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ABSTRACT
Objectives To determine aetiology of illness among
children and adults presenting during outbreak of severe
respiratory illness in Southern Province, Sri Lanka, in 2018.
Design Prospective, cross-sectional study.
Setting 1600-bed, public, tertiary care hospital in
Southern Province, Sri Lanka.
Participants 410 consecutive patients, including 371
children and 39 adults, who were admitted with suspected
viral pneumonia (passive surveillance) or who met case
definition for acute respiratory illness (active surveillance)
in May to June 2018.
Results We found that cocirculation of influenza A
(22.6% of cases), respiratory syncytial virus (27.8%) and
adenovirus (AdV) (30.7%; type B3) was responsible for the
outbreak. Mortality was noted in 4.5% of paediatric cases
identified during active surveillance. Virus type and viral
coinfection were not significantly associated with mortality.
Conclusions This is the first report of intense
cocirculation of multiple respiratory viruses as a cause
of an outbreak of severe acute respiratory illness in Sri
Lanka, and the first time that AdV has been documented
as a cause of a respiratory outbreak in the country. Our
results emphasise the need for continued vigilance in
surveying for known and emerging respiratory viruses in
the tropics.

INTRODUCTION
Important knowledge gaps exist in the
epidemiology of respiratory viral infections in the tropics and subtropics. Current
surveillance systems for respiratory viruses
target the identification of novel viruses,
such as the recently emerged SARS-
CoV-2,
given their potential for widespread devastation.1 However, the circulation and disease
burden of more familiar viruses such as influenza and respiratory syncytial virus (RSV)
has only recently received attention in the
tropics.2 3 Elucidating seasonal variation in
the prevalence of common respiratory viral
infections is important locally and regionally

Strengths and limitations of this study
►► In the midst of an outbreak, we implemented active

surveillance for acute respiratory illness and rapidly
set up and validated laboratory testing for respiratory pathogens in a lower-resource setting.
►► The compilation of data from both passive and active surveillance methods provides a comprehensive
description of this outbreak.
►► Data collected through active and passive surveillance were inherently different, with less clinical and outcome data collected through passive
surveillance.
►► Different molecular testing protocols were used in
conducting testing of samples collected through active and passive surveillance.

for preventative and control activities, and
detecting shifts in local transmission patterns
or severe clinical manifestations also has
global significance.4
In Sri Lanka, data regarding respiratory
virus seasonality are limited and largely
confined to influenza.5–7 As per the Sri
Lankan Ministry of Health, influenza occurs
in two peaks annually, with the larger peak
occurring in May to July and the second
peak occurring in November to January,
with most infections due to influenza A.7–9
National epidemiological data indicated
3646 hospital admissions and 35 deaths due
to influenza (0.96% of influenza admissions)
in 2017, with approximately one-fifth of cases
occurring in patients<5 years of age.10 Anecdotally, increased numbers of hospitalisations and deaths due to influenza are noted
during peak periods, although robust data
are lacking. Data regarding the burden and
seasonality of other respiratory viruses in Sri
Lanka are limited.5
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METHODS
Setting
THK is a public, 1600-bed hospital with 10 adult (≥12
years) medical wards, 3 paediatric wards, 4 adult ICUs and
1 PICU. All care is provided free of charge to patients.
THK serves as the primary tertiary referral centre for the
Southern Province, with the majority of admissions being
self-
referrals from patients in the surrounding Galle
district.
Laboratory-based passive surveillance
During the period of the suspected outbreak (May to
June 2018), THK had ongoing laboratory-based, passive
surveillance for influenza. Clinician-
identified cases
suspected to be viral pneumonia were referred to the
virology laboratory, where a rapid ICT for influenza A
and B was performed on nasopharyngeal (NP) samples
using the SD BIOLINE Influenza Ag test (Abbott, Abbott
Park, Illinois). At the time of the outbreak, THK did not
have capacity to perform molecular testing for respiratory viruses on site. When the ICT was negative for influenza, an aliquot of the sample was sent to the national
reference laboratory, Medical Research Institute (MRI),
in the capital, Colombo (approximately 60 miles away),
for additional aetiological testing.NP samples were generally collected 24–72 hours after admission, placed in viral
transport media (VTM; Sigma Virocult Duo, Medical
Wire & Equipment, Corsham, England), separated into
aliquots, and frozen at −80°C before shipment to MRI
where the following viral targets were identified using
multiplex polymerase chain reaction (PCR) (Altona
Diagnostics, Hamburg, Germany and National Institute
of Virology, Pune, India): influenza A, B, human adenovirus (AdV) and respiratory syncytial virus A and B (RSVA
and RSVB). The time required to ship samples to MRI
delayed reporting of results to THK clinicians, sometimes
after cases had expired or were discharged.
2

