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This case report documents the first molecularly confirmed concurrent infection with Leishmania
spp., Plasmodium spp., and microfilariac in a 10-year-old female Nile crocodile (Crocodylus
niloticus) from Nigeria. The animal presented with anorexia, cutaneous nodules and lethargy, and
died shortly after evaluation. Haematology revealed a non-regenerative macrocytic anaemia (PCV
22%), leukocytosis (10.10 G/L) with marked neutrophilia, and thrombocytopenia (140 G/L). Blood
smear and buffy coat microscopy confirmed a systemic triple infection, revealing extracellular
Leishmania promastigotes, intra-erythrocytic Plasmodium parasites, and abundant unsheathed micro-
filariae. Post-mortem examination identified generalised pallor, granulomatous pneumonia, and
fibrinonecrotic gastritis. Phylogenetic analysis of the /85 rRNA gene identified Leishmania spp.
within a clade containing the human-pathogenic L. donovani and L. major complexes. This case pro-
vides the first evidence of pathogenic Leishmania in a West African reptile and highlights crocodilian
susceptibility. The findings raise significant concerns about the potential role of reptiles as reservoir
hosts in the enzootic cycle of leishmaniasis, reinforcing the critical importance of a One Health ap-
proach in surveillance of emerging parasitic zoonoses.
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Reptiles, whether free-ranging in diverse harbour a wide range of parasitic infec-
ecosystems or maintained in captivity, tions (Mendoza-Roldan et al., 2020). Sin-
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gle-agent infections, such as those caused
by haemogregarines or filarial nematodes,
are well recognised in herpetology; how-
ever, simultaneous infections with phylo-
genetically distinct parasites remain poor-
ly documented. In particular, the co-
occurrence of Leishmania spp., blood-
borne filarioids (microfilariae), and
haemosporidian parasites resembling ma-
laria (Plasmodium, Saurocytozoon, Hae-
moproteus spp.) within a single reptilian
host is rarely described, and the patholog-
ical and immunological consequences of
such multi-parasite infections are largely
unexplored.

Leishmania spp. are traditionally asso-
ciated with mammalian hosts, including
humans (Cecilio et al., 2025) and domes-
tic dogs, and are known for their complex
evolutionary history and geographical
distribution (Lainson & Shaw, 1987).
Growing evidence suggests that reptiles
may serve as incidental or potential reser-
voir hosts (Mendoza-Roldan et al., 2021).
Clinical manifestations in reptiles range
from localised skin lesions and scale de-
formities to systemic disease with
hepatosplenomegaly. Most molecularly
confirmed reptilian infections have been
reported from South America, such as
Leishmania detection in reptiles and
Leishmania (L.) amazonensis DNA in a
captive Boa constrictor, with more recent
findings from Central America (Alves et
al., 2025). By contrast, peer-reviewed
evidence of reptilian Leishmania infec-
tions from Nigeria and the wider West
African subregion is absent, as most re-
gional surveys have focused on mammali-
an reservoirs (Boakye et al., 2005).

Microfilariasis, the presence of fila-
rioid nematode larvae in the bloodstream,
is widely reported in reptiles (Campbell,
2006; Garrido-Bautista, 2023). While the
infections in most cases are subclinical,

high burdens can impair circulation and
damage tissues. Surveys from the Brazili-
an Amazon and sporadic studies in Nige-
ria have detected microfilariae in snakes
and lizards, although detailed species
identifications and pathological correla-
tions are often lacking (Omonona et al.,
2019 and Clemente et al., 2023). Histori-
cal West African records include
Foleyella infections in Agama lizards
(Obiamiwe et al., 2004), indicating that
reptilian filarioids circulate in the region,
though comprehensive mapping is incom-
plete.

