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using the XN-1500 Sysmex. Results: The prevalence of acute infections
(NS1Ag positive) by TDR was 5.7% (162/2833), with the peak of dengue virus
infection occurring between October and November. On the other hand, the
AgNS1+ samples tested by RT-PCR were 53.7% positive for dengue virus; this
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shows the extent of probable cross-reactions with rapid diagnostic tests and
false positives. Serotype 1 accounted for 52.6%, 28.4% had serotype 3, 16.8%
had serotype 2 and 2.1% had serotype 4. We found cases of co-infection with
DENV-1and DENV-2 in two patients, co-infection with DENV-1 and DENV-
3 in three patients, co-infection with DENV-1 and DENV-4 in one patient, co-
infection with DENV-3 and DENV-4 in one patient and co-infection with
three serotypes, DENV-1, DENV-2 and DENV-3 in one patient. Conclusion:
The study showed that all four serotypes of the dengue virus were circulating
in Ouagadougou. Serotype 1 was predominant.
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1. Introduction

Dengue fever, also known as “tropical flu”, is the most widespread arbovirosis in
tropical and subtropical countries around the world [1]. Dengue is transmitted to
humans by diurnal mosquitoes of the genus Aedes subgenus Stegomyia, particu-
larly the species Aedes aegypti and Aedes albopictus [2] [3]. The global distribu-
tion of these two major vectors puts almost a third of the world’s human popula-
tion at risk of infection whereas before 1970 [4], only nine countries had experi-
enced severe dengue epidemics (OMS, 2021).

The dengue virus (DENV), the aetiological agent of dengue fever, belongs to
the Flavivirus genus and the Flaviviridae family. It was first isolated in Japan and
Hawaii in 1943 and 1945 respectively [5]. DENVs are grouped into four sero-
types—DENV-1, DENV-2, DENV-3 and DENV-4—and are single-stranded RNA
viruses with positive polarity. They are genetically related, with 65% - 70% se-
quence homology, but are antigenically distinct with great genetic diversity within
the different serotypes [6]. Immunity is specific to the serotype and there is no
cross-protection between serotypes [7]. In 2013, a fifth viral serotype, DENV-5,
was isolated in Sarawak, Malaysian part of the island of Borneo. To date, it has not
caused any human cases, as it follows a purely sylvatic cycle, unlike the other four
serotypes, which follow the human cycle [8].

Dengue is a re-emerging infection, the incidence of which has increased over the
last fifteen years, and poses a major threat to public health in low- and middle-in-
come countries where the disease is endemic [9]. It causes an acute, febrile illness
known as dengue fever (DF), which can progress to severe forms such as dengue
haemorrhagic fever (DHF), which can develop into dengue shock syndrome (DSS),
the outcome of which can be fatal. The mortality rate for dengue haemorrhagic fever
varies from 1 to 40%, depending on the epidemic and the treatment used. Many
factors, such as age, frailty, previous contact with the virus (primary or secondary
infection), and the circulation of several serotypes in the country, influence the se-

verity of the disease and the genetics of the host. Viremia and the concentration of
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circulating NS1 protein also depend on the host’s genotype [10].

According to the World Health Organisation (WHO), in 2019, the number of
cases of dengue fever rose from 505 430 in 2000 to over 2.4 million in 2010 and
5.2 million [11] (OMS, 2021). In fact, 3.9 billion people, i.e. 40% to 50% of the
world’s population, are exposed to the risk of DENV infection, with 500 000 cases
of severe forms per year and around 30 000 deaths [12]. It has been recorded in
34 African countries in recent decades [13] [14]. The rapid growth of urban areas
in West Africa without appropriate sanitation plans is creating nests in which the
vector Aedes aegypti proliferates, increasing the rate of exposure to dengue fever
[15] [16]. The post-winter period is therefore a high-risk period for vector prolif-
eration and infection [17].

