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RESUMO

 

As rickettsioses representam uma das mais importantes doenças transmitidas por 

vetores. O crescente reconhecimento da sua importância a nível de saúde pública mundial, 

assim como o carácter endémico da febre escaro-nodular descrita em Portugal, reforça a 

necessidade de estudos mais detalhados nesta temática. Lacunas importantes relativas à 

interação entre a Rickettsia, os vetores e hospedeiros (animais domésticos, selvagens e 

sinantrópicos), assim como o papel que estes desempenham na disseminação desta bactéria 

permanecem por descodificar. 

Os cães desempenham um importante papel enquanto sentinelas da rickettsiose 

sendo, portanto, considerados um excelente marcador de avaliação da distribuição geográfica 

das diferentes espécies de Rickettsia. Assim, numa primeira fase foi avaliada a exposição dos 

de cães ao grupo das febres exantemáticas e foi efetuada a deteção das espécies de 

Rickettsia que circulam em caninos de 12 distritos de Portugal. A alta seroprevalência 

observada nestes hospedeiros reforça o caracter endémico da rickettioses em Portugal e 

realça o risco considerável de infeção humana neste país. A deteção e caracterização da 

Rickettsia massiliae no sangue dos cães permitiu compreender o impacto desta doença neste 

hospedeiro em particular e expandir a distribuição geográfica deste agente patogénico em 

específico. 

No continente Africano, um número crescente de casos de rickettsiose tem sido 

descrito tanto em residentes como em viajantes. Neste sentido foi realizado um estudo 

seroepidemiológico em pacientes febris, negativos para malária e febre amarela, aqui 

residentes em colaboração com o Instituto Nacional de Investigação em Saúde Maianga-

Luanda. Embora numa baixa percentagem, a sero-reatividade detetada para o grupo das 

febres exantemáticas nestes pacientes demonstra que estes se encontram expostos a esta 

bactéria. Tendo em consideração a proximidade entre a população angolana e os animais 

domésticos foi ainda desenvolvido um estudo serológico dirigido a cães e gatos de Luanda, 

Angola, com vista à deteção da exposição ao grupo das febres exantemáticas e a deteção 

molecular das espécies de Rickettsia circulantes. Foi observado uma baixa prevalência 

serológica e molecular canina. Não foi observada qualquer evidencia serológica ou molecular 

felina. 

Para uma adequada compreensão da dinâmica da transmissão destas bactérias, 

torna-se fundamental o desenvolvimento de estudos eco-epidemiológicos que visam o estudo 

da interação entre vetor-hospedeiro-patogénio. Assim, o estudo de vetores (carraças e 
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pulgas) que parasitam diferentes hospedeiros (animais domésticos e sinantrópicos) foi outro 

dos objetivos desta tese. As carraças recolhidas de cães portugueses, identificadas como 

Rhipicephalus sanguineus s.l., apresentaram-se maioritariamente, infetadas com R. 

massiliae. Nas carraças e pulgas recolhidas de ouriços, identificadas como Rhipicephalus 

sanguineus s.l. e Ixodes hexagonus e Archaeopsylla erinacei foram detetadas R. massiliae e 

R. asembonensis, respectivamente. Adicionalmente, dois importantes agentes patogénicos 

(R. africae e R. aeschlimanni) foram identificados em carraças Hyalomma aegyptium, 

removidas de tartarugas importadas para o Catar incluindo estes hospedeiros no ciclo de 

transmissão natural destas espécies de Rickettsia, e realçando o seu papel como veículos de 

importação de vetores com potencial patogénico animal e humano. 

Foi realizada a identificação sanguínea de vários agentes transmitidos por carraças 

presentes simultaneamente em cães, gatos e bovinos. Uma percentagem importante de cães 

positivos para R. massiliae encontravam-se co-infectados com Babesia  vogeli. 

Embora negativos para Rickettsia spp, foi identificada a co-circulação de Anaplasma 

capra, Anaplasma phagocytophilum, Anaplasma platys e Theileria mutans em sangue de 

bovinos provenientes da província do Huambo. 

Estes resultados contribuíram, na sua generalidade para a compreensão da 

rickettsiose e outras doenças transmitidos por vetores numa grande variedade de hospedeiros 

existentes quer em Portugal quer noutros países. 
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ABSTRACT

 

Rickettsioses represent one of the most important vector-borne diseases. The growing 

worldwide recognition of its importance in terms of public health, as well as the endemic 

character of the Mediterranean spotted fever described in Portugal, highlights the need for 

more detailed studies. In fact, important gaps remain regarding the interaction between 

Rickettsia, vectors and hosts (domestic, wild and synanthropic animals) as well as the role that 

these hosts play in the spread of this bacterium. 

Dogs play an important role as sentinels in rickettsiosis and are therefore considered 

an excellent marker for assessing the geographic distribution of the different species of 

Rickettsia. Thus, in a first phase, the exposure of dogs to the group spotted fevers was 

evaluated and the Rickettsia species that circulate in canines from 12 districts of Portugal were 

investigated. The high seroprevalence observed in these hosts reinforces the endemic 

character of rickettsiosis in Portugal and highlights the considerable risk of human infection in 

this country. The detection and characterization of Rickettsia massiliae in the blood of dogs 

allowed us to understand the impact of this disease on this particular host and to expand the 

geographical distribution of this specific pathogen. 

On the African continent, an increasing number of cases of rickettsiosis have been 

reported in both residents and travelers. In this sense, a seroepidemiological study was carried 

out in resident febrile patients, negative for malaria and yellow fever in collaboration with the 

Instituto Nacional de Investigação em Saúde Maianga-Luanda. Although in a low percentage, 

the sero-reactivity detected for spotted fever group Rickettsia in these patients demonstrates 

that they are exposed to this bacterium. Taking into account the proximity between the Angolan 

population and domestic animals, a serological study was also carried out addressing dogs 

and cats from Luanda, Angola with the aim to detect either their potential exposure to spotted 

fever group Rickettsia and also the molecular characterization of the circulating Rickettsia 

species. A low canine serological and molecular prevalence was observed, and no feline 

serological or molecular evidence was detected. 

For an adequate understanding of the dynamics of the transmission of these bacteria, 

it is essential to develop eco-epidemiological research aiming at the vector-host-pathogen 

interaction study. Thus, the investigation of vectors (ticks and fleas) that parasitize different 

hosts (domestic and synanthropic animals) was another objective of this thesis. Ticks collected 

from Portuguese dogs identified as Rhipicephalus sanguineus s.l., were mostly infected with 

R. massiliae. In ticks and fleas collected from hedgehogs, identified as Rhipicephalus 

sanguineus s.l. and Ixodes hexagonus and Archaeopsylla erinacei, R. massiliae and R. 
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asembonensis were identified, respectively. Additionally, two important pathogens (R. africae 

and R. aeschlimanni) have been identified in Hyalomma aegyptium ticks, removed from turtles 

imported into Qatar including these hosts in the natural transmission cycle of these Rickettsia 

species and reinforcing their role as importing vehicles of vectors with animal and human 

pathogenic potential. 

The blood identification of several pathogenic agents transmitted by ticks, present 

simultaneously in dogs, cats and cattle were also carried out. An important percentage of dogs 

positive for R. massiliae were co-infected with Babesia  vogeli. Although negative for Rickettsia 

spp, the co-circulation of Anaplasma capra, Anaplasma phagocytophilum, Anaplasma platys 

and Theileria mutans was identified in the blood of cattle from the province of Huambo. 

