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Abstract

Background: Viruses are the most frequent cause of severe acute respiratory infection
(SARI) in children. It is currently unknown whether presence of a virus, the number
of viruses, or type of virus, are associated with clinical outcomes of pediatric SARI in

developing countries.

Methods: Between 2012 and 2014 nasopharyngeal swabs and demographic and
clinical variables were prospectively collected for surveillance of viral causes of SARI
in Surinamese children within 48 hours after hospitalization. These swabs were tested
for 18 respiratory viruses using a multiplex polymerase chain reaction (PCR) panel to
identify the specific viral causes of SARI, unknown to the treating physicians. In post hoc
analyses we evaluated if the PCR results, and demographic and clinical characteristics,
were associated with course of disease, duration of respiratory support, and length of
stay (LOS).

Results: Of a total of 316 analyzed children, 290 (92%) had one or more viruses.
Rhinovirus/enterovirus (43%) and respiratory syncytial virus (34%) were most
prevalent. Course of disease was mild in 234 (74%), moderate in 68 (22%), and severe
in 14 (4%) children. Neither presence of a single virus, multiple viruses, or the type of
virus, were different between groups. Prematurity and lower weight-for-age-z-score
were independent predictors of a severe course of disease, longer duration of respiratory

support, and longer LOS.

Conclusions: Viruses are common causes of pediatric SARI in Suriname, yet not
necessarily associated with clinical outcomes. In developing countries, demographic
and clinical variables can help to identify children at-risk for worse outcome, while PCR
testing may be reserved to identify specific viruses, such as influenza, in specific patient

groups or during outbreaks.

Key words: SARI, pneumonia, bronchiolitis, child health, PCR, developing countries,

Suriname
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Introduction

Severe acute respiratory infections (SARI) are responsible for an estimated annual 1.4
million deaths among children younger than five years of age worldwide[1]. Approximately
99% of the in-hospital SARI deaths occur in developing countries [1]. Suriname is a
developing country in South America with a mortality rate among children younger than
five years of 19.6 per 1000 live births. SARI cases are estimated to be responsible for 9%
of these deaths [2].

Polymerase chain reaction (PCR) testing has identified many different viral causes of
pediatric SARI [3-6]. However, while screening SARI patients with PCR for viral causes has
become part of standard care in developed countries, it is often not routinely performed
in children in developing countries, since logistics and funding may be challenging. As a
result, detailed data from those countries on viral causes of SARI are scarce [1]. In addition,
the association of the presence of a specific virus with clinical outcomes is still under
debate. For example, presence of multiple viruses is associated with either mild or severe
SARI [7, 8]. However, demographic and clinical parameters are known predictors of severe
course of disease [9, 10]. To our knowledge, no studies are available from developing

countries that assess association of viral causes with outcomes of pediatric SARI.

We performed a prospective surveillance study for identification of viral causes of SARI in
Surinamese hospitalized children. Then, we were interested whether presence of a virus,
the number of viruses, or specific type of virus, were associated with course of disease,
duration of respiratory support, and length of stay (LOS). In addition, we evaluated the
potential association of demographic and clinical characteristics of Surinamese children

with these outcomes.

Materials and Methods

Prospective surveillance and inclusion of patients

Between April 2012 and March 2014, surveillance was performed to identify viral causes
of pediatric SARI at the Department of Pediatrics of the Academic Hospital Paramaribo
(AHP), Suriname. All children (under 18 years of age) admitted to the pediatric ward of the

AHP with signs of respiratory infection were eligible to be included into the surveillance
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database. Inclusion into the surveillance database was based on the WHO case definition
for SARI, namely: an acute respiratory illness with onset during the previous ten days
requiring overnight hospitalization, along with history of fever or measured fever of =
38°C, and with cough, shortness of breath or difficulty breathing [11]. Before the start of
surveillance, we expanded this case definition with the clinical diagnosis of bronchiolitis,
since bronchiolitis can present without fever [12]. The attending physician diagnosed
bronchiolitis among children less than two years of age in case of a viral upper respiratory
tract prodrome followed by signs of acute respiratory distress namely the use of accessory
muscles, cough, crackles, and wheezing. Within 48 hours after inclusion a nasopharyngeal
swab was taken, which was stored until later analysis, as detailed below. The results from
the swab analysis were only used for surveillance purposes and were not known to the

treating physicians.

