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Background. Respiratory syncytial virus (RSV) is a substantial source of severe illnesses including acute lower respiratory
infections (ALRIs) like pneumonia. However, its burden in older children remains less well understood.

Methods. Using a community-based prospective cohort, we assessed the burden of symptomatic reverse-transcription
polymerase chain reaction-confirmed RSV among Nicaraguan children aged 0-14 years from 2011 to 2016. ALRI was defined
as physician diagnosis of pneumonia, bronchiolitis, bronchitis, or bronchial hyperreactivity.

Results. Between 2011 and 2016, 2575 children participated in the cohort. Of these, 630 (24.5%) had at least 1 episode
of symptomatic RSV and 194 (7.5%) had multiple episodes. Subtype was identified in 571 (69.3%) episodes with 408 (71.5%)
RSV-A, 157 (27.5%) RSV-B, and 6 (1%) positive for both. Children aged <2 years displayed the highest incidence of symptomatic
RSV, with 269.3 cases per 1000 person-years (95% confidence interval [CI], 242.1-299.5). Beyond 2 years, incidence (95% CI) of
symptomatic RSV decreased rapidly: 145.6 (129.9-163.1), 37.9 (31.9-45.0), and 19.3 (14.9-25.0) cases per 1000 person-years
among children aged 2-4, 5-9, and 10-14 years, respectively. Incidence of RSV-associated ALRI was highest in children aged
<2 years (85.95 per 1000 person-years [95% CI, 71.30-103.61]): 2.1, 9.5, and 17.3 times that of participants aged 2-4, 5-9, and
10-14 years, respectively. Children <2 years old were significantly more likely to have an RSV-associated hospitalization (P <.001).

Conclusions.

There is a substantial burden of symptomatic and severe RSV in children. While older children did present with

RSV, the rates of symptomatic and severe RSV decreased by as much as 95% beyond age 5.
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Among children aged <5 years, respiratory syncytial virus
(RSV) is the most common pathogen associated with acute
lower respiratory infections (ALRIs) [1, 2]. In 2019, an estimat-
ed 33 million episodes of RSV-associated ALRI (RSV-ALRI) led
to 101400 deaths among children younger than 5 years, with
>95% of RSV-ALRI and >97% of deaths occurring in low-
and middle-income countries (LMICs) [3]. Most cases of severe
RSV occur among previously healthy children [4, 5].

An estimated 97% of children are infected with RSV by the age
of 2 years, but protection following infection is often incomplete
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and short in duration [6, 7]. Although symptoms in older
children are less severe, these infections can be responsible for
household transmission to younger siblings [8-10]. Children
aged <6 months of age account for about 39% of hospitalizations
and 45% of deaths among children aged <5 years [3]. These
young children are more likely to experience serious respiratory
disease due to their immature airway structure and immune
system [11].

While there is currently no RSV vaccine available, many vac-
cine candidates and monoclonal antibodies are in clinical trials
[12]. To optimize vaccine implementation and distribution,
strategies will need to rely on a clear picture of RSV burden
worldwide. There exists a high and widely unmeasured burden
of community RSV among children in LMICs, particularly
among children aged >5 years [13]. Addressing this gap is of
particular importance given the substantial changes in RSV
burden and seasonality that have been observed since the start
of the coronavirus disease 2019 pandemic. Establishing the
prepandemic burden of RSV, particularly in older children,
will help us better understand the effects of this pandemic on
other important respiratory viruses like RSV. We have previ-
ously shown a high incidence of symptomatic and severe
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RSV in Nicaragua, among children aged <2 years in a separate
cohort [14]. We aim to add to our current understanding of
RSV burden in LMICs by assessing RSV incidence, subtype,
and disease severity among children aged 0-14 years in a
community-based cohort in Nicaragua.

METHODS

Study Population

The Nicaraguan Pediatric Influenza Cohort Study (NPICS) is
an ongoing community-based prospective cohort study.
Nicaragua is a tropical country in Central America of approx-
imately 6.8 million people, of whom >1.2 million live in the
Managua area [15]. Our analysis examines the period from
January 2011 through December 2016. The study is described
in detail by Gordon et al [16]. Participants were enrolled
through the Health Center Socrates Flores Vivas (HCSFV) in
District IT of Managua, Nicaragua. Study participants are chil-
dren aged 0-14 years. Initial enrollment was done through ran-
dom selection of children 3-11 years old previously enrolled in
the Nicaraguan Influenza Cohort Study conducted between
2007 and 2010 [17]. Additional children <2 years old were en-
rolled in NPICS from home visits in 2011. Since that time, in-
fants aged <4 weeks have been enrolled on a continual basis.
Children age out of the cohort at their 15th birthday.

