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Abstract: Early March 2019, health authorities of Matadi in the Democratic Republic of the Congo
alerted a sudden increase in acute fever/arthralgia cases, prompting an outbreak investigation. We
collected surveillance data, clinical data, and laboratory specimens from clinical suspects (for
CHIKV-PCR/ELISA, malaria RDT), semi-structured interviews with patients/caregivers about per-
ceptions and health seeking behavior, and mosquito sampling (adult/larvae) for CHIKV-PCR and
estimation of infestation levels. The investigations confirmed a large CHIKV outbreak that lasted
February—June 2019. The total caseload remained unknown due to a lack of systematic surveillance,
but one of the two health zones of Matadi notified 2686 suspects. Of the clinical suspects we inves-
tigated (n = 220), 83.2% were CHIKV-PCR or IgM positive (acute infection). One patient had an
isolated IgG-positive result (while PCR/IgM negative), suggestive of past infection. In total, 15%
had acute CHIKV and malaria. Most adult mosquitoes and larvae (>95%) were Aedes albopictus. High
infestation levels were noted. CHIKV was detected in 6/11 adult mosquito pools, and in 2/15 of the
larvae pools. This latter and the fact that 2/6 of the CHIKV-positive adult pools contained only males
suggests transovarial transmission. Interviews revealed that healthcare seeking shifted quickly to-
ward the informal sector and self-medication. Caregivers reported difficulties to differentiate
CHIKYV, malaria, and other infectious diseases resulting in polypharmacy and high out-of-pocket
expenditure. We confirmed a first major CHIKV outbreak in Matadi, with main vector Aedes albopic-
tus. The health sector was ill-prepared for the information, surveillance, and treatment needs for
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such an explosive outbreak in a CHIKV-naive population. Better surveillance systems (national
level/sentinel sites) and point-of-care diagnostics for arboviruses are needed.

Keywords: chikungunya; outbreak investigation; multidisciplinary; Democratic Republic of the
Congo; Aedes albopictus

1. Introduction

Chikungunya virus (CHIKYV) is a single-stranded RNA virus of the genus Alphavirus,
in the Togaviridae family, originating from sub-Saharan Africa, where sylvatic and urban
cycles are recognized. The sylvatic transmission cycle involves a number of forest-dwell-
ing mosquitoes such as Aedes africanus, Aedes luteocephalus, and Aedes furcifer-taylori, and
wild primates wherefrom spill-over to humans can occur. The urban cycle involves the
vectors Aedes aegypti originating from the African continent and Aedes albopictus imported
from Southeast Asia, which was only detected for the first time in the Democratic Republic
of the Congo (DRC) in 2016 [1,2]. The virus is transmitted to humans by day-time bites of
these mosquitoes, which may also transmit dengue and other arboviruses of public health
importance.

CHIKYV infection has an incubation period of 2 to 10 days with an average of 3 days,
and typically causes abrupt onset of high fever and polyarthralgia, also referred to as
chikungunya fever. Other symptoms include headache, myalgia, arthritis, conjunctival
hyperemia, nausea/vomiting, and maculopapular rash [3,4]. While most patients recover
fully and overall lethality is low (1-2% of cases), joint pain may persist for months or even
years [5]. CHIKV infection causes antibody responses that confer long-term, possibly life-
long protection [6,7]. Among populations with no prior immunity, CHIKV outbreaks can
be explosive, and attack rates between 10 and 70% have been documented [8-10]. Because
of the wide range of clinical symptoms, chikungunya fever is often mistaken for other
tropical diseases such as malaria or dengue. The virus can be detected by PCR in the first
week after fever onset. Antibodies, mostly measured by lab-based enzyme-linked im-
munosorbent assays (ELISA), are detectable from as early as three days after symptom
onset [11,12]. Both tests are expensive and require trained personnel, which is often lim-
ited in areas prone to CHIKV outbreaks.

In the DRC, CHIKV was first identified in the north-eastern part of the country, in
1958, in Doruma village (Haut-Uéle Province), and in 1960, in Bondo territory (Bas-Uélé
Province) [13,14]. Since then, no further circulation had been documented until 1998,
when 12 patients tested positive for CHIKV IgM antibodies in Kisangani, Tshopo province
(Figure 1A) [15]. Subsequently, consecutive CHIKV outbreaks were reported in the capital
Kinshasa, with an estimated 50,000 infected cases in the period of 1999-2000. The main
affected areas were the urban communes of Matete and Limete (mostly in quartier King-
abwa) and the eastern rural N’sele commune (quartier Kinkole) [16]. The western part of
Kinshasa (Mont Ngafula and Mbinza Meteo health zones) experienced its first docu-
mented outbreak in 2012 [17].

In November 2018, alerts arose again from this area, and in mid-February 2019,
CHIKYV infections were laboratory-confirmed, but no official outbreak declaration was re-
ported by the Ministry of Health (MoH) [18,19]. Due to the lack of official declaration, and
as arboviruses were not part of the mandatory notifiable diseases in the MoH surveillance
system in DRC, a coherent epidemiological follow-up of the spread of the outbreak was
challenging. Alerts were also gradually reported from the neighboring health zones in
Kongo Central province. In this province, CHIKV had never been identified before [20].
Early March 2019, health authorities of Matadi city (located about 330 km from Kinshasa
in the western end of Kongo Central province) notified a sudden increase in patients with
acute fever and arthralgia. Based on the clinical data, they suspected an expansion of the
CHIKV outbreak and requested the ‘Institut National de Recherche Biomédicale’ (INRB)
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for an evaluation. In response, a multidisciplinary outbreak investigation team, composed
of members from INRB and the Institute of Tropical Medicine-Antwerp (ITM) and man-
dated by the Ministry of Health (MoH) of DRC, was dispatched to Matadi, on 17 March
2019. The aim was to investigate the situation in order to confirm CHIKV as the causal
pathogen, to assess the epidemiological, clinical, laboratory, and entomological character-
istics of the outbreak and to gain knowledge on the perception of the population regarding
the outbreak. In this paper, we report on the findings of this outbreak investigation and
review the lessons learned.

