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ABSTRACT 2222 0O

caos=93 X4
Physalopterid nematodes are common gastric parasites of carnivorous mammals, yet their diversity, host gﬁ 2 2 o)
associations, and evolutionary relationships in African wildlife remain poorly understood. The present study aimed 3 & =8 =
to investigate the adult Physaloptera specimens recovered from African lions (Panthera leo) in the Serengeti <. z%j =z jZ>
National Park in the Mara region, Tanzania, using morphological and molecular techniques. Seven non-captive lions 3 £ =& —
comprising three males and four females were opportunistically necropsied between 2023 and 2025. The sampled & & e o>
lions included two subadults (4-5 years), three prime adults (6-9 years), and two older individuals (10-14 years). A |, o N = 0
total of 157 adult spirurid nematodes were recovered from three infected hosts with infection intensities ranging = § SN
from 48 to 57 worms per host. Morphometric characterizations, such as cephalic collarette structures, marked < > 0
unequal spicules, well-developed caudal alae in males, and an anterior positioned vulva in females, together with E

typical eggs, were consistent with Physaloptera praeputialis. Nuclear 18S rRNA sequences showed high similarity
of 98-99.5% to P. praeputialis reference sequences. In contrast, mitochondrial cytochrome c oxidase subunit |
(Cox1) sequences formed a distinct lineage, exhibiting approximately 12% divergence from available P. praeputialis
sequences retrieved from the GenBank database at the time of analysis. A molecularly characterized record of
adult Physaloptera from an African lion in Tanzania is presented, revealing previously unrecognized genetic
diversity among African physalopterids. Findings highlight the role of apex predators as indicator hosts in trophic
parasite transmission and emphasize the importance of multilocus approaches for resolving spirurid taxonomy,
parasite biogeography, and host—parasite associations in wildlife ecosystems.

Keywords: African lion, Molecular characterization, Parasitic nematode, Phylogenetic, Serengeti ecosystem
INTRODUCTION

The genus Physaloptera Rudolphi, 1819 (Nematoda: Spirurida: Superfamily Physalopteridae) comprises gastric
parasitic nematodes infecting a broad range of vertebrate hosts, including mammals, birds, reptiles, and amphibians
(Mohamadain and Ammar, 2012). Members of the genus Physaloptera are prevalent in carnivorous mammals, where
adult worms inhabit the stomach and attach firmly to the gastric mucosa using a well-developed cephalic collarette and
paired pseudolabia (Maharana et al., 2021). Several species, including Physaloptera rara, P. felidis, P. maxillaris, P.
canis, P. dilatata, P. tumefaciens, and P. praeputialis, have been reported from domestic to wild carnivores across Asia,
North America, and Europe (Faria et al., 2019; et al., 2023; Macedo et al., 2023).

Physaloptera species exhibit an indirect life cycle involving orthopteran and coleopteran insects, particularly
cockroaches, beetles, crickets, and grasshoppers, as intermediate hosts in which infective third-stage larvae develop
(Naem S and Asadi, 2013). Rodents, reptiles, amphibians, and birds may serve as paratenic hosts (Kalyanasundaram et
al., 2018). Carnivores acquire infection primarily through predation or accidental ingestion of infected intermediate or
paratenic hosts (Maharana et al., 2021). Adult Physaloptera worms embed in the gastric mucosa of carnivorous
definitive hosts and feed on host tissues and blood, often causing focal erosions, hemorrhages, and chronic gastritis
(Alves et al., 2022).

Physaloptera infections in carnivorous definitive hosts, particularly domestic dogs and cats and occasionally wild
carnivores, have been associated with vomiting, anorexia, weight loss, anemia, and, in severe cases, gastric ulceration
and chronic gastritis (Alves et al., 2022; Chen et al., 2023). Despite the rarity of human infections, sporadic cases of
physalopteriasis have been reported, suggesting a limited but recognized zoonotic potential (Mohamadain and Ammar,
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2012). Species-level identification within Physaloptera remains challenging and has traditionally relied on
morphological features such as pseudolabia structure, the number and arrangement of male caudal papillae, spicules
morphology, vulvar position, and cuticular ornamentation (Soulsby, 1965). However, morphological characteristics of
Physaloptera species often overlap among congeners and may vary according to host species, developmental stage, or
preservation quality (Pereira et al., 2012). As a result, historical records lack sufficient diagnostic resolution, leading to
frequent misidentifications among closely related species (Chen et al., 2023).

