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Abstract. Alphaviruses and flaviviruses are known to be endemic in Eastern Africa, but few data are available to
evaluate the prevalence of these infections. This leads to missed opportunities for prevention against future outbreaks.
This cohort study investigated the frequency of alphavirus and flavivirus incident infections in two regions of Kenya and
identifiedpotential risk factors. Seroconversions for alphavirus andflavivirus infectionswere identifiedby immunoglobulin
Genzyme-linked immunosorbent assay (IgG-ELISA) in a cohort of 1,604 acutely ill children over the year 2015. The annual
incidence was 0.5% (0.2–1.2%) for alphaviruses and 1.2% (0.7–2.2%) for flaviviruses. Overall, seroprevalence was
significantly higher for alphaviruses inwesternKenya thanon the coast (P=0.014), whereas flavivirus seroprevalencewas
higher on the coast (P= 0.044). Poverty indicators did not emerge as risk factors, but reliance on householdwater storage
was associated with increased exposure to both alphaviruses and flaviviruses (odds ratio = 2.3).

Sub-Saharan African residents are at high risk for several
arboviral infections, but regional surveillance data are scarce,
and, therefore, the full burden of exposure and disease is
unknown. Dengue (DENV, Flavivirus) and chikungunya
(CHIKV, Alphavirus) infections are both characterized by an
acute febrile syndrome, which can be difficult to distinguish
clinically from malaria without effective diagnostics. In an at-
tempt to fill in the gap in knowledge about arboviral trans-
mission, we started a surveillance study in January 2014
among children in Kenya. Whereas the comprehensive study
was carried out until June 2018, this preliminary assessment
reports results from testing of blood samples obtained during
2015. It characterizes the status of transmission of these
viruses, and provides information important to public health
institutions. We detected cases of acute febrile illness (AFI)
caused by alphaviruses and flaviviruses among children and
found a difference in prevalence between coastal andwestern
Kenya. We also identified factors associated with risk of in-
fection: practicing outdoor activity and using unreliable water
sources.
We enrolled a cohort of 1- to 17-year-old acutely ill subjects

presenting at one of four health-care centers (Kisumu and
Chulaimbo in western Kenya, and Ukunda andMsambweni in
coastal Kenya). In both regions of Kenya, we selected centers
located in an urban area (Kisumu andUkunda) and a rural area
(Chulaimbo and Msambweni). Subjects’ blood was drawn at
the initial visit and again during a follow-up visit (3–6 weeks
later). Sera from these paired samples were tested by ELISA
for CHIKV and DENV IgG. Seroconversion was defined as
having negative serum IgG at the initial visit, but a positive
serum IgG at the follow-up visit. Although we tested the
samples using inactivated DENV and CHIKV as ELISA anti-
gens, antibodies to other flaviviruses and alphaviruses have
been reported to cross-react with DENV and CHIKV,
respectively.1,2 Because of uncertainty in viral specificity of
the antibodies, henceforth, we refer to results from our DENV

and CHIKV assays as flavivirus and alphavirus results, re-
spectively. The positive controls used for the ELISAs were
made with pooled sera that had neutralizing antibodies for
DENV or CHIKV exclusively, without other traces of flavivirus
or alphavirus infection (plaque reduction neutralization test).
Written informed consent was obtained from the parents of all
study subjects and assent from all children older than the age
of 7 years. Protocols were approved by the Stanford Univer-
sity Institutional Review Board (IRB-31488) and the Kenya
Medical Research Institute Scientific and Ethical Review Unit
(protocol 2611). In addition, we collected behavioral and en-
vironmental data at each patient visit and performed associ-
ation tests to identify potential risk factors for alphavirus or
flavivirus infections. Seroprevalence and seroincidence 95%
confidence intervals (CIs) were calculated using the Wilson/
Brown method. Categorical comparisons were tested by chi-
square or Fisher’s exact test; continuous comparisons were
tested by t-test; and odds ratios (OR) and their CIs were cal-
culated with an online calculator.3

Between December 2014 and December 2015, 1,604 child
participants were enrolled in the study, 968 (60%) of whom
completed a follow-up visit. Seroprevalence was calculated
for the whole cohort, including both acute and follow-up visit
results (seropositive at any time point of the study), whereas
seroincidencewas calculated among thosewith paired serum
samples. More participants were enrolled at the coastal sites
(n=1,118) than at thewestern sites (n=486).Western subjects
were younger than their coastal counterparts (mean age 4.4
versus 5.9 years, respectively, P < 0.001), with no significant
clinical impact on the study however. Fifty-one percentage of
the cohort were female, with no difference in the proportion of
male and female subjects enrolled at each site (P = 0.77). We
identified 12 flavivirus seroconversions (Chulaimbo: 7,
Msambweni: 4, and Ukunda: 1) and five alphavirus serocon-
versions (Kisumu: 1, Msambweni: 1, Ukunda: 3). Flavivirus
seroincidence was 1.2% (95% CI: 0.7–2.2%) and alphavirus
seroincidencewas0.5% (95%CI: 0.2–1.2%).Weobserved no
significant difference between alphavirus and flavivirus in-
cidence in our cohort (5/968 versus 12/968, respectively, P =
0.14). Ten of the 17 total seroconversions (59%) occurred
between January 2015 and February 2015, suggesting an
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enhanced viral transmission during this period. No concurrent
flavivirus/alphavirus coinfection was observed.
Fisher’s exact test was used to perform the following pair-