Data Collection

Clinical history, sociodemographic surveys, and household
surveys were collected at enrollment. Surveys were conducted,
and a blood sample collected, in March/April of each year.

Respiratory Sample Collection and Testing

Parents agreed to bring their children in to HCSFV upon the
first indication of fever/feverishness. A study physician record-
ed history of illness and current symptoms. Nasal and oropha-
ryngeal swabs were collected from children >2 years of age if
they had fever or reported fever along with rhinorrhea and/or

Table 1. Characteristics of Pediatric Cohort Participants
Characteristic Total (N=2575)
Age at enrollment
<2y 972 (37.8)
2-4y 539 (20.9)
5-9y 743 (28.9)
10-14 y 321 (12.5)
Male sex 1269 (49.3)
Follow-up time, person-years, mean (SD) 3.8 (2.0)
No. of persons in household, mean (SD) 8.9(4.7)
Dirt floor (n=2252) 306 (13.6)
Mothers with secondary or tertiary education (n=2449) 1833 (74.8)
Fathers with secondary or tertiary education (n=2311) 1651 (71.4)

Data are presented as No. (%) unless otherwise indicated.

cough. Swabs were collected for children <2 years of age if
they had fever or reported fever. Respiratory samples were
also collected from any participants presenting to the study
clinic with severe respiratory symptoms. RSV was detected by
reverse-transcription polymerase chain reaction (RT-PCR) us-
ing the QIAamp Viral RNA Mini Kit (Qiagen Corporation,
Valencia, California) using validated Centers for Disease
Control and Prevention RT-PCR protocol [18].

Samples positive for RSV were later subtyped using a validat-
ed protocol [19]. However, stored samples from 2016 and ear-
lier were destroyed in accordance with Nicaraguan polio
eradication procedures, so sufficient volume to subtype all sam-
ples was not available.

Clinical Definitions

RSV was considered in all cases where a sample was positive for
RSV by RT-PCR and without a previous RSV positive in the prior
14 days. ALRI was defined as physician diagnosis of pneumonia,
bronchiolitis, bronchitis, or bronchial hyperreactivity. Pneumonia
was diagnosed according to Nicaraguan Ministry of Health crite-
ria, based on the Integrated Management of Childhood Illness
guidelines [20]. Specifically, pneumonia was diagnosed in the fol-
lowing cases: children <2 months old and >60 breaths per minute,
children 2-11 months old and >50 breaths per minute, children
12-59 months old and >40 breaths per minute, or children
>60 months old and >25 breaths per minute. Severe ALRI
was defined as ALRI along with a separate diagnosis of severe
or very severe illness by a study physician. A participant was con-
sidered hospitalized if they were transferred to a hospital for care.
If a case of ALRI, severe ALRI, or a hospitalization occurred
within 14 days of symptom onset of a laboratory-confirmed
RSV diagnosis, we considered it to be RSV associated.

Statistical Analysis

We calculated person-time as the number of days between par-
ticipant enrollment and their exit from the study (at their 15th
birthday, or when withdrawn, or lost to follow-up). For symp-
tomatic RSV, this did not include the 14 days following a
laboratory-confirmed RSV diagnosis, when participants were
not considered at risk. Incidence rates and corresponding
95% confidence intervals (CIs) were calculated using a
Poisson distribution in SAS version 9.4 (SAS Institute, Cary,
North Carolina). Figures were created with R version 4.1.2 soft-
ware (R Foundation for Statistical Computing). Pearson 3> and
Fisher exact tests were used to compare the observed and ex-
pected distributions (assuming the viruses being compared
were independent) of coinfections during periods of co-
circulation and RSV subtype reinfections.

Patient Consent Statement
The Institutional Review Boards of the Nicaraguan Ministry of
Health and the University of Michigan approved the study
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(HUMO00088895). Parents/guardians of all participants provid-
ed written informed consent and verbal assent was obtained
from children aged >6 years.

