Investigating Rickettsia africae infection in Amblyomma
hebraeum ticks in Mnisi, Bushbuckridge Municipality, South

Africa

By

Estere Mazhetese

Submitted in partial fulfilment of the requirements of the degree
Magister Scientiae (Veterinary Science)
in the Department of Veterinary Tropical Diseases
Faculty of Veterinary Science

University of Pretoria

November 2019

Supervisor: Dr. Darshana Morar-Leather

Co-supervisor: Professor Luis Neves



Declaration

|, Estere Mazhetese, declare that this dissertation hereby presented to the University
of Pretoria for the Master of Veterinary Science degree is my own work and | have
not presented it for any degree or award in any other university. All secondary
material used was acknowledged and referenced as required by the University of

Pretoria.

This research project was approved by the Animal Ethics Committee of the
University of Pretoria on 02/08/2018 and by the Department of Agriculture, Forestry
and Fisheries on the 17/07/2018.

12/11/2019

Estere Mazhetese Date



Acknowledgements

| would like to express my sincere gratitude and appreciation to the following
individuals, institutions and organisations who worked tirelessly to make this

research a success;

My mentor, Dr Darshana Morar-Leather, University of Pretoria, Department of
Veterinary Tropical Diseases (DVTD), for her continued support throughout the
research project. She has been a pillar of strength and motivation. She also worked
hard to get the necessary applications approved for the project to start and on critical

evaluation of the research proposal and the dissertation.

Professor Luis Neves, for all his technical and moral support throughout the period of

this research and writing up. His support was of great importance in this research.

Dr Hein Stoltsz who helped in organising field logistics of the research project.

Ms Zinathi Lukanji and Mr Marcus Makgabo for the technical knowledge and support

in all the aspects of the research.

Ms Anna-Mari Bosman for the training and technical knowledge in the laboratory at
the DVTD.

Dr Charles Byaruhanga who worked tirelessly assisting with sequence alignments,

generating phylogenetic trees and phylogenetic analysis for this project.

Ms Jeanette Wentzel and Dr Ilana Van Wyk who assisted me with sample collection
and laboratory procedures and for their moral support during the sample collection

period.

The Hans Hoheisen Wildlife Research Station for technical help in the field during

sample collection, storage and primary sample processing. State veterinarians and



veterinary technicians who helped with the technical aspects of sample collection
and sample processing at Hans Hoheisen Wildlife Research Station and in
processing of permits, they made sample collection possible. The DVTD

Laboratories where further processing of the samples was done.

Belgian Directorate General for Development Co-operation Framework FA4
(ITM/DECD), Belgium, for the funding, without the funding this research would not
have been possible.

DVTD students and colleagues for their technical advice and moral support.

My husband, Aleck Matingwina who supported me throughout my study period, this

made me perform to the best of my abilities.

My best friend, Anna Rungwe for supporting me throughout the research project.

My family and friends for their social support and for accepting my long stay away

from home.

Almighty God for granting me the opportunity, health and ability to do this Masters.



Table of Contents

D ICTol I T = 1 o] o B TP PPPP PPN [
ACKNOWIEAGEIMENTS ... e e e e e e e e e e e e e e e et e e eees ii
LISt Of TABIES ... Vii
IS Ao T USSR iX
LiSt Of ADDIEVIALIONS .......cviiiiiiiiiiiiiiiiiiieeeee e X
DISSERTATION SUMMARY ...ttt e e eeaans 1
CHAPTER L ..ttt e e e e et e e e e ab e e e e eaa s 3
GENERAL INTRODUCTION.. ...ttt e e e 3
1.1 RESEAICH @IM ..ttt 6
1.1.1 Research obJectiveS ... 6

1.2 Benefits arising from the research project..........ccccccceeeiiiiieiiiiiiciiii e, 6
CHAPTER 2 .. et e e e e e e e e e s 7
LITERATURE REVIEW ... ..t eeaaas 7
2.1 History and classification of R. @ffiCae .............cccccuuumiiiiiiiiiiiiiiiiiiis 7
2.2  Scientific classification of R. @ffiCae ...............uuuuuiiiiiiiiiiiiiiiiis 9
2.3 Characteristics Of R. @ffiCAE ...........uuuuuiiiiiiiiiiiiiiiii e 11
2.4 Vectors Of R. AfTICAE. .......uuuiiiiiiiiiiiiiiiiiii e 11
2.4.1 Amblyomma vectors of R. afficae.........ccccoovvvviiiiiii i, 11
2.4.2 Other tick species found carrying R. africae DNA..........ccccccciiiiiiiieeieiiennn, 12

2.5 Life cycle of A. hebraeum...........coooormiiii e 13
2.5 Hosts of A. hebragum ... 15
2.6 Transmission and distribution of R. africae and its vectors ................cc....... 15
2.7  Clinical signs in animal NOSES ...........uuuiuiiiiiiiiiiiiiii e 18
2.7 Clinical signs in human hoStS ..o 19



2.7.1  African Tick Bite Fever (ATBF) ......cooiiiiiiieieeeie e e e 19

2.7.2 RISk factors of ATBF.......coooiiiiiiiiiieeee e 19
2.7.3 Pathogenesis Of ATBF.......ccooiiiiiiiiiii e e e e e eaaans 20
2.7.4 Clinical SigNS Of ATBF......ccc o eaaans 21
2.7.5 Diagnosis of ATBF in humans ..., 23
27.6  Treatment of ATBF ... 24
2.7.7 Prevention and Control of ATBF ..., 25
CHAPTER 3. et e e e e e e e et e e e e e e e e eeanns 26
MATERIALS AND METHODS ... .ot 26
Bl SHUAY @ICa.... oo 26
3.2  Ethics approval and DiOSECUNLY.........ccooeeeiiiiiiiiiiiiiee e, 27
3.3 Consent from COMMUNILY ......ccooiiiiiiiiiiee e 28

G Y (1 [0 | VA0 (=] T [ PSR 28
3.5 Calculation of SAMPIE SIZE ......coovvriiiiiiie e 28
3.6 Tick collection in the study area ............cccoevvvviiiiiiiie e, 29
3.7 Incubation of engorged ticks and collection of egg masses ..........cccccvvvveen. 30
3.8 DNA extraction from adult ticks and larvae ............cccccoooiiiiiiiiiiiini, 30
3.9 DNA extraction from €gg MAaSSES.......cceeiiieeeiieeeee e 31
3.10  DNA QUANTIFICATION ..o 31
3.11  gltA PCR for the detection of Rickettsia genus ...........cccccceeeeeeeeiieeeiinnnnnnn. 31
3.12  Conventional PCR (CPCR).....cooiiiieiieeeee e 35
3.13  Sequences and phylogenetic analysiS...........cccoooeeiiiiiii 36
3. 14 Data @nalyYSIS ...ccoooeeeeeeee e 37
3.15  Farmer feedback report ... 37
CHAPTER 4 ... e e e e e e e e e e e e eenans 39
RE S U LT S et e e e e e et e e et et e e e e e na e e e e enaa e eaees 39



4.1 Detection of R. africae infection rates in A. hebraeum adult ticks and larvae

4.1.1 Realtime Rickettsia PCR (gPCR) to screen adult tick and larvae
SAMPIES FOr GILA GENE ... e 39

4.1.2 Conventional PCR (cPCR) to screen DNA from adult ticks and larvae for
tNE OMPA EBINE ..t enes 39

4.1.3 Phylogenetic analysis of the ompA gene isolated from adult ticks and

[ArVAE SAMPIES. ...t e e e e e e e e e aaane 42

4.2 Determining R. africae transovarial transmission efficiency in A. hebraeum

B S e e 45
CHAPTER S .ottt e e e e e et e e e e aba e e e eeaans 47
DISCUSSION ..ttt e e e e et e e e e et e e e e eaa e e aeerbaeeaeees 47

5.1 R. africae infection rates in A. hebraeum tickS ...........ccocciiiiiiiiieeniiiiiiine, 47

5.2 Transovarial transmission effiCiency .........ccccviiiiii i, 51

5.3 Sequence and phylogenetic analysiS ..............uveeiiiieeiiiiiiiiie e, 52
CONGCLUSION . e e e e e e e e e e e e e e e ena e e e ennnns 54
LIMITATIONS L.ttt e e e e e e e e e e e n e e e e enn e e e eernaaeeeens 54

FUTURE RECOMMENDATIONS ... e 55
REFERENGCES. ... e e e e e e e eees 56
APPENDICES ... .ot e e e et e e et e e et e aee 67

Vi



Table 3.1:

Table 3:2:

Table 3.3:

Table 3.4:

Table 3.5:

Table 3.6:

Table 3.7:

Table 3.8:

Table 4.1:

Table 4.2

Table 4.3

Table 4.4:

List of Tables

Samples collected from the two sampled dip tanks........................ 29

Primers and probes for the Rickettsia qPCR reaction assay............. 32

Reaction set up for the Rickettsia gPCR reaction targeting the gItA

Thermal cycling conditions of the amplification of the gltA gene using

Luna Universal Probe gPCR mix (Ingaba Laboratories).................. 34
Primers for the Rickettsia CPCR assay..........ccocvvviiiiiiiiiiiiiiiiiean, 35
Reaction set up cPCR targeting the ompA gene............cccoevviieinnenn. 35

cPCR conditions for the amplification of ompA gene using the
2XPhusion Flash Master MiX.........ccooviiiiiiii e 36

SEQUENCING PHIMEIS. ...ttt 36

Cross tabulation of R. africae infection rates across the adult ticks and

larvae from Utah and Welverdiend...........coooooee i, 40

Cross-tabulation for all sampled larvae versus all adult ticks.............. 41

Cross-tabulation for all ticks (both larvae and adult ticks) from Utah
versus those from Welverdiend)...........cooooiiiiiiiiiiiieen 41

Chi square test results for the Welverdiend and Utah R. africae
infection rates in A. hebraeum ticks...............cco 41

Vil



Table 4.5:

Table 4.6:

Pairwise differences among adult ticks, larvae and GenBank

ST 0 {1 1] T = 44

Cross tabulation of the R. africae infection rates for engorged female

ticks and their egg MasSesS. .......o.iiiiiiii e 46

viii



Figure 2.1:

Figure 2.2:

Figure 2.3:

Figure 2.4:

Figure 3.1:

Figure 4.1:

Figure 4.2:

List of Figures

Rickettsiae life CYCle.........ooiriii 8

Phylogenetic tree for some Rickettsia species ............cccovvvviieinnnn. 10
Life cycle of A. hebraeum ticks ..o 14
Distribution of the principal tick vectors of R. africae ...................... 17

Map of the study area showing dip tanks where samples were collected
forthe study ... 27

Examples of ompAcPCRdata ..., 40

Maximum likelihood tree for the larvae, adult ticks and GenBank
sequences from Utah and Welverdiend .................ccooiiiiiiiiinnnn, 43



ATBF
AEC
BG
bp
CG
cPCR
DAFF
DEET
DNA
DVTD
ERD
gltA
[o]€]

kDa

kb

MIF
MSF
NaCl
NERD
NICD
OmpA
ompB
PCR
RFLP
PS120
gPCR
rOmpA
rOmpB

List of Abbreviations

African tick bite fever

Animal Ethics Committee

Bellii group

Base pairs

Canadensis group

Conventional Polymerase Chain Reaction
Department of Agriculture, Forestry and Fisheries
Diethyl-meta-toluamide

Deoxyribonucleic acid

Department of Veterinary Tropical Diseases
Eschar rickettsial disease

Citrate synthase encoding gene
Immunoglobulin G

Immunoglobulin M

Kilodalton

Kilobyte

Micro immunofluorescence

Mediterranean Spotted fever

Sodium chloride

Non-eschar rickettsial disease

National Institute of Communicable Diseases
Outer membrane protein A

Outer membrane protein B

Polymerase Chain Reaction

Restriction fragment length Polymorphism
Intra cytoplasmic protein

Quantitative Polymerase Chain Reaction
Rickettsial outer membrane protein A

Rickettsial outer membrane protein B



rRNA
sca4d
SFG
STG
TG
TRG
USA

Ribosomal ribonucleic acid
Surface cell antigen 4
Spotted fever group

Scrub Typhus Group
Typhus group

Transitional group

United States of America

Xi



Investigating Rickettsia africae infection in Amblyomma hebraeum ticks in

Mnisi, Bushbuckridge Municipality, South Africa

Candidate: Dr Estere Mazhetese

Supervisor: Dr Darshana Morar-Leather
Co-supervisor: Prof Luis Neves

Department: Veterinary Tropical Diseases

Degree: MSc Veterinary Science Tropical Diseases

DISSERTATION SUMMARY

Rickettsia africae is a gram-negative bacterium which causes African tick bite fever
(ATBF) in humans. ATBF is a febrile disease mainly affecting travellers to Southern
Africa. This bacterium is known to be transmitted by Amblyomma hebraeum and
Amblyomma variegatum ticks. In Southern Africa, the principal vector is A.
hebraeum. This project was performed in a rural community in Mpumalanga province
and aimed at addressing knowledge gaps of R. africae infection in A. hebraeum
ticks. Infection rates in adult ticks and larvae as well as transovarial transmission
efficiency of R. africae from the tick to its offspring were determined. To accomplish
this, 106 adult A. hebraeum ticks were collected from cattle from Utah A and 106
from Welverdiend A. Larvae (n=1060) were collected by dragging at each of the two
targeted dip tanks. Engorged female A. hebraeum ticks (n=53) were also collected
from cattle from each of the two dip tanks and they were incubated in a humidity tank

to oviposit and egg masses were collected from each tick.

