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Abstract: Respiratory syncytial virus (RSV) is a leading cause of acute lower respiratory infections in young
children worldwide. RSV-associated deaths in children are underreported in Bangladesh. We analyzed
hospital-based surveillance data on severe acute respiratory infections (SARI) in under-five children before
(August 2009-February 2020) and during the COVID-19 pandemic (March 2020-March 2022). Using the World
Health Organization definition, we identified SARI cases in 14 tertiary-level hospitals. Nasopharyngeal and
oropharyngeal swabs were collected for real-time reverse transcriptase-polymerase chain reaction (rRT-PCR)
testing of six respiratory viruses, including RSV. SARI deaths during the pandemic (2.6%, 66) were higher than
pre-pandemic (1.8%, 159; p<0.001). Nearly half of pandemic deaths (47%) had underlying respiratory viruses,
similar to the pre-pandemic rate (45%). RSV detection in deaths was consistent pre-pandemic (13%, 20/159) and
during the pandemic (12%, 8/66). Children aged <6 months constituted 57% (16) of RSV-related deaths.
Evaluating interventions like maternal vaccination and infant monoclonal antibody prophylaxis is crucial to
address RSV, a major contributor to under-five SARI deaths.

Keywords: respiratory syncytial virus; RSV; COVID-19 pandemic; children; SARI death;
Bangladesh

1. Introduction

Respiratory Syncytial Virus (RSV) is a major cause of respiratory tract infections worldwide in
infants and young children [1]. It is highly contagious, transmitted through respiratory droplets and
touch, posing a significant global health burden [2], predominantly in low- and middle-income
countries (LMICs) [3]. Globally, one in every 50 deaths among under-five children is attributable to
RSV. In 2019, there were around 3.6 million hospital admissions and 26,300 in-hospital deaths
globally in children under five years due to RSV [3]. LMICs bear the brunt of the RSV burden,
accounting for over 95% of RSV-acute lower respiratory infections and over 97% of related mortality
in all age groups globally [3].

Bangladesh, an LMIC, faces a significant RSV burden, with approximately 90% of excess
mortality during the RSV season attributed to RSV infections [4]. Hospitalization rates due to RSV
are considerable, with RSV having the highest burden among both hospitalized (34%) and non-
hospitalized (39%) cases in children under the age of five [5].

The COVID-19 pandemic brought about significant changes in the epidemiology of RSV
worldwide. Studies in developed countries have reported delayed RSV peaks during the pandemic
following an absence during its typical season [6]. Reduced transmission of RSV was observed due
to non-pharmaceutical interventions like lockdowns and school closings [7]. Furthermore, changes
in the age distribution of RSV infections have been noted, with preschool-aged children being more
affected than school-going children [8]. However, the specific impact of the pandemic on RSV
epidemiology in LMICs, including Bangladesh, remains an important data gap that needs to be
addressed.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Understanding the burden of RSV-associated under-five child deaths in Bangladesh, both
during and before the COVID-19 pandemic, is critical for designing context-specific interventions
and public health policies. Data on RSV-associated morbidity and mortality may guide effective
strategies to reduce RSV burden. This study aimed to address these gaps and generate critical
evidence on RSV-associated deaths among under-five children with SARI in Bangladesh, ultimately
contributing to improved public health responses and better outcomes for the vulnerable under-five
population.

2. Materials and Methods

2.1. Study population

We analyzed the data from the hospital-based influenza surveillance (HBIS) system to
characterize SARI deaths. The HBIS was initiated in Bangladesh in 2007 in 12 tertiary care hospitals.
The surveillance was conducted in a maximum of 14 hospitals at different geographical locations
across Bangladesh over different time points (Figure 1), the number of sites ranged from 7-14
depending on the year. Since 2018, it has been operational in nine tertiary care level hospitals (seven
public and two private) geographically distributed all over Bangladesh. The activities of the
surveillance system are carried out jointly by the International Centre for Diarrhoeal Disease
Research, Bangladesh (icddr,b) and the Institute of Epidemiology, Disease Control and Research
(IEDCR) of the Government of Bangladesh (GoB) with the technical support from the United States
Centers for Disease Control and Prevention (US CDC). The inpatient capacity of the surveillance
hospitals ranges from 500 to 1500 beds with a 100%—-150% bed occupancy rate.

