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Yaoundé's anarchic urbanism has resulted in an increase in the rate of
household waste, creating a favourable environment for the development of
intestinal parasites, posing a significant public health problem. The purpose
of this research is to determine the impact of household refuse collection
points on the spread of parasite resistant forms in Yaoundé. From March to
August 2019, sixty refuse dump samples (soil and water) were collected and
analysed at the various HYSACAM dumpsites using the Ritchie, zinc sulphate
centrifugation, and saturated salt centrifugation techniques. Our findings
revealed the presence of 5 helminth species with an overall prevalence of
51.7%: A. lumbricoides, T. trichiura, hookworms, Fasciola hepatica, and
Schistosoma intercalatum with occurrence rates of 38.3, 18.3, 18.3, 1.8 and
1.8%, respectively. When compared to other techniques, the number of
parasitic forms detected by the Ritchie technique was statistically significant
(P = 0.003). Our research found that the various HYSACAM refuse dumpsites
in Yaoundé provide an ideal environment for the development and spread of
parasite resistant forms. These findings could be used as a starting point for
the government and the HYSACAM Company to develop better management
strategies that could ensure prompt regular evacuation of the wastes to
avoid the spread of infectious agents in the neighbourhoods.

Keywords: HYSACAM refuse dumpsites, parasites resistant forms, Yaoundé,
Cameroon.

One of the characteristics of African cities and developing
countries is the relationship between anarchic urbanism,
demographic boom and environmental insalubrity. Hygiene
and sanitation conditions have deteriorated considerably in
the large metropolitan areas of sub-Saharan Africa since the
1980s (Ngnikam et al, 2007). Infections due to
gastrointestinal parasites that affect over 25% of the
world’s population remain one of the most common

diseases in humans. They are more prevalent in tropical
and subtropical regions, characterized by the low level of
sanitation, improper disposal of wastes, lack of potable
water supply, inadequate monitoring and regulation of food
processing and handling, as well as low level of personal
hygiene (Saka et al., 2006; Strunz et al.,, 2014). The main
source of soil contamination with gastrointestinal parasites
is through infected human and animal faeces (Corréa and
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Moreira, 1996; Oudnid M-ra et al,, 2017; Khan et al., 2020).
The life cycle of some of these parasites indicate that they
live in the soil during their development for protection until
they infect their next host (Da Silva et al., 2005; Ngatou et
al,, 2017; Steinbaum et al., 2017).

Dumpsites have been identified as one of the major
threats to groundwater resources receiving a mixture of
municipal, commercial and mixed industrial wastes. Studies
on the effects of waste dumps on the host, soil and
underlying shallow aquifers have shown that soil and
groundwater systems can be polluted due to poorly
designed waste disposal facilities (Amadi et al, 2012).
Uncollected solid waste can also obstruct storm water
runoff, resulting in the formation of stagnant water bodies
that become the breeding ground of pathogens (Abul,
2010). Wastes placed in dumpsites or open dumps are
subjected to either groundwater underflow or infiltration
from precipitation (Mor et al, 2006, Udeh and Ugwoha,
2016; Nta et al., 2020). Estimations show that 12.6 million
people died in 2012 as a result of living or working in an
unhealthy environment, accounting for nearly a quarter of
deaths worldwide (WHO, 2017). Diarrheal diseases such as
gastroenteritis cause 846,000 deaths per year (HYSACAM,
2016). Thus, many studies have shown that waste, like
malaria, cholera and meningitis, becomes a threat to human
health and the quality of urban ecosystems (Ngambi, 2015).
To better understand this, some studies have been carried
out on the identification and characterization of
microorganisms present in household waste, specifically on
the knowledge of microorganisms present in waste, as well
as the intestinal parasites and pathogenic bacterial agents
in solid garbage (Adeyeba and Akinbo 2002; Idahosa et al,,
2017; Amoah et al., 2018).

