 1.  (A) Total monthly number of patients seeking treatment at primary care clinics for acute respiratory infections (ARIs) and adenovirus polymerase chain reaction 
(PCR)-positive cases in our center from September 2012 to June 2013. (B) Hexon gene sequences of the adenovirus type 7 viruses from this study in relation to representative 
sequences from around the world. Branch lengths are indicative of the number of substitutions per site. Sequences from the current study are depicted in bold.
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HAdV-7 has evolved to acquire greater virulence is unlikely 
because sequence data from our isolates are >99% identical to 
KC440171, which has been found to cause a number of out-
breaks in China [7], Korea [13], Taiwan [14]. Our findings thus 
call for more detailed prospective studies into the correlates of 
outcome in healthy adults with HAdV-7 infection.

It is also interesting that acute respiratory infection (ARI) 
surveillance data in Singapore, which was based on syndromic 
reporting from selected primary healthcare clinics, did not show 
any significant change in trends within the same period in time 
as our study (Figure 1A). However, respiratory samples from a 
subset of these patients are routinely tested only for influenza 
but not for other viruses. It is thus possible that there existed a 
community-based outbreak of HAdV-7 in Singapore that was 
compensated by reduction in the prevalence of the other res-
piratory viruses, hence resulting in a lack of change in the num-
ber of ARI cases. Alternatively, the overall prevalence of HAdV 
infection in Singapore had remained constant during that time, 
but the proportion of cases that developed severe disease mark-
edly increased. However, this explanation would be more com-
pelling had we observed significant changes in the nucleotide 
sequence of the HAdV-7 genome compared with those reported 
from elsewhere. An etiological surveillance in patients present-
ing with ARI would have been useful to delineate the underly-
ing reason for the sudden surge in severe HAdV-7 cases.

Our findings also suggest that a reliance on a standard case 
definition for ARI reporting may also limit the utility of such 
surveillance methods. Amongst our HAdV cases, 27% presented 
with atypical symptoms such as chest pain and/or abdominal 
pain. These presentations do not meet the standard definition for 
ARI and would otherwise have been missed by the current ARI 
surveillance system that relies solely on classic patterns of pres-
entation. Indeed, in dengue fever where patients tend to present 
with atypical clinical manifestations, this often results in under-
diagnosis and failure of passive surveillance to detect outbreaks 
[15]. The diagnosis of ARI that is used for community surveil-
lance is based on clinical symptoms. In contrast, by incorporating 
rapid molecular diagnostics into ARI surveillance, both sensi-
tivity and speed of outbreak identification can be significantly 
improved for early implementation of disease control measures.

A limitation of this study is its retrospective design. 
Furthermore, the true extent of the outbreak could have been 
much larger than what was estimated because patients with 
atypical ARI presentations at our hospital may not have been 
systematically sampled for multiplex PCR.

CONCLUSIONS

The emergence of HAdV, especially HAdV-4 and HAdV-7, as 
causes of severe respiratory infections warrant urgent prospec-
tive studies and etiological surveillance to identify correlates of 
outcome to guide prompt public health interventions.
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