2. Materials and Methods
2.1. Outbreak Investigation Setting and Teams

The outbreak investigation was performed between 17 and 23 March 2019 (epi week
12) in Matadi by a multidisciplinary team, including clinical epidemiologists, microbiolo-
gists, entomologists, and a social scientist, together with local MoH teams. Matadi is a
densely populated portal city located in the Kongo Central province near the DRC-Angola
border at a 5.5 h drive from Kinshasa. The city consists of three communes (Matadi 60
km?, Nzanza 51 km? and Mvuzi 24 km?) and has approximately 461.537 inhabitants
(source DHIS2). It has a tropical climate with a long rainy season from November to May.
At sanitary level, the city is covered by two health zones (HZ), the Matadi HZ (subdivided
in 12 ‘aires de santé’, 277.541 inhabitants) at the western/central part of town and the
Nzanza HZ (9 “aires de santé’, 168.993 inhabitants) on the south-eastern side (Figure 1B).
Kongo Central province is, as most of DRC, located in an area with high levels of malaria
transmission [21]. When the team arrived in Matadi, none of the clinical CHIKV suspects
had yet been confirmed by diagnostic testing.
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Figure 1. (A) Map of the Democratic Republic of the Congo (DRC) indicating the provinces where chikungunya virus
outbreaks have occurred up to 2019 (including the Matadi study area indicated with the red dot). (B) Map of Matadi (study
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area) in Kongo Central province in DRC. The red dots indicate the places where human and mosquito samples were

collected.

2.2. Data Collection
2.2.1. Epidemiological Investigations

The provincial and health zone MoH authorities were consulted upon arrival in Ma-
tadi. They provided data on the initial alerts, the spread, and the number of weekly clinical
suspects notified by health zone. Notification of clinical suspects was encouraged on the
initiative of the provincial MoH from the last week of February 2019 (epi week 9) but
remained incomplete as CHIKV was not part of the routine surveillance system. They
recommended the following clinical case definition: a patient presenting with sudden on-
set of high fever and severe arthralgia, with or without a transient skin rash, is to be con-
sidered as a clinical acute CHIKV suspect. The MoH surveillance teams of Matadi HZ
continued to share the available weekly CHIKYV clinical suspect notification data to the
outbreak investigation team, up to the end of June 2019.

2.2.2. Clinical and Laboratory Investigations

Based on the MoH briefing, the investigation team identified two high-incidence ar-
eas (Soyo Safari, in aire de santé Makindu of Matadi HZ, and the Police Camp Molayi, in
aire de santé Ville Basse, Nzanza HZ—Figure 1B), where mobile clinics were organized
targeting persons with recent (since maximum five days) onset of fever and/or arthralgia.
These mobile clinics operated in the immediate neighborhood of the main primary
healthcare center serving the area with support and presence of the health staff of those
centers. Communities were informed by community healthcare workers about the pur-
pose and practical details of these mobile clinics. Patients were offered a clinical consulta-
tion, malaria testing by antigen rapid diagnostic test (CareStart™ Malaria Pf (HRP2) or
SD Bioline™ Malaria Pf/Pan (HRP2/pLDH) as supplied by the national malaria program)
on a capillary finger prick sample, a blood draw (5 mL EDTA tube) for confirmation of
CHIKYV infection, and treatment (symptomatic treatment and, if malaria RDT positive,
antimalarials).

In parallel, the medical teams of the Provincial Reference Hospital and the nearby
health center CEZO (both located in the quartier Ville Haute in the Matadi HZ, aire de
santé Hygiene B) were sensitized to collect similar data (clinical data, malaria diagnosis,
and venous blood sample) of clinical suspects presenting at their outpatient services, dur-
ing the stay of the outbreak investigation team in Matadi.

Individual patient data were collected using a standardized outbreak investigation
form for suspect CHIKV cases. These forms contained socio-demographic variables, clin-
ical signs and symptoms, and malaria testing results.

The blood samples were immediately stored at 4 °C on site (during maximum four
hours), and further kept in a —20 °C freezer until diagnostic testing for CHIKV infection,
which was performed at the Virology Department of INRB in Kinshasa. Both CHIKV RT-
PCR testing and serology (IgM and IgG) were performed in parallel on the samples of the
clinical suspects attended at the mobile clinic, and sequentially (RT-PCR followed by se-
rology if RT-PCR negative) for the samples of the patients seen in the outpatient depart-
ment.

RNA extraction for PCR analysis was carried out manually with the QIAamp Viral
RNA Mini Kit (QIAGEN) on 140 uL plasma collected in EDTA whole blood tubes after
passive sedimentation by gravity. RNA from phocine distemper virus (PDV) was added
to all samples as an internal RNA extraction control and PCR inhibition control. A CHIKV-
specific RT-qPCR was then performed with 5 uL. RNA in a 25 pL reaction using the iTaq
universal probes one-step kit from Bio-Rad by amplifying a 77 bp part of the non-struc-
tural protein 1 (NSP-1) gene with primers and probes adapted from Panning et al. 2008
[22,23]. Cycling conditions were 10 min at 50 °C, a denaturation step of 5 min at 95 °C,
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followed by 50 cycles of 10 s at 95 °C and 30 s at 60 °C. A PDV RT-qPCR was run in parallel
[24]. In every RNA extraction batch, a negative control was included, and in every PCR
run, a negative control was used.

The IgM and IgG antibodies for CHIKV were detected using the enzyme-linked im-
munosorbent assay (ELISA) IgM and IgG test from Euroimmun, Liibeck, Germany. As
per manufacturer instructions, an optical density (OD) ratio on ELISA IgM or ELISA IgG
>1 was considered as a positive ELISA IgM or IgG result. A positive CHIKV PCR and/or
positive CHIKV IgM result defined an acute CHIKV infection for the clinical suspects
sampled during this investigation. A positive CHIKV IgG result in the absence of CHIKV
RNA and/or IgM antibodies was considered a past CHIKV infection.

2.2.3. Entomological Investigations

Both adult and immature stages of Aedes mosquitoes were sampled in three neigh-
borhoods with suspected CHIKV cases (Soyo Safari, Kinkanda, and Camp Molayi) (see
Figure 1B). Adult mosquitoes were trapped using six battery-powered BG-sentinel traps
and two Prokopack aspirators. The traps were placed in vegetation surrounding houses
(preferably in the shade), activated in the morning and emptied in the evening. Aspirator
collections were made from vegetations only and were performed in the late afternoon.
Water-holding containers in the neighborhoods were inspected for larvae (both indoors
and outdoors), reported on entomological survey forms, and sampled if positive. Collec-
tions were made during one day for each site. Larvae were reared to adults in the labora-
tory for morphological identification following Walter Reed’s identification keys: we
looked at the characteristic patterns on the scutum (white longitudinal stripe for Ae. al-
bopictus and lyre-shaped white markings for Ae. aegypti) and the white/black patterns of
the tarsi on the legs [25]. To ensure the correct identification of Aedes albopictus in the area
(as this species was never detected before in Matadi), we selected two individual mosqui-
toes for DNA barcoding (a technique based on the amplification of the partial mitochon-
drial cytochrome c oxidase subunit I (COI) gene), which we excluded from the pools and
preserved in separate tubes [26]. Sanger sequencing of the 658-base pair barcode and phy-
logenetic analyses of these specimens followed laboratory protocols and methodologies
described in [26] and by Marién et al. (amplicons obtained from the Matadi specimens
were included in the phylogenetic tree of the latter reference) [27]. In short, PCR ampli-
cons (EPPO 2016, LCO1490, and HCO2198 universal primers) and negative controls were
checked on an agarose gel, sequenced in both directions, and compared against BOLD
Identification System with Species Level Barcode Records.