In general, all these results contributed to the understanding of rickettsiosis and other 

vector-borne diseases in a wide variety of hosts, both in Portugal and in other countries.  
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ABBREVIATIONS

 

A - Adult 

A. – Amblyomma 

Adr - adhesion of rickettsiae 

AG – Ancestral group  

ALT – Alanine aminotransferase 

AST – Aspartate aminotransferase 

ATBF - African tick-bite fever 

AV - Aveiro 

B – Braga 

Br - Bragança 

BSL-3 - Biosafety level 3  

C – Coimbra 

cb – crossbread 

CB – Castelo Branco 

EDTA - Ethylenediaminetetraacetic acid 

EID - emerging infectious diseases  

Epac - Exchange protein directly activated by cAMP 

Ev - Évora 

F - Female 

FAO - Food and Agriculture Organization  

FGFR1 - Fibroblast growth factor receptor-1 

G - Guarda 

gltA – citrate synthase 
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H. aegyptium – Hyalomma aegyptium 

Hct - hematocrit  

Hgb – hemoglobin 

I. – Ixodes 

IFA – Immunofluorescence assay 

IFAH – International Federation for Animal Health 

Ig – Immunoglobulin 

IL-1β - interleukin-1β  

ISF - Israeli spotted fever 

L - Leiria 

LPS - lipopolysaccharide  

kDa – Kilodaltons 

M - Male 

Mbp – Megabase pairs 

MSF - Mediterranean spotted fever 

nd – not determined 

Omp– outer membrane protein  

P - Porto 

P. - Proteus 

Pat1 - Patatin B1 precursor 

PCR – Polymerase Chain Reaction 

PLD - Phospholipase D 

PLT – Platelets 

Po - Portalegre 

R. – Rickettsia 

RBC - Red Blood Count 
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rDNA – ribosomal DNA 

RFLOs – Rickettsia felis-like organisms 

RMSF – Rocky mountain spotted fever 

RT-PCR: Reverse transcription Polymerase Chain Reaction 

rRNA – ribossomal ribonucleic acid 

RRC – Rescue and Rehabilitation Centre 

rrs - 16S rRNA gene 

S - Santarém 

sca – Surface cell antigen 

SFG – Spotted fever group 

SFGR - Spotted fever group Rickettsia 

s.l.- sensu lato 

spp.  - species 

TBD – Tick-borne diseases 

TBP – Tick-borne pathogens 

TlyC – Hemolysin C 

TNF-α - Tumour necrosis factor-α 

TG – Typhus group 

TRG – Transitional group 

V - Viseu 

VBD – Vector-borne diseases 

VBP – Vector-borne pathogens 

VC – Viana do Castelo 

WBC – White Blood Count  

wrv – within reference values 
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THESIS OUTLINE

 

 

This thesis is organized into ten chapters: 

  

The first chapter consists of the introduction to the general theme providing global information 

about bacteria belonging to the family Rickettsiaceae and a broad updated perspective of 

Rickettsia and its role in domestic and synanthropic animals.   

 

Chapter two presents the general and specific objectives of the thesis.  

 

Chapter three describes the research undertaken to clarify the possible exposure/infection of 

dogs to spotted fever group Rickettsia. It describes serological and molecular-based analyses 

of rickettsiae within a group of pet dogs from Luanda city, Angola. 

 

Chapter four explores the possibility of exposure/infection of cats to SFGR and Bartonella 

henselae supported by serological and molecular-based analyses of blood within a group of 

cats from Luanda city, Angola.  

  

Chapter five focuses on the possible role of rickettsiae as etiological agents of fevers of 

unknown origin, based on serologic studies of patients from Angola. 

 

Chapter six explores the presence of tick-borne pathogens infecting Rhipicephalus 

sanguineus and dogs from various districts of Portugal with a special focus on serological 

evidence of Rickettsia circulation in these dogs. Additionally, it describes molecular-based 

analyses of Rickettsia, Babesia, Ehrlichia /Anaplasma, and Hepatozoon spp.   

Hematological and biochemical screenings, as well as the possibility of co-infections, were 

also investigated. 
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Chapter seven is devoted to the study of rickettsiae vectors harbored by synanthropic 

animals. It describes molecular-based analyses of Rickettsia within tick and fleas obtained 

parasitizing hedgehogs from several areas of Portugal. 

 

Chapter eight assesses the dissemination of vector arthropods harboring zoonotic pathogens 

through the uncontrolled transboundary trade. It characterizes pathogenic Rickettsia species 

infecting ticks collected from Testudo tortoises from Doha, Qatar. 

 

Chapter nine describes the studies of various tick-borne diseases in Huambo, Angola, 

supported by molecular analyses to cattle blood and ticks. 

 

Finally, chapter ten summarises and integrates the results presented and discussed in 

previous chapters providing a global analysis and highlighting their implications in animal and 

Public Health. Finally, future research objectives are delineated.  
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0. INTRODUCTION 

 

Vector-borne diseases can be caused by parasites, bacteria, or viruses and 

represent a growing global menace to humans and animals. These are among the most 

studied diseases associated with climate change. The ongoing trends of increasing 

temperature elevate the risk of infections transmitted by arthropod vectors, allowing VBD 

spread occurrence to new areas and extends transmission seasons in some locations 

(Dantas-Torres et al. 2011). 

Vector-borne diseases account for more than 17% of all infectious diseases, causing 

more than 700 000 deaths annually (Source: World Health Organization (WHO), 2020). 

Rickettsioses are an emerging or reemerging vector-borne disease with a worldwide 

distribution, caused by obligate intracellular Gram-negative alpha1-proteobacteria, first 

described by Ricketts in 1909 (Gross and Schafer 2011; Ricketts and Wilder 1910) and 

primarily associated with hematophagous arthropods (ticks, fleas, lice, and mites). 

Rickettsioses are broadly distributed all over the world and have affected human 

health over time (Parola et al. 2013), existing primarily in endemic and enzootic (native to 

an area) foci, occasionally giving rise to sporadic or seasonal outbreaks (Azad and Beard 

1998). They induce a disease that is generally debilitating and frequently unrecognized 

having sometimes fatal outcomes (Kelly et al. 2002). Rickettsial agents are important 

vector-borne pathogens for humans and common for animals due to their high exposure to 

ticks and fleas. Clinical signs associated with Rickettsia infections are nonspecific or mimic 

other infectious diseases (Biggs et al. 2016) and as such, diagnosis and treatment may be 

delayed. Human patients generally exhibit fever, headache, myalgia, lymphadenopathy, 

rash, and/or eschar (tache noire) (Faccini-Martinez et al. 2014). In addition to a complicated 

clinical and laboratory confirmation, the presence of co-infections represents a challenge 

for rickettsiosis diagnosis. 

The incidence of rickettsiosis is determined by the geographic location of the vector 

species, whose activity determines the incidence of the disease. The two main rickettsiae 

diseases in Europe are Mediterranean spotted fever (MSF), caused by R. conorii, and tick-

borne lymphadenopathy (TIBOLA) and Dermacentor-borne-necrosis-erythema 

lymphadenopathy (DEBONEL), caused by R. slovaca and in a less extent by R. raoultii  

(Parola et al. 2009a). However, the discovery of new pathogenic species is steadily 

increasing the list (de Sousa et al. 2006; Jado et al. 2007; Vitale et al. 2006). 

Mediterranean spotted fever is endemic in southern Europe, Africa, Middle East, 

India and Pakistan (Rovery and Raoult 2008). In Portugal, two strains cause disease: R. 

conorii Malish and R. conorii Israeli, both transmitted by Rhipicephalus sanguineus, a tick 
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species with a worldwide distribution (Sousa et al. 2003). MSF used to be a seasonal 

pathology however, the increasing annual averages of air temperatures and warmer and 

driers winters might have influenced the dynamics of the life cycle and activity of 

Rhipicephalus sanguineus, and indirectly the number of MSF cases. 

In Portugal, the incidence rate of MSF between 1989-2005 was 8.4 per 100,000 

inhabitants, one of the highest rates when compared with other endemic countries (de 

Sousa et al. 2003).  

The dog has an important role in the eco-epidemiology of these bacteria as it serves 

as the primary host for Rhipicephalus sanguineus. However, Rhipicephalus sanguineus 

also feed on other animal species including man and if infected will transmit these bacteria. 

Land clearance and deforestation have been used to meet human needs, which 

includes agriculture, forestry, and all forms of urban and industrial use (Source: Food and 

Agriculture Organization of the United Nations (FAO), 2020). However these ecological 

shifts interfere with zoonotic emerging infectious diseases, the majority of these deriving 

from wild animals (Jones et al. 2008). Several factors, such as alterations in the density or 

abundance of hosts, vectors and pathogens, diversity in the species of communities, and 

substitution in life cycles and exposure pathways, are known to dramatically influence 

zoonotic disease emergence (Myers et al. 2009). 

The increased movement of goods, humans, livestock, and companion animals 

worldwide is also an important mechanism for the introduction of new vectors and disease 

agents. The introduction of animals infected with pathogens for which endemic arthropods 

are competent vectors is an alternative route for the spread of emerging infectious diseases 

(EID) (Source: International Federation for Animal Health (IFAH), 2014).  

Currently, about half of the world population inhabit cities (Eder et al. 2018). 

