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Abstract

Background.—Pediatric Zika remains an understudied topic. The World Health Organization
(WHO) and Pan American Health Organization (PAHO) Zika case definitions have not been
assessed in children. We aimed to characterize clinical profiles and evaluate the diagnostic
performance of the WHO and PAHO case definitions in a large cohort of pediatric Zika cases.

Methods.—We prospectively followed a cohort of ~3,700 healthy children aged 2—14 years old
in Managua, Nicaragua, from January 2016 to February 2017, encompassing the major 2016 Zika
epidemic. We characterized acute clinical findings (signs, symptoms, and complete blood counts)
and tested participants with a broad range of clinical profiles suspected of Zika using molecular
and serological assays.
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Findings.—We analyzed 556 laboratory-confirmed Zika and 548 non-Zika cases. The WHO and
PAHO case definitions captured 176 and 109 confirmed Zika cases, respectively, who presented
with the most clinical findings and a dengue-like clinical profile. The remaining sixty percent of
Zika cases, principally characterized by undifferentiated fever or afebrile rash, were missed.
Among Zika cases, rash (n=440) — particularly generalized erythematous rash (n=334), fever
(n=333), leukopenia (n=217), and headache (n=203) were most common and peaked within three
days of illness onset. The most common Zika presentation over the first week of illness was rash
only (n=80). The sensitivity of Zika case definitions increased across pediatric age (from 11% to
56% for the WHO case definition and from 6% to 37% for the PAHO case definition), as the
prevalence of most clinical findings (particularly arthralgia) increased with age, irrespective of
prior dengue virus infection.

Interpretation.—We provide the most thorough description of pediatric Zika to date. Most
pediatric Zika cases go undetected under the WHO and PAHO case definitions, suggesting current
standards for Zika case ascertainment require revision. Zika manifests with mild but differing
clinical profiles across pediatric age, presenting major challenges to diagnosis, surveillance, and
efforts to control future Zika epidemics.

Keywords

Zika; symptoms; age; case definition; sensitivity

INTRODUCTION

Zika virus (ZIKV), a member of the Flavivirus genus,! was believed to cause a self-limiting
febrile illness without severe complications for decades after its discovery in 1947.2
However, Zika became a global public health concern when, during explosive epidemics
throughout the Pacific Islands and the Americas from 2013 to 2016,1 ZIKV infection was
responsible for severe congenital complications such as microcephaly and neurological
disabilities.® Over 828,000 Zika cases have been reported to the Pan American Health
Organization (PAHO), the Regional Office for the Americas of the World Health
Organization (WHO), since the Zika pandemic started in 2015.% ZIKV is usually transmitted
by Aedes mosquitoes, although other transmission routes exist.

ZIKV infection is primarily concerning in pregnant women and their fetuses, as Zika in
adulthood, except for rare neurological complications like Guillain-Barré Syndrome,
presents with mild fever, maculopapular rash, conjunctivitis, and arthralgia,! generally
resolving within a week. The clinical profile of Zika patients is thought to resemble mild
cases of dengue, which is caused by the closely related dengue flavivirus (DENV).1
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Immunological cross-reactivity between ZIKV and DENV results from the high degree of
nucleotide and antigenic homology.! Heterologous, secondary DENV infections can induce
a life-threatening condition due to immunological cross-reactivity to different DENV
serotypes,® a phenomenon termed antibody-dependent enhancement. It is unknown whether
prior DENV infection modulates the spectrum of Zika severity.

Most of what is known about Zika derives from adult studies. Clinical studies of pediatric
Zika are relatively scarce and feature modest sample sizes,6-19 precluding a full
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understanding of the disease in children. Using the largest clinical dataset of laboratory-
confirmed pediatric Zika cases to date,! this study characterizes the acute clinical profile of
Zika and assesses the diagnostic performance of the WHO2 and PAHO13 case definitions in
children.

METHODS

Ethics statement

Institutional review boards of the University of California, Berkeley, the University of
Michigan, and the Nicaraguan Ministry of Health approved the Pediatric Dengue Cohort
Study (PDCS) protocol. Participants’ parents or legal guardians provided written informed
consent. Subjects =6 years old provided verbal assent.

