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Abstract

Introduction: Most febrile illnesses in Ghana are often misdiagnosed and
presumptively treated as malaria. This situation may be due to the inappro-
priate diagnostic tool, clinical oversight and lack of awareness of some of the
disease conditions that might have been present in the country. This study
sought to investigate the seroprevalence of dengue virus, geographical loca-
tion of participants with circulating antibodies and finally evaluate the diag-
nostic accuracy of a Rapid diagnostic kit (RDT) using Enzyme Linked Im-
muno-Sorbent Assay (ELISA) as a gold standard for confirmation. Method:
A hospital-based cross-sectional study was conducted among adults (=18) at-
tending the University of Cape Coast Hospital. From each participant, 3 - 4
ml of venous blood was drawn and serum was tested for IgG and IgM using
RDT methods. Positive samples were selected for ELISA confirmation. Statis-
tical analysis was performed using SPSS (v.20) and STATA (v.14) software.
Results: A total of 270 participants were enrolled in the study. The geometric
mean age was 32 years. Overall, Dengue virus (DENV) IgG seroprevalence by
RDT was 10 (3.7%). Seroprevalence of IgG and IgM by the ELISA method
was 34 (12.6%) and 6 (2.2%) respectively. Females recorded a high seropreva-
lence (7.4%) than males (5.2%) in terms of past exposure (IgG). On current
exposure (IgM), females recorded a high seroprevalence (1.5%) than males
(0.7%). Seroprevalence of individuals with dual positivity ((IgG + IgM+)
(acute secondary infection) was 1.9%. Those with primary and recent infec-
tion (IgM+ only) were 0.4% whiles those with past and probably secondary
infection (IgG+ only) were 10.7%. The odds of dengue exposure were signifi-
cantly high among participants with ages 50 - 59 as compared to their other
counterparts (AOR = 3.5, p = 0.03). Diagnostic accuracy of RDT kit was poor
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(Kappa value = 0.373 and 0.0001). Elmina was noted to record the highest
seroprevalence values for both anti-dengue IgG (3.3%) and IgM (1.85%).
Conclusion: The seroprevalence of anti-dengue IgG and IgM among partici-
pants suggests that dengue virus is in circulation in Cape Coast Metropolis
and Komenda Edina Eguafo Abirem Municipality.
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1. Introduction

Dengue virus (DENV) infection is an evolving health threat that is now as-
suming considerable global public health concern. Since 2012, it has been
shown to be the most serious arboviral disease transmitted by mosquitoes glo-
bally [1] with greater morbidity and economic impact [2]. Data from the
World Health Organization suggested that an estimated number of 2.5 billion
people dwell in endemic areas [3] and over 50 million dengue infection occur
annually [4]. Generally, the infection has been reported in the tropics and
sub-tropics of the globe with an estimated 19,000 related deaths recorded in
2002 [4]. In non-endemic areas, the bulk of notified cases of the infection were
mostly spread by international travelers that had visited dengue-endemic areas
[4]. Seroprevalence surveys had revealed dengue exposure in sub-Saharan Africa
[5] with West Africa as the probable region for the viral transmission due to the
presence of the transmitting vector, urbanization, poor sanitary measures and
inadequate diagnostic tool [6].

Though there are no official records on the dengue virus outbreak in Ghana,
few studies done have confirmed the presence of dengue infection and its sero-
types [7]. A work done by Amoako et al, (2018) in Ghana recorded a seropreva-
lence figure of 21.5%. Again, another work done in Ghana to detect dengue
among 150 patients with suspected Ebola virus disease showed that 15% tested
positive for both IgG and IgM, 4 for non-structural protein 1 (NS1) whiles 4
tested positive for viral RNA [8]. In a study of 605 feverish children in Ghana,
only 11% tested positive for malaria by microscopy after 80% had been mis-
diagnosed with malaria [9]. This data suggest that the etiology of febrile illness
goes beyond Plasmodium infections.

The signs of dengue fever typically mimic febrile illnesses such as malaria,
hence, it is presumptively treated as malaria in most endemic countries [10]. There
is therefore potential risk for dengue outbreak as several serotypes may be circu-
lating among human population putting them at risk of antibody-dependent en-
hancement (ADE) dengue haemorrhagic fever (DHF) and dengue syndrome
shock (DSS) if there is secondary infection with a heterologous serotype. There
is, therefore, the need to do routine and differential diagnosis of dengue so there

can be a laboratory evidence-based treatment. This will aid in the reduction of
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indiscriminate use of antimalarial and antibiotics and thereby reducing resis-
tance in circulation.