In recent years, molecular approaches have been used in spirurid nematodes to clarify classical morphology and
improve taxonomic resolution (Chen et al., 2023). Nuclear ribosomal genes such as 18S rRNA, along with mitochondrial
markers, particularly cytochrome c oxidase subunit | (Cox1), have proven valuable for reconstructing phylogenetic
relationships, resolving cryptic diversity, and verifying species boundaries (Maharana et al., 2021; Chen et al., 2023).
However, molecular information for physalopterid nematodes remains sparse, and available reference sequences are
largely skewed towards isolates from domestic animals from Asia and Europe, with minimal representation from African
wildlife (Ferroglio et al., 2009; Maharana et al., 2021).

In Tanzania, Physaloptera praeputialis (P. praeputialis) has been reported only once based on a coprological study,
without genetic confirmation or morphological observation (Muller-Graf, 1995). To date, there are no published
integrative morphological and molecular characterizations of adult Physaloptera species from wildlife hosts in Tanzania,
despite the high diversity of carnivores and the ecological conditions favorable for trophic-transmitted parasites in the
Serengeti ecosystem. Large felids, including African lions (Panthera leo), are apex predators that frequently consume
insectivorous and small vertebrate prey that may act as paratenic hosts for Physaloptera spp. Apex predators represent
valuable sentinel hosts for investigating the diversity, transmission ecology, and population structure of trophically
transmitted helminths (Palomba et al., 2023). Identification of gastric nematodes in apex predators is essential for
understanding host—parasite associations, parasite diversity, and the epidemiology of infections in wildlife populations
(Moudgil et al., 2015). Characterizing these parasites contributes to improved knowledge of disease ecology and
provides baseline information for wildlife health monitoring and conservation. Therefore, the present study aimed to
provide the first integrative morphological and molecular characterization of adult Physaloptera specimens recovered
from the African lions in the Serengeti ecosystem of Tanzania.

MATERIALS AND METHODS

Ethical approval

The objectives and procedures of the present study, which is part of an ongoing project, were reviewed and
approved by the Joint Management Research Committee of the Tanzania Wildlife Research Institute. Additionally,
research permits were granted by the Commission for Science and Technology Tanzania (CST00001738-2025-2025-
01459). Field collections of Physalopterid nematodes were conducted in the Serengeti National Park, following the
necessary permissions to enter these protected areas. All nematodes were isolated exclusively from naturally dead
African lions encountered during the study.

Study area and specimen collection

The present study was conducted in the Central and Eastern Serengeti National Park within the Serengeti ecosystem
in northern Tanzania, between 2023 and 2025 (Figure 1). The area is characterized by semi-arid savannah with woodland
mosaics, dominated by open grasslands, acacia woodlands, and riverine vegetation, and supports a large, well-studied
population of African lions. The ecosystem experiences a bimodal rainfall pattern with annual precipitation ranging
approximately from 500 to 1,200 mm. Mean annual temperatures range from 20°C to 27°C, with daytime maxima often
exceeding 30°C during the dry season. Relative humidity varies seasonally, averaging about 40-60% during the dry
season and increasing to 65-80% during the wet season, particularly in riverine and grassland habitats (Sinclair et al.,
2015). These environmental conditions support diverse intermediate arthropod hosts and contribute to parasite
transmission dynamics within the ecosystem. Lion carcasses were found through routine wildlife health surveillance and
carcass monitoring programs jointly implemented by the Tanzania Wildlife Research Institute (TAWIRI) and Serengeti
National Park veterinary and research units.

Sampling was opportunistic and non-invasive; no lions were euthanized or intentionally sacrificed during sample
collection. A total of seven lion carcasses were recovered at different locations and time points within the study area. The
carcasses comprised 3 males and 4 females, collected between 2023 and 2025 (2 in 2023, 3 in 2024, and 2 in 2025). All
carcasses were classified as fresh to moderately decomposed within a post-mortem interval of < 48-72 hours based on
field assessment and were considered suitable for gastrointestinal parasitological examination. Age estimation was
conducted by trained wildlife veterinarians and carnivore specialists during post-mortem examination using established
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criteria based on dental eruption and wear patterns, combined with body condition assessment and cranial morphology
(Whitman et al., 2007). Two lions were classified as subadults, approximately 4-5 years, three as prime adults of 6-9
years, and two older adult lions of about 10-14 years. Three lions had been observed intermittently for 2-3 weeks prior to
death and showed signs of poor body condition, including marked emaciation and reduced mobility. However, no
definitive cause of morbidity could be established prior to death, and the observed clinical deterioration was considered
multifactorial and potentially associated with age-related decline, injury, social displacement, or underlying disease
processes.
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Figure 1. Location of the study sites in the Serengeti National Park within the Serengeti ecosystem, Tanzania