Study design and eligibility criteria
The PDCS is an ongoing prospective cohort study of 2—14-year-olds based in Managua,
Nicaragua, originally established to study DENV infections and later expanded to include
ZIKV; its full study protocol has been described (appendix).1415 PDCS participants, healthy
at enrollment, were recruited before this study’s initiation (appendix). Approximately 3,700
PDCS participants were followed from January 2016 to February 2017, spanning the
initiation and cessation of Managua’s first Zika epidemic.1116 Participants were encouraged
to visit the study health center at first indication of any illness. During the study period,
1,100 PDCS cases exhibited any of four broad clinical profiles suspected of Zika and were
thus eligible for inclusion; there were no exclusion criteria. These clinical profiles were: 1)
fever and at least two of the following: headache, retro-orbital pain, myalgia, arthralgia, rash,
hemorrhagic manifestations, and leukopenia (1997 WHO dengue case definitionl?); 2) fever
and at least two of the following: (nausea or vomiting), rash, (aches and pains), positive
tourniquet test, leukopenia, and any dengue warning sign (2009 WHO dengue case
definition18); 3) undifferentiated fever without evident cause, with or without any other
clinical finding; and 4) afebrile rash with or without any other clinical finding. For analysis
purposes, Zika cases meeting the 1997 and/or 2009 WHO dengue case definitions were
collapsed into a clinical profile, termed WHO dengue case definition. Acute-phase serum
and/or urine samples of eligible participants were tested for ZIKV infection by real-time RT-
PCR (rRT-PCR). Paired acute-phase and convalescent-phase serum samples were tested
using an algorithm based on five serological assays (appendix).1! Based on such testing,
cases were categorized as either Zika cases or non-Zika cases. The latter group contained all
non-Zika illnesses that met one of the clinical profiles during the study period. We collected
and analyzed clinical findings (a collective term for signs, symptoms, and complete blood
count [CBC] findings) through the initial seven days of illness (appendix). Conjunctival
involvement collectively refers to conjunctivitis and/or conjunctival injection. Rash without
qualifications refers to any type of rash (appendix).

Study participants

Of the 1,100 PDCS cases, 560 were laboratory confirmed by either rRT-PCR or serology as
Zika cases and the remaining 550 as non-Zika cases. Four Zika cases (three co-infections
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with DENV, one missing CBC data) and two non-Zika cases (missing CBC data) were
dropped from the analysis.

Statistical analyses

The WHO case definition for Zika is: (rash and/or fever) and (at least one of: arthralgia,
arthritis, conjunctivitis).12 The PAHO case definition for Zika is: (rash) and (at least two of:
fever, conjunctivitis, arthralgia, myalgia, peri-articular edema).13 Using the Zika and non-
Zika cases, we assessed the sensitivity, specificity, and predictive values of these case
definitions (appendix). Sensitivity was modeled as a function of age using generalized
additive models (GAMs),1° which capture nonlinear trends (appendix). We calculated the
percentage of laboratory-confirmed Zika cases that would be missed by standard (WHO and
PAHO) case definitions if cases had to meet both definitions to be captured, and, as a
robustness check (sensitivity analysis), if cases had to meet only one definition to be
captured (appendix).

The age and sex distributions of the non-Zika cases, Zika cases, and Zika cases stratified by
clinical profile were examined (appendix). The prevalence of each clinical finding for Zika
and non-Zika cases was calculated. Clustering of clinical findings among Zika cases was
visualized through a co-occurrence dendrogram (appendix). We used GAMs to characterize
the prevalence of each clinical finding across age. We created a severity score for each Zika
case by summing the number of clinical findings (appendix) and modeled this severity score
with zero-truncated models as functions of age, sex, number of days from illness onset to the
last medical consult, and number of medical consults (appendix). The severity score and
models were stratified by DENV infection history. Data were analyzed using STATA v14,
SAS v94, and R v3:5-1.

Role of the funding source

The study funder had no role in design, recruitment, data collection, analysis, and
interpretation, or writing phase of the study. The corresponding author had full data access
and had final responsibility for submitting this report for publication.