Reptilian plasmodiasis, caused by di-
verse apicomplexan blood parasites, is
also widespread (Braga et al., 2025). The-
se infections can result in anaemia, re-
duced vigour and immunomodulation;
effects that may be exacerbated in captiv-
ity. Extensive surveys have catalogued
numerous Plasmodium species in reptiles
from South America and West Africa,
including several described from Nigerian
lizards and skinks (Telford, 1984; 2009).
Sustained transmission cycles in wild
populations are supported by local vec-
tors, with high prevalence suggesting
long-standing  ecological associations
(Schall, 1996).

Haemogregarines, filarioids, and more
recently, Leishmania have each been re-
ported in reptiles (Al-Quraishy et al.,
2021); however, concurrent infections
involving all three parasite groups in a
single host are exceptionally rare. Co-
infections with haemogregarines and mi-
crofilariae have been described in reptiles
(Clemente et al., 2023), but the simulta-
neous presence of Leishmania, micro-
filariasis, and plasmodiasis has scarcely
been recorded, particularly outside South
America. This likely reflects a combina-
tion of genuine rarity, under-diagnosis,
and the historical tendency to investigate
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single parasite groups rather than employ-
ing integrated, molecular approaches.
Against this backdrop, we present a
unique case of concurrent infection with
Leishmania spp., Plasmodium spp., and
microfilariae in a captive Nile crocodile
(Crocodylus niloticus) from the Universi-
ty of Ibadan Zoological Gardens, Nigeria
— the first molecularly confirmed report
from West Africa.

Case presentation

A 10-year-old female Nile crocodile
(Crocodylus niloticus) from the Universi-
ty of Ibadan Zoological Gardens was pre-
sented for veterinary evaluation following
a five-day history of progressive anorexia
and marked lethargy. The animal was
housed within a group of approximately
ten large crocodiles that had been under
intermittent haemoparasite surveillance
for over a decade. No records indicated
that this individual had received routine
prophylactic antiparasitic treatment, vac-
cination, or systematic health screening.

Historical surveillance of the cohort
had consistently demonstrated endemic
haemoparasitism, with previous detections
of Haemoproteus spp., Hepatozoon spp.,
and Plasmodium spp., but no evidence of
trypanosomatid infection. Approximately
six months prior to the current presenta-
tion, the zoo’s wildlife veterinarian re-
quested pathological evaluation of two
nodular lesions on the digits of the right
hind limb. Cytological assessment of the
lesions was inconclusive, yielding no sig-
nificant cellular material due to tissue
desiccation, and the masses were consid-
ered non-neoplastic.

The current presentation therefore
marks the first detection of a trypano-
somatid-like organism within this croco-
dile collection and underscores the unusu-
al nature of this multi-parasite infection.
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¢ Clinical sampling and laboratory
methods

Under manual restraint and following
standard reptilian phlebotomy techniques,
approximately 3 mL of blood was collect-
ed from the ventral caudal tail vein using a
sterile 23-gauge needle and lithium-
heparin anticoagulant tubes (Dyer &
Cervasio, 2008). The sample was parti-
tioned for different analyses: preservation
on Whatman® FTA cards for molecular
investigation, preparation of blood
smears, and routine haematological evalu-
ation (Telford, 2009).

Haematological assessment was con-
ducted using manual methods adapted for
crocodilians. Wright-stained peripheral
blood smears were prepared for leukocyte
differential counts and haemoparasite
screening. Erythrocyte counts were ob-
tained using a Neubauer haemocytometer,
while packed cell volume (PCV) was de-
termined via microhaematocrit centrifuga-
tion. Giemsa-stained buffy coat prepara-
tions were examined to enhance the sensi-
tivity of haemoparasite detection.

At necropsy, cytological touch im-
prints were made from gross lesions and
stained with Giemsa for morphological
evaluation.

