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N Clinostomum species infestation of fish causes economic losses through
Received: 28 June 2026 mortality, reduced growth, and diminished marketability. Yet, epidemiological
data on these digenean parasites remains scarce in many developing countries.
This cross-sectional study assessed the prevalence and mean intensity of
Clinostomum spp. in farmed Oreochromis spp. across 23 earthen pond and 7
Corresponding Author cage farms in Wakiso and Mpigi districts, Central Uganda. A total of 286
tilapias (216 from ponds, 70 from cages; 259 Oreochromis niloticus, 27 O.
leucostictus; 224 males, 62 females) were sampled. The fish were examined for
presence of Clinostomum larvae (metacercariae) using standard parasitology
techniques in the laboratory at the College of Veterinary Medicine Animal
Keywords Resources and Biosecurity, Makerere University. Eighty-six encysted yellow
grubs were recovered in 9 pond fish from four farms in Mpigi District.
Morphological analysis revealed 84 C. cutaneum larvae from the skin, and two
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([Z)Iilsrtlﬁsct?mum C. complanqtum from a gill cavity. The overall prevalence was 3.?% W_ith a
Metacercariae mean intensity of 9.5. C. cutaneum was the most common species v_vlth a
Pond prevalence of 2.8%, mean intensity (_)f 9_.3 while mixed mfesfcatlon with C.
Tilapia spp. complanatum was at 0.4%. From the tilapia samples, O. leucostictus showed a

significantly higher (p < 0.05) prevalence and mean intensity of 11.1% and 23,
respectively compared to O. niloticus at 2.3% and 2.8, respectively. Female fish
Handling Editor had a higher prevalence and mean intensity of 4.9 % and 12.7, respectively
compared to the males at 2.7% and 3.3, respectively. However, these
differences were not statistically significant (p > 0.05). Clinostomum spp. are
therefore, prevalent in the study area, and appropriate control measures are
required, as well as molecular confirmation of the species and risk factors
associated with fish infestation.
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Introduction

Aquaculture is the fastest-growing food
production sector globally and plays a critical role
in enhancing food  security, nutrition,
employment, and livelihoods, particularly in
developing countries (FAO, 2024; Boyd et al.,
2020). Among cultured finfish, Nile tilapia
(Oreochromis niloticus) is one of the most
important species due to its rapid growth,
adaptability to diverse environmental conditions,
efficient feed conversion, and high consumer
acceptance (El-Sayed, 2019). Global expansion of
tilapia farming has been driven by increasing
demand for affordable animal protein and
declining yields from capture fisheries (FAO,
2024). However, intensification of aquaculture
production has been accompanied by increasing
disease challenges that threaten farm productivity,
profitability, and sustainability (Bondad-Reantaso
etal., 2023).

Fish diseases caused by parasites, bacteria,
viruses, and fungi are among the major constraints
to aquaculture development worldwide. Disease
outbreaks can result in reduced growth rates, poor
feed conversion efficiency, increased production
costs, mortality, reduced product quality, and
restrictions in fish trade (Subasinghe et al., 2001;
Bondad-Reantaso et al., 2023). Fish parasitic
infestations are particularly important because
they often occur unnoticed in the early stages, yet
can significantly compromise health and welfare
while reducing economic returns to farmers (Woo
and Buchmann, 2012). These challenges highlight
the importance of appropriate fish health
management and farm biosecurity practices in
maintaining fish  health, productivity, and
sustainable aquaculture production.

Among the parasites affecting cultured tilapia, are
digenean trematodes of the genus Clinostomum.
These are widely distributed in freshwater
ecosystems across Africa, Asia, Europe, and the
Americas (Caffara et al., 2014; Wang et al., 2017;
Hamouda and Younis, 2021). Clinostomum
species, commonly referred to as yellow grubs,
infest numerous freshwater fish species and are
considered important parasites of both wild and
cultured tilapia (Gustinelli et al., 2010; Aktop et
al., 2021). The genus comprises several species
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including C. complanatum, C. marginatum, C.
cutaneum, and C. phalacrocoracis (Caffara et al.,
2014).