DNA was extracted from the engorged ticks and the egg masses as well as from the
adult ticks and the larvae. After DNA quantification, a real-time quantitative PCR
targeting Rickettsia gltA gene was performed to screen all samples for Rickettsia
DNA. The gItA gene is common in all Rickettsia species. Samples positive for the
gltA gene were subjected to conventional PCR targeting the ompA gene, which is

specific for the Spotted Fever Group to which R. africae belongs.



The samples positive for amplicons of ompA gene were sequenced and all the
sequenced samples were found to be 99.98% identical to R. africae sequences from
GenBank. From the sampled adult ticks, 13.43% tested positive for R. africae and
13.20% of the larvae also tested positive. The infection rate for larvae and adult ticks
collected from Utah A was 15.09% and those from Welverdiend A was 11.79%.
From these results, there were no notable differences in the infection rates of ticks at
different stages of development. R. africae infection rates for the two study sites
were found to be similar which can be an indication of even distribution of R. africae
in this area. Transovarial transmission was found to be 100% in engorged female
ticks collected from Utah and 71.43% in ticks from Welverdiend, which indicates a
high transmission rate of the pathogen to the offspring of the vector. The presence of
R. africae in A. hebraeum ticks from this area is a cause of concern since there are

chances of people getting ATBF after bites by these ticks.



CHAPTER 1

GENERAL INTRODUCTION

Tick-borne rickettsiosis is amongst the oldest discovered vector-borne zoonotic
diseases. Studies have shown that intracellular Gram-negative coccobacilli which fall
under the genus Rickettsia, order Rickettsiales are responsible for causing rickettsial
diseases (Falcdo, 1966; Raoult et al., 2005). Most of the Rickettsia species which
fall under this genus are transmitted vertically by arthropods, which suggest that their
vectors are also their reservoirs in the environment (Parola et al., 2013).

The Rickettsia pathogens which are responsible for illnesses in humans are grouped
into Spotted Fever Group (SFG), Typhus Group (TG) and the Scrub Typhus Group
(STG) which was reclassified as Orientia (Tamura et al., 1995; Toutous-Trellu et al.,
2003). From the medical perspective, rickettsiosis has been divided into two groups
which are eschar rickettsial disease (ERD) and non-eschar rickettsial disease
(NERD) (van Eekeren et al., 2018). An eschar is an area of cutaneous necrosis
resulting from rickettsial vasculitis at the tick-bite site and it is called a “tache noire” in
French, which means a black spot. This eschar is usually pathognomonic of the
ERD.

The Rickettsia which is most reported amongst those isolated in the African
continent is Rickettsia africae and it causes African tick bite fever (ATBF) in humans
which is a febrile disease (Ndip et al., 2004). The first discovery of this illness in
South Africa was in the 1930s, and was described as a disease which affects people
who live in the rural areas who have contact with cattle ticks (Tomassone et al.,
2016). Pijper isolated the disease-causing pathogen in the 1930s but his colleagues
did not agree with his findings (Althaus et al., 2010). Later on, R. africae was found
in a case of rickettsiosis in a woman in Zimbabwe, who was reported to have spotted
fever at a hospital in Chiredzi, a small town located in the south-eastern part of the
country (Mediannikov et al., 2010). The pathogen was detected by serotyping, PCR

restriction fragment length polymorphism analysis, protein profiling, comparison of



16S rRNA gene sequences, and genomic macro-restriction analysis (Kelly et al.,

1996). This pathogen was formally named R. africae in 1996 (Kelly et al., 1996).

Mediterranean spotted fever (MSF), caused by Rickettsia conorii, presents with more
severe clinical signs compared to ATBF. Despite this, these two diseases need to be
carefully differentiated. R. conorii is transmitted by Rhipicephalus sanguineus (the
brown dog tick). Both ATBF and MSF belong to the SFG and they are prevalent in
the same parts of the African continent (Toutous-Trellu et al., 2003). In MSF, a single
black spot appearing as a black crust with a red halo, which is an inflammatory
border, is usually present. The red halo or eschar corresponds to the site of the tick
bite (inoculation site). In ATBF, there will be several similar spots which resemble
those of MSF (Toutous-Trellu et al., 2003).

The main tick-vector of R. africae in South Africa is Amblyomma hebraeum which is
widely distributed in this country. The host range of this tick is diverse, including
cattle, sheep, goats, wildlife and birds for the larvae and nymphs (Jensenius et al.,
2003). The wide distribution of A. hebraeum in the communal areas of South Africa
increases the chances of infections in the general population. According to Kelly
(2006), R. africae infection rates in ticks across the African continent are around 16-
75%. Maina et al. (2014) and Tomassone et al. (2016) reported that R. africae
infection rates of Amblyomma tick vectors in endemic areas can be as high as 100%,
so the chances of becoming infected by the pathogen after a tick bite are very high.
All the active tick stages can transmit the pathogen to humans. Transovarial and
transstadial transmission of this Rickettsia within the tick vector has been proved and
these tick vectors also act as reservoirs of this pathogen (Fournier et al., 2009;
Socolovschi et al.,, 2009). There is limited data on transovarial transmission

efficiency of R. africae in A. hebraeum.

Cases of ATBF in humans usually occur in clusters because of the feeding habits of
Amblyomma ticks. These ticks hide in their microhabitats and attack hosts as they
appear, hence the probability that many people can be bitten by these ticks in tick-
infested areas is high. ATBF cases usually present with several eschars since one

person can be bitten by several A. hebraeum ticks at the same time (Althaus et al.,
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2010). R. africae infections were detected in almost all of the 376 people who got
tick-bite rickettsial diseases after visiting endemic areas in Southern Africa (Raoult et
al., 2001, Maina et al., 2014). From the data available on ATBF, mainly middle-aged
men who are more active in outdoor activities like hunting and sporting are affected
and most of the patients were from Europe (Jensenius et al., 2003). Visitors to South
Africa have been reported to contract ATBF where international tourism is very high.
Visits to popular wildlife attractions like Kruger National Park where R. africae
infection is endemic is the major source of infection for travellers and game hunters
(Jensenius et al.,, 2003). Almost all the acute ATBF cases have been reported in
travellers from Europe and America after visiting sub-Saharan Africa (Parola, 2006).
Reports on seroprevalence rates indicate that R. africae has a very wide
geographical distribution in the African continent although there are hardly any
clinical cases of the rickettsial disease that have been documented in the native
population which could be due to misdiagnosis of ATBF. Some ATBF patients do not
seek treatment due to the mild symptoms leading to distorted epidemiological data.
The threat of ATBF in Southern Africa is real; however, its epidemiology is not clear.

The relationship between R. africae infections and its tick vector continues to
stimulate study interest due to its importance in travel medicine. The infection rates
in tick vectors in areas where the disease is prevalent have been reported to be as
high as 100% (Parola et al., 2001); however, infection rates of the ticks in South
Africa are still poorly defined. Data on the Rickettsia in its tick vector is also scarce in
South Africa hence the need for further studies on this aspect (Kelly et al., 1992).
This stimulates the need to use molecular tools to detect the Rickettsia from different
developmental stages of the tick (larvae and adults) to determine the stages that
have the highest infection rates and to determine the efficiency of transmission of the
pathogen from infected engorged females to their offspring. Transovarial and
transstadial transmission of R. africae in A. hebraeum ticks has been proved

(Socolovschi et al., 2009), but its efficiency is unknown.



1.1 Research aim

The aim of this research was to investigate R. africae infection rates in A. hebraeum
ticks in a rural community in the Bushbuckridge Municipality of Mpumalanga

province, South Africa.

1.1.1 Research objectives

Objective 1: To determine R. africae infection rates in larvae and adult A. hebraeum

ticks.

Objective 2: To determine efficiency of transovarial transmission of R. africae in A.

hebraeum ticks

1.2 Benefits arising from the research project

This project provides information about R. africae infection rates in A. hebraeum
ticks at different developmental stages, thus adding to the knowledge base on the
pathogen and its tick vector. The results will be shared with the scientific community
through publication of papers in peer-reviewed journals allowing verification of the
findings and peers in this field to continue research into other areas concerning

ATBF, R. africae and the vector.

The information about levels of infection at different developmental stages of the tick
is also crucial for public awareness since this determines the chances of contracting
ATBF after being bitten by the tick vector. It is also important for tourists because
they are not aware of the disease and they get sick after visiting Southern African
countries. The information may also be helpful to local clinics and to the National
Institute of Communicable Diseases (NICD) since they should also consider ATBF

as a differential diagnosis on febrile patients, thus contributing to public health.



CHAPTER 2

LITERATURE REVIEW

2.1 History and classification of R. africae

The family Rickettsiaceae is named after Howard Taylor Ricketts who was the first to
discover spotted fever rickettsia and he died after contracting typhus fever while
performing research work (Oberoi & Singh, 2010). Pathogenic Rickettsiae were
grouped into two groups, which are the Typhus group (TG) and the Spotted fever
group (SFG). Most of these Rickettsia species cause illnesses in animals and
humans after transmission by their arthropod vectors such as fleas, lice, mites and
ticks (Parola et al., 2005). The TG consists of Rickettsia prowazekii, and R. typhi,
transmitted by lice and fleas respectively. The SFG consists of about 24 species and
the Rickettsiae in this group are transmitted mainly by ixodid ticks (Raoult & Roux,
1997). The SFG Rickettsiae consists of several pathogenic Rickettsiae which cause

febrile diseases in humans in many parts of the world (Parola et al., 2005).

The main disease causing Rickettsiae in sub-Saharan Africa are R. conorii, R.
africae, R. aeschlimannii, R. sibirica, and R. massiliae and all of them belong to the
SFG and all of the SFG Rickettsiae are transmitted by ticks (Parola, 2006).

Worldwide distribution of the SFG Rickettsiae has been documented (Beninati et al.,
2005). The SFG Rickettsia transmission to animals and humans occurs via tick
saliva and their maintenance in the arthropod vectors is by transovarial and
transstadial transmission or by horizontal acquisition after feeding on infected blood.
The life cycle of Rickettsiae is as indicated by Figure 2.1 below. When animals are
infected, they become rickettsemic and there can be infection of new tick lineages
when the ticks feed on blood of such animals (Parola et al., 2005; Socolovschi et al.,
2009).
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Figure 2.1: Rickettsiae life cycle (Eremeeva & Dasch, 2015)

Genetic diversity in R. africae has been reported which points to various R. africae
variants that are documented in many different studies across Africa (Macaluso et
al., 2003; Maina et al., 2014; Kimita et al., 2016). Macaluso et al. (2003) reported
genotypic variation of R. africae in A. variegatum ticks that were obtained from the

same herd and it was speculated that the variation was also possible for ticks

collected from the same cow.



