1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Clin Infect Dis. Author manuscript; available in PMC 2020 April 06.

-, HHS Public Access
«

Published in final edited form as:
Clin Infect Dis. 2020 January 02; 70(2): 227-231. doi:10.1093/cid/ciz195.

Postnatally Acquired Zika Virus Disease Among Children, United

States, 2016-2017

Nicole P. Lindsey!, Charsey C. Porse?, Emily Potts3, Judie Hyun?, Kayleigh Sandhu?®,
Elizabeth Schiffman®, Kimberly B. Cervantes’, Jennifer L. White8, Krystal Mason®,
Kamesha Owens19, Caroline Holsinger!!, Marc Fischerl, J. Erin Staples?, Zika Virus
Disease Enhanced Surveillance Working Group

1Arboviral Diseases Branch, Centers for Disease Control and Prevention, Fort Collins, Colorado;

2California Department of Public Health, Sacramento;
SIndiana State Department of Health, Indianapolis;
“Maryland Department of Health, Baltimore;

SMassachusetts Department of Public Health, Jamaica Plain;
8Minnesota Department of Health, St. Paul;

"New Jersey Department of Health, Trenton;

8New York State Department of Health, Albany;
9Pennsylvania Department of Health, Harrisburg;

10Texas Department of State Health Services, Austin;

Llvirginia Department of Health, Richmond

Abstract

Background.—The clinical findings among children with postnatally acquired Zika virus
disease are not well characterized. We describe and compare clinical signs and symptoms for
children aged <18 years.

Methods.—Zika virus disease cases were included if they met the national surveillance case
definition, had illness onset in 2016 or 2017, resided in a participating state, and were reported to
the Centers for Disease Control and Prevention. Pediatric cases were aged <18 years; congenital
and perinatal infections were excluded. Pediatric cases were matched to adult cases (18—49 years).
Clinical information was compared between younger and older pediatric cases and between
children and adults.

Results.—A total of 141 pediatric Zika virus disease cases were identified; none experienced
neurologic disease. Overall, 28 (20%) were treated in an emergency department, 1 (<1%) was
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hospitalized; none died. Of the 4 primary clinical signs and symptoms associated with Zika virus
disease, 133 (94%) children had rash, 104 (74%) fever, 67 (48%) arthralgia, and 51 (36%)
conjunctivitis. Fever, arthralgia, and myalgia were more common in older children (12—17 years)
than younger children (1—11 years). Arthralgia, arthritis, edema, and myalgia were more common
in adults compared to children.

Conclusions.—This report supports previous findings that Zika virus disease is generally mild
in children. The most common symptoms are similar to other childhood infections, and clinical
findings and outcomes are similar to those in adults. Healthcare providers should consider a
diagnosis of Zika virus infection in children with fever, rash, arthralgia, or conjunctivitis, who
reside in or have traveled to an area where Zika virus transmission is occurring.
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Zika virus is a mosquito-borne flavivirus primarily transmitted to humans by Aedes
(Stegomyia) species mosquitoes. Zika virus also can be transmitted congenitally, perinatally
from a viremic mother to her newborn, sexually, and through blood trans-fusion or
laboratory exposure. Most Zika virus infections are asymptomatic. Clinical illness, when it
occurs, is generally mild and characterized by acute onset of fever, maculopapular rash,
arthralgia, and/or nonpurulent conjunctivitis [1]. However, Guillain-Barré syndrome, other
neurologic manifestations (eg, meningoencephalitis, myelitis, and uveitis), and
thrombocytopenia have rarely been reported following Zika virus infections in adults [2-4].
Congenital Zika virus infections can cause fetal loss as well as microcephaly and other
serious neurologic manifestations (eg, corpus callosum agenesis, optic nerve hypoplasia,
hearing loss). The specific clinical findings and outcomes of postnatally acquired Zika virus
disease among children are not well described [5-7]. We describe the clinical manifestations
and outcomes among children aged <18 years with postnatally acquired Zika virus disease
and compare the clinical findings of children of different age groups, and between children
and adults.

