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ARTICLE INFO ABSTRACT

Keywords: Background: Chikungunya virus (CHIKV) causes a disease characterized by acute onset of fever accompanied by
Chikungunya arthralgia. Clinical similarities and co-circulation of other arboviruses such as Dengue virus (DENV) and Zika
Arboviruses virus (ZIKV), have complicated their differentiation, making their diagnoses a challenge for the health autho-
Diagnosis rities. Misdiagnosis is a serious issue to the management of patients and development of public health measures.
l;;(r;gue Objectives: We carried out further screening of CHIKV, DENV and ZIKV cases in Minas Gerais, Brazil, after

diagnostics were already issued by a state laboratory and according to the Brazilian Ministry of Health (BMH)
policy. Our aim was to look for possible co-infections or previous arboviruses’ exposure.

Study design: Sera from 193 patients with symptoms of arboviral infections were tested for DEV, ZKV and/or
CHIKV by the State laboratory, according to clinical suspicion and following standard BMH guidelines. After an
official diagnosis was issued for each patient, we retested samples applying a broader panel of ELISA-based
serological tests.

Results: We identified 13 patients with concurrent or consecutive infections (IgM positive for more than one
arbovirus), including 11 individuals that were positive for CHIKV and other previously confirmed arbovirus
infection.

Discussion: Guidelines established in many arbovirus-endemic countries prioritizes the diagnosis of Zika and
Dengue and no further analyzes are done when samples are positive for those viruses. As a result, possible cases
of co-infections with chikungunya are neglected, which affects the epidemiological assessments of virus circu-
lation, patient management, and the development of public health policies.

Co-infection

1. Background, objectives and study design

Chikungunya virus (CHIKV), an arbovirus of the Alphavirus genus
within the Togaviridae family, causes a disease characterized by the
acute onset of fever, hash and long-lasting arthralgia. CHIKV has also
been associated with cases of encephalopathy (primarily in neonates)
and Guillain-Barré Syndrome (GBS) [1]. Similarly to Dengue virus
(DENV) and Zika virus (ZIKV) - arboviruses from the Flaviviridae family -
CHIKYV is transmitted to humans mainly by Aedes mosquitoes. Clinical

similarities and co-circulation of these arboviruses have complicated
their differentiation, making their diagnoses a challenge for the health
authorities in regions where they co-circulate. To complicate matters,
there is an extensive serological cross-reaction between DENV and ZIKV
[2-4], and some cross-reaction between flaviviruses and CHIKV have
also been described [5]. The incorrect or incomplete diagnosis in such
scenario affects the development of prevention and treatment strategies
[6]. In Brazil, for instance, during outbreak season the Brazilian Min-
istry of Health (BMH) prioritizes the diagnostic of Dengue due to its
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Fig. 1. Cases of previously undetected Chikungunya co-infections in a panel of 193 sera from patients tested by a Federal Laboratory in Brazil. A: Tests performed by
LACEN-FUNED according to Brazilian Ministry of Health guidelines, which recommend to perform tests against DENV for all suspected cases of arboviral diseases.
ZIKV diagnostic are considered a priority in cases of suspected infections in pregnant women. Possible CHIKV are investigated in cases of DENV-negative samples or
when patients present high fever, onset of unexplained arthralgia or acute arthritis. When tested positive for a particular arbovirus, samples are not re-tested for other
viruses. B: Complementary tests, showing the number of positive results for two or more viruses. We identified 11 patients presenting possible concurrent infections
(positive IgM) by DENV/CHIKV (n = 5) or ZIKV/CHIKV (n = 6) (showed in black boxes). Two cases of DENV-ZIKV co-infections were detected, including one patient
presenting positive serology for all three infections. * Contains the triple-positive patient (CHIKV/DENV/ ZIKV - IgM).

severity [7]. In recent years, the Zika diagnostic has also been made a
priority in case of suspected infections in pregnant women and in their
babies.

We investigated the presence of antibodies against CHIKV, DENV,
and ZIKV in sera of patients with confirmed arboviral infections. These
sera were previously tested by the Central Laboratory of Public Health
(Laboratorio Central de Saiide Publica - LACEN) at Ezequiel Dias
Foundation (Funda¢do Ezequiel Dias -FUNED), Minas Gerais (MG),
Brazil, which follows directives from the BMH (Fig. 1A). Our study
provided a complementary characterization of these samples in order to
detect non-identified cases of co-infections or previous infections by a
different arbovirus (Fig. 1B).

One-hundred and ninety-three serum specimens, received in
October of 2017 to early 2018 from several cities of MG, Brazil, were
analyzed at FUNED for epidemiological assessments. These were in-
vestigated according to the described clinical symptoms of each patient
and epidemiological criteria. All samples were initially tested for
Dengue. Tests for Zika were only performed in samples from pregnant
women, newborns with microcephaly, or patients with neurological
symptoms. According to BMH guidelines, CHIKV tests were only per-
formed in DENV-negative samples or in suspected cases of Chikungunya
Fever, which must include the onset of unexplained arthralgia or acute
arthritis [7,8]. Once tested positive for a particular arbovirus, samples
are not retested for other viruses. We reevaluated all sera using in house
and commercial enzyme-linked immunoassays (ELISA) (Euroimmun,
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Germany) to look for possible co-infections or previous arbovirus ex-
posure. Differently from the BHM guidelines, every sample was re-
screened for CHIKV, DENV and ZKV independently of clinical and
epidemiological criteria.