Burkina Faso is considered by the WHO to be an endemic country, as it is one
of 34 African countries where cases of dengue fever have been reported since 2000
[14]. The first dengue epidemic is thought to have occurred in 1925. A large num-
ber of cases were subsequently identified in the 1980 [18]. In 2013, three serotypes
were isolated following an epidemic of dengue fever that shook the country [19].
Ouattara et al reported that the prevalence of infection by the dengue virus was
23.5% in 2016 and 13.5% in 2016 [20]; Bello et al found a prevalence of 5.4%
between 2020 and 2021 [21]. Primary dengue infections were recorded at 85.5%
from September to December in their study in Burkina Faso [22]. A new epidemic
of dengue fever broke out in September-October 2023. In September 2023, the
Ministry of Health and Public Hygiene, through the Hauts Bassins Regional De-
partment of Health and Public Hygiene, reported 2 494 probable cases of dengue
fever and 48 deaths in the region [23]. According to the WHO, Burkina Faso is
the most affected country in the region in 2023, with a cumulative number of re-
ported cases of 146,878 suspected cases, including 68,346 probable cases (positive
rapid diagnostic test) and 688 deaths among suspected cases, representing a case-
fatality rate of 0.5% [24].

Dengue fever is a real public health problem in Burkina Faso, so regular data
on the serotypes of circulating dengue viruses, cases of infection and prevalence
are essential for proper monitoring of any epidemics. The objectives of this study
were to determine the diversity of dengue virus serotypes circulating in Ouaga-

dougou, Burkina Faso, and to establish their prevalence.

2. Material and Methods
2.1. Type, Period, and Site of Study

This was a descriptive analytical study conducted over a period of 2 years (from
1st January 2021 to 31st December 2022) at the Hopital Saint Camille de Ouagadou-
gou (HOSCO) and the Biomolecular Research Centre (CERBA/LABIOGENE) in

Ouagadougou, the capital of Burkina Faso.

2.2. Study Population and Sampling

Samples were collected from 2 833 patients (children and adults) of both sexes
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who came to the HOSCO for a general medical consultation with a febrile syn-
drome accompanied by pain, or to the laboratory at HOSCO and CERBA for se-
rological diagnosis of dengue fever. Patients who were seen during the study pe-
riod and had at least two signs consistent with dengue fever were included. Pa-
tients with known pathology were not included in this study.

Patients’ blood samples were taken from the elbow using EDTA (Ethylene Di-
amine Tetra-Acetic Acid) tubes. After centrifugation at 4000 g for 5 minutes, some
of the plasma was used for serological diagnosis of dengue fever and the rest was
stored at —40°C for extraction of viral RNA for molecular characterisation of the

different serotypes of the dengue virus.

2.3. Serodiagnosis of Dengue Fever

Detection of the dengue virus was carried out by testing for DENV serological
markers using the “Dengue Duo (NS1Ag+IgM/IgG) (SD Bioline , Standard Diag-
nostic Inc., Korea)” dengue determination test in accordance with the protocols
provided by the manufacturers. Results were read between 15 and 20 minutes.
Platelet counts were also performed using the XN-1500 Sysmex automated blood

count system.

2.4. Extraction of Viral RNA

Viral RNA was extracted using the QlAamp® Viral RNA Mini Kit, (Quiagen, Ger-
many), according to the manufacturer’s protocol. RNA purity and concentration
were assessed using a Biodrop (Isogen Life Science, NV/S.A, Temse, Belgium).

Extracts were stored at —80°C until use.

2.5. Molecular Characterisation of the Dengue Virus

(Dengue Genotyping by RT-PCR)
Dengue virus genotyping was carried out by real-time RT-PCR using the Dengue
Real-TM Genotype kit (Sacace Biotechnologies
https://sacace.com/new-dengue-virus-genotyping.htm) in the SaCycler-96 Real
Time PCR machine (Sacace Biotechnologies). The Dengue Real-TM Genotype kit
is based on multiplex real-time amplification in a well of each sample. Each well
contains primers directed against the four dengue genotypes (Denv 1, Denv 2,
Denv 3, Denv 4).

PCR reactions were carried out in 25pL of reaction mixture containing 15 pL of
working solution (10 pL of PCR-mix-FRT DV, 5 pL of RT-PCR-mix-2-TM, 0.25 pL
of RT-G-mix-2, 0.5 uL of Hot Start TaqF Polymerase, 0.25 pL of MMLV Revertase)
and 10 uL of RNA (25 to 100 ng). PCR conditions were as follows : 1 cycle of 50°C
for 30 minutes ; 1 cycle of 95°C for 15 minutes ; 5 cycles of 95°C for 10s, 56°C for
40s and 72°C for 20s ; and 40 cycles of 95°C for 10s, 54°C for 40s and 72°C for 20s.

2.6. Data Analysis

Data were recorded using Microsoft Excel 2016. SPSS version 20.0 was used for
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data analysis. The results were considered statistically significant at p < 0.05. The
Odd Ratio (OR) and 95% confidence intervals (CI) were calculated to estimate the

effect of patient sex and age on dengue virus infection using Epi Info 7.