For this study, we analyzed the data of the participants enrolled from August 2009 to March
2022 in HBIS. Despite the ongoing pandemic in 2020 and subsequent pandemic control efforts, the
surveillance remained active and continued its operations six days a week (Saturday to Thursday) by
collecting data from the in-patient departments of the study hospitals. In our study, the pre-pandemic
period spanned from August 2009 to February 2020, and the pandemic period was considered from
March 2020 to March 2022.

2.2. Case identification and data collection:

The surveillance physicians and support staff screened and identified the SARI patients who
met the WHO case definition of SARI defined as an acute respiratory infection with subjective or
measured fever of > 38°C and a history of cough with onset within the last 10 days from inpatient
departments of medicine and pediatrics wards, coronary care units (CCU), and specialized COVID-
19 isolation wards established during the COVID-19 pandemic.

After identification, written informed consent was obtained from the parents or caregivers of
the under-five children with SARI. The surveillance physicians then enrolled and performed a
physical examination of all the under-five children with SARI. This was followed by the collection of
data using a standardized surveillance form in a handheld computer. The form included
demographic, clinical, history of comorbid conditions (e.g., diabetes, hypertension, cancer, asthma,
chronic obstructive pulmonary disease, heart diseases) and available diagnostic findings of the
patients. At the time of discharge, outcome status (referral to another facility, partial recovery, full
recovery, and in-hospital death) of the participants were recorded.
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| SL#  Surveillance sites (in the map) Sitewise study time period (in month and year)
1 Dhaka National Medical College Hospital January 2012 — September 2017
2 Community Based Medical College Hospital Jammary 2012 — September 2017
3 Jahurul Islam Medical College Hospital January 2012 — December 2019
4 | Rajshahi Medical College Hospital January 2012 — December 2019
3 Shaheed Ziaur Rahman Medical College Hospital January 2012 — September 2017
6 LAMB Hospital January 2012 — April 2016
7 Bangabandlm Memorial Hospital January 2012 — Apnl 2016
8 Cumilla Medical College Hospital January 2012 — September 2017 & January 2018 — December 2019
9 Khulna Medical College Hospital January 2012 — December 2019 \
10  Jashore 250 bed General Hospital January 2012 — September 2017 & December 2018 — December 2019
11  Jalalabad Ragib-Rabeya Medical College Hospital = January 2012 — December 2019
12 Sher-c-Bangla Medical College Hospital January 2012 — December 2019
13 | Chattogram Medical College Hospital April 2014 — December 2019
14 M Abdur Rahim Medical College Hospital April 2014 — December 2019

Figure 1. Location of the 14 surveillance hospitals of HBIS in Bangladesh.

2.3. Sample collection and laboratory analysis

Maintaining all aseptic precautions, nasopharyngeal and oropharyngeal swabs were collected
from the SARI patients after written informed consent from their parents or caregivers to participate
in our study. Swabs were placed into viral transport media, stored in a nitrogen dry shipper on site
and then transported to the virology laboratory of icddr,b, Dhaka every week. We tested all the in-
hospital death cases for common respiratory viruses: RSV, adenoviruses, influenza, human
metapneumovirus (HMPV), human parainfluenza viruses (HPIV) and SARS-CoV-2 (from March
2020) by real-time reverse transcriptase-polymerase chain reaction (rRT-PCR).

2.4. Data analysis:


https://doi.org/10.20944/preprints202311.0888.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 November 2023

We calculated descriptive statistics for all variables. Continuous variables were summarized
using median and interquartile range (IQR) based on the distribution of the variables. We provided
frequencies and proportions for categorical variables. We used Chi-square and Fisher’s exact tests to
compare the contribution of RSV in SARI mortality among under-5 children before and during the
pandemic where we considered the p-value <0.05 statistically significant. We conducted the statistical
analyses using Stata version 15, College Station, Texas 77845 USA.

