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Introduction

Ticks are obligate ectoparasites recognized worldwide as major vectors of several disease-causing pathogens and are good indicators of disease distribution and epidemiology. Recent years have seen a growing concern regarding emerging and re-emerging of economically important tick-borne pathogens of livestock and humans worldwide. The overall objective of the study was to give an insight into current tick distribution and associated bacterial pathogens that may pose a threat to cattle in the sampled study sites.





Methods

A total of 150 cattle were randomly selected from three study sites, Harrismith and Phuthaditjhaba in Free State Province and Bergville in KwaZulu Natal Province, South Africa. Blood samples were collected from the cattle and DNA was subjected to the 16S rRNA gene microbiome sequencing on the circular consensus PacBio sequencing platform. Ticks were also collected from various predilection sites of the sampled animals.





Results

A total of eight tick species were identified and Rhipicephalus evertsi evertsi (79.4%) was the most abundant followed by R. appendiculatus (11.7%), R. afranicus (2.6%), R. simus (2.6%), Hyalomma rufipes (1.2%), R. decoloratus (1.0%), H. truncatum (0.7%) and R. microplus (0.7%). The bacterial microbiome sequence analysis revealed up to 16 phyla and 30 classes in the three study sites. Proteobacteria was the most dominant bacterial phyla with a relative abundance of 67.2% (Bergville), 73.8% (Harrismith) and 84.8% (Phuthaditjhaba), followed by Firmicutes at 9.6% (Phuthaditjhaba), 18.9% (Bergville) and 19.6% (Harrismith).





Conclusion and perspectives

The Chao 1 index estimator revealed significant differences in the α-diversity of microbial communities among three study sites. This study expands the knowledge on tick fauna and microbial communities in the three study sites.
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1 Introduction

Ticks are good indicators of disease distribution and epidemiology (1) and are widely distributed particularly in tropical and subtropical areas. Their distribution is dependent on the environment and host for growth and survival (2). Various studies have shown that cattle and other animal species are mostly infested by ticks, transmitting several pathogens (3–10). Ticks transmit obligate intracellular Gram-negative bacterial species of animal and human importance in the order Rickettsiales such as Ehrlichia chaffeensis, E. ruminantium the causative agent of heartwater in ruminants (11), Anaplasma phagocytophilum that causes human granulocytic anaplasmosis, and A. marginale and A. centrale that cause anaplasmosis (gallsickness) in ruminants (12). The other pathogens are Borrelia duttonii which causes tick-borne relapsing fever and Rickettsia species responsible of causing rickettsioses (13), while Coxiella burnetii causes Query fever (Q-fever) in humans or coxiellosis in domestic animals (14). Apart from pathogen transmission, ticks can damage hides, cause blood loss, severe allergic reactions, immune-depression, irritation, and chronic stress (15).

There is a growing concern of emerging and re-emerging tick-borne pathogens of public health concern and of economic significance amongst livestock, but data from African ecosystems is still scanty. The most affected areas are resource-poor, where factors such as poor veterinary services, inability of the farmers to purchase veterinary medicines, uncontrolled translocation of livestock, the wildlife-livestock interface, and burning of grazing land promote emergence and re-emergence of tick-borne pathogens in an environment where climate change is notable (16). Among the few microbiome studies conducted in South Africa, Kolo et al. (17) investigated possible causes of acute febrile illness and found A. phagocytophilum, A. platys and Anaplasma sp. SA/ZAM dog DNA in blood of rodents, dogs, cattle, and humans. In another study, Makgabo et al. (18) revealed the presence of nine novel Anaplasma 16S rRNA genotypes in 11 wild animal species, highlighting the importance of emerging tick-borne pathogens among communities in South Africa.

