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Abstract

Background Handwashing is the first line of hygiene measures and one of the oldest methods of preventing the
spread of infectious diseases. Despite its efficacy in the health system, handwashing is often inadequately practiced
by populations. This study aimed to assess the presence of SARS-CoV-2, Escherichia coli (E. coli) and Staphylococcus
aureus (S. aureus) on hands as indicators of lack of hand hygiene during COVID 19 pandemic.

Methods A cross-sectional study was conducted in rural Taabo and urban Abidjan (Céte d'lvoire) from January to
September 2021. A total of 384 participants from 384 households were included in the study. The total households
were distributed proportionally within various municipalities in the two study areas according to the number

of households in each municipality, based on data of the National Institute of Statistics from the 2014 general
population census. Hand swabbing of the 384 participants within households (320 in Abidjan and 64 in Taabo)

was performed for the enumeration of £. coli and S aureus, using laboratory standard method and for the detection
of SARS-CoV-2 by RT-gPCR. A binary logistic regression model was built with the outcome variable presence of
Staphylococcus spp. on hands of respondents that was categorized into binary variables, Staphylococcus spp.
(1=presence, 0=absence) for the Risk Ratio estimation. Place of living, sex, handwashing, education and age group
were used to adjust the model to observe the effects of these explanatory variables.

Results No presence of SARS-CoV-2 virus was detected on the hands of respondents in both sites. However, in
urban Abidjan, only Staphylococcus spp. (Coagulase Negative Staphylococci) was found on the hands of 233 (72.8%,
95%Cl: 67.7-77 4) respondents with the average load of 0.56 CFU/ Cm? (95% Cl, 0.52-0.60). Meanwhile, in rural
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fecal colonization rates in the case of E. coli.

Taabo, Staphylococcus spp. (Coagulase Negative Staphylococci) and E. coli were found on the hands of 40 (62.5%,
95%Cl: 50.3-73.3) and 7 (10.9%, 95%Cl: 5.4-20.9) respondents with the respective average load of 0.49 CFU/ Cm?
(95% Cl, 0.39-0.59) and 0.08 CFU/ Cm? (95% Cl, 0.03-0.18). Participants living in rural Taabo were less likely to have
Staphylococcus spp. on their hands (RR=0.811; 95%IC: 0.661-0.995) compared to those living in urban Abidjan.

Conclusions No SARS-CoV-2 was detected on the hands of participants in both sites, suggesting that our study did
not show direct transmission through hands. No E. coli was found in urban Abidjan while E. coli was found on the
hands of participants in rural Taabo indicating poor hand washing and disinfection practices in rural Taabo. Living

in urban Abidjan is statistically associated to having Staphylococcus spp. on hands. Further studies are necessary
especially to understand to what extent the presence of Staphylococcus spp. on hands indicates a higher infection or
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Background

Hand hygiene is an important measure to prevent dis-
ease transmission [1]. Diarrhea is one of the top 10 dis-
eases contributing to global Disability-adjusted life years
(DALY) [2]. Furthermore, according to the Global Bur-
den of Diseases Study 2017 reports, there were 3.2 mil-
lion deaths in the world due to chronic obstructive
pulmonary disease and 495,000 deaths due to asthma [3].
Severe acute respiratory syndrome (SARS), Middle East
respiratory syndrome (MERS) and COVID-19 (Corona-
virus Disease 2019) have emerged in 2002-2003, 2012
and 2019-2020 respectively [4]. Contamination by these
viruses and diarrhoea can be prevented through hand-
washing [5]. A comprehensive analysis of the hand sur-
face components indicated that organic acids, especially
lactic acid and antimicrobial peptides, are highly corre-
lated with antimicrobial activity and hand hygiene must
be improved to enhance natural antimicrobial activity on
the surface of hands [6].

Human hands have been the main carrier for the trans-
mission of infection at home, restaurants and public
transport [7]. They are one of the vehicles of the trans-
mission of most infections, including mainly diarrheal
and respiratory diseases [8].

Hand hygiene measures have been recommended by
health authorities and public health experts worldwide
to prevent the spread of SARS-CoV2 via contact with
infected people and surfaces [9]. Hand hygiene practices
are important not only during the COVID-19 pandemic,
they are also critical to prevent the possible spread of
other infectious diseases [10]. Moreover, the promotion
of handwashing with soap can reduce the risk of diar-
rhoea by 30% (0-70 [0-64—0-76]) [11] and the risk of acute
respiratory infection morbidity by about 17% (RR 0-83
[95% CI 0-76—0-90]) [12]. Proper washing of hands and
body reduces or eliminates a large proportion of micro-
organisms acquired through contact with contaminated
surfaces and liquids. Microorganisms are detected every-
where on humans, including the skin, oral cavity, gas-
trointestinal tract, respiratory tract, and urogenital tract

that are colonized by a large variety (10—100 trillion) of
microorganisms [13]. Most of the skin microbiota com-
posed of over 100 phylotypes are non-pathogenic [13].
Interactions between bacteria, skin cells and immune
cells can repair and reinforce the barrier formed by the
skin and the disruption of this interaction can leave the
skin susceptible to eczema and skin allergies, or inter-
fere with the healing of people with diabetic ulcers [14].
A causal link exists between hand hygiene and infection
transmission [15].

