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Abstract | Goat farming in Benin is traditional. In this system, animals harbor parasites that cause economic losses re-
lated to growth and reproduction performance, which strongly affect farm productivity. The objective of this study was
to evaluate the gastrointestinal parasite burden of goats in Benin. Thus, feces were sampled from 572 and 497 goats in
the rainy and dry seasons, respectively, in southern, central and northern Benin. The parasite inventory was performed
using the Mini-FLOTAC technique for the quantitative study and the Baermann method for the qualitative research.
The results showed an overall prevalence of gastrointestinal parasites of 96.82 %. Furthermore, goats were mainly in-
fected with coccidia (92.24 %); strongyles (83.91 %), of which the critical genera were Haemonchus sp., Trichostrongylus
sp., and Oesophagostomum spp. ; Strongyloides spp. (73.25 %) followed by Moniezia spp. (21.8 %). Other gastrointestinal
parasites retrieved were Trichuris sp. (0.94%) and Toxocara sp. (0.28%). Infestation rates and the number of Eggs Per
Gram of feces (EPG) or Oocysts Per Gram of feces (OPG) were higher in the wet season than in the dry season.
During the wet season, infestations were severe for strongyles, Moniezia spp., coccidian, and moderate for Strongyloides
spp- and light during the dry season except for coccidia, where they were intense. Infestation rates and egg excretion of
gastrointestinal parasites were shaped by age, sex, breed, and study areas. This knowledge of gastrointestinal parasites

will help guide for the surveillance of goat parasitosis in Benin.
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INTRODUCTION an essential source of meat products for urban and peri-ur-
ban markets. They are present in the daily life of herders for

In Benin, goat farming is practiced throughout the coun-  savings, consumption, and ceremonies (Dossa et al., 2007).
try, with a national population in 2019 estimated at However, several constraints limit their productivity. Dis-
1,955,811 heads (FAOSTAT, 2021). Highly adapted to eases in general, and more particularly parasitosis, are bot-
the different agro-ecological conditions of Benin, goats are tlenecks (Challaton et al., 2022). Thus, helminth diseases
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have been identified as limiting factors to expressing the
productive potential (meat and milk) of goats (Wesongah
et al., 2005). In tropical countries, gastrointestinal para-
sites are the most involved in these helminthiases of small
ruminants (Githiori et al., 2004). Terefe et al. (2012) ob-
served that the overwhelming majority of small ruminants
in the tropics are infected with gastrointestinal parasites.
In Benin, parasitological investigations on small ruminants
revealed the presence of strongyle polyparasitism (Salifou,
1996). The prevalence rates of strongyles in small rumi-
nants are high and vary between 4.4 and 92.6% (Salifou,
1996). A gastrointestinal (GI) parasite study carried out by
Faihun et al. (2017) on small ruminants (sheep and goats)
and a wild ruminant species (harnessed guib) revealed the
presence of six parasites in sheep and goats (strongyles,
Strongyloides, Coccidia, cestodes, Capillaria, and trema-
tode) with rates ranging from 60 to 100%. Salifou (1996)
carried out a study in South Benin more than 26 years ago,
and the most recent one was carried out in the riparian
camps at the Wari-Mar classified forest by Faihun et al.
(2017) in North-Benin were not exhaustive. Moreover, the
previous study did not highlight the strongyles genera in-
volved in gastrointestinal parasitosis of small ruminants.

According to Challaton et al. (2022), the GI parasites
treatment by farmers is based on synthetic chemical prod-
ucts. Waller (2006), has shown that the ever-increasing and
uncontrolled usage of chemical products are the leading
cause of anti-parasites resistant issues. This could increas-
ingly lead to a high prevalence of gastrointestinal parasites
in livestock.

In addition, climatic variables can affect the prevalence, in-
tensity, and geographical distribution of helminths, directly
influencing the free-living larval stages and indirectly in-
fluencing mainly the hosts (Mas-Coma et al., 2008). Since
1970s, Benin has experienced pronounced climatic varia-
tions (Tidjani and Akponikpé, 2012), affecting ecosystems
with an increased frequency of new infectious diseases
(Gnangleé et al., 2011). Hence, farmers could face a high

prevalence of gastrointestinal parasites.

All this requires a new diagnosis by extending the studies
to other country regions to identify the new species in-
volved by focusing on goats to implement an effective and
cost-efficient treatment plan in the farms. This diagnosis is
the interest of this study which aims to evaluate the gastro-
intestinal parasite burden of goats in Benin.