Active surveillance
To augment ongoing passive surveillance, a local
outbreak response team was quickly assembled to establish active surveillance including implementation of a
multiplex, respiratory viral, real-time polymerase chain
reaction (RT-PCR) platform at the affiliated Faculty of
Medicine, University of Ruhuna (Galle, Sri Lanka). We
conducted active surveillance concurrently with the
existing passive surveillance programme to improve case
identification and collect additional clinical information. Active surveillance of all paediatric wards and the
PICU at THK was conducted from 28 May 2018 through
21 June 2018 by trained MBBS-qualified research assistants. Cases were identified as patients with a history of
fever (subjective or observed in hospital) plus one or
more of the following symptoms of respiratory illness:
cough, difficulty breathing, shortness of breath, and
hypoxia or tachypnea (as noted in the medical record by
the treating physician). In children<5 years, lower chest
wall indrawing/retractions, central cyanosis, inability to
drink/breastfeed, vomiting everything, altered consciousness and convulsions were also considered symptoms of
respiratory illness as per WHO Integrated Management
of Childhood Illness guidelines.12 Patients were enrolled
within 24–72 hours after admission, except on the first
day of active surveillance when all patients meeting the
case definition were enrolled.
For active surveillance cases, NP samples were placed
in VTM, separated into aliquots, and frozen at −20°C
before being tested for influenza A, AdV and RSV with
RT-PCR using a Mic qPCR Cycler (Bio Molecular Systems,
Queensland, Australia). Primers and probes were sourced
from IDTdna (Coraville, Iowa, USA). Probes were
labelled at the 5′ end with carboxyfluorescein (FAM),
with an internal ZEN quencher and a 3′ Iowa Black Dark
FQ Quencher. A week-long training of local laboratory
technical staff and quality assurance/control was directed
by an expert in molecular diagnostics (BP Nicholson)
to set up the RT-PCR platform. The platform was established, validated and processing samples within 2 weeks.
Reporting of viral test results
A subset of case samples was tested on both the passive
and active surveillance PCR platforms and results were
compared to assess concordance. A positive virus identification from either platform was considered a positive
result and reported to clinicians caring for case subjects.
If different viral targets were identified between platforms, all positive viral identifications were reported.
Sequencing of AdV isolates
Sequencing of identified AdV isolates was performed
for a convenience subset of isolates identified through
passive surveillance (whole virus sequencing) and active
surveillance (hexon gene fragment sequencing). Whole
virus sequencing was performed at Hong Kong University (Peiris Lab, Hong Kong). Nucleic acid was extracted
and quantified, and the hexon gene was amplified using
Vanderburg S, et al. BMJ Open 2020;10:e040612. doi:10.1136/bmjopen-2020-040612
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In May to June 2018, clinicians noted an increase in
case numbers of children and adults presenting with
acute respiratory infection in Southern Province, Sri
Lanka. Cases were noted to be of high severity in children, and many of the severe cases were referred to
Teaching Hospital Karapitiya (THK), the largest tertiary
referral centre in the Southern Province and one of only
four hospitals in the country with a paediatric intensive
care unit (PICU). The onset of cases corresponded with
the expected first peak of the bimodal influenza season
for the province.5 9 11 However, rapid diagnostic testing
by immunochromatographic test (ICT) was negative for
influenza A and B in the majority of initial cases, raising
suspicion for another causative pathogen. Consequently,
we supplemented ongoing laboratory-
based, passive
surveillance at THK with active surveillance to determine the aetiology of acute respiratory illness during this
suspected outbreak.

