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Abstract

Background

We combined hospital-based surveillance and health utilization survey data to estimate the
incidence of respiratory viral infections associated hospitalization among children aged <5
years in Bangladesh.

Methods

Surveillance physicians collected respiratory specimens from children aged <5 years hospi-
talized with respiratory illness and residing in the primary hospital catchment areas. We
tested respiratory specimens for respiratory syncytial virus, parainfluenza viruses, human
metapneumovirus, influenza, adenovirus and rhinoviruses using rRT-PCR. During 2013,
we conducted a health utilization survey in the primary catchment areas of the hospitals to
determine the proportion of all hospitalizations for respiratory illness among children aged
<5 years at the surveillance hospitals during the preceding 12 months. We estimated the
respiratory virus-specific incidence of hospitalization by dividing the estimated number of
hospitalized children with a laboratory confirmed infection with a respiratory virus by the
population aged <5 years of the catchment areas and adjusted for the proportion of children
who were hospitalized at the surveillance hospitals.

Results

We estimated that the annual incidence per 1000 children (95% Cl) of all cause associated
respiratory hospitalization was 11.5 (10—12). The incidences per 1000 children (95% ClI)
per year for respiratory syncytial virus, parainfluenza, adenovirus, human metapneumovirus
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and influenza infections were 3(2—3), 0.5(0.4-0.8), 0.4 (0.3-0.6), 0.4 (0.3—0.6), and 0.4
(0.3-0.6) respectively. The incidences per 1000 children (95%ClI) of rhinovirus-associated
infections among hospitalized children were 5 (3—-7), 2 (1-3), 1 (0.6-2), and 3 (2—-4) in 2010,
2011, 2012 and 2013, respectively.

Conclusion

Our data suggest that respiratory viruses are associated with a substantial burden of hospi-
talization in children aged <5 years in Bangladesh.

Introduction

Acute lower respiratory infections (ALRIs) are one of the leading causes of childhood morbid-
ity and mortality globally [1]. They are also the leading causes of childhood death in Bangla-
desh [2-4]. Respiratory viruses are increasingly recognized as major contributors to acute
respiratory infections (ARI) in children and associated with almost 60% of ALRIs [5]. The pri-
mary viral etiological agents for childhood ALRI are respiratory syncytial virus (RSV), influ-
enza A and B viruses, rhinovirus, adenovirus, parainfluenza viruses (PIV) and human
metapneumovirus (HMPV) [6-12].

Data from Bangladesh suggest that incidence of respiratory virus associated pneumonia in
children aged <2 years was 40/100 child years with the incidence being highest for RSV [13,
14]. The rate per1000 child-years for RSV associated hospitalization ranges between 4 and
10 and for influenza between 1 and 2 in other low and middle income countries [15-17].
Although there is growing body of literature from low income settings, still information
remains inadequate about the contribution of respiratory viruses to severe childhood respira-
tory illness. Data about the incidence of hospitalization may help health officials explore the
potential value of targeting influenza vaccines to specific subpopulations presumed to be at
higher risk of severe influenza illness in countries like Bangladesh where there is still no uni-
form policy guideline for influenza vaccination. In addition these data may help prioritize the
development of vaccines for other respiratory viruses including RSV and parainfluenza viruses.
Data on incidence of respiratory virus associated pediatric hospitalization are also necessary to
estimate the total direct and indirect cost of hospitalization and the burden on the health care
delivery system associated with childhood respiratory illness. We combined health utilization
survey and hospital based surveillance data to estimate the incidence of respiratory virus infec-
tion among children aged <5years hospitalized with respiratory illness in Bangladesh.

Methodology
Study Design

The study was a combination of prospective hospital based surveillance and community based
health care utilization survey.

Study setting

Hospital-based surveillance. In 2010, the Institute of Epidemiology, Disease Control and
Research (IEDCR) of the Government of Bangladesh and the icddr,b (International Centre for
Diarrhoeal Disease Research, Bangladesh) initiated childhood respiratory illness surveillance
in one private and three government tertiary level hospitals (Jahurul Islam Medical College
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Hospital, Kishoreganj, Comilla Medical College Hospital, Comilla, Shaheed Ziaur Rahman
Medical College Hospital, Bogra and Sher-e-Bangla Medical College Hospital, Barisal) of Ban-
gladesh. These four hospitals were selected from 12 icddr,b surveillance hospitals, based on
geographical diversity and high turnover of patients within the influenza surveillance project.
Investigators identified the primary catchment areas of the hospitals as the areas where the
majority of the patients resided (an arbitrary cut-off of sub-districts where >60% of the
patients hospitalized with respiratory symptoms resided) by reviewing the hospital log books.

Health care utilization survey. In order to estimate the proportion of children in the
catchment area that sought care at the surveillance hospitals, we surveyed randomly selected
households from each of the primary catchment areas of the four surveillance hospitals. The
selections of households were computer generated at random and distributed by sub district
with a probability proportional to the population of the sub-district. We used ArcGIS to ran-
domly generate GPS (global positioning system) points that corresponded to the number of
households to be surveyed from each sub-district. We plotted the randomly generated coordi-
nates on Google™ map to locate each area. Our field team used handheld GPS devices to reach
the coordinates. Once the field team reached the location of the GPS coordinates, the house-
hold in the immediate vicinity was selected as the first household for enrolment. Our field team
then skipped the next two closest households on the right of the first enrolled household and
selected the third household for enrolment. If a household did not consent to participate or
was not present at the time of the survey, we skipped the next two closest households and
approached the third household for the survey.

Study participants. Beginning January 2010, once every two weeks, surveillance physi-
cians in each surveillance hospital enrolled all children aged <5 years residing in the primary
catchment area and hospitalized with any two of the following symptoms: reported/measured
fever, cough or difficulty breathing at the time of admission. In January 2011, we increased the
number of surveillance days from once every two weeks to once every week.

Beginning January 2012, to better understand the causal association between infection with
a respiratory virus and the presence of respiratory symptoms, we enrolled all children aged <5
years residing in the primary catchment areas, who were hospitalized on the sampling day
(control children) but did not have any respiratory symptoms (including cough, difficulty
breathing, runny nose or sore throat) in the 7 to 14 days preceding hospitalization or on the
day of admission.

Between January 1 and March 31 2013, field researchers identified households selected for
the health care utilization survey with children aged <5 years who had been hospitalized with
any two of respiratory symptoms including reported/measured fever, cough and difficulty
breathing within the preceding 12 months at any of the four surveillance hospitals versus other
area health facilities.

