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ABSTRACT

Severe neurological problems and other special manifestations such as high prevalence of 

structural cardiac changes has been described in infants vertically exposed to the Zika virus 

(ZIKV) and has been called congenital Zika virus syndrome (CZS). Previous studies have 

shown that the 24-hour Holter heart rate variability (HRV) analysis allows the prediction of 

worse outcomes in infants with neurological impairment and higher risk of sudden infant 

death syndrome (SIDS), hypertension, diabetes mellitus and other cardiovascular diseases. 

This study describes the 24-hour Holter findings of infants with confirmed vertical exposure 

to the ZIKV by positive polymerase chain reaction (PCR) assays in the mother’s blood 

during pregnancy and/or in the urine or cerebrospinal fluid of the newborn. Data analysis was 

descriptive and included two subgroups according to the presence of fetal distress, positive 

PCR to ZIKV in the newborn, CZS and severe microcephaly. Heart rate, pauses, arrhythmias, 

ST segment and QT interval analyses and HRV evaluation through R-R, SDNN, pNN50 and 

rMMSD were described. The Mann-Whitney test was performed to assess differences between 

the two subgroups. The sample consisted of 15 infants with a mean age of 16 months, nine of 

whom were male. No arrhythmias or QT interval changes were observed. The comparison of 

HRV through the Mann-Whitney test showed a significant difference between patients with 

and without CZS, with and without severe microcephaly, with lower HRV in the groups with 

severe microcephaly and CZS. The study suggests that there is an increased risk of SIDS 

and cardiovascular diseases in this group of patients.

KEYWORDS: Zika virus. Holter. Arrhythmias. Heart rate variability. Congenital Zika Virus 

Syndrome. Congenital infection. Vertical transmission. 

INTRODUCTION

The autonomic nervous system (ANS) and the balance of its sympathetic 
and parasympathetic pathways regulates the cardiovascular function during the 
intrauterine life1. Studies associate the imbalance between the sympathetic and 
parasympathetic ANS with the development of hypertension, cardiovascular disease, 
diabetes mellitus and asthma, as well as cognitive and behavioral changes2.

The knowledge of the anatomy and the development of the ANS have allowed 
a better understanding of the ANS involvement in cardiac arrhythmias. There are 
reports in the literature suggesting that the ANS dysregulation caused by gene 
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polymorphisms that modulate the ANS development may 
be implicated in sudden infant death syndrome (SIDS). 
Furthermore, an imbalance between the sympathetic and 
parasympathetic ANS can lead to cardiac arrhythmias, 
and the predominance of one over the other may vary 
depending on the type of arrhythmia. For example, in 
the Brugada syndrome, arrhythmic events have been 
associated with periods of higher parasympathetic tone. In 
catecholaminergic polymorphic ventricular tachycardia, 
ventricular arrhythmia events are associated with the 
predominance of the sympathetic ANS3. 

The gold standard for studying the electrical activity of 
the heart is the 24-hour Holter monitoring, which records 
the electrical activity of the patient in his or her usual 
routine for 24 hours4. Fluctuations in the heart rate (HR) 
are related to neural activity, and HR variability (HRV) 
that is obtained through the 24-hour Holter monitoring is 
the end result of the integrated and rhythmic activity of 
ANS neurons generated by organized cardiorespiratory 
reflexes being recognized as a sign of heart health5,6. HRV 
assessment is performed using time domain measures, such 
as mean R-R values (measured between 2 consecutive R 
waves of the trace), SDNN (standard deviation of R-R 
intervals throughout the Holter “clean trace” time), pNN50 
(the mean number of times per hour when the R-R intervals 
exceed 50 milliseconds) and rMMSD (the mean square root 
of successive differences between normal heart beats) and 
by frequency domain measurements (low, high and very 
high) after the software analyzing the exam has deleted 
the trace periods with interference. The heart rate increases 
rapidly in the first week of life and then decreases, and HRV 
decreases in this early neonatal period (following the highest 
HR) and then increases, indicating a predominance of the 
parasympathetic ANS over the sympathetic ANS after six 
months of age5,7. Studies conducted since the 1980s have 
suggested that HRV assessment may be a useful tool to 
provide information about neurodevelopment in children 
exposed to risks of perinatal brain damage because HRV 
would be related not only to the functional integrity of the 
ANS but also to the entire central nervous system (CNS)8,9. 

Recently, the introduction of the Asian lineage of ZIKV 
in 2015-2016 in Brazil was accompanied by severe damage 
to the CNS and other organs of fetuses exposed to ZIKV in 
the intrauterine period. CZS is defined as the combination of 
microcephaly, specific changes in CNS imaging (computed 
tomography), ophthalmic alterations and arthrogryposis10. 
Fetal ultrasound findings such as microcephaly were 
reported in 82.3% of the cases, and newborn skull 
tomography findings such as ventriculomegaly (93.8%), 
cerebral calcifications (98.8%), and poorly developed 
cerebellum or cerebellar vermis (51.8%) were reported11. 

