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ABSTRACT

Gastrointestinal nematodes are important parasitic infections that may affect poultry health and production. A
coproscopic study was conducted on 80 adult ducks (40 males and 40 females) raised under a semi-intensive system at
the experimental farm of the Center for Research in Ecology (CRE) in Treichville, Abidjan, Cote d'Ivoire. Individual faecal
samples were examined using sedimentation, flotation, and egg-counting techniques (McMaster method). Three
nematode egg morphotypes were detected, corresponding to Ascaridia sp., Trichuris sp., and eggs morphologically
compatible with Trichostrongylus, with an overall prevalence of 13.75% (11/80 birds). Prevalence was numerically
higher in males (17.5%) than in females (10.0%), but this difference was not statistically significant (Fisher's exact test,
p = 0.518). Trichostrongylus-compatible eggs were detected exclusively in males (17.5% vs 0%), and this sex-related
distribution was statistically significant (p = 0.0117). Among positive ducks, egg excretion intensity followed the
opposite pattern: females excreted significantly more eggs than males for both Ascaridia sp. (median 619 vs 368 EPG;
Mann-Whitney exact test, p = 0.0238) and Trichuris sp. (median 586.5 vs 334 EPG; p = 0.00606), whereas total egg
excretion per duck did not differ significantly between sexes (median 1,155.5 vs 1,020 EPG; U = 9.0, p = 0.412).
Prevalence and excretion intensity can therefore vary independently, and at times in opposite directions, between sexes.
These data provide a baseline for gastrointestinal nematodes in ducks raised under semi-intensive conditions in Cote
d'Ivoire and point to the value of regular coproscopic monitoring, with prevalence and intensity reported separately,
for parasite surveillance.
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1 INTRODUCTION

In our local poultry farms, environment, management conditions and hygiene can influence both the presence of
helminths and faecal egg shedding [2]. This exposure increases the prevalence of these parasites, which can impair the
health status and productivity of the host [3, 4, 5], and prevalence itself is known to vary considerably according to the
poultry production system [6]. Duck farming is no exception to this pattern, yet this activity contributes to the supply
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of animal protein and to household income [7, 8]. Most parasitological research on poultry in sub-Saharan Africa has
focused on domestic chickens, while ducks have received comparatively less attention. Previous studies have
documented gastrointestinal helminths in domestic ducks and ducks in Africa and elsewhere [9], but data on C.
moschata in Cote d'Ivoire remain limited. In this context, the present study investigated gastrointestinal nematode egg
detection in C. moschata reared at the experimental farm of the Centre de Recherche en Ecologie (CRE), Abidjan, Cote
d'Ivoire. Specifically, the study aimed to identify the nematode genera or egg morphotypes detected in faecal samples,
determine prevalence according to sex, and compare faecal egg shedding, expressed as eggs per gram of faeces (EPG),
between males and females.

2 MATERIAL AND METHODS

2.1 Study Site and Animals

The survey was carried out at the CRE experimental farm in the municipality of Treichville, within the Autonomous
District of Abidjan, Cote d'Ivoire (5°18'12" N, 4°00'33” W). Treichville lies on the southern part of Petit Bassam island,
fringed by the Ebrié lagoon, with Marcory to its east, Le Plateau and Port-Bouét to its north and south, and Yopougon to
its west [9, Figure 1]. The farm keeps a permanent flock of C. moschata under semi-intensive management, with birds
given access to covered outdoor runs and a controlled feeding regime. In July 2023, eighty clinically healthy adult ducks
(40 males and 40 females), all drawn from this single flock, were enrolled in the study. None had received anthelmintic
treatment during the 90 days preceding sampling.
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Figure 1: Location of the study area: Cote d'Ivoire, Autonomous District of Abidjan, and the municipality of
Treichville, showing the site of the CRE experimental farm (adapted from [9]).

