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Abstract

Background

Recent Zika virus (ZIKV) outbreaks in the Pacific and the Americas have highlighted clini-
cally significant congenital neurological abnormalities resulting from ZIKV infection in preg-
nancy. However, little is known about ZIKV infections in children and adolescents, a group
that is potentially vulnerable to ZIKV neurovirulence.

Methods

We conducted a systematic review on the clinical presentation and complications of children
and adolescents aged 0 to 18 years with a robust diagnosis of ZIKV infection. We searched
PubMed, Web of Science, LILACs, and EMBASE until 13 February 2020 and screened ref-
erence lists of eligible articles. We assessed the studies’ risk of bias using pre-specified
criteria.

Findings

Our review collated the evidence from 2543 pediatric ZIKV cases representing 17 countries
and territories, identified in 1 cohort study, 9 case series and 22 case reports. The most
commonly observed signs and symptoms of ZIKV infection in children and adolescents
were mild and included fever, rash, conjunctivitis and arthralgia. The frequency of neurologi-
cal complications was reported only in the largest case series (identified in 1.0% of cases)
and in an additional 14 children identified from hospital-based surveillance studies and case
reports. ZIKV-related mortality was primarily accompanied by co-morbidity and was
reported in one case series (<0.5% of cases) and three case reports. One death was attrib-
uted to complications of Guillain-Barré Syndrome secondary to ZIKV infection.

Conclusions and relevance

Based on the current evidence, the clinical presentation of ZIKV infection in children and
adolescents appears to be primarily mild and similar to the presentation in adults, with rare
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instances of severe complications and/or mortality. However, reliable estimation of the risks
of ZIKV complications in these age groups is limited by the scarcity and quality of published
data. Additional prospective studies are needed to improve understanding of the relative fre-
quency of the signs, symptoms, and complications associated with pediatric ZIKV infections
and to investigate any potential effects of early life ZIKV exposure on neurodevelopment.

Author summary

Although the number of Zika virus (ZIKV) cases has declined following the 2015-2016
outbreak in the Americas, ZIKV remains a public health concern due to the potentially
severe consequences of in utero exposure to the virus. While there is an increasing under-
standing of the effects of prenatal congenital ZIKV infection, less is known regarding the
potential consequences of postnatal non-congenital ZIKV infection in children and ado-
lescents. As this age group may also be vulnerable to the adverse effects of ZIKV on the
nervous system, a better understanding of ZIKV infection in this population is needed.
This knowledge may help to inform the case definition for ZIKV disease in children and
elucidate whether children and adolescents should be included in strategies and measures
for prevention of ZIKV infection, which are currently aimed primarily at pregnant
women. After a review of the existing literature, the authors found that ZIKV infection in
children and adolescents appears to be similar to adults and primarily mild, with little evi-
dence of severe neurological consequences. Further research using prospective methods
and neurodevelopmental assessments is warranted.

Introduction

Following the introduction of the arthropod-borne flavivirus Zika (ZIKV) into Brazil in 2013
[1], ZIKV spread rapidly across the Americas, facilitated by global air travel [2], and autoch-
thonous transmission of ZIKV has now been reported in 84 countries and territories world-
wide [3]. After the explosive 2015-2016 outbreak in the Americas, a rapid decline in cases was
observed from 2017 onwards [4]; however smaller clusters, often uncovered by travelers [5-8],
continue to be detected beyond the Americas, in Asia [9-13] and Africa [14, 15].

Valuable progress has been achieved in recent years in terms of understanding the trans-
mission and clinical presentation of ZIKV infections in adults and congenitally infected neo-
nates. Although around 29-82% of ZIKV infections in the general population have been
reported to be asymptomatic [16], the most frequently reported signs and symptoms include
rash, fever, arthralgia, and conjunctivitis [3, 17]. Evidence has shown that ZIKV is also neuro-
tropic, with approximately 5-10% of congenital ZIKV infections leading to neurologic anoma-
lies in neonates [18-24]. A specific constellation of structural abnormalities and functional
disabilities is now recognized as Congenital Zika Syndrome (ICD-10 P35.4). The definition
includes five unique features (i.e., severe microcephaly, subcortical calcifications, macular scar-
ring and pigmentary retinal mottling, congenital contractures, and early hypertonia), which
are used to distinguish congenital ZIKV infection from other congenital infections [25, 26].
Another severe neurological complication which has been linked with ZIKV infection is the
severe autoimmune polyneuropathy known as Guillain-Barré Syndrome (GBS) [27, 28].