Although not part of the CZS, recent studies have shown a 
higher prevalence of structural alterations in newborns and 
infants with confirmed vertical exposure to ZIKV by two-
dimensional Doppler echocardiograms than in the general 
population of live births12, however, there are no data in 
the literature on the changes in the electrical activity of the 
heart of these children. In view of these findings and the 
importance of HRV in assessing the integrity of the nervous 
system, the 24-hour Holter monitoring is justified in infants 
with confirmed vertical exposure to ZIKV due to a potential 
CNS impairment in these patients.

MATERIALS AND METHODS

The study was approved by the Research Ethics 
Committee of the National Institute of Infectious Disease 
(INI-FIOCRUZ – CAAE Nº 62728516.2.0000.5262), and 
all the caretakers agreed to sign the informed consent form. 
Fifteen patients were included in the cohort study of newborns 
and infants with vertical exposure to ZIKV, held from 
November 2015 to date, at the Instituto Fernandes Figueira 
(IFF), Rio de Janeiro, Brazil. All the infants had negative 
serologyical result for other congenital infections including 
toxoplasmosis, rubella, cytomegalovirus, hepatitis B, C 
and HIV, in addition to the exclusion of genetic syndromes 
potentially accompanied by congenital defects. The Holter 
exams were performed when the patients were hospitalized 
for clinical or surgical reasons, on the day before hospital 
discharge. Vertical exposure was confirmed by a positive 
polymerase chain reaction (PCR) amplification to ZIKV 
from the mothers’ blood samples during pregnancy and/or in 
the newborn urine or cerebrospinal fluid soon after birth13,14. 

The sample was divided into subgroups, according to 
the following characteristics: sex (female or male); positive 
or negative PCR to ZIKV in the newborn; with or without 
a history of fetal distress (Apgar score less than 6 in the 5th 
minute of life)15; preterm (PT) (gestational age less than 
36 weeks and 6 days) or not PT16; small for gestational age 
(SGA) or not SGA (according to the definition established 
in the literature)17; microcephaly [head perimeter (HP) less 
than 2 standard deviations (SD) for age, sex and gestational 
age], severe microcephaly (HP less than 3 SD for age, sex 
and gestational age) or no microcephaly15; and with or 
without CZS8. 

The patients’ companions were instructed to fill out 
an activity record during the 24 hours, however, as most 
patients had CNS involvement, there were no reports of 
physical activity (walking, running) in 14 of the 15 patients 
in the sample (only 1 patient had no impairment of motor 
functions); therefore, 14 patients remained in their beds 
throughout the examination period.
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Using a DMS 300 device, Satellite Resting v.78 model 
and analysis of 3 leads, the continuous monitoring was 
performed for 24 hours with the patient in his or her usual 
routine. According to the guidelines of the Task Force of the 
European Society of Cardiology and the North American 
Society of Pacing and Electrophysiology18, only tests with 
more than 18 hours of “clean trace” were analyzed. To 
determine HRV parameters, a Holter software was used, and 
all the traces were subsequently analyzed individually by 
two cardiologists who were specialized in Holter analyses. 
The complexes classified as “noise” or with artifacts 
were manually excluded. Maximum, minimum and mean 
HR, pauses, presence of supraventricular and ventricular 
extrasystoles, bigeminal or trigeminal events, ST segment 
and QT changes were evaluated. The HRV assessment was 
performed through 24-hour R-R and SDNN, pNN50 and 
rMMSD. A nonparametric Mann-Whitney test was used to 
evaluate differences in median values among the groups of 
patients, using p-values <0.10 as suggestive of a significant 
difference.

Patients who presented with some alteration in the 24-hour 
Holter assessment were referred to the Cardiopediatrics 
outpatient clinic. 

RESULTS

The sample consisted of 15 patients (9 males) with a 
mean age of 16 months. Two patients had a history of fetal 
distress, 4 patients were born SGA, 1 patient was born PT, 
and 12 had been diagnosed with CZS, and among these, 
8 had severe microcephaly. From the total of 15 patients 
in the sample, 4 were hospitalized to undergo the Holter 
monitoring, and 11 were hospitalized for one or more 
clinical and/or surgical reasons (3 due to difficulties in 
controlling convulsive seizures, 5 due to swallowing 
disorders, insufficient weight gain and for gastrostomy, 
9 due to upper or lower respiratory tract conditions, 2 due 
to urinary tract infections, 1 for a ventriculoperitoneal shunt 
placement and 1 due to a gastrostomy site infection). 