Global warming has effected the change in the climate and disrupted the ecosystems in agriculture. Consequently, tick distribution and the pathogens they transmit. The other factor is the competence of invasive tick species. The invasive ticks, such as the one-host tick, R. microplus and the three-host tick, A. variegatum have high adaptability and capacity to transmit several pathogens. In South Africa, R. microplus, is the vector of Babesia bigemina, B. bovis and A. marginale. This tick has been reported to displace the indigenous tick, R. decoloratus, in South Africa (7, 19). Amblyomma variegatum is prevalent in various regions within Africa and is considered as the second most invasive tick species after R. microplus (20). It is the vector of E. ruminantium.

Tick distribution has been used as an indication of tick-borne disease distribution, thus demonstrating the presence of various pathogens. However, the aforementioned factors such as climate change, the adaptation of invasive tick species and translocation of animals indicate that the tick distribution might not be a concise marker of the distribution of disease. For instance, the vector may be present, but the pathogen might either not have been reported or the vector might have been displaced by invasive tick species, while other tick-borne pathogens might be concurrently transmitted by other vectors such as biting flies or through contaminated veterinary instruments (21, 22).

In this study, three neighboring small towns: Bergville in KwaZulu Natal Province, Harrismith and Phuthaditjhaba in the Free State Province, South Africa were targeted for the surveillance of ticks and tick-borne pathogens. These towns are separated by the Drakensberg Mountains that serve as the grazing areas for the livestock. Between the three towns, there is a constant movement of livestock for cultural practices, breeding for beef production and barter trade. Tick distribution studies on cattle have previously been carried out to catalog ticks and tick-borne pathogens in Phuthaditjhaba and Harrismith (9, 14, 23, 24). In Bergville, however, only one study has been carried out thus far (25). The studies were conducted eight years ago in the Free State and five years ago in KwaZulu-Natal.

In view of the above, this study sought to determine whether there have been alterations in tick distribution due to factors such as climate change, livestock translocation, and vector displacement and to further determine associated bacterial pathogens and conduct a comparative analysis of cattle blood microbiome present at the three study sites.




2 Materials and methods



2.1 Ethics approval

The study was approved by the Animal Ethics Committee of the University of Pretoria, South Africa (REC029–21), and collection of cattle samples was approved by the Department of Agriculture, Land Reform and Rural Development under section 20 of the Animal Disease Act 35 of 1984 with reference 12/11/1/1/MG.




2.2 Study area

The study was conducted in three neighboring sites in South Africa, one site in KwaZulu-Natal Province (Bergville) and two in the Free State Province (Harrismith, Phuthaditjhaba), from 29 October through 01 November 2021 (Figure 1). The three sites are rural and demarcated by Drakensberg mountains.




Figure 1 | Map of South Africa showing two neighboring provinces where study sites are located; (A) in red = Free State (FS), where Phuthadijthaba and Harrismith are located, blue = KwaZulu Natal (KZN) where Bergville is located. (B) The study sites Harrismith (pink dot), Phuthaditjhaba (yellow dot) and Bergville (green dot). Map were constructed using ArcGIS Desktop 10.8.2 (Esri ArcMap).



There is regular movement of cattle among the three areas. The climate in Bergville is warm and temperate, with temperature varying from 3°C to 28°C (average 15°C). January is the warmest month of the year, with an average temperature of 20.1°C. The summer months (December to March) are wetter than the winters and the annual rainfall is 1657 mm. The driest month is June with 19 mm and the greatest amount of precipitation occurs in January, with an average of 312 mm. Average temperatures in October and November are 17.1°C and 18.5°C, while average rainfall is 148 mm and 196 mm, respectively (https://en.climate-data.org/africa/south-africa/kwazulu-natal/bergville-14872/).

In Harrismith, the temperature typically varies from -1°C to 26°C. The warm season is from October through March and the cold season is from May through August. The rainy period is from August through May, with a sliding 31-day rainfall of at least 12.5 mm. Average temperatures in October and November are 16.3°C and 17.3°C, while average rainfall is 94 mm and 128 mm, respectively (https://en.climate-data.org/africa/south-africa/free-state/harrismith-12770/).

