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Abstract
Background and Objective: Poor hygienic practices are associated with the transmission of zoonotic organisms and risk of infection is
high among children and other high risk group in close proximity to animals especially those in captives like the Zoos. This study was
designed to assess the possibility of exposure to Soil-Transmitted Helminths (STH) that may be acquired from animals around the
Zoological Garden. Materials and Methods: Soil samples were collected from 13 different locations around the Zoological Garden
between June and August, 2017. The collected samples were examined for the presence of parasites' eggs/larvae using modified
Baermann technique and simple floatation technique. Different questionnaires were administered to the zookeepers and visitors of the
zoo to obtain information on the eating and hand washing behaviours as well as other risk related activities carried out in the garden.
Results: Out of the 156 samples collected there was a contamination rate of 98.7%. The STH egg/larvae load recorded per 10 g of soil were
 Ascaris  (541), hookworm (1161) and  Strongyloides  (863). The main dumping site had the highest intensity of parasites out of the 13
locations. Questionnaires administered showed that 56% of zookeepers displayed good hand washing habits and 63.4% of visitors also
displayed good hand washing habits. A total of 101 (80.8%) visitors to the Zoo Garden ate in the garden out of which 36.6% did not wash
their hands before eating. Conclusion: Prevalence and intensity of STH observed in the Zoological Garden was significantly high posing
a risk of STH transmission to people. Therefore, there is a need for adequate intervention and regular health talks to sensitize visitors
particularly to the risk of exposure to zoonotic organisms.
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INTRODUCTION

Soil Transmitted Helminths (STHs) including hookworms
(Necator americanus and Ancylostoma duodenale),
roundworms (Ascaris  lumbricoides) and whipworms (Trichuris
trichuira)   impose  a  substantial  burden  of disease1. It has
been  estimated  that 819  million  people   are   infected   with
A.  lumbricoides,  465 million with T.  trichiura  and 439 million
with hookworms globally2. In 2010, a total of 2,824 estimated
deaths were attributed to  A.  lumbricoides  and there were no
deaths attributed to hookworm and  T.  trichiura2.  About 4.98
million people lived with disability attributed to STH of which 
65% resulted from hookworm, 22% from A. lumbricoides  and
the remaining 13% from  T.  trichiura2.

A number of studies have suggested that even a
moderate intensity of STH infection may result in delayed
physical growth and impaired cognitive development,
particularly among children of school-age and STH infections
are considered a leading cause of sickness, absenteeism and
disability3,4. Children are more affected than adults because
they are still in the growth and developmental stages. 

Humans are generally exposed to many parasites in the
environment and some may be of zoonotic origins. Such
exposure can cause several health problems. The zoonotic
diseases are of particular risk to those who encounter animals
in the course of discharging their duties as animal handlers or
keeping animals as pets. Many parasites like Ancylostoma
caninum, Toxocara  canis  may  cause these zoonotic diseases5.

School children form the bulk of visitors to public places
like Zoological Garden. Children are known to play with soil,
eat with unwashed hands if they are not well monitored hence
the need for Zoos to put proper safety measures in place.
Many studies have been performed to evaluate the
contamination of  soil with parasites in public places especially
parks and children playground in different cities and results
are varied due to environmental factors, cultural differences
and so on5.

Some studies have revealed that gastrointestinal parasites
of  wild  animals  in  captivity  have  zoonotic  potentials  and
this raises public health concerns6,7. A study carried out in
Calabar showed that 70% of the primates examined for
gastrointestinal parasites harboured several parasites of
zoonotic importance8. Visitors to the zoo and zookeepers can
be at high risk of exposure to parasites if standard safety
measures are neglected. Such safety measures as the
provision of hand sanitizing points, prevention of eating and
selling food items within the garden, not picking the soil,
special dress  code  for  zookeepers  (overall,  rain  boots,  hand

gloves) which should be properly washed after caring for
animals. Most times, animal keepers disregard safety tips and
when this happens there is a higher risk of exposure to
infective agents.