RESULTS

Participant characteristics

The study contained 548 non-Zika cases (Figure S1) and 556 Zika cases; of the latter, 370
(66-5%) were rRT-PCR-confirmed and 186 (33-4%) were rRT-PCR-negative but confirmed
by serology. Zika cases were older and more frequently female than non-Zika cases (Table
S1, Figure S2). Both groups had similar numbers of medical consults, but non-Zika cases
had a higher hospitalization rate (5:1%) than Zika cases (0-9%). No case experienced
Guillain-Barré Syndrome. Fifty-nine percent of the Zika cases presented with
undifferentiated fever (107/556, 19-2%) or afebrile rash (223/556, 40-1%) (Table 1). Only
226 (40:6%) Zika cases met the WHO dengue case definition.
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Pediatric Zika is often missed by standard case definitions

Overall, 176 (31:7%) and 109 (19-6%) laboratory-confirmed Zika cases met the WHO and
PAHO Zika case definitions, respectively (Table 2, Table S2). Only 100 of Zika cases were
captured by both case definitions (sensitivity=18:-3%; 95% CI1:15:0%, 21-4%), and 185 of
Zika cases were captured by either case definition (sensitivity=33:-3%; 95% CI1:29-5%,
37-3%) (Figure 1A).

To understand clinical differences between captured and missed cases, we compared the 100
Zika cases that were captured by both case definitions to the remaining 456 cases. Fourteen
of the 22 clinical findings we assessed were significantly more prevalent in the group that
met both case definitions, and no clinical findings were significantly more prevalent in the
missed group. Thus, missed cases displayed milder manifestations than captured cases
(Figure S3). The overall distribution of the severity score (Figure S4) demonstrated that Zika
cases mostly experienced few clinical findings, with the most common severity score
(128/556, 23-0%) involving only two clinical findings (usually rash and leukopenia, 47/128,
36:7%). Such children would not be captured by the WHO or PAHO case definition for
Zika, as leukopenia (Figure S5) does not appear in either. Additionally, 92 (16-5%) Zika
cases experienced one clinical finding (usually rash, 80/92, 80-7%), too few to meet either
case definition. Only rash and only rash with leukopenia were the first and second most
common pediatric Zika manifestations, respectively, when we considered combinations of
the four most common clinical findings (/.e., rash, fever, headache, and leukopenia) (Figure
S6). Among all 556 Zika cases, twelve (2:2%) experienced only fever.

A bimodal distribution was apparent when the overall severity score distribution was
stratified by whether cases were captured by both standard case definitions (Figure 1B).
Missed cases experienced a median of three clinical findings, whereas captured cases
experienced a median of six clinical findings. A similar bimodal distribution was
recapitulated when stratifying by clinical profile (Figure 1C). Zika cases meeting the WHO
dengue case definition experienced a median of five clinical findings. Both cases with
undifferentiated fever and cases with afebrile rash experienced a median of two clinical
findings. Thus, the standard case definitions for Zika chiefly captured cases meeting the
WHO dengue case definition (Table S3). As a robustness check (sensitivity analysis), we
repeated the above analyses by comparing the 185 cases that were captured by either
standard case definition and the remaining 371 cases, with equivalent conclusions (Figures
S7-S8; Table S4).

Pediatric Zika manifests with mild and non-specific acute clinical findings

Among Zika cases, rash (440/556, 79-1%), fever (333/556, 59-9%), leukopenia (217/556,
39:0%), and headache (203/556, 36-5%) were the four most common clinical findings (Table
S5). While both case definitions include conjunctivitis, only 15 (2:7%) Zika cases
experienced conjunctivitis, and only two (0-4%) Zika cases experienced peri-articular
edema, a clinical finding appearing in the PAHO case definition. Respiratory and
gastrointestinal conditions were rare among the Zika cases. Zika cases predominantly
presented with generalized rash (404/556, 72-7%) and erythematous rash (359/556, 64-6%)
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(Figure S9); hence, generalized erythematous rash was common (334/556, 60-1%).
Maculopapular (105/556, 18-9%) and other rash subtypes were less common.

Rash and leukopenia were significantly more prevalent among Zika cases (Figure 2A).
Pediatric Zika presents non-specifically, as the majority of clinical findings were more
prevalent among non-Zika cases. There was no evidence of a difference in prevalence
between Zika and non-Zika cases regarding arthralgia (in both case definitions) and myalgia
and peri-articular edema (in the PAHO case definition).