Open access
Patient and public involvement
It was not appropriate or possible to involve patients or
the public in the design, or conduct, or reporting, or
dissemination plans of our research

RESULTS
In total, 410 individual patients were identified during passive
and active surveillance, of whom 371 (90.5%) were children
and 388 (94.6%) underwent testing for virus identification.
A total of 87 patients were represented in both passive and
active surveillance. The median age at presentation was 1.3
(IQR 0.7–3.3) years and 325 (79.3%) were less than 5 years
of age. The median duration of illness at hospital admission
was 5 (IQR 3–11) days, and the median length of hospitalisation was 5 (IQR 4–8) days.
Passive surveillance
NP swabs from 205 paediatric and 12 adult (≥18 years) cases
were collected after referral to the THK Infection Control
team, and 120 (55.3%) were positive for a respiratory virus
(table 1). Among paediatric patients, positive viral identification was as follows: 41 (20.0% of all tested children) for influenza A, 9 (4.4%) for influenza B, 38 (18.5%) for AdV and
54 (26.3%) for RSV. All but one RSV-positive sample underwent testing for further identification as RSVA (40 19.5%) or
RSVB (14, 6.8%). Coinfection was detected in 21 (10.2%) of
children. Of adults, two (16.7% of all tested) were positive
for influenza A. No adult samples were positive for influenza
B, AdV, RSVA or RSVB.

Table 1 Results from PCR for cases identified during 2018 respiratory viral outbreak in Southern Province, Sri Lanka*
Passive surveillance n=231

Active surveillance n=179

Overall n=410

Viral target

<2 years
n=136

≥2 and
<5 years
n=41

≥5 years
n=40

<2 years
n=107

≥2 and
<5 years
n=41

≥5 years
n=29

<2 years
n=243

≥2 and
<5 years
n=82

≥5 years
n=69

MonoInfection
Influenza A

63 (46.3)
13 (9.6)

20 (48.8)
8 (19.5)

16 (40.0)
12 (30.0)

67 (62.6)
10 (9.3)

25 (61.0)
12 (29.3)

18 (62.1)
6 (20.7)

130 (53.5)
23 (9.5)

45 (54.9)
20 (24.4)

34 (49.3)
18 (26.1)

3 (2.2)

1 (2.4)

3 (7.5)

3 (1.2)

1 (1.2)

3 (4.3)

1 (2.5)

Influenza B†
AdV

20 (14.7)

4 (9.8)

RSV

27 (19.8)

7 (17.1)

CoInfection

14 (10.3)

5 (12.2)

Influenza A+AdV

1 (0.7)

Influenza A+RSV

4 (2.9)

2 (4.9)

0

AdV+RSV

6 (4.4)

3 (7.3)

Other

3 (2.2)

0

0
2 (5.0)
0
1 (2.5)
0

0

0

0

31 (29.0)

11 (26.8)

10 (34.5)

51 (21.0)

15 (18.3)

11 (15.9)

26 (24.3)

2 (4.9)

2 (6.9)

53 (21.8)

9 (11.0)

2 (2.9)

21 (19.6)

6 (14.6)

5 (17.2)

35 (14.4)

11 (13.4)

7 (10.1)

3 (10.3)

6 (5.6)

4 (9.8)

2 (1.9)

1 (2.4)

12 (11.2)

1 (2.4)

1 (2.5)

1 (0.9)

0

0

7 (2.9)

4 (4.9)

3 (4.3)

6 (2.5)

3 (3.6)

1 (1.4)

4 (4.9)

1 (1.4)

1 (3.4)

18 (7.4)

1 (3.4)

4 (1.6)

0

2 (2.9)

Negative

55 (40.4)

13 (31.7)

16 (40.0)

19 (17.8)

10 (24.4)

6 (20.7)

74 (30.4)

23 (28.0)

22 (31.9)

Not tested
Total positives

4 (2.9)
77 (56.6)

3 (7.3)
25 (61.0)

6 (15.0)
18 (45.0)

0
88 (82.2)

0
31 (75.6)

0
23 (79.3)

4 (1.6)
165 (67.9)

3 (3.6)
56 (68.3)

6 (8.7)
41 (59.4)