2.2  Faecal Sample Collection

Birds were separated by sex and held individually in labelled cardboard boxes for 10-30 minutes to allow spontaneous
defecation. Each freshly voided sample was linked to its donor bird by means of a numbered string attached to the leg,
placed into an individually labelled sterile tube, and kept at 4 °C in an insulated cool box during transport to the
Laboratory of Animal Biology and Cytology at Nangui Abrogoua University, where all samples were processed within
24 hours of collection.

2.3 Coproscopic Examination

Three complementary methods, following the protocol of [10], were applied to a 3 g faecal aliquot from each bird.
Sedimentation. Faeces were homogenised in 15 ml of distilled water, sieved, and the filtrate centrifuged twice (3,000
rpm, 5 min) [11]. The resulting pellet was stained with methylene blue and examined at x100 magnification. Flotation.
Faeces were diluted in 45 ml of distilled water, mixed, and left to settle for 20-30 minutes [12], after which the surface
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deposit was examined in a Petri dish under a binocular microscope for low-density eggs. McMaster egg counting. A 3
g aliquot was diluted in 45 ml of distilled water, filtered and centrifuged (3,000 rpm, 5 min) [13]; the pellet was
resuspended in saturated NaCl solution (density 1.30), loaded into McMaster counting chambers, and read at x100
magnification after a 5-minute settling period [14]. Egg output was expressed in eggs per gram (EPG) of faeces,
calculated as EPG = (N1 + N2) x 50, where N1 and N2 are the counts obtained from each chamber.

2.4 Parasite Identification

Nematode eggs were assigned to genus or morphotype level using standard morphological references [15, 16, 13, 14,
17]. Identification was based on observable egg morphology, including overall shape, shell appearance, internal
contents, and developmental stage. The Trichuris-type egg showed the characteristic bipolar plugs, whereas the
Ascaridia-type egg was recognised by its oval morphology and visible shell. The eggs morphologically compatible with
Trichostrongylus were elongated, relatively clear and thin-shelled, with a poorly contrasted internal content. Because
the latter morphology may overlap with other strongylid/trichostrongyle-type eggs, this finding is reported as an egg
morphologically compatible with Trichostrongylus rather than as a definitive species identification. The available
photographs were not calibrated with a micrometric scale; consequently, numerical egg dimensions were not derived
from the photographs and the images are used here to document morphology only.

Egg morphologically

O Trichuris-type egg Ascaridia-tvpe egg
compatible with

Figure 2: Representative nematode eggs observed in duck faecal samples.

2.5 Derived Parameters

For each sex, genus-specific prevalence was defined as the percentage of examined birds positive for a given genus or
compatible egg morphotype. Overall prevalence was defined as the percentage of birds positive for at least one detected
nematode type. Mean EPG was calculated among positive individuals for each detected type. Relative frequency
described, within the positive subgroup, the proportion of positive birds harbouring a given nematode type.

2.6  Statistical Analysis

Data were compiled in Microsoft Excel and analysed with R (version 4.3.1). Differences between sexes in prevalence
and overall prevalence were tested with Fisher's exact test; odds ratios with 95% confidence intervals were also
calculated for these comparisons. Because the Shapiro-Wilk test indicated a non-normal distribution of EPG values (p
< 0.05), the exact Mann-Whitney U test was used to compare egg burdens between sexes among positive individuals.
Null values (uninfected individuals) were excluded from intensity comparisons, since they reflect the absence of
excretion rather than a measurable infection intensity. Exact p-values are reported throughout, and significance was set
ata =0.05.

3 RESULTS

Table 1 presents, for the 11 ducks found positive for at least one nematode genus, the individual presence (1) or absence
(0) of Ascaridia sp., Trichuris sp. and Trichostrongylus-compatible eggs, by sex. Trichuris sp. was detected in all 11
nematode-positive ducks (7/7 males and 4 /4 females). Ascaridia sp. was present in 6 of the 7 infected males and in 3 of
the 4 infected females. Trichostrongylus-compatible eggs were present in all 7 infected males and were absent from all
infected females.
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Table 1: Presence (1) or absence (0) of nematode eggs in each infected duck, by sex.