* Molecular analysis

Genomic DNA was extracted from
dried blood spots preserved on Whatman®
FTA cards using the QlAamp DNA Mini
Kit (Qiagen, Hilden, Germany), following
the manufacturer’s instructions. A ~1300
bp fragment of the /85 rRNA gene was
amplified by PCR using primers 18S2F
(AGCAGGCGCGCAAATTA) and 18S2R
(GACATCTAAGGGCATCACAGAC) in
a 42 puL GoTaqg-based reaction mixture
(Promega, USA).

PCR cycling was performed on an
ABI GeneAmp® 9700 thermal cycler
under the following conditions: initial
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denaturation at 94 °C for 5 min; 35 cycles
of denaturation at 94 °C for 30 s, anneal-
ing at 55 °C for 30 s, and extension at 72
°C for 90 s; followed by a final extension
at 72 °C for 7 min. Amplicons were visu-
alised on 1.5% agarose gels in TAE buff-
er, purified by ethanol precipitation, and
sequenced bidirectionally using the same
primer set. Sequencing was performed on
an Applied Biosystems 3130xl Genetic
Analyzer with the BigDye Terminator
v3.1 kit (Thermo Fisher Scientific).

Raw sequences were edited and as-
sembled in BioEdit v7.7 (Hall, 1999),
then aligned against reference sequences
in GenBank using the Basic Local Align-
ment Search Tool (BLAST; http:/
blast.ncbi.nlm.nih.gov/Blast.cgi)

* Haematological and parasitological
findings

The haematological profile (Table 1)
revealed a packed cell volume (PCV) of
22% (reference range: 20-30% for
healthy crocodilians), a red blood cell
(RBC) count of 0.93 T/L (reference: 0.8—
1.2 T/L), and haemoglobin concentration
of 72 g/L. The reticulocyte count was 0%,
indicating absent or markedly suppressed
marrow regeneration. Mean corpuscular
volume (MCV) was elevated at 237 fL,
consistent ~ with  macrocytosis  and
dyserythropoietic changes, likely in the
context of chronic inflammatory disease.

Leukogram abnormalities included a
mild leukocytosis (10.10 G/L) character-
ised by pronounced neutrophilia (73%;
absolute neutrophil count 7.373 G/L),
together with thrombocytopenia (140
G/L). This leukocyte profile supported an
underlying systemic inflammatory or sep-
tic process.

Microscopic examination of peripheral
blood smears and buffy coat preparations
demonstrated a strikingly mixed parasito-
logical picture. Numerous extracellular,

flagellated promastigote-like organisms,
morphologically consistent with Leish-
mania-type trypanosomatids (body length
12.3-16.8 pm; flagellum length 8.5-11.2
pm), were observed in circulation (Fig.
1C-E). Intraerythrocytic apicomplexan
forms consistent with Plasmodium spp.
were also identified, alongside abundant
unsheathed microfilariae (Fig. 1F).

Together, these findings confirmed
concurrent systemic infection with three
distinct haemoparasitic groups: a trypa-
nosomatid (Leishmania-like organism),
reptilian plasmodiid haemoparasites, and
filarioid nematodes.

* Clinical course and gross pathology

No therapeutic intervention was under-
taken, and the crocodile died within 24
hours of blood collection. At necropsy,
the carcass exhibited generalised pallor of
the mucous membranes and visceral or-
gans, consistent with severe anaemia. The
lungs contained multiple firm nodules
(diameter 1-3 cm) with caseous, necrotic
centres, initially interpreted as abscesses
or granulomas suggestive of chronic my-
cobacterial or granulomatous disease.

Additional lesions included wide-
spread fibrinous adhesions along the pari-
etal peritoneum and extensive fibrino-
necrotic ulcerations of the gastric mucosa.
The heart displayed scattered epicardial
ecchymoses, features consistent with ter-
minal coagulopathy or disseminated intra-
vascular disturbance.

