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Abstract

Ticks pose a significant public health threat worldwide due to their role in transmitting various vector-borne
pathogens. This study aimed to assess the prevalence of tick infestations and the diversity of ticks infesting dogs
in several municipalities within the city of Kisangani, in the Democratic Republic of the Congo.

A total of 207 dogs were examined over 50 days in five months (April, May, August, September, and October) of
2024. Of the dogs examined, 168 (81.2%). A total of 5,875 ixodids were collected. The examination of the parasite
load distribution reveals major heterogeneity within the sample, characterized by an overdispersion typical of
tick populations in natural environments. Parasite burdens were generally low (median = 8), yet the marked right-
skewness of the distribution revealed aggregation in a limited number of heavily infested hosts. The prevalence
of infestation varied between municipalities, with the highest percentage of infested dogs in Kabondo (91%),
Kisangani (90%,), and Makiso (89%), and the lowest in Mangobo (68%) and Tshopo (56%).

There was a significant disparity in the prevalence of infestation, with females dogs showing a higher infestation
rate (102 out of 128 dogs examined) compared to males (39 out of 79 dogs examined). Mature canids also had a
higher infestation rate than younger animals. Rhipicephalus sanguineus was found in 92% of cases, confirming
its strong adaptation to the urban environment and its potential role in the transmission of canine and zoonotic
pathogens. These results highlight the need for enhanced surveillance and integrated tick control measures in
urban areas in Kisangani.
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I.  Introduction

Ticks, as obligatory hematophagous ectoparasites, are of substantial importance for both animal and
human health. These arthropods parasitize a diverse array of mammals, avian species, and reptiles [1]. Globally,
almost 900 species of ticks have been identified and categorized into three families: Ixodidae, Argasidae, and
Nutalliellidae [2]. Ixodid ticks, commonly known as hard ticks, are of primary interest to public health due to their
capacity to transmit various pathogenic organisms, including Babesia, Theileria, Anaplasma, and the Crimean-
Congo haemorrhagic fever virus [3]. They are recognized as the principal vectors of disease in animal populations
worldwide, and their impact on human welfare is surpassed only by that of mosquitoes[4].

Parasitic infestations in domestic canines merit considerable attention due to their capacity to facilitate
the propagation of a diverse array of pathogenic agents. These include bacterial diseases such as borreliosis
(caused by Borrelia spp.), rickettsiosis, tularemia, and bartonellosis, alongside parasitic conditions like babesiosis
and anaplasmosis [5,6]. This underscores the imperative for conducting epidemiological studies on parasitic loads
within urban canine populations, given their potential role as reservoirs and transmission vectors for zoonotic
diseases affecting human health. The probability of disease transmission is further augmented by the escalating
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interface among human, domestic animal, and wildlife populations, a trend that inherently promotes the broader
dissemination of zoonotic pathogens[7].

The ecological adaptability and range expansion of ticks are largely due to their capacity to adapt to
varied environments and host assemblages. Influences such as climatic shifts, alterations in land utilization, and
host relocation are contributing to their dispersal into novel areas, including regions previously free of infestation
[8]. In Africa, for example, Rhipicephalus microplus has shown rapid geographic expansion, displacing
indigenous tick species [9] and predictive models suggest distributional increases of up to 100% for several
Rhipicephalus species [10].

This investigation aimed to determine the prevalence and intensity of tick infestation on canine hosts
within five districts of Kisangani, with a focus on identifying geographical differences and considering their
possible relevance to public health. Furthermore, host-specific attributes, including sex and age, were to be
examined to evaluate their impact on the probability of infestation.

II.  Materials and Methods
2.1. Study environment

The study was conducted in the city of Kisangani, the capital of Tshopo Province in the Democratic
Republic of the Congo (DRC). Climatically, Kisangani belongs to the Af category according to the Koppen-
Geiger classification (equatorial climate). This climate is characterized by stable temperatures, with an annual
average of approximately 25.3 °C, and abundant rainfall averaging 1,724 mm per year (based on records spanning
from 1956 to 2005). Monthly precipitation consistently exceeds 60 mm, although it is unevenly distributed over
two seasons throughout the year [11, 12].