Data sources. The surveillance physicians followed each enrolled child throughout hospi-
talization and collected clinical information using a structured questionnaire. We assumed that
influenza and RSV-associated deaths would most frequently occur within two weeks of illness
[18]. Therefore, we called parents/guardians of each child after 14 days of enrollment in the
surveillance to inquire if the child had fully recovered, developed any further respiratory symp-
toms, required re-hospitalization or had died. If a child's guardian was unavailable by tele-
phone, the field assistant made a follow-up visit to his/her home.

As part of the health care utilization survey, field assistants collected information regarding
history of respiratory hospitalizations of children aged < 5 in the household, age and sex of the
child, symptoms of the respiratory illness, where the child was hospitalized, and the reason for
choosing the particular facility.
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Biases. To have a good representation of the country, the surveillance hospitals were cho-
sen from four geographically diverse areas of the country. One of the four hospitals was private
which adjusted for the variation in care between private and public facilities. All the four hospi-
tals were tertiary level teaching hospitals thus the level of care provided in each of the surveil-
lance hospitals was similar. On surveillance days, all children who met our case definition were
approached for participation in the surveillance to minimize selection bias. Sampling days
were spread throughout all days of the week except for the one day the hospital administration
was closed (Friday for the three government hospitals and Tuesday for the private hospital).

Sample size. As the study was part of a surveillance we did not do any specific sample size
calculation for the surveillance. We aimed to enroll all eligible children on the sampling day.
We accounted for the sampling frame in the analyses of the data.

The health care utilization survey was conducted as part of a larger health care utilization
survey. For the health care utilization survey, our outcome of interest was the proportion of
people with respiratory symptoms who visited the 12 surveillance hospitals across the country
where we had our ongoing influenza surveillance. We assumed that 0.6% of the people living in
the hospital catchments areas had acute respiratory symptoms and sought care at the surveil-
lance hospital. For a precision of 0.3% and 80% power, we needed a sample of 2,546 persons
across all age groups. We included a design effect of 2.5 to account for clustering effect and
yielded a sample size of 6,364 persons. We used four persons as the mean household size in
Bangladesh [29], thus calculated we needed to survey 1,591 households. Since we accounted for
cluster design effect of 2.5 our effective sample size was 3,978 households across all catchment
areas.

Sample collection and laboratory analyses. Surveillance physicians collected nasal and
throat swabs from each enrolled child (symptomatic and control). Immediately after collection,
field assistants stored the samples in nitrogen dewars and transported to icddr,b within 15 days
of collection. At the icddr,b virology laboratory, specimens were tested for RSV, PIV types 1-3,
HMPYV, influenza viruses (influenza A and B), rhinovirus and adenovirus by real-time reverse
transcription polymerase chain reaction (rRT-PCR) using primers and probes supplied by the
U.S. Centers for Disease Control and Prevention (CDC) [19, 20]. However, due to logistical
constraints we could not test the samples for rhinovirus in 2014.

Data analyses. We used the census data from 2011[21] to estimate the number of children
aged <5 years living in the primary catchments areas of the hospitals. We assumed an annual
population growth rate of 1.3% [21] to estimate the population in the catchment areas during
2010, 2012, 2013 and 2014.

Our surveillance was active one day every two weeks in 2010 and one day every week in
2011-2014. We estimated the number of respiratory hospitalizations during the entire month
by multiplying the number of children enrolled monthly in surveillance on the sampling days
by the proportion of days when surveillance was active during that month (30.4/2 in 2010 and
30.4/4 in 2011-2014). We divided the estimated annual number of hospitalized respiratory
cases by the census population aged <5 years to estimate the annual incidence. We then
adjusted the result for the proportion of children who lived in the catchment area and were
hospitalized at the sentinel hospital out of all children who lived in the catchment area and
were hospitalized at any hospital for respiratory illness. We calculated the 95% confidence
interval of the annual incidences using the delta method [22].

We estimated the monthly number of laboratory-confirmed respiratory virus specific infec-
tions among hospitalized children by multiplying the monthly positivity for each respiratory
virus by the estimated number of children hospitalized with respiratory illness in the same
month. We estimated the annual rates of virus specific infection among hospitalized children
by dividing the estimated annual number of hospitalizations with RSV, rhinovirus, adenovirus,
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PIVs, HMPV or influenza-associated respiratory infection by the year-specific census popula-
tion aged <5 years and adjusted the result for the proportion of the catchment population aged
<5 years hospitalized at the surveillance hospitals with respiratory symptoms. To account for
variation in hospitalization on week days compared to on weekly holidays, we accounted for
the difference in the estimated number of hospitalizations on week days compared to weekly
holidays (the mean number of respiratory hospitalization on week days was 1.3 compared to
one on weekly holidays) in our incidence calculation.

To calculate confidence intervals, we randomly selected a sample of size n; from the number
of children sampled during each month (n; = number of samples obtained in the i-th month,
i=1,2,3...12) with replacement from the observations obtained from i-th month. Then we
combined the random samples from the 12 months of a year to obtain a nonparametric boot-
strap sample and estimated the parameters of interest (e.g. number of children hospitalized
with respiratory illness and the number of children hospitalized with RSV-associated respira-
tory illness on a specific month). We repeated the three steps 10,000 times and took the 2.5™
and 97.5™ percentiles from the estimated values of the parameter to calculate the 95% CI for
the parameter [23]. In calculating the 95% CI we assumed that the number of samples collected
on the specific sampling day each week would be similar if we collected samples every day of
the week and could not account for the potential daily variability. In addition, our equation for
analyses was stratified by month assuming that the four days selected for each month were rep-
resentative of all the other days in a month. We also assumed the proportion of samples testing
positive was sufficiently captured by the four monthly days of sampling and were representa-
tive for that month when indeed, there may have been greater variability unaccounted for
within the month.

We also collected respiratory specimens from asymptomatic children beginning in 2012, we
used descriptive statistics to present the distribution of respiratory viral pathogens in these con-
trol children.

Protection of human subjects. The surveillance physician obtained written informed con-
sent from the parents or guardians of the children enrolled in the surveillance. The Institutional
Review Board (IRB) at icddr,b (International Centre for Diarrhoeal Disease Research, Bangla-
desh) approved the research protocol. CDC reviewed and approved reliance on icddr,b’s IRB
approval.