The climate in Phuthaditjhaba is mild, and generally warm and temperate. The temperature averages 13.4°C (monthly average range 7°C to 17.8°C). Precipitation is about 1020 mm (monthly average range 12 mm to 184 mm). The summer months are December, January, February and March. Average temperatures in October and November are 15.2°C and 16.4°C, while average rainfall is 109 mm and 135 mm, respectively (https://en.climate-data.org/africa/south-africa/free-state/phuthaditjhaba-55825/).




2.3 Collection and identification of adult ticks

Representative adult tick samples were collected from the predilection sites: ears, dewlap, tail switch, back, groin, udder, around anus, lower abdomen of the 150 cattle from the three study sites. The ticks were kept in airtight containers with moist cotton wool prior to identification using a stereoscopic microscope at the Ectoparasitology laboratory in the Department of Veterinary Tropical Diseases, University of Pretoria, South Africa, and using morphological keys described by Walker (26).




2.4 Blood sample collection

A total of 150 cattle from the three sites were enrolled for the study. A herd of fifty cattle were randomly selected from each of the three sampling sites, at their respective communal sites or dip tanks. Cattle were apparently healthy but infested with ticks, predominantly adults of both sexes and of Nguni breed (Bergville and Harrismith) or Brahman breed (Phuthaditjhaba). In Harrismith, communal dipping programs are lacking, with the last dipping conducted four months preceding this study (June 2021). However, some farmers, despite limited resources, resorted to alternative methods such as cattle sprays and injectable solutions for tick control. In Phuthaditjhaba, pour-on dipping is the method used every 3–4 months. In Bergville, dipping takes place twice a month at the Woodford dip tank.

Blood samples were collected from the coccygeal vein of individual animals into 10-ml sterile EDTA vacutainer tubes. The blood was stored at 4°C until further analysis.




2.5 DNA extraction, 16S rRNA gene amplification, and PacBio sequencing

Genomic DNA was extracted from 200 µl of blood using the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) following the manufacturer’s instructions. The presence of bacterial communities in the blood samples was analyzed using single molecule real-time PacBio sequencing technology (Pacific Biosciences, Menlo Park, CA, USA). The full-length 16S rRNA gene was amplified from genomic DNA using bacterial-specific primer 27F 5’-AGA GTT TGA TCM TGG CTC AG-3’ and 1492R 5’-TAC GGY TAC CTT GTT ACG ACT T-3’. For multiplexing of amplicons, the 5`-ends of the 16S rRNA forward and reverse primers were tagged with the universal M13F (TGTAAAACGACGGCCAGT) and M13R (GGAAACAGCTATGACCATG) sequences respectively. Two amplification reactions contained water as a template were used as negative controls. SMRTbell libraries were created using SMRTbell™ Template Prep Kit 1.0 (Pacific Biosciences, CA, USA) following instructions in the protocol “Procedure & Checklist – Amplicon Template Preparation and Sequencing” (part number 100–801-600–04). Sequencing was done using the Sequel® Sequencing Kit 2.1 (Pacific Biosciences, CA, USA) with on-plate loading concentration of 4 pM.




2.6 Sequence analysis using divisive amplicon denoising algorithm 2 workflow

The DADA2 package (version 1.12.1) analysis workflow implemented in R statistical software (v3.6.1) was used to analyze raw amplicon sequencing data generated using the PacBio Sequel System (Pacific Biosciences, CA, USA). To infer amplicon sequence variants, error-model learning, and chimera removal were performed on the filtered reads using default DADA2 parameters. Taxonomic assignments were made based on the curated SILVA 16S rRNA database (27). Taxa and abundance tables generated by DADA2 were imported into the phyloseq package v1.28.0 (28) for downstream analysis and visualization, including estimation of richness and visualization of the alpha-diversity, as well as visualization of differences in taxa abundance between the three study sites.




