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Abstract

A study on the protozoan parasites and bacterial contamination of surfaces in selected
public restrooms in markets, motor parks and students’ hostels in Benin City, southern
Nigeria. Out of the 200 swab samples from all the restroom surfaces examined, 15(7.5%)
and 176 (88%) were positive for protozoan parasites and bacterial contamination,
respectively. There was no significant difference between the female and male restrooms
for both (a) protozoan parasites contamination (11% vs 4%) respectively and (b) bacterial
contamination (94% vs 82%) respectively. Among the four types of restroom surfaces
assessed, toilet seats recorded the highest prevalence, 12.5% of positive samples
contamination for protozoan parasites. For bacterial contaminants, the restroom floor had
the highest prevalence, 92.5% of positivity as well as the highest variety of bacterial species
(eight of the nine species isolated). Although restrooms in markets had the highest positive
samples contamination for both protozoan parasites and bacteria, 11% vs 100%,
respectively, only bacterial contamination recorded a significant association (P < 0.01). The
cysts/oocysts of six species of protozoan parasites contaminants, namely: Entamoeba
histolytica, E. coli, Giardia intestinalis, Cryptosporidium sp., Cystisospora belli and
Balantidium coli, were recovered during the study. Nine species of bacterial contaminants,
namely: Staphylococcus aureus, Escherichia coli, Klebsiella spp., Streptococcus pyogenes,
Enterobacter spp., Micrococcus spp., Pseudomonas aeruginosa, Salmonella spp. and
Proteus sp., were isolated. Entamaeba histolytica and Staphylococcus aureus recorded the
highest prevalence, 33.3% vs 25%, for protozoan parasites and bacterial contaminants
respectively. The public health effects associated with the infection of humans by these
protozoan and bacterial pathogens are highlighted. The isolation of the pathogens in the
study indicated that the routine cleaning and decontamination of the public restrooms were
inadequate and the indoor surfaces less than sanitary. Recommendations are proffered on
measures to effectively reduce the risk of pathogen transmission or acquisition in public
restrooms in the study area.
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Introduction
Protozoans are a diverse group of
heterotrophic, eukaryotic

microorganisms. Parasitic protozoa are
among the most common cause of
infection and diseases in humans and other
animals. The diseases have a major public
health and socio-economic impact (WHO,
2017).  Bacteria are  prokaryotic
microorganisms, much smaller than the
protozoans. In humans, bacteria are
abundant in various parts of the body such
as the skin, intestinal tract, respiratory
surfaces etc. (Flores et al., 2011; Maori, et
al., 2013). They may cause primary and
opportunistic infections, including
diarrhea, urinary tract infections (UTI),
respiratory tract infections etc. (Jolt et al.,
1994, Sabra, 2013; Maori et al., 2013).
The transmission of entero-bacteria is
mainly by the faecal-oral route, with poor
sanitation, unhygienic conditions and
overcrowding facilitating the spread of
infection (Cheesbrough, 2006).

A restroom is a room with toilet in a
private or public place. Public restrooms
or conveniences are crucial infrastructure
necessary for social, wellbeing and
practical operation of a functioning city
(Oyinloye and Oluwadare, 2015). Public
restrooms are typically located in areas of
intense public activities such as markets,
motor parks, restaurant and public
institutions to allow people meet their
sanitary needs. These restrooms are
commonly separated by gender into male
and female facilities.

In public restrooms, complete strangers
mix and use the same sanitary facilities,
with all the related risks of bodily fluid
exchange, contamination and organism
transmission (Greed, 2006). Human
secretions and wastes such as saliva,
sweat, urine and faeces are easily
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deposited on restroom surfaces, namely,
toilet seats, toilet flush handles, sinks,
faucet handles, floor and door handles
(Reynolds, 2005; Sabra, 2013).

These restroom surfaces, which are all
touched by or in contact with patrons
during normal use could potentially be
easily  contaminated  with  enteric
microorganisms, including  parasitic
protozoa and pathogenic bacteria, when
the sanitary standard of restrooms is
inadequate. Frequent touching of or
contact with these unsanitary surfaces
would potentially result in the transfer of
pathogenic microorganisms from the hand
to the nose, mouth or food (Kennedy et al.,
1995; Li et al., 2009; Flores et al., 2011).