Results
Hospital based surveillance

Clinical findings and laboratory diagnosis. Surveillance physicians enrolled 155 chil-
dren hospitalized with respiratory illness in 2010, 209 in 2011,153 in 2012, 128 in 2013, and
184 in 2014 (Table 1). Of the 829 children, 580 (70%) were male. The median age of the chil-
dren was 5 months (IQR [interquartile range] 2-10 months). The median age for children
enrolled in 2010, 2011, 2012,was 5 months, for 2014 was 4 months and only for 2013 was 7
months. Children were hospitalized a median of 3 days (IQR 2-4 days) after symptoms onset
and remained hospitalized for a median of 2 days (IQR 0-4 days). The main clinical symp-
toms and signs of case-patients as reported by the attending physicians were cough (99%),
difficulty breathing (87%), measured fever (84%), runny nose (65%), chest indrawing (65%),
crepitation (48%), ronchi (46%) and wheezing (35%). Family members of 25 children (3%)
reported that their child had previous history of asthma/recurrent wheeze. Among the
829 children enrolled, 486 (55%) were laboratory-confirmed for infection with one of the
seven respiratory viruses (Table 1). In addition 15% of the enrolled children with respiratory
symptoms were also positive for more than one virus and almost 30% (27 of 95) of the
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Table 1. The frequency of respiratory viral infections in children aged <5 years hospitalized with and without respiratory symptoms in four surveil-
lance hospitals, Bangladesh 2010-2014.

Respiratory viral Frequency (%)
pathogens
Hospitalized children with respiratory symptoms Hospitalized children without respiratory
symptoms
2010 2011 2012 2013 2014 2010-2014 2012 2013 2014 2012-2014
n=155 n=209 n=153 n=128 N=184 n =829 n = 246 n=174 n=119 n = 540
Any positive 143 (92) 145 106 (69) 106 121 (66) 621 (75) 117 94 (53) 22 (18) 233
(69) (83) (47.5)
Respiratory syncytial virus 69 39(19) 35(23) 8(6) 46 (25) 197 (24) 9 (4) 0 (0) 3 (2.5) 12 (2)
(44.5)
Rhinovirus 40(31) 37(18) 21(14) 51(40) Not Not 41(17) 47 (27)  Not Not
tested applicable tested applicable
Adenovirus 9 (6) 8 (3) 4 (3) 5 (4) 5(3) 31 (4) 38 (15) 19 (11) 7 (6) 64 (12)
Parainfluenza viruses1-3 6 (4) 16 (8) 8 (5) 6 (5) 9 (5) 45 (5) 4 (2) 4 (2) 5 (4) 13 (2)
Human metapneumovirus 4 (2.5) 14 (7) 3(2) 7 (5) 6 (3) 34 (4) 0 (0) 3(2) 0 (0) 3(0.5)
Influenza viruses 4 (2.5) 6 (3) 3(2) 4 (3) 8 (4) 25 (3) 3(1) 1(0.5) 1(1) 5(1)
Viral co-infections 11(7) 25(12) 32(21) 25 31 (17) 95 (15) 22 (9) 19 (11) 6 (5) 47 (9)
(19.5)
Negative 12 (8) 64 (31) 47 22 (17) 63 (34) 208 (25) 129 (52) 81 97 (81.5) 307 (57)
(53.5) (46.5)

doi:10.1371/journal.pone.0147982.1001

respiratory specimens positive for viral co-infection were parainfluenza virus with adenovi-
rus or rhinovirus and human metapneumovirus with adenovirus or rhinovirus. Hospitalized
children aged less than six months most commonly had laboratory-confirmed RSV (129 of
459,28%) (Fig 1).

120
100
80
60

40

) I
5 l L

Total number of positives

Respiratory Parainfluenza Human Influenza virus Rhinovirus Adenovirus
syncytial virus virus metapneumovirus
B <6months 6-12 months 1-5years

Fig 1. Cumulative age-specific viral etiology of hospitalized children with respiratory illness aged <5 years enrolled in the four surveillance
hospitals, Bangladesh, 2010-2014.

doi:10.1371/journal.pone.0147982.g001

PLOS ONE | DOI:10.1371/journal.pone.0147982 February 3, 2016 6/14



@’PLOS ‘ ONE

Childhood Respiratory Virus-Associated Hospitalization

45
40

o 35

>

2

G 30

o

a

Y 25

[5)

S

o 20

2

§ 15

c

g 10

= 3
0

We obtained information about the survival status of 99% (821 of 829) of the children after
discharge beyond two weeks of symptoms onset. From January 2010 through December 2014,
we identified 13 deaths (case fatality proportion 1.6% 95% CI 0.8-2.7%). Of the 13 death cases
6 (46%) were male and the median age was 3 months (IQR 2-5 months). One of the 197 chil-
dren with laboratory-confirmed RSV (in hospital fatality of 0.7%, 95% CI 0.01-2.8%), two of
the 149 with rhinoviruses (in hospital fatality of 1.3%, 95% CI 0.16-4.8%) and two of the 34
with HMPV (in hospital fatality of 6%, 95% CI 0.7-21%) died within 14 days of enrollment
into the surveillance. We did not identify any deaths among the 25 influenza, 45 parainfluenza
or 31 adenovirus infected children.

Profile of the asymptomatic control children. We enrolled 246 children in 2012, 175 in
2013 and 119 children in 2014 children who did not have any respiratory symptoms in the pre-
ceding 7-14 days before admission (Table 1). Out of these 540 children, 37.5% of them were
positive for one of the respiratory viruses and their median age was 12 months (IQR 7-18
months). Rhinovirus and adenovirus were frequently identified among asymptomatic children
across all age groups (Fig 2).

Annual distribution of viral activity

There were peaks in RSV-associated hospitalization during the last four months of the year in
2011 through 2014 when the temperature was cooler. Influenza activity peaked during June-
July which is the rainy season in Bangladesh. There was no clear distinct seasonality for the
other viruses (Fig 3).

Health care utilization survey

During January 3-March 26, 2013 field researchers interviewed participants from 2,525 house-
holds and collected information on health care service utilization for 1,391 children aged <5 years.

Respiratory
syncytial virus

Parainfluenza Human Influenza virus  Rhinovirus Adenovirus
virus metapneumo
virus

W <6months 6-12 months 1-5 years

Fig 2. Cumulative age-specific viral etiology of hospitalized children without respiratory iliness aged <5 years enrolled in the four surveillance
hospitals, Bangladesh, 2010-2014.

doi:10.1371/journal.pone.0147982.9002
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Fig 3. Monthly distribution of total number of enrolled hospitalized children with respiratory symptoms andproportion of children with respiratory
symptoms positive for respiratory syncytial virus, human metapneumovirus, parainfluenza, influenza, adenovirus and rhinovirus infection in the
four surveillance hospitals, Bangladesh, 2010-2014.

doi:10.1371/journal.pone.0147982.g003

Among 1,391 children, 26 were hospitalized for respiratory symptoms (any two of the following:
fever, cough or difficulty breathing) within the 12 months preceding the interview; 70% (19 out of
26) were male. Of the 26 children who were hospitalized with respiratory symptoms, 14 (54%)
were hospitalized at the surveillance hospitals (four in Jahurul Islam Medical College Hospital,
Kishoreganj, one in Shaheed Ziaur Rahman Medical College Hospital, Bogra, three in Comilla
Medical College Hospital, Comilla and six in Sher-e-Bangla Medical College Hospital, Barisal).

