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Abstract – Ticks transmit a wide range of protozoan, bacterial, and viral pathogens to humans and animals globally.
However, data on ticks infesting domestic ruminants and the pathogens they carry are scarce in Malawi. In this study,
we examined ticks collected from domestic ruminants and screened them for selected veterinary and medically impor-
tant protozoan and bacterial pathogens. A total of 964 ticks were collected from 202 cattle, 63 goats, and 16 sheep
across eleven districts in Malawi. Ticks were morphologically identified to species level using taxonomical keys, with
molecular confirmation by PCR amplification and sequencing of the 12S ribosomal RNA (12S rDNA) and cytochrome
c oxidase subunit I (COI) genes. Tick DNAwas further screened for tick-borne pathogens using species-specific PCR
assays. Identified tick species included Rhipicephalus microplus (30.5%), Rhipicephalus appendiculatus (23.3%),
Rhipicephalus decoloratus (13.2%), Rhipicephalus evertsi (9.8%), Hyalomma rufipes (7.5%), Amblyomma variegatum
(6.3%), Rhipicephalus sanguineus sensu lato (tropical lineage) (3.6%), Hyalomma truncatum (2.8%), Rhipicephalus
simus (2.0%), Rhipicephalus pravus (0.6%), and Rhipicephalus annulatus (0.4%). Overall, 37.0% of ticks carried at
least one tick-borne pathogen, with Theileria parva being the most prevalent (34.7%), followed by Anaplasma margin-
ale (17.4%), Babesia bigemina (14.9%), Anaplasma ovis (11.2%), Ehrlichia ruminantium (9.2%), Theileria mutans
(8.4%), Babesia bovis (2.2%), and Anaplasma bovis (2.0%). This study provides the first molecular identification
of ticks infesting domestic ruminants in Malawi and documents associated tick-borne pathogens. Notably, Rhipi-
cephalus appendiculatus was identified for the first time in southern Malawi, refining current understanding of East
Coast fever epidemiology and highlighting the need for updated surveillance approaches.
Key words: East Coast fever, Malawi, Molecular detection, Rhipicephalus appendiculatus, Theileria parva, tick spe-
cies diversity.

Résumé – Identification des agents pathogènes transmis par les tiques chez les ruminants domestiques au Ma-
lawi et émergence de la tique Rhipicephalus appendiculatus dans la région sud : implications pour la lutte contre
la fièvre de la côte est. Les tiques transmettent un large éventail d'agents pathogènes protozoaires, bactériens et viraux
aux humains et aux animaux à l'échelle mondiale. Cependant, les données sur les tiques infestant les ruminants
domestiques et les agents pathogènes qu'elles transportent sont rares au Malawi. Cette étude a examiné des tiques
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prélevées sur des ruminants domestiques et a recherché certains agents pathogènes protozoaires et bactériens
d'importance vétérinaire et médicale. Au total, 964 tiques ont été collectées sur 202 bovins, 63 chèvres et 16
moutons dans onze districts du Malawi. Les tiques ont été identifiées morphologiquement jusqu'à l'espèce à l'aide
de clés taxonomiques, avec confirmation moléculaire par amplification PCR et séquençage des gènes de l'ARN
ribosomique 12S (ADNr 12S) et de la sous-unité I de la cytochrome c oxydase (COI). L’ADN des tiques a ensuite
été analysé à la recherche d’agents pathogènes transmis par les tiques à l’aide de tests PCR spécifiques à l’espèce.
Les espèces de tiques identifiées comprenaient Rhipicephalus microplus (30,5 %), Rhipicephalus appendiculatus
(23,3 %), Rhipicephalus decoloratus (13,2 %), Rhipicephalus evertsi (9,8 %), Hyalomma rufipes (7,5 %),
Amblyomma variegatum (6,3 %), Rhipicephalus sanguineus sensu lato (lignée tropicale) (3,6 %), Hyalomma
truncatum (2,8 %), Rhipicephalus simus (2,0 %), Rhipicephalus pravus (0,6 %) et Rhipicephalus annulatus
(0,4 %). Au total, 37 % des tiques étaient porteuses d'au moins un agent pathogène transmis par les tiques,
Theileria parva étant le plus fréquent (34,7 %), suivi d'Anaplasma marginale (17,4 %), Babesia bigemina
(14,9 %), Anaplasma ovis (11,2 %), Ehrlichia ruminantium (9,2 %), Theileria mutans (8,4 %), Babesia bovis
(2,2 %) et Anaplasma bovis (2 %). Cette étude fournit la première identification moléculaire des tiques infestant les
ruminants domestiques au Malawi et documente les agents pathogènes transmis par les tiques associés. Notamment,
Rhipicephalus appendiculatus a été identifié pour la première fois dans le sud du Malawi, ce qui affine les
connaissances actuelles sur l'épidémiologie de la fièvre de la côte Est et souligne la nécessité de mettre à jour les
méthodes de surveillance.

Introduction

Ticks affect a wide range of hosts, including humans, live-
stock, and wildlife and transmit pathogens causing protozoan,
viral, and bacterial diseases such as theileriosis, Crimean-Congo
hemorrhagic fever, hepatozoonosis, babesiosis, anaplasmosis,
and heartwater [12, 34, 45]. The wounds inflicted on the animal
body by some ticks, like Amblyomma variegatum during feed-
ing, may become a portal of entry for the pathogens causing
secondary bacterial infections such as dermatophilosis [43].
Further, ticks suck a large volume of blood from their hosts
[22], resulting in discomfort [41], skin irritation [39], anemia,
and excretion of toxins in their saliva [40].