While the presentation of ZIKV infection in adults is well-defined, there is limited informa-
tion on the spectrum of clinical manifestations of ZIKV infections in children and adolescents

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008612  October 2, 2020 2/20


https://doi.org/10.1371/journal.pntd.0008612

PLOS NEGLECTED TROPICAL DISEASES Postnatal Zika virus infections in children and adolescents: A systematic review

(defined here as 0-18 years). This is an important gap to address as this age group comprises a
substantial fraction of all ZIKV infections. Reports on the proportion of children and adoles-
cents among ZIKV cases range from 10% in the U.S. (January—December 2016) [29] to 24%
in Colombia (August 2015—April 2016) [30] and 31% in the state of Pernambuco in Brazil
(November 2015—October 2016) [31]. Reports on the proportion of symptomatic ZIKV infec-
tions in children and adolescents range from 41% in Nicaragua [32] to 70% in French Polyne-
sia [33]. Further, given the importance of brain development in childhood and adolescence,
and the neurovirulence of ZIKV, children may be more susceptible to the adverse neurological
consequences of ZIKV infection [34].

To our knowledge, no systematic review to date has examined the existing literature on the
clinical presentation of ZIKV infections in children and adolescents. This study aims to give
an overview of the spectrum of clinical manifestations of postnatal ZIKV infections in children
and adolescents (0-18 years) and to highlight existing knowledge gaps for the scientific com-
munity to stimulate further research.

Methods
Search strategy and selection criteria

We conducted this systematic review following a pre-defined research protocol registered in
the PROSPERO database (CRD42019119260), in accordance with PRISMA guidelines (S1
Table) [35]. To identify studies reporting on postnatal ZIKV infection in children, we per-
formed a comprehensive literature search, with no date or language restrictions, using four
databases (PubMed, Web of Science, LILACs, and EMBASE) from 1956 to 13 February 2020.
A broad search strategy was used to identify studies reporting on postnatal ZIKV infection in
children. The search strategy utilized Medical Subject Headings and keywords, including
English, French, Spanish and Portuguese translations, relating to ZIKV and pediatric popula-
tions (S1 Methods). No date or language restrictions were applied.

Study selection and data extraction

Eligible studies included cohort, cross-sectional, case series, and case report studies reporting
on symptoms of postnatal ZIKV infection in children, aged 0 to 18 years of age, with a robust
confirmation of ZIKV infection (i.e., laboratory confirmation by molecular (reverse transcrip-
tion polymerase chain reaction [RT-PCR]) or serologic test Immunoglobulin (Ig) M and G
enzyme-linked immunosorbent assays [ELISAs], antibody hemagglutination assay, plaque
reduction neutralization test [PRNT], or Council of State and Territorial Epidemiologists
[CSTE] criteria [36]). Studies reporting on symptoms of congenital ZIKV infection or with
evidence of a co-infection were excluded from the review. Three reviewers (AR, LL, and AV)
screened identified studies for eligibility in duplicate; any discrepancies were resolved by a
third reviewer (EBB and NSC). References of eligible studies were also screened to identify
additional potentially relevant studies. Three reviewers (AR, LL, and AV) performed the data
extraction independently and cross-verified the results for accuracy and consistency. Extracted
data included information on: study author, study location, year, number of ZIKV cases, popu-
lation source, ZIKV diagnostic testing, and differential diagnostic testing. Outcomes of interest
extracted were the frequency of rash, fever, conjunctivitis (i.e., inclusive of other signs of con-
junctival involvement, such as conjunctival hyperemia), arthralgia, myalgia, and headache and
other signs and symptoms of ZIKV infection [3, 17]. For case reports, additional information
on patient complications and co-morbidities were extracted where available. A world map
indicating the location of studies was created using Tableau Desktop 2019.2.2.
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Quality assessment

Two reviewers independently assessed study quality. The cohort study was assessed using the
Oxford Centre for Evidence-based Medicine (OCEBM) Levels of Evidence, March 2009,
which range from level 1 (highest) to 5 (lowest level of evidence) [37]. The case series and case
reports were evaluated using the study quality criteria proposed by Murad and colleagues
(2018) [38]. Overall risk of study bias was based primarily on the assessment of participant
exposure (i.e., ZIKV diagnosis) and outcomes (i.e., ZIKV signs, symptoms, and
complications).