Larvae indices were calculated to estimate the level of infestation in the affected areas
[28]:
¢  Container index: number of containers positive for immature stages of Aedes spp. per

100 inspected containers.
¢ House index: number of houses positive for at least one container with immature

stages of Aedes spp. per 100 inspected houses.
¢  Breteau index: number of containers positive for immature stages of Aedes spp. per

100 inspected houses.

All adult mosquitoes were killed by ethanol inhalation, identified, and separated by
sex. The mosquitoes were pooled according to sampling site, sex, stage during capture
(adult/larvae), and species in Eppendorf tubes with RNA shield for viral preservation
(max. 50 individuals per tube). The mosquito pools were immediately homogenized in
the field using Zymo Research bashing beads (vortex for 2 min). They were stored at 4 °C
for one week during the field investigation and further kept at -20 °C at INRB in Kinshasa.
All pooled samples were screened for the presence of CHIKV using the Zymo quick
DNA/RNA pathogen extraction kit and RT-qPCR. All RT-qPCR reactions were performed
in duplo and samples were considered to be positive if both reactions gave the same Ct-
value (+1), as described by Selhorst et al. [19].
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2.2.4. Qualitative Data about Perceptions and Behaviors Related to the Outbreak

To understand the community perceptions regarding the cause of the outbreak and
to explore community behaviors associated with the illness, the team conducted semi-
structured interviews with a convenient sample among adult patients consulting at the
mobile clinic sites in Soyo Safari (n = 20) and Camp Molayi (n = 28) (see Appendix A:
interview guide). Further, provincial and local health authorities, as well as doctors and
nurses (n=12) from the above-listed health facilities, were interviewed focusing on medi-
cal care, prevention measures, access, and context.

2.3. Data Analysis

The epidemiological data of Matadi HZ (weekly notified suspected cases per “aire de
santé’) were used to construct an epidemic curve displaying the duration and extent of
the outbreak.

Based on the clinical data and samples collected during the field investigations, pro-
portions of patients with acute CHIKV infection, coinfection with malaria, and past
CHIKYV exposure were calculated. Socio-demographic characteristics and clinical features
were summarized using medians and interquartile ranges for continuous variables and
percentages for categorical variables. Subgroups (confirmed acute CHIKV infection vs.
those without acute CHIKV infection) were compared by Fisher’s exact tests for categori-
cal variables and Wilcoxon rank sum tests for continuous variables. An alpha error of 5%
was considered statistically significant. Analyses were conducted with Stata IC 15.0
(StataCorp, College Station, TX, USA).

CHIKYV infection rates in pooled samples of collected mosquitoes were estimated
based on a maximum likelihood (ML) estimation implemented in the Microsoft® Office
Excel© Add-In package from the Centers for Disease Control and Prevention, U.S.A [29].

Qualitative data were analyzed by thematic content analysis. Common themes were
manually determined via an inductive approach.

2.4. Ethical Considerations

This outbreak investigation including sample collection was exempted from review
by the Ethics Committee of the School of Public Health of the University of Kinshasa
(DRC) since it was an emergency response investigation led by the DRC national reference
laboratory for outbreak investigation, the ‘Institut National de Recherche Biomédicale’.
The investigation was approved by and conducted in collaboration with the Ministry of
Health. The Ethics Committee of the School of Public Health of the University of Kinshasa
(DRC, ESP/CE/138/2020) approved that the de-identified data of the outbreak investiga-
tion could be used for scientific publication.

3. Results
3.1. Epidemiological Description of the Outbreak

In Matadi HZ, 2686 clinical suspected cases were notified to the MoH between the
last week of February 2019 (i.e., after the provincial MoH spread a notice with a clinical
case definition to encourage health structures to start notifying) and end of June 2019 (epi
week 26) (see Figure 2). The outbreak started mid-February 2019 (epi week 6) by alerts
from health structures in Makindu aire de santé in Matadi HZ and gradually decreased
in intensity toward the dry season in May-June 2019. The Makindu, Hygiene A/B, Soyo
Luadi A/B, Militaire, and Mpozo aire de santé of Matadi HZ notified most cases. Similar
data were not available for Nzanza HZ.
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Figure 2. Epidemic curve based on weekly notification data of chikungunya fever suspected cases
in Matadi health zone, by 2019 epi-weeks. Note: Chikungunya virus infections are not part of the
diseases/syndromes of the national standard surveillance system in DRC. Notification was encour-
aged by the health authorities, but not obligatory, and was expected therefore to be incomplete.

3.2. Clinical Characteristics and Laboratory Results of the Chikungunya Fever Suspected Cases

During the investigation, clinical data were collected for 220 clinical suspects. Of
these, 162 patients were seen during the active screening via mobile clinics, and 58 in the
outpatient department of the Provincial Reference Hospital and nearby health center. The
majority was female (61.8%), and the median age was 23 years (IQR 10-38) (Table 1). The
median duration of symptoms was three days (IQR 2-5). In total, 183 (83.2%) patients had
a confirmed acute CHIKV infection based on the RT-PCR or IgM serology; 44 patients
(20%) had a positive malaria RDT result; and 15 percent of the clinical suspects had an
acute CHIKV/malaria co-infection. Malaria positivity was not significantly different be-
tween patients with or without confirmed acute CHIKV (p = 0.26). However, overall, ma-
laria positivity was significantly higher among those below 15 years of age (31.2%, p =
0.008) as compared with older patients (14.7%). The age group of 10-15 years had the
highest coinfection rate (31.3%); 27 patients (10.4% of those aged below 15 years and 14.0%
of those equal or above 15 years) had an acute fever and/or arthralgia syndrome, which
remained unexplained after negative CHIKV and malaria testing.

Table 1. Socio-demographic characteristics and malaria results of the clinical suspects seen at the mobile clinics and out-
patient department during the investigation, by CHIKYV infection status.