2.7 Statistical analysis

Effect sizes of the differences among the three study sites were calculated using the Cohen’s D measure using the effsize package in R (https://github.com/mtorchiano/effsize), based on Shannon diversity indices. Ordinations for β-diversity between study sites were estimated using Principal Coordinate Analysis (PCoA) based on weighted-UniFrac distance and Non-Metric Multidimensional Scale (NMDS) using Bray distance metric as implemented in the plot_ordination and amp_ordinate functions in PhyloSeq and the ampvis2 package (https://madsalbertsen.github.io/ampvis2/articles/ampvis2.html), respectively. Permutational Multivariate Analysis of Variance (PERMANOVA) using permutation test with pseudo-F ratios as implemented in the Adonis function of the Vegan R package (https://github.com/vegandevs/vegan) was used to determine significance for sample clustering on ordination plots.

We assessed the difference in relative abundance by family, genus, order and species among the three localities using the Kruskal-Wallis test. Analyses were performed in R statistical software (29) at a significant level of 0.05.





3 Results



3.1 Distribution of tick species among cattle in the three study sites

A total of 418 ticks were collected from 150 cattle in the three study sites (Harrismith, Phuthaditjhaba, Bergville). Eight tick species were identified, and the most abundant species in all study sites was R. evertsi evertsi (79.4%), followed by R. appendiculatus (11.7%), R. simus (2.6%) and R. afranicus n. sp. (formerly R. turanicus) (2.6%) (Table 1). Rhipicephalus simus and R. afranicus were found in Phuthaditjhaba and not in other locations. Of the 49 R. appendiculatus ticks collected, 48 were found in Phuthaditjhaba and only one tick found in Bergville (Table 1). Rhipicephalus microplus and R. decoloratus were not found in Bergville (Table 1).


Table 1 | Identification and distribution of ticks collected from cattle in three study sites of South Africa.






3.2 Microbial diversity in cattle samples collected from Harrismith, Phuthaditjhaba, and Bergville

The mean species diversity of bacterial populations detected in the bovine samples plotted using the rarefaction curves showed that the sequencing depth was adequate to capture the existing microbial diversity (Figure 2).




Figure 2 | Bovine blood microbiome diversity. Rarefaction curves indicate the effect of sequencing depth (read numbers per sample, X axis) on species richness (Y axis) in bovine blood samples.



The alpha diversity boxplots reflected the minimal, median, degree of dispersion, maxima and outliers of microbial diversity within study sites. The alpha diversities were estimated through Chao1 index, which measures species richness and the Shannon index, that measures both species richness and evenness (30). The microbial diversity of samples from Harrismith indicated significantly higher species richness than Bergville (p = 0.0064) and Phuthaditjhaba (p = 0.00025) samples as determined using the Chao1 index estimator (Kruskal-Wallis: p = 0.00065) (Figure 3). However, the differences in species diversity between the three-study site was insignificant as per the Shannon estimator (Kruskal-Wallis: p = 0,48) (Figure 4). The effect size measurements (Table 2) were small to evaluate differences between microbial communities present in the three study sites. Using the pairwise analysis, the α-diversity varied significantly in microbial communities between Bergville and Harrismith and between Harrismith and Phuthadijthaba based on Chao 1 index estimator (p = 0.0064 and p = 0,00025, respectively). In contrast, there was no significant difference between Bergville and Phuthaditjhaba microbial communities based on Chao 1 index estimator (p = 0.31).




Figure 3 | Boxplots showing Alpha diversity of bacterial composition estimated through Chao1 index.






Figure 4 | Boxplots showing Alpha diversity of bacterial composition estimated through Shannon index.




Table 2 | Effect sizes of the differences between the three study sites measured using the Cohen’s D with a confidence interval of 95%.



Furthermore, microbial composition dissimilarities among the three study sites were analyzed through PCoA plots. The plots showed one cluster of microbial communities using the weighted UniFrac distance metric on PCoA, which considers abundance and the phylogenetic distance between ASVs. Three clusters indicative of the study sites could be observed (PCoA persanova). The Bergville sample composition was divergent from the Harrismith and Phuthaditjhaba groups: however, the Phuthaditjhaba and Harrismith groups clustered quite closely (Figure 5).