RESULTS

Between 2011 and 2016, 2575 children aged 0-14 years partic-
ipated in the cohort (Table 1). About 4% of participants were
withdrawn or lost to follow-up per year (Supplementary
Table 1). The most common reasons for loss to follow-up
were participants not showing up for annual sampling, inability
to locate the participant’s home, or the child had moved out of
the study area. The mean follow-up time was 3.8 person-years
(PY) and 49.3% of participants were male. A total of 6 children
died while enrolled, with 1 of these deaths associated with an
RSV infection—a 4-month-old child.

Incidence of RSV lliness

A total of 824 laboratory-confirmed RSV infections were iden-
tified, 340 of which were in children <2 years old (Table 2).
Six hundred thirty participants had at least 1 episode of
laboratory-confirmed RSV, while 151 participants had multiple
episodes. Children aged <2 years displayed the highest inci-
dence of symptomatic RSV with 269.3 cases per 1000 PY
(95% CI, 242.1-299.5) (Figure 1A). The next highest incidence
was seen in the age group 2-4 years (145.6 cases per 1000 PY
[95% CI, 129.9-163.1]). The age groups 5-9 years and 10-14
years had successively lower RSV incidence at 37.9 (95% CI,
31.9-45.0) and 19.3 (95% ClI, 14.9-25.0), respectively (Table 2).

RSV-Associated ALRI Infections and Hospitalizations

Children <2 years old also displayed the highest incidence rates
of RSV-associated outcomes: ALRI, severe ALRI, and hospital-
izations (Table 2). Their incidence rate of RSV-ALRI was 85.9
per 1000 PY (95% CI, 71.3-103.6) compared to 41.3 per 1000
PY (95% CI, 33.4-51.1) in children aged 2-4 vyears
(Figure 1B). Children aged 5-9 years and 10-14 years had the
lowest incidence of RSV-ALRI at 9.1 (95% CI, 6.4-12.9) and
5.0 (95% CI, 3.0-8.3), respectively (Table 2). Similarly, cases
of severe RSV-ALRI were also highest in children <2 years
old (11.7 per 1000 PY [95% CI, 7.1-19.4]). There were no cases

of severe RSV-ALRI in children aged >5 years throughout the
entire study period. RSV-associated hospitalizations followed
the same pattern with the highest incidence again seen in chil-
dren <2 years old (18.8 per 1000 PY [95% CI, 12.6-28.0]).
There were 24 hospitalizations among children <2 years
old compared to 8 hospitalizations combined among children
2-14 years old. One RSV-associated death occurred in a child
aged 4 months.

RSV Subtype and Seasonality

Among the 824 laboratory-confirmed RSV cases, 597 (72.5%)
were successfully subtyped, with RSV-A identified in 408
(68.3%) cases and RSV-B identified in 184 (30.8%) cases
(Supplementary Table 2). Both RSV-A and RSV-B were detect-
ed in 5 (0.8%) RSV cases. The odds of RSV-A were 1.6 times
higher in initial RSV infections compared with reinfections
for a single participant (95% CI, 1.02-2.27; P=.04;
Supplementary Table 3). Among RSV-A cases, 23.3% had
RSV-ALRI, 1.5% had severe RSV-ALRI, and 2.2% were hospi-
talized (Supplementary Table 2). Similarly, among RSV-B cas-
es, 22.3% had RSV-ALRI, 1.9% had severe RSV-ALRI, and 2.5%
were hospitalized.

The number of RSV cases peaked annually starting between
July and September, with epidemics lasting 4-6 months
(Figure 2). RSV-A was the predominant subtype circulating
during 2011, 2012, and 2014 (Supplementary Table 4).
RSV-B was more common in 2015, while RSV-A and RSV-B
co-circulated equally in 2016. In 2013, 65 of 160
PCR-confirmed RSV infections (40.6%) were subtyped, which
was the most incomplete year. Between 66.3% (in 2015) and
91.5% (in 2011) of RSV infections were subtyped in the other
5 years.

