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Abstract

We report the molecular evidence of dengue virus (DENV) and chikungunya virus (CHIKV) infection in symptomatic individu-
als in Cameroon and Gabon, respectively. Arthropod-borne viruses (arboviruses) are distributed in the tropical or subtropical
regions, with DENV having the highest burden. The morbidity and mortality related to arboviral diseases raise the concern of
timely and efficient surveillance and care. Our aim was to assess the circulation of arboviruses [DENV, CHIKV, Zika virus (ZIKV)]
among febrile patients in Dschang (West Cameroon) and Kyé-ossi (South Cameroon, border with Gabon and Equatorial Guinea).
Dried blood spots were collected from 601 consenting febrile patients, and 194 Plasmodium spp.-negative samples were tested
for the molecular detection of cases of DENV, CHIKV and ZIKV infection. Overall, no case of ZIKV infection was found, whereas
one case of DENV infection and one case of CHIKV infection were detected in Dschang and Kyé-ossi, respectively, with the
CHIKV-infected patient being resident in Gabon. Our findings suggest the need to establish an active surveillance of arbovirus
transmission in Cameroon and bordering countries.

INTRODUCTION

The spread of arboviral diseases is associated with wider dispersal of competent arthropod vectors, deforestation and closer
contact of humans with sylvatic animals, movement of people and increasing human population densities, and transportation
of goods, animals and agricultural products [1]. All of these factors apply to Cameroon, where several reports of dengue virus
(DENV) and chikungunya virus (CHIKV) circulation and outbreaks exist [2-7].

In the last two decades, DENV and CHIKYV circulation have been reported in Cameroon and neighbouring countries such as
Gabon, the Democratic Republic of Congo, Equatorial Guinea, Nigeria, the Central African Republic and the Republic of Congo
[3, 8]. No case of Zika virus (ZIKV) infection has ever been reported from Cameroon. ZIKV is known to circulate mainly in
Asia and to have spread to the Pacific and the Americas [9]. African strains of ZIKV were found in countries that neighbour
Cameroon, such as the Central African Republic and Nigeria, and they appeared to be more transmissible and pathogenic to
foetus than Asian strains [10].

The climatic conditions and entomological features of Cameroon are suitable for arbovirus circulation [11]. A recent survey
reiterates the presence of Aedes aegypti and Ae. albopictus across the country in towns such as Bafoussam and Ebolowa, which
are close to Dschang and Kyé-ossi, respectively [12].
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Previous evidence of the circulation of the arboviruses DENV and CHIKV in Cameroon was mainly derived through serological
studies. This study shows molecular evidence of DENV and CHIKV infection in two febrile patients from Dschang-Cameroon
and Kyé-ossi — a case imported from Gabon — respectively. These findings confirm the circulation of arthropod-borne viruses in
these areas, which could be misdiagnosed as malaria.

Fever is a common symptom of infectious diseases [13]. In malaria-endemic countries, fever is perceived as malaria by both
caretakers and care-seekers [14-16]. Therefore, it is through passive surveillance that arboviral diseases are identified as causes
of fever [17]. Awareness is raised concerning these emerging and re-emerging viruses, which cause outbreaks worldwide, as was
the case in Cameroon [2, 5].

Our study aimed at the molecular identification of DENV, CHIKV and ZIKV among febrile patients not infected by Plasmodium
spp., coming for consultation at healthcare facilities in Dschang (West Region) and Kyé-ossi (South Region).

METHODS

We carried out a cross-sectional descriptive study in two healthcare facilities (HCFs). We collected data and samples during the
rainy season in Dschang and Kyé-ossi (May-September 2017).

Dschang is a semi-urban town of the West region of Cameroon, with more than 250000 inhabitants. Dschang District Hospital is
the leading public health centre, serving the surrounding health areas. Kyé-ossi is a small semi-urban town of the South region,
with more than 20000 inhabitants. The medicalized health centre of Kyé-ossi is the leading public health centre, serving the
nearest towns of Gabon and Equatorial Guinea (Fig. 1)

We recruited consecutive consenting febrile patients and collected drops of blood on filter papers (Whatman 1). We air-dried
the filter papers and kept each of them separately in plastic bags at room temperature. We extracted parasite and human DNA
from these samples using an Invitrogen kit (PureLink Genomic DNA Mini kit; Life Technologies, 2012, USA) for a final elution
of 100 ul. We performed Plasmodium spp. detection following a nested PCR protocol specific for 18S rRNA gene fragments as
previously described [18]. See Table S1 for a list of primers used.

