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Abstract: Acute Respiratory Infections (ARI) are, after malaria, the second most common cause of consultation of children in
health facilities in Cote d'Ivoire. Viral etiology points to Respiratory Syncytial Virus (RSV) as the primary cause of these acute
respiratory infections. In order to better assist health workers in diagnosing the virus, a study on the epidemiology, seasonality
and clinical signs associated with RSV acute respiratory infections was conducted over four consecutive years. During these
years, nasopharyngeal samples were collected from 5648 children aged 0-5 years, in different geographical areas of the country,
following a survey form for analysis by real-time PCR, to detect the virus and describe its epidemiological characteristics. Our
results revealed 564 (9.98%) RSV positive children. A number of 181 (32.09%) were positive in inpatients, and 383 (67.91%) in
outpatients. The 0-12 month age group was the most affected with 51.95% of positive cases. Cumulative monthly RSV activity
for the 4 years of the study was relatively lower during the months of January to March and higher during the months of May to
September. This distribution of RSV was superimposed on rainfall during these study years. Our work has also linked RSV
positivity to the presence of clinical signs, including fever, cough, diarrhoea and vomiting. These results give scientific tools to
health personnel to better orient their diagnosis and also a better rational use in the prescription of medication, notably the
stopping of unjustified antibiotic therapy.
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and 59.600 deaths worldwide in 2010 [5]. Of the 154,000
acute respiratory infections in Africa, 14,920 were reported in
West Africa for RSV respiratory infection by Njouom and a/
[6]. This burden would be underestimated, as health systems
in low- and middle-income African countries are very fragile
[5]. Therefore, these figures may not reflect the true burden
of the virus responsible for these infections on the population,
especially the child population.

In Cote d'Tvoire, acute respiratory infections are the second
most frequent cause of consultation with health specialists [7].
Kadjo and al reported in their work that RSV is responsible for
respiratory infections in children under five years of age in Cote
d'Ivoire [8]. Azagoh-Kouadio and a/ showed a persistence of

1. Introduction

Acute respiratory infections (ARIs) are infections that
affect the respiratory system, nose, throat, larynx, trachea,
bronchioles and lungs [1]. Depending on the level of damage
to the respiratory tree, a distinction is made between high and
low ARI [2]. Bronchiolitis, pneumonia and bronchitis are the
conditions that result from these lower respiratory tract
infections in children. Several studies [3, 4] have shown that
respiratory syncytial virus (RSV) is the most important viral
pathogen involved in acute respiratory infections (ARI) in
children under 5 years of age. Its burden is estimated at 33.1
millions episodes, with nearly 3.2 millions hospitalizations
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respiratory infections in children aged 0-5 years [9]. However,
very little information is available on the prevalence, seasonality
of the virus, and clinical signs associated with RSV in the 0-5
years old population in Cote d'Ivoire. Given the regular admission
of antibiotics due to probabilistic clinical diagnosis and the impact
of the respiratory virus on the child population, it is important to
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put in place effective preventive and therapeutic strategies for
better clinical management and rational use of antibiotics. The
objective of this work is to provide general knowledge on the
epidemiology of the virus, its seasonality and the signs associated
with RSV in children aged 0 to 5 years in Cote d'Ivoire, over the
four years of study from January 2016 to December 2019.
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Figure 1. Map of study sites.

2. Materials and Methods
2.1. Study Design

This study is a cross-sectional and descriptive study on
nasopharyngeal samples, collected in different sites of the
national influenza surveillance network in Cote d'Ivoire (Figure
1). Theses site are 3 in Abidjan (Attécoubé, Yopougon,
Treichville), 5 in the interior of the country (Bouaké, Korhogo,
San pédro, Man, Agnibilekro) and are supplemented with a
prison environment. These sites consist of 2 University
Hospitals (CHU), 3 Regional Hospitals (CHR), 2 General
Hospitals (HG) and a Community Urban Health Unit (FSU
COM). The selection of these sites is based on the following
criteria: the daily flow of patients in consultation, the existence
of a department of general medicine and a department of
paediatrics, the willingness and availability of doctors to
participate voluntarily without financial motivation and the
availability of a refrigerator (+4C°) for the storage of samples.

2.2. Suspect Case Definition

Biological sampling of a patient was carried out if they met

the definition of a suspected case. All patients seen in
consultation or hospitalised for a respiratory infection aged
between 1 month and 5 years, and a temperature > 37°C with
cough or sore throat were included in this study.