Most of the global cattle population is at significant risk of
tick infestation with approximately 80% of the world’s cattle
exposed to this threat. Ticks are widespread and thrive in vari-
ous climates, particularly in tropical and subtropical regions
where most cattle are reared [22]. Ticks and tick-borne diseases
(TBDs) cause substantial economic losses in the livestock
industry, with annual losses estimated at around US$ 22–30 bil-
lion globally [23, 32]. The tick challenge causes great economic
losses, especially in many resource-limited countries of Africa,
where much of the resources are routed towards poverty and
hunger reduction rather than fighting ticks and TBDs. Ticks
also have a large impact on public health due to the pathogens
they carry and potentially transmit to humans, causing zoonotic
TBDs [12].

In Malawi, 80% of the total population are farmers, of
which about 60% own livestock such as cattle, goats, sheep,
pigs, poultry, rabbits, and other non-conventional livestock spe-
cies [33]. The domestic ruminant population is estimated at 2
million cattle, 12 million goats, and 400,000 sheep [33]. The
contribution of the livestock subsector to Malawi’s economy
and nutrition is substantial, accounting for 10.5% to the national
gross domestic product (GDP) and 37.4% to the agricultural
GDP [33].

Tick-borne pathogens (TBPs) belonging to genera Ana-
plasma, Babesia, Theileria, Ehrlichia, and Rickettsia have been
implicated in causing TBDs and related deaths in livestock in
Malawi [6]. The previous study focused on the host animal

[6], and pathogens carried by ticks infesting dogs [7], while
data on pathogens carried by ticks infesting domestic ruminants
remain limited. Further, previous work in Malawi detected
Theileria parva in cattle blood [8], yet the principal vector of
T. parva, Rhipicephalus appendiculatus was not believed to
exist in southern Malawi [9]. This paradox raised epidemiolog-
ical questions which our current study resolves by confirming
the presence of R. appendiculatus in this region for the first
time.

Materials and methods

Ethics

Tick collection was performed with ethical approval from
Animal Health Committee of the Department of Animal Health
and Livestock Development (DAHLD) in the Ministry of Agri-
culture in Malawi (AHC/DAHLD 002/2022) and prior consent
was sought from the animal owners.

Study area and tick collection

Ticks were collected between February 2022 and December
2023 from apparently healthy but infested cattle (n = 202),
goats (n = 63), and sheep (n = 16) in 11 districts of Malawi,
namely, Chikwawa (16.0438� S, 34.8017� E), Chiradzulu
(15.6759� S, 35.1406� E), Mulanje (16.0252� S, 35.5083� E),
and Blantyre (15.7667� S, 35.0168� E) in the southern region,
Ntcheu (14.8220� S, 34.6359� E), Lilongwe (13.9626� S,
33.7741� E), Kasungu (13.0357� S, 33.4720� E), and Ntchisi
(13.2842� S, 33.8858� E) in the central region, and Mzimba
(11.8992� S, 33.5924� E), Karonga (9.9525� S, 33.9248� E),
and Rumphi (11.0172� S, 33.8551� E) in the northern region
(Fig. 1). A total of 964 ticks were collected from cattle
(n = 784), goats (n = 151), and sheep (n = 29) by brushing
the fur and using forceps to remove the ticks. Ticks were col-
lected from all the animal parts, including the ear pinnae, neck
region, and under the tail. The collected ticks were individually
stored in 1.5 mL microcentrifuge tubes containing 70% ethanol
for preservation until further processing.
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Morphological identification of ticks

Ticks were identified using a stereomicroscope (Olympus
SZX16, Tokyo, Japan) following published taxonomical keys
[29, 48]. The ticks were segregated based on sex as male or
female, and based on developmental stage as adults, nymphs,
and larvae. Only intact adult ticks were identified to species
level morphologically, while the immature and damaged ticks
were identified to species level using molecular methods.

DNA extraction

The individual ticks preserved in 70% ethanol were washed
with distilled water and were later air-dried. Out of the 964 ticks
collected, 963 ticks were processed individually for genomic
DNA extraction. Only one pooled sample was prepared, con-
sisting of 16 adult female ticks and 17 larvae of the same tick
species (R. appendiculatus), all collected from a single host ani-
mal (cattle), and treated as one sample for DNA extraction. Liq-
uid nitrogen was used to freeze the ticks in the tubes for easy
crushing with a sterile pestle. Thereafter, DNA was extracted
using a NucleoSpin Tissue DNA extraction kit (Macherey-
Nagel, Düren, Germany), following the manufacturer’s guide-
lines. The DNA was eluted with 50 lL of elution buffer, and
the concentration was measured using a NanoDrop spectropho-
tometer (Thermo Fisher Scientific, Waltham, MA, USA). The
extracted DNA was stored at �30 �C until required for use.