Most public restrooms found in local
motor parks and markets often lack water
system and where they have such systems,
adequate water is seldom available.
Consequently, users can hardly wash their
hands after usage, carrying with them
contaminants from such conveniences
(Nworie et al., 2012). Faecal matter
remains a major reservoir source of human
pathogens, which in adverse situation may
bring about outbreaks of infection for
example, shigellosis (Maori et al., 2013).
The increasing incidence of epidemic
outbreaks of some diseases and antibiotic
resistant bacteria and the rate of their
spread from one community to the other
has become a major public health concern
(Greed, 2006; Giannini et al., 2009;
Mkrtchyan et al., 2013).

Fears about contracting ‘emerging’
infections which could possibly occur by
contact with unsanitary public restrooms,
has led to renewed concerns with public
toilet hygiene. There is paucity of
literature on the hygiene standard and
sanitation of public restrooms in Benin
metropolis. This study was undertaken to
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assess the protozoan parasites and
bacterial contamination of surfaces in
selected public restrooms in Benin City,
Nigeria, to appraise potential public health
risks that might be associated with the
presence of these pathogens.

Materials and Methods
Study Area

Benin City is the capital of Edo State,
Nigeria and lies between longitudes 5°35'
and 5°41' E and latitudes 6°17" and 6°26'N.
It lies within the tropical rain forest zone
of Nigeria, with two seasons, rainy and
dry. The rainy season occurs between
April and September, while the dry season
extends from October to March. Benin
City, with a population of about 1.5million
(Wikipedia, 2015), is an important
commercial, educational and cultural
center. The restroom sites used in the
study are located in each of the four Local
Government Areas of Oredo, Egor,
Ikpoba-Okha and Ovia North East, within
the metropolis.
Sample Collection

Samples were collected from restrooms
surfaces in Uselu Market (UMR), Oba
Market (OMR), Big Joe Motor Park,
Ikpoba Hill (BJR) and Students’ hostels
(SHR) of Benson Idahosa University,
Ugbor, Benin City. The study was carried
out between the hours of 2pm and 4pm on
each day of sampling for three months.

Two sets of swab sticks with cotton
wool moistured with sterile distilled water
were used in the collection of 200 samples
from toilet seats (TS), toilet flush handles
(FH), restroom floor (RF) and door
handles (DH) using full aseptic procedure.
Protozoan Parasites Contaminants’
Isolation and Identification

Each swab sample meant for parasites’
determination was placed in a capped
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bottle containing formol-ether. The bottle
was shaken vigorously to dislodge the
swab contents into the formol-ether. The
content of each bottle was poured into a
centrifuge tube and centrifuged at 3,000
rpm for 5 minutes. The supernatant was
decanted. The resultant sediment was
placed on a clean microscope slide. A drop
of Lugol’s iodine was added and the
content was mixed and examined under
the microscope at magnification x 10 and
x 40. Additionally, a modified Ziehl-
Neelsen stain was applied to the sediments
and examined. Protozoan cysts and
oocysts were identified as described by
Jeffery and Leach (1975); Soulsby (1986);
Neva and Brown (1994); Lee et al. (2000)
and Cheesbrough (2006).
Bacterial contaminants’ isolation and
identification

Swabs meant for the determination of
bacterial isolates were processed using
spread plate method (Jolt et al., 1994;
Prescott, et al., 1999). Each swab sample
from a restroom surface was suspended in
sterilized 0.1% peptone water and then
shaken  vigorously to homogenize.
Subsequent serial dilutions were made
from the homogenates under aseptic
conditions. One (Iml) of the diluted
suspensions was poured on already
solidified Nutrient agar, Eosin methylene
blue agar, Blood agar and McConkey agar
plates and spread evenly over their
surfaces using a sterile bent-glass rod. The
agar plates were left to set and were
incubated at 37°C for 24 hours. The
resultant discrete colonies were counted
and ascertained.

Sub-culturing of representatives of the
various colonies onto Nutrient agar plates

was  conducted for  macroscopic
examination. The cultural and
morphological features (colour, edge,
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elevation, shape, size, transparency, cell
type and cell arrangement) of the sub-
cultured isolates were noted after 12 — 14
hr. incubation period. Haemolysis on
blood agar and lactose fermentation on
MacConkey agar and Eosin Methylene
Blue agar were also noted. Several
biochemical and physiological tests were
also carried out to further identify the

Results

various bacterial isolates as described by
Barrow and Feltham (1993); Cullimore
(2010) and Collins et al. (2014).
Data Analysis

Measures of central tendency and Chi-
square test were used to analyse the data.
Statistical value of P < 0.05 was
considered as significant.