However, many people overlook the importance of
handwashing when engaging in activities that require the
washing of hands [16]. It is estimated that three out of
ten people, i.e,, 2.3 billion globally, lack adequate facili-
ties with water and soap to wash their hands at home,
including 670 million who have no handwashing facility
at all [17]. Handwashing at the household level is deter-
mined by several factors, such as knowledge, availability
of water, availability of a hand washing facility, number of
children under 5 years and availability of soap [18].

In Cote d'Ivoire, hand hygiene was widely recom-
mended by the government as one of the main preven-
tive measures against COVID-19 and Ebola. While most
of the population acknowledged the benefit of regular
handwashing to prevent disease transmission, many peo-
ple did not comply with the recommendations [19, 20].

Assessing hand contamination could have a great
importance in understanding hygienic practices in Ivo-
rian population. Indicator organisms are frequently used
to detect whether contamination is absent or present or
within unacceptable limits [21, 22]. Total and fecal coli-
forms, Escherichia coli (E. coli), belonging to the Entero-
bacteriaceae family and Staphylococcus aureus are used
as indicators to assess hygienic conditions [23]. SARS-
CoV-2 viral RNA was found with a prevalence of 40.5%
(95% CIL: 27.4- 55.1%) in stool of COVID-19 patients
[24]. A recent study conducted in Southern Italy shows
that SARS-CoV-2 was detected in wastewater and in
bivalve mollusks. Nevertheless, it does not only make
sense to look into stool but also at presence of virus in
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the environment and in an alleged mode of transmis-
sion (through hands) [25]. In Cdte d’Ivoire, to the best of
our knowledge, there is a paucity of studies conducted
on hand hygiene [26]. Moreover, none has yet been
conducted on hand hygiene in households and on the
presence of the SARS-CoV-2 virus on hands during the
pandemic.

The purpose of the present study was to assess the
presence of E. coli, S. aureus and SARS-CoV-2 on hands
in households in urban and rural settings.

Materials and methods

Study site

The study was conducted in Cote d’Ivoire in urban Abi-
djan and rural Taabo, from January to September 2021,
a period of high prevalence of COVID-19 pandemic
in the country, resulting in 45,560 confirmed cases and
274 deaths, representing a case fatality rate of 0.6% on 17
April 2021 [27]. The urban site of Abidjan, the economic
capital city of Coéte d’Ivoire, was selected because the
first case of COVID-19 was recorded in Abidjan on 11
March 2020, and it has been the epicenter and the main
hotspot of pandemic in the country. After Abidjan, the
disease gradually spread over the country, affecting all
urban and rural health districts. To assess the impact of
handwashing on presence of SARS-CoV-2, Staphylococ-
cus spp., and E. coli on hands in various socioecological
and socioeconomic settings, the rural Taabo site located
at about 150 km in northwest of Abidjan was also cho-
sen. The selection of Taabo is justified by the fact that it
houses a Health and Demographic Surveillance System
(HDSS) site, a research platform gathering several com-
munities from different ethnic groups and sociocultural
backgrounds [28].

A municipality is a decentralized geographical and
administrative area defined by the local government laws,
with a limited autonomy but having powers of self-gov-
ernment. The Abidjan administrative district is subdi-
vided into thirteen (13) municipalities and the study sites
in Taabo are located in the rural municipality of Taabo.
However, in Abidjan, out of the thirteen municipalities,
study sites were selected in ten (Abobo, Adjamé, Atte-
coubé, Cocody, Koumassi, Marcory, Plateau, Port-Bouét,
Treichville and Yopougon). Three peri-urban municipali-
ties (Anyama, Bingerville and Songon) were not included
in the study as they are home to semi-rural populations
like Taabo. In rural Taabo, the municipality of Taabo was
included with two sampling sites (Taabo Cité and Taabo
village) selected (Fig. 1). The selection of two sites in
Taabo municipality was determined by the demographic
and geographical characteristics of the area. The selected
sites (Taabo Cité and Taabo Village) are separated by a
large artificial lake and come under two different tradi-
tional authorities.
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Sample size
The sample size was determined according to the follow-
ing formula:

Pexp)

2
- 1.967 * Pez;(l

With #, the sample size, P,,,, the expected prevalence of
presence of bacterial and SARS-CoV-2 on hands in popu-
lation set at 50% for this study, 95% confidence interval
(CI) (Z=1.96) and d, the desired absolute precision (5%)
[29].

In total, 384 persons from 384 households were
included in the study after obtaining their informed
consent.