Since 1990, the problem of urban waste in Cameroon has
risen with insistence. For example, in the cities of Yaoundé
and Douala, illegal and anarchic dumping of rubbish along
the roadside or in the rivers continues to increase
exponentially. In Yaoundé more precisely, this leads to an
average production of 1,800 tons of waste per day despite
the authority’s determination to effectively and sustainably
fight against insalubrity in the city. Out of these 1,800 tons
of waste, the HYSACAM Company, which provides public
hygiene and sanitation services in Cameroon, only collects
around 1,100 tons. In short, this situation leads to a daily
differential of 700 tons of non-evacuated waste in the
various districts. This quantity of non-evacuated waste
represents a major source of public health risk (Addo et al.,
2017). Also, Yaoundé, has experienced a strong
demographic surge which has favoured the creation of
many suburbs around the city. These new peri-urban
neighbourhoods are characterized by insufficient or lack of
sanitary facilities and overcrowding (Ngnikam et al., 2007).
These have as repercussion, the worsening of faecal peril
diseases, perceived as a consequence of the lack of sanitary
facilities for the collection of faeces, of the lack of drinking
water and of individual and collective hygiene, thus
promoting the rapid spread of intestinal parasitosis in these
neighbourhoods (Mills et al., 2018).

However, studies on microbial dissemination of waste
collection points in Cameroon have not really been

initiated, hence the interest of orienting this study. From a
general point of view, this study was aimed to determine
the impact of household refuse collection points on the
spread of resistant forms of human parasites in the city of
Yaoundé. It specifically aimed to:

i) identify and quantify the resistant forms of
pathogens;

ii) evaluate seasonal variation of soil contamination
and sample site related prevalence and;

iii)  evaluate the most adapted diagnostic technique (s)
for the identification of resistant forms in environmental
samples.

MATERIALS AND METHODS
Study area

The city of Yaoundé, the political capital of Cameroon, is
located in the Mfoundi Division, Centre Region, also called
the city of seven hills. Itis crossed by small streams among
which the Mfoundi, Biyeme and Mefou rivers. In terms of
climate, the city of Yaoundé is subject to an equatorial type
climate. The climate is characterized by two dry seasons,
from December to March and from June to August,
alternating with two rainy seasons from March to June and
from September to November (CVUC, 2014). Yaoundé is
subdivided into seven districts-urban communities
(Yaoundé I, Yaoundé II, Yaoundé III, Yaoundé IV, Yaoundé
V, Yaoundé VI and Yaoundé VII) (Figure 1) (Ngambi, 2015).
According to the Central Office of Censuses and Population
Studies (BUCREP), the city of Yaoundé had approximately
2,638,648 inhabitants in 2010 (BUCREP, 2012).

This study was conducted in five of the seven districts of
the city of Yaoundé II, III, IV, V and VI (Figure 1). The
process involved collection of water and soil samples at the
HYSACAM collection points (March - August 2020). The
twelve garbage collection points that served as our
sampling location were characterized as shown in Table 1.

Sample collection
Soil Samples

Samples were collected during the period from March to
August. Soil samples were collected at 12 different
dumpsites using a 5 cm x 20 cm auger bar. At each site, the
soil samples were taken and immediately placed in black
polythene bags. The information relating to each collection
point (name of the district, number of the bag) was marked
on each black polythene bag. All samples were transported
to the Parasitology Laboratory of the IMPM Medical
Research Centre. Once in the laboratory, all samples were
air dried at room temperature for two days. Then, five
grams of soil sample were taken from each bag for analysis
(Ovutor et al.,, 2017).

Water samples

Water samples were collected from the 12 dumpsites that
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Figure 1 : Geographical location of study sites (Sonking, 2019).

the soil samples were collected. On collection days, a
wooden spatula was used to homogenize the pools of water
surrounding each garbage collection points; then, using a
plastic container, a quantity of water was withdrawn, and
introduced into a plastic bottle of 1 L. For all the water
samples collected, 10% formalin was added to preserve the
parasitic forms. All bottles were sealed and transported to
the Parasitology Laboratory at the IMPM Medical Research
Centre for analysis.

Survey method

Three techniques were used: the Ritchie technique
(adapted to the soil), the zinc sulphate centrifugation
technique and the saturated salt water centrifugation
technique.

