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Abstract

Background: Hand washing with soap and water is a good hand hygiene practice which reduces the chance of
infection transmission through hand contact. This study was designed to determine the microbial hand carriage
among nursery and primary school children in Calabar Metropolis and to assess the effect of hand washing in the
reduction of bacterial hand carriage among these children.

Methods: A total of 150 pupils aged 2–13 years were enrolled in the study from both private and public nursery
and primary schools. Ethical approval was obtained from the Cross River State Ministry of Health, before the collection
of the samples. Informed consent was obtained from the management of the schools and the parents and guardian of
the children. A structured questionnaire was administered to the pupils for information on demography, hand hygiene
practice, and their awareness on the importance of hand washing. Hand swabs were obtained from the pupils before
and after hand washing respectively. Samples were subjected to culture, microscopy, and biochemical analysis. Data
obtained in the study were analyzed by Epi-Info CDC, 2012 package.

Results: Males had the highest occurrence of the isolates 82 (62.1%) than females 50 (37.8%). This study recorded 88.
0% prevalence of bacterial hand carriage among school children. Staphylococcus aureus was the most common isolate
(68.9%) recovered before hand washing followed by Escherichia coli (25.0%). Proteus vulgaris and Pseudomonas
aeruginosa were not found on the pupils’ hands after hand washing. There was a significant difference in the bacterial
carriage after hand washing between the two soap types (χ2 = 19.9, p = 0.001) with Dettol soap subjects having a lower
bacterial carriage (31.2%) than Tetmosol soap subjects (68.8%).

Conclusion: The isolated bacteria were potential pathogens in humans. There was a significant reduction in bacterial
carriage after hand washing with antibacterial soaps. School children should be educated on the need to wash hands
with clean water and soap and dry with clean towels as this will reduce the risk of transmission of pathogenic bacteria
orally or into open wounds.
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Background
Hand hygiene has been recognized as an important
public health measure, but the use of soap to remove
pathogens from hands has not been concluded. Soap
usage for hand hygiene has not been unanimously rec-
ommended in low-income settings (Ejemot et al., 2008).
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The primary mode of transmission of many infectious
diseases is the hand, especially among people working in
close proximity to one another such as in schools.
Contaminated hands serve as vehicles of transmission of
infectious diseases (Ogba et al., 2016) which may in-
crease infection rates among children. Hand washing is
the most effective and simple method of preventing the
spread of communicable diseases (Burton et al., 2011).
Lack of compliance to basic hand washing practice in

the school environments due to time constraints and
lack of water and sinks in most classrooms has been
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reported as a contributor to disease outbreaks by the
World Health Organization (World Health Organization
guidelines on hand hygiene in health care, 2013).
Infection transmission through contaminated hands of

school children is a common pattern seen in most nur-
sery and primary schools. Failure to perform appropriate
hand hygiene practice has been recognized as a signifi-
cant contributor to outbreaks of infectious diseases by
the World Health Organization (World Health
Organization guidelines on hand hygiene in health care,
2013). This study was designed to determine the micro-
bial hand carriage among nursery and primary school
children in Calabar Metropolis and to evaluate the effect
of hand washing in the reduction of bacterial hand car-
riage among these children.

Methods
Study design/setting
The study was a prospective cross-sectional study car-
ried out in three primary and nursery schools in Calabar
Metropolis of Cross River State, Nigeria.

Study population
The study population comprised of pupils in both private
and public nursery and primary schools, aged 2–11 years.

Inclusion and exclusion criteria
Pupils and teachers who did not give consent were ex-
cluded from the study while those who gave consent
were recruited into the study.

Sample collection
A structured questionnaire was administered to the
Head teacher and children for information on hand hy-
giene practice and awareness of the importance of hand
washing. A total of 300 hand swabs were obtained from
all the pupils. One hundred and fifty swabs were ob-
tained before hand washing and 150 after hand washing
respectively. Sterile cotton swabs dampened in sterile
0.85% saline were used to obtain samples from the fin-
gers, between the fingers, and from the palm of the
school children (De Alwis et al., 2012). The swab sticks
were transported to the Microbiology Laboratory,
University of Calabar Teaching Hospital (UCTH), for
processing. The samples were transported in an Amies
transport medium.

Indicated soaps for the study and product formulation
The indicated soaps for the study were Dettol and
Tetmosol soaps.