Genetic identification of ticks and detection of
tick-borne pathogens

A total of 964 ticks were collected and processed for molec-
ular analyses. DNAwas extracted from individual ticks, except
for 16 adult tick samples and 17 larvae that were processed as
pooled sample, comprising ticks of the same species, develop-
mental stage, and host origin. For tick species confirmation,
representative DNA samples from individual ticks were sub-
jected to PCR amplification and sequencing of the mitochon-
drial 12S rRNA and/or COI markers using the primers listed
in Table 1. All DNA extracts, including those from the pooled
sample, were subsequently screened for selected TBPs using
species-specific PCR assays (Table 1). A total reaction volume
of 10 lL containing 0.2 lL of each 10 lM primer, 2 lL of a 5�
Standard buffer (New England Biolabs, Ipswich, MA, USA),
0.2 lL of 10 mM deoxynucleotide triphosphate mix (dNTPs),
0.05 lL of Taq polymerase (New England Biolabs), 2 lL of
template DNA, and 5.35 lL of UltraPure water (Invitrogen,
Waltham, MA, USA), was used for PCR assays. The PCR reac-
tions were performed in a thermal cycler (VeritiPro, Applied
Biosystems, Foster City, CA, USA), with conditions obtained
from previous studies (Table 1). UltraPure water was used as
a negative control for quality control, and previously confirmed
PCR-positive samples were used as the positive controls. Elec-
trophoresis of PCR products was carried out using a 1.5% agar-
ose gel, stained with ethidium bromide solution and later
viewed under an Ultraviolet (UV) transilluminator (Atto Corpo-
ration, Tokyo, Japan). The PCR amplicons from the gel were
extracted and purified using a NucleoSpin Gel and PCR
Clean-up kit (Macherey-Nagel, Düren, Germany), following

the manufacturer’s guidelines. Direct sequencing was per-
formed using BigDye Terminator Cycle sequencing kit
(Applied Biosystems) and ABI Prism 3100 Genetic Analyzer
(Applied Biosystems).

Phylogenetic analysis and accession numbers

The sequences obtained were assembled, edited, and
trimmed using Codon Code Aligner version 9 software (Codon
Code Corporation, Centerville, MA, USA). The consensus
sequences were compared with reference sequences available
in GenBank using the nucleotide Basic Local Alignment Search
Tool (BLASTn) of the National Center for Biotechnology Infor-
mation (NCBI) to confirm preliminary identity. Multiple
sequence alignments were performed using the ClustalW algo-
rithm implemented in Mega XI software [46]. The best-fitting
nucleotide substitution model for each gene dataset was deter-
mined based on the Bayesian information Criterion (BIC) in
MEGA XI. Phylogenetic trees were constructed using the Max-
imum Likelihood (ML) method with 1,000 bootstrap replicates
to assess node support. Bootstrap values�50% were considered
significant and are shown on the corresponding nodes. Appro-
priate outgroup sequences were selected for each analysis based
on published literature and GenBank annotations. The new
sequences were deposited in GenBank with accession numbers
OR616666–OR616670 (R. microplus), OR616672–OR616675
(R. decoloratus), OR616700–OR616704 (R. appendiculatus),
OR635619–OR635625 (R. evertsi), OR635443–OR635447
(H. truncatum), OR635234–OR635238 (H. rufipes),
OR727797–OR727801 (R. sanguineus s. l.), OR842983–
OR842987 (A. variegatum), OR843043–OR843046 (R. annula-
tus), OR843047– OR843048 (R. pravus), OR843050–
OR843052 (R. simus), OR755894– OR755898 (T. mutans),
OR767908– OR767912 (B. bigemina), OR767904–
OR767907 (A. marginale), OR767913– OR767917 (T. parva),
OR819704– OR818708 (A. ovis), OR818699– OR818703
(B. bovis), OR821752– OR821755 (E. ruminantium), and
OR823813– OR823817 (A. bovis).

Results

Tick species identification

We collected ticks exclusively from animals that were
found to be visibly infested at the time of sampling. From each
infested animal, 1–10 ticks were collected depending on the
infestation intensity. Accordingly, we sampled 784 ticks (324
adult males, 391 adult females, 52 nymphs, and 17 larvae) from
202 heads of cattle, 151 ticks (82 adult males, 54 adult females,
11 nymphs, and 4 larvae) from 63 goats, and 29 ticks (9 adult
males, 18 adult females, and 2 nymphs) from 16 sheep, totaling
to 964 ticks (Table 2; Table S1). Of the sampled ticks, 41.2%
were from the central region, 32.1% from the southern region,
and 26.7% from the northern region. Ticks were morphologi-
cally identified and classified into three genera: Amblyomma,
Hyalomma, and Rhipicephalus. Eleven tick species were further
identified including R. microplus (30.5%), R. appendiculatus
(23.3%), R. decoloratus (13.2%), R. evertsi (9.8%), H. rufipes
(7.5%), A. variegatum (6.3%), R. sanguineus s. l. (3.6%),
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H. truncatum (2.8%), R. simus (2.0%), R. pravus (0.6%), and R.
annulatus (0.4%) (Fig. 1). All the tick species were found to be
distributed in all the districts except R. annulatus, which was
only found in Ntcheu and Lilongwe districts (Fig. 1). Notably,
R. appendiculatus was detected in southern districts (Chik-
wawa, Blantyre, Chiradzulu, and Mulanje), contradicting previ-
ous reports that the region was free of this vector. The PCR
sequence analysis based on 12S rRNA and/or COI genes
showed perfect agreement between molecular and morphologi-
cal identification. The tick sequences obtained in this study
showed identities ranging between 96% and 100% when com-
pared to those in the GenBank database, supporting the accu-
racy of the morphological identification.