Results

Our search returned a total of 9440 records, of which 2825 were duplicates and were removed
(S1 Fig). After screening 6614 individual records, we removed 6394 by title or abstract. We
assessed 220 full text articles for eligibility, of which 188 were not included due to: study design
(reviews or commentary articles, n = 32; conference abstracts, n = 12), study outcome (no
information on clinical signs, symptoms, or complications, n = 53), study sample (different
target population, n = 56), and exposure ascertainment (lack of robust ZIKV confirmation,

n = 6). We excluded an additional 30 studies, in which cases had congenital ZIKV infections
(n =23) or known co-existing infections with other pathogens (n = 7). We identified one addi-
tional full text article from the reference review of eligible articles. This resulted in 32 final full
text articles included in the systematic review (i.e., 1 cohort, 9 case series and 22 case reports).

Cohort and case series studies

Ten studies, including a total of 2503 cases and conducted across 7 countries and territories
(Colombia, Guadeloupe, Panama, Puerto Rico, Singapore, Nicaragua and the United States of
America, Fig 1), reported on the presence of ZIKV symptoms in a pediatric study population
or sub-group (Table 1). Only one investigation characterized the clinical presentation of pedi-
atric ZIKV cases in a prospective cohort study [39]. In eight studies, children and adolescent
ZIKV cases were identified using ZIKV surveillance systems [40-47]. In five of these studies,
data were obtained from national or county level surveillance systems [40, 41, 43, 45, 48],
while passive surveillance and hospital-based surveillance systems were respectively used in
the three remaining studies [44, 46, 47]. In the final case series, possible ZIKV cases were iden-
tified using physician reports [49]. According to the OCEBM Levels of Evidence, the one
cohort study was graded Level 1b. Within the case series, the study quality varied, reflecting
differences in population sampling and study design, with one case series rated good [47], five
of the case series rated fair [41, 42, 44, 45, 49], and three studies rated poor [40, 43, 46] (S2
Table).

In all but one study, confirmatory testing for ZIKV was performed if cases presented with
at least one common sign or symptom of ZIKV infection. In the remaining study, confirma-
tory testing was performed if cases presented with signs of encephalitis [47]. Confirmation of
ZIKV infections was performed exclusively using laboratory assays in all except one study
[40], which made use of a variety of patient records to ascertain ZIKV diagnosis based on
CSTE criteria. These records included clinician reporting, laboratory reporting, death certifi-
cates, birth certificates and electronic medical records [36, 40]. Four studies, from Guadeloupe,
the United States of America, and Colombia reported testing for concomitant infection by
other arboviruses (dengue +/- chikungunya) [43, 45, 47, 49], although the testing method used
was only reported in three studies [43, 45, 47].

Of the ten studies, nine [39-42, 44, 46, 47, 49] reported on the presence of common signs
and symptoms of ZIKV infections [17], while the remaining study reported only on the
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Fig 1. World map displaying the location of the 32 studies included in the systematic review. For studies reporting on travel-associated infections, the country of
infection was reported as location of study. Dark red indicates the countries with the greatest representation of case reports. Size of blue circle indicates the number of
cohort and case series studies within a given country.