Clinostomum spp. have a complex three-host life
cycle involving aquatic snails as first intermediate
hosts, fish or amphibians as second intermediate
hosts, and piscivorous birds or reptiles as
definitive hosts (Dias et al., 2003; Wang et al.,
2017). Fish become infested through exposure to
cercariae released by infested snails, resulting in
the development of encysted metacercariae in
tissues such as the skin, musculature, gills, buccal
cavity, and visceral organs (Gustinelli et al.,
2010). The metacercariae are visible to the naked
eye as characteristic yellow cysts, giving rise to
the common name “yellow grub disease” (Aktop
et al., 2021). The differences in metacercariae
(larvae) and adult flukes of Clinostomum can be
identified by their distinctive oral suckers,
gonadal arrangement and body shape among
others, through microscopy. Conclusive finds are
given by molecular techniques as species are very
similar morphologically (Caffara et al., 2014).

The significance of Clinostomum infestation
extends beyond fish  health. Encysted
metacercariae reduce the aesthetic quality and
market value of fish, often leading to product
rejection by consumers and processors (Sutili et
al., 2014; Menconi et al., 2020). Heavy infestion
may cause tissue damage, impaired growth,
reduced condition, and mortality, resulting in
economic losses to aquaculture enterprises
(Mutengu et al., 2018; Mahdy et al., 2024).
Furthermore, some Clinostomum species are
zoonotic and can infest humans following
consumption of raw or undercooked fish, causing
acute laryngopharyngitis and other clinical
manifestations that frequently require surgical
intervention (Hara et al., 2014; Menconi et al.,
2020). Consequently, Clinostomum infestations
are increasingly recognized as concerns for both
aquaculture production and food safety.

The occurrence and transmission of Clinostomum
spp. are influenced by a combination of
biological, environmental, and management
factors. These include fish age, host susceptibility,
water quality, seasonal variation, abundance of
snail intermediate hosts, presence of fish-eating
birds, aquatic vegetation, water source, stocking
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density, and culture system (Cedric and Neil,
2007; Florio et al., 2009; Murugami et al., 2018;
Waruiru et al., 2020). Production systems may
play a particularly important role, as earthen
ponds often provide suitable habitats for snails
and aquatic vegetation that facilitate parasite
transmission, whereas offshore cage systems may
reduce contact between fish and intermediate
hosts (Akoll et al., 2012b; Okechi et al., 2022).
Understanding how infestation patterns differ
between production systems is important for
designing effective biosecurity and disease
management strategies.

Despite the growing importance of fish health
management in aquaculture, information on
Clinostomum infestation in cultured tilapia
remains limited in many African countries. In
Uganda, previous studies have documented the
occurrence of fish parasites in both wild and
farmed fish populations (Florio et al., 2009; Akoll
etal., 2012a, d; Walakira et al., 2014), but data on
the epidemiology and production implications of
Clinostomum infestation in farmed tilapia remains
limited. In fact, no study in the country has given
specific attention to Clinostomum despite its
significance in aquaculture. Information such as
distribution, density and associated management
practices to this important parasite is necessary for
risk assessment, development of biosecurity
measures, and implementation of evidence-based
fish health management programs. This will lead
to reduced fish diseases thereby increasing
aquaculture output in the country and overall
productivity.

Therefore, this study evaluated the prevalence,
mean intensity, and species composition of
Clinostomum infestation in tilapia cultured under
pond and cage production systems in Wakiso and
Mpigi districts in Central Uganda. Small scale
aquaculture in these districts is mainly constrained
by fish predators including fish eating birds
(Hyuha et al.,2018). As noted earlier, fish eating
birds are final hosts for digenean helminths
making the area suitable for the study. The study
further assessed host-related factors associated
with the infestation and discusses the implications
of Clinostomum spp. for fish health management,
biosecurity, and sustainable tilapia aquaculture.
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Materials and Methods
Ethical Clearance and informed consent

Ethical clearance was sought from the
Institutional Animal Care and Use Committee of
the School of Veterinary Medicine and Animal
Resources at the College of Veterinary Medicine
Animal Resources and Biosecurity (COVAB),
Makerere University (SVAR_IACUC/189/2024).
Permission and administrative clearance to visit
study sites was sought from Wakiso and Mpigi
district fisheries offices, respectively. Consent to
undertake this study was also sought from
participating farmers.

Study area

The study was carried out in Mpigi and Wakiso
districts, two of the 31 districts identified by the
Ministry of Agriculture, Animal Industry and
Fisheries as suitable for aquaculture development
based on social-economic factors such as location
around major water bodies and availability of fish
markets (FAO, 2023). These districts are located
at 38.7 km and 15.9 km respectively from
Kampala capital city in Central region of Uganda
in the Lake Victoria crescent (Fig. 1).