¢ Cytology, histopathology and final

post-mortem interpretation

Touch imprints prepared from pulmo-
nary nodules revealed abundant necrotic
debris, fibrinous material, and a dense
inflammatory infiltrate composed predom-
inantly of lymphocytes, epithelioid mac-
rophages, and occasional multinucleated
giant cells. Numerous pneumocytes exhib-
ited reactive and hyperplastic changes.
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Table 1. Haematological profile of the Nile crocodile

Parameter Unit Patient value Reference (Lovely et al., 2007)

Plasma colour Normal Clinically normal at collection (no
abnormal discoloration reported)

Total protein g/L 68 41.2 g/L (28.9-57.1 g/L)

Fibrinogen g/L 2 Not reported

Haemoglobin g/L 72 71.1 g/L (47-95 g/L)

(Hb)

Packed cell % 22 17.9% (14-22%)

volume (PCV)

Red blood cells  T/L 0.93 0.59 T/L (0.35-1.00 T/L)

(RBC)

Mean corpus- fL 237 312.2 fL (200.0-465.1 fL)

cular volume

MCV)

Mean corpus- g/L 310 396 g/L (290475 g/L)

cular Hb con-

centration

(MCHC)

Reticulocytes % 0 Not reported

Platelets G/L 140 Not reported / thrombocytes not
enumerated

Total white G/L 10.10

blood cells 11.280 G/L (3.750-26.220 G/L)

(WBCO)

Neutrophils % (abs)  73% (7.373 G/L) 20.5% — 2.09 G/L (2,090 /uL); range

(heterophils) 0.45-3.66 G/L (450-3,660 /uL)

Lymphocytes % (abs) 15% (1.515 G/L) 62.0% — 7.20 G/L (7,200 /uL); range
1.65-17.83 G/L (1,650-17,830 /uL)

Monocytes % (abs) 8% (0.808 G/L) 0.9% — 0.09 G/L (90 /uL);
range 0-0.79 G/L (0-790 /uL)

Eosinophils % (abs) 4% (0.404 G/L) 4.9% — 0.530 G/L (530 /uL);
range 0-2.14 G/L (0-2,140 /uL)

Basophils % (abs) 0% (0 G/L) 5.9% — 0.690 G/L (690 /uL);
range 0-2.90 G/L (0-2,900 /uL)

Parasite(s) Trypanosoma / trypanosomatid-like

organism, Plasmodium spp. &
Microfilaria spp.

Notes: Unit conversions and conventions used: Cell counts are presented as absolute counts per
microlitre (/uL) where appropriate. Conversions used: 1 G/L = 1,000 /uL; 1 T/L = 1,000,000 /uL.
Where original values were already given in x103/uL or /uL in Lovely et al. (2007), those were
left as /uL and shown explicitly (e.g., 11.28 x103/uL = 11,280 /uL). Lovely et al. (2007) did not
report fibrinogen (for their reference population), reticulocyte percentage, or platelet/thrombocyte
absolute counts for Crocodylus niloticus. In that study thrombocytes were not enumerated as
discrete platelet counts; thrombocytes in crocodilians are nucleated and differ morphologically and
functionally from mammalian platelets.
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Fig. 1. Carcass of Nile crocodile showing significant pallor (A); tan, discrete, multiple (0.5-1 cm)
firm granulomata in the left lung (B); severe microfilariasis (> 10/HPF) seen in the buffy coat of
the crocodile (C); black arrows (promastigotes of Leishmania spp.), green arrows (amastigotes
of Leishmania spp.) (D-G); yellow circles showing intra- and extra-erythrocytic infections with
Plasmodium spp. (H).

Macrophages contained phagocytosed
cellular debris but no organisms consistent
with acid-fast bacilli or fungal elements
were observed on cytological examination
with Ziehl-Neelsen and PAS stains. These
features, in combination with the gross
nodular appearance, supported a diagnosis

of chronic granulomatous pneumonia ra-
ther than acute pyogranulomatous abs-
cessation or overt mycobacterial/fungal
infection. Touch imprints from the liver,
intestine, and cardiac blood did not reveal
additional cytological abnormalities.
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Histological sections of the pulmonary
nodules demonstrated coalescing granu-
lomas characterised by central necrosis
surrounded by epithelioid macrophages,
lymphocytes, and multinucleated giant
cells. Scattered extracellular flagellated
protozoan organisms, consistent with
Leishmania-type promastigotes, were ob-
served within necrotic foci and occasion-
ally inside macrophages.