https://doi.org/10.1371/journal.pntd.0008612.g001

presence of neurological disorders [43]. The most frequently reported ZIKV symptoms among
confirmed pediatric ZIKV cases were rash (prevalence range: 29-100%), fever (55-99%), con-
junctivital involvement (11-64%), arthralgia (14-48%), myalgia (6-57%), and headache (21—
50%) (Table 1). Upper respiratory tract symptoms were reported in four studies (21-38% of
cases), and gastro-intestinal symptoms were reported in four studies (2-29% of cases).
Neurological signs were not commonly detected in pediatric ZIKV patients. Only three out
of seven population-based studies reporting on the presence or absence of neurological com-
plications reported the presence of neurological signs [43, 46, 47]. One case series using retro-
spective surveillance system data from a children’s hospital in Panama, identified 2 RT-PCR-
confirmed ZIKV infections among 12 GBS cases [46]. In a second hospital-based case series of
pediatric encephalitis cases in Colombia, six cases had confirmed ZIKV mono-infections [47].
The median duration of encephalitis was five days, and additional reported symptoms
included reduced responsiveness to analgesics, dehydration due to intense vomiting, and sei-
zures in two patients. Neither of these two studies provided estimates of the frequency of the
neurological complications among the general population of pediatric ZIKV cases [46, 47]. In
the third and largest case series, a 2015-2016 Colombian study, 18,576 postnatal pediatric
ZIKV cases were reported, of whom 1207 children had a laboratory-confirmed diagnosis of
ZIKV infection [43]. Among the 18,576 possible cases of ZIKV, 96 cases with neurological
conditions were reported, including 66 cases of polyneuropathy of which 40 cases had GBS, 17
cases of viral encephalitis, eight cases of demyelinating diseases, four cases of inflammatory
diseases of the central nervous system, and one case classified as other neurological disorder.
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Among the 1207 laboratory-confirmed cases, 1% (12/1207 cases) developed neurological
complications, the details of which were not provided. Further, no information was available
regarding any evaluation of neurodevelopment in these cases. Additionally, of the 40 ZIKV
cases with a reported diagnosis of GBS, confirmatory laboratory testing appeared to be avail-
able for only two fatal cases (one case was positive for ZIKV, the other negative).

The same study also provided the only reports of mortality in pediatric ZIKV patients
among case series. Study authors reported the death of six patients with confirmed ZIKV
infection in their cohort (an estimated 0.5% of confirmed ZIKV cases) [43]. Further investiga-
tion into cause of death, which was available for three patients, revealed that, for two patients,
death was attributed to acute myeloid leukemia and bacterial meningitis, respectively. For the
final patient, death was attributed to complications of GBS, secondary to ZIKV infection.

Three studies investigated the prevalence of ZIKV signs and symptoms by age. The first
study, led by Read and colleagues in Puerto Rico in 2016, presented the details of ZIKV-associ-
ated signs and symptoms in age groups <1y, 1-4y, 5-9y and 10-18y (S2 Fig) [44]. Objective
clinical signs (fever, rash and erythema) were present among cases at a similarly high preva-
lence across age groups, whereas subjective symptoms such as headache, eye pain, arthralgia,
myalgia and bone pain were three to nine times more prevalent in the oldest age group com-
pared to the youngest age groups (10-18y vs. <1y or 1-4y). The prevalence of conjunctivitis as
a symptom of ZIKV infection also appeared to increase with age, whereas the prevalence of
cough appeared to decrease. Irritability was a symptom primarily prevalent in younger partici-
pants, with reported irritability among 56% of participants aged <1y, compared to 17 to 23%
among other age groups. However, these age trends were only reported to be statistically sig-
nificant for headache and irritability (p-value<0.05).

In the second study, a surveillance-based study in 10 states in the United States of America
by Lindsey and colleagues, the details of ZIKV-associated signs and symptoms in children
were presented in age groups 1-11y and 12-17y and compared to the frequency in adults (S3
Fig) [45]. Patent signs, such as rash and conjunctivitis, were present among cases at a similarly
high prevalence between the two age groups, whereas fever, arthralgia and myalgia were more
common in older children (12-17y) than younger children (1-11y) (p-value<0.05 for all).
Arthralgia, arthritis, edema, and myalgia were less common in children overall compared to
adults (p-value<0.05 for all). None of the children in this study were reported to experience
neurological complications.

In the third study, a cohort study based in Nicaragua, Burger-Calderon and colleagues also
noted that the clinical presentation of Zika virus infection differed across pediatric ages [39].
Among the 556 participants with confirmed ZIKV disease, older cases presented more fre-
quently with arthralgia, myalgia, and headache. Of note, identification of cases based on the
WHO and PAHO case definitions alone would have led to missed diagnoses of more than
two-thirds of laboratory-confirmed symptomatic ZIKV infections in this cohort. However, the
sensitivity of both the WHO and the PAHO case definitions increased with age (11% to 56%
and 6% to 37%, respectively).