Among the Zika cases, the average number of signs/symptoms per medical visit remained
relatively constant over the first three days post-illness onset and subsequently declined, as
expected (Figure S10). The prevalence of the more common clinical findings exhibited a
similar pattern (Figure S11). Leukopenia was the exception; its prevalence was more stable
over seven days post-illness onset.

Standard case definitions do not reflect observed patterns of pediatric Zika clinical

findings

Rash formed its own co-occurrence cluster (Figure 2B) among the Zika cases. Leukopenia,
fever, headache, and arthralgia formed second cluster, while all other clinical findings
constituted a third cluster. These co-occurrence patterns of clinical findings were discordant
with the clinical findings in the WHO and PAHO case definitions. Neither standard case
definition captured Zika cases with rash only. Myalgia, conjunctival involvement, and peri-
articular edema clustered together but not with the other clinical findings in the PAHO case
definition.

Age drives the prevalence of clinical findings, the clinical profile, the severity score, and
the sensitivity of Zika case definitions

We examined the clinical profile and severity score of the laboratory-confirmed Zika cases
for an explanation underlying all prior observations. Among Zika cases, there was no
evidence that clinical profile varied by sex; however, Zika cases with a dengue-like clinical
profile were significantly older than Zika cases with other clinical profiles (Figure S12).
Similarly, there was no evidence that the severity score was associated with sex (Figure
S13). However, the adjusted risk ratio per additional year of age was 1-04 (95% ClI: 1-02,
1.05), indicating that the number of Zika manifestations significantly increased with age.
While the expected change in severity score per year of age is small, the model implied that
Zika cases that aged out of the PDCS at age 15 had, on average, 1-6 (95% CI: 1.4, 2.0) times
the number of clinical findings than two-year-old Zika cases, after accounting for sex,
number of medical consults, and number of days from illness onset to the last medical
consult. We further observed that the sensitivity of the WHO case definition ranged from
11-3% (95% CI: 7-1%, 17-5%) at age two to 56-1% (95% CI: 46-3%, 65-4%) at age 15
(Figure 3A). Similarly, the sensitivity of the PAHO case definition ranged from 6-0% (95%
Cl: 3-0%, 11-6%) at age two to 36-6% (95% CI: 26-5%, 48-0%) at age 15.

Among Zika cases, the prevalence of all measured clinical findings in the standard case
definitions also varied by age, except for peri-articular edema, which was rare (Figure 3B).
Rash and fever were common across age since children with either sign were tested for
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ZIKV infection. However, the prevalence of both signs increased ~10-15 percentage points
across pediatric age. The positive age-prevalence trend for rash reflected similar trends for
generalized erythematous rashes (Figure S14); the prevalence of maculopapular rashes
decreased across age. The prevalence of arthralgia sharply increased from 8-4% (95% ClI:
4-7%, 14-6%) at age two to 44-0% (95% CI: 33-7%, 55-0%) at age 15, an average increase of
2-7 percentage points per year of age. The age-prevalence curve for arthralgia displayed near
parallelism to the age-sensitivity curves for the WHO and PAHO case definitions (Figure
3A), implying that the presence of arthralgia principally determined whether standard case
definitions correctly classified laboratory-confirmed Zika cases as Zika-positive. The
prevalence of several other clinical findings also varied across age, including leukopenia,
which increased in prevalence ~40 percentage points across pediatric age (Figure S15).

The proportion of Zika cases meeting the WHO dengue case definition increased ~32
percentage points over pediatric age (Figure S16A). Twenty-four of the 32 percentage points
were offset by commensurate decreases in the proportion of undifferentiated fever, with the
rest explained by the decreasing proportion of afebrile rash. Thus, the clinical spectrum of
Zika changed with age. Stratifying the severity score by DENV infection history did not
recapitulate a bimodal distribution (Figure 1D). Similarly, stratifying the models of 1)
prevalence of clinical findings by DENV infection history (Figure S17) and 2) prevalence of
clinical profiles by DENV infection history (Figure S16B) did not produce different results.
Thus, our major findings were not explained by the positive association between existing
humoral immunity to DENV and age (Figure S18).