Study design and sample size

A cross-sectional study was undertaken between
December 2023 and January 2024 to determine
prevalence and mean intensity of Clinostomum
spp. infestation in farmed tilapia species in
Wakiso and Mpigi districts, Central Uganda. In
Wakiso District, 9 ponds were selected from sub
counties of: Mende (2), Wakiso (1), Kakiri (1),
Masuulita (3), and Kyengera Town Council (2),
while, 7 cages were selected from Katabi Town
Council. In Mpigi district, 14 ponds were selected
from subcounties of Mutubagumu (1), Maziba (1),
Kamengo (2), Muduuma (3), Kiringaente (3), and
Mpigi Town Council (4). Making a total of 30
farms: 23 earthen pond and 7 cage farms.

Selection of subcounties and farms was done
through a multistage sampling technique and was
based on availability of active ponds stocked with
tilapia and willingness of farmers to participate in
the study. Fish sample size was calculated using
the formulan = Z2P (1- P)/L?, (Naing et al., 2006),
where n was defined as sample size, Z at 95%
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confidence = 1.96, P as prevalence of disease =
22.9% based on previous studies (Akoll et al.,
2012c¢), L as expected error = 0.05. Sample size
=1.962x0.229 (1-0.229)/0.052 = 272. This total
was increased by 10% (28) to make a total of 300
to ensure collection of equal numbers of fish per
farm. A total of 10 fish were collected per farm

from one random culture facility. The fish ranged
between 8 to 300 grams. The sampled fish were
subjected to standard parasitological examination
with qualitative and quantitative approaches being
used during the data collection process.

Legend

® Study sites
[ Lakes
[[7] Wakiso District
[ Mpigi District

Figure 1. Map of the study area showing Wakiso and Mpigi districts and sampling points along the Lake Victoria basin
(generated from GPS coordinates of study farms during field sampling)

Fish sampling, morphometrics and

identification of Clinostomum species

Fish samples were harvested randomly from
selected ponds using seine nets and scoop nets for
cages regardless of health status. The sampled fish
were then transported alive using oxygenated bags
filled with water from the same culture facility in
which fish were collected for a period of 1-3
hours, to the Parasitology laboratory at the
College of Veterinary Medicine, Animal
Resources and Biosecurity (COVAB), Makerere
University for further processing. Collected fish
were euthanized by a single sharp blow on the
head, followed by pithing to separate the brain
stem from the spinal cord. Measurements of
weight in grams (g) and total length in centimeters
(cm) were taken using an electronic balance
(Model: Y-187) and ruler, respectively. The fish
were classified to species level of tilapia using
morphological traits as described by Mwanja et al.
(2017) and Noélla et al. (2021). This was followed
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by macroscopic examination of the skin and fins
for the presence of Clinostomum metacercariae
lesions (Noga, 2010). For infested fish, location
and number of cysts were recorded as well as any
other anomalies. Fish were then dissected using
standard necropsy procedures (Noga, 2010;
Roberts, 2012). The organs were grossly
observed in-situ to check for yellow grubs then
removed for further examination and also to
expose the abdominal cavity for the same. Sex of
fish was established using gonadal features and
recorded. The gills were removed to observe the
gill cavity for metacercariae. Internal anomalies
observed were recorded. The yellow grubs were
picked from skin tissue and gill cavity using a pair
of sharp tweezers and placed into petri dishes.
They were excysted by breaking the cyst wall with
a fine needle to carefully retrieve the
metacercariae. Recovered metacercariae were
washed in physiological saline and then fixed in
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70% ethanol for microscopic identification as
described by Menconi et al. (2020).

The metacercariae (15 from skin, 2 from gill
cavity) were placed on clean glass slides, stained
with 2 drops of freshly prepared aceto-carmine for
15 minutes, and then cleared in Amman’s
lactophenol until internal structures became
visible under a Zeiss Stemi 325 light microscope
at 10x (Caffara et al., 2011; Henedi and El-Azazy,
2013). The microscope was fitted with a Zeiss
Axiocam 208 color camera to capture images,
which were subsequently analyzed using Zen 3.2
software to obtain morphometric measurements in
micrometers following Matthews and Cribb
(1998). The identification and characterization of
the trematodes was done using morphological
features as described by others (Gustinelli et al.,
2010; Caffara et al, 2011; 2014; 2017).
Clinostomum cutaneum was distinguished by its
characteristic Y-shaped uterus, and a distinct large
laterally extending intestinal caeca. In contrast, C.

complanatum was characterized by a more robust,
elongated body, and a distinct testicular
arrangement with a Y shaped posterior testis
(Gustinelli et al., 2010; Caffara et al., 2011).
Training, random selection of specimens,
independent multiple observers, and strict
adherence to the protocol were used to reduce bias
during microscopic identification.