Case reports

Twenty-two case reports from across 12 countries and territories described 40 pediatric cases
of ZIKV (Fig 1, Table 2). Eleven cases (28%) were aged between 6 months and 5 years, 8 cases
(20%) were aged 6 to 10 years, 19 cases (48%) were between 11 and 16 years, and 2 cases (5%)
were less than 15 years but with an unspecified age. ZIKV infection was laboratory-confirmed
by RT-PCR in 88% of cases (n = 35), and serology in 28% of cases (n = 11). Thirty-five cases
(88%) underwent further testing for potential co-infections. Overall, the quality of the case
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reports varied from good (59% of studies) to poor (27% of studies) based on the Murad, et al.,
criteria (S3 Table) [38].

Individual symptoms of ZIKV infection were reported for 38 of the 40 patients. One study
reported only on complications of ZIKV infection (i.e., hepatomegaly, thrombocytopenia, ane-
mic shock) [50], and the remaining study reported only that the infection was asymptomatic
[51]. The most common reported symptom was fever, which was present in 92% of reports
(33/36 cases) mentioning presence or absence of fever in pediatric ZIKV cases (Table 2). Other
common symptoms included rash (84%, 27/32 cases), conjunctivital involvement (54%, 13/24
cases), headache (52%, 12/23 cases), myalgia (42%, 8/19 cases), and arthralgia (24%, 4/17
cases). Upper respiratory tract symptoms were also present in 68% of cases (13/19) and GI
symptoms in 83% of cases (10/12). Neurological complications were reported in 18% of cases
(6/34) with information on the presence of neurologic signs. These included one case of acute
myelitis [52], one case of encephalitis [53], one case of peripheral neuropathy [54], one case of
left middle cerebral artery infarct with right hemiparesis [55], one case of seizures and diffuse
neurological manifestations [56], and one case of Alice in Wonderland Syndrome [57].

Outcomes of ZIKV infection were available in 31 case reports. The majority of patients
(74%, 23 cases) experienced a full recovery following ZIKV infection. As reported earlier, six
cases suffered from neurological complications [52-57] and an additional three cases (ages 2,
15, and 16y) were reported to have died [50, 58, 59]. For all three fatal cases, there was evidence
or likelihood of underlying co-morbidity (acute leukemia, sickle cell disease, Evans syndrome).
Five of the six cases with neurological complications suffered from impaired motor function.
Two cases (ages 13 and 15y) regained the ability to walk after two weeks and one month
respectively [52, 54], one case was discharged from the hospital with mild gait difficulty [56],
one case (age 10 mo) who had suffered from a stroke recovered partial motor function after 3
months [55], and the last case (age 2y) who suffered from encephalitis had major motor
sequelae in all four limbs after three months [53]. No assessment of potential consequences on
neurodevelopment was reported for any of the cases.

Discussion

This review, which collated the evidence from 2543 pediatric ZIKV cases across 1 cohort
study, 9 case series, and 22 case reports, summarizes the existing knowledge on the presenta-
tion and complications of symptomatic postnatal ZIKV infection in children and adolescents.

While the rates of symptomatic ZIKV infection in the general population have been studied
extensively [16], there is limited information available regarding the proportion of symptom-
atic ZIKV infection in pediatric populations. Reliable estimates of the rate of asymptomatic
ZIKV in pediatric populations are limited. The majority of investigations studying ZIKV infec-
tion in adolescent and pediatric populations use the presentation of ZIKV-like symptoms as a
prerequisite for performing diagnostic testing, which precludes inclusion of asymptomatic
ZIKV cases. Estimates of the prevalence of symptoms vary significantly between studies, from
approximately 7% in Miami-Dade county (USA) [41] to 41% in Nicaragua [32] and 71% in
French Polynesia [33]. Despite a lack of reliable estimates of the rates of symptomatic ZIKV
infection in pediatric populations, findings from this review suggest that when symptomatic,
pediatric ZIKV infection is primarily mild, with little evidence of severe complications or
adverse outcomes. Unsurprisingly, the signs most commonly reported in pediatric cases, fever
and rash, were also most frequently used to identify potential ZIKV cases. Findings from three
studies describing symptoms by age suggested similar frequencies of signs, such as fever, rash
and conjunctivitis across age groups, but lower frequencies of subjective pain-related symp-
toms, such as arthralgia and myalgia, in younger age groups, which is likely due to the
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difficulty of accurately identifying such self-reported symptoms in young children [39, 44, 45].
There was little evidence of severe outcomes among ZIKV patients, with only four studies (one
case series [43] and three case reports [50, 58, 59]) reporting deaths among pediatric ZIKV
patients. Further, for the majority of these events, there was evidence of underlying medical
conditions (i.e., leukemia, sickle cell disease, and bacterial meningitis). With regards to the sin-
gle population-based study reporting on ZIKV-associated mortality, the number of deaths
reported in this study must be interpreted with caution as it is unclear whether confirmatory
diagnosis of ZIKV infection was prioritized in deceased cases, potentially inflating the propor-
tion of ZIKV-associated death. There was also limited evidence available regarding the preva-
lence and presentation of neurological complications of ZIKV infection, which is unsurprising
given the rarity of these events and the small number of cases in population-based studies.
Only the largest case series reported the presence of neurological complications, which were
present in 1% of pediatric cases with a confirmed ZIKV diagnosis [43]. Cases of ZIKV-associ-
ated GBS were also reported in this study; however, details of GBS diagnosis and laboratory
confirmation of ZIKV diagnosis were not available for all cases, limiting the reliability of the
information.