DISCUSSION

We describe the clinical presentation of 556 Zika cases aged 2—14 years in a prospective
cohort in Managua, Nicaragua, using an extensive molecular and serological laboratory
workup on a wide range of clinical profiles. Zika cases experienced mild and non-specific
clinical findings, but age was positively associated with additional clinical findings
(including signs such as fever, generalized erythematous rash, cervical lymphadenopathy,
and leukopenia) and hence the spectrum of severity, regardless of prior DENV infection.
Pediatric Zika cases infrequently exhibited maculopapular rash. Our analyses indicate that
the WHO and PAHO Zika case definitions anticipate a more severe Zika presentation than
was typically found in pediatric cases. Accordingly, these case definitions missed most (68—
80%) laboratory-confirmed cases in an age-dependent manner and largely captured older
children who met the WHO dengue case definition. Most Zika cases that presented with
undifferentiated fever and afebrile rash were not captured. To our knowledge, this study is
the most extensive analysis of pediatric Zika to date.

A mild and self-limited illness is conventionally of little medical concern. However, the mild
and nonspecific presentation of pediatric Zika presents numerous clinical and public health
challenges. In our study, 40% of Zika cases presented with at most two clinical findings and
were only captured because of our expansive testing scheme. As such cases do not meet
standard case definitions, physicians may miss many, particularly younger, Zika cases.
Consequently, persons living with ZIKV-infected children — especially women of child-
bearing age — may be exposed to ZIKV without their knowledge.
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Future Zika case definitions should prioritize sensitivity over specificity, as a high degree of
false negatives can hinder time-sensitive outbreak control. A score-based case definition in a
general population with dengue virus and chikungunya virus transmission has high levels of
sensitivity and specificity.20 However, the study’s sole reliance on RT-PCR to confirm ZIKV
infection suggests that its published sensitivity is overestimated because RT-PCR-negative,
serology-positive cases were misclassified as non-Zika cases. The description of rash in Zika
case definitions should be reexamined. We find little evidence that pediatric Zika presents
with maculopapular rash, the typical type of rash reported in adults with Zika. In our
pediatric study, Zika-associated rash was predominantly characterized as generalized and
erythematous without macules or papules. Only a minority of pediatric Zika cases exhibited
maculopapular rash. Future Zika case definitions should capture Zika cases presenting with
rash only and rash and leukopenia, as 23% of our large sample exhibited only these clinical
findings.

That children with Zika tended to present with mild and non-specific clinical findings
complicates the physician’s task of differential diagnosis, especially in areas with co-
circulating dengue and chikungunya viruses. The use of broad or data-driven? case
definitions, combined with extensive and expensive laboratory testing to overcome
immunological cross-reactivity, will be necessary to capture and monitor pediatric Zika
cases, especially in dengue-endemic areas. These issues will only become more urgent over
time, as climate change over the next century is projected to expand the niche of Aedes
mosquitoes poleward. As a result, nearly a billion people, primarily in Europe and high-
elevation tropical and subtropical areas, will be newly exposed to Aedes-associated
arboviruses, including ZIKV.21

The low sensitivity of the standard case definitions in children suggests that the size of Zika
epidemics may have been systematically underestimated in an age-dependent manner
wherever these and similar case definitions have been used. Consequently, transmission
models for Zika, mostly estimated from adult Zika data,?2:23 may also be systematically
biased. The large pediatric population of Latin American countries implies the potential for a
sizable degree of bias in the epidemiological literature.2 The proportion of asymptomatic
ZIKV infections varies considerably across populations (range: 0%—-100%);2° our results
suggest that different case definitions and the different age structures of studied populations
contribute to this heterogeneity. To resolve this, future epidemiological studies should
employ an extensive ZIKV testing scheme and use consistent case definitions that capture
both pediatric and adult Zika cases. Future meta-analyses of the proportion of asymptomatic
ZIKV infection should examine individual-level data from these epidemiological studies for
age effects.