Missing Total Acute No Acute
Values N = 220 CHIKV CHIKV p-Value
N =183 N =37
Gender 0 0.70
Male 84 (38.2) 69 (37.7) 15 (40.5)
Female 136 (61.8) 114 (62,3) 22 (59.5)
Age (years): median (IQR) 7 23 (10-38) 23 (11-39) 20 (6-33) 0.05
Age groups 7
<5 years 18 (8.5) 10 (5.7) 8 (21.6)
5-10 years 27 (12.7) 21 (11.9) 6 (16.2) 0.02
10-15 years 32 (15.0) 30 (17.1) 2(5.4)
15-55 years 126 (59.2) 106 (60.2) 20 (54.1)
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>55 years 10 (4.7) 9(.1) 1(2.7)
Days of symptoms: median (IQR) 30 3 (2-5) 3 (2-5) 3 (2.5-4) 0.96
Sites 0 0.52

Mobile clinic Soyo Safari, Matadi HZ 82 (37.3) 66 (36) 16 (43)

Mobile clinic Camp Molayi, Nzanza HZ 80 (36.4) 66 (36) 14 (38)

Outpatient consultations 58 (26.3) 51 (28) 7 (19)
Malaria 0 0.26

Positive Malaria RDT 44 (20) 34 (18.6) 10 (27.0)

CHIKYV = chikungunya virus. HZ = health zone. RDT = rapid diagnostic test. Acute CHIKV: clinical suspect with positive
CHIKV-PCR and/or positive CHIKV IgM.

Symptoms such as arthralgia, anorexia, and nausea/vomiting were significantly more
frequent among those with an acute CHIKV infection compared with those without. Joint
pain of acute CHIKV patients was most often located at the knees (60.4%, 102/169), ankles
(47.3%, 80/169), wrists (34.9%, 59/169), and/or elbows (24.3%, 41/169); 99 patients present-
ing with arthralgia had complaints in three or more different joint locations (11/30 patients
without acute CHIKYV infection and 88/169 patients with acute CHIKV, p = 0.16). Detailed
data on location of arthralgia were missing for three patients. Further details on the fre-
quency of symptoms in both groups are shown in Figure 3.

Fever

Arthralgia Jp=0.01

Headache

Asthenia

Myalgia

Generalized pruritus M acute CHIKV

Skin rash [Ono acute CHIKV

Eye discomfort
Nausea/vomiting

Anorexia

L

F ]p=0.002

Diarrhea

1

Abdominal pain

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Figure 3. Comparison of frequency of clinical signs/symptoms between patients with acute CHIKV (N=182) and without
acute CHIKV (N = 37) infection. Note: Symptom data were missing for one patient with acute CHIKV infection. p-values

if below 0.05.

The samples of the clinical suspects attended by the mobile clinics were tested by RT-
PCR and ELISA in parallel. Of the 132 mobile clinic attendants diagnosed with acute
CHIKYV infection, 56 tested positive by RT-PCR only, 25 tested positive by both RT-PCR
and serology (IgM), and 51 were positive for IgM only. The yield of additional acute
CHIKV diagnoses by IgM testing increased with days post-symptom onset—less or equal
to two days: 20%; three to four days: 24%; five to seven days: 59%; and 100% from 8 days
onward (Figure 4). Of the RT-PCR-positive samples, the Ct value increased with days
post-symptom onset (Spearman r = 0.39, p < 0.001)—less or equal to two days: median Ct
=18.7; three to four days: median Ct = 22.0; and five or more days: median Ct =26.9. Only
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one person (male adult from Camp Molayi) had an isolated CHIKV IgG-positive result
indicative of past exposure.

60
50
.E no acute CHIKV
2 40
& CHIKV PCR neg/IgM pos
S 30
Pl
£ B CHIKV PCR pos/IgM pos
g 20
Z
10 B CHIKV PCR pos/IgM neg
0

1to2 3to4 5to7 8 or more

Days post symptom onset

Figure 4. Classification by acute CHIKV status and diagnostic results of the clinical suspects attending the mobile clinics
(N =162), by days post symptom onset.

3.3. Entomological Study

All adult captures and more than 95% of larvae were identified as Ae. albopictus, of
which high levels of infestation (House, Breteau, and Container indexes) were noted (Table
2). Given that the number of Ae. aegypti was low, only the Ae. albopictus pools were checked
for the presence of CHIKV. We detected the virus in 6/11 of the adult pools, and in 2/15 of
the larvae (reared to adult) pools (Table 3). DNA barcoding confirmed the identification
as Ae. albopictus (100% sequence similarity with the reference database) for the two speci-
mens that were checked molecularly (sequences deposited in Genbank with accession
numbers: MZ673322-MZ673323). An interesting observation was that 2/6 CHIKV-positive
adult pools contained only male mosquitoes, and two larval pools were CHIKV-positive
(albeit with high Ct-values). These individuals could not have taken a blood meal, sug-
gesting that they have become infected transovarially.

Table 2. Entomological data of the outbreak investigation in Matadi per neighborhood in which Aedes mosquitos were

captured.
Location Stage Ae. albopictus (n) Ae. aegypti (n) Container House Breteau Index 3
8 ) P - ae8yp Index (%) 1 Index (%) 2
S Safari Adult 41 0
Il
oyo wata Larvae 307 0 19 49 85
. Adult 410 0
Kinkanda | Gae 91 7 11 31 32
. Adult 44 4
Camp Molayi | - e 346 23 9 5 5

n=number of Aedes captured as or reared up to adults. ' Number of containers positive for immature stages of Aedes spp.
per 100 inspected containers. 2 Number of houses positive for at least one container with immature stages of Aedes spp.
per 100 inspected houses. > Number of containers positive for immature stages of Aedes spp. per 100 inspected houses.
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Table 3. Estimation of the chikungunya infection rates of Aedes albopictus in the study neighborhoods.

Place Stage Pos(i:tli{vlj'l‘"/o tal ML Estimated Minimum Number of Mosquitoes Ct-Values of
Pools Infection Rate (95%CI) per Pool 2 Positive Pool(s) 3
Soyo Safari Adult!? 1/1 not possible 41 19)
Larva 2/6 0.82 % [0.15-2.93] (50,50,20,50,50,50) (43,37)
Kinkanda Adult male 2/4 1.31 % [0.25-5.26] (50,50,50,30) (37,20)
Adult female 2/5 0.93 % [0.18-3.27] (50,50,50,50,30) (29,17)
Larva 0/2 0.00 % [0.00-2.38] (53,35)
Camp Molayi  Adult male 0/0 - - -
Adult female 1/1 not possible (44) 17)
Larva 0/7 0.00 % [0.00-0.88] (50,50,50,50,50,50,46)

ML = Maximum likelihood. ! Adults in Soyo were not differentiated by sex due to difficult fieldwork conditions at the
start; 2 Pools in bold and underlined indicate CHIKV-positive pools. Pools were only considered to be CHIKV positive if

they were positive after two independent extractions and PCR runs. ® The values represent averages of the obtained Ct-

values.

3.4. Perceptions and Behaviors Related to the Outbreak

Patient and caregiver interviews revealed that initially patients sought care in the
formal health structures, but that they gradually shifted to self-diagnosis and self-medi-
cation based on the advice/prescriptions of neighbors or other family members who pre-
sented similar symptoms. Community members expressed dissatisfaction with the fact
that consultations and treatment were not offered for free as for malaria (“Malaria is also a
disease transmitted by mosquitoes, and for that care and treatment is free of charge. . .so if chikungu-
nya is also transmitted by mosquitoes ...treatment should also be for free, no?”) or during other
outbreaks.