Table 1: The distribution and frequency of positive samples for (a) Protozoan parasites,
and (b) bacterial contaminants from the male and female restrooms.

Type of Restroom Protozoan Isolates (B) Bacterial Isolates
Total number of ~ Number of Total Number of Number of positive
samples positive samples ~ samples examined  samples (%)
examined (%)

Male 100 44) 100 82(82)

Female 100 11(11) 100 94(94)

Total 200 15(7.5) 200 176(88)

(%) = Positivity percentage

Out of the 200 swab samples from all
the restroom surfaces, 15(7.5%) were

restrooms had more positive samples for
both (a) protozoan parasites and (b)

positive  for  protozoan  parasites bacterial contamination, [(a)11% vs 4%
(cysts/oocysts) contamination, while 176 and(b) 94% vs 82%] than male restrooms,
(88%) were positive for Dbacterial respectively, the difference was not
contamination. Although female statistically significant (P > 0.05).

Table 2: The distribution and frequency of positive samples for (a) protozoan parasites and
(b) bacterial contaminants from the restroom surfaces

Type of Restroom Protozoan Isolates (b) Bacterial Isolates

Surface (cysts/oocysts)
Total Number Number Total Number of Number of
number of of positive of species number of  positive species
samples samples samples samples
examined (%) examined (%)

Toilet seats 40 5(12.5) 4 40 36(90) 7

Toilet flush handle 40 2(5%) 2 40 35(87.5) 6

Restroom floor 40 4(10%) 3 40 37(92.5) 8

Door handles (in and out) 80 4(5%) 2 80 68(85) 5

Total 200 15(7.5) 200 176(88)

% = Positivity Percentage
For the protozoan parasites seats recorded the highest prevalence,

(cysts/oocysts) contamination, the toilet 12.5%, of positive samples. The restroom
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floor had the highest prevalence, 92.5%, Toilet seats recorded the highest
of positive samples for bacterial variety of protozoan parasite species (six
contamination. However, for both of six) while the restroom floor had the
protozoan  parasites and  bacterial highest variety of bacterial species (eight
contamination, there was no significant out of nine) isolated in the study.

difference in the prevalence of positive
samples (P > 0.05).

Table 3: The distribution and frequency of positive samples for (a) protozoan parasites and
(b) bacterial contaminants according to location of public restrooms

Type of Restroom Protozoan Parasites (B) Bacterial Isolates
Surface (Cysts/Oocysts) Isolates

SHR MKR MPR SHR MKR MPR

(OMR+UMR) (OMR+UMR)

Number of samples 50 100 50 50 100 50
examined
Number of positive 1 11 3 30 100 46
samples
Percentage of positive 2 11 6 60 100 92
samples
Total ¥27x10°  *5.0x 10 *3.5x 10°

* = Total bacterial count (cfu/ml); SHR = Students’ hostel restrooms; MKR = Market restrooms;
MPR = Motor Park restrooms; OMR = Oba market restrooms; UMR = Uselu market restrooms

Restrooms located in markets recorded positive samples for protozoan parasites
the highest positive samples for both (a) and bacterial contamination.
protozoan parasites and (b) bacterial The location of restrooms had
contamination, 11% VS 100%, significant association only with the
respectively. However, restrooms in positivity of samples of bacterial
students’ hostels recorded the least contamination (X? = 10.66; P = 0.00).

prevalence, 2% vs 60%, respectively, of
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Table 4: The prevalence of (a) protozoan parasites and (b) bacterial isolates from positive
samples collected from the public restrooms.