Unplanned urbanization, in combination with inadequate housing often shared with 

domestic animals, produce conditions in which high densities of hosts and poor animal 

health and public health measures allow for increased transmission of VBD in and between 

human and animal populations. 

The association between Rickettsia with hematophagous arthropods describes a 

highly adapted product of obligate intracellular lifestyle biologic evolution. This characteristic 

may explain the rickettsial genetic conservation due to the reduced selective pressure. 

Furthermore, their dependence on vector hosts allows them an efficient multiplication, long-

term maintenance, transstadial and transovarial transmission, and extensive geographic 

and ecologic distribution (Merhej and Raoult 2011). 
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1. OVERVIEW AND PARTICULARITIES OF RICKETTSIAE 

 

1.1. Rickettsiae taxonomy and phylogeny 

 

The genus Rickettsia was initially classified based on their morphological, antigenic, 

and metabolic characteristics (Fournier and Raoult 2009). Rickettsia is a small (0.3–0.5 × 

0.8–2.0 μm), coccobacillary obligate intracellular bacteria that reside free in the cytoplasm 

of eukaryotic host cells, where they divide by binary fission (Fournier 2020). Rickettsiae do 

not possess flagella. 

The rickettsial envelope has a typical Gram‐negative structure with a bilayer outer 

membrane, a peptidoglycan layer and a bilayer inner membrane. The outer membrane is 

composed of proteins, phospholipids, lipopolysaccharides (LPS, an endotoxin). The space 

between outer membrane and inner membrane is called the periplasm, which contains 

peptidoglycan, binding proteins (for amino acids, sugars, vitamins, ions, degradative and 

detoxifying enzymes), and can also act as a reservoir for surface-associated components 

such as S-layer proteins and virulence factors; with a key role in the control of molecular 

traffic entering and leaving the cell. 

The cells are often surrounded by a protein microcapsular layer (crystalline surface 

protein layer or S-layer) and slime layer, which is stabilized by the presence of antibodies 

(Ammerman et al. 2008). The S-layer is composed of either one or two proteins, outer 

membrane protein A and B (OmpA and OmpB) also known as the species-specific surface 

protein antigens (Walker 1996). 
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Figure 1. Bacterial morphology and membrane structure of rickettsiae. Outer cell wall structures as seen 

by the ultrathin section with an electron microscope of Rickettsia spp.(A). Insert shows the enlargement 

of the double-membrane layer of the cell wall. Adapted from Silverman and Wisseman 1978. 

 

Rickettsiae acquire energy from the metabolism of glutamate via the citric acid cycle, 

but do not consume glucose (Winkler and Daugherty 1986). They transport and metabolize 

phosphorylated compounds but do not synthesize or degrade nucleoside monophosphates 

(Driscoll et al. 2017). 

The term Rickettsia originates from a 1916 publication of Henrique da Rocha Lima, a 

Brazilian microbiologist, who named the etiologic agent of epidemic typhus R. prowazekii in 

memory of Ricketts and S. Von Prowazek, two researchers that died of typhus contracted 

during the course of their scientific investigations (Bernardes Filho and Avelleira 2015). The 

scientific community also named the taxonomic family (Rickettsiaceae) and an order 

(Rickettsiales), The family Rickettsiaceae is taxonomically classified in the Domain Bacteria, 

Phylum Proteobacteria, Class "Alphaproteobacteria" and Order Rickettsiales. Rickettsiae 

has long been used to describe generically small intracellular bacteria that could not be 

cultivated in standard media, a feature that has hampered the identification for many years 

(McClure et al. 2017; Walker 1996). Hence family Rickettsiaceae included a collection of 

fastidious bacteria, some genetically closely related (e.g. Rickettsia rickettsii, R. prowazekii, 

R. akari, and R. typhi), others less related to Rickettsia species (e.g. Ehrlichia and 

Bartonella), and even not related to Rickettsia species (e.g., Coxiella burnetii) (Walker 

1996). 

Before the advent of DNA sequencing, species within the order Rickettsiales were 

distinguished from other bacteria based on morphology, chemical composition, and 

biological properties (Beier-Sexton et al. 2015). 

This taxonomic system resulted in Rickettsiales division in three families containing nine 

obligate and facultative intracellular pathogenic genera: (1) Rickettsiaceae: genera 

Rickettsia, Coxiella, Rochalima, and Ehrlichia; (2) Bartonellaceae: genera Bartonella, 
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Haemobartonella, Eperythrozoon, and Grahamella; and (3) Anaplasmataceae: genus 

Anaplasma (Beier-Sexton, et al. 2015). 

Technological advances in molecular sequence generation as well as the 

development of several new fields of study (molecular, phylogenomics and bioinformatics) 

considerable progress has established a more precise classification of the family 

Rickettsiaceae. These methods have allowed the removal of some genera and species from 

Rickettsiaceae and Anaplasmataceae (Fournier and Raoult 2009). The removal of the 

family Bartonellaceae and some genera and species from the family Anaplasmataceae 

excluded all species that are capable of propagating extracellularly (Moreno 1998). 

The variety of obligate intracellular bacteria that are included in the group of rickettsiae 

is dependent on specific intracellular locations where they live (Walker 1996) and the 

considerable differences in their major outer membrane proteins and genetic relatedness 

(Sahni et al. 2013). 

 The use of 16S rRNA gene sequences constituted a major step forward in the 

phylogenetic study of rickettsiae (Roux and Raoult 1995). Phylogenetic analysis based on 

this gene sequences enabled the identification of a specific sequence for each rickettsial 

genotype but because the sequences are highly conserved, significant inferences about 

intragenic phylogeny are not possible (Raoult and Roux 1997).  

Many phylogenetic studies in the genus Rickettsia were addressed from the 

sequence analysis of divergent genes such as citrate synthase (gltA) (Roux et al. 1997), 

the gene encoding the 17 kDa lipoprotein outer membrane antigen (17-kDa protein) 

(Anderson and Tzianabos 1989) and genes from the autotransporter family surface cell 

antigen (sca): outer membrane protein A (ompA) (Fournier et al. 1998), ompB (Roux and 

Raoult 2000), sca1 (Ngwamidiba et al. 2006), sca2 (Ngwamidiba et al. 2005). and sca4 

(Sekeyova et al. 2001). 

Fournier and collaborators proposed a multigenic sequence-based identification and 

classification system for Rickettsia species. The sequences of 16S rRNA, gltA, ompA, 

ompB, and sca4 genes were used for this classification and scientists to date, have been 

using these criteria (Fig. 2) (Fournier et al. 2003). 

This rickettsiae classification system is based on multilocus genetic characterization 

and has grouped Rickettsia species into SFG, TG and ancestral group (AG). The ancestral 

group represents early divergent lineages within the genus and includes R. bellii and R. 

canadensis (Hackstadt 1996; Stothard and Fuerst 1995).  
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Figure 2. Genotypic scheme for classification of the rickettsiae at the genus and group levels. rrs - 16S 

rRNA gene,gltA - citrate synthase gene, omp – outer membrane protein gene. Cut-off values at the genus 

level between brackets. Adapted from Fournier, et al. 2003. 
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With the onset of genomics, several phylogenetic studies of Rickettsia species were 

based on reconstructions of several fragments of the genome. Currently, complete genome 

sequences are available for most species and their analysis demonstrated that Rickettsia 

species were able to exchange genes by lateral gene transfer (Blanc et al. 2007a; El 

Karkouri et al. 2016). Recently, a revision of the long-established classification of Rickettsia 

was proposed. It includes a transitional group (TRG) as a distinct lineage that shares an 

ancestral origin with the SFG members and that harbors genes from possible exchanges 

with AG rickettsiae via plasmid conjugation (Gillespie et al. 2007). Some authors showed 

that conjugative genes are common throughout the genus Rickettsia and that these undergo 

horizontal transfer at a high rate between strains (Weinert et al. 2009).  

Genome diversification within Rickettsia genus is mainly due to gene loss 

mechanisms, sequence divergence and genome rearrangements, and is highly variable 

across the various Rickettsia lineages (Blanc et al. 2007b). A higher probability of acquiring 

novel characteristics may facilitate epidemic outbreaks, given that Rickettsia is classified as 

potential emerging pathogens (Walker and Ismail 2008). 

Currently, the genus Rickettsia comprises 32 species (http://www.bacterionet.net) 

and a growing number of unnamed and non-cultivated genotypes, which are still poorly 

characterized. 