2.2 Scientific classification of R. africae

Kingdom: Bacteria

Phylum: Proteobacteria
Class: Alphaproteobacteria
Order: Rickettsiales
Family: Rickettsiaceae
Genus: Rickettsia
Species: R. africae
Group: Spotted Fever Group

Classification of R. africae (Todar, 2006)

The relationship of R. africae with other Rickettsia species is as shown by the

phylogenetic tree below (Figure 2.2).
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Figure 2.2: Phylogenetic tree for some Rickettsia species (Anstead & Chilton,
2013)
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2.3 Characteristics of R. africae

R. africae is an obligate intracellular Gram-negative cocobacillus. It was proved by
electron microscopy that this bacterium has an intracytoplasmic location and that it
has an outer slime layer and a tri-laminar cell wall which has lipopolysaccharide
antigens. These antigens are extremely immunogenic and are responsible for
extensive cross reactivity with other SFG Rickettsiae (Jensenius et al., 2003).
Species-specific protein antigens comprise the high-molecular-weight rickettsial
outer membrane protein A (rOmpA) and B (rOmpB). The bacterium cannot be
cultured in cell-free media; however, it can grow in yolk sacs of developing chicken
embryos, and in cell cultures. The bacterium genome size is approximately 1228 kb
(Kelly et al., 1996).

R. africae is a pathogen that causes febrile illness in its human host, referred to as
ATBF. R. africae detection and isolation from humans previously bitten by ticks and
showing signs consistent with ATBF is possible. Usually the eschar is used to culture
this organism. R. africae was isolated from heparinised blood collected from an
ATBF patient (Kelly et al. 1992). The DNA of this bacterium can also be isolated from

the tick vectors.

This bacterium is of great importance in many parts of Africa, including South Africa,
in terms of incidence and prevalence and also for causing ATBF which is poorly
understood yet its known to affect both the indigenous population and foreign
travellers (Kimita et al., 2016). No clinical signs of disease have been reported in
animals although it was hypothesised that they play a major role in the maintenance
of the Rickettsiae (Kelly et al., 1991).

2.4 Vectors of R. africae
2.4.1 Amblyomma vectors of R. africae

The ticks known to be vectors of R. africae in Africa belong to the genus
Amblyomma of hard ticks (Ixodidae family). A. hebraeum (the Southern African bont
tick) and A. variegatum (the tropical bont tick) are the main vectors transmitting this

rickettsial pathogen (Jensenius et al., 2003). These two tick species are vectors and

11



reservoirs of R. africae where the infection is sustained through transovarial
transmission, a process whereby the pathogen is transmitted from an infected adult
female to the offspring and transstadial transmission, a process whereby the
pathogen is maintained within the tick vector from one developmental stage to the
next (Socolovschi et al.,, 2009). It is not clear as to how many generations can
maintain the Rickettsiae in the absence of an infected host. R. africae may be very
successful as a bacterial pathogen and it has very high transovarial transmission.
This has been speculated from the high infection rates of the ticks as compared to
those of other Rickettsiae (Fournier et al., 2009). R. africae was detected in ticks that
were collected from non-rickettsemic animals and this may be because this

pathogen is an endosymbiont of these tick vectors (Maina et al., 2014).

R. africae was also detected in A. lepidum, A gemma, A. cohaerens, and A.
compressum in Sudan and Djibouti (Socolovschi et al., 2009), in the Somali region of
Ethiopia (Tomassone et al., 2016; Kumsa, 2019) and in Liberia (Mediannikov et al.,
2012). Furthermore, R. africae was also detected in A. loculosum, a tick usually
known for infesting marine birds in tropical islands and infected ticks of this species
have been found outside Africa, in countries like New Caledonia (Eldin et al., 2011,
Dietrich et al., 2014, Parola et al., 2013). R. africae DNA was found in A. ovale ticks
collected from dogs in Nicaragua, Central America, in 2013. R. africae was
previously reported in the Caribbean (Kelly, 2006), but this was the first report on R.
africae in continental America (Vogel et al., 2018). Given the documented distribution
of R. africae among African Amblyomma species, it is reasonable to infer that all
African Amblyomma species could be competent vectors of this pathogen. However,

this assumption should be confirmed.

2.4.2 Other tick species found carrying R. africae DNA

A study done in Union of the Comoros in 2014 reported R. appendiculatus ticks
carrying R. africae DNA (Yssouf et al., 2014). The detection of R. africae in these
areas can be due to importation of cattle from countries like Tanzania into the
Comoros which facilitates movement of ticks and associated pathogens into new

areas (Yssouf et al.,, 2014). The Rickettsia positive R. appendiculatus ticks were
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collected from animals infested with known vectors of the Rickettsia, A. variegatum
or A. hebraeum, which also tested positive for R. africae.

Kolo et al, (2016) detected R. africae DNA in Haemaphysalis elliptica ticks collected
from dogs in Mpumalanga province and another study reported presence of R.
africae in ticks collected from dogs and cats from Free State, KwaZulu-Natal and
from North West provinces (Mtshali et al.,, 2017). Rhipicephalus (Boophilus)
decoloratus ticks collected from oryx in Botswana were also found carrying this
pathogen (Portillo et al., 2007). R. africae was also detected in Haemaphysalis
paraleachi ticks from Guinea (Mediannikov et al., 2012), Hyalomma dromedarii and
Hyalomma marginatum ticks from camels in Algeria and Egypt (Abdel-shafy et al.,
2012; Kernif et al., 2012); as well as in R. (Boophilus) decoloratus (Hornok et al.,
2014), R. (Boophilus) geigyi (Mediannikov et al., 2012) and from R. sanguineus
sensu lato (Ogo et al., 2012).

Available data does not give clear evidence on vector competence of any other tick
species besides A. hebraeum and A. variegatum for R. africae. It was hypothesised
that the other ticks that tested positive for R. africae acquired the pathogen during a
blood meal and probably the Rickettsia DNA would have degraded after a few days if
the tick vectors could not support the Rickettsia biological cycle (Portillo et al., 2007;
Yssouf et al., 2014). Further investigation to ascertain vectorial competence of the

other ticks is needed.

2.5 Life cycle of A. hebraeum

A. hebraeum is a three-host tick and has three active stages, the larva, nymph, and
adult as shown in Figure 2.3 below. All three stages attack humans and if they are
infected with R. africae, they then transmit it to humans. The tick vectors usually
attach to people in the groin and axilla regions as well as behind the knees. The
larvae are very small hence are difficult to see on skin and clothes. According to
Mediannikov et al. (2010), adult A. hebraeum ticks do not usually feed on humans;
however, nymphs and larvae attach more frequently and larvae are abundant and

aggressive. The adult stages of the tick are very easy to see since they are highly
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ornate with brownish and reddish colours. The engorged adult female tick may be as
big as a grape. All the larval and nymphal stages need a blood meal for them to
moult into the next developmental stage (Jensenius et al., 2003). The females
should also feed on blood and become fully engorged for them to lay eggs and they

die after they oviposit.
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Figure 2.3: Life cycle of A. hebraeum (R. africae vector in Southern Africa) (Parola
et al., 2001)

The adult ticks are most predominant during the rainy season and the nymphs during
winter; however, the adult stage can be active throughout the year, although their
numbers vary seasonally. From a study done in Zimbabwe in 1991, it was reported
that A. hebraeum adult male ticks usually attach to hosts for long periods of up to
four months, unlike the larval and nymphal stages and the adult females (Norval et
al., 1991).

Unfed adult ticks and nymphs seek hosts despite harsh weather conditions. These
stages will be hiding in their protected microhabitats and they respond to specific

stimuli which can be carbon dioxide and the aggregation-attachment pheromone
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produced by males whilst attaching to hosts (Norval et al., 1991). Just like
Hyalomma ticks, Amblyomma ticks are quite aggressive and they actively seek out
hosts (Althaus et al., 2010). This behaviour arguably explains the presence of A.
hebraeum ticks on hosts throughout the year in different parts of the African
continent. However, ATBF was reported to be seasonal, with high incidences in
November to April. This may be due to the peak in the activity of the ticks (larvae and

adults), during the rainy season (Tsai et al., 2009).

2.5 Hosts of A. hebraeum

Cattle among other domestic livestock are considered to be an important host for A.
hebraeum. These ticks also feed on sheep, horses, donkeys, and pigs (Jensenius et
al., 2003). The adult stages of A. hebraeum ticks also feed on wild ungulates such as
giraffes, buffalo, antelope, and warthogs. These wild ungulates possibly play a role in
the maintenance of the Rickettsia in areas where domestic animals are dipped
intensively or where they are not available (Jensenius et al., 2003). Hosts for larvae
and nymphs are the same as those for adults; however, they can also feed on
lizards, small mammals and ground-feeding birds. Humans are accidental hosts for
these ticks.

There are reports of R. africae DNA being amplified in ticks from areas where the
pathogen is not known to exist. This has been attributed to livestock movement from
disease endemic areas to disease free areas resulting in the spread of infected ticks
as well as introduction of rickettsemic animals since the mammalian host
competency of R. africae has also been proposed (Kelly et al., 1991). Migratory birds
also introduce infected ticks to disease free areas since some ticks like A. loculosum
that are known to infest birds were found carrying R. africae DNA (Eldin et al., 2011;
Dietrich et al., 2014).

2.6 Transmission and distribution of R. africae and its vectors

R. africae has been reported to be found mainly in Africa and in the West Indies. In
the West Indies, it was found in Guadelope, Martinique, St. Kitts, Neves and in the

Antigua islands (Fournier et al., 2009). The distribution of R. africae corresponds with
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the distribution of the tick vectors, so the pathogen is reported to be found in all
those areas where the tick vectors are found (Scarpulla et al., 2016). However, there
are several other tick species other than the known vectors that were also found

carrying R. africae DNA but their competence as vectors still remains to be proved.

A. hebraeum is found in tropical and subtropical environments. A. hebraeum and A.
variegatum ticks have preference for similar habitats with tall grass or shady bushes.
Both tick species were found to be present the whole year in most infested areas
and they are found in great numbers throughout the rainy season (Jensenius et al.,
2003). A. hebraeum geographical distribution is different from that of A. variegatum.
The distribution of A. variegatum is mainly in the communal areas of west, central,
and east Africa, south of the Sahara desert, Yemen, several islands in the Indian
Ocean, on the Cape Verde Islands in the Atlantic Ocean, and in the eastern
Caribbean, whereas A. hebraeum is only distributed in Southern Africa.

In South Africa, A. hebraeum has widespread distribution and this tick vector has
been reported along the coast of the Indian Ocean, KwaZulu-Natal province, and
north eastern parts of the country where many popular wildlife tourist resort areas
are located (Walker & Olwage, 1987). R. africae was detected by PCR and
sequencing in A. hebraeum ticks collected from dogs at a household in Mnisi
community, Mpumalanga province, South Africa (Kolo et al., 2016). This is a clear
indication that the Rickettsia is prevalent in this rural area of South Africa.
Furthermore, A. hebraeum has been found in the eastern part of Botswana, southern
part of Mozambique, and in the Lowveld of Zimbabwe (Peter et al., 1998). These two
tick species have similar requirements; however, they are found in different
geographical locations as shown by the map (Figure 2.4) below (Jensenius et al.,
2003).
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Figure 2.4. Distribution of the principal tick vectors of R. africae (A. hebreaum and
A. variegatum) (Jensenius et al., 2003)

Cases of ATBF associated with visits to east African countries are few. This could be
due to the less virulent R. africae variants that are found in those areas (Harrison et
al., 2016) and also to the lower infection rates of R. africae in A. variegatum ticks

which are the vectors in that part of the continent.