Necropsy and ecological observations

The isolation of nematodes was performed following standard gastrointestinal parasitological necropsy procedures
with minor modifications (Anderson, 2000; Wobeser, 2007). The abdominal cavity was opened using sterile dissection
tools, and the stomach and small intestine were removed sequentially to minimize cross-contamination between organs.
Careful separation of gastrointestinal compartments was maintained throughout the procedure to ensure accurate parasite
recovery and identification (Wobeser, 2007). The nematode worms were recovered using fine forceps, rinsed in 0.85%
physiological saline solution (Oxoid Ltd., United Kingdom), counted, and preserved in 70% ethanol (Sigma-Aldrich,
USA) for molecular studies and in 10% neutral buffered formalin (Sigma-Aldrich, USA) for subsequent morphological
examination, following standard helminth preservation protocols (Wobeser, 2007). During necropsy, stomach content
composition, parasite burden, gross pathological changes, and overall organ condition were recorded.

Coprological investigation

Fecal samples collected from the rectum were examined using the formalin ether concentration technique (Sato et
al., 2014; Khanna et al., 2018) with minor modifications. Briefly, approximately 10g of fecal sample was thoroughly
homogenized to ensure uniform distribution of parasite stages, after which 1g aliquots were transferred into 15 mL
conical-bottom polypropylene tubes (Falcon®, USA) containing 7 mL of 10% formalin. The reduced aliquot volume
was used to optimize sedimentation efficiency and microscopic clarity during concentration procedures. Subsequently, 3
mL of diethyl ether (Sigma-Aldrich, USA) was added, and the suspension was vigorously mixed for approximately one
minute with intermittent venting to release internal pressure. Samples were centrifuged at 500 x g for 10 minutes, after
which the supernatant layers were carefully decanted. The sediment was washed twice to improve preparation clarity and
then resuspended in 200 pL of formalin-saline. The remaining pellets were resuspended in 200 pL of formalin-saline.
Two slides per sample were prepared using 30 pL aliquots and examined systematically under a light microscope
(Olympus, Japan) at 100x and 400x magnification. Helminth eggs were identified based on morphological
characteristics using standard diagnostic keys (Sohn and Chai, 2024).

Morphological identification of Physaloptera species

Prior to morphological identification, recovered nematodes were gently rinsed in 0.85% physiological saline
solution (Oxoid Ltd., United Kingdom) to remove adherent debris and subsequently preserved in pre-heated 10%
buffered formalin (Sigma-Aldrich, USA). Specimens were cleared in lactophenol prepared from phenol crystals
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(C¢HsOH; Sigma-Aldrich, USA), glycerol (Merck KGaA, Germany), lactic acid (CH3;CHOHCOOH; Thermo Fisher
Scientific, USA), and distilled water in proportions of 20 g, 40 mL, 20 mL, and 20 mL, respectively, to enhance
visualization of diagnostic morphological structures (Rana et al., 2020). Morphological identification was performed
using a light microscope (Olympus, Japan) following established taxonomic keys (Anderson et al., 2009). Diagnostic
characters examined included cephalic collarette and pseudolabia, spicule length and morphology, arrangement of
pedunculate and sessile caudal papillae, and vulvar position and morphology in females. Representative specimens were
measured using calibrated ocular micrometry, and images were captured for documentation (Maggenti, 2020).

Molecular identification of Physaloptera species
PCR and DNA sequencing
Nine adult nematodes (three specimens per host) obtained from three representative lions were selected for