The medications used during the Holter monitoring 
were as follows: 10 patients used anticonvulsants, including 
valproic acid, clobazam, topiramate, phenytoin and vigabatrin; 
8 patients used oxybutynin; 2 used amoxicillin with 
clavulanate; 5 used ranitidine; 4 used beta-sympathomimetics 
and 1 used oral corticosteroids. The 4 patients hospitalized 
for Holter monitoring received only multivitamins. The 
average sleep duration during the 24 hours was 11 hours 
and 40 minutes. No patient was excluded from the study as 
a consequence of less than 18 hours of Holter clean trace.

There was no record of pauses, junctional rhythm, 
supraventricular or ventricular extrasystoles, blockages or 

QT interval alterations. The mean HR was higher among 
infants with severe microcephaly and CZS, and HRV 
measurements had lower median values in the groups 
with CZS and severe microcephaly. No difference was 
detected between the groups with and without positive 
PCR and with and without fetal distress and among the 
groups of born SGA, PT or not. The data show that in the 
CZS and microcephaly groups, there was a significant 
difference in SDNN values (p <0.05 in both groups) and 
R-R values (p <0.10 in the group with microcephaly and 
p <0.05 in the group with CZS). The mean HR, pNN50 
and rMSSD measurements showed significantly different 
values (p-value <0.10) in the groups with and without 
microcephaly and CZS (Table 1).

DISCUSSION

The evaluation of HRV as an instrument to obtain 
information about neurodevelopment in children with some 
risk of cerebral damage in the perinatal period was proposed 
by Bjelakovic et al.19, who studied 35 infants aged between 
2 and 6 months and diagnosed with mild to severe central 
coordination disorders and 37 healthy controls. Patients in 
the group with coordination disorders were followed up for 
18 months and reevaluated regarding neurological changes 
(late diagnosis of cerebral palsy). The study suggested 
that SDNN values < 48 milliseconds (ms) were predictive 
of worse neurological outcome and diagnosis of cerebral 
palsy at 18 months. In our sample, four patients with CZS 
presented SDNN less than 48 ms and there was a significant 
difference between the SDNN values for the groups with 
and without CZS; the values for the group with CZS were 
lower than those of the group without CZS. This finding 
suggests that the evaluation of HRV in young infants with 
vertical exposure to ZIKV and born without CZS can 
indicate who among these patients will develop worsening 
symptoms of delayed neuropsychomotor development 
during the first year of life. In addition, Galland et al.1 
studied the HRV of 23 SGA newborns with idiopathic 
delayed intrauterine growth at 1 and 3 months, suggesting 
that the predominance of the sympathetic ANS observed 
by lower HRV in SGA newborns may be related to an 
increased risk of hypertension, diabetes mellitus, and other 
cardiovascular diseases in adulthood. In our sample, only 
two patients were born SGA, making the p-value analysis 
difficult even when significant differences between the SGA 
and non-SGA groups exists. The finding of lower SDNN 
in infants with CZS who participated in our study draws 
attention to other comorbidities that may develop during 
the life of these patients and to the need for a follow-up and 
measures to prevent cardiovascular diseases.
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The study of HRV has also been used to assess the 
likelihood of the sudden infant death syndrome (SIDS), 
and it has been suggested that lower HRV and higher HR 
are associated with a higher probability of this outcome20. 
The follow-up of a cohort in the 1990s, composed of 6914 
newborns and infants, among whom 16 died from SIDS 
and who performed 24-hour Holter monitoring in the 
first months of life, indicated an association of a higher 
HR and lower HRV with a higher probability of death by 

SIDS19. The evaluation of HRV in this study was performed 
through the analysis of the mean and standard deviation 
of the R-R. The study suggested that cardiac instabilities 
may cause potentially lethal arrhythmias, and during the 
period of increased ANS development, which coincides 
with the period of increased risk of SIDS, some children 
experience accelerated or asymmetrical development of the 
sympathetic arm of the ANS, placing them at a higher risk of 
SIDS. Our study showed a statistically significant difference 

Table 1 - Median values of the parameters of heart rate variability in 15 infants with vertical exposure to ZIKV according to the 
subgroup.

Variables Categories n

Parameters 

HRm(beat/min) pNN50(%) rMSSD(m/s) R-R(s) SDNN(m/s) 

Median 
(Min-Max)

Median 
(Min-Max)

Median 
(Min-Max)

Median 
(Min-Max)

Median 
(Min-Max)

Sex

Female 6
122.5  

(103-154)
15.5  

(0-25)
37.0  

(9-49)
480.7  

(381.1-604.5)
67.5  

(45-83)

Male 9
128.0 

(102-174)
5.0 

(2-23) 
24.0 

(17-47) 
465.1  

(357.1-593.3)
65.0  

(32-94)

p-value 0.7230 0.4780 0.4420 10.000 0.9550 

Fetal distress 

No 13
128.0 

(102-174) 
5.0  

(0-25)
25.0 

(9-49) 
465.1 

(357.1-604.5) 
65.0 

(37-94) 