The rates of R. africae infection in the tick vectors have been documented to be
approximately 30% in A. variegatum ticks and it can be as high as 80-100% in A.
hebraeum ticks (Parola et al., 2001; Jensenius et al., 2003; Nakao et al., 2013). On
average, R. africae infection rates in these tick vectors across Africa has been
reported to be around 16-75% (Kelly, 2006). Halajian et al. (2018) reported an
infection rate of 13% in ticks collected from donkeys in Limpopo province, South
Africa. A recent study performed in Zimbabwe reported R. africae infection rate of
42.4% in A. hebraeum ticks collected from different parts of the country (Mandara,
2018). In a study done in Uganda and Nigeria, an infection rate of 45% was reported
in A. variegatum ticks (Lorusso et al., 2013). R. africae infections across Africa have
been found to vary from area to area (Kelly, 2006). The high infection rates indicate

higher chances of these ticks transmitting the pathogen to humans and animals.
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2.7 Clinical signs in animal hosts

No clinical signs of disease have beenreported in animals, although there are some
indications for their possible role as reservoirs of the Rickettsia. The role of cattle
and goats in R. africae epidemiology was investigated (Kelly et al., 1991; Kelly et al.,
1991) .

Kelly and colleagues performed a study in Zimbabwe to determine the pathogenicity
of SFG in domestic cattle in 1991. Cattle experimentally infected with cultured
Rickettsia-like organisms showed mild clinical signs such as regional lymphadenitis,
dermal erythema, edema, and tenderness at the inoculation site. This could be an
indication that the Rickettsia only cause subclinical infection in cattle (Kelly et al.,
1991), but this assumption still needs to be confirmed. Further investigation was
performed by inoculating blood of the experimentally infected cattle into seronegative
guinea pigs to determine if the cattle were rickettsemic after inoculation. Infection in
the guinea pigs was determined by measuring scrotal circumference and body
temperature. The guinea pigs had scrotal swelling and fever, and therefore
seroconversion was assumed to have occurred. Rickettsemia was detectable in
experimentally infected cattle for at least 32 days post-infection. The results from this
study could mean that cattle could be possible reservoirs for R. africae. It was
hypothesised that infection of new tick lineages could arise if ticks feed on such
animals (Kelly et al.,, 1991). However, further investigation into this issue is
necessary considering that Maina et al. (2014) also reported the presence of R.
africae in A. variegatum ticks that were obtained from non-rickettsemic animals. This
could be an indication that this Rickettsia is mainly maintained in the tick vector in
the environment. The common use of antibiotics in animals has been proposed as a
reason for rickettsemia not being detected in the animals (Maina et al., 2014). A
similar study reported a brief detection of rickettsemia in goats and it is not certain if

susceptible ticks can pick up the Rickettsia within that period (Kelly et al., 1991).

There is limited information on the ecology of R. africae as far as the reservoir hosts
are concerned. Some studies have reported high seroprevalence rates of SFG
Rickettsia in cattle, goats and sheep from endemic areas and this is an indication of

previous exposure to the Rickettsia. In a study done by Kelly in 1991, it was reported
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that 80-100% of cattle in affected areas have antibodies against SFG Rickettsia. In
another study performed in the southern part of Zimbabwe where R. africae is also
endemic, a 100% presence of antibodies for SFG Rickettsiae in sampled cattle was
reported (Parola et al.,, 2005). Maina et al., (2014), also reported presence of
antibodies against SFG Rickettsia in cattle, sheep and goats from Kenya. The high
seroprevalence rates could also be due to cross-reaction of the SFG so it cannot be
attributed to R. africae alone; however, this hypothesis should be investigated. It is

not yet clear if these animals are competent reservoirs for this pathogen.

2.7 Clinical signs in human hosts
2.7.1 African Tick Bite Fever (ATBF)

Clinical cases of ATBF are mostly associated with foreigners visiting Southern Africa
for leisure activities such as safari and game hunting (Mediannikov et al., 2010),
hence ATBF is referred to as a travel associated disease (Jensenius et al., 2003).
The incidence rates of ATBF are high because R. africae is transmitted to humans
by all three active stages of the tick (Kelly & Mason, 1991). ATBF is known to be a
self-limiting disease; however, it has been reported that complications also occur
especially in elderly ATBF patients (Nilsson et al., 2017).

2.7.2 Risk factors of ATBF

Reports have indicated that the feeding behaviour of A. hebraeum has a great effect
on the occurrence of ATBF. These tick vectors are found in several environments
and they usually prefer humid environments where there are tall grasses and
bushes. ATBF has been reported to be affecting people from other countries
especially travellers from European countries when they visit endemic areas and
almost all the clinical cases have been documented in international travellers.
Information on the habitat types that are associated with this disease is very limited
(Ndip et al., 2011).

In addition to their environmental preferences, the leisure activities that the tourists
engage in usually increases their chances of getting the infection, considering that

the ticks respond to several host stimuli. In a research done on 940 people from
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Norway who were on a hunting expedition in South Africa, the distribution of infection
by ATBF were reported to be different depending on the activities they were doing
and hunting was associated with most of the ATBF cases. This was hypothesised to
be due to the association of the hunting activity with substantial exposure of the
individuals to ground vegetation, grasses and shrubs as well as with ungulates and
their hides. Therefore, the hunting activity plays a major role in exposing people to
ATBF (Ndip et al., 2011).

In 1997, there was an outbreak of ATBF in tourists from France (n=13) after they
visited Lesotho and South Africa for adventure racing (Fournier et al., 1998). From a
cohort study, which was done in 2011, it was concluded that these rickettsial
infections are directly linked to outdoor activities like safari and hunting. About 50%
of cases of affected tourists who visited endemic areas in sub-Saharan Africa or the

West Indies, were microbiologically confirmed as ATBF (Jensenius et al., 2003).

2.7.3 Pathogenesis of ATBF

The incubation period for this disease is about 5-7 days, but it can extend up to 10
days (Raoult et al., 2001). R. africae is transmitted to humans via tick bites and the
pathogen is deposited in the blood vessels by the tick whilst they feed. It then
multiplies in the endothelial cells which also damages the local skin cells thereby
causing dermal and epidermal necrosis resulting in eschars. The destruction of
endothelial cells also results in the increased production of endothelium-associated
mediators, which include the von Willebrand factor and the soluble E-selectin. The
Rickettsia spread via blood throughout the body resulting in many endothelial cells
being infected. Further destruction of the vascular endothelial cells and infiltration of
perivascular mononuclear cells often lead to increase in leakage of fluid into the
interstitial space and also results in perivascular infiltration of T-cells and
macrophages. The perivascular infiltration results in a lymphohistiocytic vasculitis
which is the histopathological hallmark of the rickettsiosis (Jensenius et al., 2003).
Eruptive fevers associated with SFG Rickettsia are due to the ability of the pathogen

to multiply in the endothelial cells (Scarpulla et al., 2016).
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2.7.4 Clinical signs of ATBF

ATBF is a febrile illness hence it is mainly characterised by fever and other flu-like
clinical signs such as nausea, fatigue, headache and myalgia, which usually affects
the neck muscles. ATBF is a self-limiting disease, meaning it can clear without
treatment, hence usually the clinical signs are not very prominent (Jensenius et al.,
2003; Maina et al., 2014).

Tick bite sites are noticeable and these have been described as the inoculation
eschars, consisting of a central black crust surrounded by a red halo (Jensenius, et
al., 2003). The eschars are usually located on the legs, however, vulvar mucosal
eschars have also been reported (Consigny et al., 2009). Generalised cutaneous
rash is also common and it appears in two to three days (Toutous-Trellu et al.,
2003). These characteristic lesions are often multiple and are associated with
regional lymphadenopathy. Up to 34 eschars were found in a single ATBF patient,
after he went on a safari in eSwatini (formerly known as Swaziland) (Caruso et al.,
2002). The reason for the multiple eschars on ATBF patients is due to the feeding
habits of A. hebraeum. They hide in their microhabitats and attack hosts as they
appear, resulting in a single host being infested by several ticks at a time. The
aggressive nature of these ticks has been reported to result in clustered cases
(Caruso et al., 2002; Jackson et al., 2004; Oostvogel et al., 2007). In these reports,
all the travellers on safari were diagnosed with ATBF on returning home.

Reactive arthritis has been recorded in some ATBF cases (Jensenius et al., 2003).
From a recent report by Nilsson et al. (2017) , ATBF patients presented with a mild
transient thrombocytopenia. Elevation of C-reactive protein and liver enzymes was
also reported by laboratories. Complications like chronic fatigue, reactive arthritis,
encephalitis, myocarditis and cellulitis after ATBF were also reported and usually
associated with old age (Nilsson et al., 2017). Bellini et al. (2005) reported a case of
ATBF which was complicated with cardiac disease. Zammarchi et al. (2014) reported
a case of complicated ATBF in a 40-year-old Italian traveller returning from
Zimbabwe. The woman had a painful sacral syndrome characterised by severe pain

on the leg, urinary and faecal incontinence and rectal tenesmus which was mainly
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attributed to immune mediated mechanisms. Neurological complications were also

reported in two Swiss travellers (Althaus et al., 2010).

The disease can also be misdiagnosed for other diseases which present with fever
such as malaria and typhoid, especially in developing countries of Africa where
proper diagnostic laboratories and facilities are limited. A 31-year-old South African
man got sick a few days after arriving in Minnesota, USA, where he had gone to
work on a farm. He was working at a farm in KwaZulu-Natal where he was looking
after sheep and cattle before leaving the country for the USA. He presented with
fever, headaches and myalgia but tested negative for malaria. He was treated with
amoxicillin but he did not recover. Several tests were done on second presentation.
The tests that were done include lumbar puncture, HIV and dengue virus serology.
On physical examination, an eschar was noticed just below his knee. ATBF was
diagnosed based on history of tick bites in South Africa and the eschar that was
noticed as well as response to doxycycline treatment (Johnson et al., 2019). The
report of ATBF in a South African citizen soon after leaving South Africa can be an
indication that several ATBF cases are being misdiagnosed in most African
countries. ATBF cases are rare among indigenous people yet high seroprevalence
rates are reported (Jensenius et al., 2003). According to Maina et al. (2014),
seroprevalences of up to 55% in eastern and Southern Africa and up to 51% in
western and central Africa have been reported. They speculated that the high
seroprevalence rates could be due to the fact that R. africae and other SFG
Rickettsia share common antigenic determinants. Thus, the high reactivity described
in the available literature can be as a result of other Rickettsia species as well and

not due to R. africae only.

It is suspected that the disease affects the indigenous population when they are still
young and clinical signs are very mild symptoms or subclinical such that they usually
do not go to hospitals to seek medical attention, hence the infection goes unnoticed
(Kelly & Mason, 1991). Furthermore, it is difficult to diagnose the disease in the
indigenous population because the inoculation eschars are not easily noticeable on
pigmented skin; hence, such pathognomonic features of the disease are easily

missed, which can lead to a misdiagnosis. Thorough examination and history taking
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on previous exposure to ticks is always recommended if this disease is to be
correctly diagnosed. The diagnostic tests which are recommended for ATBF are
scarce in most of the disease endemic areas due to their costs hence the disease is
poorly diagnosed (Jensenius et al., 2003).

2.7.5 Diagnosis of ATBF in humans

2.75.1 Serology

Currently, the routine laboratory diagnosis of this disease is based on serology; in
particular microimmunofluorescence (MIF). The MIF will detect an increase in IgG or
IgM antibodies in the bloodstream. Immunofluorescence assays are recommended
for the diagnosis of ATBF but seroconversion is usually delayed and it may take up
to three weeks in these patients, thus limiting the effectiveness of this test
(Jensenius, et al., 2003). Seroconversion may not occur in mild cases and in cases
that get early treatment with the recommended antibiotics (Fournier et al., 2002). The
other drawback of serology is the issue of cross-reaction with other SFG Rickettsiae,
hence it will be difficult to really ascertain if the illness was due to R. africae by

merely using serology (Socolovschi et al., 2012).

Some of the serological tests which are more reliable and specific are very
expensive and they may only be found at reference centres. For example, the
multiple-antigen immunofluorescence assay in which reactions to several SFG
rickettsial antigens, including R. africae, can be compared directly (Jensenius et al.,
2004). Western blotting, a process whereby species-specific antibodies targeting
high-molecular-weight proteins of the pathogen, which are rOmpA, rOmpB and
PS120, are detected can be used as well as the cross-adsorption assays; a process
whereby the infecting species may be determined by removing non-specific
antibodies.