Tick-borne pathogen detection

Selected TBPs were screened from the identified ticks, and
a total of eight pathogens were detected in the ticks, with no
TBP detected in the pooled tick sample. A total of 357
(37.0%) ticks were positive for at least one of the TBPs. Among
the tick DNA samples that tested positive, T. parva was the
most frequently detected pathogen (124/357, 34.7%), followed
by A. marginale (62/357, 17.4%), B. bigemina (53/357, 14.9%),
A. ovis (40/357, 11.2%), E. ruminantium (33/357, 9.2%), and T.
mutans (30/357, 8.4%). In contrast, B. bovis (8/357, 2.2%) and

A. bovis (7/357, 2.0%) were detected at relatively low frequen-
cies (Table 3). Theileria parva was detected in R. appendicula-
tus, R. decoloratus, R. evertsi, and R. pravus ticks, whereas A.
marginale was detected in H. truncatum, H. rufipes, R. evertsi,
R. appendiculatus, R. microplus, and R. sanguineus s. l. More-
over, B. bigemina was detected in R. decoloratus and R. appen-
diculatus. Anaplasma ovis was detected in H. truncatum, R.
evertsi, and R. appendiculatus. Ehrlichia ruminantium was
detected in A. variegatum and H. truncatum, while Theileria
mutans was detected in R. decoloratus, R. evertsi, and R. simus,
and Anaplasma bovis was detected in R. annulatus and R.
simus. Furthermore, B. bovis was detected in R. appendiculatus
and R. microplus (Table 2). Regarding sex and development
stages, 47.3% of the male ticks, 50.1% of the female ticks,
and 2.6% of the nymphs were positive for at least one of the
TBPs screened.

Co-infections of tick-borne pathogen in ticks

Multiple TBPs of up to three were detected in this study,
with 3.9% (14/357) of the ticks being co-infected. Of the co-
infections, 35.7% (5/14) comprised A. marginale and T. mutans
in R. microplus ticks from Lilongwe district, while another
35.7% (5/14) comprised A. marginale and T. parva in R. appen-
diculatus, and 28.6% (4/14) comprised T. parva and B. bigem-
ina in R. decoloratus from Kasungu and Lilongwe districts.

Table 1. Primer list used for tick identification and detection of tick-borne pathogens in ruminant-infesting ticks from Malawi.

Pathogen (gene) Assays 5’?3’ Product base size (bp) References

T. parva (p104) PCR ATTTAAGGAACCTGACGTGACTGC 496 [37]
TAAGATGCCGACTATTAAATGAC

nPCR GGCCAAGGTCTCCTTCAGAATACG 277
TGGGTGTGTTTCCTCGTCATCTGC

B. bovis (sbp-4) PCR AGTTGTTGGAGGAGGCTAAT 907 [47]
TCCTTCTCGGCGTCCTTTTC

nPCR GAAATCCCTGTTCCAGAG 503
TCGTTGATAACACTGCAA

B. bigemina (rap-1a) PCR GAGTCTGCCAAATCCTTAC 879 [47]
TCCTCTACAGCTGCTTCG

nPCR AGCTTGCTTTCACAACTCGCC 412
TTGGTGCTTTGACCGACGACA

T. mutans (18S rRNA) PCR GACACAGGGAGGTAGTGACAAG 403 [42]
CTAAGAATTTCACCTCTGACAGT

snPCR AACATTCGGAGACGCAAGCGAG 258
A. marginale (groEL) PCR GACTACCACATGCTCCATACTG 866 [49]

GTCTGAAGATGAGATTGCACAGGT
nPCR GACGTCCACAACTACTGCATTCA �768

CCTTTGATGCCGTCCAGAGATGCA
Tick (CO1) PCR CTTCAGCCATTTTACCGCGA 793 [28]

CTCCGCCTGAAGGGTCAAA
E. ruminantium (16S rRNA) PCR GGTACCTACAGAAGAAGTCC 1489 [35]

TAGCACTCATCGTTTACAGC
Tick (12S rRNA) PCR AAACTAGGATTAGATACCCTATTA 406 [31]

CTATGTAACGACTTATCTTAATAA
A. bovis (16S rRNA) PCR CTCGTAGCTTGCTATGAGAAC 551 [21]

TCTCCCGGACTCCAGTCTG
A. ovis (msp4) PCR CCGGATCCTTAGCTGAACAGGAAT 347 [49]

GGGAGCTCCTATGAATTACAGAGA

PCR = Polymerase Chain Reaction; nPCR = Nested PCR; snPCR = Semi-nested PCR
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Table 2. Tick species and associated tick-borne pathogens identified in different host animals in Malawi.

Tick species Tick number Animal spp. Number and prevalence of ticks positive for each tick-borne pathogen

A. mar (%) A. ovis (%) A. bovis (%) B. big (%) B. bovis (%) T. mutans (%) T. parva (%) E. rum (%) Total (%)

Amblyomma sp. (n = 61)
A. variegatum 61 Cattle Goats Sheep 0 0 0 0 0 0 0 24 (39.3) 24 (39.3)

Hyalomma sp. (n = 99)
H. truncatum 27 Cattle Goats Sheep 3 (11.1) 14 (51.8) 0 0 0 0 0 9 (33.3) 26 (96.3)
H. rufipes 72 Cattle Goats Sheep 8 (11.1) 0 0 0 0 0 0 0 8 (11.1)