2.3. Epidemiological Information

Demographic data (age, sex, health region) and clinical
data before and at the time of sample collection were
collected from the forms and recorded in an Access database
once in the laboratory. The database was exported to an
Excel spreadsheet for statistical analysis. For each patient
included in the study, a form was rigorously filled in to
collect socio-demographic data (region of origin, health
district, sentinel site, age, sex), followed by clinical
symptoms observed during consultation or hospitalisation.
Four of these symptoms such as cough, fever, diarrhoea and
vomiting, were mainly sought during our study. A clinical
history was taken by the sentinel site physician to determine
the clinical factors associated with RSV ARI.

2.4. Sample Collection and Transport

A nasopharyngeal swab was taken from each child
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meeting our case definition and immediately stored in a
sterile cryovial containing viral transport medium (VTM).
The samples were transported by land from the sentinel sites
to the National Influenza Centre (NIC) located at the Pasteur
Institute of Cote d'Tvoire. A delay of 3 days between the date
of collection and the date of receipt at the laboratory is taken
into account as an indicator of sample viability. Samples
were collected weekly.

2.5. Extraction and Amplification of Biological Material

RNA from 5648 nasopharyngeal samples was collected using
the Qiagen RNA extraction kit (QIAamp® Viral RNA,
Germany), as recommended by the manufacturer. RSV was
tested in the RNA extracts by RT-gPCR using the CDC
Respiratory Syncytial Virus Real-Time RT-PCR diagnostic kit
(CDC, Atlanta, USA), targeting the nucleoprotein gene. The
master mix was performed on a reaction mixture with a final
volume of 20pl. The components were: 12.5ul of AgPath-IDTM
One-Step RT-PCR 2X buffer, 1ul of AgPath-IDTM One-Step
RT-PCR enzyme, 0.5ul of each primer and probe at 200nM
each, and 5pl of molecular water. For each sample, Sul of RNA
was added. The primers used are as follows:

Forward 5'-GGC AAA TAT GGA AAC ATA CGT
GAA-3,

Reverse 5'- TCT TTT TCT AGG ACA TTG TAY TGA
ACA G-3',

Probe 6FAM- CTG TGT ATG TGG AGC CTT CGT
GAA GCT-BHQ.

The results were visualised using a thermal cycler
(Applied Biosystems 7500) under the following conditions:
10 min at 50°C and 10 min at 95°C, followed by 45 cycles of
15 s at 95°C and 1 min at 55°C.

2.6. RSV Epidemiology

Demographic data (age, sex, health region) and clinical data
before and at the time of sample collection were collected
from the forms and recorded in an Access database once in the
laboratory. The database was exported to an Excel spreadsheet
for statistical analysis.

2.7. RSV Seasonality

The distribution of molecular data obtained by RT-qPCR by
month and year of the study period was used for correlation
with climatological factors (cumulative precipitation (mm),
mean relative humidity (%) and mean ambient temperature
(°C)). The Exploitation Society of Airline and Metrology
(SODEXAM) provided the climate data for each of the study
sites.
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2.8. Statistical Analyses

The relationship between explanatory (climatic,
epidemiological and clinical factors) and explained (monthly
distribution of RSV) factors was performed using R software
version x64.4.0.2. Statistical significance was defined as p <
0.05.

2.9. Ethical Consideration

Informed consent was obtained from parents before any
nasopharyngeal swab aspiration. Data included in the study
were anonymised to avoid identification of patients and
prescribers. Patients' place of residence, occupation and
telephone numbers were removed from the database. In
addition, access to the database was restricted to unauthorised
persons. We have obtained permission from the National
Influenza Centre of the Pasteur Institut of Cote d'Ivoire to use
these data strictly for the purposes of this publication.

3. Results

3.1. Epidemic Characteristics

From 2016 to 2019, a total of 5648 respiratory specimens
were collected from the different sentinel health centres in the
country. The sites in the interior of the country collected 55.01%
(3107/5648) of all specimens, with a large share for the site of
Man with 1427/5468 specimens, followed by the site of
Attecoubé with 1305/5468. All the children included had
presented symptoms of acute respiratory infections according
to WHO criteria. Men were the most representative of the
study population with 53% compared to 47% of women, with.
a sex ratio of 1.17. Patients with severe acute respiratory
infection (hospitalized) represented 31.94% (1804/5648) of
the included population. A number 3325 children (58%) were
aged 0-12 months, 1137 (20.13%) were aged 13-24 months,
696 (12.32%) were aged 25-36 months and 490 (8.68%) were
aged over 36 months. The distribution of acute respiratory
infection cases was significant (p=0.003) to the age
distribution of the included population (Table 1). The clinical
history collected from the study population was dominated by
malnutrition (47.21%) followed by pneumonia (30.90%).
Asthma, immune deficiency, heart disease and obesity
accounted for 17.16%, 2.14%, 1.71%, 0.88% of the clinical
history respectively (Table 1). Cough and fever were at the
forefront of the clinical picture with 97.45% and 96.33% of
patients respectively. Vomiting was less frequent with 21.88%,
as well as diarrhoea (12.85%) in patients (Figure 2).

