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Abstract
Background: Zika virus (ZIKV) infection is associated with severe complications. Recently, reports have
raised the possibility of cardiovascular complications. However, the complications that are reported are in
case reports and occur immediately after infection. Our aim is to evaluate the cardiovascular complications
of ZIKV infection in a younger patient population.

Methods: We conducted a prospective cohort and included patients with a one-year history of prior
confirmed ZIKV infection. We performed an echocardiogram, a 24-hour automated blood pressure, and a 24-
hour Holter. Our primary outcome included a composite of having diastolic dysfunction, left ventricular
hypertrophy, arrhythmias, valvular regurgitation, premature beats, or non-dipper status.

Results: We included 47 patients with ZIKV and 16 patients without ZIKV. Patients with ZIKV had a similar
age as controls (p>0.05). Having had a prior ZIKV infection was associated with diastolic dysfunction, left
ventricular hypertrophy, valvular regurgitation, arrhythmias or premature beats, and non-dipper status
(p<0.05). The adjusted OR of having the primary outcome was 2.3; 95% CI 1.3-2.7. After one year, IL-10 and
C-reactive protein (CRP) were higher in ZIKV-infected patients compared to controls (p<0.05).

Conclusions: Our study found that young patients with a prior ZIKV infection have more echocardiographic,
arrhythmic, and blood pressure changes when compared to similar-aged controls.

Categories: Cardiology, Infectious Disease
Keywords: valvular regurgitation, cardiac arrhythmias (ca), left ventricular hypertrophy (lvh), diastolic dysfunction,
24-hour holter, echocardiogram (echo), cardio vascular disease, zika diagnosis, zika infection

Introduction
Zika virus (ZIKV) is a positive-sense single-stranded RNA arbovirus that belongs to the genus Flavivirus of
the family Flaviviridae. The current surge of ZIKV has been perpetuated by climate change [1], natural
disasters [2], and new modes of transmission (mother-to-fetus, blood products, and sexual transmission) [1].

An unexpected and striking feature of the ZIKV pandemic was the emergence of complications. Clusters of
Guillain-Barre syndrome and an increase in incident cases of microcephaly were attributed to ZIKV infection
[3]. A recently emerged potential complication is cases of different cardiovascular diseases (CVD).

Other infections have been linked to CVD. Endemic areas of dengue and Chikungunya have reported cases
of CVD, particularly heart failure. The mechanism of arboviral CVD complications could be a direct viral
invasion of the heart muscle [4]. Several case reports have identified acutely infected ZIKV patients with
myocarditis and atrial fibrillation [5,6]. However, another potential mechanism for ZIKV-related CVD could
be an acute viral infection leading to chronic inflammation and developing CVD over time [7]. Therefore, our
aim was to evaluate the development of incident CVD several years after a ZIKV infection and determine if
having cardiovascular symptoms is associated with CVD.

Materials And Methods
Study design and population
We conducted a prospective cohort study and included two groups of patients. One group was a sample of
patients who were diagnosed with ZIKV using PCR by the Ministry of Health in 2017 within three
municipalities in Ecuador, and another was a group of concurrent controls without ZIKV infection. The
study was approved by the Subsistema de Investigación y Desarrollo de la Universidad Católica de Santiago
de Guayaquil (SINDE) research ethics board (SINDE-01222-2017), and all subjects who participated in the
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study signed informed consent.

Definition of ZIKV infection
We defined incident ZIKV cases as those with a positive laboratory result for ZIKV. The testing in Ecuador
was performed by the Ministry of Health using CFX96 and CFX384 real-time RT-PCR systems (Bio-Rad
Laboratories, Invitrogen, Hercules, CA). We used the oligonucleotides ZIKV 1087/ZIKV 1163 and the ZIKV-
FAM probe in a final volume of 25 µl, according to the Lanciotti protocol [8]. All positive ZIKV cases were
reported into a registry that we have used in the past for research [9]. We only included ZIKV-confirmed
cases in one geographical area because participants had to attend a cardiology clinic we partnered with for
CVD testing. Within the ZIKV group, we selected a random sample of 50 patients, 25 with CVD symptoms
and 25 without them. We used a validated survey to evaluate cardiovascular symptoms [10]. The rationale
for including a group with symptoms is to determine if those patients have a higher probability of having
CVD. We excluded patients with a prior self-report of hypertension, diabetes, coronary artery disease, atrial
fibrillation, or heart failure [11]. The validity of cardiovascular risk factor self-reports has been previously
documented [12].