3. Results

3.1. Demographics of study participants

We enrolled 8,923 under 5-year-old children with SARI during the pre-COVID-19 pandemic
phase (August 2009-February 2020). Median age was 6 months (IQR: 2.5-12) and 67% were male
(5956). During the pandemic period (March 2020-March 2022), 2,570 children <5 years were enrolled.
Median age was found 6 months (IQR: 3-14); 65% males (1680) (Table 1).

Table 1. Demographic, clinical and epidemiological characteristics of under-five children with severe
acute respiratory infections before the COVID-19 pandemic (August 2009-February 2020) and during
the COVID-19 pandemic (March 2020-March 2022) in Bangladesh.

SARI patients enrolled
sau e Ovine
Characteristics patients P . P . P
ic ic  wvalu
N=11,493 N=8,923 N=2,570 e
n (%) n (%) n (%)
Demographic characteristics
Age
7,980 2,258
<2 Year 10,238 (89) (894)  (88) 0.059
943 <0.00
2-5Y 1,255 (11 12 (12
5 Years ,255 (11) (10.6) 312 (12) 1
Median age (IQR), years 0.5 (0.2-1) 05 (0.2- 0.6 (0.2- <0.00

1) 12) 1

5957 1,680
Sex (Male) 7637664 com (o4 O158

Clinical Characteristics
5076 1,849 <0.00

Runny nose 6,925 (60.3) (57) (72) 1
7,769 2,190

Difficulty of hi 7 ! ! .014

ifficulty of breathing 9,959 (86.7) (87) (85) 0.0

Sore throat 51 (0.4) 51 (0.6) 0(0) -
. . 7,126 1,634 <0.00

Chest indrawing 8,760 (76.2) (80) 636) 1
i 2,080 755  <0.00

Unable to drink 2,835 (24.7) (233)  (294) 1
- 1,446 <0.00

Vomiting 1,571 (13.7) (16.2) 125 (5) 1
<0.00

Lethargy 668 (5.8) 628 (7) 40 (1.6) 1
Diarrhea 227 (2) 181 (2) 46 (1.8) 0.443
Duration of symptoms prior to admission in days; 2(1-3) 2(1-3) 2(1-3) 0.036

Median (IQR)
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5
. . . <0.00
Length of hospital stay in days; Median (IQR) 4 (3-6) 4(3-6) 4(2-6) 1
Co-morbid condition
8,855 2,551
>1 co- i iti 1f- 11,4 2 ’ ’ 907
co-morbid condition (Self-reported) ,406 (99.2) ©2)  (99.3) 0.90
Treatment received
5398 2,406 <0.00
Antibioti 7,804 (91 ! ’
ntibiotic ,804 (91) (90) (93.6) 1
Oseltamivir 0 (0) 0(0) 0 (0) -
2,232 1,226 <0.00
Oxygen 3,458 (41) @77 @7 1
Mechanical ventilation 4 (0.05) 4(0.07) 0(0) -
ICU support (after admission in general ward) 9(0.1) 8§(0.1) 1(04) -
Laboratory Results
RSV * 658 (29) 638 (29) 20 (17) 0.242
Influenza virus 898 (7.8) 698 (7.8) 200 (7.8) 1
SARS-CoV-2% 6 (0.23) 0(0) 6(0.23) -
HMPV?t 168 (7.3) 164 (7.5) 4(3.4) 0.757
Adenovirus? 155 (6.7) 141 (6.4) 14 (12) 043
HPIV* 159 (6.9) 147 (6.7) 11 (9.4) 0.733
Co-infection with >2 respiratory viruses 150 (1.3) 136 (1.5) 14 (0.5) 0.762
Clinical outcome; Death 252) 159 (1.8) 66 (2.6) OV

1

t A total of 2,307 samples were tested for RSV, HMPV, Adenovirus and HPIV; XA total of 2,563 samples collected
during March 2020-March 2022 were tested for SARS-CoV-2.