Ritchie’s technique (suitable for soil and water)

The Ritchie technique is a parasite concentration technique.
For the soil samples, 2 grams of dry ground were measured
and introduced into 20 ml of 10% formalin, then the
mixture was sieved using a fine-mesh sieve (180 pM).
Regarding the water samples, once in the laboratory, the
water samples were left to stand for 24 hours so that the
particles could settle. The supernatant was removed later
and 10% formalin was added to the sediment at 34 of the
total volume. Subsequently, the new mixture was sieved
using a fine-mesh sieve (180 puM). Then, 12 mL of the
obtained filtrate were poured into a conical bottom tube of
15 ml, and then 3 mL of ether were added. The tubes were
closed and shaken for 1 minute, and were immediately
centrifuged in 1,500 rpm for 5 minutes. At the end of the
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Table 1. Description of sample collection points

Districts Market Geographical Features of collection points
coordinates
Yaoundé II Carriére 3°53'30.8" N The garbage bin is near the only football stadium in the district, almost all
11°29'31.0"E the inhabitants of the district empty their waste there; characterized by a
strong agglomeration of houses and the presence of small businesses.
Huitiéme 3°53'20.0" N Collection points located in the heart of the market, this market is
11°29'49.1" E characterized by the selling of fresh food and livestock.
Mbankolo 3°53'44.3" N Near a field and not far from the surrounding dwellings.
11°29'30.2" E
Yaoundé III Quartier Général 3°51'17.6" N Crossroads, the first houses were built respectively 10 m from the garbage
11°30'23.4"E bins, in addition to household wastes that are dumped daily, we equally
found several other types of wastes such as that from hospitals.
Efoulan 3°50'14.5"N Near Lake Efoulan, homes are far from this collection point. However, local
11°30'01.6"E residents regularly dump their household waste there.
Melen 3°51'45.7" N Small market area far away from human setllements.
11°30'01.7" E
Yaoundé IV Nkomo 3°50'40.9" N Household waste that is dumped there daily.
11°32'32.0" E
Yaoundé v Essos 3°52'15.4 "N People use them as a toilet. Small commercial activities have developed
11°32'07.0"E around these points.
Yaoundé VI Acacia 3°50'31.5"N Entrance to the livestock sector of the market and all wastes from these
11°29'15.3"E animals are transported from runoff to this garbage dump site; several
commercial activities are carried out in the surroundings.
Nsimeyong 3°50'07.1"N In addition to household waste that is dumped there daily, we also found
11°29'51.2"E several other types of waste such as that from hospitals.
Biyem-Assi 3°50'24.4" N Small commercial activities have developed around these points.
11°29'30.2" E
Simbock 3°50'08.8" N we found household waste collection bins that are visited daily
11°27'58.7" E

centrifugation, the sedimentation was characterized by the
bringing together of four immiscible layers. From top to
bottom: a layer of ether loaded with fats, a thick layer made
of lipophilic particles, an aqueous layer (formalin saline
water) and the sediment containing the parasitic forms. The
supernatant was removed by inverting the tube, in order to
retain the sediment. The sediment, solitary at the bottom of
the tube, was isolated. A drop of saline water was added to
the sediment and then homogenized using a Pasteur
pipette. The entire sediment was examined, between slide
and cover slip under an optical microscope with 10 X and
40 X magnifications in order to identify, respectively,
helminth eggs and protozoan «cysts following their
morphology (Balendé, 2002).

Zinc sulfate centrifugation technique

We used the protocol described by Al-khamesi (2014). It
consisted of measuring 3 grams of soil which was dissolved
in 10 ml of distilled water. Solid particles were removed by
filtering the mixture through a 180 uM fine mesh sieve. The
filtrate obtained was introduced into a conical tube of
volume 15 ml, then centrifuged at 2,500 rpm for one
minute. The supernatant was poured out and distilled
water was added to the tube containing the sediment. The
mixture was homogenised and the same process was
repeated two to three times until the supernatant was clear.
The clear supernatant was poured out, then a volume of 3
to 5 mL of the zinc sulphate solution was added to the

sediment. A few minutes (10 min) later, the same zinc
sulphate solution was added to the tube until the tube was
completely filled; the tube was sealed and then centrifuged
for one minute. After centrifugation, a slide was placed over
the tube for 5 minutes so that the parasites could adhere to
it. The microscope slide was removed from the tube,
covered with a cover slip and observed under an optical
microscope at the 10X and 40X objectives.