MATERIALS AND METHODS

STUDY ENVIRONMENT
The studies were conducted in Benin. With an area of

114763 km?, Benin is located in West Africa between

latitudes 6°10'N and 12°25’N and longitudes 0°45’E and
3°55’E. The Atlantic Ocean borders Benin on the south,
Togo on the west, Nigeria on the east, Niger on the north-
east, and Burkina Faso on the northwest. Benin Republic
has a tropical continental climate characterized by two sea-
sons in the north (one rainy and one dry) and four seasons
more or less marked in the south (two rainy and two dries).
In terms of agriculture, the national territory in the current
strategic context of development of its agricultural sec-
tor, is divided into seven Agricultural Development Poles
(PDAs), which take into account the agroclimatic condi-
tions and the potentialities of each region of the country.
PDA 1 covers the Niger Valley: an area of rice cultivation,
flood plains, and lowlands. PDA 2 covers Alibori (South),
Borgou (North), and the 2KP (Kandi-Kouandé-Péhunco):
this is the leading cotton area. The PDA 3 considers At-
acora (West), Borgou South, and Donga: an agricultural
diversification zone (cotton and food products are grown
there). PDA 4 encompasses the mountain region (South
Borgou, Donga, and mountain region) with cotton, food
products, and cashew nuts as crops (diversification). Zou
and Couffo represent PDA 5: a zone dedicated to food
crops. PDA 6 is represented by the Plateau (specialized in
agricultural diversification - oil palm and food products).
PDA 7 is made up of Ouémé, Atlantique, and Mono: a

fishing and market gardening zone.

Goat feces were collected in PDAs 1,2, 4,and 5 (Figure 1)

due to the concentration of livestock.

Coprological examinations were carried out at the Labora-
tory of Ethnopharmacology and Animal Health (LESA),
located at the Faculty of Agronomic Sciences (FSA) of the
University of Abomey-Calavi (UAC).

SAMPLING PERIOD

The first round of sampling was performed in the rainy
season (August to October 2019) and a second one in the
dry season (January to March 2020).

CHOICE OF FARMS AND ANIMALS

Nine (9) traditional farms were randomly selected in
the communes of Malanville, Kandi, Gogounou, Kérou,
Kouandé, Péhunco, Lalo, Klouékanme, Zogbodomey
Bohicon Djidja, Glazoué, Save, Bante, Parakou and N'Da-
li, divided into four PDAs (Figure 1). The animals roam
freely during the day while sharing the natural range. At
night, most of them are reared in straw or tin-roofed pens,
some of which are adjacent to the rooms. These shelters are
also used to serve food supplements such as cassava peel-
ings, soybean bran, millet bran, maize bran, and kitchen
waste.

Animals over two months of age are eligible and were se-
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lected randomly from the sampled farms regardless of their
general condition. All animals were tested for farms with
less than six heads of goats, and six goats were sampled for
farms with more than six heads. The age, sex, and breed of
the tested animals were recorded.
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Figure 1: Location of the study area

FECAL SAMPLES COLLECTION

For fecal collection, breeches were worn by the animals in
night and were removed early the next day (Figure 2). The
feces in the breeches were collected in bags and labeled.
'The samples were then transported under cold-cover (mini
dry icebox) to the Laboratory of Ethnopharmacology and
Animal Health of the Faculty of Agronomic Sciences
where they were immediately analyzed, or kept in the re-
frigerator at +4°C for a maximum of two days to be diag-
nosed later. A total of 1069 fecal samples were taken from
572 and 497 goats, respectively, in the wet and dry seasons
on 144 traditional farms per season. The difference in fecal
samples is justified by the movement of animals within the
farms during different seasons.

QUANTITATIVE COPROLOGY

Quantitative coprology was performed by the Mini-Flotac
technique (Cringoli et al., 2010) following standard oper-
ating procedures. The flotation fluid was a saturated solu-
tion of Sodium chloride (NaCl) of density (d=1.20). Two
(02) grams of fresh fecal material was introduced into the

Fill-Flotac vessel, and 18 ml of NaCl of specific gravity 1.2
was added. The mixture’s solution was then homogenized
adequately with the Fill-Flotac homogenizing stick. The
tecal suspension was then filtered through the Fill-Flotac
and used to fill the two chambers of the Mini-Flotac. Af-
ter 10 minutes, the upper part of the flotation chambers
was translated and the Mini-Flotac (10 x 40 microscope).
Fecal egg or oocysts counts, expressed as the average num-
ber of eggs or oocysts per gram of feces, were obtained by
multiplying the total number of eggs or oocysts by 5. The
identification of the parasite eggs was made based on the
morphological characteristics described by Thienpont et al.
(1995).