 

 

Figure 3.  Formal taxonomy of Rickettsia. Rickettsia species are distributed into 4 groups: Spotted Fever 

Group (SFG), Transitional Group (TRG), Typhys Group (TG), and Ancestral Group (AG). SFG rickettsiae 

are mostly associated with ticks; TG rickettsiae with human body lice (R. prowazekii) and rat fleas (R. 

typhi); TRG rickettsiae with ticks, fleas, or mites; and AG rickettsiae with ticks. Asterisks mark 

pathogenic species. Adapted from Sekeyova, et al. 2001. 
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1.2. Rickettsial genome 

 

Analysis of complete genome sequences of bacterial pathogens has revealed that 

those are very dynamic. Gains and losses of genetic information affect the sequences or 

order of the existing gene. 

Molecular and phylogenetic methods separated Rickettsia species into three to four 

groups depending on the authors: SFG, TG, AG, and TRG (Gillespie, et al. 2007; Murray, 

et al. 2016) (Fig.3).  

SFG currently contains 14 pathogenic species that cause spotted fevers (R. 

aeschlimannii, R. africae, R. conorii, R. felis, R. heilongjiangensis, R. helvetica, R. honei, 

R. japonica, R. massiliae, R. parkeri, R. raoultii, R. rickettsii, R. sibirica, R. slovaca), as well 

as numerous species with unknown pathogenicity, associated with ticks, fleas, and mites 

(Diop et al. 2018a).  

The TG is represented by the highly pathogenic R. prowazekii and R. typhi, 

associated with human body lice and rat fleas, respectively (Gillespie et al. 2009).  

The AG includes R. bellii and R. canadensis species that diverged early from SFG 

and TG rickettsiae. These species are vectored by ticks but do not cause to date any 

recognized human disease (Diop et al. 2018b).  

The TRG consists of mite-borne R. akari (the causative agent of rickettsialpox), tick-

borne R. australis (the agent of Queensland tick typhus), flea-borne R. felis (the causative 

agent of the flea-borne spotted fever) (Gillespie et al. 2008) and R. asembonensis (with 

unknown pathogenicity) (Diop et al. 2019b). Nevertheless, these species do not exhibit 

significant nucleotide differences with other SFG species a fact that called into question the 

validity of TRG group by some authors (Murray, et al. 2016). 

Rickettsial genomes exhibit significant intragenus variations in size and gene content 

probably reflecting the high diversity of hosts and infectious strategies displayed by these 

bacteria (Merhej and Raoult 2011). 

Rickettsia genomes exhibit small genome sizes ranging from 1.1 to 2.3 Mbp for the 

SFG and 1.11 Mbp for the TG. They also have G + C contents ranging from 32.2 to 33.0% 

and 28.9 to 29.0%, in the SFG and the TG, respectively. Rickettsial genomes are 

characterized by a high degree of synteny (Merhej and Raoult 2011), which enabled the 

identification of a continuous and progressive genome degradation (Ogata et al. 2001). 

Also, contain many functional or unfunctional pseudogenes and a high percentage of non-

coding DNA, which ranges from 16.2% for R. felis to 31% for R. massiliae (Blanc, et al. 

2007a; Diop et al. 2019a).  
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Genomic degradation results from their endosymbiotic lifestyle that has allowed 

them to discard genes involved in the metabolism supplied by their eukaryotic host cells. In 

parallel with this ongoing genomic reduction, rickettsial genomes exhibit various genetic 

elements that are markers of convergent evolution (Ogata et al. 2002) 

Another surprising property of rickettsial genomes is the presence of plasmids. The 

first was detected in R. felis, providing their capability of exchange genetic material by 

conjugative mechanisms that were thought to be absent in obligate intracellular and 

allopatric bacteria (Diop, et al. 2018a). 

A rickettsiae genomic reductive evolution with altered regulation in invasion, 

replication, and transmission bacterial processes added to the degradation of expressed 

proteins may have been associated with increased pathogenicity. 

 

 

1.3. Rickettsial antigenic structure 

  

 The major antigens of Rickettsia cells are LPS and the immunodominant surface 

protein antigens, OmpA (Vishwanath et al. 1990) and OmpB (Gilmore et al. 1991). 

Rickettsiae express both, LPS and protein antigens. Rickettsial LPS is the group-

specific antigen that differentiates TG and SFG rickettsiae. 

Weil Felix test is the oldest assay based in the cross-reaction of antibodies to 

rickettsial antigens from primary rickettsial infections with the somatic antigens of three 

Proteus strains: P. vulgaris strains OX19 and OX2, and Proteus mirabilis strain OXK. The 

cross-reactive antigens between Rickettsia and Proteus are most likely present in the LPS. 

Whole cells of P. vulgaris OX2 react strongly with serum infected with SFG rickettsiae 

except for those with Rocky Mountain spotted fever (RMSF), and whole cells of P. vulgaris 

OX19 react with serum infected with TG rickettsiae as well as with RMSF. Also, OXK strain 

of P. mirabilis agglutinates with serum from scrub typhus patients (Amano et al. 1992). 

 Conserved gene targets enable a broad Rickettsia genus detection. The use of gene 

targets such as the gltA, 16S rRNA and 17-kDa protein generally confirms the presence 

rickettsiae (Anderson and Tzianabos 1989; Portillo et al. 2017). 

Surface cell antigen proteins are paralogous, membrane-bound antigenic autotransporter 

proteins that possess a transmembrane domain and a passenger domain exposed at the 

outer surface of the bacteria (Blanc et al. 2005). Particular segments of both, OmpA and 

OmpB have been demonstrated to stimulate protective immunity against rickettsial 

infections of vaccinated animals (Diaz-Montero et al. 2001). However, Riley and 

collaborators, showed that a recombinant R. conorii OmpB vaccine did not protect against 
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R. rickettsii infection, proving that rickettsiae possess species-specific antigenic epitopes 

and that the vaccination with identical antigens may not be an effective strategy to induce 

wide-ranging protective immunity against related SFG Rickettsia species (Riley et al. 2015). 

The major surface protein of all Rickettsia species, OmpB possesses species, group, 

and genus-specific epitopes that have been used to classify rickettsial species antigenically 

(Anacker et al. 1987).  

Outer membrane protein A is considered one of the most important SFG rickettsiae 

immunodominant surface proteins. Its presence discriminates between the SFG and TG. It 

is used for diagnosis and Rickettsia spp. characterization, and it is functionally involved in 

the pathogenesis of SFG rickettsial diseases (Li and Walker 1998). 

The ompA gene, a 190-kD transmembrane protein that contains tandemly repeated 

sequences flanked by conserved regions (Crocquet-Valdes et al. 1994), is present in almost 

all the members of the SFG but is truncated in R. felis and R. peacockii (Zavala-Castro et 

al. 2005). The truncated R. felis ompA gene is characterized as a split gene that contains 

the peptide sequence for insertion into the inner membrane, but lack the peptide sequence 

for transport to the outer membrane (Zavala-Castro, et al. 2005). Also, R. felis ompA gene 

is truncated by a premature stop codon at one-third of the sequence from the N-terminus of 

the protein (Zavala-Castro, et al. 2005).  

The gene length may differ between species depending on the number of repeated 

sequences, and this genetic variability becomes an excellent tool for molecular 

characterization among species of Rickettsia or for the identification of different isolates 

from the same species (Fournier, et al. 1998; Gilmore 1993). The antigenic diversity among 

SFG rickettsiae is related, in large part, with differences in the number, type, and order of 

the repeated units of ompA (Gilmore 1993). 
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2. TICKS AS THE MAIN VECTOR OF SPOTTED FEVER GROUP 

RICKETTSIA 

 

2.1.Ticks biology 

 

 Ticks, as part of the subclass of Arachnids, are amongst the most successful and 

widespread arthropod vectors of pathogens. Approximately 10% of the 900 currently known 

tick species are of significant medical and veterinary importance (Agustín Estrada-Peña 

2017). Apart from direct damage associated with blood-feeding and in some cases through 

the excretion of toxins within their saliva (Cabezas-Cruz and Valdés 2014), the main impact 

of ticks rely on the transmission of a wide range of viruses, parasites, and bacteria 

(Moutailler et al. 2016; Vayssier-Taussat et al. 2013). Despite being mostly associated with 

mammals and birds, some tick species can also parasitize amphibians and reptiles. 