Saturated Salt Water Centrifugation Technique

As described by Obiajuru and Ozumba (2009), a two-gram
mass of soil was measured and placed in a sterile conical
tube. Then we added a volume of 10 mL of saline water
solution. The content was homogenized, sieved through a
sieve of 0.05 mm mesh. The resulting filtrate was
centrifuged for five minutes at 2,500 rpm. The supernatant
was poured in and a drop of saline water was added to the
sediment and then homogenized using a Pasteur pipette.
The entire solution was examined between slide and cover
slip under an optical microscope with a 10X and 40x
objective (Chidinma et al.,, 2017).

Statistical analysis

Data were analysed using Statistical Package for Social
Sciences (SPSS) Version 2.5 and Microsoft Excel Spread
Sheet 2010. Prevalence of different parasite species in soil
and water samples were determined. The chi-square test
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Figure 2 : Prevalence of parasites

Table 2. Prevalence of intestinal parasites resistant forms in refuse dump samples from the different sample collection sites

Sample collection NE NI (%)

sites A. lumbricoides T. trichiura Ankylostomes F. hepatica S. intercalatum
Acacia 5 0 (0) 2 (40) 0 (0) 1 (20) 0 (0)
Biyem-Assi 5 2 (40) 1 (20) 0 (0) 0 (0) 0 (0)
Carriere 5 3 (60) 1 (20) 3 (60) 0 (0) 0 (0)
Efoulan 5 1 (20) 1 (20) 1 (20) 0 (0) 0 (0)
Essos 5 1 (20) 1 (20) 1 (20) 0 (0) 0 (0)
Huitiéme 5 2 (40) 2 (40) 1 (20) 0 (0) 0 (0)
Mbankolo 5 5 (100) 2 (40) 2 (40) 0 (0) 0 (0)
Melen 5 2 (40) 0 (0) 0 (0) 0 (0) 1 (20)
Nkomo 5 2 (40) 1 (20) 1 (20) 0 (0) 0 (0)
Nsimeyong 5 1 (20) 0 (0) 0 (0) 0 (0) 0 (0)
Quartier général 5 2 (40) 1 (20) 1 (20) 0 (0) 0 (0)
Simbock 5 1 (20) 0 (0) 0 (0) 0 (0) 0 (0)

NE: number examined, NI: number infected, Figures in parentheses represent prevalence in percentage (%).

(x2) was used to compare the prevalence of parasite
infestation according to the neighbourhood and the
significant difference between the techniques used for

identification of parasites.

RESULTS

Parasites identified

The findings of this study indicated that five species of
helminthes: Ascaris Ilumbricoides, Trichuris trichiura,
Hookworms, Fasciola hepatica and  Schistosoma
intercalatum were observed from the refuse dump test
samples (soil and water). Out of the 60 refuse dump
samples collected from the different HYSACAM dumpsites,
31 (51.7%) were positive with at least one parasite species
of which 23 (38,3 %) had A. lumbricoides, 11 (18,3 %)
positive for T. trichiura, 11 (18,3 %) had hookworms, 1

(1,8%) presented F. hepatica and 1 (1,8%) had S
intercalatum (Figure 2).

Prevalence data of each of the parasite species identified
from the study, revealed Ascaris lumbricoides as the most
predominant species totalling an occurrence rate of 52.1%
(Figure 2). With the exception of the Acacia neighbourhood,
A. lumbricoides is the most common parasite species in the
different collection sites, unlike F. hepatica and S.
intercalatum parasites which were only observed in the
Acacia and Melen neighbourhoods. Also, the Mbankolo and
Carriére neighbourhoods were the most parasitized (Table
2).