Soils are the most common source and reservoir of
parasite eggs, infective larvae, cysts and oocysts, which may
continue their life cycle, as they remain viable in the soil for
months or even years until ingestion occurs5.  There are risks
of humans being infected or exposed to these helminths in
the soil. This can occur by ingestion of contaminated soil or by
active penetration of  larval stage through the skin9. The risk of
exposure to STH is inextricably linked with water quality,
sanitation, hygiene practices and socio-economic status of
each individual4.

Therefore, this study was carried out to determine the
prevalence and risk of exposure to humans’, the soil-
transmitted helminths in the soil especially when people are
at risk of exposure in public recreational facilities where
animals are kept.

MATERIALS AND METHODS

Study area and location: Study was carried out in Ibadan
which is located in the south-western part of Nigeria 128 km
inland northeast of Lagos and 530 km southwest of Abuja. It
lies within latitude  7E19' 08"  and  7E29'  25"  of  the  equator
and longitude 3E47' 50" and 4E0' 22" completely within the
tropical forest zone. It has a tropical wet and dry climate with
a lengthy wet season and relatively constant temperatures
throughout the course of the year10. The study location was
the Zoological Garden of the University of Ibadan. University
of Ibadan is located five miles (8 km) from the centre of the
major city of Ibadan, Oyo state in the Western part of Nigeria11.
The Zoological Garden came into existence over 6 decades
ago and became a full-fledged zoo in 1974. It is mainly for
conservation, education and entertainment purposes. Animals
are grouped in different sections of the zoo; Avian, Herbivore,
Carnivore, Reptile, Primate and small animal sections.

Study site: Soil samples were collected from 13 sites within
the entire garden, the sites were picked randomly across the
different sections and designated as indicated below;
Playground (Pg), Food and drink store (Fds), Monkey cages
(Mc), Bird cages (Bc), Camel cage (Cc), Emu cage (Ec,) Jackal
cage (Jc), Rodent cage (Rc), Giant e-land and Giraffe (G.G),
Horse cage (Hc), Peacock cage (Pc), Dumping site within the
garden (Ds1) and Dumping site outside the garden (Ds2).
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Sample size determination and sampling design: Sample
size was calculated according to the formula by Israel12:

no = (Z2pq)/e2

Minimum soil sample size: (1.962×0.5×0.5)/0.082 = 150

A  total  of  156  soil   samples   were   collected   from
June-August, 2017. Four replicate samples were taken from
each of the 13 sampling sites every month.

Study participants and sample size determination: All the
zookeepers and a sample of  visitors to the zoo were included
in the assessment of risk factors associated with exposure to
soil STHs. There were no age or sex biases for participating.
Selection was done based on simple random sampling. This
sample size was obtained using the formula by Israel12.

Minimum sample size for the visitors to the zoo (no) = (Z2pq)/e2

(1.962×0.5×0.5)/0.092 = 120

Questionnaire administration: Two different questionnaires,
QA and QB were designed and pre-tested for the rapid
assessment of  standard practices on eating and hand washing
behavior around the Zoological Garden to establish possible
risk of transmission of soil-transmitted helminths in the area.
The QA was administered to all the 25 zoo keepers in the
garden to obtain information on the sex, eating and hand
washing behaviors as well as the cleaning procedures carried
out in the garden, while QB was administered to a sample of
visitors in the garden (125) to obtain information on age, sex,
educational status and personal hygiene.

Soil sample collection: Soil samples were collected using a
hand trowel at the depth of 3-7 cm which was then stored in
a well labeled polythene as recommended by Nooraldeen5.
This was taken to the laboratory for further examination.