Rhipicephalus sp. (n = 804)
R. decoloratus 127 Cattle Goats Sheep 0 0 0 31 (24.4) 0 12 (9.5) 37 (29.1) 0 80 (63.0)
R. evertsi 94 Cattle 11 (11.7) 7 (7.5) 0 0 0 9 (9.6) 16 (17.0) 0 43 (45.7)
R. appendiculatus 225 Cattle Goats Sheep 26 (11.6) 19 (8.4) 0 22 (9.8) 5 (2.2) 0 69 (30.7) 0 141 (62.7)
R. microplus 294 Cattle Goats Sheep 9 (3.1) 0 0 0 3 (1.0) 0 0 0 12 (4.1)
R. annulatus 4 Goats 0 0 1 (25.0) 0 0 0 0 0 1 (25.0)
R. sanguineus s. l. 35 Cattle 5 (14.3) 0 0 0 0 0 0 0 5 (14.3)
R. simus 19 Cattle 0 0 6 (31.6) 0 0 9 (47.4) 0 0 15 (79.0)
R. pravus 6 Cattle 0 0 0 0 0 0 2 (33.3) 0 2 (33.3)

Total 964 62 (6.4) 40 (4.2) 7 (0.7) 53 (5.5) 8 (0.8) 30 (3.1) 124 (12.9) 33 (3.4) 357 (37.0)

A. mar = Anaplasma marginale; B. big = Babesia bigemina; E. rum = Ehrlichia ruminantiumValues indicate the absolute number of PCR-positive ticks.

Table 3. Tick-borne pathogen detection rates in ticks by district in Malawi.

Pathogen District

Chikwawa (%) Chiradzulu (%) Mulanje (%) Blantyre (%) Ntcheu (%) Lilongwe (%) Kasungu (%) Ntchisi (%) Mzimba (%) Rumphi (%) Karonga (%) Total ticks (%)

A. marginale 6 (22.2) 11 (39.3) 3 (15.8) 9 (18.0) 2 (6.7) 4 (5.4) 5 (12.5) 2 (10.5) 7 (13.2) 4 (13.8) 9 (23.1) 62 (17.4)
A. bovis 0 0 0 0 7 (19.4) 0 0 0 0 0 0 7 (2.0)
A. ovis 8 (29.6) 4 (14.3) 2 (10.5) 4 (8.0) 3 (10.0) 3 (4.1) 4 (10.0) 0 5 (9.4) 3 (10.3) 4 (10.3) 40 (11.2)
B. bigemina 0 2 (7.1) 1 (5.3) 5 (10.0) 3 (10.0) 12 (16.2) 7 (17.5) 4 (21.1) 7 (13.2) 8 (27.6) 4 (10.3) 53 (14.9)
B. bovis 0 0 5 (21.7) 0 0 2 (2.7) 0 0 0 1 (3.4) 0 8 (2.2)
T. parva 3 (11.1) 4 (14.3) 0 7 (14.0) 11 (36.7) 27 (36.5) 19 (47.5) 12 (63.2) 21 (39.6) 9 (31.0) 11 (28.2) 124 (34.7)
T. mutans 2 (7.4) 1 (3.6) 3 (15.8) 5 (10.0) 3 (10.0) 7 (9.5) 0 1 (5.3) 5 (9.4) 2 (6.9) 1 (2.6) 30 (8.4)
E. ruminantium 0 5 (17.9) 8 (42.1) 8 (16.0) 3 (10.0) 6 (8.1) 0 0 0 0 3 (7.7) 33 (9.2)
Total ticks 27 (6.6) 28 (6.9) 23 (6.4) 50 (12.3) 36 (10.1) 74 (18.1) 40 (9.8) 19 (4.7) 53 (13.0) 29 (7.0) 39 (9.5) 357 (100)
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Phylogenetic analysis of detected tick-borne
pathogens

Phylogenetic analysis of Theileria parva p104 gene
sequences showed that all sequences in Malawi clustered within
a single clade together with reference sequences from East and
Southern Africa, including Tanzania, Kenya, Mozambique, and
South Africa (Fig. 2).

Babesia bigemina rap-1a sequences grouped closely with
isolates from Uganda, Kenya, South Africa, and Bangladesh,
forming a conserved and well-supported clade with minimal
genetic divergence (Fig. 3). Similarly, Theileria mutans 18S
rRNA sequences clustered with reference sequences from
Angola, Cameroon, Mozambique, Zambia, and South Africa,
indicating widespread circulation of closely related strains
across the region (Fig. 4).

Phylogenetic construction of Anaplasma ovis based on the
msp4 gene showed clustering with isolates from East Africa
and Asia, including Kenya, China, and Pakistan (Fig. 5). Babe-
sia bovis SBP-4 sequences formed two distinct lineages: one
clustering with isolates from China and another grouping with
Sudan, Egypt, Benin, Bangladesh and Syria, suggesting the
presence of at least two circulating lineages in Malawi (Fig. 6).

Analysis of 16S rRNA sequences identified as Ehrlichia
ruminantium showed clustering with reference strains from
Mozambique, South Africa, Zambia, and Egypt (Fig. 7). While
sequences of Anaplasma bovis clustered separately within the
same tree (Fig. 7).

A maximum likelihood phylogenetic tree was con-
structed based on partial groEL gene sequences to confirm
the identity of Anaplasma marginale detected in ticks
(Fig. 8). All sequences generated in this study clustered within

the A. marginale clade together with reference sequences from
Africa and other regions. The tick-derived sequences from
Malawi formed a well-supported cluster (bootstrap support =
97%) closely related to reference A. marginale sequences from
cattle in Kenya, Uganda, Egypt, and Malawi. No clear separa-
tion according to host species or geographic origin was
observed within the A. marginale clade.