Protozoan Isolates (B) Bacterial Isolates
Genera/Species Form Number of  Genera/Species Degree Number of
positive of positive
samples (%) growth samples (%)
Entamoeba histolytica  Cyst 5(33.3) Staphylococcus aureus +++ 44 (25)
E. coli Cyst 3(20) Escherichia coli +++ 40 (22.7)
Cryptosporidium sp. Oocyst  2(13.3) Klebsiella sp. ++ 34(19.3)
Cystoisospora belli Oocyst  2(13.3) Streptococcus sp. +++ 22(12.5)
Giardia intestinalis Cyst 2(13.3) Enterobacter sp. ++ 22(12.5)
Balantidium coli Cyst 1(6.7) Micrococcus sp. + + 20(11.4)
Pseudomonas aeruginosa + 18(10.2)
Salmonella enterica ++ 14(8.0)
Proteus mirabilis + + 10(5.7)

(a) Number of positive samples = 15
% = Positivity of prevalence

The cysts/oocysts of six species of

(b) Number of positive samples = 176
+ + + = Heavy growth

+ + = Average growth

+ = Little growth

% = Positivity percentage

sp. (coliforms), were isolated from all the

protozoan parasites: Entamoeba four restroom surfaces examined.
histolytica (33.3%), E. coli (20%),

Cryptosporidium sp. (13.3%), Discussion

Cystoisospora belli (13.3%), Giardia An overall prevalence, 7.5%, of
intestinalis (13.3%) and Balantidium coli protozoan  parasites  (cysts/oocysts)

(6.7%) were isolated during the study. No
significant difference was recorded for the

contamination of samples was obtained in
this study. This low figure was expected,

prevalence of protozoan parasites because these infective stages of
contamination (P > 0.05). protozoan parasites, namely: cysts and

The nine Dbacterial contaminants oocysts, mainly multiply within the hosts.
isolated were: Staphylococcus aureus In contrast, bacteria are ubiquitous and
(25%);  Escherichia  coli  (22.7%), can readily proliferate in the environment.
Klebsiella sp. (19.3%), Steptococcus sp. Thus a relatively higher overall
(12.5%), Enterobacter sp. (12.5%), prevalence, 88% of bacterial

Micrococcus sp. (11.4%), Pseudomonas
aeruginosa (10.2%), Salmonella enterica
(8%) and Proteus mirabilis (5.7%). A
highly significant difference (P < 0.00)

contamination of samples was recorded in
this study. This finding is similar to 86.7%
reported by Nworie, et al., (2012); higher
than 71.9% and 50%, obtained by Sabra

was observed in the prevalence of (2013) and Maori et al., (2013)
bacterial contamination. respectively, but lower than 95% reported
Three species of bacteria: by Otter and French (2009). The

Staphylococcus aureus (skin associated
bacteria), Escherichia coli and Klebsiella
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difference in the prevalence of bacterial
contamination could be due to features
such as location, environment, population
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density, human behaviour, level of
maintenance and sanitation standard (Li et
al., 2009; Agbagwa and Nwechem, 2010;
Flores et al., 2011).

Although there were more positivity of
contamination of samples by both
protozoan parasites and bacteria in the
female restrooms than in the male
restrooms, 11% vs 4%, and 94% vs 82%
respectively, in this study, the difference
was not significant (P > 0.05). This
finding is consistent with the reports of
Giannini et al., (2009); Flores et al. (2011)
and Nworie, et al. (2012) but differs from
the work by Kennedy, et al., (2010) who
reported that the female restrooms were
significantly more contaminated than the
male restrooms.

The type of restroom surface had a
significant effect on the prevalence of both
protozoan  parasites and  bacterial
contamination of samples in the study (P
< 0.05). For the protozoan parasites, toilet
seats recorded the highest positivity of
contamination, 12.5%, whereas for
bacteria, the restroom floor has the highest
burdern 92.5%. This finding on the
restroom floor agrees with the work by
Flores, et al., (2011) but differs from those
of Sabra (2013) and Agbagwa and
Nwechem (2010), who reported that toilet
handles and toilet door handles had the
highest  prevalence = of  bacterial
contamination, 91.3% and 87.2%,
respectively. The differences observed in
these studies could be explained based on
variation of location, environment and
human behaviour.

The location of public restrooms had a
significant association on the bacterial
contamination of samples in this study (P
< 0.01). Restrooms located in markets
recorded the highest prevalence for
protozoan parasites, 11% and for bacteria
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contamination, 100%. This finding could
be due to inadequate sanitary conditions.
The heaps of uncleared refuse, poor
drainage channels and crowded spaces
found in most parts of the markets could
facilitate the spread of protozoan parasites
and pathogenic bacteria. Some previous
studies have reported similar significant
association of location of public restrooms
and bacterial contamination (Kennedy et
al., 2007; Nworie et al., 2012; Maori et al.,
2013).