Figure 2: Wearing of panties

COPROCULTURE

'The study was completed by characterizing gastrointestinal
strongyles encountered in each farm, coprocultures were
performed for each farm. Fecal samples from individual
farms were mixed and cultured at room temperature for
ten days. The larvae were then extracted from the fecal
mass using the Baermann device, which is based on the hy-
grotropism of the larvae. The coproculture was performed
with feces from 288 goat farms (144 farms per season).
Extracts from larval cultures were counted. One hundred
(100) larvae were counted per sample and killed by the
combined action of a 2% formaldehyde solution and heat-
ing at 55°C. Larvae were collected and placed on a slide,
and a drop of Lugol’s solution was added to the transpar-
ent slide. Identification of the larvae was made under light
microscopy at x10 and x40 magnification using the iden-

tification key described by Van Wyk and Mayhew (2013).

STATISTICAL ANALYSIS

PDA was performed to determine the infestation rate of
the animals, the rate of the type of infestation, and the par-
asites’ prevalence; the infestation rate by parasite type was
estimated using the formula:

Number af positive samples = 100

Infestation rate = —
Total number of positive samples
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In addition, Pearson’s Chi-squared test was performed to
determine the influence of PDA, season, age, or breed on
the infestation rate of the animals and the infestation rate
of the farms by digestive strongyles. Finally, factorial corre-
spondence analyses were performed to determine the dis-
tribution of these parasites according to PDA, sex age, and

breed using the FactoMineR package of R.

To study the variation of eggs per gram of feces (EPG)
or oocysts per gram of feces (OPG) with PDA and the
degree of infestation of the farms with different strongyles
species and to see if the season, age, sex, and breed influ-
ence EPG or OPG, means and standard errors were calcu-
lated. The effects of PDA and breed were identified using
one-factor analysis of variance (ANOVA) with Tukey’s
post hoc test for the season, sex, and age; Student’s t-test
on independent data was used.

RESULT'S

INFESTATION OF LIVESTOCK WITH GASTROINTESTINAL
PARASITES

After analyzing the fecal samples from goats (n=1069),
the infestation rate of the animals was 96.82%. The eggs
observed belonged to nematodes, cestodes. The Coccidian
oocysts were also observed. Nematodes were represented
by Strongyles (83.91%), Strongyloides spp. (73.25%), whip-
worms (0.28%) and Zoxocara sp. (0.28%). Eggs of cestodes
belonging to the genus Moniezia spp. (21.8%) were found
as well as coccidian oocysts (Eimeria spp.) (92.24%). Figure
3a, Figure 3b and Figure 3¢ show the eggs of Strongyles
sp., Strongyloides sp. and Moniezia sp. The parasite burden
in terms of average EPG was 405.5 + 29.9 for Strongyles
spp.; 287.8 = 20.7 for Strongyloides spp.; 211 + 148 for
Moniezia spp.; 15 + 2.36 for Trichuris sp.; 16.67 + 3.33 for
Toxocara sp. and 1984 + 138 OPG for coccidia (Table 1).

3A

Figure 3: A) Strongyles sp. egg, B) Strongyloides sp. egg, C)
Moniezia sp. egg

'The main strongyles genera found in the fecal cultures were
Haemonchus sp. (98.95%), Trichostrongylus sp. (98.95%),
and Oesophagostomum spp. (35.42%) (Figure 4). Figure
5a and Figure 5b show the images of Haemonchus sp. and
Trichostrongylys sp. larvae. The proportions of Haemonchus
sp. and Trichostrongylus sp. larvae were significant in all
seasons. The ratio of Haemonchus sp. in the fecal samples
in the dry season was decreased and was dominated by

Trichostrongylus sp. (Table 2).