Discussion

This study presents the first molecular-based identification
and characterization of TBPs associated with ruminant-infesting
ticks in Malawi. Tick species were initially identified morpho-
logically using stereomicroscopy and taxonomical keys and
confirmed using molecular tools. Accurate tick identification
is fundamental in understanding and controlling TBDs, as it
informs risk assessments, surveillance strategies, and vector
management programs [12, 14]. Furthermore, tick species dis-
tribution mapping contributes to the understanding of ecologi-
cal health and biodiversity with related conservation
implications [15].

Ticks have frequently been observed on livestock in
Malawi, but there is scarcity of scientific literature on the iden-
tity of these ticks and the pathogens they potentially carry. We
report the identification of eleven tick species belonging to the
three genera Amblyomma, Hyalomma, and Rhipicephalus from
domestic ruminants. The identified tick species included A. var-
iegatum, R. appendiculatus, R. annulatus, R. decoloratus, R.
evertsi, R. microplus, R. pravus, R. sanguineus s. l., R. simus,
H. truncatum, and H. rufipes. Except for R. annulatus, which
was only found in Ntcheu and Lilongwe, all other species were

Figure 1. Map of Malawi showing sampling sites and tick species identified at each location. The map was generated using QGIS software
version 3.40.1.
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detected across all sampling districts (Fig. 1), suggesting a wide
distribution of tick species on domestic ruminants throughout
Malawi. This finding supports earlier reports of rich tick diver-
sity in the country [4, 7]. The uncovering of R. appendiculatus
in the southern region is epidemiologically significant because
the region was long considered vector-free, despite earlier

molecular detection of T. parva in cattle blood [6, 8]. This find-
ing raises an important question about how the species was
introduced into this region. This may be as a result of the move-
ment of cattle from neighboring regions where R. appendicula-
tus is well established and widely distributed, such as the
central region in Malawi [4] or neighboring endemic countries

Figure 3. Phylogenetic analysis of Babesia bigemina based on the rap-1a gene. The Maximum Likelihood method was used to construct the
tree on MEGA 11 software with the kimura 2-parameter model. All bootstrap values >50% from 1,000 replicates are shown on the branch
nodes. Sequences from this study are indicated in red and Babesia caballi (MK580503) was used as an outgroup.

Figure 2. Phylogenetic analysis of Theileria parva based on the p104 gene. The Maximum Likelihood method was used to construct the tree
on MEGA 11 software with the Hasegawa Kishino Yano parameter model. All bootstrap values >50% from 1,000 replicates are shown on the
branch nodes. Sequences from this study are indicated in red and Theileria lestoquardi (KT989594) was used as an outgroup.

B. Chikufenji et al.: Parasite 2026, 33, 22 7

http://www.ncbi.nlm.nih.gov/nuccore/MK580503
http://www.ncbi.nlm.nih.gov/nuccore/KT989594


such as Mozambique [4, 48]. Further, unregulated or informal
livestock trade, seasonal transboundary grazing and restocking
of cattle following disease outbreaks or natural disasters may
have facilitated the spread of this species. Despite cattle being
primary hosts of R. appendiculatus, incidental carriages on
goats and sheep may also contribute to its local dissemination.
Whether the presence of this species reflects a recent introduc-
tion or a previously undetected, low-density population cannot
be conclusively determined from present data. Our findings
provide the missing vector link and suggest that East Coast
fever transmission risk in southern Malawi may have been
underestimated.

The study revealed that R. microplus was the most domi-
nant species and accounted for 30.5% of all ticks identified
and was present on all host types and across all regions. This
is consistent with its known capacity to infest a wide range
of hosts, including wild and domestic ruminants [11, 16, 48].
In contrast, T. parva was the most prevalent pathogen detected
across all regions of Malawi. This observation was unexpected
and may indicate a recent or previously undocumented presence
of R. appendiculatus in southern Malawi, a region historically
regarded as free of this vector, with uncontrolled livestock
movement representing a possible contributing factor.

The brown ear tick, R. appendiculatus, is typically associ-
ated with areas of tall vegetation and higher rainfall [48], and
it prefers large hosts such as cattle [19, 20]. In this study, we
observed the highest R. appendiculatus tick abundance in cattle
(72.6%) followed by goats (18.2%), and sheep (9.2%). The
finding of R. appendiculatus across all regions of Malawi con-
tradicts earlier reports that suggested its distribution was largely
confined to wetter ecological zones [4]. This broader occur-

rence may reflect changes in tick distribution patterns, poten-
tially influenced by increased livestock movement across
regions. As R. appendiculatus is the principal vector of T.
parva, its detection in this study, in association with other
tick-borne pathogens, including A. marginale, B. bigemina, A.
ovis, and B. bovis, raises the possibility of co-infections in cat-
tle. Similar patterns of multi-pathogen circulation have been
documented elsewhere and have showed important implications
for disease dynamics and control strategies [5, 17].

Rhipicephalus decoloratus, a well-established vector of B.
bigemina, A. marginale, and other tick-borne pathogens [24,
36], was widely detected in this study, indicating its continued
epidemiological relevance in Malawi. Its higher occurrence in
cattle (81.2%) compared to goats (13.6%) and sheep (5.2%)
is consistent with its known host preference and feeding behav-
ior, and mirrors patterns reported from South Africa and
Lesotho [30, 44]. The detection of multiple pathogens, includ-
ing T. parva, B. bigemina, and T. mutans, in R. decoloratus fur-
ther underscores its potential role in maintaining and
transmitting diverse pathogens within mixed livestock systems
[12]. These findings highlight the importance of considering
R. decoloratus in integrated tick control strategies, particularly
in cattle-dominated production systems where the risk of mul-
ti-pathogen exposure may be high.