Frequency (%) are listed in the table by age group.
*Age missing for 16 patients.
†Testing only performed at Medical Research Institute, the national reference laboratory.
AdV, adenovirus; RSV, respiratory syncytial virus.
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consensus primers and Sanger sequenced for virus
subtype identification.13 14 Subsequently, primers were
designed based on reference genomes of the virus subtype
for performing long PCRs with overlapping to amplify
the complete virus genome. Long PCRs were performed
using LA Taq DNA polymerase Hot-Start version (Takara,
Nojihigashi, Japan) and products sequenced with Illumina NovaSeq 6000 platform (Illumina, San Diego,
California). Sequencing libraries were prepared using
the NextEra XT library preparation kit (Illumina) and
end reads with length of 150 nucleotides were
paired-
generated. Sequencing raw read data were mapped to a
reference genome using BWA and data processed with
SAMtools.15 16 AdV full genomes were generated by taking
the consensus of the mapped sequencing read data with
a minimal sequencing read coverage of 100 times at each
nucleotide position.
For hexon gene sequencing, a section of the AdV hexon
gene was amplified using primers previously described.13
The PCR products were confirmed via gel electrophoresis,
and successful amplicons were purified through agarose
gel filtration to remove unincorporated primers, nucleotides and salts. The purified fragments were sequenced
using bidirectional Sanger sequencing reactions by Eton
Bioscience, Research Triangle Park, North Carolina, USA.
The chromatogram files were aligned using SeqMan Pro,
Lasergene 16 Package (DNASTAR, Madison, Wisconsin,
USA). All primer sequences were trimmed from the
contiguous sequences.

Open access

Figure 1 Epidemic curve of 2018 respiratory viral outbreak
among paediatric patients in Southern Province, Sri
Lanka. Paediatric (age<18 years) cases identified during
both passive and active surveillance are depicted. AdV,
adenovirus; RSV, respiratory syncytial virus.

Active surveillance
NP swabs were obtained from 166 paediatric and 11 adult
patients meeting the case definition for acute respiratory
infection, and 142 (80.2%) were positive for a respiratory
virus. Positive viral identification among children was as
follows: 43 (25.9% of all children tested) for influenza
A, 76 (45.8%) for AdV and 49 (29.5%) for RSV. Among
adults, seven tested positive for a respiratory virus, with
two influenza A, four AdV and one AdV and influenza A
coinfection.
Combined surveillance data of paediatric cases
The epidemic curve of cases among paediatric patients
admitted to THK for the duration of the suspected
outbreak is depicted in figure 1. In the case of duplicates

Outcomes in paediatric patients
Paediatric cases identified through active surveillance
were followed during hospitalisation for the occurrence
of the following severe outcomes: repeat admissions for
the same illness, ICU admission/transfer, use of supplemental oxygen (O2), use of mechanical ventilation (MV)
and death (table 2). Data collected from passive cases
were incomplete, thus are not reported. The median
(IQR) duration of index hospitalisation was 5 (4–8) days.
A total of 17 fatal paediatric cases who had samples sent
for testing were observed (active=8, passive=9), with 3
testing positive for influenza A, 4 for AdV, 3 for RSV, 1
for influenza A and AdV, and 6 testing negative. Overall,
among paediatric cases identified during active surveillance, eight (4.5%) died: two had influenza A identified,
two had AdV, one had RSV, one had influenza A+AdV and
two had negative testing results. Cases with RSV detection
were more likely to have any severe outcome (table 2)
compared with cases with AdV or influenza A; however,
this finding was not statistically significant and cases
with each of these viruses developed severe outcomes. A
minority (9, 5.0%) of paediatric cases captured during

Table 2 Outcomes of cases during 2018 respiratory viral outbreak in Southern Province, Sri Lanka, delineated by type of virus
detected

Viral detection result
Influenza A
AdV

Number
with test
result
26
48

Outcome
Repeat
admission*
3 (11.5)
7 (14.6)

ICU

O2

3 (11.5)
5 (10.4)

5 (19.2)
14 (29.2)

MV
3 (11.5)
3 (6.2)

Death

Any severe
outcome†

2 (7.7)
2 (4.2)

6 (23.1)
19 (39.6)

RSV

30

2 (6.7)

2 (6.7)

14 (46.7)

1 (3.3)

1 (3.3)

15 (50.0)

Influenza A+AdV

12

1 (8.3)

1 (8.3)