Prevalence depending on the diagnostic technique

The Ritchie Technique revealed 31 (51.7%) positive
samples including A. lumbricoides 23 (38.3%), T. trichiura
11 (18.3%), Hookworms 11 (18.3%), F. hepatica 1 (1.8%)
and S. intercalatum 1 (1.8%). The Zinc sulphate



Int. Res. J. Public Environ. Health 204

Table 3. Comparison between diagnostic techniques for the detection of parasites in refuse dump samples (soil and water)

A. lumbricoides T. trichiura Ankylostomes  F. hepatica S. intercalatum

Formalin-ether sedimentation 23 (38.3) 11 (18.3) 11 (18.1) 1(1.8) 1(1.8)
NE=60, NI=31( 51.7 %)

Zinc sulphate centrifugation 8(13.3) 4(6.7) 7 (11.7) 0 (0.0) 0(0.0)
NE=60, NI=13(21.7 %)

Saturated salt centrifugation 6 (10.0) 4(6.7) 0 (0.0) 0 (0.0) 0 (0.0)
NE=60, NI=6(10.0 %)

P 0.003

NE: number examined, NI: number infected, Figures in parentheses represent prevalence in percentage (%).

centrifugation technique identified 13 (21.7%) samples
positive for A. lumbricoides 8 (13.3%), T. trichiura 4 (6.7%)
and hookworms 7 (11.7%). The saline water centrifugation
technique identified 6 (10%) samples positive for A.
lumbricoides 6 (10%) and T. trichiura 4 (6.7%) parasites. In
addition, the rate of parasitism obtained by the Ritchie
technique was statistically higher than those detected by
other techniques (P = 0.003) (Table 3).

Seasonal Variation of Soil Contamination and Sample
Site-Related Prevalence

Irrespective of the season, A. lumbricoides presented the
most important prevalence with highest values recorded in
May and June (55.6%: Corresponding to both rainy and dry
seasons). With the exception of S. intercalatum and F.
hepatica identified only during the months of March and
July (dry season) respectively, all the other parasitic species
recorded were observed in the different collection sites
throughout our study period (Figure 3).

DISCUSSION

This study is one of the first comprehensive studies to be
conducted in Cameroon as a whole and in Yaoundé of the
Centre Region in particular. It revealed that the various
HYSACAM collection points are risk sites harbouring
variety of resistant forms of human parasites. Many studies
have shown that urban soils receive loads of contaminants
that are usually greater than in the surrounding sub-urban
or rural areas due to the concentration of anthropogenic
activities of urban settlements (Charlesworth et al., 2003;
Lee et al.,, 2006; Srivastava and Jain, 2007; Tetteh, 2019;
Oguh and Eno, 2020). Over the years, research has shown
that the prevalence of intestinal parasites in Cameroon has
been persistent if not on the rise (Tchuem Tchuente et al,,
2012). Quite a number of factors have been raised, ranging
from poor environmental hygienic conditions mainly in
urban areas to lack of public health education (Brice et al,,
2020). This high prevalence could be explained by the fact
that the household refuse collection points constitute
culture media containing various parasite eggs. HYSACAM
Company, which provides the public hygiene and sanitation
service in Cameroon and Yaoundé in particular, only
evacuates about 61% of garbage produced daily, this leads
to the abandonment of approximately 700 tons of waste