As to the origin or cause of the outbreak, several conspiracy theories were circulating
fed by a general disbelief that the mosquitoes, which were there with them in the commu-
nity for a long time, all of a sudden would be causing disease and even an outbreak. Some
were thinking that “satanic mosquitoes had infiltrated from a neighboring country”; others ra-
ther found ground in existing national/regional political tensions (“It must be politicians
who are behind this in an attempt to destroy the Kongo people”). In the police camp (Camp
Molayi), a rumor circulated that “Tanzanian researchers had created and sent the chikungunya
mosquitoes to them as an experiment”, but others there also made the link with the general
bad sanitation situation in the camp (very crowded, leaking water pipes and stagnating
water, and lack of toilets).

Driven by the belief that these could not be the normal mosquitoes that were causing
this, the community turned mostly to prayers and use of traditional bracelets as means of
prevention. The bracelets were made of thin twigs mostly from the plant/tree, which is
also used for natural toothbrushes, and were believed to protect against the ‘bewitched
day-time” mosquitoes. They were sold at a price ranging 0.2 to 1 dollar depending on the
socio-economic status of the neighborhood [30]. A same kind of bracelet had also been
used during the 2016 yellow fever outbreak. However, already in mid-March 2019, trust
in this method started to decrease as people wearing the bracelets also fell sick.

Health workers highlighted the challenge to differentiate between malaria episodes,
acute CHIKYV infections (or both) and other etiologies, when based only on clinical fea-
tures, and a malaria RDT as diagnostic tools. Negative malaria RDT results were not al-
ways considered conclusive/trustworthy, especially in patients with very high fever.
Caregivers referred to the possibility of false negative RDTs in case of severe malaria, and
not wanting to risk missing such a malaria episode. A snapshot of a page of the outpatient
register from a health center in Matadi HZ demonstrates this difficulty (Figure 5).
Polypharmacy (antimalarials, antipyretics, painkillers, and broad-spectrum antibiotics)
was frequent and resulted already by mid-March 2019 in stock ruptures of antimalarials,
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antipyretics, and painkillers in hospital and private pharmacies. The affected patients
complained of high out-of-pocket costs ranging around 45 USD (while 73% of the DRC
population lived on less than 1.90 USD a day—World Bank 2018) for the treatment of an
acute episode.

; Traitement 4
Diagnostic

"J“* -4',‘7%} M?,_.,,}xh ..... L ‘ ___..--

.......

Figure 5. Snapshot —part of consultations of 28 February 2019 —from a consultation register in the Matadi health zone.

4. Discussion

Our field investigations confirmed the spread of the CHIKV outbreak that started
around November 2018 in Kinshasa province [19] to the western end of Kongo Central
province, in the densely populated portal city of Matadi. Overall, our results are indicative
of a large outbreak and no/or limited prior exposure to chikungunya virus in the investi-
gated areas. The total caseload remained unknown due to the lack of systematic surveil-
lance. In addition, for the Matadi health zone, the reported number of clinical suspects (N
=2686) does not represent the true extent of the outbreak because of the population being
reluctant to seek medical care in formal health structures due to costs, limited diagnostic
resources, absence of data collection in private clinics, and the range of CHIKYV illness
severity. Exchanges with local health authorities, interviews with patients and caregivers,
and informal discussions in the field confirmed these findings and provided insight into
general perceptions, misconceptions, and knowledge gaps about the transmission and na-
ture of CHIKV disease, as well as how health workers and communities were coping with
it.

In terms of diagnosis, the yield of CHIKV PCR was logically highest in those present-
ing early after the onset of clinical symptoms (yield of 83% if patient presented within 1
to 3 days post onset of symptoms). From day 5 of symptoms, CHIKV IgM had a higher
diagnostic yield. This turning point is in the expected range (day 5 to 7) [11,12], though
somewhat to the early end, and may indicate that, in our setting, patients were underes-
timating their duration of symptoms or were more tolerant to initial symptoms. In similar
settings, PCR or IgM testing could thus best be applied sequentially, as generally recom-
mended in most guidelines [31,32], starting with PCR for all those for whom symptoms
started less than 5 days ago, and shifting to IgM as first test for those with symptom onset
from 5 days or more. The CHIKV/malaria coinfection rates were similar to findings in
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other CHIKV outbreaks in malaria-endemic areas in the Republic of Congo and Sudan
[33,34].

Referring samples for centralized CHIKYV testing is useful for the confirmation and
surveillance of outbreaks and may have clinical value for individual patients to clarify
residual and chronic CHIKV symptoms after the acute episode; however, it has little value
for immediate patient care because of the long delay between sampling and return of re-
sults. Furthermore, during an outbreak, once the causal pathogen is confirmed, diagnostic
confirmation of non-severe clinical suspects is generally not considered necessary. How-
ever, as our data highlight, in a malaria-endemic area unfamiliar with CHIKV, health
workers may not feel confident in differentiating CHIKV from other conditions when they
only have malaria RDTs available in addition to their clinical assessment. In Matadi,
health workers resorted very often to simultaneous therapeutic coverage of CHIKV, ma-
laria, and bacterial infections in patients with high fever and severe asthenia. This resulted
in significant costs to affected families, and the inappropriate antimicrobial prescriptions
may potentially contribute to antimicrobial drug resistance. Therefore, it would be of
value to develop and evaluate the performance of CHIKV antigen and antibody RDTs.
These could then be used at the point-of-care in diagnostic and treatment algorithms of
CHIKYV clinical suspects in malaria-endemic areas (including adapted clinical case defini-
tions, presence of signs of severe/critical illness, and malaria RDT). Together with com-
munity health education, these algorithms could provide the necessary support to health
workers at the primary care level for differential diagnosis and to reduce overtreatment.
A few RDTs have been developed, but none seems to be sufficiently characterized in terms
of diagnostic performance, as of yet, to be ready for field use [35-37]. The more rapid
succession of outbreaks in DRC, as well as in other malaria-endemic countries [38-41],
and recently published evidence of possible CHIKV and other arboviruses infections in
non-human primates in the area [42] highlight this need.