This study therefore aims at determining the seroprevalence of dengue virus,
geographical location of participants with circulating antibodies and finally eva-

luating the diagnostic accuracy of some commercial kits.

2. Methods and Materials
2.1. Study Site

This was a hospital-based cross-sectional study conducted at the University of
Cape Coast Hospital in Cape Coast, Ghana. The facility provides various health
care services through in-patient and out-patient departments. Cape Coast Me-
tropolis has a double annual rainfall with a mean temperature of 25°C [11]. This
kind of climate condition favours the breeding of the mosquito vector that
transmits the virus causing the disease. Again, the transmitting vector thrives in
areas with increasing urbanization, overcrowding and poor sanitation. The most
common means of discarding refuse in Cape Coast is by either dumping in a
container (56.7%) or dumping unto an open dumpsite (21.1%) [11]. In most
dwelling places in the city, liquid waste is disposed of by throwing it onto the
compound (34.0%) [11]. The Metropolis recorded 66.7% of houses in urban
areas which served as a home to 75% of household population. Averagely, there
were 2.3 households per house in Cape Coast as compared to a regional and na-
tional average of 1.5 and 1.6 respectively [11]. Finally, Cape Coast has tourist at-
traction sites hence attracts a large number of tourists globally and locally. This
increases the vulnerability of the local residents to the infection since some of
these travelers may be coming from hyperendemic areas that might have been

exposed to the virus.

2.2. Study Design

The study was a cross-sectional hospital-based and the sampling method used
was convenient sampling. Participants were selected without any randomization

so far as they consented and qualify to be included in the study.

2.3. Population

The research was conducted among patients who were seeking routine medical
care at inpatient and outpatient department of University of Cape Coast Hospit-
al from February 2019 to July 2019. These patients included both males and fe-
males who were 18 years and above and at least presented with fever and three
malaria-like symptoms. Participants were selected based on inclusion and exclu-
sion criteria.

Sample size

The minimum sample size was determined by the formula (Cochran).

s =22(P)(1-P)/(Errory’
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where Z=1.96 as the standard normal variate at 5% type error, P=21%

S =1.96(0.21)(1-0.21)/(5/100)’

Minimum sample size,
=254.9 ~ 255 clinical sample

Using 5% non-responsive rate, 270 participants were enrolled.

2.4. Inclusion and Exclusion Criteria

Individuals included in this study were 18 years and above presenting with fever
and at least three symptoms of the following: myalgia, arthralgia, rash, headache,
abdominal pain, retro-orbital or ocular pain and haemorrhagic manifestation (Ze.
petechiae, purpura, epistaxis, gum bleeding, etc.). The study excluded patients who
visited the health facility without presenting at least three of the symptoms men-
tioned above, people below age eighteen, and those who were not willing to par-
take in the study.

2.5. Sample Collection and Storage

The blood samples transported from the hospital to the laboratory were spun at
3000 x g for 5 minutes at 4°C. A sterile disposable transfer pipette was used to
transfer serum into a sterile 1.5 ml Eppendorf tube and stored at —20°C until

used.

2.6. Detection of IgG/IgM Using Rapid
Diagnostic Test (One Step RDT)

The rapid detection of anti-dengue IgG and IgM was done using One-step RDT
kit (Voyage Medicals, China). For a positive result, three pink bands or two pink
bands appeared on test region of the cassette indicating that the specimen con-
tained detectable amount of anti-dengue IgG and IgM. A test was considered
invalid if a coloured band did not appear at control region, indicating a possible

error in performing the test, hence, test repeated.

2.7. Detection of IgM Using ELISA

All samples were brought to room temperature and tested for anti-dengue IgM
using ELISA kits (DIA source Immunoassays S.A, Belgium). Briefly, 50 pl of
neutralising reagent was added to all wells except, the blank well Al and the
control wells which were added with positive and negative control samples in
duplicate. Finally, 100 pl of diluted samples were added to each well and the mi-
croplate incubated for 60 minutes at a temperature of 37°C. The microwells were
then washed five times and 100 ul of enzyme conjugate were added to each well
except the blank well and covered with a sealer. The microplate was incubated
for another 60 minutes at 37°C and washed after which 100 pl of the chromo-
genic substrate mixture was added to each well including the blank well. The
microplate was then incubated at room temperature (25°C) for 20 minutes in the
dark and 100 ul of Sulphuric acid added for yellow colour development. The

colour intensity of the solution in each well was measured at an optical density
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(OD) of 450 nm (blanking A1 well). The test results were interpreted as a ratio of
sample OD450 nm value (S) and the Cut-Off value (Co) or S/Co. Ratio < 0.9
were considered negative, 0.9 - 1.1 were considered equivocal and >1.1 were

considered positive.