2.75.2 Culture and antigen detection

Biopsies or cultures of a person’s eschar are also used to diagnose ATBF because
as the Rickettsia multiplies at inoculation sites, eschars become the reliable place for

collection of biopsy specimens for Rickettsia isolation and genomic detection.
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Culturing of the Rickettsia is done in laboratories with biohazard protection level
three (BSL-3). This is the commonly used method for primary isolation of this
organism in fibroblasts. The samples should be transported on dry ice and it should
be done within a very short period because the recommended duration between
sample collection and inoculation of cell culture is 24 hours (Jensenius et al., 2003).
The sensitivity of isolation of R. africae in ATBF is generally poor, and it is usually

below 15% in heparinised blood and approximately 44% in skin-biopsy specimens.

Detection of R. africae antigen can be done by immunohistochemistry using
monoclonal antibodies or by Polymerase Chain Reaction (PCR). PCR can be used
on a wide range of samples such as blood, skin biopsy, and tick tissues (Jensenius
et al., 2003). The target genes by the PCR for R. africae are the citrate synthase
gene (gltA) and ompA (Sambou et al., 2014). Detection strategies based on
recognition of sequences within the genes encoding the 16S rRNA, outer membrane
proteins rOmpA, rOmpB, and PS120 have also been effectively used for the

detection of this pathogen.

For identification of group, genus and species of Rickettsia organisms, six genes are
usually used. These include sequences of the 16S rRNA (rrs) gene, the gItA gene
(385 bp), ompA (632 bp), ompB (444 bp) and sca4 (gene D) genes (Raoult et al.,
2005; Kimita et al., 2016; Scarpulla et al., 2016). Currently, the genotypic
identification of the SFG Rickettsia is based on restriction fragment length
polymorphism (RFLP) analysis of PCR-amplified genes coding for the enzyme citrate
synthase and the surface proteins rOmpA and rOmpB (Regnery et al., 1991; Roux et
al., 1996).

2.7.6 Treatment of ATBF

Doxycycline is used in the treatment of ATBF. The recommended dose is 200 mg
per day for seven to ten days (Althaus et al., 2010). ATBF also responds well to
quinolones and chloramphenicol. Macrolides such as azithromycin can be used as a
treatment option especially for patients with mild clinical signs (Johnson et al., 2019).

The flu-like symptoms and the dermal symptoms such as the rash responds
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efficiently to the medication in a few days. The eschars take a little bit longer to
resolve. Toutous-Trellu et al. (2003) and Roch et al. (2008) reported slow recovery of
the eschars in patients treated with doxycycline. The eschars were reported to have
resolved after a period of four weeks from the time the treatment was initiated.
Rifampicin was also used in treatment of ATBF in a patient with doxycycline
intolerance (Strand et al., 2017).

2.7.7 Prevention and Control of ATBF

There is no vaccine or medicine that prevents ATBF. People who travel to rural sub-
Saharan Africa should be furnished with the necessary pre-travel information on this
disease (Owen et al.,, 2006). Such awareness is necessary especially to those
travelling to endemic areas (Jensenius et al., 2003). Intensive measures should be
taken to prevent being bitten by ticks during their stay in communal areas of sub-
Saharan Africa, although it may be difficult to completely avoid the tick bites.
Humans are most prone to be bitten by the larval and nymphal stages of the tick
which are also very tiny hence difficult to spot. Many people who succumb to this
disease are reported to have seen ticks on their skin which necessitates the
importance of preventing tick bites. Tick bites can be prevented by covering exposed
skin by wearing long-sleeved shirts, long pants, and hats. Shirts and pants should be
tucked in and closed shoes instead of sandals should be worn to prevent bites.
Travellers should also avoid bushy areas with high grass, bush, and leaves. Walking
in the centre of hiking trails is another measure of avoiding tick bites. Use of
repellents like permethrin 0.5 % spray, and diethyltoluamide (DEET)-containing
repellents for spraying outdoor clothing and removal of ticks as well as showering as
soon as possible after coming indoors are also important preventive measures that

can be implemented (Jensenius et al., 2003; Menzer et al., 2017).

The scarcity of data on R. africae stimulates the need to use molecular tools to

detect the Rickettsia in its tick vector.
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CHAPTER 3

MATERIALS AND METHODS

3.1 Study area

The Mnisi community is situated in the north-eastern corner of the Bushbuckridge
municipal area in Mpumalanga province, South Africa. The study area falls within the
savannah ecosystem and is situated at a wildlife/livestock interface, as it borders the
Andover and Manyeleti provincial game reserves, and two private game reserves,
Timbavati and Sabi Sand. The main agricultural activity in this area is livestock
farming of which cattle is by far the most important species. The communal area has
approximately 14 800 cattle (Musoke, 2016) and there are 15 dip tanks in the area
(Figure 3.1) where government provides veterinary extension services. This area
represent epidemiologic units for sampling (Musoke et al., 2015). Out of the 15 dip
tanks available in this area, two of them (Hlalakane and Welverdiend B) are crush
pens whereas the rest are plunge dips. Each ward in this area has got five dip tanks
(Malan, 2016). Two locations (Welverdiend A and Utah A) with different vegetation
and geographical locations in the study area were selected for the collection of the
ticks. The cattle used for this study were infested with ticks and that were easy to
restrain. The cattle in the study area are mainly mixed breed and both areas have

communal cattle rearing systems.
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Figure 3.1: Map of the study area, showing the dip tanks, circled in red, where

samples were collected for the study (map courtesy of Mnisi Community
Programme, University of Pretoria).

3.2 Ethics approval and biosecurity

Approval to perform this project was granted by the Animal Ethics Committee (AEC)
of the University of Pretoria (UP) (certificate number V045-18, Appendix 1.1 and 1.2)
and from the Faculty Research Ethics Committee (certificate number REC066-18,
Appendix 2).

Approval was also obtained from the Department of Agriculture Forestry and
Fisheries (DAFF) (Appendix 3) for collection and transportation of the samples from
the sample collection sites to the laboratory for processing. The collection and
processing of the samples was done in line with the DAFF Section 20 application
that was obtained for this project (certificate number 12/11/1/6 [811]).
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3.3 Consent from community

Permission to perform research in the community was granted by the traditional
leaders in the village. A consent form (Appendix 4) was drafted in English and it was
translated to the local language, Xitsonga, with the help of the environmental
monitors assisting with research logistics in the area. The consent forms were given
to the farmers at the selected dip tanks and the aims and logistics of the research
project were explained to the farmers by the environmental monitors. After obtaining

the farmers consent, ticks were collected from their cattle.

3.4 Study design

A cross-sectional approach was used to collect A. hebraeum tick samples for R.
africae detection. The ticks were collected over a period of 4 months (October 2018
to January 2019). Adult Ambylomma ticks, nymphs and larvae were selected to
assess the R. africae infection rates at different developmental stages. EQg masses
were obtained from engorged adult female ticks which were maintained in a humidity
tank (relative humidity 80-85% and temperature 23-25°C) in plastic tubes until they
oviposited.

3.5 Calculation of sample size

The sample size for the study (at 90% CI) was estimated using the formula;

{Le452x P, x (1-P,,,)}
dZ

ng =

»

Where Pex» the expected prevalence and d is the desired precision (margin of error
of prevalence).

A Pexpvalue of 50% (unknown Pexz) and a @ value of 8% give,

27060 X 0.5 X 0.5
n, = =106
0.0064

ng = 106 samples

(Thrusfield, 2007)
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Therefore, a minimum of 106 ticks per developmental stage (106 adult ticks, and 106
pools of 10 larvae each) were collected from cattle that were brought at the selected
dip tanks and from the environment where these dip tanks are situated. A total of
106 engorged female ticks were also collected from cattle at the two dip tanks and

106 eggs masses were collected from these ticks as illustrated on Table 3.1 below.

Table 3.1: Samples collected from the two sampled dip tanks

Dip tanks
Samples Utah A Welverdiend A
Adult ticks(M\F) 106 106
Larvae 1060 (106 pools of 10 1060 (106 pools of 10
larvae each) larvae each)
Engorged females 53 53
Egg masses 53 53

3.6 Tick collection in the study area

Adult ticks were collected while the cattle were restrained in cattle crushes before
dipping. Samples were collected in plastic tubes (Thermo Scientific Nunc 50 ml
Conical Centrifuge tubes). Forceps were used to gently pull off adult ticks from the
cattle which were then preserved in 70% ethanol. Engorged females, which were
easy to see and reach, were collected from the cattle and placed in plastic tubes with
holes on top to keep them alive. The tubes were lined with paper towels to make
sure that the ticks were dry before putting them in the humidity tank to avoid fungal
growth. The cattle from the study area had a very high tick infestation, especially
those from the Utah dip tank.

Dragging cloths were used to collect larvae by dragging at ground level (using one
hundred steps, equivalent to an area of one hundred square metres: 100 m?). The
immature stages were then picked from the dragging cloths using forceps and put in

plastic tubes (Thermo Scientific Nunc 50 ml Conical Centrifuge tubes) containing
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70% ethanol. Species identification was done under a microscope according to

standard taxonomic keys (Walker, 2003).

The state veterinarian provided verbal permission to move samples from the

collection sites to HHWRS laboratories for DNA extraction.

3.7 Incubation of engorged ticks and collection of egg masses

In the Hans Hoheisen Wildlife Research Station (HHWRS) laboratory, the engorged
A. hebraeum ticks were individually placed into separate plastic tubes. Cotton wool
and gauze were used as stoppers. The tubes were kept in a humidity tank at 23-
25°C, and at a relative humidity of 80-85%. Humidity was maintained with a
saturated NaCl solution. Temperature and humidity was monitored daily and weekly
inspections were done until oviposition was observed. Egg masses from individual

ticks were collected separately and placed in labelled tubes.

3.8 DNA extraction from adult ticks and larvae

To avoid cross contamination all samples were processed under sterile conditions.
Each tick was disinfected with 70% ethanol and washed with PBS five times to
remove all the ethanol. Adult ticks and nymphs were processed individually. Each
tick was cut into small pieces using a sterile scalpel blade in a sterile petri dish and
DNA was extracted using Qiagen Blood and Tissue kit (Qiagen, Whitehead
Scientific, South Africa 69506). DNA extraction was done according to the
manufacturer’s instructions. Using the same protocol, DNA was also extracted from
the engorged females after they laid eggs. The total number for the larvae was 1060
and these larvae were pooled and each pool had 10 larvae and the total number of
pools was 106 (n=106). Each larvae pool was considered as a single sample
equivalent to one tick, before DNA was extracted from them. The DNA was eluted in

a final volume of 200 pl TE buffer.

The extracted DNA was stored at -20°C and later transported to the DVTD research
and training laboratories for further processing. A sample movement permit

(Appendix 4) was obtained from the state veterinarian for this purpose.
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3.9 DNA extraction from egg masses

Egg masses were weighed before DNA was extracted from them and each egg
mass was processed separately. The engorged females laid egg masses ranging
from 300 mg to 450 mg, and the similar egg mass weight of 300 mg per egg mass
was used for DNA extraction to maintain consistency. Egg masses were weighed
using a weighing balance (Lasec, South Africa). The egg masses were washed with
70% ethanol and then with PBS. The same DNA extraction protocol as described in
3.8 above was also used for the egg masses. The egg masses were then
homogenised in PBS and the homogenate was used for DNA extraction. The DNA

was eluted in a final volume of 200 pl.

3.10 DNA quantification

The extracted DNA was quantified using a spectrophotometer (Xpose, Trinean,
Belgium) at the research and training laboratories (DVTD, UP) to determine if the
DNA extraction process was successful and to determine the concentration of DNA

extracted.