Sample collection and pathogen detection

Nasopharyngeal swab specimens were collected with Universal Transport Swabs (Copan
Italia, Brescia, Italy) from admitted pediatric SARI patients. Both swabs were retained in
the same vial and stored at 4°C before daily transport to the laboratory. In the laboratory,
swabs were stored in a refrigerator (4°C) for a maximum of 72 hours, before PCR analysis
was performed. If longer storage was necessary, the swabs were stored at -20°C. Extraction
of genetic material from the samples was performed with a QlAamp MinElute Virus Spin
Kit (Qiagen, Hilden, Germany), according to the manufacturer’s protocol. DNA or RNA
of influenza A virus (subtype HIN1 and remaining subtypes), influenza B virus, RSV
(subtype A and B), parainfluenza virus (subtypes 1-4), adenovirus, rhinovirus/enterovirus
(RV/ENT), coronavirus (subtypes 0C43, 229E, NL63, HKU1), human metapneumovirus,
bocavirus, were detected with the Respifinder SMART 22 multiplex PCR kit (Pathofinder
BV, Maastricht, the Netherlands), performed according to the manufacturer’s instructions.
For the pre-amplification reaction, a thermocycler (Applied Biosystems, Foster City,
USA) was used. The hybridization, ligation/amplification and detection were done with
a Lightcycler 480 (Hoffmann-La Roche, Basel, Switzerland). Mycoplasma pneumonia,
Chlamydophila pneumonia, Legionella pneumophilia, and Bordetella pertussis were also

detected with this multiplex PCR Kit, but not included into this study on viral causes.

114



Viral causes of severe acute respiratory infection in children and association with outcomes

Data collection

During the surveillance period a standardized case report form was used to collect
demographic and clinical data. Patients were admitted through the emergency department
or pediatric outpatient clinic. On admission, demographic variables, clinical diagnosis,
history of illness, medical history, and findings of physical examination such as respiratory
rate, presence of nasal flaring and chest retractions, pulse rate, body temperature
(measured axillary or rectal), presence of fever (i.e. defined as temperature 238.0°C),
transcutaneous hemoglobin oxygen saturation measured with a pulse oximeter with a
pediatric sensor, and bodyweight measured with a mechanical scale to the nearest 10
grams, were recorded. Pediatric Early Warning System (PEWS) scores were collected
using appropriate vital signs pulse rate and respiratory rate for age[13]. The data were all
registered on a standardized case report form. After discharge, the following data were
extracted from the medical records in order to complete the case report forms: need for
supplemental oxygen therapy, type and duration of respiratory support, the need for
intensive-care admission, survival, results of laboratory and microbiological tests taken
at admission, diagnosis at discharge and length of stay (LOS). The following laboratory
results were collected: hemoglobin, leukocytes and leukocyte subgroups (lymphocytes
and neutrophils), and C-reactive protein (CRP). Laboratory tests were not part of the

standard care and were only drawn on clinical indication.

Study cohort and data analyses

Prior to analyses, we excluded cases from the surveillance database that did not meet
the WHO SARI criteria, cases in which SARI diagnosis was rejected during admission,
and cases in which comorbidity could directly influence the course of disease during
the admission, namely in case of congenital heart disease, known immunodeficiency,
neuromuscular disorder compromising respiratory function, and congenital respiratory
tract malformations. Our first aim was to perform surveillance to identify viral causes of
SARI. Our second aim was to evaluate association of the presence of either a single virus
or multiple viruses, or the specific type of viruses, with the primary outcome course
of disease, and the secondary outcomes duration of respiratory support and LOS in
days. Course of disease was based on the maximum respiratory support received and

defined as mild (i.e., no respiratory support), moderate (i.e., flow through nasal cannula
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or non-rebreather mask), or as severe (i.e., nasal continuous positive airway pressure and
or invasive ventilation). In addition, we evaluated the association of demographic and

clinical variables with these outcomes.

Statistical analysis

Before statistical analysis, weight was corrected for age using weight-for-age z-scores
according to the WHO Growth Standard [13, 14]. Frequencies and percentages of the
detected pathogens and clinical parameters were described and calculated. Comparisons
of categorical variables between groups were analyzed by chi-square test or Fisher’s
exact test. Comparisons of continuous variables between groups were analyzed with
one-way independent ANOVA or Student’s t-tests for normally distributed variables and
with Mann-Whitney U-test or Kruskal Wallis test for non-normal distributions. Linear
regression analysis was used to assess the predictors of days of respiratory support and
LOS. Categorical variables were transformed into dummy variables before introduction
in the multivariate models. The linear regression correlation was expressed as the
standardized coefficient Beta () with 95% CI. For all analyses P-values <0.05 were
considered significant. All calculations were made using computer software JASP version
0.13.1 (University of Amsterdam, the Netherlands) and Graphpad Prism, Version 8.0.2
(Graphpad Software, Inc.).