METHODS

Zika virus disease became a nationally notifiable condition in 2016. State and territorial
health departments report cases to the Centers for Disease Control and Prevention (CDC) via
ArboNET, the national arboviral disease surveillance system. Zika virus disease cases
reported to ArboNET were eligible for inclusion in this analysis if they (1) met the national
surveillance case definition for confirmed or probable disease [8]; (2) had illness onset in
2016 or 2017; and (3) were residents of 1 of 10 participating states (California, Indiana,
Maryland, Massachusetts, Minnesota, New Jersey, New York [exclusive of New York City],
Pennsylvania, Texas, or Virginia). A pediatric case was defined as a child aged <18 years at
the time of illness onset; congenital and perinatal infections were excluded. A Zika virus
disease case that met the 3 eligibility criteria but occurred in an adult (aged 18—49 years)
was matched to each pediatric case based on state of residence, pregnancy status, and case
status (ie, confirmed or probable). If an adult case could not be identified within the
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pediatric case’s state of residence, one was identified from another of the participating
states.

As part of routine public health surveillance for Zika virus disease, health department
personnel obtained demographic, clinical, and laboratory data from medical records,
healthcare providers, and patients/guardians. Deidentified data were collected and managed
using a secure, web-based application (REDCap) hosted at CDC [9]. Categorical variables
are presented by frequency distribution (eg, frequency counts and percentages). Clinical
information and outcomes of younger and older pediatric cases were compared using Fisher
exact test or XZ test. Characteristics of pediatric cases were compared to matched adult cases
using conditional logistic regression. Statistical analyses were performed using SAS version
9.3 (SAS Institute, Cary, North Carolina).

RESULTS

Overall, 141 pediatric cases of Zika virus disease meeting the study inclusion criteria were
reported from the participating states. One (<1%) case-patient was an infant aged <1 year, 7
(5%) were aged 1-4 years, 43 (30%) were aged 5-11 years, and 90 (64%) were aged 12-17
years. Of the 141 case-patients, 90 (64%) were female, and 11 were pregnant (age range 14—
17 years). Ten children were reported to have comorbidities, including asthma (7 patients),
asthma and eczema (N = 1), asthma and history of seizures (N = 1), and history of cancer (N
= 1). Two (1%) patients were infected in their home state of Texas via local mosquito-borne
transmission. The remaining 139 (99%) patients acquired Zika virus infection during travel
to a country or territory outside of the continental United States. The most common travel
destinations were Mexico (N = 28 patients), the Dominican Republic (N = 26), and Puerto
Rico (N = 22). Of the 141 case-patients, 125 (89%) met the laboratory criteria for a
confirmed case, including 109 (87%) positive for Zika virus RNA by reverse transcription
polymerase chain reaction, and 16 (13%) positive for Zika virus immunoglobulin M (IgM)
and neutralizing antibodies and negative for dengue virus neutralizing antibodies. Sixteen
case-patients met the laboratory criteria for a probable case, including 11 (69%) positive for
Zika virus IgM with neutralizing antibodies against both Zika and dengue viruses, and 5
(31%) positive for Zika virus IgM and neutralizing antibodies, negative dengue virus IgM,
and no dengue neutralizing antibody testing performed.