Coinfections

We assessed coinfection patterns between RSV infections and
influenza A, influenza B, human metapneumovirus (hMPV),
and human coronaviruses (HCoVs). During weeks when path-
ogens were co-circulating, the number of RSV-influenza A
(P<.0001, xz test), RSV-influenza B (P <.0001, xz test), and
RSV-hMPV (P=.0002, %> test) coinfections were lower than
expected (Table 3). RSV-HCoV (OC43, 229E, NL63, or HKU1)

Table 2. Incidence of Crude and Severe Respiratory Syncytial Virus by Age Group

RSV RSV ALRI RSV Severe ALRI RSV Hospitalization
Age Cases Incidence® Cases Incidence® Cases Incidence?® Cases Incidence®
<2y 340 269.3 (242.1-299.5) 110 85.9 (71.3-103.6) 15 11.7 (7.1-19.4) 24 18.8 (12.6-28.0)
2-4y 297 145.6 (129.9-163.1) 85 41.3 (33.4-51.1) 2 1.0 (.2-3.9) 6 2.9 (1.3-6.5)
59y 129 37.9 (31.9-45.0) 31 9.1 (6.4-12.9) 0 0 2 0.6 (.2-2.3)
10-14y 58 19.3 (14.9-25.0) 15 5.0 (3.0-8.3) 0 0 0 0

Abbreviations: ALRI, acute lower respiratory infection; RSV, respiratory syncytial virus.

Incidence rate per 1000 person-years (95% confidence interval) using Poisson distribution.
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Figure 1. A, Incidence of symptomatic respiratory syncytial virus (RSV) by age group. B, Incidence of RSV-associated acute lower respiratory infection (ALRI) and hospi-
talizations by age group. No RSV-associated hospitalizations were observed in the age group 10-14 years. In both panels, vertical lines around point estimates are 95%
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Figure 2. Number of all respiratory syncytial virus (RSV) cases (top), RSV-A cases (middle), and RSV-B cases (bottom) by study week, January 2011-December 2016.
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Table 3. Actual Versus Expected Coinfections by Age Group

Age Group
Coinfection All Ages <2y 2-4y 59y 10-14y
RSV-IA
Samples 3017 991 865 780 381
Actual coinfections 33 9 10 10 4
Expected coinfections 116 32 44 23 11
Pvalue <.0001 <.0001 <.0001 .0005 .0052
RSV-IB
Samples 1458 465 373 412 208
Actual coinfections 10 0 1 7 2
Expected coinfections 37 5] 12 12 5
P value <.0001 .0151 <.0001 103 .0664
RSV-hMPV
Samples 2813 985 834 669 325
Actual coinfections 23 12 5 3 3
Expected coinfections 45 19 19 6 3
P value .0002 .0722 .0002 1613 .7253°
RSV-HCoV
Samples 4067 1452 1189 974 452
Actual coinfections 42 25 9 6 2
Expected coinfections 44 23 14 6 2
P value .6934 7198 .0862 .9989 12

Total samples include samples collected during weeks where both pathogens of interest were circulating. Pearson xz and Fisher exact tests were used to compare the observed and expected

distributions of coinfections.

Abbreviations: HCoV, human coronaviruses (OC43, 229E, NL63, HKU1); hMPV, human metapneumovirus; IA, influenza A; IB, influenza B; RSV, respiratory syncytial virus.

“|f observed counts <5.

coinfections were no different than expected (P=.69, 2 test)
overall and among all 4 age groups.

DISCUSSION

This prospective, community-based cohort study conducted in
Managua, Nicaragua, followed 2575 children between the ages
of 0 and 14 years. To our knowledge, this is one of the few stud-
ies to assess the community burden of RSV among older chil-
dren in an LMIC. We found children <2 years old to have the
highest rates of symptomatic RSV, rates of RSV-ALRI, and
rates of RSV hospitalizations. Among older age groups, RSV in-
cidence, RSV-ALRI, and RSV hospitalizations decreased, with
children aged 10-14 years demonstrating the lowest RSV
burden.