Laboratory examination of soil samples: Modified Baermann
method: Materials used for this modified baermann method
included, plastic bottles that was cut into two for use as an
improvised funnel, cloth mesh net, tissue paper in place of
filter paper, rubber bands, Petri dishes and water. A teaspoon
full of soil (10 g) was placed on the tissue wrapped up in the
cloth mesh net that was cut out in pieces at an area of about
25 cm2, this was properly tied using the rubber band and it
was attached to the funnel shaped bottle on the stand using
rubber band. Water  was  added  to  the  funnel  shaped  bottle

containing the soil. This set up was left for 48 h to allow for the
migration of the larval into the water. After 48 h, the larval
would have settled at the base of the collection bottle water.
The supernatant was gently decanted and the sediment was
poured into a Petri dish and was observed under the
microscope13,14.   Floatation   technique   described   by
Timothy  et  al.15  was also used.

Identification and counting of larvae and ova of STHs
Microscopy: Using x10 objective, recovered eggs and larvae
were counted systematically from each of the soil samples
examined this was immediately recorded in a record book. An
atlas of medical parasitology by Rai et al.16 was used as a
guideline in identification of larva and ova.

Statistical analysis: The data was analyzed using R-console
3.2.3 and chi square at 5% level of significance to test for the
significant difference in the prevalence of the parasite counts
in relation to the location. The questionnaire was analyzed
using SPSS 20.0 and Chi-square (χ2). Significant difference at
p<0.05 was tested in relation to the intensity of parasites
found in each month and per location.

RESULTS

Overall prevalence of parasites: The parasite species types
encountered from the 156 soil sample examined included;
Ascaris,  Hookworm and Strongyloides.  A total of 154 (98.7%)
of the examined soil samples were positive for the infective
stages of at least one helminths species. The species specific
prevalence of Ascaris,  Hookworm and Strongyloides  were
82.7, 74.4 and 80.1%, respectively (Table 1). There was no
significant difference (p>0.05) in the prevalence of each
parasite.

Parasites  prevalence  in  relation  to  sampling  sites:  In
Table 2, the prevalence of parasites in different animal location
was shown. The highest prevalence was from soils around the
monkey  cage  and  the  least  prevalence  was  the  dumping
site 1. There was no significant difference (p>0.05) in the
prevalence parasite in each  of  the  3  parasite  across  all   the
13 locations.

Table 1: Prevalence of the different type of soil-transmitted helminths
encountered in soil samples

Species type No positive Positive (%)
Ascaris 129 82.7
Hookworm 116 74.4
Strongyloides 125 80.1
Number examined = 156
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Table 2: Prevalence of the different species of soil-transmitted helminth encountered with respect to location
Ascaris eggs Hookworm larvae Strongyloides  larvae
-------------------------------------------- -------------------------------------------- -----------------------------------------------

Location No Positive Positive (%) No positive Positive (%) No Positive Positive (%)
Bird 10 83.33 10 83.33 10 83.33
Camel 9 75.00 10 83.33 9 75.00
Dumping1 8 66.67 9 75.00 7 58.33
Dumping2 9 75.00 9 75.00 8 66.67
F.D.S 11 91.67 9 75.00 11 91.67
G.G 10 83.33 8 66.67 8 66.67
Horse 10 83.33 10 83.33 9 75.00
Jackal 11 9 1.67 8 66.67 11 91.67
Monkey 10 83.33 9 75.00 12 100.00
Emu 12 100.00 9 75.00 10 83.33
Peacock 8 66.67 8 66.67 10 83.33
Play gr 9 75.00 9 75.00 10 83.33
Rodent 12 100.00 8 66.67 10 83.33
Number examined per site = 12