Evaluating the rates and presentation of neurological complications in children and adoles-
cents is of particular importance given the neurotropism of ZIKV and the vulnerability of
young brains in development [34]. The strongest evidence for the neurotropic activity of ZIKV
arises from prenatal exposure to the virus, which can lead to Congenital Zika Syndrome, one
of the most severe manifestations being microcephaly [25]. Additional manifestations associ-
ated with congenital ZIKV infection that have been identified to date include epilepsy, motor
abnormalities and bladder dysfunction [60, 61]. While the exact mechanism for the neuro-
tropic activity of ZIKV remains unclear, a suggested mechanism is through the virus’s ability
to halt the proliferation of neural progenitor cells and possibly induce cell death [62, 63]. Early
postnatal ZIKV infection in rhesus macaques has also been shown to affect neurodevelopment,
suggesting that ZIKV infection in infants may have potential long-term consequences [64].
However, no studies to date have assessed the potential consequences of non-congenital ZIKV
infection on neurodevelopment in human children.

Based on the findings of the studies reported in this systematic review, the neurological
consequences of postnatal exposure appear to be less severe compared to prenatal exposure to
ZIKV. Studies showed little evidence of neurological complications in children and adoles-
cents. However, an accurate assessment of the range and frequency of ZIKV-associated com-
plications is limited by the paucity of data in this age group, and particularly in infants. Of
note, among the six children with neurological complications, sequelae appeared to be more
severe in the two youngest cases (<2 years) [53, 55]. The two cases, of which one experienced
an infarct and the other encephalitis, had not fully recovered from the neurological sequelae
after three months [53, 55].

Beyond its effects on the central nervous system, ZIKV may also indirectly affect the periph-
eral nervous system through induced parainfective or post-infective autoimmune response
[65, 66]. Increased numbers of GBS patients in ZIKV-endemic zones suggest that the virus
may contribute to the pathogenesis of GBS. Using data on GBS and ZIKV cases from 11 loca-
tions between 2007 and 2017, a recent paper derived an estimate of 2 GBS cases per 10,000
ZIKV infections [67]. In conducting this review, we found little published evidence regarding
the prevalence of GBS in pediatric ZIKV cases. Only two case series identified possible ZIKV-
associated GBS cases in their study populations, but both were limited by the lack of informa-
tion regarding confirmatory ZIKV diagnostic tests in these cases [43, 46].

There are strengths and limitations to this review. In order to include as many relevant
studies as possible, we have used a broad search strategy and included French, Spanish and
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Portuguese terms given the geographical distribution of ZIKV. For the majority of cases, diag-
nosis of ZIKV infection was based on RT-PCR, the most reliable method of ZIKV diagnosis in
regions with active flavivirus circulation. We have included both observational studies and
case reports to provide a full summary of the existing evidence regarding postnatal ZIKV infec-
tions, but we note that the overall evidence base is limited as only one investigation was a
cohort study with prospective ascertainment of infections. In addition, publication biases (i.e.,
systematic differences between published and unpublished evidence) remain a concern. First,
observational studies without significant findings may be less represented in the appraised lit-
erature. Second, although useful for describing more severe and rare complications which
would otherwise require large sample sizes to detect, case reports are typically biased towards
unusual or severe disease presentations.