molecular analyses to assess species identity and intra-population genetic variation. Specimens were rinsed three times in
sterile phosphate-buffered saline (PBS) solution (Thermo Fisher Scientific, USA) to remove residual host material.
Worms were then mechanically homogenized in 180 uL ATL tissue lysis buffer (Qiagen, Germany) supplemented with
20 uL proteinase K (20 mg/mL) and incubated overnight at 56°C until complete tissue digestion. Genomic DNA was
extracted using the QlAamp DNA Mini Kit (Qiagen, USA) following the manufacturer’s protocol and eluted in 50 uL of
TE buffer composed of 10 mM Tris-HCIl and 1 mM EDTA at pH 8.0. DNA concentration and purity were quantified
using a UV-Vis spectrophotometer (NanoDrop Technologies, Thermo Fisher Scientific, USA), and DNA integrity was
confirmed by agarose gel electrophoresis. Partial fragments of the mitochondrial cytochrome ¢ oxidase subunit I (cox1)
gene and the nuclear small subunit ribosomal RNA (18S rRNA) gene were amplified using species-specific conserved
primers listed in Table 1. Polymerase chain reaction assays were performed in 25 pL reaction volumes containing 2.5 L
of 10x PCR buffer, 1.5 mM MgCl,, 0.2 mM of each deoxynucleotide triphosphate, 0.4 uM of each primer, 1 U Taq
DNA polymerase (Takara Bio Inc., Japan), and approximately 50 ng of genomic DNA template with nuclease-free water
added to the final volume. Thermal cycling conditions for both cox1 and 18S rRNA consisted of initial denaturation at
95°C for three minutes, followed by 35 cycles of denaturation at 95°C for 30 seconds, annealing at primer-specific
temperatures for 30 seconds, and extension at 72°C for 60 seconds, with a final extension step at 72°C for seven minutes.
Negative controls included a no-template control containing nuclease-free water instead of DNA and an extraction blank
processed alongside samples to monitor contamination. Polymerase chain reaction products were separated by
electrophoresis on 1.5% agarose gels in 1x TBE buffer at 100 V for 45 minutes, stained with ethidium bromide, and
visualized under UV illumination. Amplified products were purified prior to bidirectional Sanger sequencing.

Table 1. Primers of Cytochrome oxidase 1 and 18s ribosomal RNA used in the study

Target gene  Primer name  Primer sequence (5'—3’) Product length (bp)  Reference
Cophy F GGGCAGGATTAGGAGGTTCTG
1 2 Kal l., 201
Cox Cophy R AAGCCCCAGCCAAAACTGGAA 525 (Kalyanasundaram et al., 2018)
Physa F GCGAACGGCTCATTATAA
18srRNA Physa R AATTTCACCTCTCAGCA 745 (Maldonado et al., 2019)

DNA sequence analyses

DNA sequences of the mitochondrial cox1 and 18S rRNA genes were assembled and edited using Geneious R9.1
software (Biomatters Ltd., New Zealand) following standard sequence processing workflows (Kearse et al., 2012).
Consensus sequences were aligned using MUSCLE and trimmed to uniform lengths. Comparative Cox1 sequences were
retrieved from Genbank, including Physaloptera spp. WTL (LC596961), Physaloptera spp. SNM (MH752202),
Physaloptera spp. BRM (MW517846) and Physaloptera spp. haplotype D KG (OP589140), Onchocerca lupi
(JX080028), Dirdfilaria immitis (KT282097), Brugia malayi (0Q727412), and the outgroup was Gnathostoma turgidum
(KT894798) was selected as an outgroup based on its phylogenetic distance within Spirurida. For 18S rRNA analyses,
reference sequences included Physaloptera praeputialis (MW410927), Physaloptera retusa (KT894814), Physaloptera
turgida (MH748145), Physaloptera rara (MH938367), Physaloptera sibirica (0Q846902), Heliconema longissimum
voucher IPCAS N-862/2 (JF803949), Abbreviata antarctica (KX255660), Abbreviata hastaspicula (KX255661),
Dirofilaria immitis (OP811190), Brugia malayi (0Q727413), with Gnathostoma turgidum (Z96948) as the outgroup.

Phylogenetic analysis using the partial sequences of Cox1 and 18S RNA was evaluated by the most appropriate
nucleotide substitution model using the Bayesian Information Criterion in Molecular Evolution Genetics Analysis,
MEGA v11.0 (Tamura et al., 2021). Maximum-likelihood (ML) phylogenies were reconstructed in MEGA with 1,000
bootstrap replicates. Bayesian phylogenetic analyses were performed using BEAST v1.10.4 (Suchard et al., 2018), which
implements a Bayesian inference framework for evolutionary reconstruction. Population genetic indices, including

498



World Vet. J., 16(2): 495-507, 2026

number of haplotypes, haplotype diversity (Hd), nucleotide diversity (m), number of polymorphic sites, total mutations,
and mean pairwise nucleotide differences, were calculated using DnaSP v6.12.03 (Librado and Rozas, 2009).