Strongyle type
o
T
z

Prevalence

Figure 4: Prevalence of different strongyles species

Figure 5: a) Haemonchus sp. larva b) Trichostrongylys sp.
larva
ZOOTECHNICAL THE
PARASITIC FAUNA

The difference between Strongyles, Strongyloides spp. and
Moniezia spp. infestation rate was significant in the rainy
season (p < 0.0001). The EPG parasite burden was consid-
erably higher in the wet season than in the dry season (p <
0.0001) for all three types of parasites (Table 3).

PARAMETERS INFLUENCE

Females were susceptible to undergo gastrointestinal par-
asites infestation than males. However, these differences
were not significant (p > 0.05). In addition, the prevalence
of Strongyloides spp. infestation was significantly higher in
females than males (P < 0.05). In contrast, egg excretion of
the parasites was higher in males (Table 4).

Age influenced the infestation rate and gastrointestinal
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Table 1: Prevalence, mean EPG, and extreme egg shedding of gastrointestinal parasites

Parasites

Strongyles
Strongyloides spp.
Moniezia spp.
Trichuris sp.
Toxocara sp.

Coccidian oocysts

Fecal samples from goats (n=1069)

%
83.91
73.25
21.80
0.94
0.28
92.24

EPG: Eggs per gram; OPG: Oocysts per gram

Table 2: Intensity of strongyle larvae in fecal samples

Variables
Haemonchus sp.

Trichostrongylus sp.

Oesop/yagostomum Spp-

Cooperia spp.

Bunostomum sp.

Overall average
44.7 + 1.07
40.23 = 1.07
4+0.48
2.54 £0.31
0.54 £0.19

Mean EPG/OPG
405.5 +29.9
287.8 +20.7

211 + 148

15 + 2.36

16.67 + 3.33

1984 + 138

Rainy season
47.28 £ 1.51
321314
4.51+0.83
2.05 £ 0.36
0.71+0.28

Table 3: Effect of season on goat infestation and egg excretion of gastrointestinal parasites

Season  Strongyles

% ME
Rainy  88.81 638.4 +
(n=572) 50
Dry 78.27 101.38
(n=497) +7.76
Pvalue  <0.0001 < 0.0001

Strongyloides spp.

% ME

85.49 424 +
31.4

59.15 61.31 +
4.67

< 0.0001 < 0.0001

Moniezia spp.

% ME

11.19 631 =
539

34.00 52.43
+7.75

<0.0001 0.2865 0.171

ME: Mean eggs per gram; MO: Mean oocysts per gram

Trichuris sp.

%
1.40

ME

16.25
2.8

040 10x0

0.06043 0.2996

Table 4: Effect of sex on goat infestation and egg excretion of gastrointestinal parasites

Sex Strongyles

% ME
Female 85.07 3919 +
(n=750) 33.5
Male 81.19 4395+
(n=319) 62.7
Pvalue 0.137  0.5029

Strongyloides spp.
% ME
7547 2774+
23
68.03 3152+«
44.6

0.01471 0.4514

Moniezia spp.
% ME
2240 53.87 +
5.87
20.38 619 =
530
0.5141 0.291

ME : Mean eggs per gram; MO: Mean oocysts per gram

Trichuris sp.
% ME
0.80  15.63
£2.9
125  10.83
+0.83

0.7202 0.1505

Table 5:Effect of age on goat infestation and egg excretion of gastrointestinal parasites.

Category  Strongyles

% ME
Adult 85.71 4514+
(n=560) 44
Young 81.93 352.7 =
(n=509) 39.4
Pvalue 0.1095 0.0949

Strongyloides spp.
% ME
76.96 315.3
+29.9
69.16 254.1
+27.8

0.004933 0.1346

Moniezia spp. Trichuris sp.

% ME % ME

18.39 5417+ 0.89 1714+
7.61 2.86

25.54 336+ 098 10=
265 1.09

0.00591 0.2904 1 0.03068

EPG/OPG extremes
10 - 10080
10 - 6630
5 - 34540
5-25
10-20
20 - 78500
Dry season P-value
4212 +1.52 0.0162
4832 +1.51 7.92¢-14
3.49 £ 0.47 0.29
0.6 £0.23 0.000863
0.37 £0.27 0.372
Toxocara sp. Coccidian
oocysts
% ME % MO
0.52  16.67 93.36 2798 +
+3.33 230
0.00 - 90.95 1022 =
116
0.1755 <
0.0001
Toxocara sp.  Coccidian oocysts
% ME % MO
027 15+5 9248 1726+
156
0.31 200 9213 2596+
279
1 >0.999 0.9466 0.006866
Toxocara sp. Coccidian
oocysts
% ME % MO
018 200 93.04 2149+
190
039 15+5 9136 1837+
199
0.934 >0.999 0.3624 0.2576
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Table 6: Effect of breed on goat infestation and egg excretion of gastrointestinal parasites