Avrthralgia was the key (though not the only) age-varying factor determining whether the
standard case definitions correctly classified a laboratory-confirmed Zika case, despite
arthralgia not being considered a major aspect of Zika. The observed prevalence of
arthralgia reflects both its true occurrence and the ability of a child to articulate his/her pain.
If the prevalence of arthralgia were fully dependent on the latter, its age-prevalence curve
would have plateaued during late childhood. Regardless of the degree to which the observed
prevalence of arthralgia reflects occurrence or reporting, many Zika cases did not meet
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standard case definitions because study physicians, quite experienced with pediatric
arthralgic diseases (/.e., dengue, chikungunya, and Zika), concluded that young children did
not experience much Zika-associated arthralgia. The increasing prevalence of arthralgia,
rash, and fever across pediatric age has been previously noted.8

The WHO and PAHO case definitions are likely based on adult data, as mostly adult data
from Yap Island2® and French Polynesia2” were available when the case definitions were
created! and updated.12:13 Because Zika manifests differentially across childhood, and
standard case definitions include clinical findings rarely observed in our large pediatric
population, symptomatic ZIKV infection may manifest differently across the lifespan. This
hypothesis is supported by the age-varying prevalence of various Zika clinical findings —
observed both in younger children compared to older children, as in our study and others,8°
and in children compared to adults.® A comparison of Zika clinical findings in pediatric and
general population studies (Table S6) provides further evidence for this hypothesis.
Specifically, general-population Zika studies report higher prevalence of arthralgia, myalgia,
conjunctival involvement, headache, peri-articular edema, and gastrointestinal/respiratory
manifestations than studies of pediatric Zika. Our hypothesis that Zika manifests differently
by age should be tested empirically with a broad case ascertainment strategy, rigorous
laboratory testing, and appropriate methods for continuous data. Importantly, there was no
evidence that Zika manifested differently by prior DENV infection. Thus, a mild form of
antibody-dependent enhancement does not, epidemiologically, explain the age trends we
documented.

We used rRT-PCR and a serological algorithm based on five assays to confirm ZIKV
infection. Had we relied solely on rRT-PCR as others have done827:28 and only included
cases with a dengue-like clinical profile, as is common,® 27:29 the sample size would have
been reduced by 75%, artefactually making the sample more concordant with Zika’s typical
presentation in adults. Thus, commonly used approaches to ascertain and confirm pediatric
Zika cases miss many true cases and substantially mischaracterize pediatric Zika. Better
diagnostic and surveillance tools are needed to understand the 2015-2016 Zika pandemic
and prepare for future Zika epidemics.?!

Our study has several limitations. First, the number and schedule of medical consults varied
by participant, potentially leading to an incomplete record of clinical findings. However, the
severity model adjusted for these factors and PDCS participants are encouraged to visit the
health center at the first indication of any illness, especially during outbreaks. Second, there
were few dengue and chikungunya cases (compared to historical data3%:31) in the non-Zika
group; standard Zika case definitions would have lower specificity with contemporaneous
arboviral transmission. Third, symptoms are subjective and therefore prone to age-dependent
misreporting. Despite study physicians’ extensive attempts to diagnose symptoms like
arthralgia (appendix), some degree of symptom misclassification is possible.

Overall, our results demonstrate that pediatric Zika manifestations are mild, non-specific,
and vary by age, explaining why pediatric Zika cases are often missed by the WHO and
PAHO case definitions. As our observations concern how pediatric Zika manifests, our
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results are likely to be generalizable to other settings, increasing the need for more accurate
Zika case definitions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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RESEARCH IN CONTEXT
Evidence before the study

We conducted a review of the published studies documenting the signs and symptoms of
Zika in children. We searched the PubMed database for articles published between
January 1, 2013, and April 23, 2019, using the following search strategy: (Zika) AND
(Children). No language restrictions were used in the search. We selected articles
describing the clinical features of symptomatic children who were postnatally infected
with Zika virus (ZIKV). Articles describing Zika in adults, including pregnant women,
and in children infected with ZIKV Jjn utero were excluded. There are only a handful of
studies in the published literature describing pediatric Zika, and most are small case
reports. The few modestly sized studies describing Zika in children have either selected
participants predominantly using a febrile surveillance system or been based on travelers
to areas with ZIKV transmission. These previous studies of children with Zika have not
included a comparison group of non-Zika cases, evaluated the temporality of Zika signs
and symptoms, investigated age trends with statistical methods appropriate for
continuous data, or assessed the diagnostic accuracy of standard Zika case definitions.

Added value of the study

This study used a wide case ascertainment strategy to identify potential cases and
employed a serology-based algorithm to supplement the traditional confirmation of cases
by real-time RT-PCR (rRT-PCR). The study expands our understanding of Zika by
showing that the disease primarily manifests with undifferentiated fever or afebrile rash
throughout childhood, with pediatric Zika tending to manifests like traditional dengue in
late childhood and early adolescence. As a result of its mild presentation in childhood,
Zika in children is often missed by current global case definitions.