Sex Duck no. | Ascaridia sp. | Trichuris sp. | Trichostrongylus-compatible eggs

Males 1
2 1 1 1
3 1 1 1
4 1 1 1
5 1 1 1
6 1 1 1
7 0 1 1

Females | 1 1 1 0
2 1 1 0
3 1 1 0
4 0 1 0

3.1 Prevalence of Gastrointestinal Nematodes According to Sex

Among the 80 ducks examined, 11 were positive for at least one gastrointestinal nematode genus or compatible egg
morphotype, corresponding to an overall prevalence of 13.75% (11/80). Prevalence was 17.5% (7/40) in males and
10.0% (4/40) in females; this difference was not statistically significant (Fisher's exact test, p = 0.5179). Ascaridia sp.
was detected in 6/40 males (15.0%) and 3/40 females (7.5%), giving an overall prevalence of 11.25% (9/80; Fisher's
exact test, p = 0.4814; odds ratio 2.18, 95% CI: 0.50-9.39). Trichuris sp. was detected in 7/40 males (17.5%) and 4/40
females (10.0%), giving an overall prevalence of 13.75% (11/80; Fisher's exact test, p = 0.5179; odds ratio 1.91, 95%
CI: 0.51-7.12). Trichostrongylus-compatible eggs were detected exclusively in males, with a prevalence of 17.5% (7/40)
in males and 0% (0/40) in females, and an overall prevalence of 8.75% (7/80; Fisher's exact test, p = 0.0117). The odds
ratio is formally infinite because no female was positive; therefore, a finite odds-ratio estimate should not be interpreted
without a continuity correction. The exact test nevertheless indicates a statistically significant sex-associated
distribution in this dataset.

Considering only the 11 nematode-positive ducks, Trichuris sp. was the most frequently detected nematode, occurring
in 100% (11/11) of positive ducks, followed by Ascaridia sp.in 81.82% (9/11) and Trichostrongylus-compatible eggs in
63.64% (7/11). These percentages describe frequency within the positive subgroup and should not be confused with
prevalence in the full sample of 80 ducks.

3.2 EggExcretion and Nematode Intensity

Table 2 presents the individual egg counts recorded for each infected duck. For Ascaridia sp., the six positive males had
egg counts ranging from 301 to 386 EPG, with a mean of 359.17 EPG; the three positive females had counts ranging from
525 to 731 EPG, with a mean of 625.00 EPG. Considering all nine Ascaridia-positive ducks, the overall mean egg count
was 447.78 EPG. For Trichuris sp., all seven males and four females were positive. Male egg counts ranged from 231 to
547 EPG, with a mean of 357.14 EPG, whereas female counts ranged from 567 to 768 EPG, with a mean of 627.00 EPG.
The overall mean among the 11 positive ducks was 455.27 EPG. Trichostrongylus-compatible eggs were detected only
in males. The seven positive males had egg counts ranging from 304 to 399 EPG, with a mean of 355.71 EPG. No female
was positive for this egg morphotype; therefore, no between-sex intensity comparison was performed. The individual
total egg counts, obtained by summing the EPG values of the three detected genera for each positive duck, ranged from
847 to 1,247 EPG in males and from 768 to 1,304 EPG in females. The mean total egg count was 1,020.71 EPG in males
and 1,095.75 EPG in females, while the overall mean for the 11 nematode-positive ducks was 1,048.00 EPG.
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Table 2: Number of determined EPGs

Sex No. | Ascaridia | EPG Trichuris | EPG Trichu. | Trichostr. | EPG Trichostr. | Total EPG
Asca.