RESULTS

Parasite burden and host infection intensity

A total of 157 adult spirurid nematodes were recovered from the stomachs of three infected African lions (Figure 2).
The remaining four lions examined during the study were negative for Physaloptera infection based on necropsy and
gastrointestinal inspection. Of the total parasite collection, 105 specimens were recovered from two infected hosts, a 9-
year-old female (n = 57) and a 12-year-old male (n = 48), while 52 worms were recovered from a third female lion
estimated to be approximately 10 years old. Both sexes exhibited a thick cuticle forming a posteriorly extended caudal
sheath (Figure 2). The anterior extremity bore a well-developed cephalic collarette with partially submerged pseudolabia
armed with flattened internal tooth-like projections and a single external conical tooth, a configuration characteristic of
the genus Physaloptera (Figure 3).

Morphometrics and key diagnostic features of male specimens

Male Physaloptera specimens measured 48.5-50.2 mm in length and 1.8-2.1 mm in maximum width (Table 2). The
muscular-glandular esophagus of male Physaloptera spp. was long and robust, measuring 6.8-7.1 mm, representing
approximately 14% of total body length. In male Physaloptera spp., the nerve ring, deirids, and excretory pore were
located at 1.1-1.4 mm, 1.2-1.4 mm, and 7.9-8.3 mm from the anterior extremity, respectively (Table 2). The posterior
end of male Physaloptera spp. bore prominent lateral alae forming a wing-like bursa structure (Figure 3). Spicules of
male Physaloptera spp. were markedly unequal and dissimilar; the left spicule was longer and lanceolate, measuring 1.5-
1.7 mm in length, while the right spicule was shorter and curved, measuring 1.1-1.3 mm, without terminal dilation. The
cloaca of male Physaloptera spp. was situated 0.9-1.2 mm from the posterior extremity (Figure 3).

Morphometrics and reproductive features of female Physaloptera species

Female Physaloptera spp. were larger than male worms, measuring 59.5-77.5 mm in length and 2.1-2.4 mm in width
(Table 3). The total esophageal length in female Physaloptera spp. was 8.5-9.3 mm. The vulva of female Physaloptera
spp. opened at 25.2-27.5 mm from the anterior extremity, corresponding to 34-42% of total body length. The anus of
female Physaloptera spp. was located 1.5-1.6 mm from the posterior extremity. Uteri of female Physaloptera spp. were
filled with numerous embryonated eggs morphologically identical to those recovered from fecal samples (Figure 4).
Coprological examination of Physaloptera infection in African lions revealed oval, thick-shelled larvated eggs
measuring 33-36 x 40-45 pm in all infected hosts.

Molecular identification of Physaloptera species and phylogenetic analysis

Partial fragments of the mitochondrial cytochrome ¢ oxidase subunit I (cox1, approximately 525 bp) and nuclear 18S
rRNA (approximately 748 bp) genes were successfully amplified from all nematode specimens selected for molecular
analysis and yielded clear single bands on 1.5% agarose gels (Figure 5). Sequencing was performed on representative
PCR-positive amplicons, and all obtained sequences were identical across specimens with no observed intraspecific
variation. Representative sequences were deposited in GenBank under accession numbers OR821828 (cox1) and
OR821831 (18S rRNA).

BLAST analysis confirmed that the Cox1 sequences belong to the genus Physaloptera. Pairwise sequence
similarities with available Physaloptera references ranged from 88% to 88.6% identity, with the highest similarity to P.
retusa (KT894803), P. mirandai (KP981418), and other Physaloptera isolates with accession numbers MW517846,
LC381943, and LC596961 (Figure 6). The alignment contained 141 polymorphic sites and 193 mutational events,
yielding 10 haplotypes with high haplotype diversity (Hd: 0.982 + 0.046). Phylogenetic reconstruction based on Cox1
sequences grouped the Tanzanian isolate within the Physalopteridae clade; however, as a distinct mitochondrial lineage,
separated from clusters corresponding to P. retusa and P. mirandai, and formed a sister lineage to reference sequences
identified as Physaloptera spp. (Figure 6).

The partial 18S rRNA sequence exhibited high similarity of 98.1-99.5% to multiple Physaloptera species, including
P. praeputialis (MW410927), P. rara (MH938367), P. sibirica (0Q846902), P. retusa (KT894814), and P. turgida
(MH748145). Pairwise divergence between the Tanzanian isolate and P. praeputialis from domestic cats in India was
0.5%. Across 15 aligned sequences, 51 polymorphic sites and 65 mutational events were detected, generating 14
haplotypes (Hd: 0.9905 £ 0.028; m: 0.0607). Phylogenetic inference based on 18S rRNA placed the Tanzanian isolate
within a well-supported Physaloptera clade, clustering closely with reference sequences of P. praeputialis (Figure 7).
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Table 2. Comparative morphometric features of male Physaloptera species recovered from different carnivore hosts, including specimens obtained from African lions in the Serengeti
ecosystem, Tanzania, between 2023 and 2025