Five out of the six protozoan parasites
contaminants recovered in this study are
of public health importance. Although 85
— 95% of human infections with
Entamoeba histolytica are asymptomatic,
the primary lesion of intestinal amoebiasis
vary greatly among cases. Clinical
symptoms include intermittent diarrhoea,
abdominal cramps, vomiting and general
malaise. E. histolytica may invade other
parts of the body such as the liver, lungs
and brain, sometimes with fatal outcome.
Cryptosporidium parvum is an important
cause of diarrhoeal disease, sometimes
including nausea, vomiting and fever.
Severity of  crytosporidiosis  varies
according to age and immune status.
Cryptosporidium can cause acute and fatal
diarrhoeal disease in immune
compromised people (Cheesbrough,
2006). Cytoisospora belli causes severe
disease with fever, malaise and persistent
diarrhoea. Symptomatic cytoisosporiasis
is more common in children than in adults.
Infection is often associated with
immunocompromised patients, in whom
symptoms are more severe and likely to be

recurrent or chronic leading to
malabsorption and weight loss (WHO,
2017).

Giardia intestinalis causes diarrhoea,
abdominal cramps and malabsorption and
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weight loss. Giardiasis 1s highly
contagious (Roberts and Janovy, 2010).
Balantidium coli causes balantidiasis. The
clinical symptoms may include dysentery
similar to amoebiasis, colitis, diarrhoea,
nausea and vomiting (WHO, 2017).
Klebsiella pneumonia causes chest
infections and pneumonia. K. aerogenes is
associated with hospital-acquired
infections of wounds and of the urinary
tract. Streptococcus pyogenes causes sore
throat, scarlet fever etc. S. pneumonia
causes pneumonia, meningitis,
bacteraemia and conjunctivitis.
Enterobacter aerogenes and E.cloacae
can cause a broad range of hospital
acquired infections such as pneumonia,
urinary tract infections as well as wound
and device infections (Brooks er al.,
2010).

Pseudomonas aeruginosa causes skin,

urinary, respiratory and external ear
infections (Cheesbrough, 2006). The
following diseases are caused by
Salmonella sp.: enteric fever with

bacteraemia caused by S. Typhi and S.
Paratyphi A, B, C. Infections caused by S.
Typhi is a major public health problem in
most developing countries with deaths
from typhoid fever increasing in some
areas with the emergence of S. Typhi
strains resistance to previously used
antimicrobials. S. Typhimurium causes
diarrhoeal diseases and bacteriaemia.
Proteus  mirabilis  causes  urinary,
abdominal and wound infections,
septicaemia and occasionally meningitis
(Cheesbrough, 2006).

The isolation of six species of
protozoan parasites and nine species of
pathogenic bacteria as contaminants in
this study showed that the routine cleaning
of the public restrooms was inadequate
and the surfaces unsanitary. According to
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Giannini et al., 2009), a potential source
of the acquisition or transmission of many
human infections from one individual to
another is the use of shared objects or
facilities. In public restrooms, toilet
facilities are commonly shared by people
of different hygienic routines (Flores, et
al., 2011). Thus, from the findings of this
study, there was a potential risk to public
health since users could acquire various
infections from colonized persons by
contact with the contaminated restroom
surfaces. This observation emphasizes
further, the importance of hand-hygiene
when using or after the usage of public
restrooms (WHO, 2009; Giannini et al.,
2009; Flores et al.,2011; Davies et al.,
2013).

Conclusion

It was evident from the findings of this
study, that the routine cleaning of the
public restrooms was inadequate and the
surfaces less than sanitary.

Most of the protozoan parasites and
bacterial contaminants isolated in this
study are of public health importance.
They are known causes of various severe
infections and diseases especially
diarrhoeal related morbidity in humans.

Therefore, these unhygienic restroom
surfaces could pose serious potential
health risks to users as well as have
profound implication for public health
safety in the study area.

Recommendations

It is recommended that measures to
maintain clean and hygienic public
restrooms should include the following:

e The operators should ensure a proper
maintenance of toilet function. The
cleaning staff should adopt improved
cleaning and effective
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decontamination methods of
restrooms.

¢ Local health officials should carry out
periodic monitoring and surveillance
of restrooms to ensure hygienic
standards.

e Hands should be properly washed
with soap and running water, and
effectively dried, after the use of
restrooms. Hand sanitizers may also

be applied.
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