Sampling procedure and household’s selection

A total of 384 households were distributed proportion-
ally considering the number of sampling sites in urban
Abidjan (ten sampling sites) and rural Taabo (two sam-
pling sites). Thus, the study was conducted in 320 house-
holds in urban Abidjan and in 64 households in rural
Taabo. The sampling procedure took into consideration
the number of households in each municipality in Abi-
djan and Taabo, based on data of the National Institute
of Statistics from the 2014 general population census
[30]. The pen method combined with the random num-
ber method [31] was used to select households in Taabo
and Abidjan. The pen method consists of standing at
the central crossroads of the area, throwing a rotating
pen in the air to select the investigation direction. The
direction on the ground indicated by the head of the
pen corresponds to the axis to be investigated. Once a
direction is chosen using the “pen” method, the opera-
tor takes a table of random numbers and, with his/
her eyes closed, randomly points a pen at the table: the
number indicated corresponds to the rank of the house
from the crossroads where the survey should start. In
each household in urban Abidjan and rural Taabo, the
household head (or representative) was selected. Visi-
tors or temporary residents (living in the household for
less than 6 months) were excluded. In compliance with
barrier measures (wearing of face masks and use of hand
sanitizer by numerators and researchers with expertise in
microbiology), hands of each selected household head (or
representative) were swabbed by a researcher with exper-
tise in microbiology, and a structured questionnaire was
administered by an enumerator to the selected partici-
pant using a mobile computing device (tablet) equipped
with Open Data Kit (ODK) software. Discussions during
the survey focused on: (i) Socio-demographic character-
istics (sex, age group, level of education); (ii) water and
soap availability; (iii) handwashing with water and soap
before swabbing.
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Fig. 1 Study sites in Cote d'lvoire (West Africa)

Sample collection and transportation

A moist swab was used to rub the respondent’s hands.
Hand swabbing took place in the morning before 10
AM and was done in duplicate (one for SARS-CoV2 and
one for fecal coliforms and S. aureus) aseptically using
a sterile swab and a tube containing universal transport
medium (UTM). Samples were placed in the tube con-
taining the UTM transport medium and sealed. To avoid
any possible risk of contamination, samples were trans-
ported under secured conditions (triple packaging). Each
primary sample was divided into two aliquots in cryo-
tubes, one for the detection of COVID-19 virus and the
other for E. coli and S. aureus. The aliquots for virology
were stored in a liquid nitrogen canister and sent to the
laboratory of the University Hospital of Bouaké for RT-
qPCR on SARS-CoV-2. Those for bacteriological analyses
were sent in a cooler containing cold accumulators to the
microbiology laboratory of the Centre Suisse de Recher-
ches Scientifiques en Céte d’Ivoire in Abidjan.

Laboratory analysis

Enumeration of E. coliand S. aureus

The swabs were diluted by adding 100uL of each sam-
ple to 900uL of Buffered Peptone Water (BPW). Baird
Parker agar (Merck, Darmstadt, Germany) was used for
the enumeration of S. aureus as described in AFNOR NF
08-057. Inoculation was done by spreading 100 pL of
each dilution (107! and 1072) on the surface of the agar
previously poured and cooled in Petri dishes. It was incu-
bated at 30 °C for 24 h. Black colonies that were shiny,
whole, convex and surrounded by clear areas were con-
sidered as S. aureus and counted. Petri dishes with bac-
terial counts between 15 and 150 were considered valid
for determining S. aureus. Three well-isolated shiny black
colonies were selected and tested for confirmation of S.
aureus (coagulase-positive) a species of Staphylococci
with DNAse and coagulase production. As the produc-
tion of coagulase was negative, the species of Staphylo-
cocci are coagulase-negative staphylococci (CoNS). Due
to the similar biochemical characteristics exhibited by
various coagulase-negative staphylococci (CoNS) spe-
cies and species heterogeneity [32, 33], we were not able
to differentiate phenotypically species. These strains are
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Staphylococcus spp. (Coagulase Negative Staphylococci)
others than S. aureus.

Rapid E. coli 2 agar culture medium (Bio-Rad, Cali-
fornia, United States) was used for the detection and
enumeration of E. coli according to AFNOR BRD-07/7—
12/04(2). Inoculation was done by spreading 100 pL of
each dilution (10! and 1072) on the surface of the agar
previously poured and cooled in Petri dishes. The incu-
bation was done at 37 °C for 24 h. Pink or purple colo-
nies were identified as E. coli. Those with greenish or blue
coloration were considered coliforms other than E. coli.
Plates containing bacterial counts between 15 and 150
colonies were retained to determine E. coli loads.

Detection of SARS-CoV-2 genes

The detection for the coronavirus was done by the poly-
merase chain reaction technique called RT q-PCR or
Reverse transcription quantitative PCR. We used posi-
tive and negative (PCR Water) controls and tested every
sample once. Sequences of the primers and probes used
in this study came from the study implemented on detec-
tion of 2019 novel coronavirus (2019-nCoV) by real-
time RT-PCR [34]. The samples were first inactivated
in a glove box (PSM3) according to the standard proto-
cols of the Molecular Diagnostic Unit of Hemorrhagic
Fevers and Emerging Viruses of the University Hospital
of Bouaké, Cote d’Ivoire. One aliquot of the inactivated
samples was stored at -80 °C and the second was used for
nucleic acid extraction. The first step of the RT q-PCR
technique consisted in extracting and purifying the RNA
molecules present in the samples to isolate them from
the other components. Nucleic acid extraction was per-
formed from 140 pL using the QIAamp viral RNA mini
250 kit (Qiagen, Hilden, Germany) according to the man-
ufacturer’s recommendations. Elution was performed
with 140 pL of AVE elution buffer and the final eluate
was directly used for PCR. Then an amplification of the
RNA sequences present in 3 genes of the virus called E,
RdRp, and N, was performed to obtain a sufficient signal
for their detection and quantification. As the quantitative
PCR technique does not allow the amplification of RNA
molecules, reverse transcription (RT) will convert RNA
molecules into DNA molecules. PCR was performed
using an ABI 7500 Fast cycler (Applied Biosystem Instru-
ment, Germany) by incubating the samples at 94 °C for
10 min, initial denaturation at 94 °C for 3 min followed
by 45 cycles consisting of denaturation at 94 °C for 15 s,
annealing at 58 °C for 30 s.