Dettol soap
Dettol is an antiseptic cleaning agent with 4.8% w/v
chloroxylenol as the active ingredient. The other
ingredients include isopropyl alcohol, pine oil, castor oil,
caramel, and water. These ingredients make Dettol an
effective antiseptic-disinfectant that kills bacteria.
Chloroxylenol is the antibacterial in Dettol that acts to kill
germs and reduce inflammation (Chew, 2015). Chloroxy-
lenol has good activity against gram-positive bacteria but
poor activity against gram-negative bacteria, enveloped
viruses, mycobacteria, and fungi. It has doubtful activity
against non-enveloped viruses and no activity against bac-
terial spores (Mathur, 2011; Kampf & Kramer, 2004).
Chloroxylenol activity is minimally affected in the pres-
ence of organic materials but neutralized by non-ionic
surfactants. It is well tolerated when absorbed through the
skin (Mathur, 2011; Kampf & Kramer, 2004).

Tetmosol soap
Tetmosol soap is an antibacterial and antigermicidal
soap. It is composed of monosulfiram 5% w/w as the ac-
tive ingredient. The other constituent of Tetmosol is
75% total fatty matter (TFM). Monosulfiram is active
against the skin mite Sarcoptes scabei which causes
scabies (Piramal Healthcare, 2016).

Training for hand washing
The training of hand washing was conducted before the
experiment. It was carried out according to WHO guide-
lines (Guide to implementation of the WHO multimodal
hand hygiene improvement strategy, 2010; WHO Guide-
lines on Hand Hygiene in Health Care, 2010). All the
pupils enrolled in the study and the teachers that
washed the younger pupils were trained 2 days before
the sample collection.

Grouping method for the two soaps
The random assignment principle was followed for
grouping the school children between the two soap types
provided for them to wash hands. Dettol and Tetmosol
were printed on paper, wrapped, and put in a basket for
them to pick. Whatever soap the pupils picked was
provided for them to wash with. Out of the 150 subjects
enrolled in the study, 75 (50.0%) washed with Dettol
while the other 75 (50.0%) washed with Tetmosol. Out
of the 85 female children, 43 (50.6%) washed with Dettol
soap while 42 (49.4%) washed with Tetmosol soap. A
total of 65 male subjects were enrolled in the study, 32
(49.2%) washed with Dettol soap while 33 (50.8%)
washed with Tetmosol soap.

Pre-wash and hand washing procedure
The procedure is done as follows: Remove jewelries
and rinse hands under running water. Lather with
soap and using friction, cover all surfaces of hands
and fingers. Rub your left hand’s dorsum with your

http://www.tabletwise.com/nigeria/tetmosol-soap


Table 1 The demography of subjects in selected schools

Females
No. (%) enrolled

Males
No. (%) enrolled

Total

Age (years)

2–4 15(17.6) 10(15.4) 25(16.7)

5–7 35(41.2) 28(43.1) 63(42.0)

8–10 20(23.5) 17(26.2) 37(24.7)

11 and above 15(17.7) 10(15.4) 25(16.7)

Total 85(56.7) 65(43.3) 150

Class in school

Nursery 15(17.7) 10(15.4) 25(16.7)

Primary 70(82.4) 55(84.6) 125(83.3)
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right hand and your right hand’s dorsum with the left
hand. Rub your palms and clean your fingers. Clean
hand dorsa by rubbing them to your palms. Rub your
two thumbs with your other hand. Clean finger tips,
rinse hands with water, and dry with disposable paper
towel. The paper towel is used to turn off the faucet
and trashed after the process without touching the
trash (Cevizci et al., 2015).

Culture
The samples collected were cultured on chocolate agar,
cysteine lactose electrolyte-deficient (CLED) agar, and
blood agar. Plates were incubated at 37 °C in a canister
with 5–10% CO2 but CLED were incubated aerobically
at 37 °C respectively for 24–48 h.

Identification of isolates
Plates were examined for growth and isolates were
identified morphologically, physiologically, and biochem-
ically. The tests carried out on the isolates include gram
staining technique, oxidase test, coagulase test, catalase
test, urease test, indole test, motility, citrate test, and
sugar fermentation tests.

Statistical analysis
Data were analyzed using Epi Info 2010 (CDC, Atlanta,
Georgia, USA) statistical software. Descriptive statistics
were carried out. Frequencies were calculated for
Fig. 1 Reasons for hand washing by school children
categorical variables. Interactions between specific
categorical clinical variables were tested for significance
using the χ2 test. A p value of ≤ 0.05 was considered
statistically significant.