wise comparisons, with an original P-value threshold of α =
0.05, adjusted to α = 0.01 after the Bonferroni correction.
Overall, flavivirus seroprevalence (3.7%, 60/1,604) was sig-
nificantly higher than alphavirus seroprevalence (2.1%, 34/
1,604,P = 0.009). Alphavirus seropositivity wasmore frequent
among subjects from western Kenya (3.5%, 17/486) than
among subjects from coastal Kenya (1.5%, 17/1,118, P =
0.014, Figure 1B), whereas flavivirus seropositivity was sig-
nificantly higher among the coastal subjects (4.4%, 49/1,118)
than among the western subjects (2.3%, 11/486, P = 0.044,
Figure 1B). We observed no difference in flavivirus exposure,
comparing urban with rural sites (3.6%, 29/817 versus 3.9%,
31/787, respectively, P = 0.70), or in alphavirus exposure
(2.6%,21/817versus 1.7%,13/787, respectively,P=0.23). As
expected, we found that seroprevalence of both viruses in-
creasedwith age (Figure 1C andD).Moreover, the older group
of children we included in this study was composed of sec-
ondary school students, and this age proxy was highly associ-
ated with a higher seroprevalence for alphaviruses, compared
with younger groups (OR = 19.2, 95% CI: 5.7–65.1).
All household environment and clinical parameters were

tested independently for association with alphavirus and

flavivirus seropositivity (Table 1). Patients with positive serol-
ogy at any timepoint of the study (initial or follow-up visit) were
included in the seropositive group. Poverty indicators (not
owning a radio, a TV, a motorized vehicle, or a telephone, or
not employing a domestic worker) were not significantly as-
sociated with alphavirus or flavivirus seroprevalence. Of note,
use of water sources requiring intermediate water storage
near the household (i.e., inside well; river or pond; rain water;
and water truck) instead of public water sources (public tap or
well) was significantly associated with higher probability of
being exposed to both alphaviruses and flaviviruses (OR=2.3,
95%CI: 1.0–5.4 and OR = 2.3, 95%CI: 1.2–4.3, respectively).
Children who reported outdoor activity were more likely to be
infected by both alphaviruses and flavivirus (OR=3.6, 95%CI:
1.1–11.8 and OR = 2.0, 95% CI: 1.0–3.8, respectively). Also,
contrary to common perceptions, children who always slept
under a bed net were not significantly protected against
alphaviruses (OR = 0.6, 95% CI: 0.3–1.5) or flaviviruses (OR =
1.0, 95% CI: 0.5–1.9) compared with those who never used
bed nets or used them only occasionally.
Alphaviruses and flaviviruses were the probable cause of

AFI in about 2% of children tested in this yearlong study. Al-
though these incidence rates are low and cannot be extrap-
olated to central Kenyan highlands, 2% of AFI in the lowlands
of Kenya potentially translates to thousands of missed cases

FIGURE 1. Alphavirus and flavivirus seroprevalence. Seroprevalencewas assessedby anti-IgGELISA. * =P £ 0.05, ** =P £ 0.01, *** =P £ 0.001, all
P-values were calculated using pair-wise Fisher’s exact test. (A) Alphavirus, as represented by “chikungunya (CHIKV),” and flavivirus, as repre-
sented by “Dengue (DENV),” seroprevalence by study site. (B) Alphavirus and flavivirus seroprevalence by western or coastal location. (C and D)
Alphavirus and flavivirus seroprevalence by respective age range.
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of alphavirus and flavivirus infection per year.4 These are likely
underestimates of the true seroincidence, as our study only
included acutely ill patients presenting to clinics, excluding
mild or asymptomatic cases.5,6 Moreover, investigating se-
roconversions allowed us to identify only primary infections,
aspreviously infectedpatientswere already IgGpositive; thus,
this technique does not screen the secondary infections, even
with another flavivirus or alphavirus. Interestingly, we docu-
mented a significantly higher alphavirus seroprevalence in-
land than on the Indian Ocean coast, whereas flavivirus
seroprevalence exhibited the opposite pattern. These differ-
ences have been described in previous studies and suggest
that transmission is not only determined by vector abundance
but also differs regionally in Kenya.7–10 A better clinical char-
acterization of these infections is desirable to improve the
quality of care given to patients.11 More importantly, we know
that underlying endemic transmission constitutes a risk for fu-
ture arboviral epidemics in other areas of Kenya, as it has oc-
curred recently for CHIKV along the coastal islands and for
DENV in northern cities and in Mombasa.12–14 Seven (41%) of
the 17 seroconversions that we identified occurred during dry
periods (monthly rainfall £ 50mm, corresponding to 25%of the
months with data collected), which suggests that relative
drought increases the risk of exposure to arboviruses in Kenya,
as previously shown for CHIKV.15 The use of unreliable water
sources and unprotected water storage during these periods
seem to have a strong impact on arboviral exposure.16,17
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