2.8. Detection of IgG ELISA

ELISA kits (DIA source Immunoassays S.A, Belgium) were used for determining
IgG levels in the participant. Briefly, 10 pl of diluted serum sample (1:100) was
vortexed and added to each well together with 100 pl of positive control and
negative control. The microplate was then incubated for 60 minutes at a temper-
ature of 37°C and washed five times. Hundred microliters (100 pl) of enzyme
conjugate were then added to each well except the blank well and covered with a
sealer. The microplate was again incubated for 60 minutes at 37°C, washed and
100 pl of the chromogenic substrate mixture added including the blank well. The
microplate was then incubated at room temperature (25°C) for 20 minutes in the
dark and Sulphuric acid (100 pl) was added for the development of yellow
colour. The colour intensity of each well solution was measured at an optical
density (OD) of 450 nm. Samples showing an OD 450 nm value lower than the
Cut-Off value (blank wells) were considered negative for anti-dengue IgG while

samples with OD 450 higher than the Cut-Off were considered as positive.

2.9. Data Analysis

Data was analyzed using STATA (version 14). Measures of central tendency,
means, medians, frequency distribution and percentages were calculated. Binary
logistic regression was used to assess the risk of dengue exposure for gender, age
and type of settlement. Cohens Kappa Inter-rater reliability was also used to as-

sess the performance characteristics of rapid diagnostic kit.

2.10. Ethical Consideration

The study received ethical approval from the University of Cape Coast Institu-
tional Review Board (UCCIRB). Participation in the study was voluntary and

informed consent was obtained from each participant.

3. Results
3.1. Sociodemographic Characteristics

General characteristics of the participants were analyzed to determine the fre-
quency and percentage distributions in terms of age, gender, educational back-
ground, occupational status and the type of settlement. From the results ana-
lyzed (Table 1), the geometric mean age and its 95% CI was 32 (30.69 - 33.54).
Majority of participants were 18 years to 28 years 106 (39.26%). Few of them
were 60 years and above 49 (7.04%). In terms of gender distribution, out of 270
participants, 103 (38.1%) were males and 167 (61.9%) were females. Majority of
the participants; 139 (51.48%) had had tertiary education. Those with senior
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Table 1. Demographic data of the participants in the study.

Variable Geometric mean (95% CI) n (%)
Age 32 (30.69 - 33.54)
Age category
18 - 28 106 (39.26)
29 -39 77 (28.52)
40 - 49 33 (12.22)
50 - 59 35 (12.96)
260 19 (7.04)
Sex
Male 103 (38.15)
Female 167 (61.85)
Educational status
Non-formal 24 (8.90)
Primary 5(1.85)
JHS 37 (13.7)
SHS/Votec 65 (24.07)
Tertiary 139 (51.48)
Occupational Status
Farmers 3 (1.11)
Students 83 (30.74)
Civil servants 84 (31.11)
Artisans 18 (6.67)
Health Professionals 6(2.22)
Traders 62 (22.96)
Unemployed 14 (5.19)
Settlement type
Urban 139 (51.48)
Semi-Urban 131 (48.52)

N = 270.

high school/vocational-technical were 65 (24.07%). Participants with junior high

school and primary education were 37 (13.7%) and 5 (1.85%) respectively. Fi-

nally, individuals with no formal education were 24 (8.8%).

More than half (139, 51.48%) of the participants lived in semi-urban areas

whiles 131 (48.52%) lived in urban areas. Majority of the participants recruited

in this study were civil servants: 84 (31.11%).

3.2. Seroprevalence

The overall seroprevalence in this study was 12.96% (IgG and IgM combined).
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The seroprevalence for IgG was 12.6% whiles IgM was 2.2% (Table 2). The se-
ropositivity rate was higher in females than males for both IgG and IgM. The age
group with the highest IgG seropositivity rate were those between ages 29 and
39. This same group recorded the highest seroprevalence rate in terms of current
exposure (IgM). Participants who were attending the University hospital from
Elmina recorded the highest IgG (3.3%) and IgM (1.85%) seropositivity rate as
compared to those from other towns. Apewosika also recorded an IgM seroposi-
tivity rate of 0.37%. Apewosika and Elmina were the only towns where IgM an-
tibodies were detected among participants.

The seroprevalence of participants with recent primary infection (IgG-IgM+)
was 0.37% (Table 3). Those with recent secondary infection (IgG + IgM+) were
1.85%. The seroprevalence of past primary infection (IgG + IgM-) or probable
secondary infection was 10.74%. Two hundred and thirty-five (235) (87.04%)
did not show any evidence of dengue infection (IgG-IgM-).