Species P. torquata P. maxillaris P. rara P. praeputialis P. praeputialis P. praeputialis
Reference Morgan (1942) Morgan (1943) Ackert (1941) Linstow (1889) Linstow (1889) Current study
Host Taxidea taxus Mephitis mephitis felis domestica Felis catus Felids Panthera leo
Body length (mm) 20-23 20- 26 25-29 21 13-40 48.5 - 50.2
Maximum width (mm) 0.56 - 0.79 0.55-0.88 0.71-0.80 15 - 18-21
Esophagus length (mm) 34-41 3.1-53 47-53 -- -- 6.8-7.1
Nerve ring (mm) -- -- -- -- -- 1.1-14
Deirids (mm) -- -- -- -- -- 12-14
Excretory pore (mm) -- -- -- -- -- 79-83
Right spicule length (mm) 0.53-0.80 0.55-0.62 0.51-0.60 - 0.84-09 1.1-1.3
Left spicule length (mm) 0.604 - 0.854 0.84-0.99 0.67-0.83 -- 1-1.2 15-17
Tail length/ cloaca (mm) -- - - - - 09-12

Table 3. Comparative morphometric characteristics of female Physaloptera species recovered from different carnivore hosts, including specimens obtained from African lions in the
Serengeti ecosystem, Tanzania, between 2023 and 2025

Species P. torquata P. maxillaris P.rara P. praeputialis P. praeputialis
Reference Morgan (1942) Morgan (1943) Ackert (1941) Linstow (1889) Current study
Host Taxidea taxus Mephitis mephitis Felis domestica Felis catus Panthera leo
Body length (mm) 30-38 21-29 27-44 30 59.5-77.5
Maximum width (mm) 12-16 0.84-1.2 0.56-1.1 2 21-24
Esophagus length (mm) 34-41 43-6.1 6.6-7.8 -- 85-9.3
Muscular portion length (mm) -- -- -- -- 6.1-6.5
Glandular portion length (mm) - - - - 8.8-9.3
Nerve ring from the anterior extremity (mm) -- -- -- -- 08-1.0
Deirids (mm) -- -- -- -- 18-22
Excretory pore (mm) -- -- -- -- 8.9-97
Vulva opening (mm) 55-10.1 46-8.3 3.2-58 8 25.2-275
Tail length/ cloaca (mm) -- -- -- -- 15-16
Egg (um) 51-33 47 x 32 29-35 x 42-46 33-55 32.5-35.5 x 40-45
500
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Figure 2. Adult Physaloptera praeputialis recovered from African lions (Panthera leo) in the Serengeti ecosystem, Tanzania, between
2023 and 2025. A: Freshly recovered specimens of P. praeputialis immediately after collection from the host are maintained in a collection container
prior to processing. B: Additional adult specimens separated during initial handling. C: Posterior end of adult male showing the caudal bursa with
lateral alae (wing-like structures). D: Female specimen showing brown cement-like material adherent to the cuticle (black arrow). E: Specimens were
transferred to a Petri dish for cleaning and detailed morphological examination, showing improved visibility of diagnostic structures compared with the
initial collection state.

Figure 3. Morphological features of male Physaloptera praeputialis recovered from African lions (Panthera leo) in the Serengeti

ecosystem, Tanzania, between 2023 and 2025. A: Ventral view of posterior region showing alae (a), cloaca (cl), right spicule (arrow), and left
spicule (arrowheads). B and C: Ventral view of posterior extremity showing pedunculate papillae (arrows) and sessile papillae (arrowheads). D:
Anterior extremity showing pseudolabia (PL), glandular pharynx (gph), cuticular expansion (ce), deirid (D), and nerve ring (Nr). E: Cephalic region
showing cephalic papillae (cp), amphids (a), cephalic collar (cc), muscular pharynx (mph), and internal tooth (asterisk). Scale bars: 200 um (A-D, F-
G); 100 um (E).
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Tanzania, between 2023 and 2025. A: Uterus (ut) and vaginal duct (arrows). B: Anterior region of female showing the excretory duct (ed) and
pharyngeal-gastric valve (pg). C: Posterior end of adult female showing the anus and anal pouch (asterisk). D: Larvated egg recovered from fecal
sample (x40 magnification).