Ethics Statement

This study was reviewed and approved by the Surinamese Commission for Human
Research (VG014_16). The requirement to obtain informed consent was waived because
nasopharyngeal swab sampling was performed for surveillance purposes and considered
anoninvasive intervention for children who were hospitalized due to respiratory infection.

Collected data were encoded for the researchers.

Results

Demographics of the study cohort

Nasopharyngeal swab were collected from 416 patients, of whom 100 were excluded

(Figure 1). 0f 316 included patients 130 (41%) were female. Four children (1.3%) were
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admitted to the intensive care of whom one (0.3%) died (Table 1).The median age was
8.6 (IQR 3.4-19.5) months. Additional demographic, clinical, and laboratory data are

summarized in Table 1.

Viral distribution in the study cohort

A total of 409 viral causes were detected in n=290 (92%) patient samples that tested
positive for at least one virus (Table 2). In 85 (29%) of positive patients, two pathogens
were found, in 20 (7%) patients three, and in 1 (0.3%) patient four. The most frequently
detected viruses were: RV/ENT (43%), RSV (34%), and parainfluenza virus (13%). RSV
was detected in 61 (53%) of the samples collected from young infants between 0-5 months
old and was found less frequently in older age categories (P<0.05). Adenovirus was found
more frequently in the 12-23 months age group. (Table 2). There was no significant
difference in the occurrence of co-infections with multiple pathogens across the different
age categories (P=0.221). SARI cases were included all year round. Except for September
2012 and June 2013, RSV was detected during the entire study period. In both consecutive
years, we observed that RSV prevalence rates increased from November through May. This
pattern was also observed for the other most common viruses RV/ENT, and parainfluenza.

(Supplementary Figure 1).

Hospitalized Surinamess
children that met criteria for
Severe Acute Respiratory
Infection and bronchiolilis

Masopharyngeal swab and
multiplex PCR performed (n=416)
during prospective survaillance
between 2014-2016

Excluded (n=100): no fever (n=20) (if no
bronchiclitis present), duration of illness

before admission =10 days or unknown (n=8),
missing file (n=28), significant heart defect
(n=9), HIV {n=4}, neuromuscular disorder (n=2),
congenital respiratory malformation (n=8), and
other diagnosis (n=21)

Enralled in the study group (n=316) |

Figure 1: In-and exclusion process

117



Chapter 7

162°0 (¥9-80) 8T (67-€0) ST (z9-60) 6T (€5-80)91 (9t2) (401 uerpaw ‘(p/3w) 4y
9710 (921-Z01) 9°€1 (rzr-v8) ot (SLI-L01) €91 (6'21-0T) 8°€T (z52) (401 uerpaw ‘(I/,0T X) DM so[qeLIEA
€510 (01) 89 (88'0) 99 (soT) 69 (01) 89 (z52) (as) ueaw ‘(j/joww) qH A10jer0qe
9€92°0 (o)t T 0 0 (%) u yaeaq
(e ¥ (9%) u ‘uoISSIWPE 31BI dAISUIU]
100°0> 1z (8zT-€9) 6 (eL€)s (#-de (401) uerpaut ‘sfep Kels jo yrduar
100°0> (s7) 86 (s2)9 (99) 8¢ (9¢) S (912) (%) u uoissiupp uo 9%56> Z0ds
100°0> (z6-16) S6 (s6-18) 68 (96-88) 16 (86%6) 96  (91Z) (4O1) uvipaw ‘(%) uoissiupp zods
14070 (£s) 8stT (09) 9 (69) €¥ (€5) 60T (8£2) (%) u ‘suonoenalisay)
9660°0 (zs) evt (ev) € (€9) 0% (6%) 00T (9£2) (%) u ‘Surrey [eseN
€8€0 (6€) 12T (o2e¢ (6€) 92 (o%) z6 (01€) (%) u 10n34 so[qeLtea
9€L°0 (61) 6% (61 (0 zr (61) 9¢ (¥92) (%) u ‘sonoiquue JoLid [edrur)
(t12) 99 (9€) s (T2 ¥t (02) L¥ 12430
(8) 9z 0 (z1)8 (8) 81 asauene(
180 (11) s¢ (W1 (01 2 (1) L2 werpur bcmmmm
(se)otr (9€) s (ze) 2z (se) s 3[0a1)
(s2) 6L (¢ CYAWAS (s2) 6S uooIey
5000 (z1) 8¢ (T2 ¢ (z2) s1 (6) 0z (60¢€) (%) u‘gySremiapun
S¥0°0 (#¥'1) €5°0- (91) 6€°T°0- (6'1) s8°0- (sz1) evo- (60€) (as) ueaur ‘100s-z-03e-1y3roMm
5000 (81) 2§ (e¥) 9 (sz) 91 (#1) 0€ (562) (%) u‘,Aumyewaid
100°0> (s61-7'€) 9'8 (Sv-sT)Pe (zs1-€) 6L (812%%) L6 (4d1) uerpaw ‘syjuow 98y
6SS0 (%) o€ (62) ¥ (¥¥) o€ (1%) 96 (%) u 4apuad aeway
(oot) 91€ #) v (z2) 89 (¥L) vee sa[qerrea
anrea-d [e1oL, EXEVEIN EMCAET TN PIIA (%) u siyderSowaqg