Table 3: Intensity of soil transmitted helminths with respect to location
Mean±standard error
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Location Ascaris Hookworm Strongyloides Total
Bird cage 69.00±22.87 92.00±16.38 74.00±12.67 78.33±6.98
Camel cage 60.00±13.84 72.00±13.89 54.44±11.07 57.67±6.33
Dumping site 1 47.50±9.21 62.22±16.65 100.00±34.37 54.67±9.23
Dumping site 2 17.78±2.78 198.16±30.78 155.00±40.36 139.00±75.72
Food/drink store 51.82±20.57 91.11±9.04 62.73±13.08 69.33±7.22
G.G 56.00±12.58 98.75±6.11 46.25±8.64 57.33±12.14
Horse cage 28.00±5.54 68.00±12.45 55.56±15.82 48.67±11.57
Jackal cage 33.64±4.91 81.25±15.52 52.73±10.28 53.33±8.41
Monkey cage 29.00±7.22 114.44±21.22 66.67±10.54 70.67±21.87
Emu cage 41.67±7.67 72.22±17.38 54.00±8.97 57.00±5.13
Peacock cage 30.00±8.86 113.75±23.89 78.00±13.15 64.33±20.51
Play ground 24.44±3.77 63.33±7.45 46.00±9.09 41.67±6.33
Rodent cage 50.83±7.63 67.50±12.06 74.00±11.66 63.00±5.86
Total 41.94±3.36 100.09±10.04 69.04±4.82 855.00±179.0
p-value >0.05 <0.05 <0.05 <0.05

Parasite load in relation to location: Overall highest mean
intensity was recorded for Hookworm followed by
Strongyloides and the least was Ascaris. At the 13 different
locations the mean intensity was only significant for
Hookworm and Strongyloides  and not significantly different
for Ascaris  (Table 3). The observed variation in intensity across
sites was significant. However, the mean intensity was highest
(198.16±30.78)  for  hookworm  at  dumping  site  2  followed
by 155±40.36 for Strongyloides  at dumping site 2 and
69.00±22.87 for Ascaris  at bird cages. The mean intensity for
each specific  parasite  ranged  from  24.44±.77-69.00±22.87
for Ascaris, hookworm ranged from 62.22±16.65 to
198.16±30.78 while the mean intensity for Strongyloides
ranged  from  46.0±9.09-155±40.36.  There  was  no
significant difference in  the  mean  intensities  for  Ascaris
across  the  sampling  sites  whereas  significant    difference
was recorded for hookworm and  Strongyloides.

Risk of exposure among zookeepers: There were 25
zookeepers who  participated  in  the  risk  assessment  survey;
14 (56%) were males while 11 (44%) were females (Fig. 1).
About 20%  of  the  participants  use  gloves,  out  of  which
21.43% were male and 18.18% were female, 80% reported
that they wear protective clothing, this includes 71.43% males
and 90.91% female. About 28% of the zookeepers avoid direct
contact with the animal, which consists of 35.71% male and
18.18% female (Table 4). About 88% of  the zookeepers sweep
the cages after feeding the animals, 96% dispose food remains
at the dumping site. Hand washing habits adopted includes
32% use of water only (32%), use of soap and water (56%), use
of wipes (0%) while use of sanitizers (12%) (Table 5).

Risk    of    exposure    among    zoo    visitors:   There    were
125 consenting individuals enrolled into the study. Among
these participants 55.2% (69)  were  females  while  44.8%  (56)
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Male
Female

With food
Without food

Food from home
Food bought in garden

Fig. 1: Percentage of male and female zookeepers

Fig. 2: Proportions with or without food in the Garden

were males. A total of 62 (49.6%), 28 (22.4%) and 35 (28.%) of
the visitors enrolled into the study fall into  the  age  category
0-12  years, 13-19 years and  20  years  above respectively, also
out of the 125 respondents, 115  (92.0%)  were  students  and
10 (8.0%) were civil servants or Teachers. Figure 2 shows that
out of the 125 visitors interviewed, 101 (80.8%) took food
along with them and the remaining 24 (19.2%) visited the
garden without food. Out of the 101 persons that had access
to food and or drink while in the garden, 33 (32.7%) brought
food from home while 68 (67.3%) bought food in the garden
(Fig. 3). Figure 4 shows that, out of  the  101  persons  that  had

Fig. 3: Proportions of visitors interviewed who brought food
from home or bought in the garden

Table 4: Types of precaution methods used by zookeepers
Number of workers involved
----------------------------------------------------------
Male (%) Female (%) Total (%)