Figure 5. Agarose gel electrophoresis (1.5%) showing PCR amplification of mitochondrial cox1l and nuclear 18S rRNA genes of
Physaloptera praeputialis isolated from African lions (Panthera leo) in the Serengeti ecosystem, Tanzania, collected between 2023
and 2025. A: Amplification of the cox1 gene showing positive bands at approximately 525 bp (lane 2) and 648 bp (lane 3), negative control (lane 1;
no-template control), and molecular weight marker (100 bp DNA ladder, lane M). B: Amplification of the 18S rRNA gene showing positive bands at
approximately 745 bp (lane 2) and 725 bp (lane 3), negative control (lane 1; no-template control), and molecular weight marker (100 bp DNA ladder,
lane M).

502



World Vet. J., 16(2): 495-507, 2026

o OP589140/Physaloptera sp./Colinus virginianus /U SA&"
LC59696 1/ Physaloptera sp.WTL PSSP/ Psolocssa sn./USA i

LC381943/Physaloptera sp.WTL/ colinus virginianus /USA -

— MW 517846/ Physaloptera sp.BRM/ Felis catus /India 5o Physalopteridae
ag ————— ORB21828/ Physaloptera sp.Tanzania (This study) P. fé'ri_;.-’,'

KT894803/Physaloptera retusa/ Tupinambis teguixin/Brazil SF
zgl MH752202/Physaloptera sp. Anolis sagreilUSA" v
KP981418/P. mirandai/ M. nudicaudatus/Brazil E‘
0Q727412/Brugia malavi/ Lion/T haﬂﬂsd &
_QODESIOM'F:OWR‘G lupi/ dog/USA Onchocercidae
KT282097/Direfilaria inmitis/ Felis catus /Iran p 5

KTR94798/G. turgidum/ D. aurita/Brazil /7§ Gnathostomatidae

o9

0050

C. virginianus ‘. Psolocssasp. § T teguixin @ Metachirus m.rt."t'cur:fﬂr‘us E‘ Dirofilaria immitis 5

Felis catus 825 Panthera Ie‘r)}',-lﬂ" Anolis sagrei ~F»  Onchocerca lupi Didelphis aurita ’.;m\

Figure 6. Phylogenetic tree based on mitochondrial cox1 sequences showing the relationships of Physaloptera spp. (OR821828)
isolates obtained from Panthera leo in the Serengeti ecosystem, Tanzania, collected between 2023 and 2025, together with reference
sequences retrieved from GenBank.
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Figure 7. Phylogenetic tree based on nuclear 18S rRNA gene sequences showing the relationships of Physaloptera praeputialis
isolates obtained from Panthera leo in the Serengeti ecosystem, Tanzania, collected between 2023 and 2025, together with reference
sequences retrieved from GenBank.

DISCUSSION

The combined morphological and molecular evidence supports the identification of the Tanzanian Physaloptera
specimens as P. praeputialis, extending current knowledge of its host range to African lions in Tanzania. Previous
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reports of physalopterids infections in Tanzania were based primarily on coprological examinations and identified
parasites only to the genus level without attempting species-level identification (Muller-Graf, 1995). The present
findings establish an essential taxonomic and molecular baseline for future ecological, epidemiological, and evolutionary
investigations of spirurid nematodes in African wildlife.

In the current study, adult P. praeputialis specimens were associated with erosive and hemorrhagic gastritis in the
stomach of the African lions. Similar lesions have been reported in domestic and wildlife infected with Physaloptera
spp., where persistent mucosal attachment, mechanical abrasion, hematophagy, and secondary bacterial invasion
contribute to chronic inflammation (Soulsby,1965; Naem and Asadi, 2013). Although parasite burden was not
quantified, the observed mucosal damage suggests that P. praeputialis may contribute to subclinical morbidity in lions,
particularly in aged or nutritionally compromised individuals (Anderson et al., 2009). In apex predators such as lions,
chronic gastric inflammation has the potential to reduce digestive efficiency and exacerbate energy stress during periods
of prey scarcity (Anderson, 2000; Wobeser, 2007). However, direct impacts on fitness, hunting success, or survival
remain speculative and should be evaluated through quantitative parasitological and longitudinal health studies (Packer
et al., 2005).