Data analysis

All data collected was organized in Microsoft
excel 2016 and imported into R software version
4.3.3 (R Core Team, 2024), and IBM SPSS
Version 20 for analysis at 0.05 level of
significance. Frequencies, percentages, mean,
standard deviation and graphs were designed to
summarize and visualize the data. The prevalence,
and mean intensity of the parasite infestation were
determined as described by Margolis et al. (1982)
and Bush et al. (1997), using the following
formulas:

Number of fish infested with parasites

x 100 and

Prevalence (P) =

Total number of fish examined

Total count of a specific parasite

Mean intensity =

Number of fish infested with that parasite

The parasitological variables of prevalence and
mean intensity between districts, fish sex and
culture facilities were compared using non-
parametric tests specifically: Fischer’s exact test
for prevalence and Kruskal non-parametric test for
mean intensity.

The condition factor was calculated from the

measured biometrics using Fulton’s condition
factor K (Datta et al., 2013).

100 x W
K==
Where W is weight (g) and L is the total length

(cm) and multiplied by 100 to bring the value to a
unit.

Results
Key post mortem findings

All the fish were apparently health with no signs
of sluggishness or unusual swimming at sampling.
The fish examined during the study showed
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several internal and external gross pathological
lesions. Among pond-cultured fish, the observed
lesions included pale spleen and liver,
hemorrhagic liver, fat deposits in the abdominal
cavity, pale gills, a fluid-filled abdominal cavity,
black spots on the fins, and visible yellow grubs
encysted in the skin. In caged fish, the most
frequently observed findings were enlarged
spleens, pale livers, pale gills, and fat deposits in
the abdominal cavity. Clinostomum spp.
infestation was specifically characterized by
visible yellow grub-like metacercarial cysts on the
skin and in the gill cavity, seen nakedly (Figs. 2
and 3).

Prevalence of Clinostomum infestation in the
fish samples

Nine fish (3.2%) out of the 286 fish examined,
were infested with Clinostomum spp. in the skin
and gill cavities. Clinostomum spp. larvae were
found in fish of four farms with a prevalence of
13.3% (n=30).
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Figure 3. Clinostomum metacercariae (C) in the gill cavity (black arrow) while, D shows encysted (black arrow) and excysted

metacercariae (red arrows) in a petri dish

Morphological analysis of the parasite
microscopic images revealed two different
Clinostomum spp. metacercariae (Fig. 4). These
were C. cutaneum, from the skin, according to the
distinct Y-shaped uterus. The mean body length
was  5558um, standard deviation (SD)
1186.02um. Mean body width was 2079um, (SD,
404.12um). The two metacercariae from the gill
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cavity had a mean body length of 5514um (SD,
274.7um) and, mean body width of 2058um (SD,
353.3um). These were identified as C.
complanatum basing on testicular arrangement
and the posterior testis exhibiting a Y-like shape.
C. cutaneum was found in all positive cases
(100%) while, one fish (0.4%) had mixed
infestation of C. cutaneum and C. complanatum.
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Figure 4. Clinostomum cutaneum recovered from the skin (C), U is the Y shaped uterus and D is C. complanatum from the gill
cavity, PS is the posterior testis with a distinct Y shape. Scale-bar: 500um

The infested fish were from ponds in Mpigi
District with no Clinostomum spp. infested fish in
cages and in Wakiso District. Females had a
higher infestation rate of 4.9% compared to male
fish (2.7%), however, this had no statistical
significance (p>0.05). Fish species comparison
revealed that O. leucostictus had a higher

infestation rate of 11.1% compared to 2.3% for O.
niloticus. The prevalence of Clinostomum spp.
infestation differed significantly between districts
and tilapia species (p<0.05). The majority of the
sampled fish had excellent body condition (k >1)
but those in good body condition had a higher
infestation rate of 3.4% with no statistical
significance (p>0.05) (Table 1).