Definition of controls
Controls were obtained from the family members of the ZIKV-positive patients. To be included as controls,
patients needed to have no symptoms of ZIKV infection, no prior self-report of CVD, and be of similar age.

Cardiovascular evaluation
We performed three cardiovascular tests on all participants: an echocardiogram, a 24-hour Holter, and 24-
hour blood pressure monitoring. Testing was performed approximately two years after the ZIKV infection.
We also measured interleukin-10 (IL-10) and C-reactive protein (CRP), as both have been associated with
cardiovascular diseases [13]. The echocardiogram was performed according to American Society of
Echocardiography guidelines [14]. The echocardiogram evaluated diastolic dysfunction, left ventricular
mass, and ejection fraction. The ambulatory blood pressure (ABPM) was measured with a validated and
calibrated Sony device. The monitor was placed on the participants’ nondominant arm, measured BP every
30 minutes, and was set so that readings were not displayed. The AMBP evaluated daytime and nighttime
blood pressure and determined dipper and non-dipper status. The 24-hour Holter monitoring was performed
simultaneously with the 24-hour ABPM. Time was synchronized between the two devices before each
application. The 24-hour Holter evaluated arrhythmias. A cardiologist blinded to ZIKV status interpreted all
three tests.

Primary outcome
Our primary outcome included a composite of having diastolic dysfunction, left ventricular hypertrophy,
arrhythmias, valvular regurgitation, or non-dipper status. We defined diastolic dysfunction as grade I
(impaired relaxation pattern), grade II (pseudonormalized filling), and grade III (restrictive pattern) [15]. We
defined left ventricular hypertrophy as any abnormal left ventricular size measurement (posterior or septal

thickness >0.9 cm in women or >1.0 cm in males) or a left ventricular mass index >95 g/m2 in women or >115

g/m2 in males [16].

We defined arrhythmias as premature beats or persistent sinus bradycardia or tachycardia. We defined
valvular regurgitation as mild regurgitation on any valve and non-dipper status as a drop in nighttime blood
pressure of <10% [17].

Statistical analysis
We evaluated the distribution of the continuous variables using measures of central tendency and skewness.
We compared baseline characteristics by ZIKV status using chi-square and t-tests.

Comparisons of the outcome between both groups were also done with chi-square. We conducted a
multivariate analysis to evaluate if having ZIKV was associated with having the primary outcome. We used
logistic regression to calculate the odds ratio (OR) and corresponding 95% confidence interval (CI) adjusted
for age and gender. To evaluate if symptoms were associated with a CVD finding, we used dummy variables
for those with ZIKV infection with and without symptoms and used controls as the reference.

The fitness of the data was assessed using the deviance ratio. Analyses were performed using the STATA
version (College Station, Texas), and all significance tests were two-tailed.

Results
Baseline characteristics
In 2017, there were 390 subjects with a positive ZIKV assay in the three municipalities where the study was
conducted. Table 1 presents the baseline characteristics of the 63 included patients. We included 47 patients
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with ZIKV with a mean number of days after diagnosis of 1.25±0.07 years and 16 patients without ZIKV. The
mean age of patients with ZIKV was 31.9±18.2 and was similar to that of controls (p>0.05). Also, ZIKV
patients were more likely to be female (85%) when compared to controls (44%; p=0.01).

Characteristic ZIKV positive patients ZIKV negative patients p-value

Number 47 16  

Mean age 31.9±18.2 29.1±12.2 0.57

Female sex, % 85% 44% 0.01

TABLE 1: Baseline characteristics
ZIKV: Zika virus

Association between ZIKV infection and CV testing
Table 2 presents the association between ZIKV and CVD. The primary outcome was more common among
ZIKV patients (100%) compared to 25% of those without ZIKV (25%) (p<0.01). When analyzed individually,
diastolic dysfunction, left ventricular hypertrophy, valvular regurgitation, and non-dipper status were
significantly more frequent among ZIKV-infected patients when compared to controls (p<0.01). One patient
had grade II diastolic dysfunction, one had atrial fibrillation, and one had an atrioventricular block; all had a
prior ZIKV infection. All valvular regurgitation was mild and had no hemodynamic significance. The
adjusted OR of having the primary outcome was 2.3; 95% CI 1.3-2.7.