The entomology results showed a high infestation of Aedes in the affected area,
though large differences were observed between the foci. More than 95% of all adults and
larvae were Ae. Albopictus, suggesting that this species was the main driver of the CHIKV
outbreak in Matadi. This is further corroborated by the presence of E1-A226V in the virus
circulating in Matadi, a mutation in the envelope gene that facilitates the spread of CHIKV
in this vector [19]. These results are in line with our findings in Kinshasa and Kasangulu
and a concurrent CHIKV outbreak in two major cities of the Republic of Congo (Brazza-
ville and Pointe-Noire) where the CHIKV outbreak was also linked to a massive coloni-
zation by Ae. albopictus and the viral E1-A226V mutation [19,43]. Overall, these data sug-
gest a scenario of vector-switching where CHIKYV is adapting to the increased presence of
the invasive Ae. albopictus in the region. In addition, our result adds to the rare evidence
of vertical CHIKV transmission in the vector population during outbreaks [1]. Although
there have been occasional reports from surveillance and laboratory confirmations of ver-
tical CHIKYV transmission in a vector [44], this transmission route is rather seen as an ex-
ceptional phenomenon with no significance in natural transmission cycles.

Our work has several limitations. The characterization of the outbreak remained par-
tial due to the lack of complete outbreak surveillance data. The investigation team was
not mandated to introduce line-lists for clinical suspects, and also the provincial MoH was
limited in its action as the outbreak was not officially declared. Our study population was
probably biased toward less severe cases as we only included ambulatory patients. The
level of detail of the clinical evaluation was limited by the conditions of a mobile clinic,
and opportunities were missed to prospectively follow up this group of patients to docu-
ment the chronic burden (socio-economically and clinically) of a CHIKV outbreak in this
community. A recent systematic review and meta-analysis suggests that chronicity might
be less frequent with the East Central South African (ECSA) CHIKV genotype, which is
the strain that caused this outbreak [5][19]. There were, however, very little data available
from ECSA CHIKYV cohorts for this review, and anecdotal reports from Matadi pointed to
a significant prolonged burden, which warrants further investigation in future outbreaks.
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It would also have been interesting to explore, in the interviews, how receptive the com-
munity would have been toward vector control initiatives.

The transmission and control of infectious diseases is a complex matter, affected by
multiple biological, environmental, behavioral, and social factors. Understanding how all
these factors interact requires the involvement of researchers and stakeholders across mul-
tiple disciplines. Our outbreak investigation approach was exemplary on this and suc-
ceeded because of this multidisciplinary approach to collect a lot of valuable data in a
short period of time.

5. Conclusions

Our investigation confirmed a first major CHIKV outbreak in Matadi, with Ae. al-
bopictus as main driver. The health sector was not well prepared for the health education,
surveillance, and treatment needs of such an explosive outbreak. Given the increasing
frequency of outbreaks and the expansion of the vector, consideration should be given to
investing in surveillance systems for arboviral diseases and the vector at national level or
in sentinel sites, the development of point-of-care diagnostics and appropriate clinical
care, and vector control strategies.
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Appendix A

Interview guide for patients or their parent (in case of a child)

Introduction

The conversations/interviews take place in the setting of a mobile clinic organized in the community in the immediate
neighbourhood of the health centre. At the end of the consultation, the patient (and/or his parent in case of a child) is
referred for a short interview. The interviews take place in a quiet corner at the same location and are kept short (about

20 to 30 min per person) to avoid overburdening the patients (as they are feeling ill at that moment).

The researcher introduces himself to the patient, asks him/her how it goes, and explains briefly why and about what he
would like to ask some questions and how long this will take. He ends by asking whether the patient is willing to

participate in the interview.

Guiding questions for the interview

(Questions are meant as prompts, to be used if the topics do not spontaneously arise during the conversation. They will

not necessarily be asked in any specific order.)

Topic 1: Current episode of illness (fever/arthralgia, etc) — to start the conversation

e What type of signs/symptoms do you experience? Since when? Depending on the duration of symptoms, explore
what the patient already did/not did in terms of seeking ‘diagnosis and care’ (formal/informal sector)?

e Did you ever experience the same complaints before? What did you think it was before coming here to see the
doctor?

e Are there any other persons that you know who have the same complaints?

e What did the doctor explain? What is the diagnosis according to the doctor? What are your thoughts on this? Had
you heard before already talking about chikungunya?

Topic 2: Origin/cause of the outbreak

e  Where do you think this disease comes from? What do they say in the community?
e Provide explanation that chikungunya virus is transmitted by mosquitoes that bite during the day, so different ones
than the mosquitoes transmitting malaria. Explore whether the patient finds this a plausible explanation, and if not,

why not.
Topic 3: Prevention and clinical management of chikungunya virus disease

e This phenomenon of acute fever with strong pain in the joints is now circulating since a few weeks in the town of
Matadi. Did you try to protect yourself from it? If yes, how did you do that?

¢ Did others in your community do other things to prevent the disease? Can you explain?

e If not yet mentioned spontaneously, ask about the methods mentioned by the health care workers (as the bracelets
made from thin twigs).

e What did the other people in your community who had similar symptoms do? Where did they get treatment? Which
type of treatment?

Rounding Up

e The researcher asks whether the patient has any questions he/she would like to ask, or if he would like to come
back on anything he/she said previously during the conversation, or if he/she has anything else to add.

¢ Thank the participant.




Viruses 2021, 13, 1988 15 of 16

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Higgs, S.; VanLandingham, D. Chikungunya virus and its mosquito vectors. Vector Borne Zoonotic Dis. 2015, 15, 231-240,
doi:10.1089/vbz.2014.1745.

Bobanga, T.; Moyo, M.; Vulu, F.; Irish, S. First Report of Aedes albopictus (Diptera: Culicidae) in the Democratic Republic of
Congo. Afr. Entomol. 2018, 26, 234-236, doi:10.4001/003.026.0234.

Thiberville, S.-D.; Moyen, N.; Dupuis-Maguiraga, L.; Nougairede, A.; Gould, E.A ; Roques, P.; de Lamballerie, X. Chikungunya
fever: Epidemiology, clinical syndrome, pathogenesis and therapy. Amntivir. Res. 2013, 99, 345-370, doi:10.1016/j.antivi-
ral.2013.06.009.

Da Cunha, R.V.; Trinta, K.S. Chikungunya virus: Clinical aspects and treatment— A Review. Memdrias Inst. Oswaldo Cruz 2017,
112, 523-531, d0i:10.1590/0074-02760170044.

Paixao, E.S.; Rodrigues, L.C.; Costa, M.D.C.N.; Itaparica, M.; Barreto, F.; Gérardin, P.; Teixeira, M.G. Chikungunya chronic dis-
ease: A systematic review and meta-analysis. Trans. R. Soc. Trop. Med. Hyg. 2018, 112, 301-316, doi:10.1093/trstmh/try063.
Galatas, B.; Ly, S.; Duong, V; Baisley, K.; Nguon, K.; Chan, S.; Huy, R; Ly, S.; Sorn, S.; Som, L.; et al. Long-lasting immune
protection and other epidemiological findings after chikungunya emergence in a cambodian rural community, April 2012. PLoS
Negl. Trop. Dis. 2016, 10, e€0004281, doi:10.1371/journal.pntd.0004281.