Annual incidence of hospitalized respiratory illness

We estimated that 2,356 children in 2010, 1,588 children in 2011, 1,193 children in 2012 973 in
2013 and 1,398 children in 2014 were hospitalized at the surveillance hospitals with respiratory
illness. The estimated annual incidences per1000 children per year of all causes associated
respiratory hospitalizations and respiratory viral infections associated hospitalizations were 19
and 10in 2010, 12.5 and 4.5 in 2011, 9 and 2 in 2012, 7.4 and 1 in 2013 and 9 and 4 in 2014
(Table 2). The incidence over the four-year period of surveillance was highest for RSV associ-
ated respiratory hospitalization (Table 2).

Discussion

Our data suggest that respiratory viruses, specifically RSV, are major contributors to childhood
respiratory hospitalization in Bangladesh. Although our surveillance was only based in four
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Table 2. The incidences of respiratory viral pathogen specific hospitalized respiratory illness (per 1000 children per year) among children aged
<5years in four surveillance hospitals, Bangladesh, 2010-2014.

Parameters 2010 2011 2012 2013 2014 2010-2014

Estimated number (95% CI)* respiratory hospitalizations associated with

All cause 2356 1588 1193 973 1398 7508
(1986—2728) (1373-1804) (979-1347) (804—-1141) (0.3-0.6) (56328-8678)

Respiratory viruses 1277 570 (433-707) 297 (274-510) 137 (114-304) 570 2851
(1034-1536) (548-836) (2031-4351)

Respiratory syncytial virus 1049 297 (198-403) 266 (175-365) 61 (15-122) 350 2023
(867—1232) (236—471) (1461-2867)

Rhinovirus 608 (395-821) 281 (175-395) 160 (83-251) 388 (274-502) NA NA

Parainfluenza viruses 1-3 91 (15-213) 122 (53-205) 61 (15-122) 56 (8—99) 68 (15-129)  319(279-490)

Adenovirus 137 (30-274) 61 (15-122) 30 (0-76) 38 (0-91) 38 (0-91) 266 (177-355)

Human metapneumovirus 61 (0-152) 106 (38—190) 23 (0-68) 53 (8-115) 46 (8-99) 243 (194-389)

Influenza 76 (0-182) 46 (8-99) 23 (0-68) 76 (8-99) 68 (23-129) 289 (177-355)

Proportion of children (95% Cl)¥hospitalized at the sentinel hospitals in the preceding 12 months with respiratory symptoms

Four catchment areas 0.54 (0.3-0.7) 0.54 (0.3-0.7) 0.54 (0.3-0.7) 0.54 (0.3-0.7) 0.54 0.54 (0.3-0.7)

(0.3-0.7)

Census population aged <5years

Four catchment areas 233428 236670 239912 243031 246190 239846

Incidences/1000 children per year (95% ClI)

All cause respiratory hospitalization 19 (18-25) 12.5(12.0-16.5) 9(8.8-12) 7.4 (7-10) 9(9-12) 11.5 (10-12)

Respiratory virus-associated hospitalization 10 (9.6-14.0) 4.5 (4.0-6.5) 2 (2.5-5) 1(1-3) 4 (2-6) 4 (2-6)

Respiratory syncytial virus-associated 8.3 (8-11) 2.3 (2-4) 2 (1.5-3) 0.5 (0.1-1) 3 (2-4) 3 (2-3)

hospitalization

Rhinovirus-associated hospitalization 5 (3-7) 2 (1-3) 1 (0.6-2) 3 (2—4) NA NA

Parainfluenza virus-associated 0.7 (0.1-2) 1.5 (0.5-2) 0.5 (0.1-1) 0.4 (0.1-1) 0.5 (0.1-1) 0.5 (0.4-0.8)

hospitalization

Adenovirus-associated hospitalization 1(0.2-2) 1.5 (0.1-2) 0.5 (0-0.6) 0.3 (0-0.7) 0.3 (0-0.7) 0.4 (0.3-0.6)

Human metapneumo virus-associated 0.5 (0-1) 0.8 (0.4-2) 0.2 (0-1) 0.4 (0.1-1) 0.3 (0.1-1) 0.4 (0.3-0.6)

hospitalization

Influenza-associated hospitalization 0.60 (0-2) 0.35 (0.1-1) 0.2 (0-1) 0.6 (0.1-1) 0.5 (0.1-1) 0.4 (0.3-6)

*The 95% CI around the estimates takes into account the variability in the percent positivity
¥ As the health utilization survey was a cross-sectional survey and was only conducted once the proportion of children who were hospitalized at the
sentinel hospitals remains unchanged over the three years

doi:10.1371/journal.pone.0147982.1002

hospitals, if we assume that our estimated incidences were similar across the country, then by
multiplying the rates by the national population of 2,008,6376 of children aged <5 years we
can estimate that approximately 80,345 (95% CI 79,790-80,902) children in 2014 were hospi-
talized with respiratory virus associated acute respiratory illness in Bangladesh. Given that only
35% of the children with ARI seek hospital care in Bangladesh [21], it is likely that the true bur-
den of respiratory virus associated illness in children <5 years in Bangladesh could be higher.
Such a high burden of respiratory virus associated severe illness and suboptimal health seeking
behavior warrants the need for targeted interventions to lower the burden of viral respiratory
infection in children <5 years.

The rates of RSV and influenza associated respiratory illness among hospitalized children
aged <5 years were comparable to rates in other low and middle income countries including
Kenya [24], Mozambique, South Africa [16], El Salvador [25], Costa Rica [17] and Thailand
[15] which ranged between 3 to 10/1000 children per year for RSV and 0.3 to 2/1000 children
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per year for influenza. We did observe a high rate of RSV-associated hospitalizations in 2010. It
is possible that 2010 was an exceptional year of increased RSV activity. Indeed a RSV-associ-
ated outbreak was reported from the country in the same year and population based data also
suggest yearlong RSV activity in children aged<2 in 2010 [13, 26]. The RSV detection rate was
lower in 2013 which could be due to the annual variation in the circulation pattern of RSV.
RSV circulation varies from year to year and there can be large and small epidemics in some
countries [23, 26]. The median age of the children we enrolled in 2013 was 7 months. It is pos-
sible that merely by chance we enrolled older children in 2013 which limited our capability to
detect RSV positive children as the rate of RSV disease is highest in children aged <6 months
[13,27-30].