"paaredal y10ddns A1ojerrdsal winwixew Aq paziio8ajed ‘suondajul A1ojeardsat aanoe yam (9T g=u) uaipyo pazijeirdsoy asaweuring jo soyderdowa( : T d[qeL

118



Viral causes of severe acute respiratory infection in children and association with outcomes

padnois 919495 pue 51BISPOIN YIIM 1593 10BXD I9YSTd 4

‘padnois a19Adg pue a3eI1aPON ¢

{umouun pue ueISeINe,) ‘PaxIll ‘9sauly) ‘snouadiput wc%iu::
{Z- ey s JO 21005-Z-03e-10J-)YS1OM B Se paulad,

isyeam £ g mo[aq o5k [eUONEISS SE pauya(,

{9]qe[IeAR 219M BIBP YIIYM 10§ J9qUINU 3y} JUasa1dal Uwnjod puodas sy} Ul S39xoelq Uaamiaq SI1aquinu ayj ‘sased 9T ¢ [[e 10§ S[(e[IEAR J0U SEM BIEP JI;

‘uone[nuaA

[BOTUBYDAUI SAISBAUT 10 2.INSSAIJ ABMITY SAINSOJ SNONUIIUOY) [BSEU :2I9ASS "}SEUW ISY}BaI(aI-UOU 10 B[NUUED [eSEU YSn0Jy)} MO[j :93e1apoly 1loddns A1ojeridsal ou :plijp

98€L0 ¥zt 0 (e)z (¥) o1 (%) u snaiaeuo1o)
SZS0 (1) s¢ e (st ot (o1) ¥z (%) u ‘snaiaedog
€.8°0 €T 1% (C29K4 (st)or (z1) 62 (%) u ‘snaaezusnjjurereq
1€9°0 (o1) ze (C29K4 (Ls (t1) sz (%) u ‘snaaouapy
900'T ()21 (Wt #) e (9) e (%) u ‘snaraownaudelow uewny
9ZLS0 Me 0 0 Me (%) u ‘g ezuanguy
900'T (2)s 0 (M1 (v (%) u‘INTH V ezuanyuj
NATA (L) ez (VAR Mt (6) 0z (%) u‘INTH-uou y ezuanjjuj
8880 (7€) Lot (62 ¥ (seve (¥€) 62 (%) u ‘snuaia [enfouds Arojendsay
650 (ev) o€t (£s) 8 (ov) 1€ (z¥) L6 (%) u ‘snuraoIRIUB /SnIIACUIY
€80 (zg) zot (9€) s (62) 02 (€€) LL (%) u ‘paroarap sasnaia adnmp
STH°0 (65) L8T (£s) 8 (99) st (£s) vet (%) u ‘pa10a3ap snuia o[3us synsau
S9€°0 (16) 682 (e6) €1 (96) 59 (06) 112 (%) u‘qems [eaduhreydoseu aanisoq YDd SMIIA

119



Jsal ay) pue syyuow £z-z T dnoud uostredwios 10y 100'0=d

‘3821 913 pue syuow §-( dnoid uostredwod 10§ 100> d ,

‘syusned jo Jequinu [e303 03 dARE[RI UoRI0doId |

{K10893e2 98e 10d syusned jo Joquinu [€103 03 dARE[2.1 91e SUonI0dod %00 T PodIxa [[Im suadoyied [[e jo suonrodold 9y} Jo WINS Y} ‘SUOIIIJUI-0D 0} dN(J