Males 1 1 374 1 272 1 308 954
2 1 365 1 376 1 374 1115
3 1 386 1 334 1 336 1056
4 1 301 1 547 1 399 1247
5 1 358 1 289 1 373 1020
6 1 371 1 231 1 304 906
7 0 0 1 451 1 396 847

Total males 7 6/7 2155 7/7 2500 7/7 2490 7145

Females 1 1 731 1 573 0 0 1304
2 1 525 1 600 0 0 1125
3 1 619 1 567 0 0 1186
4 0 0 1 768 0 0 768

Total 4 3/4 1875 4/4 2508 0/4 0 4383

females

3.3 Comparison of Nematode Burden Between Males and Females

Table 3 classifies each infected duck according to the number of nematode genera detected simultaneously (mono-, co-
, or triple-genus infection). Among the seven infected males, six (85.7%) harboured all three genera simultaneously
(triple infection), while one duck was co-infected with Trichuris sp. and Trichostrongylus-compatible eggs only. Among
the four infected females, three (75.0%) were co-infected with Ascaridia sp. and Trichuris sp., and one duck showed a
mono-infection with Trichuris sp. only. Overall, triple infections accounted for 54.5% (6/11) of nematode-positive
ducks, co-infections for 36.4% (4/11), and mono-infections for 9.1% (1/11), confirming that most nematode-positive
ducks, particularly males, carried more than one nematode genus simultaneously.

Table 3: Type of infection (mono-, co-, or triple-genus)

Sex

Duck no.

Ascaridia sp.

Trichuris sp.

Trichostrongylus-compatible eggs

Infection type

Males

Triple

Triple

Triple

Triple

Triple

Triple
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Females
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Comparisons restricted to positive ducks showed that total egg excretion did not differ significantly between sexes
(median 1,020 vs 1,155.5 EPG; exact Mann-Whitney U test, U = 9.0, p = 0.4121). Overall prevalence, assessed in the full
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sample, also did not differ significantly between sexes (17.5% vs 10.0%; Fisher's exact test, p = 0.5179). By contrast,
genus-specific intensity among positive ducks differed significantly between sexes for two of the three genera. For
Ascaridia sp., females showed significantly higher excretion than males (median 619 vs 368 EPG; U =0, p = 0.0238). For
Trichuris sp., females again showed significantly higher excretion than males (median 586.5 vs 334 EPG; U =0, p =
0.00606). For Trichostrongylus-compatible eggs, no female was positive, which precludes a meaningful sex comparison
of intensity for this genus. Overall, males had a higher prevalence of Trichostrongylus-compatible eggs, whereas positive
females had significantly higher egg-excretion intensity for Ascaridia sp. and Trichuris sp. than positive males. Thus,
prevalence and intensity followed different patterns in this dataset.

Table 4: Summary of statistical comparisons between sexes for prevalence and egg-excretion intensity.

Parameter Males Females Test Exact p
Infected ducks 7/40 (17.5%) | 4/40 (10.0%) Fisher exact 0.518
Ascaridia sp. 6/40 (15.0%) | 3/40 (7.5%) Fisher exact 0.481
Trichuris sp. 7/40 (17.5%) | 4/40 (10.0%) Fisher exact 0.518
Trichostrongylus-compatible eggs | 7/40 (17.5%) | 0/40 (0%) Fisher exact 0.0117
Intensity Ascaridia (positive) median 368 median 619 Mann-Whitney exact | 0.0238
Intensity Trichuris (positive) median 334 median 586.5 Mann-Whitney exact | 0.00606
EPG total (positive) median 1,020 | median 1,155.5 | Mann-Whitney exact | 0.4121