The detection of R. evertsi, a tick species commonly asso-
ciated with T. separata and A. marginale [48], further highlights
the diversity of tick species infesting domestic ruminants in
Malawi. Its occurrence across all study regions and predomi-
nance on cattle (100% infestation), is consistent with reports
from other African settings [29, 44], reflecting its known host
preference and wide ecological adaptability. The identification
of A. marginale, A. ovis, T. mutans, and T. parva in R. evertsi
suggests frequent exposure of this tick species to multiple
pathogens circulating in livestock populations. However, the
detection of T. mutans and T. parva in R. evertsi most likely
reflects pathogen acquisition during blood feeding rather than
confirmed vector competence, as biological transmission of
these parasites by this tick species has not been conclusively
demonstrated.

Rhipicephalus annulatus is primarily a cattle tick [48] and
was only identified in goats in this study. While it is typically
associated with B. bovis and B. bigemina, we detected A. bovis
in R. annulatus and R. simus ticks. Anaplasma bovis has previ-
ously been detected in several ixodid tick species including R.
microplus [25], Haemaphysalis longicornis, and Ixodes persul-
catus [26]. Our finding of A. bovis in R. annulatus ticks was
surprising given the limited documentation on this association.
Similarly, R. sanguineus s. l., usually found on dogs, was
detected infesting cattle and found to carry A. marginale. This
suggests cross-species infestation possibly due to cohabitation
of domestic dogs and livestock [29]. Rhipicephalus simus and
R. pravus were also identified and found to carry T. parva
and T. mutans, respectively, again suggesting pathogen acquisi-
tion during blood meal.

Hyalomma rufipes, a two-host tick and known vector of
Crimean-Congo hemorrhagic fever and Nairovirus [40, 41],
babesiosis [36], anaplasmosis and theileriosis [27], showed an
infestation rate of 7.5%, mostly in cattle (88.5%), followed
by goats (11.1%), and sheep (0.4%). The highest prevalence

Figure 4. Phylogenetic analysis of Theileria mutans based on the
18S rRNA gene. The Maximum Likelihood method was used to
construct the tree on MEGA 11 software with the TG2 parameter
model. All bootstrap values >50% from 1,000 replicates are shown
on the branch nodes. Sequences from this study are indicated in red
and Plasmodium falciparum (JQ627150) was used as an outgroup.
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Figure 6. Phylogenetic analysis of Babesia bovis based on the sbp4 gene. The Maximum Likelihood method was used to construct the tree on
MEGA 11 software with the kimura 2-parameter model. All bootstrap values >50% from 1,000 replicates are shown on the branch nodes.
Sequences from this study are indicated in red. Babesia caballi (MT032180) was used as an outgroup.

Figure 5. Phylogenetic analysis of Anaplasma ovis based on the msp4 gene. The Maximum Likelihood method was used to construct the tree
on MEGA 11 software with the Kimura-2 parameter model. All bootstrap values >50% from 1,000 replicates are shown on the branch nodes.
Sequences from this study are indicated in red and Anaplasma marginale (KJ883270) was used as an outgroup.
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was attained in the southern region (73.4%), followed by the
central (19.7%) and northern regions (6.9%). As observed by
Zhou et al. [50], regional variation in prevalence suggests eco-
logical and climatic influences. Detection of A. marginale fur-
ther confirms its role in anaplasmosis transmission.

Hyalomma truncatum, the banded-legged tick, which has
been implicated in the transmission of several pathogens and
is associated with conditions such as dermatophilosis and Nair-
obi sheep disease [2, 3, 10], was detected in ticks across all
ruminant species examined in this study. Although its overall
occurrence was relatively low, its predominance in cattle and
goats suggests host-related differences in exposure or suitabil-
ity, which may reflect local husbandry practices or ecological
conditions. This host distribution is inconsistent with findings
from other settings where higher infestation levels were
reported in sheep and lower levels in cattle [30], highlighting
the influence of regional differences in livestock composition
and management. The frequent detection of A. ovis and E. rumi-
nantium in H. truncatum indicates substantial exposure of this
tick species to circulating pathogens and suggests a potential
epidemiological role, although further studies are required to
confirm its vector competence under local conditions.

Amblyomma variegatum, the tropical bont tick, is a well-
documented vector of E. ruminantium and has also been asso-
ciated with T. mutans transmission [1, 2]. Its detection across all

study regions, with a higher occurrence in northern Malawi
(44.9%), is consistent with the ecology of this tick species,
which favors warmer and more humid environments. The rela-
tively frequent detection of E. ruminantium in A. variegatum in
this study aligns with the established epidemiology of heartwa-
ter disease in sub-Saharan Africa [1, 2], reinforcing the contin-
ued importance of this tick species in the maintenance and
transmission of the pathogen within ruminant populations.

Notably, this study demonstrates that several tick-borne
pathogens, including T. parva, A. marginale, B. bigemina,
and A. ovis, were detected across multiple tick species, high-
lighting the complexity of pathogen circulation within rumi-
nant-associated tick communities. The widespread detection
of A. marginale in six tick species supports earlier reports of
its broad vector range and ecological adaptability [36]. Simi-
larly, the occurrence of B. bigemina in both R. appendiculatus
and R. decoloratus indicates exposure of multiple tick species
to this pathogen and suggests potential overlap in transmission
cycles, which may increase the risk of co-infections in cattle
populations [32].