The RSV positivity rate in our study was higher among children aged <6 months. Different
studies have noted the burden of hospitalization associated with RSV to be highest among chil-
dren aged <6 months [13, 27-30]. The high rates of RSV-associated severe illness in very
young children make RSV a suitable candidate for vaccine development. Currently, there are
no effective antivirals or vaccines against RSV infection. Several RSV vaccines are being evalu-
ated under clinical trials and have yet to be licensed [31]. Palivizumab, an expensive humanized
monoclonal antibody [32] with proven efficacy in reducing hospitalization rates in high-risk
infants and children [33], is only recommended for use in some middle and high-income coun-
tries [34, 35].

We detected a small number of children confirmed with influenza infection probably
because we conducted the surveillance only four days a month. It is possible that we did not
account for children with influenza who did not seek care at any hospital and who manifested
differently from the surveillance system case-definition. Despite the small numbers of labora-
tory-confirmed influenza cases enrolled in this surveillance project, 35% (20 of 57) of all influ-
enza positive children were aged <6 months. Unlike RSV, influenza is a vaccine preventable
disease and maternal immunization against influenza protects children against influenza
illness until they are eligible for vaccination at age >6 months [36-38]. Influenza vaccines are
not routinely used in Bangladesh. Studies to evaluate the cost-effectiveness of immunization
of pregnant women to prevent influenza among mothers and their infants aged <6 months
may help public health officials explore the potential value of vaccinating pregnant women in
Bangladesh.

More than 50% of the control children tested positive for a respiratory virus. Rhinovirus
and adenovirus were the two most commonly identified viruses among control children. A
study done in Alaska also frequently identified these two viruses among control children [39].
Our detection rate of 21% for rhinovirus and 12% for adenovirus were comparable to previous
studies [40, 41]. Though rhinovirus was the second most common virus detected among hospi-
talized children after RSV, high detection rates among children without respiratory symptoms
limit us from making inference about the causal relation between rhinovirus and illness. Respi-
ratory viral detection rate of 1-2% for other viruses among asymptomatic hospitalized children
was concordant with findings from other studies suggesting that probably the presence of these
viruses are associated with respiratory symptoms. [39, 42].

Although there is limited information about the incidence of HMPV and PIV associated
severe illness, like other published reports our data suggest that after RSV, PIVs were frequently
identified among hospitalized children with respiratory illness [2]. The frequency of labora-
tory-confirmed infection with HMPV was 4% among our hospitalized children, a figure which
was similar to those found in Hong Kong, Korea, USA and Netherlands [11-14]. The detection
rate of HMPV, however, was 13% among hospitalized children with respiratory illness in
neighboring India [43] and could be higher because of annual variation in viral activity. Despite
differences in methodologies, the similarity in rates of hospitalized viral respiratory illness in
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diverse countries suggests that respiratory viruses indeed are important contributors of child-
hood hospitalization across the world.

As the surveillance was conducted only one day per week, the small number of sampled
children limited our capacity to estimate precisely the total number of children that may have
been hospitalized with respiratory illness. We did, however, account for the sampling fraction
in our analyses and in addition the surveillance was conducted for five years which we believe
contributed to generating credible estimates. We did not account for children who did not seek
care at any hospital and who manifested differently from the surveillance systems’ case-defini-
tion. Our case definition included any two of the following symptoms: fever, cough and diffi-
culty in breathing and it is likely that we missed children with ARI having high fever and
runny nose. However a previous prospective population based study from our group showed
that 100% of children with physician diagnosed pneumonia had cough and fever and >80% of
the children had difficulty in breathing [13]. As the primary objective of the study was to esti-
mate the burden of severe viral respiratory illness, inclusion of any two of the above mentioned
symptoms in the case definition might have captured majority of the children with ALRI
requiring admitted care on the sampling days. Our rates were comparable to a population-
based study conducted in rural Bangladesh [44]. We considered the primary catchment areas
of the hospitals to be areas where >60% of the patients resided which was an arbitrary cut-off.
This cut off was chosen to balance the selection of sufficient cases from a large enough catch-
ment area with the ability to precisely determine the proportion seeking care at the surveillance
hospital versus another hospital. Choosing a very small proportion would have meant we had
to canvas a very large catchment area to obtain a relatively small proportion of persons seeking
care at the sentinel site and choosing a large proportion would have severely restricted the pop-
ulation at risk and the number of respiratory illness events; both extremes could have threat-
ened the precision of our rate estimates. The health utilization survey was only done once in
2013, however we are not aware of any changes in health seeking behavior in Bangladesh and it
is unlikely that proportion of children seeking care at the surveillance hospitals would have
changed over time. Health care utilization is also limited by the capacity of the health system to
provide care to the population. In Bangladesh there are 11 patients admitted for every 10 beds.
[45]. We identified from the health utilization survey and surveillance that male children were
hospitalized more frequently than female children which may have led to underestimation of
the rates of severe respiratory illness among girls in the community. Although health seeking
behavior in Bangladesh is skewed towards the male gender [46], male sex has also been identi-
fied as a risk factor for severe respiratory infection [44]. Also the surveillance hospitals were
chosen from geographically diverse locations, our estimated rates were based on only four sites
and the rate of respiratory viral infections among hospitalized children were likely different in
other areas within Bangladesh; especially in the more densely populated urban areas of the
country and thus our rates must be interpreted with caution. We used PCR technology to
detect viruses which only confirms infection with a virus and does not confirm disease causa-
tion. We did not subtype the samples that were positive for rhinovirus. Indeed rhino virus sub-
type C has been associated with severe illness [47]. This limits our capacity to draw inference
regarding the presence of rhinovirus and severity of respiratory illness in children. We also did
not test the respiratory specimens for other viruses such as coronavirus, enterovirus or boca-
virus which have been associated to respiratory illness. However due to logistical constraints,
we were primarily interested in the viruses that were frequently associated with lower respira-
tory infections in children [48]. In addition we did not follow the asymptomatic children while
they were hospitalized to see if they subsequently developed respiratory symptoms due to logis-
tical constraints which may partly explain the high detection rate of rhinovirus and adenovirus
among asymptomatic children. Lastly, we do not have the data on how many patients declined
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to participate, but the number of non-response was probably minimal. The children were
already hospitalized and we only collected nasal and throat swabs from them through mini-
mally invasive procedure so we believe unwillingness to participate in the surveillance might
have been negligible.