Implications of all available evidence

Our study and evidence from the literature support the hypothesis that age is a key
determinant of the clinical manifestations of Zika, with older cases presenting more signs
and symptoms, and thus presenting more often with a dengue-like clinical profile, than
younger cases. Current case definitions may require revision to capture the full clinical
spectrum of Zika. Clinicians may need to use molecular and serological methods to
confirm ZIKV infection, especially in children, as Zika’s mild and non-specific
presentation complicates differential diagnosis.

Lancet Infect Dis. Author manuscript; available in PMC 2021 March 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Burger-Calderon et al. Page 14

A B Status by WHO/PAHO case definitions
[ EEEEEEEEEEEEENEEEEE o 2
: O | [orionbepinpmatrinpes
o A Bl Not captured by both case defin i
EENNEEEN NN EEEEE
EENNEENE NN EEEEEEE  30%
) EEEEEEEN NN EEEEEE o
: EENEEEENENNEENEENENEE O
| EEEEEEEEEEEEEEEEEEEE 8
EENNEENEEEEEEEEEEEEE §
EEE EEENNENEENEEEEEEEEEE O 20%;
EEESNENNSNSNNEENENEE ©
T AN
EDE I
T T
L O T T
EEEEEEEEN NN NN EEEE N
Only captured by the WHO | Captured by both case I I I
case definition, n=76 (13.7%) || definitions, n=100 (18.0%) 0% | |-
-Onlycap(uledbylhePAHO Missed by both case 1 o2 @ A 5 8 T Beris -40
case definition, n=9 (1.6%) definitions, n=371 (66.7%) Zika severity score (total number of clinical findings)
C Status by clinical profile D Status by DENV infection history
40%1 WHO dengue case definition, n=226 | 0% DENV-naive, n=399
Il = Undifferentiated fever, n=107 DENV-immune, n=157
| Afebrile rash, n=223
30%- 30%
g @
3 g
: 5
gzo% E20<r-.,-
o o
10% I 10%1 I II I
026 il ! il O - I L l 0% I II .I - h .
1 2 3 4 5 6 7 8 9 10 i 2 3 4 5 6 7 8 9 10
Zika severity score (total number of clinical findings) Zika severity score (total number of clinical findings)

Figure 1. Distribution of the severity scorein Zika cases by case definition and clinical profile.
(A) Waffle chart showing the degree of overlap between Zika cases captured by the WHO

and PAHO case definitions. Each square represents one Zika case in the study. (B) The
distribution of the severity score for the 556 confirmed Zika cases, stratified by whether the
cases were captured by both the WHO and PAHO case definitions (yellow squares in Figure
1A) or not (purple, pink, and gray squares in Figure 1A). (C) The distribution of the severity
score for the 556 confirmed Zika cases, stratified by clinical profile. (D) The distribution of
the severity score for the 556 confirmed Zika cases, stratified by DENV infection history.
DENV, dengue virus; PAHO, Pan American Health Organization; WHO, World Health
Organization.
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Figure 2. Analyses of clinical findings.
(A) Prevalence differences for each clinical finding comparing the 556 Zika cases to the 548

non-Zika cases. The prevalence difference expresses the excess prevalence in the former
group relative to the prevalence in the latter group. The point estimates along with associated
with 95% confidence intervals and p-values are graphed on a forest plot. The dashed purple
line at 0% represents the null value for prevalence differences; 95% confidence intervals
including the dashed purple line correspond to non-significant prevalence differences. The
prevalence differences are ordered by the prevalence of each clinical finding in the Zika
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group, as per Table S5. (B) Hierarchical clustering dendrogram showing co-occurrence of
clinical findings among the 556 Zika cases. Clinical findings closer together along branches
of the tree structure (vertical axis) are more likely to either co-occur or jointly not occur in
the same person. The high cophenetic distance correlation coefficient indicates that the
dendrogram is reproducing an underlying hierarchical structure found in the original
Manhattan distances used to construct the dendrogram. Clusters of clinical findings are
color-coded. Rash, in the first cluster (blue), was the most common clinical finding among
the Zika cases (Table S5). This clustering of rash by itself indicates that many (n=80) Zika
cases had rash and no other clinical finding. Leukopenia, fever, headache, and arthralgia, in
the second cluster (red), were the third, second, fourth, and fifth most common clinical
finding, respectively. This clustering of leukopenia, fever, headache, and arthralgia implies
that whenever one of these clinical findings occurs in a pediatric Zika case, the others are
very likely to co-occur in the same case. Conversely, when one of them is missing in a
particular Zika case, the others are also likely to be absent in the same case. All other
clinical findings are in the third cluster (yellow). PAHO, Pan American Health Organization;
WHO, World Health Organization
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Figure 3. Model predictions from logistic generalized additive models.
For all models, exact age is based on the date of birth and the date of the first medical