Table 1. Characteristics of the study population.

Variables Category Number Rsv (5648) Rsv Positive (564) Rsv Negative (5084) P Value
Male 3036 (53) 307 (54,43) 2729 (53,67)

S Female 2612 (47) 257 (45,57) 2355 (46,33) UE2)
1-12 3325 (58) 293 (51,95) 2958 (58,18)
1324 1137 (20) 138 (24,46) 1024 (20,14)

s (o) 24-36 696 (12,3) 99 (17,55) 646 (12,70) s
> 36 mois 490 (8,6) 34 (6,04) 456 (8,98)
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Variables Category Number Rsv (5648)  Rsv Positive (564) Rsv Negative (5084) P Value

Status Hospitalized 1804 (31) 181 (32,09) 1623 (31,92) 0.99
Ambulatory 3 844 (68) 383 (67,91) 3461 (68,08) ’
Asthma 40 (17,16) 3 (0,53) 37 (16,97)
Heart disease 4 (1,71) 1(0,17) 3(1,37)

Clinical status of Immune deficiency 5(2,14) 2 (0,35) 3(1,37) 013

the patient Malnutrition 110 (47,2) 3 (0,53) 107 (49,08) ’
Respiratory disease 72 (30,90) 6 (1,06) 66 (30,27)
Obesity 2 (0,88) 0 2 (0,94)

() percentage value.
Table 2. Distribution of cases by clinical symptoms. 3.2. RS VSeasonality

Clinical symptoms RSV positive (564) RSV negative (5084) P The cumulative monthly viral activity of the four years of
Cough 546 (96,80 %) RS (e ) Respiratory Syncytial Virus was highest in the months of May
g 22 (15,31 %) [144 (2,50 %) 0,0009  to September and relatively lower in the months of January to

Diarrhoea 48 (8,5 %) 678 (13,33 %)
Fever 549 (97,34 %) 4892 (96,22 %) March (Figure 3). However, for the year 2017, the peak of
infections was observed in the months of August and
100 September. The years 2017 and 2019 showed a wide
distribution of the virus in contrast to the years 2016 and 2018
gf’ 80 which showed low virus infection. Regarding the influence of
g 6o climatic parameters on RSV infection, it was found that the
g 40 ogs J1ss peak times of virus activity over the period 2016-2019 were
20 comparable to an increase in rainfall at these times (Figure 4).
o . However, none of the other climatic factors showed the same
Fievre Toux Diarrhée  Vomissement peak times of infection. An upsurge in RSV-related illness has

Symptoms

Figure 2. Frequency of clinical signs in the study population.

Table 2 shows the distribution of the biological status of the
study population after virus testing for the different symptoms
considered on admission. RSV positivity was significantly
related to the presence of clinical symptoms (0,0009).

been observed during most rainy seasons. In 2017, the virus was
detected in almost all of the Great Rainy Season (GSS) and the
Little Rainy Season (LRS), as well as in the Little Rainy Season
(LRS) 0f2018. During 2019, positive RSV cases were observed
from the GSP to the PSS. The year 2016 did not have a major
distribution of positive cases by season (Figure 5).
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Figure 4. Evolution of RSV respiratory infection in children aged 0-5 years according to climatological factors from 2016 to 2019.
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Figure 5. Seasonal evolution of Respiratory Syncytial Virus, 2016-2019.

4. Discussion

In this study, we performed for the first time, the
epidemiology of Respiratory Syncytial Virus, from
nasopharyngeal aspirations of children (0 to 5 years), from
January 2016 to December 2019 in Ivory Coast.

4.1. Characteristics of the Study Population

Of the 5648 samples tested, 564 or 9.98%, were positive for
RSV. This proportion of positive cases varies from one
country to another. Our results are lower than those reported in
the literature from African countries including Senegal,
Nigeria and Ghana [10, 11] with respectively 11.4%, 23% and
17.7% positive for RSV in children aged 0-5 years, using
conventional PCR. The possible reasons for the different
studies could be explained in the inclusion criteria for the
study population, the diagnostic methods used, the climate and
the duration of the study. Compared to the above mentioned
studies, the low prevalence recorded in our study is explained
by the study population which was the highest and the
molecular diagnostic technique used. The diagnostic tools
used to identify RSV respiratory viral infections have evolved.
Conventional PCR has been shown to be significantly less
efficient than real-time PCR (qPCR). False negatives may be
associated with the inefficiency of the gel electrophoresis
detection system in conventional PCR, as it can leave samples
with lower levels of RSV than real-time PCR. The work of
Mentel and alfound that real-time PCR was 25% more
sensitive than conventional PCR for the detection of RSV
[12].