Yes 2
125.5 

(114-137) 
10.5 

(2-19) 
30.5  

(17-44)
475.6  

(430-521.2)
57.5  

(32-83)

p-value 0.7990 0.8650 0.9320 10.000 0.8000 

PCR-NB 

No 7
139.0  

(109-174)
5.0 

(0-18) 
24.0 

(9-39) 
455.8  

(357.1-560.1)
58.0  

(37-79)

Yes 8
116.0 

(102-137) 
14.5 

(2-25) 
37.0  

(17-49)
510.6  

(425.1-539.2)
76.0  

(32-94)

p-value 0.0558 0.2450 0.2020 0.1520 0.1210 

SGA 

No 13
123.0 

(102-174) 
10.0  

(0-25)
31.0 

(9-49) 
488.7 

(357.1-604.5) 
74.0 

(32-94) 

Yes 2
132.5  

(109-154)
2.5  

(2-12)
19.0 

(17-31) 
445.1  

(381.1-560.1)
62.5  

(45-65)

p-value 0.6010 0.1490 0.1500 0.4890 0.3430 

PT

No 14
128.0  

(102-174)
5.0  

(0-23)
24.5 

(9-47) 
464.3 

(357.1-593.4) 
64.5 

(32-94) 

Yes 1
103.0  

(103-103)
25.0 

(25-25) 
49.0 

(49-49) 
604.5 

(604.5-604.5) 
78.0  

(78-78)

p-value 0.1640 0.1040 0.1040 0.1330 0.6670 

Severe Microcephaly 
 

No 7
115.0  

(102-141)
19.0 

(0-25) 
43.0 

(9-49) 
515.7 

(436.2-604.5) 
78.0 

(46-94) 

Yes 8
137.0  

(109-174)
3.5  

(2-18)
22.0 

(17-39) 
446.7 

(357.1-560.1) 
59.5 

(32-79) 

p-value 0.0558 0.0716 0.0818 0.0541 0.0205

CZS 

No 3
114.0 

(103-115) 
19.0 

(10-25) 
44.0 

(31-49) 
521.2 

(515.7-604.5) 
83.0 

(78-86) 

Yes 12
139.5 

(102-174) 
4.5 

(0-23) 
24.0 

(9-47) 
459.9 

(357.1-593.3) 
62.5  

(32-94)

p-value 0.0601 0.0819 0.0507 0.0484 0.0484

HRm = heart rate in beats per minute; pNN50 =  average number of times per hour where R-R intervals exceed 50 milliseconds; 
rMMSD = square root of successive differences between normal heart beats; R-R = interval in milliseconds between 2 consecutive 
R waves; SDNN = standard deviation of R-R intervals during the entire Holter "clean trace" time; SGA = small for gestational age; 
PT: preterm birth; PCR-NB: PCR of the newborn.
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between R-R values in patients with and without CZS (the 
CZS group showed a lower R-R value), but participants 
were older in our sample than in the aforementioned cohort, 
making it difficult to compare the absolute values. 

During monitoring, all the patients, except for the four 
patients hospitalized only for Holter monitoring, were taking 
medications (anticonvulsants, anticholinergics, histamine 
receptor antagonists, corticosteroids, beta-sympathomimetics 
and antibiotics). Baysal-Kirac et al.21 suggested that patients 
with drug-resistant epilepsy present with significantly lower 
HRV measures, which may increase the risk of sudden 
cardiac death. Increased heart rate and diminished HRV 
measures may constitute one of the possible mechanisms 
underlying sudden unexpected deaths in epilepsy and should 
be diagnosed in patients with epilepsy. We found no other 
studies on HRV and the other medications used by our 
patients. The patients in our sample who were not using 
anticonvulsants, were in the group without CZS and had 
higher HRV than those in the CZS group.

The results of this study should be interpreted with 
caution in light of its limitations, such as the small sample 
size, and its strengths, which are the novelty of the 
information and the importance of proposing a sentinel 
event for the prediction of worse neurological evolution and 
the possibility of cardiovascular comorbidities in patients 
with prenatal exposure to ZIKV. Due to the absence of 
normal HRV values for patients in the age group of our 
study, we chose to describe the values in this group of 
infants with vertical exposure to ZIKV and compare the 
values among subgroups of the sample.

This study is unprecedented in a population of infants in 
this age group and with vertical exposure to ZIKV. Given 
the seasonality of arboviruses infections, we cannot predict 
when it will be possible to repeat the study in a larger sample. 
The findings in the 24-hour Holter monitoring suggest that 
infants with in utero exposure to ZIKV and severe CZS are 
at higher risk of SIDS. In addition, the results call attention 
to the development of possible comorbidities, such as 
cardiovascular diseases, that may present in the medium/
long term and require early prevention measures.
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