1220 (€D ¥1 (g ve (8g) 8¢ (te) 9¢ (z€)zot Pa10919p sasnua o[dnnpy
6550 (s9) o¥ (09)6€ (e9) 6€ (09) 69 (65) 81 pa3da3ap snlA J[3uls
€520 (e1)8 (€304 (6) L (6) o1 (6) L2 Pa10919p SNIIA ON
0 0 (€)z M1 Me SNIIA g BZUSN[JU]
(€304 0 (€)z M1 (@s INTH V ezuanjuj
622°0 (019 (1) ¢ s # ¥ (L) zz (INTH-uou) snI1A y eZuanjuj
8950 (e)e (D¢ M (99 (241 STUIIABUOIO)
SL00 (@t (9) ¥ (t1)s (¥ (s) L1 snaaownaudelow wewny
¢100°0> @®s (z 1 (¥1) 01 (e (o1) zg SNIIAOUIPY
IST'0 (M6 FMe (om) 21 (s (11) 5¢ Snu1ABI0g
LSO (o019 (VAR AS (st 1t oner (en) 1% (¥'€"2'T) ezuanpuIEIR]
z100°0> (e1)8 (zd vt (ze) vz (€s) 19 (¥€) Lot snuaia [endouds L1ojenidsoy
1ST°0 (L¥) 62 (z9) ve (¥€) sz (zv) 8% (e¥) 9t SNIIA0I3IUD / SNITAOUIYY
sdnou8 usamiaq ¥9=U [e10} ¥9=u [e10} ¥.L=UTe101 ¥11=U[e10} gI¢g=u
suostiedurod
10y anfea-d (%) u'sqpuowt yz< (%) u ‘syqauowt €2-2T (%) u'sypuowr TT-9 (%) u ‘syauowt - 1(%) ureaoy,

Chapter 7

‘(91 £=u) uonoajur A103e11dsa1 93NdE YIIM PAZI[eIIdSoy USIP[IYD 9SIUIBULING UI SISNIIA JO Jaquinu payhens-ade pue (60f=u) [e10], :Z d[qEL

120



Viral causes of severe acute respiratory infection in children and association with outcomes

Associations of demographic and clinical characteristics with

clinical outcomes.

Age, prematurity, weight-for-age-z-score, duration of respiratory support, and LOS were
significantly different between groups (Table 1). Neither the presence of a single virus,
multiple viruses, or specific types of viruses were different between groups (Table 1). In
multiple linear regression analysis with total days of respiratory support as the dependent
variable we entered the independent variables of age, gender, weight-for-age-z-score,
prematurity and positive viral PCR, and subsequently removed the variables with the
highest insignificant P-values except for age. Lower weight-for-age-z-score ( -0.55, 95%
CI -0.80 to -0.31, P<0.001) and prematurity ( 0.975 95% CI 0.05 to 1.90, P=0.039)
significantly predicted the amount of days of respiratory support. When LOS (after log
transformation to meet assumption of normality of residuals) was the dependent variable,
lower weight-for-age-z-score (3 -0.134, 95% CI-0.178 to -0.09, P<0.001) and lower age
(B -0.004,95% CI-0.007 to -0.001, P=0.009) significantly predicted LOS. A positive viral

PCR showed a negative coefficient, but did not reach statistical significance (P=0.07).

Discussion

In this study, we describe viral causes of SARI and the association of results of PCR testing
for these viruses with course of disease and LOS in a large cohort of Surinamese children.
Although there was a high prevalence of viral pathogens, we found no association between
presence, number, and specific type of the detected viruses and the course of disease,
duration of respiratory support, and LOS. However, demographic variables prematurity
and lower weight-for-age-z-score were associated with a severe course of disease, and

longer duration of respiratory support and LOS.

The overall prevalence of pathogens (92%), and the proportion of viral co-infections (32%)
in our study are comparable with those reported in the literature3,7,8,16,17. Consistent
with other studies, we found that the predominant pathogens were RV/ENT, RSV, and
parainfluenza virus, and that RSV was especially frequently detected among the youngest
of children [5, 8, 14-17]. Of the collected samples, 10% tested positive for one of the
influenza types. An earlier study observed a 34% prevalence of influenza amongst SARI

patients in Suriname [18]. Factors contributing to this difference are the relatively broad
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definition of SARI used in our study and the fact that our study was limited to the pediatric
population, with 80% of patients being less than 2 years of age, and influenza prevalence

being lower among children below 2 years of age [19].