3.3. Risk of Exposure

The odds of dengue exposure in females was 0.12 (AOR = 0.88, 95% CI: 0.40 -
1.90) times lower than in their male counterparts (Table 4). However, the odds
of dengue exposure in participants with ages 50 - 59 was significant with 3.5
(95% CI: 1.13 - 10.85, p = 0.03) times higher than those between ages 18 - 28. For

Table 2. Seropositivity rate according to gender, age and geographical location.

Variable IgG (%) IgM (%)
Overall 12.6 2.2
Gender

male 5.1 0.74
female 7.41 1.48
Age
18 - 28 2.59
29 -39 4.07 1.11
40 - 49 2.59 0.74
50 -59 2.22 0.37
=60 1.11

Location
Elmina 3.3 1.85

Akotokyir 0.37
Abura 1.48

Kotokuraba 1.85
Apewosika 1.9 0.37
ucCcC 2.6
Kingsway 1.11
DOI: 10.4236/aid.2021.111008 66 Advances in Infectious Diseases
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Table 3. Seropositivity rate of primary and secondary infection.

Serological Seropositivit
& IgM IgG N P ¥ Interpretation
group rate (%)

1 + - 1 0.37 Recent/primary infection

2 + + 5 1.85 Recent secondary infection
Past Primary infection/

3 - + 29 10.74 o

probable secondary infection
4 - - 235 87.04 No evidence of current/past exposure

Table 4. Univariate and Multivariate analysis of sex, age and settlement type as predictive
factors for dengue infection.

IgG/IgM
Variable Multivariate Univariate
AOR 95% CI p-value COR 95% CI p-value
Sex
males ref. ref.
females 0.88 0.40 - 1.90 0.74 0.86 0.42 - 1.79 0.698
Age
18 - 28 ref. ref.
29 -39 2.43 0.88 - 6.71 0.085 2.36 0.81 - 5.45 0.09
40 - 49 3.11 0.96 - 10.05 0.06 3.14 0.94 - 9.51 0.06
50 -59 3.50 1.13 - 10.84 0.03* 3.54 1.11-9.98 0.03*
260 2.59 0.6-11.13 0.20 2.65 0.58 - 10.85 0.19
Settlement
Urban ref. ref.
Semi-urban 1.24 0.59 - 2.59 0.561 1.22 0.59 - 2.52 0.58

the other age groups, the risk of dengue exposure was high as compared to the
reference category (18 - 28) but there was no statistical evidence of association.
The risk of infection was high among participants in semi-urban settlement than
their counterparts in the urban settlement (AOR = 1.24, 95% CI: 0.59 - 2.59).

3.4. Performance Characteristics of Kit

The results shown in Table 5 indicate the diagnostic parameters of RDT (One
step, Voyage Medicals, China) using ELISA as a gold standard. This analysis was
subjected to Cohen’s Kappa inter-rater reliability statistical tool. The Cohn’s
Kappa coefficient value was 0.373 and 0.0001 for IgG and IgM respectively indi-
cating fair to poor performance of the two tests. For anti-dengue IgG the per-
formance of the test was fairly good unlike the IgM test kits which perform
poorly. The Kappa values therefore suggested a fair RDT performance for IgG

and poor for IgM hence were not used in the analysis of this study except to
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Table 5. Performance Characteristics of RDT.

Antibody Performance of RDT Percentage Kappa value
Sensitivity 26.5% 0.373
Specificity 99.6%
IgG
Positive predictive value 90%
Negative predictive value 90.4%
Sensitivity 0 0.0001
Specificity 100%
IgM
Positive predictive value 0
Negative predictive value 97.8%

show their seropositive and negative rate.

4. Discussion

Dengue is an important public health problem in the tropics and sub-tropics of
the world and the prevalence is becoming high especially in sub-Saharan Africa
[12]. In as much as knowing the global or national prevalence of a disease is im-
portant, it is also very essential to know the incidence of disease in a localized
manner. In this study, the seroprevalence of IgG and IgM in local communities
were 12.6% and 2.2% respectively. These findings were similar to and at the
same time vary in other parts of the country. The seroprevalence in some of the
regions of Ghana ranges from 3.6% to 57% in each case for anti-dengue IgG and
IgM [13] [8]. The disparities between these seroprevalence values may be due to
different geographical areas where these studies were carried out with different
climatic conditions that might vary in favouring the existence of the virus vector.
This further suggests the presence of the disease in the country but has been
dormant in patients without any clinical conditions.