2.7. Ethical Considerations

All study participants gave their free and informed consent, in accordance with
the Helsinki declarations. This study has received the approval of the Ministry of
Health of Burkina-Faso through its Health Research Ethics Committee (CERS)
(Deliberation N°2017-01-004 and N°2021-12-295), as well as the institutional eth-
ics committee of CERBA/LABIOGENE have approved this study.

3. Results
3.1. Socio-Demographic Characteristics

This study involved 2833 patients with clinical signs of suspected dengue who
were referred to the medical laboratory for a diagnosis of dengue fever. The pa-
tients ranged in age from 0 to 87 years. The study population was made up of
59.3% women and 40.7% men. The 16 - 30 age group was the most represented
(36.7%) (1040/2833). Children under 15 accounted for 18.8% (535/2833) of study
population (Table 1).

Table 1. Socio-demographic characteristics of patients.

2021 - 2022 Age p-value
Gender Number Percentage (%) Mean (years) Standard deviation
Men 1152 40.7 29.95 18.48
Women 1681 59.3 30.27 16.13 0.62
Total 2 833 100 30.14 17.12
Age groups
0-15 535 18.88 7.40 4.37
16 - 30 1 040 36.71 24.06 4.09
31-45 827 29.19 36.77 4.36
46 - 60 262 9.25 53.47 4.81
>60 169 5.97 70.89 6.04
Total 2 833 100 30.14 17.12

3.2. Dengue Serological Profiles (Ag NS1, IgG and IgM Type Ac)

All three dengue virus markers (Ag NS1, Ac IgM, Ac IgG) were tested in patients
with signs of dengue fever. In the study, 22.7% (644/2833) of patients were positive
for one of the dengue serological markers. Of these patients, 5.71% (162/2833) had
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a recent or acute dengue infection (NS1+), 1.09% (31/2833) had a primary acute
infection (NS1+/IgM+) and 25.7% (728/2833) had a secondary infection or past ex-
posure to the virus (IgG+). In addition, 3.35% (95/2833) had a late onset or recent
secondary dengue infection (IgM+/IgG+). A prevalence of 0.95% (27/2833) of pa-
tients positive for all three markers was observed (NS1+/IgM+/IgG+) (Table 2).

Table 2. Prevalence of Ag NS1, IgG and IgM type Ac in patients.

DENYV serology NS1 Ag+ (%) IgM+ (%) IgG+ (%)
Gender
Male (n = 1152) 92 (8.0) 53 (4.6) 269 (23.3)
Female (n = 1681) 70 (4.2) 64 (3.8) 459 (27.3)
Total (n = 2833) 162 (5.7) 117 (4.1) 728 (25.7)
x 17.84 1.15 5.85
pvalue <0.0001* 0.030* <0.016*

Age group (years)

0- 15 (n = 535) 12 (2.2) 19 (3.5) 78 (14.6)
16 - 30 (n = 1 040) 71 (6.8) 48 (4.6) 267 (25.7)
31- 45 (n = 827) 37 (4.5) 29 (3.5) 235 (28.4)
46 - 60 (n = 262) 22 (8.4) 10 (3.8) 83 (31.7)
>60 (n = 309) 8 (2.6) 11 (3.6) 65 (21.0)
Total (n = 2833) 162 (5.7) 117 (4.1) 728 (25.7)
e 26.26 2.01 45.42
pvalue <0.0001* 0.734 <0.0001*

3.3. Trends in Dengue Virus Infection in the Population

The majority of suspected cases of dengue fever were recorded in October and
November. Patients positive for the NS1Ag antigen during this period accounted
for 88.88% (144/162) of positive patients in the entire study (Figure 1). Figure 1
shows the changes in the three dengue virus markers (Ag NS1, Ac IgM, Ac IgG)

as a function of month during the study period.