Figure 5 | Ordination Plots showing clustering of bacterial diversity at the three study sites estimated using PCoA through Bray distance matrix.



Overall, 16 phyla, 30 classes, 71 order, 114 families, 159 genera and 71 species were identified from the three sites (Supplementary Table S1). At the phylum level, the composition of bovine blood microbiomes was dominated by Proteobacteria with a relative abundance of 67.2% (Bergville), 73.8% (Harrismith) and 84.8% (Phuthaditjhaba), followed by Firmicutes at 9.6% (Phuthaditjhaba), 18.9% (Bergville) and 19.6% (Harrismith). Bacteroidota was the third most abundant at 4% (Phuthaditjhaba), 5.3% (Harrismith) and 10.2% (Bergville) (Figure 6; Supplementary Table S2). The relative abundance of the Proteobacteria, Firmicutes and Bacteroidota remained higher in Phuthaditjhaba, Harrismith and Bergville, respectively (Supplementary Table S2). The phyla Fusobacteriota and Spirochaetota were only found in Bergville, while Deinococcota was only found in Phuthaditjhaba (Supplementary Table S2). About half of the detected phyla had a relative abundance of ≥0.1% in the various microbiomes (Bergville=7/13, Harrismith=5/11, Phuthaditjhaba=8/13).




Figure 6 | Heat map visualization. The phylum and genus microbiome composition, diversity and associated relative abundance in bovine blood samples collected from Bergville, Harrismith and Phuthaditjhaba in South Africa. The plots show the relative abundance and distribution of 30 most abundant genera (shown on the Y-axis), with the remaining genera grouped as “Remaining taxa”. The distribution and relative abundance of various taxonomic levels in the three study sites are also available in Data supplement Supplementary Table S1.



The most dominant classes in the Bergville, Harrismith and Phuthaditjhaba microbiomes were Alphaproteobacteria (64.8, 72.4%, 84.4%), Bacilli (14.3%, 17.5%, 8.2%) and Bacteroidia (10.2%, 5.3%, 4%) (Supplementary Table S2). Class Spirochaetia was unique to the Bergville microbiome, while classes Blastocatellia, Cynobacteria, Deinococei and Phycisphaerae were unique to the Phuthaditjhaba microbiome (Supplementary Table S2). About half of the detected classes had relative abundance of ≥0.1% in Bergville (11/20), Harrismith (8/20) and Phuthaditjhaba (12/23) (Supplementary Table S2).

The composition of bovine blood microbiomes at the order level in Bergville, Harrismith and Phuthaditjhaba was numerically dominated by Rickettsiales (64.7%, 72%, 84.3%), respectively, followed by Mycoplasmatales (11%, 17.3%, 8.1%) and Bacteroidales (10.2%, 5%, 4%) (Supplementary Table S2). There was a significant difference in the relative abundance among the three study sites (Kruskal Wallis test, p=0.0281). At least 46 orders of bacteria were identified in each of the three microbiomes, of which 13.0% (6/46), 16.0% (8/50) and 19.6% (10/51) were exclusively unique in the Bergville, Harrismith and Phuthaditjhaba microbiome, respectively (Supplementary Table S2). There were more orders with relative percent abundance ≥0.5% in the Bergville microbiome (12/46) than in the Harrismith (6/50) and Phuthaditjhaba (5/51) (Supplementary Table S2).

The unique and shared distribution of bacterial families, genera and species found in the Phuthaditjhaba, Harrismith and Bergville samples are shown by comprehensive Venn diagrams (Figures 7A–C). We detected 114 bacterial families, of which 69, 77 and 81 were found in Phuthaditjhaba, Bergville and Harrismith microbiome, respectively (Figures 7A–C; Supplementary Table S2). Moreover, 41 bacterial families were shared across the three study sites (Figure 7A). The Phuthaditjhaba microbiome had an exclusively unique association with 13 bacterial families, while 12 and 17 bacterial families were uniquely present in Bergville and Harrismith bovine blood samples (Figure 7; Supplementary Table S2). There was significant variation in the relative percent abundance (Kruskal-Walli’s test, p =0.0045) of the bacteria at the family level among the three study sites. More than 80% of the bacterial microbiome in Bergville, Harrismith and Phuthaditjhaba was largely dominated by members of three families: Anaplasmataceae (65.0%, 72.1%, 84.7%, respectively), Mycoplasmataceae (11.1%, 17.4%, 8.1%) and Rikenellaceae (6.6%, 4.3%, 2.7%). There were more families with relative percent abundance ≥0.5% in the Bergville microbiome (14/77) than in the Harrismith (7/81) and Phuthaditjhaba (4/69).