The phylogenetic patterns observed in this study indicate
that several TBPs circulating in Malawi are genetically closely
related to strains reported across diverse regions of Africa and
beyond, suggesting broad regional connectivity and limited
geographic structuring for some loci. For T. parva, the p104

Figure 7. Phylogenetic analysis of Anaplasma bovis and Ehrlichia ruminantium based on the 16S rRNA gene. The Maximum Likelihood
method was used to construct the tree on MEGA 11 software with the kimura 2-parameter model. All bootstrap values >50% from 1,000
replicates are shown on the branch nodes. Sequences from this study are indicated in red and Rickettsia conorii (MT366070) was used as an
outgroup.

10 B. Chikufenji et al.: Parasite 2026, 33, 22

http://www.ncbi.nlm.nih.gov/nuccore/MT366070


gene sequences clustered within a single major clade together
with isolates from Tanzania (OP390278 and ON157064), South
Africa (MZ798149), Cameroon (MK568804), Kenya
(AY034071), Mozambique (ON376062), and Malawi
(OP866892), consistent with previous reports [37], showing
limited polymorphism in this marker and an absence of strong
geographic segregation (Fig. 2). This finding aligns with earlier
studies [37], indicating that the p104 gene is relatively con-
served and therefore useful for confirming T. parva infection,
but has limitation in resolving strain-level variation. This phe-
nomenon supports the application of the p104 gene in East
Coast fever routine surveillance, while emphasizing the need
for complementary markers to inform epidemiological studies.

Similarly, B. bigemina sequences based on the rap-1a gene
clustered with isolates from East Africa (Uganda, MG426198,
and Kenya, KP347559), Southern Africa (South Africa,
MK481015), and Asia (Bangladesh, OQ162126), indicating
the wide geographic distribution and genetic homogeneity
(Fig. 3). The clustering of T. mutans 18S rRNA sequences with
those from multiple African countries including Angola,
Cameroon, Mozambique, South Africa, Burkina Faso, and
Zambia (Fig. 4), further supports the notion of widespread cir-
culation of closely related strains across the continent, likely
facilitated by livestock movement and shared tick vectors.

In contrast, the phylogenetic structure of B. bovis suggested
greater genetic complexity. While most Malawian sequences
clustered with isolates from Sudan (LC611418), Bangladesh
(OQ144959), and Brazil (AB569300), one sequence formed a
distinct lineage with a previously Malawian isolate
(OP839190), indicating the possible presence of at least two cir-
culating B. bovis lineages in Malawi (Fig. 6). This finding has
important epidemiological implications, as genetic heterogene-
ity in B. bovis has been associated with variation in virulence
and diagnostic sensitivity [38].

The clustering of A. ovis major surface protein 4 (msp4)
sequences with isolates from Asia (Pakistan, OP978207 and
China, MN394791), and East Africa (Kenya, MF360029)
(Fig. 5), suggesting that there might be one strain circulating
in Malawi. The 16S rRNA Ehrlichia ruminantium sequences
from this study clustered within the Ehrlichia ruminantium
clade together with reference strains from other African coun-
tries. Therefore, based on the phylogenetic placement and
sequence similarity, these sequences are interpreted as E. rumi-
nantium sensu stricto and not closely related to Ehrlichia taxa
(Fig. 7).

The groEL-based phylogenetic analysis further supports the
molecular identification of Anaplasma marginale detected in
ticks collected from livestock in Malawi. The clustering of
sequences from Malawi with reference A. marginale sequences
from multiple regions, including East and North Africa, indi-
cates that the detected genotypes are consistent with globally
distributed A. marginale lineages. The absence of strong geo-
graphic or host-associated structuring within the A. marginale
clade is consistent with previous studies [13, 18, 27], and likely
reflects the broad host range and widespread distribution of this
pathogen. Although the groEL gene provides useful resolution
for species confirmation, additional markers [17] and broader
sampling would be required to assess fine-scale genetic diver-
sity and epidemiologic patterns of A. marginale in the region.

Collectively, these findings suggest that TBPs in Malawi
form part of wider regional and global transmission networks,
underscoring the need for coordinated surveillance strategies
and the use of higher-resolution markers to better resolve
population structure and transmission dynamics.

The detection of a pathogen in a tick species does not
necessarily demonstrate vector competence as biological trans-
mission requires successful pathogen replication and passage to
a susceptible host [15], with molecular evidence to be inter-

Figure 8. Phylogenetic analysis of Anaplasma marginale based on the groEL gene. The Maximum Likelihood method was used to construct
the tree on MEGA 11 software with the kimura 2-parameter model. All bootstrap values >50% from 1,000 replicates are shown on the branch
nodes. Sequences from this study are indicated in red and Anaplasma phagocytophilum (EF185285) was used as an outgroup.
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preted and vector competence established through rigorous
experimental infection and transmission studies.

In conclusion, this study provides the first molecular and
morphological evidence of TBPs in ticks infesting domestic
ruminants in Malawi. The findings highlight the presence of
multiple pathogens across different tick species, underscoring
the importance of integrated tick and TBD control strategies.
The finding and identification of R. appendiculatus in southern
Malawi, a region where it was previously considered absent,
together with the detection of T. parva, raises important con-
cerns for East Coast fever surveillance and control. These
observations indicate the need for a re-evaluation of current
monitoring and control programs, particularly considering
potential changes in tick distribution and the emergence of
new vector-pathogen associations.
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