CVD outcome ZIKV positive patients ZIKV negative patients p-value

Diastolic dysfunction, % 20% 0% <0.01

Left ventricular hypertrophy, % 9% 0% <0.01

Valvular regurgitation, % 100% 50% <0.01

Premature ventricular contraction, % 33% 13% 0.17

Non-dipper status, % 26% 0% <0.01

TABLE 2: Association between Zika virus infection and cardiovascular diseases
CVD: cardiovascular disease, ZKV: Zika virus

Association between CVD symptoms and ZIKV infection
Table 3 shows the selected CVD work-up and ZIKV status. We recruited 24 patients with ZIKV infection and
CVD symptoms and 23 with ZIKV and no CVD symptoms. Having symptoms was associated with a higher
probability of the primary outcome (100%) for those with CVD symptoms and ZIKV than those without
symptoms (100%).
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CVD outcome ZIKV positive with symptoms ZIKV positive without symptoms Controls p-value

Number 24 23 16  

Mean age 34.0±20.3 29.7±12.2 29.1±12.2 0.11

Female, % 96% 74% 75% <0.01

Primary outcome, % 100% 100% 25% <0.01

Diastolic dysfunction, % 21% 18% 0% 0.42

Left ventricular hypertrophy, % 13% 4% 0% 0.41

TABLE 3: Symptoms and Zika virus infection
CVD: cardiovascular diseases, ZIKV: Zika virus

Biomarkers and ZIKV infection
Figures 1-2 show the differences in both IL-10 and CRP by Zika status. Having ZIKV was associated with
higher levels of IL-10 and CRP compared to controls (P<0.05). There was no difference in the level of IL-10
and CRP between those with and without CVD symptoms (p>0.05).

FIGURE 1: Relation between Zika virus infection and interleukin-10
levels
IL-10: interleukin-10, ZIKV: Zika virus
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FIGURE 2: Relation between Zika virus infection and C-reactive protein
levels
ZIKV: Zika virus, CRP: C-reactive protein

Discussion
Our study found that young patients with a one-year history of prior ZIKV infection and no prior CVD have
more echocardiographic, arrhythmic, and blood pressure changes when compared to similar-aged controls.
At the same time, those with ZIKV had a higher level of inflammatory markers than controls. The strengths
of this study when compared to other studies are the use of a control population, the use of a population
with a prior history of ZIKV rather than acute infection, and the measurement of inflammatory markers as a
potential mechanism of CVD [18].

Several studies have already pointed towards an association between ZIKV and heart disease. These have
reported an association between ZIKV acute infection and atrial fibrillation [19] and myocarditis [6,20]
among infected adults living in endemic areas. A case series of nine patients without prior heart disease who
presented with heart-related complaints underwent holter, cardiac MRI, and echocardiogram. The study
found that eight patients had arrhythmias and six presented with heart failure [5]. However, these studies
are limited by their small sample size, lack of a control group, and the evaluation of CVD immediately after
ZIKV infection.

Our study found a higher prevalence of subclinical CVD one year post-ZIKV infection in a young population
without heart disease or prior risk factors when compared to a control group. We evaluated inflammation as
a possible mechanism for the development of CVD related to ZIKV. The role of inflammation in prognosis is
the subject of recent studies, as an early immune response to ZIKV infection may determine its clinical
manifestations and outcome, including neurological and cardiovascular. Others have already compared the
inflammatory response in those with ZIKV and controls [21], and different interleukins were associated with
specific ZIKV symptoms. In our study, we found that those with ZIKV and CVD had higher inflammatory
markers than those without ZIKV. This is of particular importance since interleukins have been associated
with heart failure and coronary artery disease [13], suggesting these patients may be at a higher CVD risk
even years post-infection. Our study also allows us to evaluate if the presence of symptoms could identify
ZIKV patients at CVD risk, and our findings suggest it does not since all asymptomatic ZIKV patients had at
least one of the CVD outcomes included in the primary outcome.

Our study has several limitations that deserve mention. First, our sample size, even though it is larger than
prior studies, is still small, particularly for the control group. However, with a small sample size, we were
able to detect statistical significance. Second, we cannot prove causality since we did not perform cardiac
magnetic resonance imaging or myocardial biopsies to detect viral replication. Third, our groups were not
completely matched, and we could only report limited multivariate models adjusting for all risk factors
related to heart disease because of the small sample size.
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A larger prospective cohort is warranted to better evaluate the effects of a prior ZIKV infection on CVD
outcomes and establish evidence-based guidelines for CVD monitoring post-ZIKV infection.

Conclusions
In conclusion, our study provides further scientific evidence that ZIKV could be associated with future
subclinical CVD in the year following the infection, even among patients without symptoms, as evidenced by
more alterations in 24-hour Holter, 24-hour blood pressure monitoring, and echocardiography in young
patients with ZIKV infection compared to the control group. Due to the scarcity of studies in Latin America,
we consider it important to carry out more studies related to this topic for a greater understanding of the
relationship and causality of ZIKV and CVD.
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