Results
Table 1 shows the demography of the subjects. Out of 150
pupils enrolled in the study, 85 (56.7%) were females while
65 (43.3%) were males with a mean age of 7.17 ± 2.73. The
mean age for females was 6.7 ± 2.9, while the mean age for
boys was 7.6 ± 2.2. The minimum age among the subjects
was 2.0 years while the maximum age was 13 years.
Subjects were aged 2–13 years. Most of the subjects en-
rolled (42.0%) were aged 5–7 years. More pupils were also
enrolled from the primary sections 125 (83.3%) than from
the nursery classes 25 (16.7%).
Figure 1 shows the different reasons for hand washing

as given by the school children. Most of the pupils
(45.3%) responded that they washed hands to remove
germs and dirt, while others (38.6%) said the exercise
was to keep their hands clean. Only 16.0% said it was to
avoid infection from germs.
Figure 2 shows the water availability in schools for

hand hygiene practice. Most of the pupils (52.0%)
responded that they were provided a tap with running
water for washing hands after playing and using toilets
in the school and 32.6% said they had sinks in their
classroom with running water, while 15.3% said a basin
of water was provided in the class for hand washing
Out of the 150 pupils enrolled in the study, 67 (33.1%)

said hand washing does not take a long time while 83
(66.9%) said it was time wasting. Also, 105 (70.0%) said
they felt dirty after using the toilet but only 94 (62.7%)
remember to wash their hands after using the toilet. Of
the 150 pupils, only 48 (32.0%) washed hands after play-
ing in the school (Table 2).
Figure 3 shows the distribution of bacterial isolates

among subjects by gender. Males had the highest
occurrence of the isolates 82 (62.1%) than females 50
(37.8%).
Table 3 shows the bacterial hand carriage by age of

subjects. Those aged 5–7 years had the highest bacterial
carriage rate 52 (39.4%) followed by those aged



Fig. 2 Water availability for hand washing in schools
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8-10 years 41 (31.1%). The lowest bacterial carriage rate
13 (9.9%) was recorded among children aged 11 years
and above.
Table 4 shows the distribution of bacterial isolates

before and after hand washing among pupils by soap
types. More isolates were recovered from the subjects
before hand washing 132 (88.0%) than after hand wash-
ing 32 (21.3%). Staphylococcus aureus was the most
common isolate (68.9%) recovered before hand washing
followed by Escherichia coli (25.0%). Staphylococcus aur-
eus was also the most common isolate (81.3%) recovered
after hand washing followed by E. coli (18.7%). Proteus
vulgaris and Pseudomonas aeruginosa were not found
on the pupils’ hands after hand washing.
Out of the 150 pupils enrolled in the study, 75 washed

with Tetmosol and the other 75 washed with Dettol soap
respectively. Isolate recovery from subjects that washed
hands with Tetmosol was higher 22 (68.8%) than those
that washed with Dettol soap 10 (31.2%). Staphylococcus
aureus was the highest recovered isolate 26 (81.3%) from
both soaps, followed by E. coli 6 (18.8%). Pseudomonas
aeruginosa and P. vulgaris were not recovered after hand
washing. There was a significant difference in the bacterial
carriage after hand washing between the two soap types
Table 2 Distribution of pupils by their hand hygiene habits

Hand hygiene habits

Does washing hands with water take a long time?

Do you feel dirty if you do not wash hands after using the toilet?

Do you always remember to wash hands with soap and water after using th

Do you wash hands after playing?
(χ2 = 19.9, p = 0.001) with Dettol soap subjects having a
lower bacterial carriage 10 (31.2%) than Tetmosol soap
subjects 22 (68.8%) (Table 4).
Discussion
The challenges of hand hygiene practice in the school
environment include time constraints, lack of sinks in
most classrooms, and inadequate supply of pipe-borne
water or clean water.
This study recorded a prevalence of 88.0% bacterial

hand carriage among school children before hand wash-
ing and 21.3% after hand washing. The 88.0% carriage
before hand washing is higher than the 81.0% reported
by Vivas et al. (2010) while the carriage after hand wash-
ing in this study is lower than the 29.0% reported by
Vivas et al. (2010). Despite the campaign of hand
hygiene practice in schools after the Ebola outbreak in
Nigeria, bacterial hand carriage among pupils was still
high (88.0%). This may be due to lack of availability of
water and soap in designated areas in the school prem-
ises. Some of the schools provided one washing point for
the entire school. The pupils become discouraged
because of the crowd at the washing point.
No. (%) of respondents

Yes No

67(33.1) 83(66.9)

105(70) 45(30)

e toilet? 94(62.7) 56(37.3)

48 (32.0) 102(68.0)



Fig. 3 Distribution of isolates among subjects by gender
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The lower recovery rate of 21.3% after hand washing
with the provided soap and water compared to the
29.0% reported by Vivas et al. (2010) points to the fact
that the medicated soaps provided may have substan-
tially reduced the bacterial load compared to the toilet
soap provided by Vivas et al. (2010).
Although more females 85 (56.7%) were recruited than

males 65 (43.3%) in the study, most of the isolates 82
(62.1%) were recovered from males. This is in agreement
with the report of Cruz et al. (2015) that females had a
higher knowledge and positive attitude towards hand hy-
giene than males.
Subjects aged 5–7 years had the highest carriage

rate (39.3%) followed by subjects aged 8–10 years
(31.1%). This may be due to the fact that majority of
the subjects were in this age group 93 (70.4%). How-
ever, a recovery rate of 19.7% was recorded for 25
pupils aged 2–4 years. This was rather surprising be-
cause the younger pupils who crawl and play on the
floor should pick up more bacteria on their hands
but the reverse was the case. The bacterial
Table 3 Bacterial hand carriage before hand washing by age of pup