3.11 gltA PCR for the detection of Rickettsia genus

Real-time or Quantitative PCR (QPCR) was used to screen the DNA for the citrate
cynthase (gltA) gene, which is common in all Rickettsia. The primers for the gltA
gene (CS-F and CS-R) and the CS-P probe used for the gPCR reactions are as
indicated in Table 3.2 below.
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Table 3.2:  Primers and probes for the Rickettsia gPCR assay

Primers & Sequence (5’-3’) Target Reference
probe gene
CS-F TCG CAA ATG TTC ACG GTA gltA74bp (Stenos et al,
CTTT- 2005)
CS-R TCG TGC ATT TCT TTC CAT
TGT G-
CS-P 6-FAM-TGC AAT AGC AAG
AAC CGT AGG CTG GAT G-
BHQ-1

These oligos amplify a 74 base pair fragment. The calculated primer melting
temperature values for the primers and the probe were 54°C for the CS-F, 55.1°C for
the CS-R and 65.6°C for CS-P (Stenos et al., 2005). Luna Universal Probe qPCR
master mix (New England Biolabs, Inc., M3004E) was used for the reaction. It is a 2x
reaction mix optimised for gPCR detection and quantitation of target DNA sequences
using hydrolysis probes. Three microliters of the test samples were used and the
reaction set up is shown in Table 3.3 below. The probe was prepared according to
the Luna Universal Probe gPCR master mix instruction manual since it is supplied as
a pellet. The Luna Universal probe gqPCR Master Mix and other reaction components
were stored at -20°C and kept on ice during sample preparation. The gqPCR master
mix and the other reaction components were allowed to thaw completely at room
temperature. The primer solutions were vortexed gently and then centrifuged to
collect all the drops at the bottom of the tubes. After adding the DNA to the
capillaries, the capillaries were centrifuged at 6000 x g (800 rpm) for one minute. A
positive and a negative control were included for each cycle. The positive control
was obtained from samples that tested positive for R. africae from a previous project
by Mandara (2018). The samples were confirmed to be positive for R. africae by
sequencing of the ompA gene. The negative control had the same components with
the other reactions but distilled water was added instead of DNA hence they were
non-template negative controls. The gPCR capillaries were loaded into the Light

Cycler 2.0 gPCR machine (Roche Diagnostics, South Africa) and the machine was
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programmed according to the Luna Universal Probe gPCR master mix
manufacturer’'s thermal cycling protocol (New England Biolabs Inc.) as shown in
Table 3.4.
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Table 3.3:  Reaction set up for the Rickettsia qPCR reaction targeting the gltA

gene

Component x1 (20 ul reaction)
Luna Universal Probe gPCR Master Mix 10 pl

(Taq DNA Polymerase, dUTP, non-fluorescent visible dye)

Forward primer (10 uM) 0.8 ul

Reverse primer (10 uM) 0.8 ul

Probe (10 pl) 0.4 ul

Template DNA 3l

Nuclease-free water 5l

Table 3.4: Thermal cycling conditions for the amplification of the gltA gene using
Lunar Universal Probe gPCR Mix

Cycles Temperature Time (S) Purpose
1 95°C 60 Initial denaturation
45 95°C 15 Denaturation

60°C 30 Extension

A positive control was obtained from samples that tested positive for R. africae from
a previous project by Mandara (2018). The samples ompA gene sequences for these
samples were found to match those of R. africae. Serial dilutions were done on three
positive samples using TE buffer and qPCR was done on the diluted samples, which
tested positive up to thel0 dilution. The last significant positive dilution for these
positive controls was detected at C: value 40, which is up to 40 cycles. Samples that
were processed with gPCR were considered positive if there was DNA amplification

up to 40 cycles.
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3.12 Conventional PCR (cPCR)

The primers used for this PCR targeted the ompA gene and are as indicated in Table
3.5 below.

Table 3.5:  Primers for the Rickettsia cPCR assay

Primer Sequence (5’ -3’) Target Amplicon Reference

gene
Rr190.70 ATG GCG AAT ATT TCT ompA 632 bp (Stenos et al., 2005)
F CCA AAA

Rr190.70 GTT CCG TTA ATG GCA
1R GCATCT

cPCR was used to detect presence of SFG Rickettsia DNA in the samples and the
primer sequences are indicated on Table 3.5 above. Phusion Flash master mix
(Thermo Fisher Scientific, South Africa, F548S) was used. The master mix was
prepared according to the manufacturer’s instructions and the volumes used are

indicated in Table 3.6 below.

Table 3.6:  Reaction set up for cPCR targeting the ompA gene

Component x1 (20 pl reaction)
2X Phusion Flash Master Mix 10 pl

(Phusion Flash Il DNA Polymerase, Affibody protein)

Forward Primer (10 uM) 1l

Reverse Primer (10 uM) 1l

Nuclease free water 6 ul

Template DNA 2 ul

Nuclease free water (2 pl) served as the negative control and 2 ul of extracted DNA
was added to the PCR tubes. The positive control was a known R. africae positive

sample from a previous study confirmed by sequencing of ompA gene. The PCR
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tubes were centrifuged and a PCR machine was programmed using conditions

outlined in the Table 3.7 below.

Table 3.7: cPCR conditions for the amplification of ompA gene using the 2X
Phusion Flash Master Mix

Cycles Temperature (°C) Time (S) Purpose

25 98°C 10 Initial denaturation
98°C 1 Denaturation
53°C 5 Annealing
72°C 15 Extension
70°C 60 Final extension
4°C o0 Hold

The PCR products were analysed on a 1.5% agarose gel and visualized using an
ultraviolet transilluminator (Bio-Rad). A 632-bp fragment (Abdel-Shafy et al., 2012)
was expected. The size of the amplicons was determined by comparison with a 100
bp molecular weight marker (Thermo Fisher Scientific, 15628019, Invitrogen). The
PCR products were sequenced Inqaba biotec™ laboratories and sequencing was

done in both directions using primers shown on Table 3.8 below.

3.13 Sequences and phylogenetic analysis

Table 3.8: Sequencing primers

Primer Sequence (5’-3’)
Rr190.701F 5'-ATG GCG AAT ATT TCT CCA AAA-3
Rr190.701R 5-GTT CCG TTAATG GCA GCATCT-3

Sequences obtained from the ompA gene were processed using CLC Genomics
Workbench version 7.5.1 (CLC Bio, Boston, MA, USA). The Basic Local Alignment
Search Tool [BLAST] (http://blast.ncbi.nim.nih.gov/Blast.cgi) was used to search for

homologous reference sequences, using the BLAST algorithm. Alignments of ompA
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gene (611 bp) sequences were constructed using the Multiple Alignment, Fast
Fourier Transform (MAFFT) [version 7] program (Katoh & Standley, 2013) and
manually edited using BioEdit (version 7.2.5) program (Hall, 1999). Sequence
identities (number of nucleotides) were calculated by pairwise comparison using
MEGA7 (Kumar et al., 2016).

The ompA nucleotide sequences were translated to amino acid sequences using
EMBOSS Transeq (EMBL-EBI, 2016). ProtTest version 3.0 (Darriba et al., 2012)
was used to select a JTT + F model of evolution for proteins for the ompA
sequences, under the Akaike Information Criterion (AIC) as the model selection
criterion. Phylogenetic trees for the ompA amino acid sequences were reconstructed
using maximum likelihood (ML) as implemented in PhyML 3.1 (Guindon et al., 2010).
The reliability for the internal branches was assessed using bootstrapping [1000
bootstrap replicates] (Felsenstein, 1985). Graphical representation and editing of the

phylogenetic trees were performed with MEGA7 and Paint Tool for Windows 10.0.

3.14 Data analysis

Minimum Infection Rate (MIR) was calculated for larvae pooled samples using the

following formula:

MIR = (number of positive tick pools / total number of ticks in pools tested) x 1000

Microsoft Excel and Statistical Package for the Social Sciences (SPSS) using the
Pearson chi square test were used to analyse the results from this study. Chi-
squared test (x? test) at 95% CI was used to compare the different groups from the
study. Z distribution was used to analyse data for the transovarial transmission

efficiency.

3.15 Farmer feedback report

A report (Appendix 5) was prepared to present the research findings to the

community where the samples for the research project were collected. The report
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was prepared in English and was translated to Xitsonga, the local language of the
people residing in the community, with the help of the environmental monitors who
also helped with presenting the information to the farmers. The presentations were
done on the 23 and 24™ of May 2019 at the dip tanks where the samples were
collected. The translated report was distributed to the farmers together with A.
hebraeum ticks preserved in 70% ethanol so that the farmers could familiarise
themselves with the tick vector for R. africae.
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CHAPTER 4

RESULTS

4.1 Detection of R. africae infection rates in A. hebraeum adult ticks

and larvae

4.1.1 Real-time Rickettsia PCR (QPCR) to screen adult tick and larvae samples
for gltA gene

A total of 106 adult male or female A. hebraeum ticks were collected from cattle at
each of the two dip tanks. Out of the 106 samples obtained from Utah, 102 (96.23%)
were positive for the gItA gene. From Welverdiend, 101 (95.28%) samples tested
positive for the gltA gene. A total of 1060 larvae were collected from each dip tank
and they were grouped into pools of 10 resulting in a total of 106 pools. From Utah,
68.87% (73/106) of DNA from larvae samples were positive for the gltA gene and for
Welverdiend, the gltA gene was detected in 46.23% (49/106) samples.

4.1.2 Conventional PCR (cPCR) to screen DNA from adult ticks and larvae for

the ompA gene

All samples that tested positive for the Rickettsia species in the gPCR were then
tested in a cPCR for the presence of the ompA gene. The amplified products of the
ompA gene were visualized on a 1.5% agarose gel and some of the positive
samples are as indicated on the gel picture (Figure 4.1 below). From Utah, 14 out of
the 106 (13.21 %) adult ticks tested positive for the ompA gene, whereas 15 out of
106 (14.15 %) samples from Welverdiend gltA screened positive for the ompA gene.
On average, the R. africae infection rate for the tested adult tick samples from Utah
and Welverdiend was found to be 13.68% (29/212). For the larvae that were
collected from Utah, 18/106 (17%) were positive for the cPCR targeting the ompA
gene and for Welverdiend 10/106 (9.4%) were positive. From the sampled larvae
pools from Utah and Welverdiend, 13.21% (28/212) tested positive for R. africae.
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Figure 4.1: Picture of cPCR products for the ompA gene on 1.5% agarose gel, (L) 100 bp
molecular weight marker (Thermo Fisher Scientific - Invitrogen, South Africa) on the left and far right.
Lane 1-19, 21-26 and 28 are some of the ompA cPCR amplicons, Lane 27: positive control, Lane 29:
negative control

All the ompA positive amplicons (adults and larvae) were sent for sequencing and
the sequences from all the ompA positive amplicons were found to be 99.98%
identical to R. africae sequences from GenBanik.

On average, R. africae infection rates for ticks collected from the study area was
found to be 13.44% as indicated on Table 4.1 below.

Table 4.1: Cross tabulation of R. africae infection rates across the adult ticks and
larvae from Utah and Welverdiend based on ompA sequence analysis

Location Utah  Welverdiend Utah Welverdiend

Sample Adult Adult Larvae Larvae Total
Samples Count 92 91 88 96 367
negative for R.
africae
% within 86.79% 85.85% 83.0% 90.6% 86.6%
sample
Samples Count 14 15 18 10 57
positive for R.
africae
% within 13.21% 14.15% 17.0% 9.4% 13.44%
sample
Total Count 106 106 106 106 424
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From the observed frequencies of R. africae in the samples collected from cattle at
the respective dip tanks, the percentage of positive samples for all the four groups
tested lies in the range of 9.4% to 17.0%. This is also supported by the cross-
tabulations for all larvae against all adult ticks (Table 4.2) and when samples
collected from each dip tank were compared (Table 4.3). Chi-squared test was used

to see if the differences in infection rates between the stages were significant.