Tick-borne diseases have a large and growing social and economic impact, 

considering the consequences in domestic animals' health as well as the spreading of 

pathogens between various host species (Michelet et al. 2016; Pollet et al. 2020). 

Ticks are divided into three distinct families, the Ixodidae, Argasidae (soft ticks which 

have dorsum without chitin), and Nuttalliellidae (monotypic) (Agustín Estrada-Peña 2017).  

The family Ixodidae includes five subfamilies. Ixodids in all life stages have a 

sclerotized scutum, an apical hypostome, feed for prolonged periods, ingest more than a 

hundred times their mass in blood and concentrate the blood meal by secreting water via 

their salivary glands (Mans and Neitz 2004).  

According to morphological characters, the family Ixodidae is subdivided into the 

Prostriata group (subfamily Ixodinae, genus Ixodes) and Metastriata group (all other genera 

in Ixodidae) (Nava et al. 2009). Ixodes as a genus is cosmopolitan, with many subgenera 

occurring in different continents (Klompen et al. 2000). Ixodinae is known to parasitize a 

wide range of host groups including reptiles, birds, and mammals (Coons and Rothschild 

2008). The Metastriata currently includes four subfamilies: three monogeneric 

(Bothriocrotoninae, Amblyomminae, Haemaphysalinae) plus Rhipicephalinae, which 

contains eight genera (Anomalohimalaya, Cosmiomma, Dermacentor, Hyalomma, 

Margaropus, Nosomma, Rhipicentor, and Rhipicephalus) (Guglielmone and Nava 2014).  

Metastriata is most often associated with mammals and birds, and rarely with reptiles 

and amphibians (mostly Amblyomma species) (Beati and Klompen 2019).   
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All ticks are obligate temporary parasites of vertebrate animals and are characterized 

by a complex developmental cycle. After hatching from the eggs, the life cycle of ticks 

includes three developmental stages (larvae, nymphs, and adults) that in most cases feed 

in different hosts, and the life cycle duration is dependent upon the family of the tick (Fig.6). 

The main host-seeking pattern that ixodid ticks adopt is the passive strategy, where 

ticks remain questing onto vegetation and wait for the passage of a host. Unfed ticks can 

smell prey and sense the minor movement. Employing its Haller's organs (Fig. 4a), ticks 

can detect approaching hosts by the carbon dioxide that hosts exhale with each breath and 

the ammonia in their sweat. Ticks can also sense changes in temperature as host 

approaches (Anderson and Magnarelli 2008; Mitchell Iii et al. 2017).  

Ixodid ticks are unique in the long duration of attachment to the host, which varies 

from several days up to weeks, depending on the life stage and tick species. When attached 

to a host, the mouthparts of most of the hard ticks are encased by a substance that solidifies 

in contact with the skin of the host, the cement (Fig. 4b), allowing the ticks to anchor 

themselves firmly in the host skin and simultaneously protecting the mouthparts from the 

host immune system (Suppan et al. 2017; Szabo and Bechara 1999). To ensure the flow 

blood and their meal, ticks possess a complex and sophisticated pharmacological protection 

that blocks pain and itch, inhibits hemostasis, and modulates innate and adaptive immune 

responses, angiogenesis and wound healing in their hosts (Chmelar et al. 2011; Kotál et al. 

2015; Šimo et al. 2017). This characteristic creates a favorable environment for 

transmission, survival, and even propagation of tick-borne pathogens (TBP) within the 

vertebrate host (Kazimirova and Stibraniova 2013; Rego et al. 2019). 
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Figure 4. a) Host detection: Ticks locate hosts by ‘questing’ from vegetation. The Haller’s organ is the 

major sensory structure located on the first pair of tarsi important in the detection of potential hosts; b) 

Attachment and blood feeding. The tick creates a lesion cavity and injects saliva containing cement (i.e. 

a substance that allows the anchorage of ticks’ mouthparts to the host skin), vasodilators, pain 

inhibitors, anticoagulants, and immune-suppressing factors to facilitate long periods of attachment and 

blood feeding; c) Blood engorgement. This occurs over days to weeks (dotted lines represent the 

expansion in body volume). Adapted from Gulia-Nuss et al. 2016. 

 

 

Hard ticks are responsible for the transmission of a myriad of pathogens of veterinary 

and public health importance, such as Rickettsia spp. (Parola et al. 2005a; Parola et al. 

2005b; Parola and Raoult 2001), Anaplasma spp. (Aguirre et al. 2006), Borrelia burgdorferi 

s.l. (Parola and Raoult 2001), Crimean-Congo hemorrhagic fever virus (Estrada-Peña and 

Jongejan 1999), tick-borne encephalitis virus (Estrada-Peña and Jongejan 1999; Labuda 

and Nuttall 2004), Babesia spp. (Jongejan and Uilenberg 2004), Francisella tularensis and 

Coxiella burnetti (Parola and Raoult 2001). The circulation of TBP in nature involves wildlife 

and livestock which pose a high risk for human health (Estrada-Pena et al. 2015).  

It has been suggested that pathogen transmission starts approximately 24 hours 

after a tick begins to feed (Cook 2014). The transmission of most of the TBP to the 

vertebrate host occurs via the saliva, highlighting the importance of both salivary glands 

and saliva in the transmission process (Šimo, et al. 2017). During feeding and in an 

alternating pattern, ticks inject saliva and absorb their meal through the same canal. Tick-

borne pathogens are ingested by ticks during their feeding on infected hosts. From the 

midgut, TBP crosses the digestive epithelium and invade the hemocoel, from which they 

can penetrate the epithelium and invade the salivary glands. From there, TBP can be 

transmitted to a new host via saliva injected during a new blood meal (Bonnet et al. 2018). 
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Potentially, while feeding on a host, each of these stages can transmit and acquire 

new pathogens (Parola and Raoult 2001). The coexistence of multiple microorganisms 

within an individual is very common in nature calling into question animal health and 

representing a major public health concern.  

 

Rhipicephalus sanguineus  

 

 Also known as the brown dog tick, Rhipicephalus sanguineus (Latreille, 1806) is the 

most common tick in the world, even considering the misidentification for other closely 

related species (e.g., Rhipicephalus turanicus). Rhipicephalus sanguineus is an important 

ectoparasite to the medical and veterinary communities due to their vector competence for 

several pathogens (Dantas-Torres and Otranto 2015). This endophilic tick feeds primarily 

on dogs, contributing to its globally distributed status (Dantas-Torres, et al. 2011), but 

eventually on other hosts, including cats (Hornok et al. 2018) hedgehogs (Khaldi et al. 

2012), rodents (Winkel et al. 2014), birds (Tolesano-Pascoli et al. 2010), foxes (Ortuño et 

al. 2018) and occasionally humans (Kobayashi and Iwasaki 2017). Furthermore, 

Rhipicephalus sanguineus is a vector of many disease agents, some of them of zoonotic 

concern (e.g., Coxiella burnetii, E. canis, R. conorii, R. massiliae) (Dantas-Torres 2008). 

The taxonomic status of Rhipicephalus sanguineus has been controversial (Dantas-

Torres and Otranto 2015; Gray et al. 2013; Nava et al. 2015) but with the advent of the 

molecular methods, the ambiguity in the taxonomy of this tick species was again questioned 

and several morphological, genetic, and biological research demonstrated that 

Rhipicephalus sanguineus s.l.. is paraphyletic (Liu et al. 2013; Szabó et al. 2005; Zemtsova 

et al. 2016). Two divergent lineages, temperate and tropical, have been recognized being 

the subject of numerous taxonomic and biological studies (Dantas-Torres et al. 2018; Nava 

et al. 2018; Zemtsova, et al. 2016). 

The tropical group is represented by Rhipicephalus sanguineus s.l. collected in 

Brazil, Thailand, Cuba, Colombia, Mozambique, and the temperate group includes ticks 

from Spain, France, Italy, Germany, Argentina, and Portugal (Dantas-Torres et al. 2013; 

Nava, et al. 2018). Differences among those geographic sites point to the possible link 

between the lineage of Rhipicephalus sanguineus s.l. and environmental variables (climate, 

habitats, or host specificity) associated with the regions (Zemtsova, et al. 2016). 