Table 1. Prevalence of Clinostomum spp. infestation of farmed tilapia in Mpigi and Wakiso districts, Central Uganda

Variable Infested fish Prevalence (%) P value
District 0.001
Mpigi (n=134) 9 6.7
Wakiso (n=152) 0 0
Culture facility 0.119
Pond (n=216) 9 4.2
Cage (n=70) 0 0
Sex 0.413
Male (n=224) 6 2.7
Female (n=62) 3 4.9
Tilapia spp. 0.043
Oreochromis niloticus (n=259) 6 2.3
Oreochromis leucostictus (n=27) 3 11.1
K value 1.000
Excellent (n=215) 7 3.3
Good (n=59) 2 34
Fair (n=10) 0
Poor (n=0) 0
Extremely poor (n=2) 0
Clinostomum species
C. cutaneum 8 2.8
C. cutaneum + C. complanatum 1 0.4

*N =286 Total tilapia
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Mean intensity

A total of 86 Clinostomum spp. metacercariae
were recovered, 84 from the skin, while 2 were
found in the gill cavity. Counts per fish ranged
from 1 to 64 with overall mean intensity of 9.5.
Between parasite species examined, C. cutaneum
had a higher intensity of 9.3. Male tilapia had a

No. of infested fish

Female
Male

C. complanatum e

C. cutaneum

O. leucostictus

Variables

O. niloticus .
Excellent

Good R

0 5

higher mean intensity of 12.5, while fish in
excellent body condition had a higher mean
intensity of 12. These variables were not
statistically significant (p>0.05). As shown in Fig.
5, O. leucostictus had a higher mean intensity of
23 between tilapia species, and this was
statistically significant (p<0.05).

B Mean Intensity

10 15
Mean Intensity

No. of infested fish

Figure 5. Mean intensity and number of Oreochromis spp. infested with Clinostomum spp. in Mpigi District, Central Uganda

Discussion
Prevalence

The study found a Clinostomum spp. prevalence
of 3.2%, similar to that of Waruiru et al. (2020) of
3.1% in Kirinyaga County, Kenya. The two differ,
however, in season: Waruiru’s was done during
the dry season, whereas this study was conducted
during the wet season. Florio et al. (2009) reported
a 11.6% prevalence of Clinostomum spp. in wild
tilapia in Uganda’s Lake Victoria basin. The much
lower prevalence in the current study may be due
to the sampling done during rainy season, since
Clinostomum tends to be more common in dry
seasons (Arguedas et al., 2017; Rizvi et al., 2020),
when warmer temperatures boost egg-hatching,
cercariae development, and snail activity. For
clarity, longitudinal studies in Mpigi and Wakiso,
Central Uganda, are recommended.

Clinostomum spp. prevalence in Mpigi district
was 6.7%, significantly higher than in Wakiso
district, which recorded 0%. This difference
suggests a significant variation likely due to
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differing farm practices. In Mpigi district, poor
management and surrounding activities may have
led to organic matter buildup, promoting parasite
development and supporting aquatic vegetation
that attracts snails and piscivorous birds, key to
the parasite's life cycle (Wang et al., 2017;
Murugami et al., 2018; Ageng’o et al., 2024).
Additionally, this district had more farms located
in swampy areas (23.4% vs. 6.7%), which favor
snail populations, the parasite’s intermediate hosts
(De Souza et al., 2020).

In this study, C. cutaneum was the most prevalent
species (2.8%), while mixed infestation with C.
complanatum was rare (0.4%). This is slightly
lower than the 3.1% prevalence of C. cutaneum
reported by Waruiru et al. (2020) in Kenya,
supporting its status as the dominant and possibly
endemic species in Africa (Hamouda and Younis,
2021). The low occurrence of mixed infestation
suggests that C. cutaneum may have a stronger
affinity or survival advantage in tilapia.
Identification relied solely on morphological traits
(Gustinelli et al., 2010; Caffara et al.,, 2011;
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Mahdy et al., 2024), which may be unreliable due
to the close similarity between species. Studies
recommend combining morphological with
molecular  methods for more  accurate
identification (Li et al., 2018; Hamouda and
Younis, 2021).

Clinostomum spp. prevalence for this study was
4.2% in ponds and 0% in cages, consistent with
Florio et al. (2009) who also reported 0% in
Ugandan cages. However, the same study
recorded 6% prevalence in caged fish and 13% in
pond fish from Kenya, higher than the current
study. These findings suggest that ponds favor
Clinostomum spp. transmission more than cages,
although no significant difference was found
(p=0.119). The 0% cage prevalence may be due to
less suitable conditions for the parasite, as shown
in Okechi et al. (2022), who found that cages in
well flushed areas had low vegetation and snail
populations. Akoll et al. (2012b) also noted that
deep water cage sites disrupt parasite transmission
via strong currents. Similarly in this study, cages
were located 407.1 meters offshore. In contrast,
ponds provide favorable environments with
sediments and vegetation supporting snail hosts
and parasite development (Murugami et al.,
2018).