Figure 7 | (A–C) Taxonomic composition of microbiomes from three locations in South Africa. Venn diagrams representing the unique and shared microbiomes in the Phuthaditjhaba, Bergville and Harrismith bovine blood samples. (A) Venn diagram representing unique and shared bacterial families, (B) Venn diagram comparison of bacteria at genus level by MR analysis, (C) Venn diagram showing unique and shared bacterial species in blood samples as determined using the MR pipeline. Microbiome uniqueness or sharing among the locations is symbolized by blue dots or lines, respectively.



Overall, we detected 159 microbiome genera, of which 94, 108 and 82 were found in Bergville, Harrismith and Phuthaditjhaba, respectively (Figure 7B). Forty-two genera were shared across the three study sites (Figure 7B), while 23, 31 and 22 exclusively associated microbiome genera were found in the Bergville, Harrismith and Phuthaditjhaba, respectively (Figure 7B; Supplementary Table S2). There were significant differences in the relative percent abundance (Kruskal-Wallis test, P=0.00042) of the bacteria at the genus level in the locality microbiome. Anaplasma was the most abundant bacterial genus in the Phuthaditjhaba, Harrismith and Bergville samples, with a relative abundance of 85.4%, 72.4% and 67.1%, respectively. This was followed by Mycoplasma (8.2%, 17.6% and 11.4%, respectively) (Supplementary Table S2). The Phuthaditjhaba microbiome was also predominated with Rikenellaceae RC9 gut group (2.3%). Other abundant genera in the Bergville blood microbiome were Rikenellaceae RC9 gut group (5.2%), Aerococcus (2.1%), Akkermansia (1.9%), Alistipes (1.4%), UCG-005 (1.4%), Planomicrobium (0.9%), Corynebacterium (0.7%), Acinetobacter (0.6%), Porphyromonas (0.5%) and Pseudomonas (0.5%). Other top abundant genera in the Harrismith microbiome were Pelomonas (0.7%), Cutibacterium (0.7%), UCG-005 (0.6%) and Ehrlichia (0.6%) (Supplementary Table S2). The rest of the genera (82, 102, 79) had <0.5% relative abundance in the three study sites (Bergville, Harrismith, Phuthaditjhaba, respectively) (Supplementary Table S2).

We investigated the species-level differences of microbial communities across the three study sites, which showed no significant differences (Kruskal Wallis test, p=0.081) in the microbiome relevant abundance (Supplementary Table S2). Of the 71 detected species (159 genera), 12.67%, 22.54% and 21.13% had a sole association with Phuthaditjhaba, Bergville and Harrismith study sites respectively (Figure 7C). Anaplasma marginale (relative abundance 56.2%, 43.5%, 54.2%, respectively) was the most abundant bacterial pathogen in the Bergville, Harrismith and Phuthaditjhaba samples, followed by A. platys (22.6%, 31.5%, 32.9%) and Mycoplasma wenyonii (14%, 19.6%, 7.8%) (Supplementary Table S2). Other predominant species in Bergville bovine blood microbiome were Aerococcus vaginalis (2.6%), Acinetobacter lwoffii (0.6%), Pseudomonas poae (0.5%) and Yersinia pestis (0.5%). In contrast, Anaplasma bovis (1.3%), Anaplasma centrale (0.9%), Anaplasma ovis (0.8%), Cutibacterium namnetense (0.8%) and Ehrlichia canis (0.6%) were the other relatively predominant species in Harrismith. Moreover, Anaplasma bovis (3.0%) and Mycoplasma haemobos (1.0%) were the other predominant bacterial species in Phuthaditjhaba (Supplementary Table S2). The rest of the species identified in these samples had relative abundance lower than 0.5% (Supplementary Table S2). The presence of few predominating bacterial genera in the three study sites could have suggested that these differences might also occur in composition at the species level, but instead most of the genera identified in each microbiome were represented on average by two species.