2 (16.7)

1 (8.3)

1 (8.3)

3 (25.0)

Influenza A+RSV
AdV+RSV
Other coInfection
Negative
Total

3

1 (33.3)

14

2 (14.3)

2

1 (50.0)

31
166

2 (6.4)
19 (11.4)

0
2 (14.3)
0
6 (19.4)
19 (11.4)

0
5 (35.7)
0
9 (29.0)
49 (29.5)

0

0

1 (33.3)

0

0

6 (42.8)

0

0

1 (50.0)

4 (12.9)
12 (7.2)

2 (6.4)
8 (4.8)

9 (29.0)
60 (36.1)

Only cases and outcomes of paediatric patients collected during active surveillance are documented. Frequency and percentage of cases
with the indicated viral test result are documented.
*Repeat admission=any prior hospitalisation(s) for the same illness.
†Any severe outcome=repeat admission, ICU, O2, MV or death.
AdV, adenovirus; ICU, intensive care unit admission; MV, requiring mechanical ventilation (which in some cases was provided outside ICUs
due to space constraints); O2, requiring any form of supplemental oxygen; RSV, respiratory syncytial virus.
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(ie, cases that were represented in both passive and active
screening), only the active case result was included. Of
a total of 371 paediatric NP samples collected through
active and passive surveillance, ≥1 viral target was detected
in 253 (68.2%) patients: 84 (22.6%) were positive for
influenza A, 9 (2.4%) for influenza B, 114 (30.7%) for
AdV and 103 (27.8%) for RSV. Of 87 cases for whom
samples were tested on both PCR platforms, there was
>90% agreement in results. Coinfections (defined as >1
viral identification on either platform) were detected in
53 (12.9%) of cases.

Open access

ID

Surveillance
type

Date*

Coinfection (influenza/
RSV test result)

Age

O2/MV

Outcome

Hospitalisation
duration

1

Passive

May 12

Negative

6 months

Yes, intubated

Not available

Not available

2

Passive

May 14

Negative

3.6 years

Missing

Not available

Not available

3

Passive

May 23

Negative

10 months

Missing

Died

Not available

4

Active

May 23

RSV

3 weeks

No

Discharged

8 days

5

Active

May 29

Negative

3.5 years

02

Discharged

11 days

6

Active

May 24

Negative

12 years

No

Discharged

13 days

7

Active

May 24

Negative

1.2 years

No

Discharged

13 days

8

Active

May 25

Negative

4 years

02

Discharged

11 days

9

Active

May 29

Influenza A

2.5 years

No

Not available

Not available

10

Active

June 18

Influenza A

1 year

No

Discharged

13 days

All dates listed are for 2018.
*Date of sample receipt for cases obtained through passive surveillance; date of admission for cases obtained through active surveillance.
MV, requiring mechanical ventilation; O2, requiring any form of supplemental oxygen; RSV, respiratory syncytial virus.

active surveillance were immunocompromised due to a
congenital syndrome or other chronic illness, but these
cases represented more than one-third (37.5%) of fatal
cases identified by active surveillance. Cases in which ≥1
virus was identified were as likely as cases in which no
virus was identified to develop adverse clinical outcomes.
Genotyping and phylogenetic analyses
Of cases that were positive for AdV, a convenience sample
of nine cases (two from passive surveillance; seven from
active surveillance) was selected for sequencing. Table 3
indicates the clinical characteristics of cases that were
selected for sequencing. Through analysis of the short
hexon gene fragment, it was possible to assign all samples
as species B type 3. The sequences were strongly monophyletic with 100% bootstrap support. Sequences were
compared with known B3 strains in the Indo-Pacific region,
and there was >99% similarity. Compared sequences
included sequences from India (GenBank Accession
No KF268210.1), Malaysia (KU145043.1, KU145041.1,
KU145036.1), Taiwan (EF486497.1, KC570876.1),
Hong Kong (KY511691.1), Korea (KY320276.1), China
(KR090803.1), Japan (AB900154.1, AB900151.1) and the
Philippines (AB742370.1, AB742369.1).
DISCUSSION
We describe an outbreak of respiratory viral illness that
differed from previously reported outbreaks in Sri Lanka
in the following important ways: (1) greater severity
among previously healthy children, (2) cocirculation of
multiple respiratory viruses and (3) identification of AdV
as a cause of severe illness in children and adults.
This severe outbreak overwhelmed the already overburdened healthcare infrastructure and alarmed the general
public. The demand for ICU beds, respiratory support
equipment and physician attention quickly exceeded
capacity, and delays in coordination among healthcare,
public health and government officials initially hindered
Vanderburg S, et al. BMJ Open 2020;10:e040612. doi:10.1136/bmjopen-2020-040612