The liver exhibited moderate hepato-
cellular vacuolation, periportal lympho-
plasmacytic infiltrates, and scattered
Kupffer cells containing small round in-
tracellular organisms compatible with
amastigote forms of trypanosomatids. The
spleen was markedly depleted of lym-
phoid tissue, with macrophages frequently
engorged by pigmented debris and
amastigote-like organisms, in addition to
haemosiderosis reflecting chronic hae-
molysis. The gastric mucosa showed ex-
tensive mucosal necrosis with fibrin depo-
sition, vascular thrombosis, and mixed
inflammatory infiltration consistent with
fibrinonecrotic gastritis. Splenic and he-
patic sections also revealed intraerythro-
cytic stages of Plasmodium spp., while
peripheral vessels in multiple tissues con-
tained circulating unsheathed microfilariae.

The combined cytological, histopatho-
logical, and gross findings suggested se-
vere multisystemic disease with concur-
rent infections by multiple haemoparasites
(Leishmania-like trypanosomatids, reptili-
an Plasmodium spp., and filarioid nema-
todes). These infections collectively in-
duced profound non-regenerative macro-
cytic anaemia, immunosuppression, and
lymphoid depletion. The chronic granu-
lomatous pneumonia was likely driven by
persistent  Leishmania-type  infection,
while the fibrinonecrotic gastritis and
peritonitis reflected secondary systemic
compromise. The epicardial haemorrhages

BIVM, xx, No x

and fibrin deposition indicated terminal
septicaemia complicated by coagulopathy
or disseminated intravascular coagulation.

Summary diagnosis: Severe mixed
haemoparasitism (trypanosomatid-like
Leishmania, Plasmodium spp., microfilar-
iae) producing profound non-regenerative
macrocytic anaemia. Chronic granuloma-
tous pneumonia associated with protozoal
infection. Fibrinonecrotic gastritis and
peritonitis. Terminal septicaemia with
coagulopathy/DIC.

* Molecular identification

Agarose gel electrophoresis demon-
strated a distinct band corresponding to
the expected ~1300 bp fragment of the
18§ rRNA gene, confirming successful
amplification of Leishmania spp. DNA
from the blood sample of the captive Nile
crocodile (Fig. 2).

Mk 1 buffer

Fig. 2. Agarose gel electrophoresis of 1300 bp
segment of /8s rRNA gene of Leishmania
species from captive Nile crocodile in Nigeria.
“Mk”, “1”, and “buffer” correspond to mo-
lecular marker, Leishmania species, and nega-
tive control, respectively.
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The phylogenetic analysis of the
~1300 bp 78S rRNA sequences generated
in this study revealed close clustering with
Leishmania donovani and Leishmania
major reference sequences available in
GenBank. BLAST analysis showed high
sequence identity (with 99-100% query
coverage) to multiple Leishmania species,
supporting  classification within  the
Leishmania genus rather than assignment
to a single species. Reference sequences
for the phylogenetic tree were selected
from GenBank to include the top BLAST
hits and representative species from major
Leishmania complexes, particularly those
of medical and veterinary importance The
phylogeny was inferred using the Maxi-
mum Likelihood method based on the
Tamura-Nei model (Tamura & Nei, 1993)
with gamma-distributed rate variation
among sites and a proportion of invariant
sites (TN93+G+I). The tree with the high-
est log likelihood (—12,887.21) is shown.
Branch lengths are drawn to scale and
represent the number of substitutions per
site as calculated under the Maximum
Likelihood criterion. Numbers above
branches indicate bootstrap support values
(1,000 replicates); only values >70 % are
shown. The initial tree for the heuristic
search was automatically generated by
applying the Neighbour-Join and BioNJ
algorithms to a matrix of pairwise distanc-
es estimated using the Maximum Compo-
site Likelihood (MCL) approach, and then
selecting the topology with the higher log-
likelihood score.