The variation in frequencies in the incidence of dengue by gender has been
attributed to the differences in exposures to the virus such as time away from
home [14]. Gender-related factors can also shift over the course of human lifes-
pan and this will affect sexes in contrasting dengue viral infection. In this study,
the seroprevalence was higher in females than males. This observation is in con-
trast with studies conducted in Agogo, Kintampo, Techiman and other parts of
Ghana [7] [13]. Again, in India, [15] the seroprevalence was 24.9% among fe-
brile patients of which males were twice more affected than females. A higher
female than male seroprevalence was however reported in Nigeria [16] [17],
which was also similar to this study. The variability in gender prevalence could
be ascribed to exposure to Aedes aegypti due to occupational differences that
might affect their exposure time to the mosquitoes. The mosquito vector is di-
urnal, endophilic and endophagic and therefore, high seroprevalence in female
than male could be attributed to the fact that females were more likely to remain

at home and engage in domestic activities during the day before dusk where the
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vector is most active. Again, the variation in gender seroprevalence could be at-
tributed to sampling.

The presence of only immunoglobulin M in individuals denotes a recent or
primary infection. This implies that individuals are susceptible to a secondary
heterologous infection by a different serotype but have a lifelong immunological
protection against a homologous serotype. The implication of those with the
presence of both IgM and IgG may suggest secondary acute heterologous infec-
tion but clinically healthy because they may not have risk factors such as age,
host immune response and strain virulence. They were therefore likely not
having comorbidities such as diabetes, bronchial asthma, fulminant hepatitis
among others that may be implicated in dengue hemorrhagic fever. Individuals
with past primary or probable secondary infection were those with IgG antibo-
dies and may have protection against secondary homologous infection. Lastly,
the group with no antibodies is likely to be susceptible to primary dengue infec-
tion by all serotypes because they have not built-up any antibodies against the
virus [17].

The use of RDTs for serological testing is very common as a result of being
very affordable, readily available and quick in its operation. However, there has
been no proper regulations by national and even international testing agencies
even though the market for RDTs continues to grow [18]. The sensitivity and
specificity values of these kits corresponded with a study [19] which looked at
the performance of some commercial RDTs for the diagnosis of dengue infec-
tion. Low to high sensitivity and specificity values varying from 6% to 65% and
69% to 100% respectively were shown indicating a varying specificity and sensi-
tivity with the use of RDTs. Low sensitivities ranging from 27.8% to 77.7%,
however, with higher specificities ranging from 50% to 100% were found in
some cases [19]. These results were distinctively different from the performance
characteristics claimed by the manufacturers. It is therefore imperative to prop-
erly evaluate the RDT kits being sold in the market.

Elmina recorded the highest seroprevalence value for both anti-dengue IgG
and IgM. This indicates that the virus is being transmitted among the population
with improper sanitation. About 71.6% of households in the municipality use
improper sanitation facilities [11]. Therefore, Elmina township needs sustainable
sanitation service to match the increasing population. The transmission of den-
gue can display considerable geographical variability at a small spatial scale with
significant variations in incidence in neighboring towns among urban settings
[20]. Neighborhoods that were deprived of basic sanitary and hygienic condi-
tions recorded a significantly high seropositive rate as compared to areas with
good hygienic measures [20]. Again factors that account for differences in the
transmission of dengue include level of urbanization, household risk factor,
physical environment and vector ecology [21] [22]. Marshes and swamps have
also been identified to play a high significant role in dengue vector growth [23].
It is worthy to note that the Ministry of Lands and Forestry (1999) and Asoma-
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nin (2019) have listed Elmina as one of the coastal areas in Ghana with wetlands.
Some of this dengue transmission contributing factors might have accounted for
the high seropositivity rate for both anti-dengue IgG and IgM in the Elmina

township.

5. Conclusion

The seropositivity of IgG and IgM among participants suggests dengue virus
may be in circulation at Cape Coast Metropolis and Komenda Edina Eguafo Ab-
irem Municipality. Elmina showed the highest seroprevalence of IgG and IgM
and may likely be a major area of the transmission of the virus to the other mu-
nicipalities. This therefore requires further detailed research work to establish
the presence of the virus in Ghana and the subsequent creation of dengue
awareness, enhance outbreak preparedness and resource the hospital laboratories
with diagnostic tools and equipment for the detection and management of the in-

fection.

Limitation of Study

This study had a limitation. The flavivirus group of viruses has a similar genome
hence can cross-react with each other. There was therefore the need to confirm
samples that tested positive for IgG and IgM with a gold standard confirmatory
test such as the plaque neutralization reduction test (PRNT); this was not done

due to its unavailability.
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