Our data suggest that respiratory viruses caused a large number of hospitalizations among
children aged <5 years in Bangladesh. Further development of effective vaccines against respi-
ratory viral illness will play an instrumental role in lowering the burden of severe respiratory
illness. In the meantime, research exploring the value of interventions such as frequent hand
washing [49-51] may help in designing scalable cost-effective interventions in low-income set-
tings like Bangladesh.

Acknowledgments

icddr,b is grateful for the commitment of CDC to its research efforts. US CDC gave financial
support for this study (cooperative agreement 1U01CI000628-04). The authors would like to
thank all the study participants and the surveillance hospitals for their contribution in the
study. We gratefully acknowledge the relentless effort of the field staff involved in data collec-
tion and compilation. We also acknowledge the contribution of Dean D. Erdman for the design
of the primers and probes for the laboratory testing of the study. We are also very grateful to
Diana DiazGranados for her help with editing of the manuscript.

Author Contributions

Conceived and designed the experiments: NH SL MA WAB BMS MAW Mahmudur Rahman
JB KSR EAB. Performed the experiments: NH MA Mustafizur Rahman ZR. Analyzed the data:
NH KCB KI Mustafizur Rahman ZR RCP MUB KH. Contributed reagents/materials/analysis
tools: MW. Wrote the paper: NH.

References

1. NairH, Simoes EA, Rudan |, Gessner BD, Azziz-Baumgartner E, Zhang JS, et al. Global and regional
burden of hospital admissions for severe acute lower respiratory infections in young childrenin 2010: a
systematic analysis. Lancet. 2013; 381(9875):1380-90. doi: 10.1016/S0140-6736(12)61901-1 PMID:
23369797

2. Rudan |, Boschi-Pinto C, Biloglav Z, Mulholland K, Campbell H. Epidemiology and etiology of childhood
pneumonia. Bulletin of the World Health Organization. 2008; 86(5):321—416.

3. Halder AK, Gurley ES, Naheed A, Saha SK, Brooks WA, El Arifeen S, et al. Causes of early childhood
deaths in urban Dhaka, Bangladesh. PLoS One. 2009; 4(12):e8145. doi: 10.1371/journal.pone.
0008145 PMID: 19997507

4. Baqui AH, Black RE, Arifeen SE, Hill K, Mitra SN, al Sabir A. Causes of childhood deaths in Bangla-
desh: results of a nationwide verbal autopsy study. Bull World Health Organ. 1998; 76(2):161-71.
PMID: 9648357

5. Walker TA, Khurana S, Tilden SJ. Viral respiratory infections. Pediatr Clin North Am. 1994; 41(6):1365—
81. PMID: 7984389

Henrickson KJ. Viral pneumonia in children Pediatric Infectious Diseases. 1998; 9(3):217-33.

7. AusinaV, Coll P, Sambeat M, Puig, Condom MJ, Luquin M, et al. Prospective study on the etiology of
community-acquired pneumonia in children and adults in Spain. European Journal of Clinical Microbiol-
ogy and Infectious Diseases. 1988; 7(3):342—7. PMID: 3137033

8. Korppi M, Heiskanen-Kosma T, Jalonen E, Saikku P, Leinonen M, Halonen P, et al. Aetiology of com-
munity-acquired pneumonia in children treated in hospital European journal of pediatrics. 1993; 152
(1):24-30. PMID: 8444202

9. Weber MW, Milligan P, Hilton S, Lahai G, Whittle H, Mulholland EK, et al. Risk factors for severe respi-
ratory syncytial virus infection leading to hospital admission in children in the western region of The
Gambia. International journal of epidemiology. 1999; 28:157-62. PMID: 10195682

PLOS ONE | DOI:10.1371/journal.pone.0147982 February 3, 2016 12/14


http://dx.doi.org/10.1016/S0140-6736(12)61901-1
http://www.ncbi.nlm.nih.gov/pubmed/23369797
http://dx.doi.org/10.1371/journal.pone.0008145
http://dx.doi.org/10.1371/journal.pone.0008145
http://www.ncbi.nlm.nih.gov/pubmed/19997507
http://www.ncbi.nlm.nih.gov/pubmed/9648357
http://www.ncbi.nlm.nih.gov/pubmed/7984389
http://www.ncbi.nlm.nih.gov/pubmed/3137033
http://www.ncbi.nlm.nih.gov/pubmed/8444202
http://www.ncbi.nlm.nih.gov/pubmed/10195682

@’PLOS ‘ ONE

Childhood Respiratory Virus-Associated Hospitalization

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,
23.

24.

25.

26.

27.

28.

29.

30.

31.

Smyth A. Pneumonia due to viral and atypical organisms and their sequelae. British medical bulletin.
2002; 61:247-62. PMID: 11997310

Peng D, Zhao D, Liu J, Wang X, Yang K, Xicheng H, et al. Multipathogen infections in hospitalized chil-
dren with acute respiratory infections. Virology Journal. 2009; 6(155).

Hasan K, Jolly P, Marquis G, Roy E, Podder G, Alam K, et al. Viral etiology of pneumonia in a cohort of
newborns till 24 months of age in Rural Mirzapur, Bangladesh. Scandinavian journal of infectious dis-
eases. 2006; 38:69—-695.

Homaira N, Luby SP, Petri WA, Vainionpaa R, Rahman M, Hossain K, et al. Incidence of respiratory
virus-associated pneumonia in urban poor young children of Dhaka, Bangladesh, 2009-2011. PLoS
One. 2012; 7(2):32056. doi: 10.1371/journal.pone.0032056 PMID: 22384139

Nasreen S, Luby SP, Brooks WA, Homaira N, Al Mamun A, Bhuiyan MU, et al. Population-based inci-
dence of severe acute respiratory virus infections among children aged <5 years in rural Bangladesh,
June-October 2010. PLoS One. 2014; 9(2):€89978. doi: 10.1371/journal.pone.0089978 PMID:
24587163

Fry AM, Chittaganpitch M, Baggett HC, Peret TC, Dare RK, Sawatwong P, et al. The burden of hospital-
ized lower respiratory tract infection due to respiratory syncytial virus in rural Thailand. PLoS One.
2010; 5(11):e15098. doi: 10.1371/journal.pone.0015098 PMID: 21152047

Robertson SE, Roca A, Alonso P, Simoes EA, Kartasasmita CB, Olaleye DO, et al. Respiratory syncy-
tial virus infection: denominator-based studies in Indonesia, Mozambique, Nigeria and South Africa.
Bull World Health Organ. 2004; 82(12):914-22. PMID: 15654405

Saborio GG, Clara A, Garcia A, Quesada F, Palekar R, Minaya P, et al. Influenza-associated Hospitali-
zations and Deaths, Costa Rica, 2009-2012. Emerg Infect Dis. 2014; 20(5):878-81. doi: 10.3201/
eid2005.131775 PMID: 24750897

Alonso WJ, Laranjeira BJ, Pereira SA, Florencio CM, Moreno EC, Miller MA, et al. Comparative dynam-
ics, morbidity and mortality burden of pediatric viral respiratory infections in an equatorial city. Pediatr
Infect Dis J. 31(1):e9—-14. doi: 10.1097/INF.0b013e31823883be PMID: 22001966

Centers for Disease Control and Prevention (CDC). Protocol of realtime RT-PCR for Influenza A
(H1N1) 2009. 2009.