The prevalence of Clinostomum spp. was
significantly higher in O. leucostictus (11.1%)
than in O. niloticus (2.3%) (p=0.043), aligning
with Waruiru et al. (2020) who also reported low
C. cutaneum prevalence in Nile tilapia. The
significant p-value suggests a difference in
susceptibility or exposure between the species.
Similar to findings by Bradbeer et al. (2019) and
Champneys et al. (2021), that O. niloticus tends to
dominate due to its aggressive behavior,
displacing other species and potentially reducing
their own risk of parasitism. The higher infestation
in O. leucostictus may be due to possible wild
origins, of infested fish into the ponds with no
sieves at water inlets. This highlights the need for
better farm biosecurity in Uganda, as also
recommended by Opiyo et al. (2018) based on
findings in Kenya.

The study found out that tilapia in excellent and
good body conditions had prevalence rates of
3.3% and 3.4% respectively. This suggests that
body condition, an indicator for fish health, may
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not strongly influence Clinostomum spp.
infestation in this population. This finding is
consistent with Mutengu et al. (2018), who also
found a slight difference in condition factor
between infested and non-infested O.
mossambicus in Zimbabwe.

Mean intensity

The overall mean intensity of Clinostomum spp. in
farmed tilapia was 9.5, ranging from 1 to 64
parasites per infested fish. This is similar to the
findings of Murugami et al. (2018), who reported
a range of 1 to 48 in farmed tilapia in Kirinyaga
County, Kenya. However, it was higher than
values reported by Florio et al. (2009) in wild
Ugandan tilapia and Mathenge (2010) in both
farmed and wild tilapia in Kenya. These
differences suggest that parasite intensity varies
across studies, likely due to environmental or
management factors. Among the species, C.
cutaneum had a higher mean intensity of 9.3
compared to C. complanatum (2), indicating
possible species-specific variation influenced by
environmental or biological conditions.

Male fish showed a higher mean intensity of
Clinostomum spp. of 12.9 than females (3.3),
although the difference was not statistically
significant. This partly contradicts with the reports
of Murugami et al. (2018) and Mutengu et al.
(2018), who found that females had higher
intensity than males, but as well reported no
significant sex-differences. The absence of
statistical significance implies that sex may not be
a strong factor in parasite infestation in this case.
However, the trend towards higher intensity in
males could call for a further study. For instance,
male breeding behaviour such as digging
crater-like nests and defending territories may
increase exposure to parasite cercariae (Fessehaye
et al., 2006).

Fish in excellent body condition had a much
higher mean parasite intensity of 12 than those in
good condition (1), although the difference was
not significant (p=0.939). This counters the
expectation that better conditioned fish have fewer
parasites, implying other factors like immune
function or environmental exposure are
influencing the infection. Aloo (2002) found that
Tilapia zillii and O. leucostictus from Lake
Naivasha often carried heavy helminth infestation
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yet maintained excellent or good body condition.
This suggests a complex equilibrium among
environment, parasites, and host, in which
infestation does not necessarily harm the fish
(Wei, 2024).

Species-specific differences were observed in
tilapia: the mean intensity of O. leucostictus
infection by Clinostomum spp. was much higher
at 23 than in O. niloticus (2.8), with p=0.011.
This suggests O. leucostictus is more susceptible
to Clinostomum spp. infestation, possibly due to
differences in habitat use, feeding behaviour or
genetic susceptibility. Although there is limited
literature specifically on O. leucostictus, as most
studies of Clinostomum spp. infestation focused
on Nile tilapia, which is also the main species
cultured in Uganda from certified hatcheries
(Hyuhaetal., 2018). O. leucostictus likely entered
aquaculture via wild stock: all ponds (100 %) had
unscreened inlets, and the species was more
common on farms sourcing fingerlings from
uncertified farms. This agrees with the study of
Bondad-Reantaso et al. (2005) on the risks posed
by transboundary pathogens and unregulated
water sources in fish culture systems.

Implications for Tilapia Production

The present study recorded a relatively low
prevalence (3.2%) of Clinostomum spp.
infestation in farmed tilapia, which is comparable
to the 3.1% reported in farmed tilapia from
Kirinyaga County, Kenya (Waruiru et al., 2020).
Despite the low prevalence, infested fish carried a
relatively high parasite burden, with an overall
mean intensity of 9.5 and individual infestation
ranging from 1 to 64 metacercariae. Similar
infestation intensities have been reported in
farmed tilapia in Kenya (Murugami et al., 2018),
suggesting that even where prevalence is low,
individual fish may harbour substantial numbers
of parasites.