Breed Strongyles Strongyloides spp.  Moniezia spp. Trichurissp.  Toxocara sp. Coccidian oocysts
% ME % ME % ME % ME % ME % MO
Dw 83.16 405.8 74.01 286 = 2193 222+« 1.04 15+ 0.31 16.67+ 92.00 1991+
(n=962) +31.8 21.8 164 2.36 3.33 147
Dw* Sah 87.50 424+ 5938 448+114 21.88 1525+ 0.00 = 0.00 = 93.75 2198 +
(n=64) 113 73.3 752
Sah 95.35 375+ 76.74 1421+ 18.60 23.75+ 0.00 = 0.00 = 9535 1732+
(n=43) 135 429 6.25 415
Pvalue 0.07505 0.965 0.0327 0.0821 0.8747 0.966 0.5704 0.8459 0.6492 0.859
DW: Dwarf goat ; Sah: Sahelian goat; ME: Mean eggs per gram; MO: Mean oocysts per gram
Table 7: Effect of PDA on goat infestation and egg excretion of gastrointestinal parasites
PDA Strongyles Strongyloides spp.  Moniezia spp. Trichuris sp. Toxocara sp. Coccidian oocysts
% ME % ME % ME % ME % ME % MO
PDA1 9535 375+  76.74 142.1+ 18.60 23.75 0.00 - 0.00 - 95.35 2198 +
(n=43) 135 42.9 +6.25 752
PDA2  78.09 415.7+ 63.25 242.6 + 33.57 751+ 106 100 0.00 - 89.75 2207 +
(n=283) 67.7 41.7 10.6 358
PDA4  80.05 5234+ 69.23 4214+ 1418 652+ 168 1717 024 20+0 8798 2014 =
(n=416) 61.5 44.4 584 +3.06 201
PDA5 9235 2723+ 86.54 1975+« 21.71 489+ 000 - 0.61 15+5 99.39 1749 +
(n=327) 20 20.2 15.4 194
Pvalue  <0.0001 0.00555 <0.0001 <0.0001 <0.0001 0.393 0.1093 0.178 0.5277 0.667 < 0.0001 0.628
PDA i: Agricultural Development Pole; ME: Mean eggs per gram; MO: Mean oocysts per gram
parasite burden. In general, adults were the most infest- - =
ed with Strongyles, Strongyloides spp., Moniezia spp., and e Y, 7N
Coccidian oocysts with higher nematode EPG (Table 5). .
BURKINA-FASO G 5

The chi-square test showed that the breed of the animal
had no influence on the infestation rate and parasite bur-
den except for Strongyloides spp., where the infestation rate
was significant (p < 0.05). However, the Sahelian breeds
had higher infestation rates for strongyles Strongyloides
spp. and coccidian oocysts, but the burden were lower than
those of the other breeds. There was an absence of Toxocara
sp. and Trichuris sp. eggs in the Metis (Dwarf Goat*Sahe-
lian breed) and Sahelian breeds (Table 6).

Strongyles, Strongyloides spp., Moniezia spp., and coccid-
ian oocysts infestation rates were significantly different
between PDAs (p < 0.0001) (Table 7, Figure 6). The dis-
charge of parasite eggs was more significant in PDA 4, the
lack of Trichirus sp. eggs in PDA 1 and PDA 5 and the
absence of Toxocara sp. eggs in PDA 1 and PDA 2 were
observed (Table 7, Figure 6).

DISTRIBUTION OF IDENTIFIED PARASITES WITHIN
GENDER-AGE

Correspondence Factor Analysis (CFA) results revealed
that the three factorial axes summarize 79.85,12.98,7.17%
distribution of parasite species within sex-age, respectively

Gastrointestinal parasites
Srrongyles sp.
Strongwloides sp,
Monieria sp.
Trichuris sp.
Toxocara sp.
Coccidian oocysts
33 Limit of Benin
Study Agricultura! Development area
PDAL: Niger Valley
PDAZ: Alibori South-Borgouw Marth-2KP
—1 PDA4: Borgow South-Donga-Collines
PDAS: Zou-Couffo

Isu-.m e IGN-Benin 1994, Field data

|p,.-\1||;r_.1tuun: CHALLATON K. Plerre 2021

~ 25 0 25 50 75 1DDkm
[ . E— S—

Figure 6: Distribution of gastrointestinal parasites

(Table 8). Strongyles, Strongyloides spp., Moniezia spp., and
Coccidian oocysts were much more characteristic of sex
age. Toxocara sp. and Trichirus sp. affected goats less regard-
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less of sex age (Figure 7).