No children were reported to have neurologic signs or symptoms consistent with meningitis,
encephalitis, or Guillain-Barré syndrome. Of the 4 primary clinical signs and symptoms
associated with Zika virus disease, 133 (94%) children had rash, 104 (74%) fever, 67 (48%)
arthralgia, and 51 (36%) conjunctivitis. Overall, 116 (82%) children had =2 of these 4 signs
and symptoms, including 99 (70%) with both fever and rash; 73 (52%) had =3, and 26
(18%) had all 4. Only 2 (1%) patients did not have a fever or rash. A description of the rash
was available for 65 (49%) of 133 children with rash. Of those, 61 (94%) were described as
maculopapular; 32 (49%) were described as pruritic. Most rashes were reported to have a
diffuse distribution, but some were limited to a single area of the body, most often the face
or torso. Gastrointestinal symptoms (ie, nausea, vomiting, diarrhea, abdominal pain) and
respiratory symptoms (ie, sore throat, cough) were reported in 38 (27%) and 37 (26%) of
patients, respectively. Of the 15 patients with cough, 1 had a history of asthma. Of the 28
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pediatric case-patients that had a complete blood count (CBC) performed, 14 (50%) were
reported to have leukopenia (ie, white blood cell count <5000 cells/uL), with nadir values
ranging from 2700 to 4400 mm?3. None were reported to have thrombocytopenia (ie,
platelets <150 000 cells/mL). Overall, 28 (20%) patients with a median age of 9.5 years
(range 4-17 years) were treated in an emergency department. One (<1%) child was
hospitalized for 3 days because of fever, cough, and poor oral intake. None of the pediatric
case-patients died.

Clinical presentations were compared for children aged 1-11 years and those aged 12-17
years (Table 1); the single infant (11 months of age) was excluded from this part of the
analysis. The infant was reported to have fever, maculopapular rash, diarrhea, and vomiting,
and was not hospitalized or treated in an emergency department. Thirty-eight (76%) case-
patients aged 1—11 years were female compared to 51 (57%) of those aged 12-17 years (P
=.03). Younger children were more likely to be treated in an emergency room (31%) than
older children (13%; £=.01). The most common symptom among all ages was rash
occurring in >90% of patients of both age groups. A description of the rash was available for
26 children aged <12 and for 39 children aged >12 years. Twenty-three (88%) of 26 children
aged <12 years had a maculopapular rash, compared to 38 (97%) of 39 children aged =12
years (P=.29). Eleven of 26 (42%) children aged <12 years had a pruritic rash, compared to
21 (54%) of 39 children aged =12 years (P = .36). The only symptoms that were
significantly different between younger and older children were fever, arthralgia, and
myalgia, all of which were more common in older children (Table 1).

When comparing children to adults with Zika virus disease, there were no differences in the
proportion of patients who were female, presented to an emergency department, or were
hospitalized (Table 2). Arthralgia, arthritis, edema, and myalgia were significantly more
common in adults. However, when the frequency of these findings were compared between
the 2 groups of children (ie, aged 1—11 years and 12—17 years) and their respective matched
adults, the differences in arthralgia, arthritis, and myalgia only remained significant for the
younger children. Edema was significantly more common in adults compared to older
children (aged 12—17 years), and there were no cases of edema in younger children for
comparison. Among the adult cases, a description of the rash was available for 62 (46%) of
134 adults with rash. Similar to what was reported among children, 55 (89%) of the rashes
in adults were described as maculopapular and 30 (48%) were described as pruritic.

DISCUSSION

This report of 141 children with postnatally acquired Zika virus disease supports previously
published case series that reported the clinical presentation in children to be generally mild
[5-7]. Although our study may not have included enough children to detect very rare
presentations, our findings support previous reports that neurologic presentations are
uncommon in this age group [7-11]. Signs and symptoms experienced by most pediatric
patients included rash, fever, and headache. Almost two-thirds of patients were female;
notably, this difference was most evident among children aged 1—11 years and did not
necessarily result from increased testing among adolescent girls of reproductive age.
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Of the 4 characteristic clinical signs and symptoms of Zika virus disease, rash was the most
commonly reported, followed by fever, arthralgia, and conjunctivitis. The characteristics of
the rash among these cases are consistent with common viral exanthema and therefore
cannot be used to differentiate Zika virus infection from other infectious causes. Fever, the
second most frequently reported symptom, was more common in older children; potential
reasons for this difference are unknown. The proportions of children with rash, arthralgia, or
conjunctivitis were generally higher in this report compared to previously published case
series, including 1 report by Goodman et al that contained some of the cases included here
[5-7, 11]. One explanation for this difference is that the cases described here, though
identified through passive surveillance, were investigated further to improve data
completeness and quality. Additionally, the patients described in this report met a standard
national surveillance case definition, which included clinical, epidemiologic, and laboratory
criteria. In contrast, some of the previous reports used different inclusion criteria (eg,
requiring fever, evaluation in an emergency room, or hospitalization) or did not include
laboratory evidence of Zika virus infection [7, 10, 11].