Larger countries spanning both temperate and tropical zones, such as the United 

States of America and Brazil, are known to possess both lineages of brown dog ticks (Jones 

et al. 2017; Moraes-Filho et al. 2011). Curiously, some authors only found Rhipicephalus 
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sanguineus ‘tropical lineage’ in Australia despite the presence of both temperate and 

tropical climates in this country (Chandra et al. 2020).  

Rhipicephalus sanguineus is adapted to indoor living (endophilic), in all 

developmental stages feed on the same host species (monotropic) and in each life stage 

requires a new host to feed on (three-host life cycle) (Fig. 5). This tick species is also 

capable to survive in exophilic habitats in both urban and rural environments. Rhipicephalus 

sanguineus ticks have a year-round activity and up to four generations per year, exhibiting 

a passive or active host-seeking behavior (Dantas-Torres 2010). Their broad behavior 

allows them to adopt different strategies for survival, as needed. The feeding period 

depends on the tick developmental stage, as e.g. feeding period of nymphs is longer than 

that of larvae. Male ticks can take multiple blood meals and can remain for long periods on 

the host. It has been reported that their presence in the host can improve the feeding 

performance of immature ticks, namely nymphs which suggests other biological roles 

beyond reproduction (Rechav and Nuttall 2000). 

Rhipicephalus sanguineus ticks can attach everywhere on hosts. In the dog, 

preferred attachment sites are the head (particularly ears), inter-digital spaces, back, 

inguinal region, and axilla (Dantas-Torres 2010). As belonging to metastriata lineage, 

Rhipicephalus sanguineus mates only when on the host and female will not become fully 

engorged unless mated. The blood meal is a major stimulus for spermatogenesis in males 

and oogenesis in females (Oliver 1989).  

The prevalence of infestation by Rhipicephalus sanguineus on hosts can vary widely, 

both geographically and seasonally. Host susceptibility and host availability are also 

aspects that determine brown dog tick infestation (Brites-Neto et al. 2015; Dantas-Torres 

2010). Previous studies reported that Rhipicephalus sanguineus infestation prevalence on 

dogs can be as high as 80% (Thailand) (Nithikathkul et al. 2005) and that hosts are 

significantly more infested during the dry season (Silveira et al. 2009). The percentage of 

male dogs infested with Rhipicephalus sanguineus is higher than females. However, 

remains to be elucidated whether if this is a gender-related susceptibility or a higher 

exposure of the males due to a possibly increased exploratory behavior (Cruz 2018; 

Silveira, et al. 2009). 

Tick burden is higher among urban dogs in comparison with rural ones (Dantas-

Torres et al. 2009; Neves et al. 2005) and in stray dogs (which are usually untreated against 

ectoparasites) when compared to pet dogs (Dantas-Torres 2010). Tick burden might also 

be influenced by individual factors, such as age and breed. Various studies have reported 

a heavy tick infestation of young dogs in comparison to older ones (Kebbi et al. 2019; 

Tinoco-Gracia et al. 2009). Moreover, some breeds are more susceptible than others (Louly 
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et al. 2009). In addition, Rhipicephalus sanguineus ticks behave differently upon exposure 

to odors from different dog breeds (Louly et al. 2010). 

It has been shown that Rhipicephalus sanguineus can develop well under different 

conditions  of temperature (e.g., 20-35°C) and relative humidity (e.g., 35-95%) (Koch and 

Tuck 1986). In temperate regions ticks are active from late Spring to early Autumn, 

completing two generations or more per year (Dantas-Torres, et al. 2011). The brown dog 

tick is an ectoparasite of public health significance being involved in the transmission of 

major human pathogens, as it is the case of R. rickettsii (Martinez-Caballero et al. 2018; 

Silva et al. 2017), R. conorii (Chisu et al. 2014) and R. massiliae (Eremeeva et al. 2006; 

Ortuño, et al. 2018). 

Although in temperate countries Rhipicephalus sanguineus rarely feeds on humans, 

their ability to adapt to urban environments allows this tick species to live in close contact 

with them. Nevertheless, some studies have demonstrated that ticks exposed to a high 

temperature increase their questing behavior, particularly in those that parasitize 

homeothermic vertebrates (Parola et al. 2008; Socolovschi et al. 2009e). 

As already mentioned, although dogs are the main hosts of Rhipicephalus 

sanguineus, wild animals are also parasitized by this tick species which could have 

implications in the control of ticks maintenance and dispersion through different regions and 

in the epidemiology of tick-borne diseases. 
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Figure 5. Rhipicephalus sanguineus life cycle. Rhipicephalus sanguineus is a three-host tick, 

implicating that each active stage (larva, nymph, and adult) feeds only once. Then leaves the host to 

digest the blood meal and molt to the next stage or lay eggs.  The adult female will feed on the host for 

about one week, then drop off the host and find a hidden place for egg incubation for about one to two 

weeks. Tick images Adapted from A. Estrada-Peña, A. D. M., Trevor N. Petney, 2017. 

 

Ixodes hexagonus  

 

Ixodes hexagonus, first described by Leach in 1815, belongs to the Ixodidae family 

(Barker and Murrell 2004). It shows an endophilic behavior preferring dark and humid 

places. It is a predominately nest based parasite and free-ranging ticks are rarely 

encountered (Gern et al. 1997).  

Ixodes hexagonus is a host specialist, feeding primarily on hedgehogs (Dumitrache 

et al. 2013) but has been found to infest other host species such as dogs, cats (Geurden et 

al. 2018), ferrets (Krol et al. 2019), polecats (Hofmeester et al. 2018; Krol, et al. 2019) and 

occasionally humans (Lernout et al. 2019). 

A recent national survey of Ixodidae ticks performed in dogs from Italy demonstrated 

that although Rhipicephalus sanguineus group were the most predominant tick species 

parasitizing dogs, 5.6% of canine studied were parasitized with I. hexagonus without clear 
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seasonality (Maurelli et al. 2018). Identical results were reported by a survey performed in 

Spain (Estrada-Pena et al. 2017). Interestingly, studies in temperate European countries 

including the Netherlands (Nijhof et al. 2007), Belgium (Claerebout et al. 2013) and UK 

(Abdullah et al. 2016) reported a higher prevalence of I. hexagonus (7.6%, 76.4%, and 

9.8%, respectively) removed from different hosts when compared with Rhipicephalus 

sanguineus group (0.3%) collected from dogs. 

The abundance and distribution of hedgehogs are likely to be the main factor 

influencing the distribution and abundance of this tick species (A.A et al. 2014; Petney et 

al. 2012) and vice versa. 

 

Amblyomma variegatum  

 

Amblyomma variegatum (Fabricius) (Acari: Ixodidae), also known as the tropical 

bont tick, is widely distributed in the south of Sahara and has successfully established 

outside the African continent, in the Yemen, various islands of the Indian Ocean and 

Caribbean Basin (Estrada-Pena et al. 2007), where it was likely introduced by imported 

cattle from West Africa in the 18th - 19th centuries (Uilenberg et al. 1984). 

Amblyomma variegatum is a three-host hard tick species, with immature stages 

parasitizing a wide range of hosts, including small mammals as rodents and mongooses, 

reptiles, birds, cattle, sheep and goats (Ehlers et al. 2020). Adult ticks prefer feeding on 

cattle (Yessinou et al. 2018) but can also be found in several domestic animals including, 

sheep (Kouam and Dongmo 2018), horses (Kumsa et al. 2012) and cats (Kumsa et al. 

2019). 

On cattle, adult ticks usually are on the ventral body surface, genitalia, or under the 

tail. Adult A. variegatum feeds mainly in the rainy season, while the immature ticks feed 

primarily during the dry season (Lorusso et al. 2013). 

There is a great concern about the potential spread of A. variegatum into wider areas 

using domestic or wild hosts as disseminating forces (Estrada-Pena, et al. 2007), being 

recovered erratically from areas outside its normal range, commonly using egrets as 

disseminating hosts (Corn et al. 1993).  

Amblyomma variegatum causes substantial economic losses in domestic ruminants 

(Kelly et al. 2010). Its long mouthparts leave large wounds and its bite is severe and painful 

and can result in significant physical injury. Secondary infections can cause septic wounds 

or abscesses and teats inflammation of cows may affect milk production.  

Amblyomma variegatum is the natural vector of Ehrlichia ruminantium (Cowdry) 

(Allsopp 2009) and acts as a vector, but also as a reservoir for R. africae (Socolovschi, et 
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al. 2009b), the agent of African tick bite fever in humans which is an emerging zoonosis in 

rural sub-Saharan  Africa and Caribbeans (Kelly, et al. 2010; Kelly et al. 1996).  