Weinberg GA, Schnabel KC, Erdman DD, Prill MM, lwane MK, Shelley LM, et al. Field evaluation of
TagMan Array Card (TAC) for the simultaneous detection of multiple respiratory viruses in children with
acute respiratory infection. J Clin Virol. 2013; 57(3):254—60. doi: 10.1016/j.jcv.2013.03.016 PMID:
23608639

Mitra S, Ali M, Islam S, Cross A, Saha T. Bangladesh Demographic and Health Survey, 2004. NIPORT,
Mitra and Associates and ORC Macro International Inc. 2005.

Oehlert GW. A note on the Delta Method. The American Statistician. 1992; 46(1):27-9.

Powell LA. Approximating variance of demographic parameters using the delta method: a reference for
avian biologists. The Condor. 2007; 109(4):949-54.

Feikin DR, Ope MO, Aura B, Fuller JA, Gikunju S, Vulule J, et al. The population-based burden of influ-
enza-associated hospitalization in rural western Kenya, 2007—-2009. Bull World Health Organ. 2012; 90
(4):256—63A. doi: 10.2471/BLT.11.094326 PMID: 22511821

Clara W, Armero J, Rodriguez D, de Lozano C, Bonilla L, Minaya P, et al. Estimated incidence of influ-
enza-virus-associated severe pneumonia in children in El Salvador, 2008—2010. Bull World Health
Organ. 2012; 90(10):756—63. doi: 10.2471/BLT.11.098202 PMID: 23109743

Haque F, Husain MM, Ameen KM, Rahima R, Hossain MJ, Alamgir AS, et al. Bronchiolitis outbreak
caused by respiratory syncytial virus in southwest Bangladesh, 2010. Int J Infect Dis. 2012; 16(12):
e866—-71. doi: 10.1016/}.ijid.2012.07.016 PMID: 22938872

Weber MW, Mulholland EK, Greenwood BM. Respiratory syncytial virus infection in tropical and devel-
oping countries. Tropical Medicine and International Health. 2002; 3(4):268—80.

Neuzil KM, Mellen BG, Wright PF, Mitchel EFJ, Griffin MR. The effect of influenza hospitalizations, out-
patient visits and courses of antibiotics in children. N Engl J Med. 2000; 342:225-31. PMID: 10648763

Montes M, Vicente D, Perez-Yarza EG, Cilla G, Perez-Trallero E. Influenza-related hospitalizations
among children aged less than 5 years old in the Basque Country, Spain: a 3-year study (July 2001-
June 2004). Vaccine. 2005; 23:4320-6.

Ampofo K, Gesteland PH, Bender J, Mills M, Daly J, Samore M, et al. Epidemiology, complications, and
cost of hospitalization in children with laboratory-confirmed influenza infection. Pediatrics. 2006; 118
(6):2409-17. PMID: 17142526

Haynes LM. Progress and challenges in RSV prophylaxis and vaccine development. J Infect Dis. 208
Suppl 3:5177-83. doi: 10.1093/infdis/jit512 PMID: 24265476

PLOS ONE | DOI:10.1371/journal.pone.0147982 February 3, 2016 13/14


http://www.ncbi.nlm.nih.gov/pubmed/11997310
http://dx.doi.org/10.1371/journal.pone.0032056
http://www.ncbi.nlm.nih.gov/pubmed/22384139
http://dx.doi.org/10.1371/journal.pone.0089978
http://www.ncbi.nlm.nih.gov/pubmed/24587163
http://dx.doi.org/10.1371/journal.pone.0015098
http://www.ncbi.nlm.nih.gov/pubmed/21152047
http://www.ncbi.nlm.nih.gov/pubmed/15654405
http://dx.doi.org/10.3201/eid2005.131775
http://dx.doi.org/10.3201/eid2005.131775
http://www.ncbi.nlm.nih.gov/pubmed/24750897
http://dx.doi.org/10.1097/INF.0b013e31823883be
http://www.ncbi.nlm.nih.gov/pubmed/22001966
http://dx.doi.org/10.1016/j.jcv.2013.03.016
http://www.ncbi.nlm.nih.gov/pubmed/23608639
http://dx.doi.org/10.2471/BLT.11.094326
http://www.ncbi.nlm.nih.gov/pubmed/22511821
http://dx.doi.org/10.2471/BLT.11.098202
http://www.ncbi.nlm.nih.gov/pubmed/23109743
http://dx.doi.org/10.1016/j.ijid.2012.07.016
http://www.ncbi.nlm.nih.gov/pubmed/22938872
http://www.ncbi.nlm.nih.gov/pubmed/10648763
http://www.ncbi.nlm.nih.gov/pubmed/17142526
http://dx.doi.org/10.1093/infdis/jit512
http://www.ncbi.nlm.nih.gov/pubmed/24265476

@’PLOS ‘ ONE

Childhood Respiratory Virus-Associated Hospitalization

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

Joffe S, Ray GT, Escobar GJ, Black SB, Lieu TA. Cost-effectiveness of respiratory syncytial virus pro-
phylaxis among preterm infants. Pediatrics. 1999; 104(3):419-27. PMID: 10469764

The PREVENT Study Group. Reduction of respiratory syncytial virus hospitalization among premature
infants and infants with bronchopulmonary dysplasia using respiratory syncytial virus immune globulin
prophylaxis. 1997; 99(1):93-9.