3.2. Contribution of RSV in SARI mortality pre and during pandemic

We found that compared to the pre-pandemic period, the proportion of SARI deaths at the time
of the pandemic was higher [((1.8%, 159) vs. 2.6%, 66); p<0.001]. During the pre-pandemic period,
45% (71 /159) of the death cases revealed respiratory viruses whereas it was 47% (31 /66) during the
pandemic (Figure 2). Of 159 pre-pandemic deaths, RSV was predominantly detected (13%, 20). The
other findings included adenovirus (8%, 12), HPIV (9%, 14), HMPV (6%, 10), and influenza (4%, 6). 9
(6%) death cases detected viral co-infections including 3 (2%) co-infections with RSV. During the
pandemic period, RSV (12%, 8) as well as adenovirus (12%, 8) comprised the largest proportions of
the 66 pandemic deaths. The other detected viruses were SARS-CoV-2 (6%, 4), HPIV (6%, 4), influenza
(3%, 2), HMPV (1%, 2). We also detected co-infection with RSV and adenovirus (3%, 2) and with HPIV
and adenovirus (3%, 2) (Figure 3).

HPIV

Before
pandemic
(1.8%)

y

,-/"

(A)
Proportion of deaths
among enrolled SARI patients

Before

pandemic
(45%)

(B)
Detection of respiratory viral
pathogens among death cases

Before

pandemic
(13%)

(©)
Detection of RSV
among death cases

HMPV
Influenza

SARS-CoV-2

Viral co-infection
with RSV

o
I —

Adenovirus
—
| aa
e
—_——

Proportion of Respiratory viral pathogens

= Pre-pandemic

(N=159)

w During pandemic
(N=66)

Figure 3. Respiratory viral pathogens
detected among SARI death cases (aged <5
years) during the pre-pandemic and pandemic
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3.3. Characteristics of RSV-associated SARI deaths among under-five children before and during the COVID-
19 Pandemic

Before the onset of the COVID-19 pandemic, there were 20 recorded deaths in children under
the age of 5 years attributed to severe acute respiratory syndrome associated with RSV. The median
age of these cases was 3.5 months (interquartile range, IQR: 2.3—-6 months), and 65% of the cases were
male (13/20). Of these cases, 85% (17/20) were children aged <1 year and 65% (13/20) were aged <6
months. Co-morbid conditions were present in 10% of the cases (2/20).

During the COVID-19 pandemic, there were 8 deaths in under 5-year-olds associated with RSV-
SARI. Median age for these cases was 7.5 months (IQR: 2.5-13.5 months), and 25% were male (2/8).
Among these cases, 75% (6/8) were children under 1 year of age, 38% (3/8) were under 6 months of
age, and 13% (1/8) had at least one co-morbid condition.

RSV was solely detected in 57% (16) of the <6 months old, in 25% (7) of the 6-12 months old, in
11% (3) 1-2 years old and in 7% (2) of the 3-5 years old among all the death cases. All cases exhibited
a history of breathing difficulty.

4. Discussion

Our study showed that both in pre-pandemic and pandemic periods, RSV was the major
contributor to deaths among young children with SARI. Notably, we observed that nearly half of all
SARI-related deaths in under 5-year-old children were associated with various respiratory viral
pathogens, with RSV consistently responsible for a substantial portion of these cases, exhibiting
minimal variation between the two periods (pre-pandemic: 13%, during pandemic: 12%). These
findings underscore the urgency of implementing measures to prevent vaccine-preventable deaths.

Our study, as far as we are aware, represents the first of its kind in Bangladesh, concentrating
exclusively on mortality among children under the age of five linked to RSV. A prior study conducted
in Bangladesh revealed a surge in unclassified pneumonia-related deaths (64%) in children <2 years
during the peak seasons of bronchiolitis [9]. Estimating RSV-related mortality in Bangladesh has
proven challenging, primarily due to the absence of comprehensive, long-term systematic
surveillance [10].