The final dataset contained 43 nucleo-
tide sequences and 2,274 aligned posi-
tions (1%, 2™, and 3™ codon positions,
plus non-coding positions). All positions
containing gaps and missing data were
eliminated (complete deletion option).
Sequences of Leishmania spp. were se-
lected from GenBank based on high simi-

larity (BLASTn) to the /8S rRNA gene
fragment obtained from the crocodile
sample. Only sequences with >90 % query
coverage and >85 % nucleotide identity to
the query were retained for phylogenetic
analysis to ensure comparability of the
amplified region. GenBank accession
numbers are shown next to each taxon
name.

Evolutionary analyses were conducted
in MEGA11 (Kumar et al., 2018; Tamura
et al., 2021) and MEGA12.4 using up to
four parallel computing threads. The clade
corresponding to Leishmania spp. was
distinctly resolved and highlighted
(Fig. 3), confirming the molecular diagno-
sis of Leishmania infection in the captive
Nile crocodile from Nigeria.

This report documents the first con-
firmed case of concurrent systemic infec-
tion with a Leishmania-like trypanosoma-
tid, intraerythrocytic Plasmodium spp.,
and unsheathed microfilariae in a Nile
crocodile (Crocodylus niloticus). The case
is remarkable for several reasons, fore-
most being the molecular confirmation of
a pathogenic Leishmania infection in a
reptilian host in West Africa; an occur-
rence that has not been previously de-
scribed (Boakye et al., 2005).

The clinical and pathological manifes-
tations, including severe non-regenerative
macrocytic anaemia, leukocytosis, throm-
bocytopenia, and widespread inflammato-
ry lesions, suggest a synergistic pathogen-
ic burden imposed by the triple parasitism.
While reptiles frequently harbour haemo-
parasites without overt clinical disease,
the simultaneous presence of three distinct
blood parasites likely exceeded the host’s
immunological tolerance, culminating in
fatal systemic failure. The chronic granu-
lomatous pneumonia, although not defini-
tively linked to a single agent, is con-
sistent with opportunistic infections facili-
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tated by parasite-induced immunosuppres-
sion, a phenomenon previously reported
in reptilian co-infections (Clemente ef al.,
2023).

The most striking observation in this
case was the molecular identification of a
Leishmania spp. The phylogenetic analy-
sis placed the amplified sequence within a
clade containing Leishmania donovani
and Leishmania major, species typically
associated with visceral and cutaneous
leishmaniasis in humans. This raises im-
portant questions regarding host range,
parasite adaptability, and reservoir com-
petence.  Historically, reptiles were
thought to be refractory to pathogenic
Leishmania species, with most reports
limited to non-pathogenic saurian-asso-
ciated taxa such as L. tarentolae. Howev-
er, recent studies from Brazil have chal-
lenged this paradigm, demonstrating that
reptiles can harbour pathogenic species
such as L. amazonensis (Nantes et al.,
2024) and similar detections continue to
be reported in the Americas (Alves ef al.,
2025). The present case expands this
emerging concept to West Africa and to
crocodilians a taxonomic group not previ-
ously implicated in Leishmania epidemi-
ology.

The potential public health implica-
tions are significant. Leishmaniasis is a re-
emerging neglected tropical disease, and
the recognition of novel vertebrate hosts is
critical to unravelling its complex trans-
mission dynamics. Although sand fly vec-
tors responsible for human transmission in
Nigeria remain understudied, the detection
of Leishmania in a peri-urban captive
crocodile in Ibadan highlights the possi-
bility of local enzootic maintenance. Giv-
en their large body size, long lifespan, and
proximity to human populations, croco-
diles could potentially serve as unrecog-
nised reservoir hosts, a hypothesis that

10

requires further validation if competent
vectors are present in the environment.