Table 8: Eigenvalues, percent variability, cumulative
percent variability explained by factorial axes for sex-age

Eigenvalue Percentage of Cumulative
variability percentage of
variability
dim1 0.0052035625 79.853179 79.85318
dim2  0.0008456422  12.977112 92.83029
dim 3  0.0004672078 7.169709 100

Table 9: Eigenvalues, percent variability, cumulative
percent variability explained by factorial axes for PDA

Eigenvalue Percentage of Cumulative
variability percentage of
variability
dim1 0.0114623104 77.260199 77.26020
dim2 0.0031096776 20.960374 98.22057
dim 3 0.0002639954 1.779426 100

Table 10: Eigenvalues, percent variability, cumulative
percent variability explained by factorial axes for the breed

Eigenvalue Percentage of Cumulative
variability percentage of
variability
dim 1 0.001075577 80.47648 80.47640
dim2  0.000260934 19.52352 100
,,,,,,,,,,,,,,,,,, E?ma,'?ff}?y'fjS};zE@;;Ti,,,,”,,,,,,,,,,,,,chafam,,

Male_Adult  strongyloides spp. | -
! Fermale_Young

0.2 0.0 0.2 0.4
Dim 1 (79.85%)

Figure 7: Distribution of parasites within gender-age

DISTRIBUTION OF PARASITES IDENTIFIED ACCORDING
TO THE PDA

CFA results showed that the three factorial axes summa-
rize 77.26, 20.96, 1.78% of the distribution of parasite
species in the PDAs, respectively (Table 9). Strongyles,
Strongyloides spp., Moniezia spp., and Coccidian oocysts
were much more characteristic of all PDAs. Toxocara sp.
and Trichirus sp. species affected goats more miniature re-

gardless of PDA (Figure 8).

CA factor map

Trichjrus.sp

Dim 2 20.96%)

PDA4 coctidian oocysts

L. _Stronavloides.spp.~ _.# _____ _e——PDA2
0.0
DAL Strongyies -
PDAS .

0.25
Dim 1 (77.26%)

Figure 8: Distribution of parasites according to the PDA

SPECIES BASED PARASITES DISTRIBUTION

CFA outcome showed that the two factorial axes summa-
rize 80.48%, 19.52% distribution of parasite species be-
tween breeds, respectively (Table 10). Strongyles, Strongy-
loides spp., Moniezia spp.,and coccidian oocysts were much
more characteristic of all breeds. Toxocara sp. and Trichirus

spp- affected goats regardless of the species bred (Figure 9).
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Figure 9: Species based parasites distribution

DISCUSSION

'This study identified the different gastrointestinal parasites
in traditional goat farms in Benin and evaluated their prev-
alence and parasite intensity in Eggs Per Gram of feces

(EPG).

The high parasitism rate (96.82%) can be explained on the
one hand by the traditional type of farming where animals
are free and share the same grazing area and, on the other
hand, by the lack of routine deworming. Similar prevalenc-
es have been reported by Salifou (1996) in Benin, Sylvia et
al. (2015) in Nigeria, Ntonifor et al. (2013) in Cameroon

in goats farming.

The high prevalence of coccidian oocysts, strongyles, and
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Strongyloides spp. could be attributable to their life cycle.
L, larvae are the causative agent of the parasitic infestation.
These L3 larvae undergo an automatic translation of the
teces towards the grass. On the other hand, the cestodes
found (Moniezia) have an obligatory intermediate host
represented by certain arthropods that harbor the cystic-
ercoid larvae. The contamination of animals requires prior
ingestion of these infected arthropods. This outcome could
justify that the infestation of animals by natural cycle and
monoxenous parasites would be more frequent than that
by parasites with an obligatory intermediate host. Further-
more, the low prevalence of whipworms among nematodes
could be related to the fact that it is the embryonated egg
containing the L, larva that is the infesting form of this
parasite.