In initial case reports of pediatric Zika virus disease, 7 of 10 identified patients presented
with gastrointestinal symptoms, prompting speculation that these symptoms might occur
more frequently in children compared to adults [5]. Subsequent descriptions of pediatric
patients with Zika virus infection did not assess the frequency of gastrointestinal symptoms
[6, 7]. Gastrointestinal symptoms were not a prominent finding among our larger cohort of
patients, and there were no differences in the frequency of occurrence between children and
adults. A recent case report noted mesenteric adenitis associated with abdominal pain in a
child with Zika virus infection [12]. Although 10% of the children in our series reported
abdominal pain, this is a nonspecific finding that could be due to several factors, and only
5% had evidence of peripheral lymphadenopathy.

Upper respiratory infection symptoms, such as cough or rhinorrhea, were more commonly
reported (37-50% of cases with these symptoms) in 2 previous case series [7, 10]. However,
both of these studies only included cases that were hospitalized or treated in an emergency
department. Additionally, the difference could be related to coinfections with other
respiratory pathogens for which patients were not screened. Among the cohort of pediatric
patients treated in an emergency department in Puerto Rico, 69 (20%) reported preexisting
asthma [7]. Asthma was also a common comorbidity in our cohort but did not appear to be
associated with reports of respiratory symptoms; only 1 of the 15 patients presenting with
cough had a history of asthma.

Leukopenia was previously reported in 33% (4/12) of a small cohort of children hospitalized
with Zika virus infection in Singapore [10]. In our study, half (14/28) of the children who
had a CBC performed had evidence of leukopenia. However, 20% of the 141 children
identified had a CBC performed, and we do not know if these results were representative of
the larger population.

In general, the signs and symptoms of Zika virus disease in children are similar to many
other diseases, such as chikungunya, dengue, measles, parvovirus, adenovirus, enterovirus,
leptospirosis, rickettsiosis, and group A streptococcal infections. However, there are a few
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clinical features that appear to be more prominent with the diseases that would be in the
differential specifically for an ill child who was exposed to mosquitoes in an area where
Zika virus was circulating. For example, arthralgia appears to be more common among
children with chikungunya and thrombocytopenia may be more common among those with
dengue [13-15]. However, because dengue and chikungunya virus infections share a similar
geographic distribution and symptomology with Zika virus infection, children with
suspected Zika virus infection should be evaluated and managed for possible dengue or
chikungunya virus infection until the etiologic agent can be identified through laboratory
testing.

To our knowledge, this is the first study to compare characteristics of Zika virus disease
between children and matched adults. We found that signs and symptoms among pediatric
and adult patients were similar with the exception of arthralgia, arthritis, myalgia, and
edema which were more common in adults. Notably, arthralgia and myalgia were also more
common in older children than in younger children. Higher proportions of arthralgia and
myalgia were previously observed among older children compared to younger children in
Puerto Rico [6]. Because these symptoms are not visibly apparent, these differences may be
related to inability of young children to describe these subjective symptoms as opposed to
true differences in disease presentation.