The PCR was done first for the detection of the enve-
lope gene (E) with the amplification mixture (Mix) for E
gene, then in case of positivity, the confirmation test was
done with the Mix for the detection of the RARP gene.
The formation of PCR products was visualized, at the
end of each PCR cycle, by incorporating a fluorescent
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signal to the DNA molecules being formed. The extrac-
tion of RNA, the preparation of the “Mastermix” reaction
medium and the polymerase chain reaction (PCR) were
carried out in different rooms for each step, to avoid pos-
sible contamination.

Data analysis

Data was recorded and analysed using Statistical Package
for the Social Sciences (SPSS) version 20 software. The
two outcome variables that are presence of Staphylococ-
cus spp. and presence of E. coli on hands of respondents
in rural Taabo and urban Abidjan, were categorized into
binary variables, E. coli (1=presence, 0=absence) and
Staphylococcus spp. (1=presence, O=absence). Firstly, a
Chi-square (x?) or Fischer’s exact test when appropriate
was performed to compare prevalence of presence of E.
coli on hands of respondents and prevalence of presence
of Staphyloccocus spp. on hands of respondents accord-
ing to explanatory variables such as sex, site, water avail-
ability, education and age group, respectively.

Secondly, the normality distribution of mean of Staph-
yloccocus spp. loads on hands of respondents and mean
of E. coli loads on hands of respondents were tested with
Shapiro-test and showed that data failed normality dis-
tribution. Therefore, a Kruskal-wallis test was used when
variables are more than 2 categories and Mann—Whit-
ney U test was used when variables are two categories
to compare mean of Staphyloccocus spp. loads on hands
of respondents and mean of E. coli loads on hands of
respondents, according to previous explanatory variables.

Finally, a binary logistic regression model was built with
the outcome variable presence of Staphylococcus spp. on
hands of respondents in rural Taabo and urban Abidjan,
which was categorized into binary variables, Staphylococ-
cus spp. (1=presence, 0=absence) for the Risk Ratio esti-
mation. Place of living, sex, handwashing, education and
age group were used to adjust the model. Interpretation
of the significance of the risk ratio was made based on the
exclusion of 1 in the 95% confidence interval. A relative
risk of one implies there is no difference of the event if
the exposure has or has not occurred. If the relative risk
is greater than 1, then the event is more likely to occur if
there was exposure. If the relative risk is less than 1, then
the event is less likely to occur if there was exposure.

Results

Socio-demographic characteristics and handwashing

In urban Abidjan, among the 320 respondents, 89
(27.81%) were men and 231 (72.18%) women. In rural
Taabo, among the 64 respondents, 27 (42.18%) were
men and 37 (57.81%) were women. In the urban site,
142 (44.37) respondents were between 22 and 35 years
whereas in the rural site, 15 (23.44%) respondents were
between 22 and 35 years (Table 1).
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In Abidjan, 86 (26.87%), 66 (20.62%), 60 (18.75%), 28
(8.75%) and 80 (25. 00%) respondents had secondary,
primary, university, koranic school levels and no formal
education, respectively. In Taabo, however, 27 (42.18)
respondents never attended any formal school while 15
(23.44%), 17 (26.56%), and 5 (7.81%) had secondary, pri-
mary and koranic school levels, respectively.

Most respondents in rural Taabo, i.e., 60 (93.75%) as
well in urban Abidjan, i.e., 280 (87.5%) had tap water in
their homes. In rural Taabo, the survey showed that 58
(90.6%) of respondents washed their hands before sam-
pling whereas in Abidjan, 130 (40.6) washed their hands
before sampling.

Table 1 Socio-demographic characteristics of respondents in
Abidjan and Taabo households

Characteristics of population samples

Rural Taabo Urban

(n=64) Abidjan
(n=320)
Frequency Frequen-
(%) cy (%)
Sex
Men 27 (42.18) 89 (27.81)
Women 37 (57.81) 231(72.18)
Age group
<21 2(3.12) 37 (11.56)
[22;35] 15 (23.44) 142 (44.37)
[36 ;45] 15 (23.44) 68 (21.25)
[46 ;55] 16 (25.20) 43 (13.43)
>56 16 (25.20) 30(9.37)
Education
None 27 (42.18) 80 (25.00)
Koranic school 5(7.81) 28 (8.75)
Primary 17 (26.56) 66 (20.62)
Secondary 15 (23.44) 86 (26.87)
University 0(0) 60 (18.75)
Water availability
Tap water at home 60 (93.75) 280 (87.5)
Purchased water 0(0) 31 (9.69)
Access to pump 4(6.25) 8(2.50)
Well 0(0) 1(0.31)
Handwashing prior sampling
Yes 58 (90.6) 130 (40.6)
No 6(9.4) 190 (59.4)
Time between last handwashing and
swabs

545(1-211) 535

(2-209)
No education refers to no attendance to primary, secondary, university and
koranic school.