From a production perspective, Clinostomum
infestation of fish is important because
metacercariae encyst in the skin, musculature, gill
cavity and other tissues, forming visible yellow
grubs that reduce the aesthetic quality of fish
(Gustinelli et al., 2010). Such fish are less
attractive to consumers and may be downgraded
or rejected during marketing and processing,
thereby reducing farm profitability (Sutili et al.,
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2014; Menconi et al., 2020). Heavy infestation has
also been associated with tissue damage, impaired
physiological function, reduced growth rates and
increased susceptibility to secondary infections
(Mutengu et al., 2018; Mahdy et al., 2024).
Although growth performance was not assessed in
the current study, the observed parasite burdens
indicate a potential risk of reduced production
efficiency in affected farms.

The significantly higher prevalence (11.1%) and
mean intensity (23) observed in Oreochromis
leucostictus compared with O. niloticus (2.3% and
2.8, respectively) suggests species-specific
differences in susceptibility or exposure. Similar
observations have been made for other fish
parasites where behavioural and ecological
characteristics influence host exposure (Bradbeer
et al., 2019; Champneys et al., 2021). In the
present study, O. leucostictus was more frequently
encountered in farms that sourced fingerlings
from uncertified sources, suggesting that
introduction of wild fish may contribute to
parasite transmission. The findings therefore
highlight the importance of fish health monitoring
and stock quality assurance in commercial tilapia
production systems. Furthermore, fish diseases
and parasites are increasingly recognized as major
constraints to aquaculture profitability worldwide
because they reduce productivity, increase
production costs, and lower product quality (Woo
and Buchmann, 2012; El-Sayed, 2019).

Pond Versus Cage Production Systems

A notable finding of this study was that all
infested fish originated from earthen ponds, while
no Clinostomum infestation was detected in cage
cultured fish. Although the difference was not
statistically significant (p = 0.119), the pattern is
consistent with previous studies in East Africa
showing higher helminth burdens in pond systems
than in cage culture systems (Florio et al., 2009;
Akoll et al., 2012b).

The observed differences can be explained by the
ecology of the parasite. Clinostomum spp. require
aquatic snails as first intermediate hosts and
piscivorous birds as definitive hosts (Wang et al.,
2017). Earthen ponds provide ideal conditions for
both components of the life cycle because they
contain sediments, shallow water zones and
aquatic vegetation that support snail populations
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and facilitate parasite development (Murugami et
al., 2018; De Souza et al., 2020). Additionally,
ponds situated near wetlands and swampy areas,
as observed in Mpigi district, are more likely to
attract fish-eating birds which continuously
introduce parasite eggs into production systems
(Murugami et al., 2017).

In contrast, cage systems are often located in
deeper open waters where snail populations are
limited and aquatic vegetation is sparse (Okechi et
al., 2022). The cages examined in the present
study were positioned approximately 407 metres
offshore, reducing contact between cultured fish
and intermediate hosts. Water movement and
flushing in open-water cage systems may also
reduce the likelihood of successful transmission of
cercariae to fish hosts (Akoll et al., 2012b).
Similar findings have been reported elsewhere,
where offshore cage culture was associated with
lower parasite prevalence than pond-based
systems (Florio et al., 2009).

These findings have practical implications for
farmers globally. While pond culture remains one
of the most widely adopted and cost-effective
tilapia production systems, it may also present a
higher risk of parasite transmission because it
supports the complete life cycle of Clinostomum
spp. Farmers operating pond systems should
therefore adopt additional health management
measures to reduce infestation pressure.
Production system design is increasingly
recognized as a critical factor influencing disease
risk, fish welfare and aquaculture sustainability
(Boyd et al., 2020; Bondad-Reantaso et al., 2023).

Biosecurity Implications

The occurrence of Clinostomum spp. in pond-
cultured tilapia highlights the importance of
biosecurity in preventing parasite introduction and
transmission. The significantly higher infestation
levels observed in O. leucostictus suggest that
movement of fish from wild populations or
uncertified hatcheries may contribute to parasite
dissemination. This observation is supported by
Bondad-Reantaso et al. (2005), who identified
movement of fish and water as important
pathways for pathogen introduction into
aquaculture systems.