To appropriately understand these age group differences, it
is helpful to first compare our results in the context of previous-
ly reported RSV burden in younger children. Among children
aged <5 years in LMICs, the incidence of RSV-associated lower
respiratory tract infections per 1000 PY was found to be 30 in
India, 34 in Indonesia, and 94 in Nigeria [21, 22]. A compre-
hensive, global review found RSV-ALRI incidence per 1000
PY among children under 5 years old to be 94 in low-income
countries, 41 in lower-middle-income countries, and 85 in
upper-middle-income countries [23]. These surveillance sys-
tems are not uniform between countries, so direct comparisons

are difficult. However, our estimates of RSV-ALRI between
41.3 and 85.9 cases per 1000 PY for children aged <5 years
are in line with or higher than previous studies in LMICs.

Interestingly, our ALRI findings among children <2 years
old (85.9 RSV-ALRI cases per 1000 PY [95% CI, 71.3-103.6])
are slightly lower than the 119.9 RSV-ALRI cases per 1000
PY (95% CI, 103.2-139.4) we previously found in a
Nicaraguan birth cohort among children <2 years old, despite
similar overall RSV incidence rates: 248.1 symptomatic RSV
cases per 1000 PY in our previous birth cohort and 269.3 symp-
tomatic RSV cases per 1000 PY in our current study [14]. We
suspect this is due to the previous birth cohort utilizing active
surveillance (ie, weekly home visits), which resulted in more
frequent visits to the clinic or home medical visits where
ALRI was diagnosed.

Our combined RSV-associated hospitalization rate of 8.99
per 1000 PY for children <5 years old is slightly higher than
prior worldwide findings. RSV-associated ALRI hospital
admission rates, per 1000 children per year, among children
<5 years old, have been estimated to be between 3.5 and 6.2
worldwide in low-income to lower-middle-income countries [3].

We also collected RSV subtype information to help describe
differences between initial infections among infants and repeat
infections. In line with previous studies [24, 25], we found no
clinical differences between RSV-A and RSV-B infections.
However, we did find that initial infections were more likely
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to result from RSV-A than repeat infections. While this may be
the result of RSV-A being the dominant subtype circulating
early in the study (when more initial infections occurred), fur-
ther study is warranted to examine whether the strength and
duration of protection following RSV infection differs by
subtype.

RSV coinfections during weeks of co-circulation were found
to be lower than expected for RSV-influenza A, RSV-influenza
B, and RSV-hMPV, possibly suggesting viral interference.
Previous studies have found that children aged <5 years, specif-
ically children between 6 and 24 months of age, are the most
common victims of viral coinfections [26, 27]. Additionally,
Chan et al [28] found that a nonspecific innate immune response
by influenza A can reduce or prevent infection and replication by
RSV. Influenza also has a higher growth rate than RSV, which
may keep RSV viral loads lower during coinfections, possibly be-
low the detection level [29]. Our findings suggest that we are see-
ing similar resource competition between RSV and other
respiratory viruses, leading to fewer detectable coinfections
than expected during weeks of pathogen co-circulation.

This study has several strengths, most notably its community-
based, longitudinal design, which allowed us to calculate the in-
cidence of RSV and associated outcomes. This study also pro-
vides much needed data on the community-level burden of
RSV among children in a tropical LMIC, specifically among
children older than 5 years. Limitations include likely underes-
timates of the true burden of RSV, specifically among children
aged <2 years, due to our inclusion of fever/feverishness in
the criteria for sample collection. Multiple studies have found
that inclusion of fever within RSV case definition results in an
overall underestimate of infection [30-32]. However, our defini-
tion of feverishness does not require a measured fever, and our
estimates are in line with other studies that did not use fever in
the testing definition [21-23]. Finally, we had some differential
loss to follow-up by parent education, which could have biased
our results. We conducted a sensitivity analysis and observed
minimal change in estimated incidence rates when accounting
for parental education, suggesting this was unlikely a substantial
source of bias.

This study shows lower RSV incidence, RSV-ALRI, RSV hos-
pitalizations, and RSV mortality among children 5-14 years old
compared to children 0-4 years old in Nicaragua. Although the
burden of RSV is lower among older children, reinfection is
common, and these older children likely play a key role in
household transmission. RSV maternal vaccines and infant
monoclonal antibodies are currently in phase 3 trials, which,
if found effective, would greatly reduce RSV morbidity and
mortality worldwide [33]. Given the lower burden of RSV
among older children, particularly more severe manifestations,
efforts to increase access to high-quality treatments and pre-
ventives would be most impactful if children <2 years of age
are prioritized.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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