Median (minutes) (range)

Water availability refers to principal water source for drinking and for any type
of use.

The classification of respondents into age groups was determined on the basis
of the age of the head of household and according to the following criteria: the
age of civil majority (setat 21 in Céte d’lvoire); the age of the working population
(the maximum age for entering the civil service in Cote d’lvoire with the middle
cycle is 35); and the age of the non-working population (the retirement age in
Cote d'lvoire is 57).
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The median time between last handwashing and sam-
pling in urban Abidjan and rural Taabo was 53.5 min
(2-209) and 54.5 min (1-211) respectively (Table 1).

Prevalence of presence of E. coli, Staphylococcus spp. and
SARS-CoV-2

In both rural Taabo and urban Abidjan, among the 384
respondents, no presence of SARS-CoV-2 on hands of
the respondents was observed, while Staphylococcus
spp. was found on the hands of 273 respondents with
the prevalence of 71% (95%Cl: 66.4—75.4) and E. coli was
found on the hands of 7 respondents with the prevalence
of 2.0% (95%CI: 0.89-3.71) (Table 2). Regarding place of
living, in rural Taabo, Staphylococcus spp. was found on
the hands of 40 respondents with a prevalence of 62.5%
(95%CI: 50.3-73.3) and E. coli were found on the hands
of 7 respondents with the prevalence of 10.9% (95%Cl:
5.4-20.9). In urban Abidjan, only Staphylococcus spp.
was found on the hands of 233 respondents with a preva-
lence of 72.8% (95%CI: 67.7-77.4). (Table 2).

Regarding to sex, Staphylococcus spp. was found
on hands of 199 women and 74 men with a preva-
lence of 74.3% (95%CI: 68.7-79.1) and 63.8% (95%CL:
54.74-71.97), respectively. The difference in the pres-
ence of Staphylococcus spp. on hands between men and
women was statistically significant. However, we did not
observe any statistically significant association between
the presence of E. coli on hands and the sex of partici-
pants (Table 2). Neither age group nor water availability
were significantly associated with presence of E. coli and
Staphylococcus spp. on hands of respondents (Table 2).

Table 2 shows that 68 respondents with primary and 75
respondents with secondary level education had Staphy-
lococcus spp. on their hands with the prevalence of 81.9%
(95%CI: 72.3-88.7) and 74.3% (95%CI: 64.9—81.8) respec-
tively. The education level was significantly associated
with the presence of Staphylococcus spp. on hands of
respondents. Regarding handwashing prior to sampling,
119 (63.3%, 95%CI: 56.2—69.9) who washed their hands
prior to sampling had Staphylococcus spp. on their hands
and 7 (3.7%, 95%CI:1.8—7.5) of them had E. coli on their
hands compared to those who did not wash their hands
prior to sampling (0% for E. coli and 78.6% for Staphylo-
coccus spp.). The presence of Staphylococcus spp. and E.
coli on hands of respondents was statistically associated
to handwashing prior to sampling.

Staphylococcus spp. and E. coliloads on the hands of
participants

In urban Abidjan, only Staphylococcus spp. was found
on the hands of respondents with the average load of
0.56 CFU/ Cm? (95%CIL 0.52-0.60). In rural Taabo,
Staphylococcus spp. and E. coli were found on the hands
of respondents with the respective average load of 0.49
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Table 2 Prevalence of presence of E. coli, Staphylococcus spp. (Coagulase Negative Staphylococci) and SARS-CoV-2 on the hands of
participants within households according to sociodemographic variables