consult for a Zika-associated illness. All models were run with the sample of Zika cases

(n=556). (A) The predicted sensitivity of the WHO case definition and the PAHO case

definition across pediatric age is shown, with pointwise 95% confidence bands. The dashed

purple line indicates a sensitivity of 50%, the expected sensitivity if true Zika cases were
randomly categorized as Zika-positive or Zika-negative. The predicted prevalence of

arthralgia (from panel B) is also shown. The near parallelism exhibited by the three curves
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implies that the main determining factor for whether the case definitions classify a true case
as Zika-positive is the presence of arthralgia. (B) The predicted prevalence for each clinical
finding in the PAHO case definition across pediatric age is shown. Pointwise 95%
confidence bands are provided. PAHO, Pan American Health Organization; WHO, World
Health Organization.
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Table 1.

Cross-tabulation of the overall study group by identification method (rRT-PCR vs. serology) and clinical
profile (WHO dengue case definition vs. undifferentiated fever vs. afebrile rash).

rRT-PCR N Row proportion (R%) Column Serology N Row proportion (R%) Column

proportion (C%) proportion (C%) Row total
169 57
WHO dengue case definition R%: 74-8 R%: 252 226
C%: 45-7 C%: 30-6
59 48
Undifferentiated fever R%: 55-1 R%: 44.9 107
C%: 15-9 C%: 25-8
142 81
Afebrilerash R%: 63-7 R%: 363 223
C%: 38-4 C%: 43:5
Column total 370 186 556

Acronyms: rRT-PCR, real-time reverse transcription polymerase chain reaction; WHO, World Health Organization
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Table 2.

Sensitivity, specificity, and predictive values for the WHO case definition and the PAHO case definition for the
556 Zika and 548 non-Zika PDCS cases reported January 2016 — February 2017.°

Case
definition

Sensitivity (95%

Elements of the case definition ch

Specificity (95% Positive predictive  Negative predictive
CI)b value (95% CI)b value (95% CI) b

WHO

PAHO

Rash and/or fever

AND

At least 1 of the following:
* Arthralgia

- Arthritis®

. Conjunctivitisd

31.7%
(27-9%, 35-6%)

Rash

AND

At least 2 of the following:

*Fever 19-6 %
-Conjunctivitisd (16-5%, 23-1%)
eArthralgia

*Myalgia

*Peri-articular edema

74.3% 55-5% 51-7%
(70-4%, 77-8%) (50-0%, 60-9%) (48-2%, 55-2%)

98-2% 91-6% 54.6%
(96-6%, 99-1%) (85-1%, 95:5%) (51:5%, 57-7%)

Acronyms: ClI, confidence interval; PAHO, Pan American Health Organization; PDCS, Pediatric Dengue Cohort Study; WHO, World Health

Organization

aAn expanded version of this table, with the raw data and additional diagnostic indices, is provided in Table S2.

bDuring the Zika outbreak that occurred during the study period, January 2016-February 2017, there were uncharacteristically few cases of dengue
in the study population. Thus, the specificity and predictive values are higher than they would be if the non-Zika cases included typical levels of
dengue and/or chikungunya.

Arthritis is not a recorded variable for medical assessments of our pediatric population. Instead, doctors record proximal and distal arthralgias. The
estimated indices are lower for the WHO case definition than they would be if arthritis was a recorded variable.

The four indices of interest are calculated with conjunctival involvement (conjunctivitis and/or conjunctival injection). The estimated indices are
slightly higher than if they were estimated using conjunctivitis alone.
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