outbreak response efforts. Moreover, most of the fatalities
occurred in children who were previously healthy with all
requisite vaccinations, which was particularly disturbing
to parents.
The influenza A and RSV infections noted during this
outbreak were of greater severity than generally seen, for
reasons that are not completely clear. National epidemiological data indicate that 0.96% of influenza admissions
die during hospitalisation; in contrast, 7.7% of paediatric
influenza A patients identified during active surveillance
succumbed to their illness during the current outbreak.10
Robust data regarding morbidity and mortality associated with RSV do not exist in Sri Lanka, but a systematic
review and meta-
analysis of studies from 32 countries
noted 6.21 deaths per 1000 children among medically
attended cases; 3.3% of children with RSV identified
during active surveillance died during this outbreak.17 As
with any outbreak, incomplete data regarding actual case
counts may show higher severity than in reality. However,
anecdotally, clinicians noted higher severity of respiratory illness during this outbreak than during prior peak
influenza seasons. Outbreaks such as this one highlight
the need for evaluating the value and cost-effectiveness of
influenza vaccination in Sri Lanka, where the vaccine is
not available through the public healthcare sector.
Influenza A, RSV and AdV were all implicated in this
outbreak of severe respiratory illness, with each contributing to approximately one-third of cases. Cocirculating
viruses during the expected peak of influenza in the
region may have impacted outbreak severity and duration,
as was seen in the early weeks of the 2009 H1N1 influenza
pandemic.18 19 Further studies into the drivers of viral
cocirculation, as well as implications for severe disease
and potential for outbreaks, are greatly needed in the
tropics and subtropics. Viral coinfection was identified in
12.9% of individual cases. In comparison, approximately
20% of children with community-acquired pneumonia
were noted to have viral coinfection in the USA, and 7.9%
5
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Table 3 Clinical characteristics of 10 patients with type 3 adenovirus detection
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through the former mechanism and inherently fewer
illness and outcome data were collected. In addition, we
may have missed some viral coinfections, since we could
only test for a limited panel of viruses given resources
available during the outbreak.
In conclusion, our results highlight the need for a better
understanding of the epidemiology of respiratory viruses
in the tropics, specifically for the following: (1) patterns
of coinfection and cocirculation of influenza, AdV and
RSV and (2) severe cases of AdV infection/coinfection,
which are almost certainly under-recognised.
Author affiliations
1
Medicine, Duke University School of Medicine, Durham, North Carolina, USA
2
Medicine, University of California San Francisco School of Medicine, San Francisco,
California, USA
3
Faculty of Medicine, University of Ruhuna, Galle, Sri Lanka
4
Teaching Hospital Karapitiya, Galle, Sri Lanka
5
Medical Research Institute Sri Lanka, Colombo, Sri Lanka
6
Duke Global Health Institute, Durham, North Carolina, USA
7
Institute for Medical Research, Durham, North Carolina, USA
8
Hong Kong University, Hong Kong, China
Acknowledgements The authors would like to acknowledge the clinical staff at
Teaching Hospital Karapitiya, particularly in the Departments of Microbiology and
Pediatrics. In addition, the authors thank the laboratory staff, especially Nishantha
Abayawaradana Gunasekara, at the Department of Microbiology, Faculty of
Medicine, University of Ruhuna, Galle, Sri Lanka; at the Medical Research Institute,
Colombo, Sri Lanka; and at Hong Kong University School of Public Health, Hong
Kong.
Contributors SV: design of study, data collection, data analysis, manuscript
preparation, manuscript editing and review. GW: data collection, generation of
laboratory testing data, manuscript preparation, manuscript editing and review. ND,
JJ, BP and RK: data collection, generation of laboratory testing data, manuscript
editing and review. CH, VD and CKB: design of study, data collection, manuscript
editing and review. TS: data analysis, manuscript preparation, manuscript editing
and review. SA: data collection, manuscript editing and review. BPN, JSMP, GCG and
SG: generation of laboratory testing data, manuscript editing and review. AN: design
of study, generation of laboratory testing data, manuscript editing and review. CWW:
design of study, data analysis, manuscript editing and review. LGT: design of study,
data analysis, manuscript preparation, manuscript editing and review.
Funding The authors acknowledge funding from the National Institutes of Health
Fogarty Training Grant (D43 TW009337), Thrasher Research Foundation Early
Career Award (grant number N/A), National Institutes of Allergy and Infectious
Diseases (K23AI125677), and the Duke Hubert-Yeargan Center for Global Health
(grant number N/A).
Competing interests None declared.
Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.
Patient consent for publication Not required.
Ethics approval Ethical approval for this study was obtained from the Ethical
Review Committee of the Faculty of Medicine, University of Ruhuna (Sri Lanka) and
from the Duke University Institutional Review Board (USA). All research activities
conformed to the principles embodied in the Declaration of Helsinki.
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement No data are available.
Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.
ORCID iD
L Gayani Tillekeratne http://orcid.org/0000-0001-6012-7271
Vanderburg S, et al. BMJ Open 2020;10:e040612. doi:10.1136/bmjopen-2020-040612