2. Results

Following the BMH guidelines, 74 patients out of 193 tested positive
for CHIKV, 34 were positive for DENV, and 85 for ZIKV (Fig. 1A). In our
complementary screening (Fig. 1B) we detected 11 concurrent infec-
tions (IgM-positive), by DENV/CHIKV (n = 5) or ZIKV/CHIKV (n = 6).
Importantly, only one amongst these 11 potential CHIKV coinfection
cases was previously picked-up by the public laboratory. Additionally,
two DENV-infected patients presented IgG for CHIKV, and this may
simply indicate previous exposure to the later virus. Considering the 10
newly identified CHIKV samples, they were initially classified only as
ZIKV-positives (7,1% of the ZIKV cases) or as DENV-positives (14,7% of
the DENV cases). We also detected one case of DENV-ZIKV concurrent
/consecutive infection, and one patient presented positive serology for
all three infections (IgM-positive for DENV, CHIKV and ZIKV).

Samples with suspect of Dengue or Chikungunya infections are sent
to LACEN along with a specific on-line clinical notification formulary
(Sistema de Informagdo de Agravos de Notificagdo - SINAN). The main
symptoms described for the seropositive CHIKV patients were fever
(81%), arthralgia (73%), and myalgia (65%) (Fig. 2). On the other
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Fig. 2. Incidence of symptoms of patients with Chikungunya, Dengue and both
infections. The main symptoms of positive CHIKV patients were fever, intense
arthralgia, and myalgia. On the other hand, patients with concurrent CHIKV
and DENV infection, presented, mostly, headache. Different for mono-infected
CHIKV patients, which presented high incidence of arthralgia, this was not a
significative symptom present in CHIK-DENV patients.

hand, main clinical presentations in the newly identified CHIKV-DENV
co-infected/consecutively infected patients seemed to be slightly dif-
ferent: 81% of these patients presented headache and 43% of them
presented fever, myalgia, rash and nausea. Different from mono-in-
fected CHIKV patients, which presented high incidence of arthralgia,
only one of the CHIK-DENV patients presented this symptom (73% and
14%, respectively). With the exception of one patient that tested posi-
tive only for CHIKV-IgM (but positive for IgG in the complementary
screening), these positive CHIKV-DENV patients were not previously
tested against CHIKV by LACEN. This kind of analysis was not con-
ducted for the ZKV-positive patients because the forms for these cases
are less detailed than those from Dengue and Chikungunya, and in-
cluded only pregnant woman and their respective newborns.
Considering the total number of ZIKV-CHIKV co-detection, four
patients (57%) are from the same city - Governador Valadares (GV) -
that had confirmed cases of all three infections in the past years. The
city is in the northeastern part of MG and is an important interpost
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connecting the southern Brazil to the Northeast part of the Country,
which was a hotspot for the massive ZIKV outbreak the year before
(Fig. 3). One of the ZIKV/CHIKV-positive patients was a one-year-old
baby presenting symptoms of GBS (the patient was CHIKV-IgM and
CHIKV-IgG positive). A second ZIKV-positive baby, a newborn with
microcephaly, was also CHIKV-IgG positive. It was not possible to
correlate these results with serology from their respective mothers, and
we cannot rule out the possibility that such antibodies (especially the
anti-CHIKV IgGs) may have come from them.

3. Discussion

We investigated the presence of antibodies against CHIKV, DENV,
and ZIKV in the sera of patients with suspected arboviral infection,
previously tested by LACEN at FUNED, which follows directives from
the BMH. Our study provided a complementary characterization of
these samples in order to detect non-identified cases of co-infections or
previous infections by different arboviruses. We found 13 patients with
possible concurrent/consecutive infections (IgM positive for more than
one arbovirus), including 11 that were positive for CHIKV and for other
previously detected arbovirus infection. As mentioned above, Minas
Gerais state and particularly its northern region are geographically
centered between the Northern and Southern Brazil, and the flow of
infectious diseases within the Country can be effectively sampled in the
State. The first autochthonous case of Chikungunya fever in MG was
confirmed in 2016 [9]. In 2017, the state registered the highest number
of suspect cases of the disease in the Country: 16,013 [10]. In that
period, 10 deaths caused by the CHIKV were registered, including 10
from GV, the city where we found a high incidence of co-infections (see
Fig. 3).

Earlier studies have reported co-infections of CHIKV/ZIKV [11-14]
and CHIKV/DENV [14-17]. A common mosquito vector and socio-
geographic settings contribute to the viruses ‘co-circulation and co-in-
fections in hyper-endemic regions [16]. Nonetheless, the BMH guide-
lines prioritizing the diagnosis of DENV for the general population and
ZIKV in cases of pregnant women suspectedly infected may have cre-
ated a bias, leading to the under notification of CHIKV cases. This
happens because when a patient is serologically confirmed to be DENV-
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or ZIKV-positive, they are usually not further screened for possible co-
infections. Indeed, as mentioned before, only one out of 11 newly
identified CHIKV potential co-infections was detected by the reference
Laboratory as it followed the BMH policy.

Two main aspects should be taken under consideration in relation to
the possible CHIKV under notification in the case of co-infections with
either DENV or ZIKV. First, would CHIKV co-infection impact the pa-
tient’s clinical disease, especially when severe manifestations, such as
GBS or other neurological complications are considered? Secondly,
would the CHIKV under notification impact epidemiological assess-
ments of the virus circulation and consequently affect policy-making
and patient management in hyper-endemic regions? We believe the
answer is “yes” in both cases.
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