Table 4.2:  Cross-tabulation for all sampled larvae vs. all adult ticks

Utah and Welverdiend Utah and Welverdiend

larvae adult ticks
Samples positive for R. africae 28/212 (13.20%) 29/212 (13.69%)
Samples negative for R. africae 184/212 (86.79%) 183/212 (86.32%)

Table 4.3:  Cross-tabulation for all ticks (both stages —larvae and adult ticks) from

Utah vs. those from Welverdiend

Utah adult ticks and Welverdiend adult ticks

larvae and larvae
Samples positive for R. africae 32/212 (15.09%) 25/212 (11.79%)
Samples negative 180/212 (84.91%) 187/212 (88.21%)

for R. africae

Table 4.4: Chi square test results from SPSS for the Welverdiend and Utah R.

africae infection rates in A. hebraeum ticks

Value Df Asymptotic Significance (2-sided)

Pearson Chi-Square 2.979* 3 .395
Likelihood Ratio 3.046 3 .385
Number of Valid Cases 424

From the Pearson Chi-Square Test for the data illustrated on Table 4.4, the SPSS
results show that y(3) = 0.395. The asymptotic difference 0.395 is > 0.05 hence we

concluded that R. africae infection rates are the same at different stages of the tick
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vector. The infection rates between the two dip tanks produced asymptotic value
which is also greater than 0.05 indicating that the infection rates in ticks collected
from these two dip tanks was almost the same. This is also supported by the data on
Table 4.2 and Table 4.3, whereby the infection rates of all larvae is 13.20% whereas
that of all adult ticks is 13.69%. The average infection rate of larvae and adult ticks

from Utah was 15.09% and Welverdiend had average infection rate of 11.79%.

4.1.3 Phylogenetic analysis of the ompA gene isolated from adult ticks and

larvae samples

A phylogenetic tree was generated for the ompA GenBank sequences that were
found to closely match with the sequences obtained from this study. The relationship
of the samples to sequences found in other areas/countries is as shown in Figure 4.2
and Table 4.5 below. The ompA gene sequences obtained in this study were
identical to each other. Only representative sequences are indicated on the
phylogenetic tree.

The DNA sequences for engorged ticks and their egg masses were identical and
they were also identical to those of the adult ticks and larvae hence the same trend
for their relationship with GenBank sequences was observed as indicated by the
phylogenetic tree and the nucleotide differences.
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Figure 4.2: A maximum likelihood tree showing the phylogenetic relationship between the R.
africae ompA gene sequences, identified from A. hebraeum samples from cattle in Mpumalanga
Province, South Africa with other Rickettsia species. Sequences obtained in this study are highlighted
in bold as follows; U3 - Utah adult tick 3, UL2 — Utah larvae 2, W2 — Welverdiend adult tick 2, WL21 —
Welverdiend larvae 21. R — Rickettsia. The tree was rooted using the ompA gene sequence of
Rickettsia parkeri (accession number KC003476). The accession number of each sequence is
indicated in the sequence name. Branch lengths are proportional to the estimated genetic distance,
over 203 amino acid positions between the taxa. The newly-generated R. africae ompA sequences
grouped with isolates from ticks from South Africa and Brazil (sequence from an eschar obtained from
an ATBF patient who had previously visited South Africa).
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Table 4.5:  Pairwise differences (number of nucleotides) among the different ompA
sequences from A. hebraesum collected from cattle from Mpumalanga Province,

South Africa and reference sequences from different parts of the world.
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Sequences from this study are indicated in bold as follows; U3 - Utah adult tick 3, UL2 — Utah larvae
2, W2 — Welverdiend adult tick 2, WL21 — Welverdiend larvae 21. R — Rickettsia. Analysis was
conducted in MEGA7Y. All ambiguous positions were removed for each sequence pair. There were a
total of 611 positions in the final dataset. Seventeen sequences that we analyzed were identical to
each other, therefore only representatives by adult tick and larvae and location are shown in this
table.

The phylogenetic tree (Figure 4.2) and the pairwise difference table (Table 4.5)
shows that the analysed sequences obtained from adult ticks and larvae from this
study grouped together with GenBank sequences from South Africa (MH751466;
MG953294) and Brazil (MG515014). The sequences were also found to be closely
related to a sequence from Madagascar (KJ645931), with which they only had one
nucleotide difference, and those from Benin (KT633264) with a difference of four

nucleotides and Turkey (JQ691730) with a five nucleotide difference.

44



4.2 Determining R. africae transovarial transmission efficiency in A.

hebraeum ticks

The observed average time for the engorged female ticks to oviposit was 27 days.
From Utah, 92.45% (49/53) of the engorged female ticks were positive for the gltA
gene whereas 91% (48/53) of the egg masses obtained from these females tested
positive for the same gene. The ompA gene was detected in 9.43% (5/53) of the
engorged female samples that tested positive for the gltA gene and 9.43% (5/53) of
the egg mass samples that tested positive for the ompA gene. All the Utah engorged
ticks samples that tested positive for the ompA gene laid ompA positive egg masses.
The amplicons were sequenced and the sequences were 99.98% identical to R.
africae resulting in transovarial transmission efficiency of 100% for the R. africae

positive engorged female ticks collected from Utah.

Out of the 53 engorged female ticks that were collected from cattle in Welverdiend,
the gltA gene was detected in 96.23% (51/53) of samples and 26.42% (14/53) of
these samples were positive for the ompA gene. The obtained sequences matched
those of R. africae sequences from GenBank by 99.98%. From the egg masses
(n=53) that were laid by the engorged females collected from cattle in Welverdiend,
92.45% (49/53) tested positive for the gltA gene and 18.87% (10/53) of these
samples tested positive for the ompA gene. The sequences for the ompA positive
amplicons were found to be 99.98% identical to R. africae. From the 14 engorged
female ticks that tested positive for ompA, 10 of them laid ompA-positive egg
masses, as indicated in Table 4.6 below, which indicates 71.43% transovarial
transmission efficiency. The transovarial transmission efficiency was found to be
71.43 % (10/14) for the Welverdiend engorged female ticks and 100% (5/5) for those

collected from Utah as indicated above.

When considering the gltA gene gPCR assay results from this study, engorged
female ticks from Utah had 92.45% (49/53) transmission efficiency of Rickettsia
species whereas Welverdiend had 96.23% (51/53).
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Table 4.6:

sequence analysis) for engorged female ticks and their egg masses

Cross tabulation of R. africae infection rates (based on ompA gene

Utah Welverdiend
Engorged Engorged Total
female ticks female ticks

Total 53 53 106

Samples negative for R. africae

Samples positive for R. africae

Total
Samples negative for R. africae
Samples positive for R. africae

% within sample

48 (90.57%)
5 (9.43%)
Egg masses
53

48 (90.57%)
5 (9.4%)
100.0%

39 (73.58%)
14 (26.42%)
Egg masses
53

43 (81.13%)
10 (18.87%)
100.0%

87 (82.08%)
19 (17.92%)
Total

106

91 (85.85%)
15 (14.15%)
100.0%
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CHAPTER 5

DISCUSSION

5.1 R. africae infection rates in A. hebraeum ticks

ATBF cases have been reported in foreign travelers after they had visited Kruger
National Park which is close to the study area (Sexton et al., 1999; Jackson et al.,
2004; Consigny et al., 2009). This is to the best of our knowledge the first study
conducted in a rural area of the Mnisi community to determine R. africae infection
rates in A. hebraeum ticks with the aim of better understanding of the epidemiology
of this Rickettsia. Kolo et al. (2019) reported an average of 82.35% infection rate
from 348 A. hebrauem ticks collected from Mnisi area using a qPCR assay targeting

ompB gene.

This cross-sectional study was performed at a human/wildlife/livestock interface in
Mpumalanga province close to game reserves frequented by tourists. gPCR and
cPCR tests were used to screen samples for Rickettsia DNA and for SFG Rickettsia
DNA respectively. The target gene for the cPCR and sequencing in this study was
ompA. The basis of targeting ompA gene for this study was because it was found to
be specific for the SFG Rickettsia. This gene is also an essential tool for the
differentiation of Rickettsia species that belong to SFG since it shows a marked
diversity within the group unlike gItA and 17 kDA genes that are more conserved in
these Rickettsiae (Roux et al., 1996; Orkun et al., 2014).

R. africae was identified in an average of 13.68% adult A. hebraeum tick samples
and 13.20% in larvae samples collected from the study area. From the obtained
results, the infection rates in the adult ticks and the larvae from both dip tanks
appeared to be in the same range (Table 4.6). Based on these results, we can safely
conclude that R. africae infection rates are almost the same in larval (an average of
13.2%) and adult ticks (an average of 13.68%) from our study area. The detection of
R. africae DNA in both the adult ticks and the larvae from this area increases the risk

of people getting ATBF since both stages feed on humans (Jensenius et al., 2003).
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The larvae are small hence not easily detected on the skin and this can pose a high

risk to humans.

The two dip tanks included in this study had similar results yet they have different
vegetation and are located in different geographical areas in the community.
Welverdiend dip tank is located within the villages and the vegetation is sparse
whereas Utah is located close to game parks and the vegetation is denser. The
similarity in infection rates could mean that there is an even distribution of Rickettsia
in the tick vector independent of the location. The reservoir hosts for R. africae have
not yet been identified; however, there may be chances that wild animals can also be
reservoirs for this pathogen considering that the Amblyomma ticks also feed on wild
ungulates, giraffes, buffaloes and antelopes (Jensenius et al., 2003). In this scenatrio,
there is possible sharing of the ticks between domestic animals and game animals
since our study area is at the human/wildlife/livestock interface. However, this
assumption needs to be confirmed. From this study, it's not certain whether the ticks
got the Rickettsia from cattle since the cattle were not screened for Rickettsia at the
time of sampling. There is a high probability that these ticks could have carried the
Rickettsia through their developmental life stages. Maina et al. (2014) reported
detection of R. africae DNA in ticks that were collected from non-rickettsemic
animals; so the cattle we collected the ticks from could have been non-rickettsemic.
Further research on this aspect is necessary.

On average, R. africae infection rates in A. hebraeum ticks from this study were
found to be 13.44%. The results obtained in this study correspond with published
results from a similar study by Halajian et al. (2018) where the infection rates in ticks
collected from donkeys in Limpopo province was found to be 13% using PCR
targeting ompA, ompB, 16S, rRNA, gltA and sca4 genes. This shows that R. africae
infection rates in ticks from the two study areas from Limpopo and Mpumalanga
provinces of South Africa are almost the same even though the ticks were collected
from different animal species. The similarity in the infection rates for these two
studies also corroborates the similarity in infection rates obtained from the two dip

tanks included in this research.
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The infection rate obtained from this study was lower than expected considering that
the study area is regarded as an endemic area, which is evidenced by the high rate
of ATBF cases that are being reported in tourists after visiting Kruger National Park,
where A. hebraeum is considered the principal vector for this pathogen. Generally,
ATBF is believed to be endemic in South Africa (Halajian et al., 2018). Available data
from countries where ATBF is also endemic indicate that R. africae infection rates in
tick vectors collected from endemic areas can be as high as 80-100% (Jensenius et
al., 2003; Mediannikov et al., 2012). The target genes for the study by Mediannikov
et al. (2012) were the gItA and ompA genes in a R. africae specific g°PCR assay.
There is limited data on the epidemiology of R. africae in South Africa that can be
compared with these results; however, similar studies were performed in other

African countries.

A study recently performed in Zimbabwe reported R. africae infection rates of 42.4%
in A. hebraeum ticks (Mandara, 2018). Other studies reported infection rates of these
ticks by R. africae but most of the studies that have been published involved A.
variegatum ticks. An infection rate of 5.55% in A. variegatum ticks was reported in a
study done in Mozambique (Matsimbe et al., 2017), 16% in A. variegatum ticks
collected from Kenya (Macaluso et al., 2003), 34% in Mali and Niger, 7.6% in
Burundi (Parola et al., 2001) and 75% in Cameroon (Ndip et al., 2004). R. africae
infection rates across African countries have been reported to be around 16-75%
(Kelly, 2006). The results obtained from this study are in line with infection rates
reported in other studies although they are lower than expected. Other studies
reported very high infection rates of R. africae in the tick vector. In Uganda and
Nigeria, SFG Rickettsiae DNA was amplified in 67% and 65% of A. variegatum ticks
respectively using PCR targeting gltA and ompA genes (Lorusso et al., 2013).
Yssouf et al. (2014), found a R. africae prevalence of 65.17% in A. variegatum ticks
in The Comoros Islands indicating that R. africae infection rates can be very high in

some areas.

Many ATBF cases have been associated with game parks close to our study area,;
however, we detected low infection rates in the ticks collected from the two dip tanks.