Type of --------------- --------------- --------------
precautions taken No. % No. % No. %
Use of gloves 3 21.43 2 18.18 5 20
Protective clothing 10 71.43 10 90.91 20 80
Avoiding contact with animal 5 35.71 2 18.18 7 28

Table 5: Cleaning practices by zookeepers
Number of

Description practising Keepers Percentage
Cleaning
Post feeding cleaning 22 88
Disposal of food remains 24 96
Hand washing
Use of water only 8 32
Use of soap and water 14 56
Use of sanitizers 3 12
Use of wipes only 0 0

food/drinks, 64 (63.4%) washed their hands before eating
while 37 (36.6%) ate with unwashed hands. Also 51 (50.5%)
visitors  washed  their  hands  with  water  only  after  eating,
42 (41.6%)  visitors  used  soap  in  washing  their  hands  only,
4 (4%) of the respondents used wipes while another 4 (4%)
respondents used sanitizers (Fig. 5).

Table  6  shows  various  activities  carried   out   by   the
125  participants   while   in   the   zoological   garden.  About
63 (50.4%) of the visitors touched animal cages, 82 (65.6%) ate
in the garden, 25 (20%) fed animals, 44 (35.2%) played in the
playing ground and 7 (5.6%) picked things from the soil.
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Washed hands
Did not washed hands

63%

37%

Water only
Soap and water
Wipes
Sanitizer

50%
42%

4%
4%

Fig. 4: Percentage of  visitors that either washed their hands or
did not before eating

Fig. 5: Hand washing methods used by zoo visitors

Table 7 and 8 show hand washing habits of the study
participants in relation to age factor. A significantly higher
proportion  claimed  to  wash  hand  before  eating  however
there was association between age and hand washing while
in the zoo (p = 0.080). Furthermore, the highest population of
respondents rinse hand with water only followed by those
who wash with water and soap while the least were those
who use wipes and sanitizers (Table 8). The chi-square
statistical analysis test showed no association between age
categories and nature of cleaning. About 35 out of 57 (61.4%)

Table 6: Proportion of people involved in different types of risk parameters in the
garden

Type of action Number of people Percentage
Touching cages 63 50.4
Eating 82 65.6
Feeding the animals 25 20
Playing in the play ground 44 35.2
Picking from the soil 7 5.6

Table 7: Hand washing before eating in relation to age
Hand washing before eating
--------------------------------------------

Age category Number examined Yes (%) No (%)
12 and below 57 35 (61.4) 22 (38.6)
13-19 19 16 (84.2) 3 (15.8)
20 and above 25 13 (52) 12 (48)
Total 101 64 (63.4) 37 (36.6)
p = 0.080

Table 8: Age in relation to different hand washing methods
Nature of cleaning
----------------------------------------------------------------------------------
Rinse with Wash with soap Use of Use of

Age category water only and water wipes sanitizers Total
12 and below 33 (57.9%) 22 (38.6%) 2 (3.5%) 0 (0%) 57
13-19 6 (31.6%) 10 (52.3%) 1 (2.8%) 2 (10.5%) 19
20 and above 12 (48%) 10 (40%) 1 (4%) 2 (8%) 25
Total 51 (50.5%) 42 (41.6%) 4 (4%) 4 (4%) 101
p = 0.227

in age 12  years  and  lower  clean  hands  compare  to  only  16
out  of  19  (84.2%)  and 13 out of 25 (52%) in age groups 13-19
years  and  20  years  and  above  who wash hand before
eating.