Our ongoing surveillance platform, hospital-based influenza surveillance (HBIS), has been
consistently monitoring data both before and after the onset of the COVID-19 pandemic. This
platform enables us to systematically analyze deaths attributed to RSV and all respiratory viruses in
a comprehensive manner. The findings from our study underscore the necessity for continued
surveillance and further research to investigate the underlying factors associated with RSV-related
mortality and to identify effective strategies for preventing childhood RSV infections and deaths in
Bangladesh.

The study reveals a slight decrease in the total number of RSV-associated deaths among children
under five years old with SARI during the COVID-19 pandemic. Previously, RSV-related deaths
accounted for 20 out of 159 (13%) of all deaths, but during the pandemic, this figure slightly decreased
to 8 out of 66 (12%). It's worth noting that the total number of SARI patients in children under five
also decreased during this period. This trend of reduced RSV-associated morbidity and mortality
during the pandemic has been observed in several other countries, including China [11], Austria [12],
France [13], Brazil [14] and globally [15-17].

Apart from the concept of viral interference, the non-pharmacological interventions (NPIs)
enacted during the COVID-19 pandemic, such as the use of face masks, frequent handwashing, social
distancing, and lockdowns, may have played a role in lower circulation of RSV. When compared to
the pre-pandemic period, our research indicates a shift in the median age of RSV-related deaths
among children under five, increasing from 3.5 months (IQR 2.3-6) to 7.5 months (IQR 2.5-13.5)
during the pandemic. The proportion of deaths due to RSV among children aged under six months
decreased from 65% before the pandemic to 38% during the pandemic. This suggests that a higher
percentage of older children, primarily over 6 months old, were succumbing to RSV infections during
the pandemic compared to the pre-pandemic period. A study in France also reported a similar
increase in the median age of RSV admissions among children [18].
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Various studies worldwide have reported that the decline or near absence of RSV cases was
followed by a delayed seasonal resurgence, accompanied by an increase in the median age of
infection and death. We attribute this phenomenon to a significant cohort of older children who
remained immunologically vulnerable due to the NPIs during the COVID-19 pandemic, and later,
when these measures were relaxed, they came into contact with the virus [11,19-21]. To combat
emerging RSV epidemics, in addition to promoting personal hygiene practices and social distancing
for sick individuals, future preventive measures, such as infant monoclonal antibody prophylaxis
and RSV vaccination for mothers should be evaluated to combat these premature deaths.

We observed that the presence of co-morbid conditions was 10% (2/20) before the pandemic and
13% (1/8) during the pandemic. Notably, a history of breathing difficulty was a common feature
among children under five upon hospitalization. Due to the limited number of deaths, conducting a
risk factor analysis was not feasible. However, future work should consider such analysis using a
larger cohort and develop risk detection or prediction models to predict unfavorable outcomes. In
resource-constrained settings like ours, the creation and utilization of clinical prediction tools can
facilitate early disease severity detection, aid in diagnosis and prognosis, and offer clinical decision
support [22,23].

Our study has several limitations. Firstly, we only tested the SARI-death cases. To have a better
understanding of the seasonality of RSV and the impact of COVID-19 on the seasonality and
circulation of RSV, we need continuous year-round geographically representative surveillance.
Secondly, we only used data from our hospital-based SARI surveillance and likely missed RSV cases
that are non-SARI or non-medically attended due to healthcare-seeking behavior where only 34% of
the population receives healthcare from trained medical personnel [24]. We were also unable to do a
risk factor analysis due to the low number of deaths captured through the hospital-based SARI
surveillance system. Community-based surveillance can provide a more accurate insight into the RSV
circulation and burden in Bangladesh.

5. Conclusions

Both before and during the pandemic periods, RSV was a significant factor leading the under-
five children with SARI to mortality in Bangladesh. Evidence-based measures such as monoclonal
antibody prophylaxis for infants and RSV vaccination for mothers should be evaluated. These
preventive interventions may help us combat these unexpected premature deaths in the future.
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