Covering a total area of 2,947.9 km?, the city is administratively subdivided into six municipalities, five
of which are located on the right bank of the Congo River and one on the left bank (Fig. 1). The specific scope of
the research focused on five urban municipalities: Kabondo, Kisangani, Makiso, Mangobo, and Tshopo. These
areas are characterized by rapid recent population growth and an urban environment marked by a high density of
domestic and stray dogs.
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Figure 1: Map showing the location of sampling points in the five municipalities of the city of Kisangani,
Tshopo Province (DRC).

2.2. Data collection
Dogs of all ages and both sexes were included. Sampling was conducted using a non-probabilistic
snowball approach. Snowball sampling involves a non-probabilistic and non-random sampling method, such as
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snowball sampling [13], is particularly relevant for investigations targeting specific or hard-to-reach populations
in the absence of a comprehensive sampling frame. This approach is therefore suitable for studying groups such
as pet owners in urban areas[14].

Operationally, this strategy involves asking the subjects initially included in the study for example, dog
owners who have agreed to participate, to identify and recommend other individuals within their social network
(neighbours, friends, acquaintances) who might also agree to participate in a study concerning their pet. This
referral mechanism allows for a gradual expansion of the study cohort by capitalizing on the social connections
of the initial participants [15].

In applying this approach, in each municipality, an initial dog was identified with the assistance of
residents. The dogs included in this study were not all strays; most were owned, and their owners or caretakers
facilitated sampling and referred us to other dog owners in the neighbourhood. This process was repeated until
the pre-determined study period of 10 days per municipality was completed. The snowball method is commonly
applied when the target population is difficult to access through conventional sampling techniques [13,15]. A
stratified sampling approach based on geographic location was implemented in five of the six municipalities in
Kisangani: Makiso, Kabondo, Kisangani, Tshopo and Mangobo. The municipality of Lubunga was omitted from
the investigation due to safety concerns arising from prevalent inter-ethnic violence in the area. This stratification
by municipality also enabled the examination of potential spatial variations in infestation prevalence associated
with variables such as municipal area, sanitation levels, and environmental attributes. The ticks were collected
manually using entomological forceps (Fig. 1), delicately removed from their host so as not to damage the
gnathosoma, which was used for identification. Ticks were preserved in 70% ethanol for identification in the
laboratory. Before each examination, verbal consent was systematically obtained from the owners or guardians of
the dogs. For examination, dogs were muzzled (Fig. 2) to prevent any risk of bites when handling them.

Fig 2. Dogs fitted with a muzzle b}; the owner (a) and tick removal using entomological tweezers (b).

2.3. Identification of ticks

The hard ticks collected were identified and processed at the Biodiversity Monitoring Center (CSB)
laboratory in Kisangani. Identification was based on observation of morpho-anatomical characteristics under a
binocular microscope (Leica EZ4, Leica Microsystems, Wetzlar, Germany; manufactured in China and OPTIKA
S.r.l., Ponteranica, Bergamo, Italy) and using the specific dichotomous keys to determine the genera and species
of the specimens collected of [16,17 ,18].

2.4. Data analysis

The differences in infestation associated with host characteristics such as sex were tested using chi-square
tests. Given the non-normal distribution of tick abundance data, a Kruskal-Wallis test, a non-parametric
alternative, was employed to evaluate variations between host groups. In instances where notable differences were
identified, Dunn's post hoc test was subsequently utilized to conduct pairwise comparisons. Before statistical
analysis, data were tested for normality using the Shapiro—Wilk test. Since the distribution of infestation data
deviated significantly from normality (p < 0.05), non-parametric tests were deemed appropriate. Accordingly, the
Kruskal-Wallis test was applied for group comparisons, followed by Dunn’s post hoc test where relevant. We
considered two key parameters to explain the variations observed in tick abundance: the sex of the host and the
age of the host. By accounting for host sex and age, along with the capture location's municipality, we could
evaluate the impact of these variables on tick abundance.
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III.  Results
A total of 5,875 ixodids were collected from a sample of 207 canids inspected. The examination of the
parasite load distribution reveals major heterogeneity within the sample, characterized by an overdispersion
typical of tick populations in natural environments. While the majority of subjects exhibit low infestation (median
= 8), the pronounced positive skewness of the histogram highlights a "long tail" of extreme values. Although 75%
of the observations fall below 33 ticks, the presence of isolated individuals carrying exceptional loads (up to 400)
highlights the existence of hyper-receptive hosts.