BMJ Open: first published as 10.1136/bmjopen-2020-040612 on 6 November 2020. Downloaded from http://bmjopen.bmj.com/ on June 30, 2022 by guest. Protected by copyright.

of children<5 years presenting to the outpatient setting of
this hospital with influenza-like illness were documented
to have viral coinfection in 2013–2015.5 20 Individuals with
coinfection did not have more severe outcomes in this
study, in contrast to other reports; further investigation
is needed to distinguish coinfection from codetection in
this and other outbreak settings.21
One likely contributing factor to the severity of illness
seen was the emergence of human AdV—the most prevalent virus identified among outbreak cases—which had
not previously been recognised as a cause of clinically
significant illness in Sri Lanka. Our findings add to the
growing number of reports of AdV as an emerging infectious disease in children and adults in Asia, and underscore the importance of surveillance programmes for
respiratory viruses.22–27 Our findings are consistent with
studies that indicate that over 80% of AdV infections
occur in children<4 years due to a lack of humoral immunity.28 In addition, while severe infection generally occurs
in immunocompromised patients, with AdV dissemination or severe respiratory failure developing in 10%–30%
of cases, fatalities have been described in healthy children
and adults.28
AdV-3, which is among the most common serotypes
globally, was the culprit AdV strain in this outbreak and
has been documented as a cause of respiratory illness
and outbreaks in Asia.22 29–31 While generally associated
with milder disease, AdV can cause fatal pneumonia in
children, including in healthy children.32–36 In addition,
AdV-3 has been associated with epidemics in healthy
adult military recruits.37 Increased severity of adenoviral
infections can be seen with recombinant AdVs or novel
genotypic variants; sequencing of the hexon gene did not
reveal such recombination in our study, though we did not
perform restriction enzyme analysis to identify potentially
novel strains.38 39 Currently, an enteric-
coated vaccine
exists for AdV types 4 and 7 among military recruits, and
given the prevalence of AdV-3, there are efforts underway
to develop a vaccine that covers type 3.28 40 Such a vaccine
may prove useful if further outbreaks occur in this setting
in the future. The occurrence of severe illness due to AdV
also highlights the need for further investigation of therapeutics such as cidofovir and brincidofovir.28
Several limitations must be noted. There were some
differences in the information resulting from active and
passive surveillance, with AdV and RSV infections as well
as all coinfections being more prevalent among active
surveillance cases than passive surveillance cases. Such
differences may be due to variations in sample collection or testing and from a more specific case definition
being used in active surveillance. Reassuringly, there was
>90% agreement in results among samples tested on both
PCR platforms. We believe that the compilation of data
from both passive and active surveillance methods is a
strength in this report, as these efforts were carried out
in the midst of an ongoing epidemic to better delineate
aetiology and outcome of illness. As passive surveillance
preceded active surveillance, more cases were identified
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