each day. This quantity of non-evacuated waste could
present a source of significant public health risks (Addo et
al,, 2017), given that children and adults often visit these
refuse dumps searching for metal scraps and broken
plastics amongst others which they gather and sell to
people who recycle them for production of industrial raw
materials. In fact, the late evacuation of garbage in the
various collection points by the HYSACAM Company and
the non-maintenance of these sites would represent a
favourable environment for the defecation of human and
animal excreta which are the main vectors of dissemination
of eggs of parasites. This further explains why Mbankolo
and Carriére neighbourhoods were the most infested as the
dumping grounds were close to homes hence, children go
there to defecate, thus leading to heavy soil contamination
at these different points. The least infested collection points
were those located in Nsimeyong, Essos and Biyem-Assi lac.
Their low rate of infestation could be linked to the fact that
these collection points are set up and due to their locations
a little far from homes (Chinwe et al., 2016). Our prevalence
is comparable to 50.4% obtained in Nigeria by Chinwe and
Owhoeli (2016), but greater than 3.3% obtained in Bazou
(Ngatou et al. (2017). This difference could be due to
environmental factors such as climate, temperature,
topography, soil type, rainfall which varies from one
geographic area to another (Appleton and Gouws, 1996).
The present study found that the eggs of Ascaris
lumbricoides were the most common with a prevalence rate
of 38.3%. The same finding was observed in Nigeria
(Chidinma et al. (2017). The high prevalence of Ascaris eggs
in soil samples of the present study is similar to other
observations reported elsewhere (Chukwuma et al., 2009;
Odoba et al.,, 2012; Steinbaum et al., 2016). This can be
explained by the fact that eggs of Ascaris have an inner shell
layer of lipoprotein nature which makes them more
resistant to harsh environmental conditions (Smyth and
Wakelin, 1994; Dolbin and Khayrullin, 2017; Harroff et al,,
2019) compared to the eggs of other nematodes. It might
also be due to the over dispersion of Ascaris eggs in the
environment as a single female Ascaris lays relatively large
number of eggs (200.000 eggs/day) in an infected
individual. In addition, A. lumbricoides was the only parasite
found in almost all household waste collection points
throughout the study period and is believed to be linked to
its cosmopolitan nature (Nkengazong et al, 2018). The
presence of Schistosoma intercalatum eggs found more
precisely at the household waste collection point in the



Melen District could be explained, by a current re-
establishment of schistosomiasis focus in the area. The
Melen lake was long identified as being endemic for
schistosomes intermediate snail hosts which later dried up
(Njiokou et al., 2004). Also, infestation from migrants from
other foci other than Yaoundé could also justify the
presence of this schistosome eggs. It is therefore important
to exercise control strategies in order to avoid an outbreak
of schistosomiasis. Following the identification of F.
hepatica resistant forms in the Acacia dumpsite, could be
explained by the proximity of this collection point to the
livestock sector of the Acacia market. This suggest that the
animals would have emitted faeces containing the
parasite’s eggs. In addition, studies from Cameroon have
shown that, thanks to immunohistochemistry, F. hepatica is
the most common species of the genus Fasciola in cattle in
Cameroon (Kelly et al., 2019).

The formalin-ether centrifugation technique had a
statistically higher rate of parasitism compared to the zinc
sulphate  centrifugation and the saturated salt
centrifugation technique. Our results agree with those
observed in Malawi by Bowie et al. (2004) where, different
results were obtained following the use of several
techniques for the analysis of soil samples. Although, these
last two techniques are qualitative, they are not very
sensitive and could underestimate the real level of
endemicity (Couprie et al, 1986). The formalin-ether
centrifugation technique is thus the most appropriate
technique in detecting parasites resistant forms in various
samples as it has been very sensitive for most previous
studies (Nkengazong et al., 2014). A combination of these
techniques with that of Ritchie could help to better
appreciate the prevalence of parasite resistant forms in the
environment. The months of April and May are the months
when the most infested collection point was noted. These
two months correspond to the rainy season in the
equatorial zone, and during the rainy seasons the runoff
containing various wastes, including faecal waste, is
transported by the flood to the various collection points,
which could explain the strong parasitic contamination of
the soils (Ogbe et al., 2012; Fuhrimann et al., 2015).

CONCLUSION

HYSACAM household waste collection points could
constitute a favourable environment for the dissemination
of resistant forms of human parasites including A
lumbricoides; T. trichiura; hookworms; Fasciola hepatica
and Schistosoma intercalatum. These pathogens could have
serious consequences for the surrounding population. The
spatio-temporal distribution of the different resistant forms
of parasites show that waste is a good culture medium and
could maintain these resistant forms for a long period in
the environment serving as a major risk factor for the
surrounding population. These results could serve as
baseline information for the government and the HYSACAM
Company in developing better management strategies that
could ensure prompt regular evacuation of the wastes to
avoid the spread of infectious agents in the
neighbourhoods. Taking into  consideration  the
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consequences of these infections on morbidity and
mortality of children in particular, studies to evaluate the
level of parasite transmission in surrounding population,
risk factors and practices done by the population during
waste disposal will have a positive impact on
recommending the stakeholders for better management of
these dump sites in Cameroon as a whole.
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