Age
(years)

No.
examined

No. (%) of isolates

Staphylococcus aureus Escherichia co

2–4 25 17(18.7) 9(27.2)

5–7 65 37(40.7) 11(33.3)

8–10 45 28(30.7) 9(27.2)

≥ 11 15 9(9.9) 4(12.1)

Total 150 91(68.9) 33(25.0)
contamination may have been minimal among this
group because their teachers and care givers clean
them up after using the toilet, thus minimizing fecal
contamination on their hands compared to the older
children who are not given such attention. The floor
on which they play may have been washed with dis-
infectant frequently thus minimizing the rate of con-
tamination in this group.
All the bacteria isolated from our subjects were poten-

tial pathogens in humans. Staphylococcus aureus 91
(68.9%) was the most isolated bacteria before hand
washing. Chen et al. (2011) reported that children are at
a higher risk of colonization by S. aureus. Also, S. aureus
and E. coli were the only recovered isolates after hand
washing with the medicated soaps. Although the effect
of the soaps on the isolates was not investigated, P. vul-
garis and P. aeruginosa were not found on the pupils’
hands after hand washing. This reveals the susceptibility
of the two isolates to the medicated soaps. The soaps
may have killed or inhibited their growth therefore pre-
venting their recovery.
ils

li Pseudomonas aeruginosa Proteus vulgaris Total

0(0.0) 0(0.0) 26(19.7)

3(60.0) 1(33.3) 52(39.3)

2(40.0) 2(66.7) 41(31.1)

0(0.0) 0(0.0) 13(9.9)

5(3.8) 3(2.3) 132



Table 4 Bacterial hand carriage before and after hand washing by types of soap

Types of soap/no. (%) of isolates Total

Tetmosol (n = 75) Dettol soap (n = 75) Statistics

Bacterial isolates present before hand washing

Staphylococcus aureus 42(46.1) 49(53.9) 91(68.9) χ2 = 8.6 p = 0.07

Escherichia coli 13(39.3) 20(60.0) 33(25.0)

Pseudomonas aeruginosa 4(80.0) 1(20.0) 5(3.7)

Proteus vulgaris 0(0.0) 3(100) 3(2.3)

Total 59(44.7) 73(55.3) 132(88.0)

Bacterial isolates present after hand washing

Staphylococcus aureus 17(77.3) 9(90.0) 26(81.3) χ2 = 19.9
p = 0.001

Escherichia coli 5(22.7) 1(10.0) 6(18.7)

Pseudomonas aeruginosa 0(0.0) 0(0.0) 0(0.0)

Proteus vulgaris 0(0.0) 0(0.0) 0(0.0)

Total 22(68.8) 10(31.2) 32

n number of subjects examined
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Although there was a higher bacterial carriage (55.3%)
among subjects grouped to washed with Dettol soap
than their Tetmosol soap counterparts (44.7%) before
hand washing, there was a significant difference in the
bacterial carriage after hand washing between the two
soap types (χ2 = 19.9, p = 0.001) with Dettol soap subjects
having a lower bacterial carriage (31.2%) than Tetmosol
soap subjects (68.8%). This is in agreement with the
work of Feroze et al. (2014) who reported that Dettol
soap has inhibitory effects against E. coli, S. aureus, and
P. aeruginosa. In a similar work, Nwambete and Lyombe
(2011) reported that Dettol and Tetmosol had inhibitory
activities against E. coli and S. aureus.
The antibacterial soaps used in the study showed sig-

nificant reduction in bacterial hand carriage which may
have resulted from inhibition of bacterial growth along-
side the transient removal of these organisms. These
may lead to acquisition of resistance genes by the organ-
ism. Burton et al. (2011) in London, UK, reported that
hand washing with plain non-bacterial soap resulted in a
significant reduction in bacterial hand carriage. In this
study, the antibacterial soaps gave more significant
results as some of the isolates were completely elimi-
nated. However, toilet soap was not tested in this study
because of limitation of funds; this may be better for
hand washing in children in order to prevent resistance
to the active ingredients and skin irritation.
Conclusion
The study recorded bacterial hand carriage rates of 88.0
and 21.3% before and after hand washing respectively.
The isolated bacteria were potential pathogens in
humans. There was a significant reduction in bacterial
carriage after hand washing with antibacterial soaps.
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