It is also important to note that the varying case definitions used to identify possible ZIKV
cases in each study may limit the representativeness and exhaustiveness of the signs and symp-
toms reported in this review. In particular, studies focusing on identifying cases with rash [49],
or fever [44] may have overreported these symptoms, leading to an overestimation of their
prevalence in pediatric populations. Studies using a broader case definition and populations
identified using cohort or national or county level surveillance data are likely to be more repre-
sentative of symptomatic pediatric ZIKV infection. However, growing evidence suggests that
standard case definitions, such as the PAHO and WHO definitions, have low sensitivity in
pediatric populations and could lead especially to under-representation of the youngest chil-
dren with ZIKV disease [39, 44, 45]. Furthermore, the signs and symptoms described in these
studies may not be exhaustive, as atypical symptomatic ZIKV cases are unlikely to have been
identified using routine surveillance systems.

The small sample sizes in the majority of case series, also limits our ability to assess the risk
of ZIKV complications (in particular GBS) and mortality in children and adolescents given the
low frequency of these outcomes, and incomplete ZIKV testing in studies reporting on these
outcomes. Of particular note, despite Brazil being the epicenter of the 2015-2017 ZIKV out-
break [68], as laboratory confirmation of ZIKV infection was prioritized for pregnant women
[69], no population-based pediatric studies with laboratory confirmation of ZIKV were avail-
able from Brazil.

While reliable diagnosis of ZIKV infection is often hampered by the limited availability of
laboratory tests and the reliance on presentation of ZIKV-like symptoms, the majority of stud-
ies included in this review used RT-PCR. While RT-PCR is the most specific method for iden-
tifying acute ZIKV infection, the test has limited sensitivity and may misclassify ZIKV cases as
false negatives, especially in patients with symptom onset more than 10 days before testing. Of
note, two case reports relied exclusively on single serologic tests for confirmatory diagnosis
(IgM and antibody hemagglutination) [54, 70], which have the potential to cross-react with
other flaviviruses [71]. However, in both case reports, cases tested negative for dengue virus
infection, which increases the confidence in the reliability of ZIKV diagnosis for these cases.
Additionally, two case series reported on both laboratory-confirmed and probable ZIKV cases,
hence the findings from these studies are less reliable. However, we note that in the study by
Lindsey and colleagues (2020), only 11% of cases were probable, with the remaining 78% posi-
tive for ZIKV by RT-PCR and 11% by IgM with PRNT confirmation [45].

An important consideration when seeking to distinguish between non-congenital and con-
genital ZIKV infection is the age-range of the study population. This distinction is particularly
difficult within the first month of life and is complicated by a lack of knowledge regarding viral
persistence in congenitally infected neonates [22, 72]. However, there is only one study in this
review which may have included children under one month old, as the age distribution of the
25 infants included in the study was not provided [44].
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Due to increased urbanization and ecological shifts associated with climate change, the geo-
graphic distribution of key arthropod vectors (i.e., Aedes Aegypti, Aedes Albopictus) is expand-
ing, putting new populations at risk of arbovirus infections [73, 74]. A better understanding of
the short and long-term clinical consequences of ZIKV and other neurotropic arboviruses,
including Dengue, Chikungunya, West Nile, and Japanese Encephalitis viruses [75-77], is
essential to help establish appropriate control and prevention measures. Based on the evidence
summarized in this review, we have proposed a list of outstanding questions as priorities for
future research on ZIKV infections in children and adolescents:

o What is the full spectrum of clinical presentations associated with pediatric ZIKV infections?
What factors (e.g., age, sex, prior flavivirus infection) influence the severity of ZIKV disease?

« What are the risks and spectrum of neurological complications associated with postnatal
ZIKV infection in children and adolescents? Are neurological complications of ZIKV infec-
tion more severe in younger children? What is the risk of ZIKV-associated GBS in children
and adolescents?

« What is the impact of non-congenital ZIKV infections, especially those in the first 1000 days
of life, on pediatric neurodevelopment?

In conclusion, the available evidence identified in this review suggests that the presentation
of ZIKV infection is primarily mild in children and adolescents, which may limit case ascer-
tainment using standard clinical case definitions for ZIKV disease. Prospective follow-up of
pediatric ZIKV cases using data linkage may help elucidate the long-term impacts of postnatal
ZIKV infection in children and adolescents.
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