The majority of RSV infections (293/564 or 51.95%) were
observed in children less than 12 months of age during our
work, this has been noted by previous studies [13-16]. This
high rate of infection for this group of children is due to the
immaturity of their immune system. The predominance of
RSV infection in male children, with a rate of 54.43%, was
also observed in the work of Ouédraogo and a/, Hamzé and a/
(2010) in Burkina Faso and Liban respectively, with rates of
58.1% and 72% [17, 18]. This male predominance of RSV
observed in these different studies could be due to the
narrowness of the bronchi in boys, but this remains unclear
[17].

The main clinical histories found in RSV-infected children
in this study were pneumonia, asthma, malnutrition,
immunodeficiency and heart disease. These clinical histories
were not significant (p=0.13) with the distribution of infection
in children. However, they are also not insignificant for the
severity of RSV pathology. Welliver et al. (2003) identified
pulmonary or cardiac dysplasia and immune deficiencies as
classic predisposing factors for RSV infection [19]. other
factors have been identified [20] including prematurity (at 33
weeks) and, to a lesser degree, genetic predisposition [21]. At
inclusion, four symptoms were sought in the patients. These
were fever, cough, diarrhoea and vomiting. They are not very
specific to RSV infections as they are also observed in several
other infectious and non-infectious diseases. The p-value
(p=0.0009) between the clinical signs at inclusion and the
distribution of the study population shows that RSV infection
could be clinically characterised by these symptoms.
Knowledge of the clinical characteristics of RSV-infected
populations is important because, according to the WHO, it
allows standardized case definitions of acute respiratory
infections in humans to be obtained that are applicable to all
countries. It also allows for comparison of results between
different countries and regions to provide characteristics of the
infection and improve control [22]. In this work, fever, which
should be 100% of the patients to be in agreement with the
inclusion definition, was not the case, as some patients had to
be medicated for fever before their consultation by the sentinel
site physicians. The cough is justified by the pathogenesis of
viral respiratory infections. The viruses will cause irritation
and inflammation (swelling, redness, pain, heat) of the nasal
mucosa accompanied by excessive mucus production, at
which point coughing becomes the body's way of avoiding
mucus accumulation in the lungs. Diarrhoea and vomiting are
digestive signs in response to the viral infection. Clinical
features almost similar to ours have been observed [23-25].
Almost similar proportions of fever (98%) were observed in
Abidjan in 2000 [26]. Fever and cough are high because they
are worrying signs for the parents, leading them to the health
structures. A plausible explanation for this increase in the
signs included would be the increasing environmental
pollution, and the obvious parameters of climate change
which does not allow the maturation of the immune system of
children [27].
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4.2. Seasonality of RSV

During the four years of surveillance, RSV was present
during all periods of the year, from January to December, but
peaked during the months of May to September. This shows
that at this time of year, RSV is indeed an important causative
agent of acute respiratory infections in the surveillance focal
points in Cote d'Tvoire. This seasonal pattern is very consistent
with that reported in Ghana [11], a country located at the same
latitude, unlike in Senegal [28] and Cameroon [25]. Several
authors explain that globally, RSV epidemics occur in the
southern hemisphere between March and June and conversely
in the northern hemisphere between September and December
[29, 30].

The seasonality of RSV in Coéte d'Tvoire could allow
optimization of future vaccination strategies, such as timing of
administration (year-round or seasonal), target population
(infants or others), as the World Health Organization predicts
that a vaccine against RSV will be available within 5-10 years
[31]. A strong relationship between several climate variables
and the RSV cycle has been shown [32].

The results of our work indicate that only rainfall was found
to be superimposable with RSV distribution among the
climatic factors studied. This assertion is similar to that of
several tropical environments, such as Indonesia, Malaysia,
the Philippines and Thailand [33-35]. Little has been
published in Africa on the relationship between rainfall and
RSV seasonality, however the striking similarity in the role of
rainfall for influenza [36], and RSV suggests parallel
transmission mechanisms for both viruses [37].

5. Conclusion

Our research work shows that respiratory syncytial virus
occupies an important place in the child population and
indicates the presence of the virus during the rainy seasons of
each year, between May and September. Our results also
identified children under 24 months of age as being more
susceptible to RSV infection. In addition to cough and fever,
which are important clinical signs of acute respiratory
infections, diarrhoea and vomiting should be associated with
diagnostic signs of respiratory syncytial virus in children. This
differents parameters allow into health agents to better
diagnostic adjustment. Through this scientific article, it would
be important to encourage health personnel to prescribe a
biological test for the early detection of RSV in children aged
0 to 5 years with acute respiratory infection, during the months
of May to September in Cote d'Ivoire. Consider also the
admission of a targeted therapy against RSV-related
pathologies.
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