 

Hyalomma aegyptium  

 

Hyalomma aegyptium (Linnaeus, 1758) is distributed in the Mediterranean area and 

in the  Middle East, eastward up to Central Asia, Afghanistan, and Pakistan (Agustín 

Estrada-Peña 2017). 

The spread of H. aegyptium via the pet trade in tortoises has been recently reported 

(Mihalca 2015; Nowak 2010). It is a dominant species among ticks parasitizing tortoises in 

western Palaearctic (Tiar et al. 2016) possessing a typical three-host life cycle. Larvae and 

nymphs are less host-specific and infest tortoises (Kar et al. 2020), lizards (Paperna et al. 

2002), birds (Diakou et al. 2016), small mammals (Girisgin et al. 2015) and even humans 

(Vatansever et al. 2008). Nevertheless, this is a tick species that feed in its adult stage 

predominantly on tortoises of the genus Testudo (Testudines: Testudinidae) (Fares et al. 

2019).  

The importance of H. aegyptium in the epidemiology of various pathogens, including 

zoonotic agents has been suggested by several studies (Kalmár et al. 2015; Nowak 2010). 

The vectorial capacity has been experimentally proven for Hemolivia mauritanica (Široký et 

al. 2009), Hepatozoon kisrae (Paperna, et al. 2002), R. aeschlimannii (Bitam et al. 2009b), 

Coxiella burnetii (Siroky et al. 2010) and Borrelia turcica (Kalmár, et al. 2015). Various other 

pathogens have been isolated from H. aegyptium but their transmission capacity has not 

been evaluated for: Anaplasma phagocytophilum, E. canis (Paștiu et al. 2012), Borrelia 

burgdorferi s.l. (Kar et al. 2011), R. africae (Orkun et al. 2014a; Orkun et al. 2014b) and 

Theileria annulata (Ray 1950) and recently also as carriers of the virus causing Crimean–

Congo hemorrhagic fever (Kar, et al. 2020). 

 

2.2. Vectors and Rickettsia dynamic interactions 

 

 Rickettsia species require an arthropod vector for host transmission however, 

infection is acquired by different routes depending on the vector type and rickettsial species 

(Walker 2007).  

Most of the Rickettsia species seem to be well adapted to their arthropod vectors 

being able to multiply in various organs, particularly in salivary glands and ovaries, without 

causing any damage to its vector, explaining how these bacteria are perpetually maintained 

in nature (Socolovschi et al. 2009d). Tick transmission of Rickettsia species occurs both 
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vertically (from female to offspring via egg cytoplasm) and horizontally. For most tick 

species, more than one rickettsial species is typically transmitted by either or both routes. 

The prevalence of Rickettsia species in tick populations is variable and may depend on its 

pathogenic potential and of the main and primary transmission route of the bacterium. For 

example, R. conorii presents a deleterious effect upon its vector (Levin et al. 2009; 

Socolovschi et al. 2012). On the contrary, R. massiliae does not show any cytopathic effect 

in vectors’ cells which could explain their successful transstadial and transovarial 

maintenance (Fig. 6) (Milhano et al. 2014) and its prevalence in Rhipicephalus sanguineus 

(Fornadel et al. 2013). Co-feeding is a successful horizontal transmission of pathogens 

between actively blood-feeding arthropods in the absence of disseminated vertebrate 

infection (Fig. 6) (Hirunkanokpun et al. 2011).  

Although rickettsial organisms are globally distributed, most Rickettsia spp. are 

region-specific due to climatic conditions as well as, vector and natural host constraints 

(Parola and Raoult 2001). With the appearance of molecular tools, a great diversity of 

rickettsial hosts have been revealed and previously accepted specific host/vector 

associations have been recently questioned. For example, the cat flea, Ctenocephalides 

felis is the R. felis known biological vector, however this Rickettsia spp. was also detected 

in other species of fleas such as Xenopsylla cheopis (Bitam et al. 2009a), Archaeopsylla 

erinacei (Leulmi et al. 2016) and Anomiopsyllus spp. (Stevenson et al. 2005), in ticks 

(Abarca et al. 2013; Soares et al. 2015), and mites (Radzijevskaja et al. 2018b). Also 

interestingly is the interspecific competition of rickettsiae documented in ticks, with a primary 

infection responsible for the interference or blocking of a secondary rickettsial infection. This 

indicates that ticks are not able to maintain two different species of Rickettsia via a 

transovarial transmission (Harris et al. 2017b). This was observed between R. peacokii and 

R. rickettsii (Dergousoff et al. 2009) or R. rhipicephali and R. montana (Macaluso et al. 

2002). 

Considerable research efforts have been developed focusing on the diversity, 

composition and effects of tick microbial communities, including endosymbionts, on either 

tick physiology and the coexistence with pathogens (Bonnet et al. 2017; Moutailler, et al. 

2016; Vila et al. 2019).  

It is known that endosymbionts can have multiple effects (detrimental or beneficial) 

on their carrier tick, playing a role in fitness, adaptation, development, reproduction, or 

immunity (Ahantarig et al. 2013; Guizzo et al. 2017).  

Ticks may host various endosymbionts and/or be co-infected with potential 

pathogens (Ahantarig, et al. 2013; Gurfield et al. 2017; Moutailler, et al. 2016) and 

endosymbionts may influence the transmission of pathogens to the vertebrate host (Harris 

et al. 2017a; Moutailler, et al. 2016).  
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Vila and collaborators demonstrated R. massiliae as the second most prevalent 

endosymbiont detected in Rhipicephalus sanguineus s.l. pools collected from dogs in Spain 

(Vila, et al. 2019), as already described by other studies (Chisu et al. 2018). These authors 

also demonstrated the high prevalence of R. raoultii among the D. reticulatus suggesting 

them as an obligate endosymbiont and R. monacensis associated with Ixodes ricinus 

(Radzijevskaja et al. 2018a; Vila, et al. 2019). 

 Hard ticks seem to be the main reservoir and vector of SFG rickettsiae, except for 

mite-borne R. akari. Humans are accidentally hosting for ticks and rarely play a role in the 

subsequent transmission of these bacteria. Nevertheless, domestic animals and livestock 

due to their high exposure to ectoparasites could contribute to subsequent rickettsiae 

transmission, having an important role in the maintenance of these bacteria (Eremeeva and 

Dasch 2015). 

Transstadial and transovarial transmission (Fig. 6) have been reported for various 

rickettsiae in many tick species (Socolovschi, et al. 2009d). Ixodid ticks feed only once 

during each stage of their development, meaning that transstadial transmission is 

necessary for rickettsial survival in ticks. This has been demonstrated for several species 

namely R. rickettsii (Pacheco et al. 2011), R. slovaca, R. sibirica (Socolovschi, et al. 2009d), 

R. africae (Socolovschi et al. 2009c), R. parkeri (Wright et al. 2015), R. massiliae 

(Matsumoto et al. 2005) and R. conorii (Socolovschi, et al. 2012). 
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Figure 6. Rickettsia transmission between ticks. In tick-borne infections, naïve ticks acquire rickettsiae 

by several pathways. The pathogens establish a disseminated (systemic) infection in the vertebrate 

host, which can be acquired by ticks feeding on any part of the body. In co-feeding transmission (non-

systemic transmission) the pathogen is transmitted between ticks that feed near each other on the same 

host and at the same time. In transovarial transmission, the bacteria are transferred from parent to 

offspring via infection of the developing egg which subsequently results in infectious adult arthropods. 

In transstadial transmission occurs a sequential passage of bacteria acquired during one life stage, 

through the molt to the next stage(s). 
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Prevalence of different tick species infected with the same rickettsial species can 

vary from a low percentage (e.g. Rhipicephalus sanguineus infected with R. conorii 

appeared in nature in less than 1%) (Socolovschi, et al. 2012), to a high percentage (e.g., 

A. variegatum infected with R. africae appear up to 100%) in nature (Socolovschi et al. 

2009b). 

Because ticks are the main reservoirs of SFG, the distribution of Rickettsia spp. is 

determined by the distribution of the tick host. However, Rhipicephalus sanguineus appears 

to be widespread in various regions where R. conorii was not detected (Socolovschi et al. 