Nitatpattana, N.; Kanjanopas, K.; Yoksan, S.; Satimai, W.; Vongba, N.; Langdatsuwan, S.; Nakgoi, K.; Ratchakum, S.; Wauquier,
N.; Souris, M.; et al. Long-term persistence of Chikungunya virus neutralizing antibodies in human populations of North East-
ern Thailand. Virol. . 2014, 11, 183, doi:10.1186/1743-422x-11-183.

Gérardin, P.; Guernier, V.; Perrau, J.; Fianu, A.; Le Roux, K.; Grivard, P.; Michault, A.; De Lamballerie, X.; Flahault, A.; Favier,
F. Estimating Chikungunya prevalence in La Réunion Island outbreak by serosurveys: Two methods for two critical times of
the epidemic. BMC Infect. Dis. 2008, 8, 99, d0i:10.1186/1471-2334-8-99.

Staples, J.E.; Breiman, R.F.; Powers, A.M. Chikungunya fever: An epidemiological review of a re-emerging infectious disease.
Clin. Infect. Dis. 2009, 49, 942-948, doi:10.1086/605496.

Yactayo, S.; Staples, ].E.; Millot, V.; Cibrelus, L.; Ramon-Pardo, P. Epidemiology of Chikungunya in the Americas. J. Infect. Dis.
2016, 214, S441-5445, doi:10.1093/infdis/jiw390.

Pezzi, L.; Reusken, C.; Weaver, S.; Drexler, ].F.; Busch, M.; LaBeaud, A.; Diamond, M.; Vasilakis, N.; Drebot, M.; Siqueira, A.; et
al. GloPID-R report on Chikungunya, O'nyong-nyong and Mayaro virus, Part I: Biological diagnostics. Antivir. Res. 2019, 166,
66-81, doi:10.1016/j.antiviral.2019.03.009.

Natrajan, M.S.; Rojas, A.; Waggoner, ].J. Beyond fever and pain: Diagnostic methods for chikungunya virus. . Clin. Microbiol.
2019, 57, e00350-19, doi:10.1128/jem.00350-19.

Osterrieth, P.; Blanes-Ridaura, G. Research on the Chikungunya virus in the Belgian Congo. I. Isolation of the virus in upper
Uele. Ann. Soc. Belg.Med. Trop. 1960, 40, 199-203.

Osterrieth, P.; Rathe, E.; Deleplanque-Liegeois, P. Simultaneous isolation of the yellow fever and Chikungunya viruses at Bili
(Haut-Uele, Belgian Congo). Ann. Soc. Belg. Med. Trop. 1961, 41, 207-212.

Nur, Y.A,; Tuynman, W.; Copra, C.; Groen, J.; Heuvelmans, H.; Osterhaus, A.D. An outbreak of West Nile fever among migrants
in Kisangani, Democratic Republic of Congo. Am. ]. Trop. Med. Hyg. 1999, 61, 885-888, d0i:10.4269/ajtmh.1999.61.885.
Muyembe-Tamfum, J.J.; Peyrefitte, C.N.; Yogolelo, R.; Basisya, E.M.; Koyange, D.; Pukuta, E.; Mashako, M.; Tolou, H.; Durand,
J.P. Epidemic of Chikungunya virus in 1999 and 200 in the Democratic Republic of the Congo. Med. Trop. Rev. Corps Sante Colon.
2003, 63, 637-638.

Malekani, M.]J.; McCollum, A.; Monroe, B.P.; Malekani, V.D.; Mulumba, M.L.; Tshilenge, C.G.; Kondas, A.; Doty, J.B.; Okito-
londa, E.W.; Muyembe, ].].; et al. Cas de dengue chez les patients suspects de Chikungunya a Kinshasa. Ann. Afr. Méd. 2014, 7,
2.

Radio Okapi. February 2019. Available online: https://www.radiookapi.net/2019/02/14/actualite/sante/la-maladie-virale-de-
chikungunya-declaree-en-rdc (accessed on 28 March 2021).

Selhorst, P.; Makiala-Mandanda, S.; De Smet, B.; Marién, J.; Anthony, C.; Binene-Mbuka, G.; De Weggheleire, A.; llombe, G.;
Kinganda-Lusamaki, E.; Pukuta-Simbu, E.; et al. Molecular Characterization of Chikungunya Virus during the 2019 Outbreak
in the Democratic Republic of the Congo. Emerg. Microbes Infect. 2020, 9, 1-25, doi:10.1080/22221751.2020.1810135.

Mbanzulu, K.M.; Mboera, L.E.G.; Luzolo, F.K.; Wumba, R.; Misinzo, G.; Kimera, S.I. Mosquito-borne viral diseases in the Dem-
ocratic Republic of the Congo: A review. Parasites Vectors 2020, 13, 1-11, d0i:10.1186/s13071-020-3985-7.

WHO country profile DRC—Malaria. Available online: https://www.who.int/malaria/publications/country-profiles/pro-
file_cod_en.pdf?ua=1 (accessed on 5 August 2020).

Panning, M.; Grywna, K.; Van Esbroeck, M.; Emmerich, P.; Drosten, C. Chikungunya fever in travelers returning to europe from
the indian ocean region, 2006. Emerg. Infect. Dis. 2008, 14, 416422, doi:10.3201/eid1403.070906.

Huits, R.; De Kort, J.; Berg, R.V.D.; Chong, L.; Tsoumanis, A.; Eggermont, K.; Bartholomeeusen, K.; Arien, K.K,; Jacobs, J.; Van
Esbroeck, M.; et al. Chikungunya virus infection in Aruba: Diagnosis, clinical features and predictors of post-chikungunya
chronic polyarthralgia. PLoS ONE 2018, 13, e0196630, doi:10.1371/journal.pone.0196630.

Clancy, A.; Crowley, B.; Niesters, H.; Herra, C. The development of a qualitative real-time RT-PCR assay for the detection of
hepatitis C virus. Eur. J. Clin. Microbiol. Infect. Dis. 2008, 27, 1177-1182, doi:10.1007/s10096-008-0556-9.

Walter Reed Mosquito Identification Keys. Available online: https://www.wrbu.si.edu/vectorspecies/mosquitoes/albopictus
(accessed on 22 September 2021).



Viruses 2021, 13, 1988 16 of 16

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Tezzo, F.W.; Fasine, S.; Zola, E.M.; Marquetti, M.D.C.; Mbuka, G.B.; llombe, G.; Takasongo, R.M.; Smitz, N.; Bisset, J.A.; Van
Bortel, W.; et al. High Aedes spp. larval indices in Kinshasa, Democratic Republic of Congo. Parasites Vectors 2021, 14, 1-13,
doi:10.1186/s13071-021-04588-7.