From a One Health perspective, this
case underscores the interconnectedness
of wildlife, human health, and vector
ecology. The demonstration that reptiles
may participate in the maintenance of
Leishmania spp. broadens the ecological
framework of the disease and complicates
conventional control measures, which
have traditionally focused on mammalian
reservoirs. Targeted surveillance incorpo-
rating reptiles into monitoring pro-
grammes is warranted to better understand
their epidemiological role in endemic re-
gions.

Future research perspectives should
include:

* Epidemiological surveillance. Broad-
scale surveys are urgently required to
determine the prevalence, diversity,
and geographical distribution of
Leishmania infections in both captive
and free-ranging reptiles across
Nigeria and West Africa. Beyond
conventional PCR, the use of multi-
locus sequencing markers (e.g., isp70,
ITS1, gp63) will be critical for precise
species-level identification and for
distinguishing pathogenic from non-
pathogenic strains.

*  Vector competence. Determining the
capacity of local insect vectors to
transmit reptilian-derived Leishmania
is a priority. While phlebotomine sand
flies remain the classical vectors,
alternative dipterans should also be
investigated under both field and
experimental conditions to assess their
competence and role in potential
transmission cycles.

* Experimental pathogenicity. Labora-
tory studies are needed to evaluate the
pathogenic potential of the crocodile-
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derived isolate in suitable model
organisms. Such studies will clarify its
virulence profile, zoonotic potential,
and ability to cross host-species bar-
riers, thus informing risk assessment
for humans and domestic animals.

* Host-parasite dynamics in co-infec-
tions. Further research into the
immunopathological mechanisms
underlying co-infections is essential.
Understanding how Leishmania, Plas-
modium, and filarial parasites interact
within a single host could shed light on
disease exacerbation, immune modu-
lation, and the potential for synergistic
pathology in reptiles and other
vertebrates.

* Captivity as a risk factor. Longitudinal
studies of reptiles in zoological parks
and farms are recommended to
evaluate how captivity-related stres-
sors (e.g., crowding, nutritional limi-
tations, or restricted habitats) influence
parasite dynamics and host sus-
ceptibility. Such findings could direc-
tly inform evidence-based husbandry
practices and preventive health strate-
gies.

*  Molecular characterisation of co-
infecting parasites. Future studies
should include molecular charac-
terisation of all haemoparasites in co-
infections, such as the Plasmodium
species identified in this case, to fully
understand the diversity and dynamics
of these complex parasitological
scenarios.

Conclusion

This report provides the first documented
evidence of a novel triple haemoparasitic
infection Leishmania-like trypanosomatid,
Plasmodium spp., and microfilariae in a
captive Nile crocodile in Nigeria. The
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combined use of cytology, haematology,
and molecular diagnostics was critical in
confirming this unusual co-infection and
in establishing the molecular identity of
the Leishmania isolate. Its close phyloge-
netic relationship to human-pathogenic
species underscores profound zoonotic
and ecological implications.

The findings challenge the long-
standing view that pathogenic Leishmania
species are confined to mammalian hosts,
instead pointing to crocodilians as poten-
tial reservoirs. Beyond the novelty, this
case highlights the risk of overlooked
wildlife hosts in sustaining neglected trop-
ical diseases, particularly in peri-urban
environments ~ where  human-wildlife-
vector interfaces are increasingly com-
mon.

Ultimately, this case reinforces the ur-
gent need for integrated One Health sur-
veillance frameworks that incorporate
wildlife, domestic animals, vectors, and
humans. Such approaches are essential for
early detection, risk assessment, and con-
trol of emerging parasitic diseases at the
human-animal-environment interface
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