4 Discussion

The most abundant tick species collected in the three study sites was R. evertsi evertsi (78.7%). The tick species is the most widespread rhipicephalid in Africa (26), and transmits the bacterium A. marginale (31), the main cause of anaplasmosis in cattle, as well as protozoan parasites Theileria equi and Babesia caballi (32), which cause piroplasmosis in horses, and induces tick paralysis in sheep (33). This was not surprising as previous studies have shown that the tick is widely distributed (26) and is the most prevalent tick species present in different parts of South Africa (6, 14, 24). Cattle sampled in Bergville belonged to different farmers under one systematic dipping regimen. This could mean that R. evertisi evertsi is resistant to the dipping chemicals used at these sites. In reference to a pilot study conducted in Bergville in March 2015 at the same dip tanks (25), the most prevalent tick species was also R. evertsi evertsi (55%). In the Free State, R. evertsi evertsi was identified to be 44.7% and was prevalent in cattle over a period of two years (34). In the present study, Phuthadijthaba had the most diverse tick species, namely R. evertsi evertsi, H. rufipes, R. decoloratus, R. appendiculatus, R. simus and R. africanus, followed by Harrismith which had five tick species, namely H. rufipes, H. truncatum, R. decolaratus and R. microplus, in addition to R. eversti evesti, while Bergville had the least tick species diversity, with H. truncatum and R. appendiculatus as well as R. evertsi evertsi. Other relatively abundant tick species were R. appendiculatus, R. simus and R. afranicus. Rhipicephalus appendiculatus was the second most collected tick and was present in Phuthaditjhaba and Bergville. Rhipicephalus appendiculatus transmits Theileria parva, the main causative agent of Corridor disease in cattle, T. taurotragi that causes benign bovine theileriosis and A. bovis and R. conorii. The latter causes tick typhus in humans. The presence of this tick was not recorded in the eastern Free State during a 3-year long tick survey study (23) and during the following years (9, 35). Whereas in Bergville it was identified in 2017 (25). Rhipicephalus simus transmits A. centrale, the cause of subacute bovine anaplasmosis.

Rhipicephalus afranicus n sp., is a recently described species in South Africa (36) and was subsequently identified in Uganda (37). The genetic divergence between the Ugandan and Southern African sequences is 2.4%, demonstrating that two different populations of this species may be occurring between Southern and East Africa (37). A study conducted in Israel speculate that this tick species could be the source of transmission for A. bovis causing bovine anaplasmosis in cattle (36). In our knowledge, this study is the first to report the presence of Rhipicephalus afranicus n sp. in Phuthaditjhaba.

Only three R. microplus ticks were collected, and this was in Harrismith. The tick is an invasive species of Asian origin and considered one of the most widespread ectoparasites of livestock. This tick has been recovered in the Free State Province from very few sites including wild animals (9, 19, 35). This is an interesting finding from this study, and it has been found in one locality (Harrismith) because there are very few reports of this tick species in the Free State province. Therefore, considering its high dispersal rate as reported in South-East Africa (19, 38), the occurrence of R. microplus as determined by this study warrants further investigation about its distribution in the Free State.

The tick species identified in this study are associated with transmission of bacterial pathogens: Anaplasma, Rickettsia and Erhlirchia. The bacterial microbiome in Bergville, Harrismith and Phuthaditjhaba was largely dominated by members of three families: Anaplasmataceae (65.0%, 72.1%, 84.7%, respectively), Mycoplasmataceae (11.1%, 17.4%, 8.1%) and Rikenellaceae (6.6%, 4.3%, 2.7%). The high proportion of Anaplasmataceae is in correlation with the abundance of biological vectors present at the three study sites. The latter two families are associated with respiratory and gastrointestinal tract microbiomes in various animals.