3.4. Prevalence of Dengue Virus Serotypes

Molecular characterisation of dengue serotypes was carried out by RT-PCR using
the DENGUE Real-TM Genotype PCR kit (Sacace biotechnologies) on AgNS1 pos-
itive samples. The virus was identified in 53.7% (87/162) of these samples (Table 3).
Serotype DENV-1 represented 52.6% with 46% of females and 54% of males, while
DENV-2 represented 16.8% with 50% of males and 50% of females. DENV-3 was
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detected in 28.4%, of which 59% were female and 40% male, while 2.1% had DENV
4, all of whom were female.
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Figure 1. Trends in markers of dengue infection from 2021 to 2022, by month.
Table 3. Different dengue virus serotypes.
DENV-1 DENV-2 DENV-3 DENV-4
n(%) = 50 (52.6) n(%) = 16 (16.8) n(%) = 27 (28.4) n(%) =2 (2.1)
Gender
Male 27 (54.0) 8 (50.0) 11 (40.0) 0
Female 23 (46.0) 8 (50.0) 16 (59.0) 2 (100)
Age (years)
0-15 8 (16.0) 0 3 (11.1) 0
16 - 30 24 (48.0) 9 (56.2) 13 (48.1) 1 (50.0)
>30 18 (36.0) 7 (43.7) 11 (40.7) 1 (50.0)
Infection status
Acuteinfections NS1+/IgM— 31 (62.0) 12 (75.0) 14 (51.8) 2 (100)
Primary infections
15 (30.0) 2 (12.5) 10 (37.0) 0
NS1+/IgM+
Secondary infections
Y 7 (14.0) 2 (12.5) 8 (29.6) 0
NS1-/IgM+/1gG+
Hematology data
Hemoglobin (g/dL) 144 +1.5 140+ 1.6 14.6 £20 11.9
Platelets (/L) 116.2 £ 25.7 116.0 + 28.7 119.0+11.4 137.0
DOI: 10.4236/0jepi.2024.144040 571

Open Journal of Epidemiology


https://doi.org/10.4236/ojepi.2024.144040

S.0.T.Belloetal.

All four (4) dengue serotypes investigated in our study were identified in pa-
tients. Considering multiple infections, serotypes were found 95 times in the 87

RT-PCR-positive patients (Figure 2).
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Figure 2. Frequency of dengue serotypes found in patients.

Co-infections with two different serotypes were observed in 8.1% of patients
and 1.1% had multiple infections with three serotypes (Table 4).

Table 4. Number of serotypes identified per person.

Serotype identified per person Number Percentage (%)
1 79 90.8
2 7 8.1
3 1 1.1
Total 87 100

4. Discussion

A total of 2 833 patients were seen during the study period, the majority of whom
were women (59.3%) and men (40.7%). This high representation of women could
be explained by the fact that they are more frequent visitors to health facilities and
also represent 51.7% of the general population of Burkina Faso according to the
results of the 5th general population recension in Burkina Faso [25]. The results
of this study are in line with those of a study carried out at HOSCO where Ouat-
tara et al. revealed a percentage of 56.2% and 57.3% of women in 2016 and 2017
respectively [20], but slightly lower than the 69.2% of women found in another
study in Ouagadougou [26]. The 16 - 30 age group accounted for 36.7% of the
study population. This result is similar to that of Sondo et al. [27], who found that
the 15 - 30 age group accounted for 40%, because the population of Burkina Faso
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is itself predominantly young, according to the 5th general population and hous-
ing census of Burkina Faso.

The results of the rapid serological diagnosis of dengue fever, which tested for
the three markers of the dengue virus (Ag NS1, Ac IgM, Ac IgG), revealed that
5.71% (162/2 833) of patients had a recent or acute infection with dengue fever
(NS1+). In the study, 22.7% (644/2 833) of patients were positive for one of the
serological markers of dengue. This percentage is higher than the 2.42% reported
in 2020 by Ilboudo ef al [28]. In contrast, another study reported that 40.1% of
patients positive for one of the dengue serological markers [20]. These results con-
firm that the dengue virus is circulating in the population of Burkina Faso.

PCR results on AgNS1+ samples confirmed the presence of the virus in 53.7%
(87/162). Dieng et al. characterised the dengue virus in 15.6% (27/173) of patient
samples collected by qRT-PCR [29]. Molecular diagnosis is still the most specific
method for detecting the dengue virus, but cross-reactivity with rapid diagnostic
tests and false positives can occur.

The DENGUE Real-TM Genotype PCR Kit from Sacace biotechnologies used
for characterisation enabled us to identify the four dengue serotypes (DENV1-
DENV2-DENV3-DENV4) in our study. In Bali, all four dengue serotypes were
found [30].