Similar observations for the highest prevalences of Stron-
gyles, Strongyloides spp. or coccidial oocysts in small rumi-
nant farms, have also been made in most tropical countries,
Ethiopia (Dagnachew et al., 2011), Cameroon (Ntonifor
et al., 2013), India (Dixit et al., 2016), Nigeria (Paul et al.,
2016), Laos (Gueguen et al., 2016).

Prevalences of nematodes, as well as fecal egg excretion,
are significantly higher in the rainy season. According to
Nwosu et al. (2007), environmental conditions are gener-
ally favorable for developing, survival, and translocation of
pre-parasitic stages of parasitic nematodes during the rainy
season. As a result, there is an accumulation of adult worm
populations in grazing animals such that maximum worm
burden are recorded during the rainy season. After that,
worm populations decrease in the dry season. This fund-
ing justifies a higher prevalence of animal infestation and
levels of parasite egg excretion in the wet season than in
the dry season. The high prevalence rates of gastrointes-
tinal parasites observed in this study indicate the risks of
economic losses for goat farmers in Benin.

The mean degrees of infestation in animals were 638.4;
424; 631; 2798 EPG in the rainy season and 101.38;
61.31; 52.43; 1022 EPG in the dry season for strongyles,
Strongyloides spp., Moniezia spp., and Coccidian oocysts,
respectively. According to the severity scales, based on the
EPG limits revealed by Alowanou et al. (2021), it could be
concluded that infestations were severe during the rainy
season for strongyles, Moniezia spp., Coccidia oocysts and
moderate for Strongyloides spp. During the dry season,
infestations were light for strongyles, Strongyloides spp.,
Moniezia spp., and severe for Coccidia. This present case
requires systematic deworming of all animals in the herd
for according to Bosco (2014), an infestation rate above
200 EPG already requires treatment when the fecal analy-
sis technique is Mini-FLOTAC.

Moreover, egg production still has no relation to the pop-
ulation of worms harbored, as many factors influence the
EPG value. Thus, an animal may only host male worms or
even adults who have not yet reached sexual maturity or
worms whose females are in oviposition inhibition con-
ditions (Salifou, 1996). This result shows that the animals
would be heavily parasitized.

Sex had no statically significant effect on infestation with
gastrointestinal parasites except Strongyloides spp.. How-
ever, on all the animals studied, the proportion of females
affected by nematodes was higher than males. This obser-
vation is in opposite of the conclusion of Tariq et al. (2010)
who revead that both sexes are susceptible to nematode
infestation. During the peripartum period, females tem-
porarily lose their naturally acquired immunity to gastro-
intestinal parasites (Schoenian, 2012), and therefore, they
could be easily infected. Thus the slight differences in prev-
alence observed in females could be due to pregnant and
breast-feeder females among the females sampled in this

study.

The parasites prevalence and egg excretion level by age
showed that adult animals were more infected with gas-
trointestinal nematodes than the young animales. This ob-
servation is not in agreement with the findings of some
authors for whom juveniles are more susceptible to infes-
tations than adults due to their low immunity levels (Tariq
et al., 2010; Khan et al., 2010; Zeryehun, 2012; Nabi et al.,
2014).This difference may be related to physiological status
(gestation and breastfeeding stage) and malnutrition, mak-
ing adults more susceptible to infestation and excreting
more eggs than non-pregnant or non-breast-feeder ones
(Suarez et al., 2017). In addition, young animals are fed
milk by their mothers until adulthood (Saidi et al., 2020),
limiting their grazing exposure. Therefore they would be
less infested, hence the finding of higher prevalence in
adults than in young.

'The higher infestation rates in Sahelian rears than in dwarf
and mixed breeds indicate that they are more susceptible
to gastrointestinal parasites than the other breeds. Their
EPG burden is lower than that of the other breeds de-
spite their higher infestation rates. The difference in EPG
burden would be due to the limited infestation by infest-
ing L3 larvae during grazing, as Sahelian goats were more
commonly encountered in PDA 1 and PDA 2, which are
characterized by a Sahelian climate. This hot and dry cli-
mate is not conducive to the development and survival of
infesting L3 larvae.