Category Total E. coli Staphylococcus spp. SARS-CoV-2
N n (%) (95%Cl) p-value n (%) (95%Cl) p-value n (%) (95%Cl)) p-value
Both sites 384 7(2) (0.89-3.71) NA 273 (71) (66.4-75.4) NA 0 (0) (NA)
Places of living
Urban 320 0 (0) (NA) 0.000* 233(72.8) (67.7-77.4) 0.097 0 (0) (NA)
Rural 64 7(10.9) (5.4-20.9) 40 (62.5) (50.3-73.3) 0(0) (NA)
Sex
Women 268 3(1.1) (0.38-3.24) 0.117 199 (74.3) (68.7-79.1) 0.038* 0 (0) (NA)
Men 116 4(3.4) (1.35-8.53) 74 (63.8) (54.74-71.9) 0 (0) (NA)
Age group
<21 39 0 (0) (NA) 0.674 29 (74.4) (58.9-85.4) 0.264 0 (0) (NA)
[22,35] 157 3(1.9) (0.6-5.5) 118(75.2) (67.8-81.3) 0(0) (NA)
[36 ;45] 83 1(1.2) (0.2-6.5) 51(61.4) (50.7-71.2) 0 (0) (NA)
[46;55] 59 1(1.7) (0.3- 9) 42 (71.2) (58.6-81.2) 0 (0) (NA)
>56 46 2(4.3)(1.2-14.5) 33(71.7) (57.4-82.7) 0 (0) (NA)
Education
None 107 1(0.9) (0.2-5.1) 0457 75 (70.1) (60.8-77.9) 0.016* 0 (0) (NA)
Koranic school 33 0(0) (NA) 21 (63.6) (46.6-77.8) 0 (0) (NA)
Primary 83 3(3.6) (1.2-10.1) 68 (81.9) (72.3-88.7) 0 (0) (NA)
Secondary 101 3(3.0) (1.02-84) 75 (74.3) (64.9-81.8) 0 (0) (NA)
University 60 0(0) (NA) 34 (56.7) (44.1-68.4) 0(0) (NA)
Water availability
Tap water at home 340 7(2.1)(1-4.2) 0.820 247 (72.6) (67.7-77.1) 0.154 0 (0) (NA)
Purchased water 31 0 (0) (NA) 19 (61.3) (43.8-76.3) 0 (0) (NA)
Access to pump 12 0 (0) (NA) 7 (58.3) (31.9-80.7) 0 (0) (NA)
Well 1 0 (0) (NA) 0(0) 0 (0) (NA)
Handwashing prior sampling
Yes 188 7(3.7) (1.8-7.5) 0.006* 119 (63.3) (56.2-69.9) 0.001* 0 (0) (NA)
No 196 0(0) (NA) 154 (78.6) (72.3-83.7) 0 (0) (NA)

*Statistical significance based on x 2 or Fisher exact test. NA refers to not applicable.

CFU/ Cm? (95%CL 0.39-0.59) and 0.08 CFU/Cm?
(95%CI: 0.03—0.18). No statistically significant difference
of Staphylococcus spp. loads on hands of respondents was
observed between places of living (Table 3).

Staphylococcus spp. was observed on the hands of
women and men within households with the average load
of 0.58 CFU/ Cm? (95%CIL: 0.54-0.63) and 0.48 CFU/
Cm? (95%CI: 0.41-0.56), respectively. No statistically sig-
nificant difference of Staphylococcus spp. loads on hands
of respondents was observed between sex. We did not
also observe any statistically significant difference of E.
coli and Staphylococcus spp. loads on hands of respon-
dents between age groups as well as the types of available
water (Table 3).

Table 3 shows that the load of Staphylococcus spp. on
hands of respondents was significantly associated with
their education level and the handwashing before sam-
pling. The loads of Staphylococcus spp. on the hands of
participants with primary education level (0.65 CFU/
Cm?, 95%CI: 0.58—0.73) were higher than those with
koranic school level (0.48 UFC/ Cm?; 95%CI: 0.33-0.62),
and those with university education level (0.42 CFU/

Cm?, 95%CI: 0.32—0.53), who had the lowest loads. Par-
ticipants who washed their hands before sampling (0.49
CFU/ Cm?, 95%CI: 0.43-0.55) had the lower average load
of Staphylococcus spp. compared to those who did not
wash their hands (0.61 CFU/ Cm?, 95%CI: 0.56—0.66).

Risk factor of presence of Staphylococcus spp. on hands of
participants to the survey in Taabo and Abidjan

Table 4 shows that place of living is the factor that sig-
nificantly affects the presence of Staphylococcus spp.
on the hands of participants. Participants living in rural
Taabo were less likely to have Staphylococcus spp. on
their hands (RR=0.811; 95%IC: 0.661-0.995) compared
to those living in urban Abidjan.

Discussion

The purpose of the study was to contribute to estimate
the prevalence of the presence of S. aureus, E. coli and
SARS-CoV-2 on human hands among general popula-
tion. This was the first study to focus on presence of S.
aureus, E. coli and SARS-CoV-2 on human hands in Cote
d’Ivoire using a community-based survey.
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Table 3 Microbial load (CFU/ Cm?) on hands of respondents within households according to sociodemographic variables
Indicator organisms E. coli p value Staphylococcus spp. p value SARS-CoV-2
Places of living

Urban 0° 0.000* 0.56 (0.52-0.60) 0.100 0
Rural 0.08 (0.03-0.18) ° 049 (0.39-0.59) 0
Sex

Women 0.01(0-0.03) ® 0117 0.58 (0.54-0.63) ® 0.009 0
Men 0.03 (0.01-0.08) * 0.48 (0.41-0.56) * 0
Age group

<21 0 0.644 0.59 (0.47-0.71) 0.770 0
[22;35] 01 (0-0.05) 0.57 (0.52-0.63) 0
[36 ;45] 01 (0-0.07) 049 (0.39-0.58) 0
[46;55] 0.02 (0-0.09) 0.56 (0.46-0.67) 0
>56 0.02 (0-0.12) 0.55 (0.44-0.66) 0
Education