Table 1: The number of canine hosts examined of each sex, the number infested by ticks and the percentage
prevalence of tick infestation and the statistical test (X?), stratified by municipality in five administrative entities
of Kisangani, Democratic Republic of the Congo.

Municipalities Hosts examined Hosts infested Prevalence (%)
M F M F M F
KABONDO 19 26 19 22 100 84,6
KISANGANI 8 32 7 29 87,5 90,6
MAKISO 28 28 25 25 89,3 89,3
MANGOBO 11 23 7 16 63,6 69,6
TSHOPO 13 19 10 8 76,9 42,1
Total 79 128 68 100 86,1 78,1
F 128 102
M 79 39
Total 207 141
Chi®2 17.9

The prevalence of infestation varied according to the locations studied, with very high values observed
in Kabondo (91%), Kisangani (90%), and Makiso (89%). In contrast, lower prevalences were found in Mangobo
(68%) and Tshopo (56%), suggesting spatial heterogeneity of infestation. The overall prevalence (81%) shows
widespread distribution of the parasites in the host population studied, highlighting their health and ecological
importance in the region.

A chi-square test of independence was conducted to examine the relationship between host sex and tick
infestation status. The analysis revealed a statistically significant association between these two variables (2 =
17.9, df = 1, p < 0.001). Specifically, a greater proportion of female canines exhibited tick infestations (79.7%)
relative to their male counterparts (49.4%). Chi-square analysis revealed a significant association between
infestation prevalence and host sex as well as geographic location (x> = 9.80, df = 4, p = 0.044). Specifically, a
higher proportion of females were infested compared to their male counterparts, and infestation levels varied from
one location to another. These results suggest that host-related factors, such as sex, and environmental variables
related to distinct geographic areas play a role in the distribution and frequency of tick infestations within the
canine population of the study area.

Table 2: The number of dogs examined, the number of ticks found and the percentage infested stratified by host

age class.
Age Number examined Number of Ticks Prl (%)
Adult (over one year old) 117 96 82.1
Young (under one year) 90 72 20
Total 207 168 81.2

The study reveals a state of hyperendemicity regarding tick infestation within the canine population studied. Out
of a sample of 207 hosts, 168 were infested, i.e. an infestation prevalence of 81.2%.

Analysis by age group reveals an infestation prevalence of 82.1% in adult dogs (one year or older) and 80.0% in
young dogs (less than one year old). The small difference observed between these groups (2.1 percentage points)
suggests that the age of the host does not significantly influence the presence of the parasite.

In terms of the ticks identified, these were predominantly of Rhipicephalus sanguineus, followed by Rhipicephalus
sp and Haemaphysalis leachi (Fig. 1) The municipalities of Makiso and Kabondo, which had high infestation
levels, appear to be major hotspots for tick infestation, unlike other areas such as Mangobo and the other sector
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of Tshopo, which have significantly lower infestation rates. These observations suggest significant geographical
variations in tick prevalence within the city.

Systematic overview of ticks
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Figure 3: The systematic overview of ticks of different species collected from dogs in five different
municipalities in the city of Kisangani

IV. Discussion
4.1. Epidemiological status and spatial distribution of infestation

This study revealed an exceptionally high infestation prevalence of 81.2% among dogs in Kisangani,
reflecting a state of hyperendemicity. This rate far exceeds those reported in other tropical or subtropical contexts,
such as Cameroon 63% [19], Burkina Faso 43,7% [20] and even temperate zones such as Romania 38.3% [21].
These differences can be explained by the tropical climate stability of the Kisangani region, which favors
continuous tick activity, unlike temperate zones subject to marked seasonality.

Significant spatial heterogeneity was observed between the five municipalities studied: Kabondo (91.1%),
Kisangani (90%), and Makiso (89.3%) had the highest rates, while Mangobo (67.7%) and Tshopo (56.3%) had
the lowest. These disparities reflect a micro-ecological gradient linked to vegetation cover, dog density, dog owner
availability, waste management, and the proximity of residential areas to wooded plots. As highlighted by [22]
point out, these factors shape the dynamics of tick populations in urban areas and reinforce the need for a control
approach tailored to each locality.