Though the burden of RSV disease is mostly in low- and middle-income countries, the
understanding of temporal dynamics of RSV disease in these countries has lagged behind
[20, 21]. In two consecutive years RSV cases were more prominent in the period from
November until March (coinciding with the pattern for the other most common viruses),
which only partially overlaps with one of the rainy seasons of Suriname (i.e., from
December until January and from April to July). Some, but not all studies in the tropical
regions have found RSV seasonal peaks during the rainy season [22-25]. This suggests

that in tropical countries, other factors besides rainfall may be relevant.

Bacterial pneumonia, which has a high mortality, was not tested systematically (i.e. with
sputum culture or chest X-rays), so that children with bacterial pneumonia could not be
excluded from the study. Assuming these children were also in the database, the overall
mortality in our study seems low (i.e. 0.3%) considering that 9% of all mortality of children
under five years of age in Suriname is explained by SARI according to the WHO [2]. This
difference may also be explained by the fact that the WHO definition of mortality in
children under-five years of age includes out-of-hospital deaths (e.g., in the rural parts of
Suriname), neonatal deaths due to acute respiratory infections, as well as SARI deaths

occurring at emergency departments before admission to the pediatric ward.

The clinical utility of PCR testing for viral causes of SARI remains under debate. Our data
suggest that the clinical course of SARI may not only be dependent on the presence, number,
and type of viruses, but also on host and environmental factors. These data are consistent
with those from earlier reports from developed countries [26-30]. Overall, these studies
report that multiplex PCR testing for viral causes did not influence admission rates,
antibiotic use, antiviral use, and outcomes. In contrast, we found that readily available
clinical variables at admission are significant predictors of course of disease, duration of
respiratory support, and LOS in our setting. Prematurity and younger age were also found
to be significant predictors of severity and LOS in previous studies from our region [9,
10, 31], and low hemoglobin oxygen saturation is also a well-known predictor of severe
disease in lower airway infections [32-34]. In developing countries, we suggest to use

these clinical variables to identify children at-risk, while PCR testing, which remains

122



Viral causes of severe acute respiratory infection in children and association with outcomes

financially and logistically challenging, can be reserved for specific patient groups or
outbreaks. For example, PCR testing can be used to confirm a specific cause (e.g,, influenza
virus for which treatment is available or Bordetella pertussis, as treatment is available
by antibiotics) in specific patients groups (e.g., young infants or hematological patients
(e.g., sickle cell) with high risk for mortality due to influenza) and for the identification
and monitoring of outbreaks of specific causes (e.g., influenza H1N1). As an example of
the latter, shortly after the study period, young infants presented with clear symptoms of
Bordetella pertussis. Multiplex PCR then confirmed Bordetella pertussis in eleven other
infants with SARI. In contrast, less than one case of Bordetella pertussis had been reported
in Suriname each year between 2003 and 2012 [35]. The Department of Public Health was
notified and as a response a vaccination program for pregnant women was launched. Last,
aside of these immediate clinical purposes, PCR testing can be used to isolate patients
with specific causes and for epidemiological reasons. For developing countries, time and

cost effectiveness should be evaluated before implementation for such purposes.

The strengths of this study include the prospective collection of data and the fact that PCR
results were not available for clinicians, thereby limiting the chance of bias. However, this
study is not without limitations. First, a positive PCR result does not differentiate between
viable pathogenic viruses or nonviable viral DNA or RNA material after shedding. Second,
we did not systematically test for bacterial infection, since this was not ethical due to the
invasive nature of the collection of sputum and blood sampling in small children. Last,
RSV might exhibit cyclic epidemics over the time span of multiple years. A study period of

two consecutive years may not be sufficient to observe these cyclic patterns.

In conclusion, this study contributes to our understanding of the prevalence of viral
pathogens associated with children admitted with SARI in Suriname. Our findings
underline the importance of viruses as SARI-associated pathogens in this group. We
propose that in developing countries, demographic and clinical variables are used to
identify children at-risk for severe course of disease. PCR testing can be useful to confirm

specific viral causes of SARI in specific patients and during outbreaks.
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Supplementary Figure 1: Seasonal distribution of respiratory syncytial virus (RSV), rhinovirus/enterovirus
(RV/ENT), parainfluenza virus, and total severe acute respiratory infection (SARI) admissions
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