We administered questionnaires to each participant or guardian of children before collecting blood samples. It was mainly to
collect general information such as age, living area, gender, profession, signs and symptoms experienced prior to the consultation
and possible treatment initiated.

On samples not infected with Plasmodium spp., we performed molecular tests for the detection of DENV/CHIKV/ZIKV on
blood spot-eluted samples. We cut blood spots on filter papers and eluted them in 850 ul AVL lysis buffer (QIAmp viral RNA
Mini kit, Qiagen, Inc., Valencia, CA, USA) for 2 h at room temperature on a thermal shaker. We extracted viral RNA from 400 ul
of eluted blood samples using the QIAmp viral RNA Mini kit, according to the manufacturer’s instructions, in 45 ul final volume
of PCR grade water, and then stored it at —80 °C until further processing. Viral RNA was amplified by multiplex real-time PCR
for CHIKV, DENV and ZIKV by CDC trioplex real-time assay [19]. We further confirmed positive samples using a virus-specific
nested real-time assay [20-24]. For all real-time PCR assays, we used the SensiFAST Probe No-ROX One-Step kit (Bioline),
according to the manufacturer’s protocol, and the CFX96 Touch Real-Time PCR Detection System (Bio-Rad). See Table S2 for
the primers and probe sequences.

We analysed data using Microsoft Excel 2013 and Epi Info version 7.2.

RESULTS

Overall, 601 febrile patients were recruited in the two healthcare facilities, and 194 of them not infected with Plasmodium spp.
were included in this survey. Sixty-six (34.02%) were from Kyé-ossi and 128 (65.97%) from Dschang. The female gender was
predominant (58.76%, 114/194) and the mean age was 23.08+18.44 years, ranging from 3 weeks to 84 years old, with 20.62%
(40/194) being <5years old. All of them complained about fever with a mean duration of 3.57+3.29 days (range 0 to 19 days)
before coming for consultation.

One case of DENV infection was detected among the samples collected from Dschang. It was from a 20-year-old university student
who reported 3 days of fever, headache and asthenia. They started a symptomatic treatment at home but did not remember the
name of the medicine taken.
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Fig. 1. Cameroon map with study sites.

One case of CHIKYV infection was detected among the samples collected from Kyé-ossi. It was from a 7-year-old child brought
from the closest town of Gabon (Bitam) to seek care. They reported having fever, headache, cough, abdominal pain and anorexia
for 2 days. They started a treatment at home based on antipyretics and an antimalarial drug (artemether-lumefantrine).

Both patients recovered fully without clinical complications. No case of ZIKV infection was detected.

DISCUSSION

In 2002, DENV-1 antibodies were first identified in a 49-year-old Caucasian male and his 19-year-old daughter living in Yaoundé,
Cameroon. The clinical features of the disease in the Caucasian male were similar to those of the young man of Dschang (fever
and headache) [25]. Several studies have reported symptomatic cases of DENV in Africa [3] and more specifically in Cameroon,
detected indirectly (antibodies) [26] or directly (viral RNA detection) [2], as in the present study. The widespread distribution of
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Ae. aegypti and the imported Ae. albopictus in Cameroon [12, 27] could explain the presence of DENV in Dschang, as previously
described by Tchuandom et al. [26].

CHIKYV is known to be endemic in Africa [8], especially in Gabon, where the present case originated [28]. RNA of CHIKV was
identified in Kribi, South region of Cameroon, close to Kyé-ossi [7]. A few studies recognized other regions of Cameroon as
being endemic for CHIKV [5, 7, 8, 29], but mainly through serological analyses. The clinical features of the boy were typical of
CHIKYV in children [30].

Given the extensive trade and cross-border travel between Cameroon and its neighbouring countries, the conditions for the
spread of arboviral diseases across the region are certainly favourable, as mentioned by Russo et al. [8]

In the context of malaria endemicity, with no active surveillance system in place for arboviral diseases [no rapid diagnostic tests
(RDT), no symptom-based detection], cases of fever will be treated with antimalarial drugs and antibiotics, in spite of malaria
RDT and thick film negativity [25]. This highlights the need for an active arboviral diseases surveillance and response plan for
Africa and country-specific plans for early diagnosis and treatment of cases, and efficient response to outbreaks.

One limitation of this study is related to the elimination of malaria-positive cases before arbovirus screening. Two studies reported
cases of DENV/malaria co-infected children in Yaoundé, Cameroon [31, 32]. Moreover, several studies around the world described
cases of DENV/malaria, malaria/ DENV/CHIKV and malaria/CHIKV co-infections [33, 34]. This suggests an underestimation
of the cases of DENV and CHIKYV infections among our study population.
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