Several practical biosecurity interventions can be
implemented to reduce the risk of Clinostomum
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infestation of fish. First, screening pond inlets and
outlets using fine-mesh filters can prevent the
entry of infested wild fish and snail intermediate
hosts. Second, sourcing fingerlings exclusively
from certified hatcheries can reduce the
introduction of infested stocks. Third, regular
pond drying and sediment removal between
production cycles can interrupt parasite
development and reduce snail abundance. Fourth,
management of aquatic vegetation around ponds
can minimize habitats suitable for snail hosts.
Finally, bird deterrent measures such as netting,
overhead lines or scare devices may help reduce
contamination by piscivorous birds that serve as
definitive hosts.

The importance of these measures is reinforced by
the observation that all ponds sampled in the study
had unscreened water inlets. Similar biosecurity
gaps have been reported in East African
aquaculture systems and are considered major risk
factors for disease transmission (Opiyo et al.,
2018). Implementation of integrated biosecurity
programs has been shown to improve fish health,
reduce disease outbreaks and enhance farm
productivity (Bondad-Reantaso et al., 2023,
Subasinghe et al., 2001).

Public Health Considerations

Beyond their effects on aquaculture production,
Clinostomum species are of public health
importance because some species, particularly
Clinostomum complanatum, are zoonotic (Hara et
al., 2014; Menconi et al., 2020). In the present
study, C. complanatum was detected in one fish
together with C. cutaneum, confirming the
presence of a species capable of infesting humans.
Human infestation occurs following consumption
of raw or undercooked fish containing viable
metacercariae  and may result in acute
laryngopharyngitis  requiring endoscopic  or
surgical removal of the parasite (Hara et al., 2014;
Menconi et al., 2020).

Although the prevalence of infestation was low,
the occurrence of visible metacercariae in market-
sized fish highlights the importance of food safety
monitoring within the aquaculture value chain.
Fish inspection during harvesting, processing and
marketing can help identify heavily infested fish
and prevent their entry into consumer markets.
Farmers and fish traders should therefore be
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trained to recognize yellow grub lesions and
report unusual infestations to fisheries and
veterinary authorities.

Consumer education is equally important,
particularly in areas where fish may be consumed
raw or inadequately cooked. Proper cooking
effectively destroys metacercariae and eliminates
the risk of transmission to humans. As aquaculture
production continues to expand globally,
integration of fish health management with food
safety programs will be increasingly important for
protecting consumer health and maintaining
confidence in aquaculture products (FAO, 2024;
Bondad-Reantaso et al., 2023).

Conclusions and Management
Recommendations

This study demonstrated that Clinostomum spp.
occur in farmed tilapia in Central Uganda, with an
overall prevalence of 3.2% and a mean intensity
of 9.5 parasites per infested fish. Two species,
Clinostomum cutaneum and  Clinostomum
complanatum, were identified, with C. cutaneum
being the dominant species. Infestation was
detected exclusively in pond-cultured fish, but not
in cage-cultured fish. Furthermore, Oreochromis
leucostictus  exhibited  significantly  higher
prevalence and mean intensity than O. niloticus,
indicating possible differences in susceptibility or
exposure to infestation.

Although the prevalence was relatively low, the
parasite burdens observed in infested fish may
negatively affect fish quality, marketability, and
farm profitability. The occurrence of infestation
only in pond systems suggests that production-
system characteristics, particularly the presence of
aquatic vegetation, snail intermediate hosts, and
fish-eating birds, play an important role in parasite
transmission.

From an aquaculture management perspective,
farmers should adopt integrated biosecurity
measures to reduce infestation risks. These
include screening water inlets and outlets to
prevent entry of infected wild fish and snails,
routine  monitoring and control of snail
populations, management of aquatic vegetation,
periodic pond drying and sediment removal
between production cycles, implementation of
bird-deterrent measures, and sourcing fingerlings
from certified hatcheries. Regular fish health
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surveillance and inspection of harvested fish
should also be incorporated into farm
management programs to enable early detection
and control of infestation.

For policymakers and extension agencies,
strengthening farmer training on fish health
management, biosecurity, and  parasite
surveillance is essential. Development of national
aquatic animal health monitoring programs and
biosecurity guidelines for pond-based aquaculture
systems would support disease prevention and
improve the sustainability of the sector. Given the
zoonotic potential of Clinostomum spp., public
awareness on proper handling, inspection, and
cooking of fish should also be promoted as part of
food safety initiatives.
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