The most plausible explanation for the high incidences of ATBF in this area is the
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aggressiveness and the abundance of the tick vector. A. hebraeum ticks are
abundant in this area since the tick infestation on cattle at the two sampling sites was
very high; it was noted that all the individual animals at the dip tanks had
approximately twenty ticks or more on them. This is consistent with the study by
Mediannikov et al. (2012) in which they reported an abundance of Amblyomma ticks
in African countries. The infection rates may be low in ticks from this area but the
high abundance of these ticks and their aggressiveness increase chances of people
being attacked by R. africae infected ticks, resulting in ATBF cases. This is
evidenced by occurrence of ATBF cases in clusters as in the ATBF cases reported
by Caruso et al. (2002); Jackson et al. (2004); and Oostvogel et al. (2007). Although
the infection rates in the ticks were low, the detection of R. africae in these ticks is a

cause for concern.

We speculate that the lower than expected infection rates could be due to low
sensitivity of the cPCR used in this study. A greater percentage of the samples,
(>90%), tested positive for the gItA gene in the Rickettsia gqPCR as compared to the
samples that tested positive for the cPCR (ompA). In the cPCR, only 13.68% for
adult ticks and 13.20% for larvae tested positive for the ompA gene. This can be
explained by the different assays that were used for the detection of gltA and ompA
genes in these samples. The high sensitivity of the probe-based gltA gPCR assay
could have detected very low levels of Rickettsiae DNA as compared to the cPCR
which could have missed some samples that had low levels of Rickettsiae DNA. This

could have led to the low R. africae infection rates obtained from this study.

This study provided evidence that the ticks from this communal area are infected
with R. africae. The detection of R. africae in ticks from the study area correlates
reports from similar studies performed in this area. A review study showed that 21%
of patients who had fever in Mpumalanga province had evidence of acute infection
by SFG Rickettsia species (Berrian et al., 2019). A serological survey in the Mnisi
community also reported 92.2% exposure to SFG Rickettsiae in samples collected
from patients who presented with acute febrile illness and in 64.4% of farmers and
veterinary personnel who were screened which indicated possible past, recent and

current infections (Simpson et al., 2018). These studies and results from this study
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correlate with the study by Kolo et al. (2016) which reported presence of R. africae in
ticks collected from dogs in this area although in their study, the pathogen was
detected in Haemaphysallis elliptica ticks in addition to A. hebraeum ticks. This study
only targeted A. hebraeum ticks that are the known vectors of R. africae in Southern
Africa. However, the perception of Amblyomma ticks being the only tick vectors of R.
africae need to be scrutinised considering that R. africae has been detected in
several other tick species collected from different animals, including donkeys and
birds.

5.2 Transovarial transmission efficiency

Transovarial transmission occurs between an infected female tick and its egg and it
can also result in infected larvae (Socolovschi et al., 2009). Therefore, including the
transovarial transmission efficiency was very important since the larva is the tick
developmental stage that is most abundant and it’s very difficult to detect on humans

since they are very small (J6nsson, 2016).

The transovarial transmission efficiency of R. africae for samples collected from Utah
was 1f00% and from Welverdiend it was 71%. The results from both dip tanks were
almost in the same range indicating that the transovarial transmission is generally
high in these ticks. On average, the transmission efficiency for both dip tanks was
found to be 85.5% which is very high. The high transovarial transmission noted in
this research is consistent with a research by Socolovschi et al. (2009) which
reported R. africae transovarial transmission rate of 100% in the tick vector. The high
transovarial transmission efficiency points to high infection rates of R. africae in the

tick vector from this area.

The high transmission efficiency reported in this study could be also an indication
that the tick vector acts as both a reservoir and vector for R. africae. This is
supported by the results from a study performed by Kelly et al. (1991) to determine
vertical transmission of R. africae in A. hebraeum ticks. A. variegatum ticks were
able to maintain the pathogen through transovarial and transstadial transmission

over two generations (Kelly et al., 1991) and over three generations in A. hebraeum
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(Socolovschi et al., 2009). There is no information on how many generations the
Rickettsia can be transmitted, hence further investigation on this aspect is
necessary. This speculation may support the report from a study by Maina et al.,
(2014) where they detected R. africae DNA in A. variegatum ticks that were collected
from non-rickettsemic animals. The high transovarial transmission obtained from this

study could also point to a very strong adaptability of this Rickettsia to its vector.

5.3 Sequence and phylogenetic analysis

The phylogenetic trees based on ompA gene sequences from this study were
identical to sequences detected in other studies from South Africa. Our sequences
grouped together with R. africae ompA sequence (MG953294) obtained from
Limpopo province, South Africa (Halajian et al., 2018). These sequences were
obtained from A. hebraeum and Rhipicephalus species that were sampled from

donkeys in Limpopo (Halajian et al., 2018).

The other South African sequence that was also identical to sequences from this
study was detected in KwaZulu-Natal (GenBank MH751466). This sequence was
obtained from A. hebraeum, R. evertsi evertsi and R. decoloratus ticks. The fact that
R. africae has been detected in other tick species constitutes the need for further

study to investigate whether these ticks are competent vectors of R. africae.

The sequences from this study were also found to be identical to a sequence
detected in Brazil from an eschar sample obtained from a man who had previously
visited Hluhluwe-iMfolozi, a natural reserve in KwaZulu-Natal, South Africa,
(GenBank accession number MG525014; Angerami et al., 2018). This shows that
the source of infection was South Africa and since this variant was the same as the
one from this study, we speculate that the variant detected in the study area causes
ATBF. The findings from this study indicate that there is a common R. africae variant
in the parts of South Africa where these studies were performed, since the same
variant was detected in three studies that were performed in different provinces of

the country.
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The sequences from this study were also found to be closely related to those from
Madagascar, Benin, Turkey, Egypt, St. Kitts and Neves as well as the Caribbean. R.
africae ompA sequences from this study only had one nucleotide difference with
those from Madagascar (KJ645931) (Keller et al., 2016), four nucleotide deviations
with those from Benin (KT633262) (Moumouni et al., 2016) and six nucleotide
differences with those from Egypt (HQ335136) (Abdel-shafy et al., 2012). The
observed close relationship of these R. africae variants is an indication that they
originated from a common ancestor. Variants of R. africae have been reported in
various studies (Macaluso et al., 2003; Eldin et al., 2011; Maina et al., 2014; Kimita
et al., 2016).. There are some other R. africae variants that have been reported to
exist in South Africa that we did not find in this study (Halajian et al., 2018; Guo et
al., 2019). The spread of R. africae to different parts of the world has been mainly
attributed to movement of tick-infested cattle from African countries in the 1800’s
(Kelly, 2006) and migratory birds spreading immature stages of Amblyomma ticks
(Eldin et al., 2011; Dietrich et al., 2014). This could also result in non-clustered or

patchy distribution of R. africae variants across the African continent.

The farmer’s feedback session was a success and all the farmers that had come for
dipping were keen to know about the outcome of this research. They requested to
see the ticks and we showed them the A. hebraeum ticks that we were talking about
and they found our visual aids helpful since it would help them identify the tick
vector. Farmers were grateful for the feedback since they were not aware that ticks

can transmit diseases to humans.
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CONCLUSION

The results obtained from this study are in line with reports from other similar studies
that have been performed across the African continent. The infection rate of R.
africae in A. hebraeum was found to be 13.44%, which was consistent with other
reports from different African countries like Mozambique and from a study performed
in Limpopo province where the pathogen is also known to occur. The detection of R.
africae in ticks from the study area is a cause of concern since the indigenous
people and tourists who visit this area are at risk of infection after getting bitten by
infected ticks. This is also consistent with recent reports from studies performed in
this area where screen human serum samples had SFG Rickettsiae antibodies
indicating current or past infections. The R. africae variant detected in this study is
the same as the ones reported in Limpopo and KwaZulu-Natal provinces of South
Africa. The transovarial transmission of R. africae in engorged A. hebraeum female
ticks collected for this study was found to be very efficient, which is consistent with
reports from other investigations done by Socolovschi et al., (2009). The high

transovarial transmission could mean high levels of infection in ticks from this area.

LIMITATIONS

The adult male and female ticks that were used in this study for the first objective
were placed in 70% ethanol soon after collection from cattle hence not allowed time
to digest their bloods meal before DNA extraction was done. This could have
resulted in false positives due to detection of Rickettsiae DNA, which could have
been present in the blood meals and not in the ticks being infected by R. africae.

The gItA gene positive samples that tested negative for the ompA gene were not
sequenced due to time and financial constraints. If time and money allowed, it could
have given us some information on the epidemiology of other Rickettsiae which

could be present in the study area.
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FUTURE RECOMMENDATIONS

We recommend further studies in other areas in South Africa to determine infection
rates in these ticks and to ascertain whether the other ticks that are carrying R.
africae DNA are competent vectors for this pathogen. This will add information to the
epidemiology of this pathogen since it is one of the neglected diseases in travel
medicine and yet it affects many people.

It is important to do further investigations into how many generations these ticks can
maintain R. africae in the absence of an infected host since transovarial and
transstadial transmission has already been determined and it has been found to be

very efficient.

Further investigation is required to determine if the various R. africae variants that
are being reported across Africa cause ATBF by matching the variants that are being
detected in ticks to those that are being detected in ATBF patients. This will add

more information to the epidemiology of R. africae.

We also recommend the use of more sensitive tests like the R. africae gPCR which
is more sensitive than screening samples for the ompA gene using the cPCR, which
may be a cause of the low infection rates that we reported in this study. The gPCR
assay is highly sensitive hence it can detect very low amounts of DNA so that more

accurate results can be obtained.

Screening of animals for Rickettsia at the time of tick collection, which can help to
ascertain the source of the Rickettsia for the ticks, is advised since the Rickettsia is
also an endosymbiont of the tick vector. This will provide more reliable information

on the infection rates of the Rickettsia in the tick vector.
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Appendix 1.1: V045-18 University of Pretoria Animal Ethics Committee approval
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Appendix 4: Consent form translated into local language informing the farmers and
owners of the cattle about the study. Owners signed the form to give

permission to collect ticks from the cattle.
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Hi saxinile nlwanano wa leswaku swiliwn leswl vurioral Te hansi swinga traisiva
hi valavisisi. Tami hi Joko swi variwile eka nkbimruselo va mezendlels vu kona,

1. leswl nge 1a henisisiwn 1 malavisis.
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Appendix 5: Movement permit

for moving samples from Mnisi

Programme study area to Hans Hoheisen Wildlife Research Station.
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Appendix 6: Farmer feedback session document

Introduction

This is a feedback session to make you aware of African Tick Bite Fever (ATBF) and how
people contract it. ATBF is a disease in humans caused by Rickettsia africae, a bacterium. This
bacterium is transmitted by Amblyomma hebraeum ticks (those colourful ticks — pictures shown
below) and these ticks are mainly found on cattle, goats, sheep, donkeys and dogs.

X13

Amblyomma hebraeum tick image Fed female (A. hebrauem)

Symptoms of African Tick Bite Fever in humans

Headaches, fever, rash, multiple eschars at tick bite sites. After the bite one will experience
symptoms after seven to ten days.

R. africae (

Eschars

Lancet ID 2003;3:557-564
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Aim of the project

From the ticks we collected from the cattle in this area, we wanted to see how many of them have the
bacteria R. africae which causes ATBF in humans.

What was done?
Collection of Amblyomma hebraeum ticks from cattle at Utah A and Welverdiend A dip tanks.

Female ticks that have fed and are ready to lay eggs were also collected.

Findings

The bacteria, R. africae that causes ATBF, was found in some of the ticks collected from this area
hence there is a risk of contracting ATBF if someone gets bitten by A. hebraeum tick that has R.
africae. People need to watch out for those signs especially those who associate with cattle and other
domestic animals or are performing many outdoor activities. If one sees such signs, that person
should go to see the doctor or go to a clinic.

Although many cases are reported in foreign travellers, there have been cases where locals were
reported to become sick with ATBF.

What you can do to prevent getting bitten by ticks?

Several studies have reported detection of R. africae in some other ticks besides Amblyomma ticks
which are the known vector so people should avoid tick bites by wearing protective clothing and use
of insecticides when going to the bushes for different activities.
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