Serotype 1 predominated over the other three serotypes of the dengue virus
with 52.6% (50/87), followed by serotype 3 with 28.4% (27/87). Serotypes 2 and 4
represented 16.8% (16/87) and 2.1% (2/87) respectively of the serotypes found.
Our results are similar to those of Dieng ef a/. in 2017 who found a predominance
of serotype 1 of the dengue virus (96.15% of the study population) in the town of
Louga in Senegal [31] and Dhanoa et a/. which also show a predominance of sero-
type 1 [32]. However, in Burkina Faso Targanada et al found that serotype 2 was
predominant with 57.8% [33]. This difference could be explained by the different
sample collection areas, population trends and the environment.

In our study, serotypes 2 and 3 accounted for 16.8% and 28.4% respectively.
This confirms that serotypes 2 and 3 of the dengue virus are still circulating in the
population. These serotypes 2 and 3 had already been found during a study of
dengue fever in Burkina Faso in 2016 [33]. Serotype 2 of the dengue virus has been
shown to be endemic in Burkina Faso [34]. Two cases of dengue due to serotype
4 have been identified. Ridde et al also reported serotype 4 in 3 patients [19].
Serotype 4 of the dengue virus is rarely implicated in dengue infections.

We reported eight cases of co-infection, including co-infection with serotypes
1and 2; 1 and 3; 1, 2 and 3; 1 and 4; and 4 and 3. Our results are similar to those
of Figueiredo et al in Brazil in 2011, who reported the presence of co-infection
with serotypes 1 and 4 [35] and co-infections of the dengue virus with serotypes 1
and 2; 1 and 3 by Dhanaoa ef al [32]. A study on the presence of co-infection of
dengue viruses carried out on the population of New Delhi revealed cases of co-
infection by serotypes 1 and 2 of the dengue virus [36]. In Senegal, the co-circula-

tion of Denv-2 and Denv-3 with a re-emergence of Denv-3 at the large religious
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gathering in Touba was reported in 2018 [37]. We note that cases of co-infection
are found in hyper-endemic areas where several serotypes of the dengue virus co-
circulate. The risk factors for dengue infection and co-infection include the viru-
lence of the virus and the density of the vector in the area [35]. The dengue virus
vectors Aedes aegypti and Aedes albopictus can both carry two serotypes of the
dengue virus [38] which they can transmit to humans by bite. In Benin, in the
departments of Oueme and Plateau, Denvl, Denv2 and Denv3 have been detected
in Aedes aegypti and Aedes albopictus [39]. Co-infection may also occur if the
patient is bitten within a short space of time by two different mosquitoes carrying
different serotypes of the virus. The occurrence of these co-infections is therefore
natural and results from the endemicity of the dengue virus in Burkina Faso,
where serotypes 2, 3 and 4 have been observed since 2013.

The study found cases of thrombocytopenia, but no association between throm-
bocytopenia and dengue virus infection. Thrombocytopenia is thought to be a bi-
ological sign of dengue virus infection and one of the classic features of severe
dengue fever [40] which is why it is used as a criterion for diagnosis [41]. Dhanoa
et al. in 2016 found that patients co-infected with serotype 2 had a higher fre-
quency of thrombocytopenia. In the same study, they found that cases of co-in-
fection with serotypes 1 and 2 were accompanied by thrombocytopenia [32].
Thrombocytopenia was observed in haemorrhagic forms of dengue fever in the
infectious diseases department of the Unversity Hospital Yalgado Ouédraogo in
Burkina Faso [42]. The low platelet rate was also reported in a study [43]. One of
the limitations of the study was that we did not have access to the patients’ clinical
records to establish the relationship between the course of the disease and the
serotypes identified, as well as the size of our sample.

Burkina Faso, like many other African countries, faces a number of challenges
when it comes to differential diagnosis, detection and notification of cases to en-
sure proper treatment and, above all, epidemiological surveillance of possible ep-
idemics of arboviroses such as dengue and chikungunya. The results of this study
established the prevalence of dengue fever, confirmed the circulation of the virus

in Burkina Faso and detected the four serotypes of dengue fever.

5. Conclusion

This study made it possible to characterise the serotypes of the dengue virus cir-
culating in Burkina Faso. All four serotypes of the dengue virus are circulating in
Ouagadougou, with serotype 1 predominating. Cases of co-infection by all four
serotypes have been detected. A dengue epidemic resurfaced in Burkina Faso in
August-September 2023. Arbovirosis surveillance and warning systems need to be
strengthened to control the spread of infection and, if possible, the introduction
of the dengue vaccine. The development of antivirals and vaccines offers hope of

improving the management of dengue fever.
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