None 0.009 (0-0.052) 0351 0.56 (0.48-0.64) 2 0.008* 0
Koranic school 0 048 (0.33-0.62) @ 0
Primary 0.02 (0-0.09) 0.65 (0.58-0.73) 0
Secondary 0.02 (0-0.07) 0.57 (0.49-0.64) 2 0
University 0 042 (0.32-0.53)° 0
Water availability

Tap water at home 0.01 (0-0.03) 0.821 0.56 (0.52-0.60) 0.313 0
Purchased water 0.49 (0.33-0.64) 0
Access to pump 0 045 (0.18-0.67) 0
Well 0 0 0
Handwashing prior sampling

Yes 0.02 (0.01-0.05) @ 0.006* 049 (043-0.55) @ 0.006* 0
No 0° 061 (0.56-0.66) 0

Variables are expressed as mean (95% confidence interval); For each variable, similar letters in the same column indicate no significant statistical difference and
different letters indicate a significant statistical difference (Kruskal-wallis test or Mann-Whitney U test for two categories) when appropriate.

Table 4 Risk factor of presence of Staphyloccocus spp. on hands
of respondents
Place of living

RR (95% ClI)
0.811 (0.661-0.995)*

Rural
Handwashing
Yes 0.886 (0.769-1.021)
Education

Koranic school 0.883 (0.66-1.18)

(
Primary 82 (1.00-1.39)
Secondary 1.026 (0.857-1.228)
University 0.788 (0.602-1.032)
Sex
Men 0.922 (0.783-1.086)
Age group
[22;35] 0.989 (0.807-1.211)
[36;45] 0.808 (0.627-1.042)
[46 ;55] 0.96 (0.752-1.225)

>56 0.98 (0.76-1.264)

Significance of the RR (risk ratio) was made based on the exclusion of 1 in the
95% confidence interval. References are women for sex, urban for place of
living, < 21 for age group, no for handwashing and no formal education for
education.

In the investigated households in Abidjan (urban) and
Taabo (rural), no presence of SARS-CoV-2 on human
hands had been observed. The SARS-CoV-2 can be
recovered from non-porous surfaces for at least 28 days
at ambient temperature and relative humidity (20 °C and
50% RH). Moreover, increasing the temperature while
maintaining humidity drastically reduced the survivabil-
ity of the virus to as little as 24 h at 40 °C in environment
[35]. The absence of SARS-CoV-2 on the hands of all
respondents in Taabo and Abidjan could be explained by
the fact that all the infected individuals were hospitalised
or isolated. The second explanation could be related to
the fact that the participants involved in the study were
relatively healthy. This second explanation is supported
by the study implemented on SARS-CoV-2 contamina-
tion on healthy individuals’ hands in community settings
during the COVID-19 pandemic in Japan [36]. Findings
from our study are in line with those of this study which
shows that the detection rate of SARS-CoV-2 RNA from
the hands of healthy individuals was extremely low, and
no viable viruses were detected on their hands. Find-
ings from our study are different to those from other
studies. A study conducted in Cleveland (Ohio State,
USA), between November 2020, and April 2021, with
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symptomatic COVID-19 patients showed that hand
samples were positive for RNA of SARS-CoV-2 among
75% of selected patients [37]. Another study conducted
between April 2020 and March 2021 in Canada hospitals
on 75 hospitalized COVID-19 patients showed infectious
SARS-CoV-2 (6x10! to 2.3x10? Plaque-Forming Units/
mL) (PFU/mL) in hand swab samples [38]. The two above
mentioned studies were conducted in a hospital context
on COVID-19 patients while our study was conducted in
a community context with individuals that did not pres-
ent any symptom of COVID-19.

Concerning the assessment of bacteriological quality
of handwashing within households, no presence of E. coli
on hands of respondents in urban Abidjan was observed
but E. coli was found on hands of participants within
households of rural Taabo with the prevalence of 10.9%.
The presence of E. coli on the hands of household mem-
bers in rural Taabo could be explained by a recent fecal
contamination [39] and poor hand washing and disinfec-
tion practices. E. coli have been identified in developing
countries as responsible for diarrhea and used as an indi-
cator of fecal contamination [40].

The difference of presence of E. coli on hands of
respondents in Abidjan and Taabo could be explained
by the fact that water, sanitation and hygiene (WASH)
coverage levels are higher in urban Abidjan than in rural
Taabo [41]. This finding could be also explained by the
fact that open defecation, inadequate sanitation and
hygiene behavior were common in Taabo [42, 43].

This finding on the absence of E. coli detection on the
hands of all respondents in urban Abidjan compared to
rural Taabo is different from the conclusions of a system-
atic review conducted on prevalence and concentrations
of fecal indicator microorganisms (i.e., E. coli, fecal coli-
form) and enteric pathogens on hands of people in com-
munity or household settings. In 84 studies identified,
the most common indicators were E. coli (56 studies) and
there was no significant difference in E. coli prevalence
between urban and rural areas [41].

The presence of E. coli was not related to sex, the age
group of respondents or water availability. This result
indicates that men as well as women, but also young
adults, adults and the elderly practiced inadequate hand-
washing even when water was available [44].