Morphological characterization observed in adult worms, such as cephalic structures, spicule morphology, and
caudal papillae arrangement, is consistent with classical descriptions of genus P. praeputialis, yet precise species
validation remains challenging due to morphological similarity and phenotypic plasticity (Anderson et al., 2009). In the
present study, the concordance between morphology and nuclear genetic data supports placement within the P.
praeputialis species complex, but does not clearly resolve species boundaries. Integrative taxonomy combining
morphology, multiple genetic loci, host associations, and biogeography is necessary for resolving spirurid systematics
(Dayrat, 2005; Ailan-Choke and Pereira, 2021). Phylogenetic analyses based on both nuclear and mitochondrial loci
place the Tanzanian isolates within the P. praeputialis clade. The high genetic similarity observed in the 18S rRNA gene
relative to reference sequences reflects the slow evolutionary rate and confirmation of generic placement and deep
phylogenetic relationships (Blouin, 2002). Mitochondrial cox1 sequences from the present Physaloptera specimens
exhibited substantial nucleotide divergence and high haplotype diversity compared with nuclear 18S rRNA sequences, a
pattern commonly reported in spirurid nematodes and other parasitic helminth groups, including cestodes and trematodes
(Maharana et al., 2021; Chen et al., 2023). The mean sequence divergence relative to other physalopterid sequences
exceeds typical intraspecific variation reported for nematodes and overlaps with divergence levels among closely related
species, consistent with species-level generic differentiation (Blouin et al., 1995; Powers, 2004). Phylogenetic
reconstruction places the Tanzanian isolates within the P. praeputialis clade, consistent with long-term population
subdivision and restricted gene flow among geographically separated parasite populations (Blouin et al., 1995; Nadler
and De Lebn, 2011). The magnitude of Cox1 divergence observed in the present P. praeputialis isolates falls within
previously reported interspecific divergence levels for spirurid nematodes (Maharana et al., 2021). The observed pattern
may reflect deep phylogeographic structuring within a broadly distributed P. praeputialis species complex or cryptic
diversification in African populations that is not detectable using conserved nuclear markers alone (Maharana et al.,
2021).

Lions occupy the apex of a highly connected trophic web linking herbivorous prey, insect communities, scavengers,
and domestic carnivores at the wildlife-livestock interface (Sinclair et al., 2015). Such ecological connectivity enables
Physaloptera spp. to utilize insects as intermediate hosts and vertebrates as paratenic hosts, expecting transmission to be
strongly structured by both food-web architecture and host association (Dobson et al., 2009). The Serengeti ecosystem is
characterized by high prey biomass and abundant coprophagous insects, which likely sustain stable enzootic
transmission cycles (Sinclair et al., 2015). African lions may function as terminal accumulation hosts rather than key
maintenance hosts, acquiring infections through repeated ingestion of infected prey (Bjork et al., 2000; Green et al.,
2020; Tull et al., 2022). Such ecological connectivity can promote higher mitochondrial genetic variation while nuclear
genes remain more conserved due to occasional gene flow among host species and across different habitats (Nadler et al.,
2011). Although numerous parasitological investigations in East Africa have focused on domestic animals, molecular
characterization of helminths infecting wildlife remains comparatively limited, highlighting the need for integrative
studies to improve understanding of parasite diversity and transmission dynamics in the region (Brooks and Hoberg,
2007).

As a result, the diversity and distribution of spirurid nematodes in Tanzania remain poorly resolved. The presence of
P. praeputialis in the Serengeti ecosystem highlights the hidden parasite diversity in protected areas and the role of apex
predators as indicators of ecosystem health (Bjork et al., 2000; Han et al., 2021; Moraes et al., 2024).

Although Physaloptera spp. are primarily parasites of carnivorous vertebrates, human exposure may occasionally
occur through accidental ingestion of infected intermediate hosts such as insects; however, confirmed human infections
are extremely rare and not well documented in the literature (Anderson, 2000). While the public health risk is likely low,
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the detection of P. praeputialis populations in human-wildlife proximity highlights the importance of incorporating
spirurid nematodes into broader helminth surveillance frameworks (Ma et al., 2020). Establishing molecular reference
sequences from Tanzania also strengthens regional parasite biobanking initiatives and enables future monitoring of
parasite dispersal associated with land-use change, climate variability, and carnivore population dynamics.

CONCLUSION

The current study presents the first characterization of adult P. praeputialis recovered from the African lion in Tanzania
using integrative morphological and molecular approaches. The parasite exhibits substantial mitochondrial diversity
while maintaining nuclear genetic cohesion, consistent with geographically structured populations circulating within
complex Serengeti food webs. The findings expand the known range of P. praeputialis, emphasize the ecological role of
apex predators in helminth transmission networks, and provide a molecular baseline for future investigations on spirurid
diversity, wildlife health, and ecosystem stability in Tanzania. Interpretation of the findings should consider the limited
sample size, opportunistic recovery from naturally deceased hosts, absence of intermediate host investigations, and
analysis based on only two genetic loci.
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