Parasite burden in EPG were higher in PDA 4 than in
PDA 1, PDA 2, and PDA 5. This outcome could be ex-

plained by the fact that free-grazing is the more common
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method of rearing in the dry season than in the wet season
in PDA 4, whereas in the other PDAs, during fieldwork
in the wet season, animals were put on fixed or mobile
stakes. This freedom, especially in the rainy season when
conditions are favorable for the survival and translocation
of the pre-parasitic stages of helminths, means that the an-
imals would ingest enough infesting larvae on the grazing
ground. As a result, the gastrointestinal burden of adult
worms would be high and, consequently, a high rate of
egg-laying expelled by the animals. On the other hand, the
risk of infestation of the staked animals by a high burden
of infesting larvae would be low even if they are fed fresh
todder. Furthermore, Trichirus sp. eggs were not observed
in PDA 1 and PDA 5 and Toxocara sp. eggs in PDA 1 and
PDA 2.'This could indicate the absence of these parasites
in these areas; helminthological autopsies could give more
details.

'The coprocultures showed that strongyles were represented
by Haemonchus sp., Trichostrongylus sp., Oesophagostomum
spp., Cooperia spp., , and Bunostomum sp.. These results re-
veal that Haemonchus sp. and Trichostrongylus sp., are the
most dominant strongyles species in the digestive tract of
small ruminants as reported by reported by Salifou (1996)
in South Benin. This dominance would be explained by
the fact that Haemonchus sp. is very prolific and can lay
up to 10 000 eggs per day for several months (Raza et al.,
2014). In addition, it acquires a faster resistance to syn-
thetic antihelminthics compared to other strongyles spe-
cies (Torres-Acosta et al., 2003). Trichostrongylus sp. is not
significant but is the most constant parasite, as its presence
is annual. These parasites could be associated with diar-
rhea mentioned by goat breeders in Benin (Idrissou et al.,
2017; Challaton et al., 2022). A specific coprological study
on goats presenting diarrhea will better evaluate the share
of strongyles in the pathologies responsible for diarrhea in
goats.

In the dry season, the proportion of Haemonchus sp.
in the fecal cultures was decreased and was dominated
by Trichostrongylus sp.. Unlike Trichostrongylus sp., the
Haemonchus sp. population survives during the dry season
partly as hypobiotic larvae (L4) in the mucosa of the abo-
masum (Salifou, 1996). This halt in larval growth during
the dry season will result in a high larval burden (L4) and
a low burden of adult Haemonchus sp. worms in the abo-
masum. This observation results in a drop in oviposition
rate and low emission of eggs in the excrement. When
conditions become favorable again in the rainy season, the
hypobiotic L, larvae will continue to develop into adults
capable of laying eggs and consequently an increase in the
number of eggs expelled in the feces. This finding proves
the dominance of Haemonchus sp. and Trichostrongylus sp.
larvae in fecal crops in the rainy and dry seasons, respec-

tively. Haemonchus spp would thus preserve itself as a bio-
logical species in nature by using this strategy of increasing
its prevalence on animals and inhibiting its development at
the L, larval stage, in particular, severe climatic periods of
the year (Belem et al., 2005). Given the adverse effects of
these two parasites on goats and the resistance to synthetic
anthelmintics, special attention should be given to them
in controlling gastrointestinal parasites of small ruminants.

CONCLUSION

'This study shows that a wide range of gastrointestinal par-
asites infests goats reared under the traditional system in
Benin. The coprological examinations revealed a strong
presence of strongyles, Strongyloides spp., coccidian oo-
cysts, and Moniezia spp., in order of importance, regard-
less of the Agricultural Development Poles, breed, sex, and
age of the animals examined. The coproculture conducted
revealed the presence of 5 genera of strongyles, namely:
Haemonchus sp., Trichostrongylus sp., Oesophagostomum spp.,
Cooperia spp., and Bunostomum sp.. The genera Haemonchus
sp. and Trichostrongylus sp. were more frequent in all the
Agricultural Development Poles. The importance of the
economic losses (weight loss, reduction in the growth pa-
rameters, low milk production) caused by these gastroin-
testinal parasites should justify the implementation of a
national program of animal deworming. The latter should
be applied according to a schedule that considers the sea-
sonal fluctuation of these parasites. Thus we suggest two
treatments in PDA 1, PDA 2, and four PDA 4 and PDA
5: a periodic treatment of goats at the end of each dry and
rainy season. Given the length of the wet season in PDA 1
and PDA 2, additional treatment in the middle of the rainy
season would be desirable.
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