4 DISCUSSION

The present study detected three nematode egg types in the examined ducks: Ascaridia sp., Trichuris sp., and eggs
morphologically compatible with Trichostrongylus. Eleven of the 80 ducks examined were positive for at least one type,
corresponding to an overall prevalence of 13.75%. Prevalence was 17.5% in males and 10.0% in females, but the
difference was not statistically significant (Fisher's exact test, p = 0.5179). The relatively low prevalence observed in
this flock may be compatible with the management and environmental conditions at the study farm. However, because
this study did not compare farms with different management systems or quantify hygiene, stocking density, or
environmental contamination, the observed prevalence cannot be attributed causally to the husbandry system [1, 5],
although management-related risk factors for parasitic infection have been documented for other livestock species
raised in this same district of Abidjan [18]. The three nematode genera did not show the same distribution according to
sex. Trichuris sp. was detected in all nematode-positive ducks, representing 100% of the positive individuals, whereas
Ascaridia sp. occurred in 81.82% and Trichostrongylus-compatible eggs in 63.64% of nematode-positive ducks. The high
occurrence of Trichuris sp. among positive ducks suggests that this genus constituted the most consistently detected
parasite in the present dataset. However, this proportion should be interpreted as the frequency among nematode-
positive ducks and should not be confused with prevalence in the whole study population. When calculated against all
80 examined ducks, the prevalence of Trichuris sp. was 13.75%. The prevalence of Ascaridia sp. was 11.25% overall,
with 15.0% in males and 7.5% in females. The difference was not statistically significant (Fisher's exact test, p = 0.481).
The corresponding odds ratio was 2.18, but its confidence interval was wide (95% CI: 0.50-9.39), reflecting the small
number of positive individuals. Therefore, the apparent higher occurrence in males should not be interpreted as
evidence of a sex-associated difference in Ascaridia infection. A similar pattern was observed for Trichuris sp. Its
prevalence was 13.75% overall, 17.5% in males and 10.0% in females. The difference was not statistically significant
(Fisher's exact test, p = 0.518). The estimated odds ratio was 1.91 (95% CI: 0.51-7.12), again indicating considerable
uncertainty around the magnitude of the observed difference. A cautious interpretation therefore seems warranted:
although the observed proportions were higher in males, the available sample did not provide sufficient evidence of a
significant sex effect. In contrast, Trichostrongylus-compatible eggs showed a marked sex-related distribution. They
were detected in 7/40 males and in none of the 40 females, corresponding to prevalences of 17.5% and 0%, respectively,
and Fisher's exact test indicated a statistically significant association (p = 0.0117). Because the female cell contained no
positives and the sample was small, the magnitude of the association should be interpreted cautiously. The finding is an
epidemiological observation and does not establish a biological mechanism. The intensity of egg excretion also differed
among nematode genera. Among Ascaridia-positive ducks, males had a mean egg count of 359.17 EPG, whereas females
had a mean of 625.00 EPG. The corresponding medians were 368 and 619 EPG, respectively. When only positive ducks
were considered, the exact Mann-Whitney test showed a statistically significant difference between sexes (U=0.0,p =
0.0238). Thus, although males showed a higher prevalence of Ascaridia sp., females that were positive tended to exhibit
higher egg excretion. This distinction is important because prevalence and intensity describe different epidemiological
characteristics and do not necessarily vary in the same direction. The same pattern was observed for Trichuris sp. All
seven males and four females were positive. The mean egg counts were 357.14 EPG in males and 627.00 EPG in females,
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with median values of 334 and 586.5 EPG, respectively. The exact Mann-Whitney test indicated a significant difference
in egg excretion intensity between sexes (U = 0.0, p = 0.00606). Positive females thus appear to excrete more Trichuris
eggs than positive males, despite the absence of a statistically significant sex difference in prevalence. For
Trichostrongylus-compatible eggs, the seven positive males showed a mean egg count of 355.71 EPG, with a median of
373 EPG and a range of 304-399 EPG. No female was positive for this genus. Because there were no positive females, a
conventional comparison of intensity between sexes is not meaningful. The appropriate interpretation is therefore
limited to describing the observed excretion among positive males and the absence of detectable excretion among
females. When the egg counts of the three genera were summed for each positive duck, total egg excretion ranged from
847 to 1,247 EPG in males and from 768 to 1,304 EPG in females. The mean total excretion was 1,020.71 EPG in males
and 1,095.75 EPG in females. Although females had a slightly higher mean and median total EPG than males, this
difference was not statistically significant (Mann-Whitney exact test, U = 9.0, p = 0.4121). Therefore, the higher genus-
specific egg counts observed in females for Ascaridia and Trichuris did not translate into a statistically significant