Marién, J.; Laurent, N.; Smitz, N.; Gombeer, S. First observation of Aedes albopictus in the Tshuapa province (Boende) of the
Democratic Republic of the Congo. bioRxiv 2021, doi:10.1101/2021.08.03.454759.

World Health Organization (WHO). Dengue: Guidelines for Diagnosis, Treatment, Prevention and Control: New Edition. 2009.
Available online: https://apps.who.int/iris/handle/10665/44188 (accessed on 15 September 2020).

Biggerstaff, B. PooledInfRate, Version 4.0: A Microsoft Office Add-in to Compute Prevalence Estimates from Pooled Samples; Fort Collins
Centers Dis Control Prevention: Collins, CO, USA, 2009.

Nekwa, A. Kongo Central: Le Bois d’or ne Lutte Pas Contre le Chikungunya. Available online: https://www.infobas-
congo.net/beta/2019/03/24/kongo-centralle-bois-dor-ne-lutte-pas-contre-le-chikungunia/ (accessed on 5 August 2020).

Simon, F.; Javelle, E.; Cabie, A.; Bouquillard, E.; Troisgros, O.; Gentile, G.; Leparc-Goffart, I.; Hoen, B.; Gandjbakhch, F.; Rene-
Corail, P.; et al. French guidelines for the management of chikungunya (acute and persistent presentations). November 2014.
Meéd. Mal. Infect. 2015, 45, 243-263, d0i:10.1016/j.medmal.2015.05.007.

Johnson, B.W.; Russell, B.J.; Goodman, C.H. Laboratory diagnosis of chikungunya virus infections and commercial sources for
diagnostic assays. J. Infect. Dis. 2016, 214, 5471-5474, doi:10.1093/infdis/jiw274.

Ingoba, L.L.; Adedoja, A.; Peko, S.M.; Vairo, F.; Haider, N.; Kock, R.; Ippolito, G.; Zumla, A.; Nguimbi, E.; Pallerla, S.R.; et al.
Diagnosis of Chikungunya virus in febrile patients from a malaria holoendemic area. Int. |. Infect. Dis. 2021, 109, 247-252,
doi:10.1016/}.ijid.2021.06.043.

Bower, H.; el Karsany, M.; Adam, A.A.A.H,; Idriss, M.L; Alzain, M.A.; Alfakiyousif, M.E.A.; Mohamed, R.; Mahmoud, I.; Al-
badri, O.; Mahmoud, S.A.A ; et al. “Kankasha” in Kassala: A prospective observational cohort study of the clinical characteris-
tics, epidemiology, genetic origin, and chronic impact of the 2018 epidemic of Chikungunya virus infection in Kassala, Sudan.
PLoS Negl. Trop. Dis. 2021, 15, €0009387, doi:10.1371/journal.pntd.0009387.

Huits, R.; Okabayashi, T.; Cnops, L.; Barbé, B.; Berg, R.V.D.; Bartholomeeusen, K.; Arién, K.K.; Jacobs, J.; Bottieau, E.; Nakayama,
E.E.; et al. Diagnostic accuracy of a rapid El-antigen test for chikungunya virus infection in a reference setting. Clin. Microbiol.
Infect. 2018, 24, 78-81, d0i:10.1016/j.cmi.2017.06.004.

Fischer, C.; Jo, W.K,; Haage, V.; Moreira-Soto, A.; de Oliveira-Filho, E.F.; Drexler, ].F. Challenges towards serologic diagnostics
of emerging arboviruses. Clin. Microbiol. Infect. 2021, 27, 1221-1229, d0i:10.1016/j.cmi.2021.05.047.

UNITAID. Fever Diagnostic Technology Landscape, 1st edition, February 2018. Available online: https://unitaid.org/assets/Fe-
ver_diagnostic_technology_and_market_landscape.pdf (accessed on 28 March 2021).

Dariano, D.F.; Bockarie, A.S.; Taitt, C.R.; Yasuda, C.; Jacobsen, K.H.; Stenger, D.A.; Lamin, ].M.; Bockarie, M.].; Bangura, U.;
Ansumana, R.; et al. Surveillance of Vector-Borne Infections (Chikungunya, Dengue, and Malaria) in Bo, Sierra Leone, 2012-
2013. Am. J. Trop. Med. Hyg. 2017, 97, 1151-1154, doi:10.4269/ajtmh.16-0798.

Ansumana, R.; Jacobsen, K.H.; Leski, T.A.; Covington, A.L.; Bangura, U.; Hodges, M.H.; Lin, B.; Bockarie, A.S.; Lamin, ].M.;
Bockarie, M.J.; et al. Reemergence of Chikungunya Virus in Bo, Sierra Leone. Emerg. Infect. Dis. 2013, 19, 1108-1110,
doi:10.3201/eid1907.121563.

Sow, A.; Faye, O,; Diallo, M,; Diallo, D.; Chen, R.; Faye, O.; Diagne, C.T.; Guerbois, M.; Weidmann, M.; Ndiaye, Y.; et al.
Chikungunya Outbreak in Kedougou, Southeastern Senegal in 2009-2010. Open Forum Infect. Dis. 2018, 5, ofx259,
doi:10.1093/ofid/0fx259.

Buchwald, A.G.; Hayden, M.H.; Dadzie, S.K.; Paull, S.H.; Carlton, E. Aedes-borne disease outbreaks in West Africa: A call for
enhanced surveillance. Acta Trop. 2020, 209, 105468, doi:10.1016/j.actatropica.2020.105468.

Raulino, R.; Thaurignac, G.; Butel, C.; Villabona-Arenas, C.J.; Foe, T.; Loul, S.; Ndimbo-Kumugo, S.-P.; Mbala-Kingebeni, P.;
Makiala-Mandanda, S.; Ahuka-Mundeke, S.; et al. Multiplex detection of antibodies to Chikungunya, O'nyong-nyong, Zika,
Dengue, West Nile and Usutu viruses in diverse non-human primate species from Cameroon and the Democratic Republic of
Congo. PLoS Negl. Trop. Dis. 2021, 15, e€0009028, doi:10.1371/journal.pntd.0009028.

Fritz, M.; Taty, R.T.; Portella, C.; Guimbi, C.; Mankou, M.; Leroy, E.M.; Becquart, P. Re-emergence of chikungunya in the Re-
public of the Congo in 2019 associated with a possible vector-host switch. Int. ]. Infect. Dis. 2019, 84, 99-101,
doi:10.1016/}.ijid.2019.05.013.

Honorio, N.A.; Wiggins, K.; Eastmond, B.; Camara, D.C.P.; Alto, B.W. Experimental vertical transmission of chikungunya virus
by brazilian and florida aedes albopictus populations. Viruses 2019, 11, 353, doi:10.3390/v11040353.