Anaplasma species are widespread in South Africa, with a seemingly wide host range. Anaplasma marginale was the most abundant species in the three study sites, confirming that the ticks present are vectors of this pathogen. The second most abundant pathogen was A. platys, which has previously been detected in ruminants’ blood (39, 40). A recent 16S microbiome analysis revealed the presence of both species and nine novel species in nine different free-roaming wildlife species (African buffalo, impala, kudu, zebra, warthog, hyena, leopard, lion, and elephant) in the Kruger National Park and surroundings game reserves (18). Anaplasma platys is an emergent zoonotic pathogen (41, 42) that causes canine cyclic thrombocytopenia (43) and the presence of this species in cattle may pose a threat to human health. The pathogen has a worldwide distribution, and the suspected tick vector is R. sanguineus sensu lato ticks (44). The pathogen was detected in 12 African tick species in seven African countries in all regions (45), which may imply that various tick species are involved in its epidemiology. Detection of A. platys in cattle can be attributed to the close association of dogs with cattle in the study areas. Given the widespread occurrence of R. sanguineus s.l, this is likely to increase the risk of infections in humans. Further studies on the occurrence of platys in other mammalian and tick and evaluation of the vectorial capacity of tick species can assist in elucidating the epidemiology of A. platys. The other species found in the present study was M. wenyonii, whose mode of transmission is unknown, but presumably through mechanical transmission by blood-sucking arthropods (46). Many cattle infected with M. wenyonii do not exhibit clinical illness, unless is rare when concurrent illness results in immunosuppression (46, 47).

High abundance of A. marginale, the main cause of bovine anaplamsosis, can be attributed to the various tick species involved in transmission (Rhipicephalus, Dermacentor, Ixodes, Hyalomma) and other means of transmission, namely mechanical transmission by contaminated fomites and biting flies and the transplacental route (48, 49). A recent study involving African ticks showed that the pathogen was detected in 17 species of the genera Amblyomma, Rhipicephalus and Hyalomma (45). High A. marginale abundance in the study area may increase selection for genetically distinct strains and thus further complicating the efforts towards the development of a safe and effective vaccine. Rikenellaceae RC9 gut group, belonging to the Rikenellaceae family, plays an important role in the digestion of crude fiber (50). Therefore, the presence of the Rikenellaceae RC9 gut group indicates the roughage diet consumed by cattle in the three study sites. The presence of this bacteria could suggest that while drawing blood from the caudal vein there were remnants of feaces that got into the vacutainer.




5 Conclusions

We determined tick species distribution and abundance in three selected study sites in two provinces of South Africa, and established diversity of bacterial tick-borne pathogens from blood of cattle using the 16S rRNA PacBio sequencing method. Rhipicephalus evertsi evertsi, followed by R. simus and R. appendiculatus were the most abundant tick species. High abundance of R. evertsi evertsi has important implications for the transmission and occurrence of bovine anaplasmosis and equine piroplasmosis. Effective control of the ticks will minimize severe disease cases, taking into consideration the development and spread of acaricide resistance and maintenance of endemic stability. There was a high diversity of tick-borne bacterial pathogens in the blood of cattle, that can be attributed to emergence and change in distribution of pathogens as well close interactions among domestic and peri-domestic animals and humans. Anaplasma marginale and A. platys were the most abundance tick-borne bacterial pathogens, highlighting the risk of anaplasmosis in cattle, dogs, and humans. Control of anaplasmosis requires consideration of various factors such as climate change, acaricide resistance and animal movements.




6 Limitations of the study

Few cattle were sampled from a limited number of locations; however, given the common practice of communal grazing, it is probable that other cattle in and around the sampled locations harbor similar pathogens, as observed in this study.
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