DISCUSSION

The present study to explore prevalence, intensity and risk
factors for STH infection in the Zoological Garden showed a
very high prevalence of STH (98.7%) which implies that there
is a higher chance of being exposed to parasites within the
garden. This did not come as a surprise since previous studies
have shown that captive wild animals harbour parasites some
of which are of zoonotic importance6,7.
Ascaris  has the highest prevalence of 82.7% among the

STHs found in the garden as also recorded by Tefera et al.17.
The high prevalence of Ascaris  can be due to high resistant
nature of the egg, Ascaris egg have been found to
embryonate under the most adverse environmental condition
it  can  survive  in  the  presence  of  some     chemicals  known
to  be  lethal  to  other  parasites  eggs.  The  resistant  capacity
is  conferred  by  the  ascarocide  nature  of  the  egg  shell
which  makes  egg  to  remain  viable  in  the  soil  for  several
years.
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The highest mean intensity of hookworm observed in the
study might be because of  the ideal environmental conditions
for the survival and development of infective stages such as
moist soils this may be attributed to the rainy season when
this study was conducted as  earlier  explained  by  Nwosu18

who documented an increase in hookworm transmission
during the rainy season. Trichuris  was not found at all during
study which  is  in  line  with  reports  of  studies  carried  out 
by Adefioye et al.19.

Also from the different locations in the  Zoological Garden
where samples were collected,  the dumping site  2  which  is
the main dump site where all wastes (Food), animal faeces
from all sections in the garden are dumped had the highest
intensity  for  STH.  A  recent  study  also  recorded  higher
intensity of STH in dumpsite20.

The fact that the zookeepers’ demonstrated adequate
hand washing habits as the majority used soap and water
showed a low risk of acquiring any possible zoonotic infection
in the garden. Females were found to have better hand
washing habits than their male counterparts indicating a
lower risk among females than male counterparts. Zookeepers
because of the activities they carry out in the garden like
cleaning, feeding animals) are prone to be exposed to
parasites, the survey revealed that a precaution taken by
zookeepers as they carry out their activities was not up to
standards. Investigations also showed that visitors were
allowed to bring food into the garden which further shows a
high level risk of exposure to infective parasitic agents while
in the garden.
Moreover, majority of visitors (80.8%) eat in the garden

and about 67%  bought the food in the garden this shows that
the visitors have a high chance of being infected by the soil
transmitted helminths because the food/drink they took have
a high chance of being contaminated since they were sold in
the Zoological Garden. With the result observations made, it
can be concluded that the hand washing behaviour of the
visitors were good. Only a few who ate with unwashed hands
and participated in one activities or the other a risk factor for
the transmission of the parasites had the chance of being
infected by STH. Even though, the most effective means of
hand washing was not adopted, that is the use of sanitizers.
Activities carried out by the visitors varies but the most

frequent activity carried out was touching of cages (50.4%)
and eating (65.6%) these implies that more than half of the
Zoo Visitors has higher chances of been exposed to STH in the
zoological garden, owing to the fact that a good number of
them bought food from the garden and the most effective
method of hand washing was used by a few. Rules guiding
human activities in animal settings frown at eating or selling
food in such places. Zoos are seen as tourist centers hence  the

attitude of visitors with access to food in the garden is
contrary to standard practices. Age group did not affect the
hand washing behaviour of individuals may be because both
children and adult exhibit the same hand washing habits were
in fun seeking mood and got carried away.
Sanitation and hygiene practices play a key role in the

transmission of STH, according to findings by Odinaka et al.21

that showed that good hygienic practices and sanitation can
reduce the risk of transmission of STH. The hand washing
habits displayed by visitors did not meet standard sanitation
practices. Even though a higher percentage washed their
hands, only few made use of sanitizers. All visitors were
involved in one activity or the other that increases the chances
of being exposed to STHs.

CONCLUSION

Zoos are a part of recreational centers. They are known for
their aesthetic and educational values, ecological values and
conservation values, hence their importance to humans. But
the fact remains that zoological gardens are potential risk for
transmission of infections of zoonotic importance therefore
the need for zoos to provide facilities that will encourage
standard hygiene practices by zookeepers and visitors in the
Zoo. Also visitors can be enlightened on reasons why some
activities should be avoided in the zoological garden, this can
be done by the use of billboards placed at strategic places
within the garden. Eating in the garden should be discouraged
or certain places can be separated for the purpose of eating
and this place should be equipped with hand washing
facilities and possibly food arenas should be netted.
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