difference in overall egg excretion. These sex-related patterns in prevalence and excretion intensity are consistent with
a broader literature documenting sex differences in susceptibility to gastrointestinal nematodes across vertebrate
hosts, including poultry. Early experimental infections of chickens with Ascaridia galli showed that male chicks
harboured more worms than females, although the difference became statistically significant only after several weeks
of age [19]. Comparable sex-associated differences in nematode burden have also been reported in free-range domestic
ducks in Kenya, where males carried higher mean worm counts than females [8]. Such patterns have been attributed to
the immunosuppressive action of testosterone on cell-mediated and humoral immunity, a mechanism proposed to
underlie sex differences in parasite burden across a wide range of taxa [20, 21]. In poultry more specifically, adult female
chickens have been shown to mount stronger, albeit shorter-lived, protective immune responses against A. galli than
males [22]. However, sex biases in parasite prevalence are not universal and can vary with ecological context,
seasonality, and parasite taxon, as shown by a recent meta-analysis of sex-specific parasite prevalence across wild bird
species [23]. These considerations suggest that the sex-associated patterns observed in the present study, particularly
the higher intensity of egg excretion in positive females despite their lower prevalence, may reflect a combination of
physiological and ecological factors that were not directly measured here. An important feature of the present results
is the occurrence of multiple nematode genera within individual ducks. The individual records show that most infected
males harboured all three genera, whereas the positive females carried Ascaridia and Trichuris but not Trichostrongylus.
This pattern indicates that the detected infections were not restricted to single-genus infections. The co-occurrence of
several nematode genera may have epidemiological importance because it suggests simultaneous exposure to different
sources of contamination [4]. The present dataset also draws attention to the value of distinguishing between infection
frequency and nematode intensity. The overall prevalence of 13.75% describes the proportion of ducks harbouring at
least one detected genus, whereas the EPG values describe the level of egg excretion among positive individuals.
Consequently, a sex may exhibit a lower prevalence but a higher intensity among its positive individuals, as observed in
the present study for females. Reporting these two indicators separately provides a more accurate description of the
epidemiological pattern than using a single global mean, an approach that supports reporting prevalence and egg-
excretion intensity as complementary epidemiological measures [5]. The absence of statistically significant differences
in overall prevalence and total egg excretion should be interpreted in light of the limited sample size. Only 11 positive
ducks were available for intensity analyses, including seven males and four females. This small subgroup limits
statistical power and results in substantial uncertainty around measures of association. Overall, a relatively small
proportion of ducks were positive for at least one of the investigated gastrointestinal nematode types, a lower level of
infection than reported in several other poultry surveys in sub-Saharan Africa [4], broadly consistent with the
comparatively low pooled prevalence reported for free-ranging poultry in West Africa relative to other African
subregions [24] and with global estimates of gastrointestinal helminth infection in chickens [25]. Trichuris sp. was
detected in all positive ducks, whereas Trichostrongylus-compatible eggs showed the clearest sex-associated
distribution. Positive females had higher genus-specific egg-excretion intensities for Ascaridia sp. and Trichuris sp.,
despite their lower observed overall prevalence; total EPG did not differ significantly between sexes. Even low levels of
detectable egg excretion may be epidemiologically relevant because positive birds can contribute eggs to the
environment [2]. Routine coprological monitoring, with prevalence and egg-excretion intensity reported separately,
may therefore help characterise parasite occurrence in semi-intensive duck flocks.

5 CONCLUSION

This survey of 80 ducks kept under semi-intensive management at the CRE experimental farm detected gastrointestinal
nematode eggs in 13.75% of examined birds. Trichostrongylus-compatible eggs were detected only in males, whereas
positive females showed significantly higher egg-excretion intensities for Ascaridia sp. and Trichuris sp. than positive
males. Total egg excretion did not differ significantly between sexes. These findings indicate that prevalence and egg-
excretion intensity provide complementary information and should be reported separately. Larger, multi-flock studies
are needed to determine whether the observed sex-associated patterns are reproducible. The controlled husbandry
conditions at the farm therefore appear broadly effective at limiting parasite pressure, and the findings point to sex and
the distinction between prevalence and intensity as variables worth tracking in future parasitological monitoring of
duck flocks in Cote d'Ivoire, ideally with larger sample sizes to confirm the associations observed here.
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