Simoes EA, Groothuis JR, Carbonell-Estrany X, Rieger CH, Mitchell I, Fredrick LM, et al. Palivizumab
prophylaxis, respiratory syncytial virus, and subsequent recurrent wheezing. J Pediatr. 2007; 151
(1):34-42, e1. PMID: 17586188

Wang D, Cummins C, Bayliss S, Sandercock J, Burls A. Immunoprophylaxis against respiratory syncy-
tial virus (RSV) with palivizumab in children: a systematic review and economic evaluation. Health
Technol Assess. 2008; 12(36):iii, ix—x, 1-86. PMID: 19049692

Zaman K, Roy E, Arifeen SE, Rahman M, Ragib R, Wilson E, et al. Effectiveness of Maternal Influenza
Immunization in Mothers and Infants. The New England journal of medicine. 2008; 359:1555-64. doi:
10.1056/NEJM0a0708630 PMID: 18799552

Poehling KA, Szilagyi PG, Staat MA, Snively BM, Payne DC, Bridges CB, et al. Impact of maternal
immunization on influenza hospitalizations in infants. Am J Obstet Gynecol. 204(6 Suppl 1):S141-8.
doi: 10.1016/j.ajog.2011.02.042 PMID: 21492825

Englund JA. Maternal immunization with inactivated influenza vaccine: rationale and experience. Vac-
cine. 2003; 21(24):3460—4. PMID: 12850360

Singleton RJ, Bulkow LR, Miernyk K, DeByle C, Pruitt L, Hummel KB, et al. Viral respiratory infections
in hospitalized and community control children in Alaska. J Med Virol. 2010; 82(7):1282—-90. doi: 10.
1002/jmv.21790 PMID: 20513097

van Benten |, Koopman L, Niesters B, Hop W, van Middelkoop B, de Waal L, et al. Predominance of rhi-
novirus in the nose of symptomatic and asymptomatic infants. Pediatr Allergy Immunol. 2003; 14
(5):363—-70. PMID: 14641606

Jartti T, Jartti L, Peltola V, Waris M, Ruuskanen O. Identification of respiratory viruses in asymptomatic
subjects: asymptomatic respiratory viral infections. Pediatr Infect Dis J. 2008; 27(12):1103-7. doi: 10.
1097/INF.0b013e31817e695d PMID: 18978518

Jansen RR, Wieringa J, Koekkoek SM, Visser CE, Pajkrt D, Molenkamp R, et al. Frequent detection of
respiratory viruses without symptoms: toward defining clinically relevant cutoff values. J Clin Microbiol.
2011; 49(7):2631-6. doi: 10.1128/JCM.02094-10 PMID: 21543571

Banerjee S, Bharaj P, Sullender W, Kabra SK, Broor S. Human metapneumovirus infections among
children with acute respiratory infections seen in a large referral hospital in India. J Clin Virol. 2007; 38
(1):70-2. PMID: 17085070

Nasreen S, Luby SP, Brooks WA, Homaira N, Al Mamun A, Bhuiyan MU, et al. Population-based inci-
dence of severe acute respiratory virus infections among children aged <5 years in rural Bangladesh,
June-October 2010. PLoS One. 9(2):€89978. doi: 10.1371/journal.pone.0089978 PMID: 24587163

Gurley ES, Zaman RU, Sultana R, Bell M, Fry AM, Srinivasan A, et al. Rates of hospital-acquired respi-
ratory illness in Bangladeshi tertiary care hospitals: results from a low-cost pilot surveillance strategy.
Clin Infect Dis. 2010; 50(8):1084—-90. doi: 10.1086/651265 PMID: 20210642

Ahmed SM, Adams AM, Chowdhury M, Bhuiya A. Gender, socioeconomic development and health-
seeking behaviour in Bangladesh. Soc Sci Med. 2000; 51(3):361-71. PMID: 10855923

Miller EK, Mackay IM. From sneeze to wheeze: what we know about rhinovirus Cs. J Clin Virol. 2013;
57(4):291-9. doi: 10.1016/j.jcv.2013.04.015 PMID: 23714395

Ruuskanen O, Lahti E, Jennings LC, Murdoch DR. Viral pneumonia. Lancet. 2011; 377(9773):1264—
75. doi: 10.1016/S0140-6736(10)61459-6 PMID: 21435708

Rabie T, Curtis V. Handwashing and risk of respiratory infections: a quantitative systematic review.
Trop Med Int Health. 2006; 11(3):258—-67. PMID: 16553905

Warren-Gash C, Fragaszy E, Hayward AC. Hand hygiene to reduce community transmission of influ-
enza and acute respiratory tract infection: a systematic review. Influenza Other Respi Viruses. 2012.

Jefferson T, Del Mar C, Dooley L, Ferroni E, Al-Ansary LA, Bawazeer GA, et al. Physical interventions
to interrupt or reduce the spread of respiratory viruses: systematic review. BMJ. 2009; 339:b3675. doi:
10.1136/bm|.b3675 PMID: 19773323

PLOS ONE | DOI:10.1371/journal.pone.0147982 February 3, 2016 14/14


http://www.ncbi.nlm.nih.gov/pubmed/10469764
http://www.ncbi.nlm.nih.gov/pubmed/17586188
http://www.ncbi.nlm.nih.gov/pubmed/19049692
http://dx.doi.org/10.1056/NEJMoa0708630
http://www.ncbi.nlm.nih.gov/pubmed/18799552
http://dx.doi.org/10.1016/j.ajog.2011.02.042
http://www.ncbi.nlm.nih.gov/pubmed/21492825
http://www.ncbi.nlm.nih.gov/pubmed/12850360
http://dx.doi.org/10.1002/jmv.21790
http://dx.doi.org/10.1002/jmv.21790
http://www.ncbi.nlm.nih.gov/pubmed/20513097
http://www.ncbi.nlm.nih.gov/pubmed/14641606
http://dx.doi.org/10.1097/INF.0b013e31817e695d
http://dx.doi.org/10.1097/INF.0b013e31817e695d
http://www.ncbi.nlm.nih.gov/pubmed/18978518
http://dx.doi.org/10.1128/JCM.02094-10
http://www.ncbi.nlm.nih.gov/pubmed/21543571
http://www.ncbi.nlm.nih.gov/pubmed/17085070
http://dx.doi.org/10.1371/journal.pone.0089978
http://www.ncbi.nlm.nih.gov/pubmed/24587163
http://dx.doi.org/10.1086/651265
http://www.ncbi.nlm.nih.gov/pubmed/20210642
http://www.ncbi.nlm.nih.gov/pubmed/10855923
http://dx.doi.org/10.1016/j.jcv.2013.04.015
http://www.ncbi.nlm.nih.gov/pubmed/23714395
http://dx.doi.org/10.1016/S0140-6736(10)61459-6
http://www.ncbi.nlm.nih.gov/pubmed/21435708
http://www.ncbi.nlm.nih.gov/pubmed/16553905
http://dx.doi.org/10.1136/bmj.b3675
http://www.ncbi.nlm.nih.gov/pubmed/19773323