4.2. Parasite load and factors of variation

The examination of the parasite load distribution reveals major heterogeneity within the sample,
characterized by an overdispersion typical of tick populations in natural environments. While the majority of
subjects exhibit low infestation (median = 8), the pronounced positive skewness of the histogram highlights a
"long tail" of extreme values. indicate a high ectoparasite load, which is likely to cause physiological stress and
vector-borne diseases. Statistical analysis revealed a significant interaction between location and sex of the dogs
(p = 0.044), indicating that the distribution of ticks depends simultaneously on environmental and behavioral
factors.

This dynamic suggests that the parasite's persistence in the ecosystem is maintained by a small minority
of highly infested reservoirs, a crucial finding for targeting vector control interventions and community health
development.

Females were significantly more infested than males, a result consistent with the work of [23] and [24]
who attribute this trend to hormonal factors modulating the immune response or to reproductive behaviors
increasing exposure time to infested habitats. Nevertheless, [25] observed a predominance of males in livestock
infestations in Tunisia, emphasizing that sex differences are contextual, influenced by behavior, ecological
conditions, and management practices.

With regard to age, the prevalence of infestation was slightly higher in adults (82.1%) than in young
animals (80.0%), with no significant difference. This result is consistent with [26] and [27] who showed that older
animals, exposed for longer periods to infested environments, are at increased risk of infestation.
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4.3. Biogeography and species diversity of ticks

Taxonomic analysis identified three main species: Rhipicephalus sanguineus, Haemaphysalis leachi, and
Rhipicephalus sp., with a marked predominance of R. sanguineus. This composition is consistent with the
observations of [25, 26] and [29], who report a global predominance of this species, often referred to as the brown
dog tick.

R. sanguineus is distinguished by its endophilic life cycle, tolerance to domestic microclimates, and high
reproductive capacity indoors, which explains its dominance in tropical and subtropical urban areas. Studies
conducted in various ecological contexts, such as those by [30] in Romania and [31] in Pakistan, confirm this
universal ecological plasticity.

The simultaneous presence of H. leachi and Rhipicephalus sp. in Kisangani illustrates local species
diversity and highlights the possibility of co-infections or simultaneous transmission of pathogens, increasing the
health risk.

4.4. Epidemiological implications and public health perspectives

The hyperendemicity observed in Kisangani reveals considerable parasitic pressure and a potential
epidemiological threat to animal and human populations. The species identified, notably R. sanguineus and H.
leachi, are established vectors of pathogens such as Ehrlichia canis, Babesia canis, and Rickettsia spp. [32].

The lack of systematic tick control programs, combined with limited veterinary infrastructure and close
human-dog cohabitation, increases the risk of zoonotic transmission. It is therefore imperative to promote
integrated ectoparasite management strategies based on community awareness among dog owners, regular
application of appropriate acaricides, and improved environmental hygiene.

In addition, it would be relevant to develop molecular surveillance approaches to detect pathogens associated with
local ticks and more accurately assess the zoonotic potential in the Congolese urban context.

4.5. Summary and scientific significance

This study is the first quantitative and ecological contribution to understanding urban canine parasitism
in the Democratic Republic of Congo.

It demonstrates: the existence of urban hyperendemicity of ticks in Kisangani; marked spatial variability
modulated by environmental and behavioral factors; the global dominance of Rhipicephalus sanguineus in
anthropized environments; and the emergence of an underestimated zoonotic risk.

These results call for a multidisciplinary approach, combining ecology, veterinary medicine, and public health, in
order to develop sustainable control policies for ticks and the diseases they carry in tropical urban environments.

V.  Conclusion

This investigation reveals substantial epidemiological observations concerning mite parasitism in canine
populations in Kisangani, confirming a pronounced parasitic endemicity. The findings indicate an overall
infestation prevalence of 81.2%, with a statistically relevant median ectoparasite load of median ([= 8; Q1 = 1;
Q3= 33]) parasites per affected host.

These quantitative epidemiological data, which enrich the previously limited body of research on ticks
in urban areas of the Democratic Republic of Congo, highlight a growing public health issue. The increase in the
prevalence and diversity of tick species observed in this urban environment, combined with the predominance of
Rhipicephalus sanguineus in its endophilic biotopes and the inadequacy of existing veterinary infrastructure in
Kisangani, leads to increased vulnerability to the spread of vector-borne diseases among animal and human
populations.

These results underscore the imperative need for strategic action. It is crucial to implement integrated
management programs and effective preventive and control measures in the geographical area concerned, taking
into account the spatial variability of risk and the need for active epidemiological surveillance for vector-borne
diseases.
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