In urban Abidjan, only Staphylococcus spp. (Coagu-
lase Negative Staphylococci) was found on the hands
of respondents with the prevalence of 72.8% whereas in
rural Taabo, the prevalence of the same bacteria on the
hands of respondents was 62.5%. The isolation of Staphy-
lococcus spp. (Coagulase Negative Staphylococci) on the
hands of respondents in households could be due to the
fact that Staphylococcus spp. (Coagulase Negative Staph-
ylococci) is present on the skin as commensal because
Staphylococci are often found in the human nasal cavity
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(and on other mucous membranes) as well as on the skin
[33]. However, this opportunistic pathogen bacterium,
can escape our immune defenses, hide for prolonged
periods of time asymptomatically in human body, even
within blood cells, leading to an immune imbalance and
disease development [45]. A flora of the skin, Staphylo-
coccus spp., is associated with toxic shock syndrome,
boils, impetigo, cellulitis and food poisoning [46], uri-
nary tract infections, prostatitis, acute pyelonephritis
and epididymitis [47]. Our findings are in line with those
obtained in other studies reporting that the most com-
monly found bacterial isolate on hands was Staphylococ-
cus spp. (Coagulase Negative Staphylococci) as a member
of normal skin flora [48, 49].

Regarding the bacterial loads on the hands of partici-
pants, in rural Taabo, E. coli was found with the average
load of 0.08 CFU/ Cm? (95%CI: 0.03-0.18). This finding
could be explained by the fact that in areas where human
and animal excreta are disposed in an unhygienic way,
hands are more contaminated. It is typically the case of
rural area where animal husbandry within the household
environment is common and exposure to human and
animal faeces is of particular concern [50].

The loads of Staphylococcus spp. on the hands of par-
ticipants with primary education level (0.65 CFU/ Cm?,
95%CI: 0.58-0.73) were higher than on the hands of
those with secondary school level (0.57 CFU/ Cm?/,
95%CI: 0.49-0.64) and university education level (0.42
CFU/ Cm?, 95%CI: 0.32—0.53), who had the lowest loads.
This result suggests that people with a university edu-
cation have more knowledge of hygiene and are aware
of the importance of its application for their health and
well-being. This finding is in line with the conclusions of
a study conducted on the general quality of handwashing
and hand-hygiene practices of the population of Hong
Kong. In that study, the authors showed that participants
with higher educational levels had fewer missed areas of
the hands when washing and they performed handwash-
ing on a more regular basis [51]. People who are more
educated are more aware of risks associated with poor
hygiene and may adopt healthier lifestyles for their health
and well-being [52].

Binary logistic regression analysis also revealed
that participants living in rural Taabo are less risky
(RR=0.811; 95%IC 0.661-0.995) to have Staphylococcus
spp. on their hands compared to those living in urban
Abidjan. This finding could be explained by the differ-
ences in the skin microbiome of rural and urban residents
due to environmental factors. This may be associated
with a different degree of exposure to microorganisms
from the soil, water, and biomass used in agriculture or
livestock [53]. Moreover, in the rural site, human—animal
interactions can change the skin microbiome composi-
tion resulting in the decline in Staphylococcus numbers
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[54]. The reduction of the number of Staphylococcus spp.
due to human-animal interactions in rural areas could
explain the fact that participants living in rural Taabo
are less risky to have Staphylococcus spp. on their hands
compared to those from urban Abidjan.

This study is among the very few studies using hand
swab sampling to estimate the prevalence of S. aureus
and E. coli among population. Several recent studies have
assessed S. aureus and E. coli colonization among hospi-
talized and non-hospitalized persons. Many among them
focused on special populations and specific age groups,
such as food handlers [26, 55, 56], healthcare workers
[57], children [58] and elderly persons [59]. Most of them
used nasal swabbing to estimate prevalence of S. aureus
[59-61].

Our study has several limitations. The first one is inher-
ent to the cross-sectional design, precluding differentia-
tion between persistent and intermittent carriage of E.
coli and Staphylococcus spp. on hands of participants.
Secondly, the swabbing was conducted only on hands of
respondents and was not coupled with nasal sampling.
Therefore, we might have underestimated the coloniza-
tion prevalence of S. aureus and SARS-CoV-2. The third
limitation is that in the households, only one person (the
household heads or representative) was swabbed.

Despite these shortcomings, our study sheds new light
on the estimation of prevalence of the presence of E. coli,
Staphylococcus spp. and SARS-CoV-2 on hands in the
households of urban Abidjan and rural Taabo.

Conclusions

We present one of the first studies on hand hygiene in
households’ impact on detection of the SARS-CoV-2
virus and two selected hygiene indicators on hands in
Cote d'Ivoire. No SARS-CoV-2 virus was detected, show-
ing probably low contribution of the hands in the virus
dissemination in a period of pandemic. No E. coli was
found in urban Abidjan while E. coli is found on the
hands of participants in rural Taabo indicating poor hand
washing and disinfection practices in rural Taabo. Liv-
ing in urban Abidjan is statistically associated to having
Staphylococcus spp. on hands. Further studies are neces-
sary especially to understand to what extent the presence
of Staphylococcus spp. on hands indicates a higher infec-
tion or fecal colonization rates in the case of E. coli.
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