This analysis is subject to several limitations. Due to limited numbers of cases in children
aged <1 year, we were unable to describe this group specifically. We included only
symptomatic cases reported to CDC that met the national confirmed or probable case
definition, which might not be representative of all Zika virus disease in children. There
likely were other cases of pediatric Zika virus disease during the time period under study
that were not identified by passive surveillance because the patients did not seek care or
were not tested for evidence of recent Zika virus disease and did not receive a diagnosis.
Finally, the data presented here are from 10 states and may not be representative of all cases
nationally; however, they represent roughly 35% of the 411 pediatric cases reported in the
continental United States during the study period (CDC unpublished). Furthermore, a
previous case series of all cases reported nationally and a series of cases identified in Florida
reported similar findings among children suggesting these data may be fairly representative
[16].

The symptoms frequently reported among children with Zika virus disease are common to
many childhood illnesses and are not notably different than those experienced by adults.
Healthcare providers should consider Zika virus disease in the differential diagnosis for
children with acute onset of fever, rash, arthralgia, or conjunctivitis, who reside in or
traveled to an area with active Zika virus transmission. Although Zika virus disease appears
to be a mild illness in children, healthcare providers should report suspected cases to their
state or local health department to facilitate diagnosis and mitigate the risk for local
transmission.

Acknowledgments.

The authors thank the other members of the Zika Virus Disease Enhanced Surveillance Working Group who
participated in the development of this project, including California Department of Public Health: Wendy Jilek;

Clin Infect Dis. Author manuscript; available in PMC 2020 April 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lindsey et al.

Page 7

Indiana State Department of Health: Jennifer Brown, Taryn Stevens; Louisiana Department of Health: Julius
Tonzel, Christine Scott-Waldron, Sean Simonson; Maryland Department of Health: Katherine Feldman, Richard
Brooks, Megan Galvin; Massachusetts Department of Health: Sarah Scotland, Catherine Brown; New Jersey

De|
Na

partment of Health: Kristin Garafalo, Mojisola Ojo, Karen Worthington; New York State Department of Health:
dia Thomas, Erica Jamro; Pennsylvania Department of Health: Jonah Long, Barry Miller; Texas Department of

State Health Services: Sepehr Arshadmansab, Kelly Broussard, Nicole Evert; Virginia Department of Health: Jim
Broyhill, Elena Mircoff.

Financial support. This work was supported in part by the Epidemiology and Laboratory Capacity Cooperative

Ag

References
1.

10

11.

12.

13.

14.

15.

16.

reement funded by the Centers for Disease Control and Prevention (CK14-14105PPHF18).

Duffy MR, Chen TH, Hancock WT, et al. Zika virus outbreak on Yap Island, Federated States of
Micronesia. N Engl J Med 2009; 360:2536-43. [PubMed: 19516034]

. Cao-Lormeau VM, Blake A, Mons S, et al. Guillain-Barré syndrome outbreak associated with Zika

virus infection in French Polynesia: a case-control study. Lancet 2016; 387:1531-9. [PubMed:
26948433]

. Sharp TM, Mufioz-Jordan J, Perez-Padilla J, et al. Zika virus infection associated with severe

thrombocytopenia. Clin Infect Dis 2016; 63:1198—201. [PubMed: 27418575]

. Pastula DM, Durrant JC, Smith DE, Beckham JD, Tyler KL. Zika virus disease for the

neurointensivist. Neurocrit Care 2017; 26:457-63. [PubMed: 27995511]

. Karwowski MP, Nelson JM, Staples JE, et al. Zika virus disease: a CDC update for pediatric health

care providers. Pediatrics 2016; 137:20160621. [PubMed: 27009036]

. Goodman AB, Dziuban EJ, Powell K, et al. Characteristics of children aged <18 years with Zika

virus disease acquired postnatally: US States, January 2015-July 2016. MMWR Morb Mortal WKkly
Rep 2016; 65:1082-5. [PubMed: 27711041]

. Read JS, Torres-Velasquez B, Lorenzi O, et al. Symptomatic Zika virus infection in infants,

children, and adolescents living in Puerto Rico. JAMA Pediatr 2018; 172:686—93. [PubMed:
29813148]

. Council of State and Territorial Epidemiologists. Zika virus disease and Zika virus infection without

disease, including congenital infections case definitions and addition to the Nationally Notifiable
Diseases List. Atlanta, GA: Council of State and Territorial Epidemiologists, 2016 Available at:
http://c.ymcdn.com/sites/www.cste.org/resource/resmgr/2016PS/16_ID_01_edited7.29.pdf.

. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture

(REDCap)—-a metadata-driven methodology and work-flow process for providing translational
research informatics support. J Biomed Inform 2009; 42:377-81. [PubMed: 18929686]

. Li J, Chong CY, Tan NW, Yung CF, Tee NW, Thoon KC. Characteristics of Zika virus disease in
children: clinical, hematological, and virological findings from an outbreak in Singapore. Clin
Infect Dis 2017; 64:1445—8. [PubMed: 28186536]

Tolosa N, Tinker SC, Pacheco O, et al. Zika virus disease in children in Colombia, August 2015 to
May 2016. Paediatr Perinat Epidemiol 2017; 31:537—45. [PubMed: 28806479]

Slavov S, Matsuno A, Yamamoto A, et al. Zika virus infection in a pediatric patient with acute
gastrointestinal involvement. Pediatr Rep 2017; 9:7341. [PubMed: 29383222]

Nimmannitya S, Halstead SB, Cohen SN, Margiotta MR. Dengue and chikungunya virus infection
in man in Thailand, 1962—1964. 1. Observations on hospitalized patients with hemorrhagic fever.
Am J Trop Med Hyg 1969; 18:954—71. [PubMed: 5355242]

Laoprasopwattana K, Kaewjungwad L, Jarumanokul R, Geater A. Differential diagnosis of
chikungunya, dengue viral infection and other acute febrile illnesses in children. Pediatr Infect Dis
J 2012; 31:459—63. [PubMed: 22301475]

Ball JD, Elbadry MA, Telisma T, et al. Clinical and epidemiologic patterns of chikungunya virus
infection and coincident arboviral disease in a school cohort in Haiti, 2014—2015. Clin Infect Dis
2018. doi: 10.1093/cid/ciy582.

Griffin I, Zhang G, Fernandez D, et al. Epidemiology of pediatric Zika virus infections. Pediatrics
2017; 140:20172044. [PubMed: 29093135]

Clin Infect Dis. Author manuscript; available in PMC 2020 April 06.


http://c.ymcdn.com/sites/www.cste.org/resource/resmgr/2016PS/16_ID_01_edited7.29.pdf

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Lindsey et al.

Characteristics of Postnatally Acquired Zika Virus Disease Among Children by Age Groupa

1-11 years 12-17 years
(N =50) (N =90)
Characteristic No. (%) No. (%) PValue
Female 38 (76) 51 (57) .02
Emergency room 16 (32) 12 (13) <.01
Hospitalized 1 (2 0 (0) .36
Signs and symptoms
Rash 49 (98) 83 (92) 26
Fever 31 (62) 72 (80) 02
Headache 21 (42) 49  (54) .16
Arthralgia 15 (30) 52 (58) <.01
Myalgia 14 (28) 41 (46) .04
Conjunctivitis 20 (40) 31 (34) .51
Sore throat 6 (12) 22 (24) .08
Nausea/vomiting 6 (12) 17 (19) .29
Diarrhea 5 (10) 12 (13) .56
Cough 6 (12) 8 (9 56
Abdominal pain 5 (10) 9 (10) 1.00
Arthritis 2 (4 5 (6) 1.00
Lymphadenopathy 2 4 5 (6) 1.00
Stiff neck 1 @ 3 (3 1.00
Oral ulcer 1 (2 3 (3 1.00
Edema 0 (0) 2 (2 .54

aEXcIudes 1 infant.
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