2009a). Also curious is the fact that some species of Rickettsia, such as R. rickettsii may 

be associated with various ticks genera (De Rodaniche 1953; Pacheco, et al. 2011; Parola, 

et al. 2013; Socolovschi, et al. 2009d). In contrast, R. conorii appears to be associated 

mainly with Rhipicephalus sanguineus (Parola et al. 2009b; Socolovschi, et al. 2009a; 

Socolovschi, et al. 2012) nonetheless, several reports demonstrated the detection of this 

Rickettsia spp. in a Rhipicephalus evertsi everts tick collected from a horse in rural Senegal 

(Mediannikov et al. 2010) and in Haemaphysalis punctaleachi ticks from a dog in Uganda 

(Socolovschi et al. 2007).  

Moreover, some rickettsial agents such as R. africae and R. slovaca are detected in 

several tick species within the same genus: Amblyomma (Jensenius et al. 2003) and 

Dermacentor spp. (Fernández-Soto et al. 2006; Socolovschi, et al. 2009d), respectively. 

Although vectored by hard ticks, several studies have described rickettsiae in soft ticks 

(Argasidae). So far, no cases of human rickettsiosis transmitted by soft ticks have been 

reported still, Ornithodoros ticks toxicosis in humans has been reported in several states of 

Brazil (Oliveira and Faccini-Martinez 2019).  
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3. RICKETTSIAE, VECTORS AND HOST DYNAMICS  

 

3.1. Rickettsiae and domestic animals  

 

Dogs can serve as vertebrate hosts for arthropod vectors and due to their 

susceptibility to SFG Rickettsia, they are considered important sentinels for rickettsial 

diseases and rickettsial circulation (Eremeeva and Dasch 2015). Several factors are 

associated with dog clinical infection namely breed, health conditions, the degree of tick/flea 

infestation and protection arising from previous exposure to immunizing levels of ticks/fleas 

and rickettsial agents of low pathogenicity. Obvious rickettsial diseases in dogs have been 

confirmed by PCR and sequencing of rickettsial DNA (Alexandre et al. 2011) and 

seroconversion (Levin et al. 2014b). Though many dogs are only subclinically infected and 

do not exhibit clinical signs even if they may seroconvert (Inokuma et al. 2011).  

Rickettsia rickettsii, the causative agent of RMSF, is known to cause clinical signs in 

dogs similar to human disease, including cutaneous petechiae and ecchymoses, anorexia, 

depression, weight loss, and dehydration (Levin et al. 2014a). 

The genotype AZT80 (of Bar29 genotype) of R. massiliae was serologically 

suggested as a cause of canine illness in California (Beeler et al. 2011) and was amplified 

in the blood from a dog with a splenic disease (Movilla et al. 2017). The detection of Bar29 

genotype of R. massiliae infecting humans (Parola, et al. 2005b; Parola, et al. 2008), in 

addition to the association of Rhipicephalus sanguineus (R. massiliae vector) with dogs, 

gives new public health importance to these bacteria species. 

Rickettsia parkeri was also detected in dogs’ blood from Bolivia and Louisiana with 

no overt pathology noted at the time of blood collection (Tomassone et al. 2010).  

Recently, it was reported the capability of dogs to sustain prolonged periods of 

rickettsiemia when infected with R. felis (Ng-Nguyen et al. 2020). Acute MSF, RMSF, and 

more recently R. felis infection, present detectable rickettsiemia between days 2 and 12 

after infection, detected by cell culture isolation or PCR (Levin et al. 2011). These illnesses 

are followed by complete clearance and development of anti-rickettsial IgG (Kelly et al. 

1992).  

When canine are infected with non-pathogenic Rickettsia species such as R. 

montanensis, although they remain asymptomatic, this exposure is sufficient to elicit a 

cross-protective immune response to subsequent infection by other Rickettsia spp. namely 

R. rickettsii (Gage and Jerrells 1992).  
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 The role of cats in the eco-epidemiology of rickettsiae has received much less 

attention since cats are less frequently infested with ticks. Nevertheless, the high 

prevalence of flea infestation of cats and consequently flea-borne rickettsiae infections 

should be considered. Cats can be infected by rickettsiae and produce antibodies against 

them and for that reason, the feline may play an important role in the transmission cycle of 

this alpha-proteobacteria (Segura et al. 2014). Recently DNA of Rickettsia was detected in 

cats from Spain and sequences obtained showed high identity with R. conorii and R. 

massiliae (Segura, et al. 2014).  

 A molecular survey demonstrated that cattle, sheep, and goats develop rickettsiemia 

based on quantitative PCR detection of a conserved rickettsial gene (Mutai et al. 2013).  

It is of extreme importance to remember that animals, wild or domestic, are valuable 

sentinels for rickettsial circulation being useful in rickettsiosis surveillance in humans. 

 

 

3.2. Rickettsiae and synanthropic/wildlife animals 

 

 The number of infectious diseases has been increasing in humans, with about 60% 

of those diseases being zoonotic (Jones, et al. 2008). Of these emerging zoonoses, about 

72% are transmitted from wildlife and the rest from domestic animals, and around 30% are 

vector-borne (Vorou et al. 2007).  

Although both wildlife and domesticated animal reservoirs can be considered 

important sources of emerging infectious diseases, it is the human impact on the ecological 

systems that command the level of risk at the interface between humans and animals in 

zoonotic disease emergence (Hassell et al. 2017). 

The re-emergence of pathogens such as rickettsiae can be perpetuated by a blend 

of factors including expanding global human populations and urbanization, international 

trade and travel, and proliferation of reservoir populations (Perry et al. 2013).  

Synanthropic wildlife is established by species that can adapt to behavioral and 

resource pressures imposed by urban environments (Karesh et al. 2012). Many 

synanthropic species, such as rodents, birds, bats, and certain other species of mammals 

as foxes and hedgehogs, are found ubiquitously within the human habitat and commonly 

act as hosts for zoonotic diseases (Hassell, et al. 2017). 

Hedgehogs, for example, are often heavily infested by tick and flea species that are 

known to harbor and transmit different vector-borne agents such as Borrelia, Anaplasma 

and rickettsiae (Jahfari et al. 2017). In addition, the finding of hedgehogs’ tissues infected 

with rickettsiae suggests that these urban dwellers could represent a reservoir of this 
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intracellular bacterium and might be involved in their natural transmission cycle (Speck et 

al. 2013). 

Anthropogenic changes associated with urbanization can also bring bats and their 

associated soft (Acari: Argasidae) and hard (Acari: Ixodidae) ticks into closer contact with 

domestic animals and humans. These mammals are capable to act as reservoir hosts for 

intracellular pathogens (Brook and Dobson 2015). Moreover, it was also demonstrated that 

Argas vespertilionis, a bat soft tick that also feeds on humans, can carry DNA of SFG 

Rickettsia (Hornok et al. 2019), posing a health risk to humans and others animals.  

Foxes are among the most common wild carnivores in Europe, and they are very 

well adapted to suburban and rural environments. Their high exposure to different arthropod 

vectors coming from their preys or other hosts living in the same environment makes them 

an excellent sentinel of vector-borne diseases (Aguirre 2009) and a possible source of 

infection for domestic animals and humans (Torina et al. 2013). In the eco-epidemiology of 

SFG rickettsiae, red foxes may act as carriers of Rhipicephalus sanguineus infected with 

R. massiliae (Ortuño, et al. 2018). The same occurs in other natural hosts, such as R. 

slovaca infected Dermacentor marginatus carried by wild-boar (Ortuño et al. 2007). Human 

activities that increase exposure to populations of urban-dwelling wildlife species will 

certainly increase the risk of pathogen dissemination to humans or domestic animals. 

In conclusion, human activities that increase exposure to populations of urban-

dwelling wildlife species will certainly increase the risk of pathogen dissemination to human 

or domestic animals. 
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4. PATHOPHYSIOLOGY OF RICKETTSIAL DISEASES 

 

The pathogenic progression of rickettsial infection events initiates with the entry of 

organisms inoculated by the feeding tick, mite or flea (Legendre and Macaluso 2017) or 

even contamination of mucous membranes (Brissos et al. 2015), and/or open wounds with 

the infectious feces of lice and fleas (Luce-Fedrow et al. 2015; Walker 1996). Recently, an 

interesting case report described a fatal case of a nurse who accidentally pricked himself 

with the needle used on a patient who was diagnosed with Rocky Mountain spotted fever 

(Vilges de Oliveira et al. 2020). 

As obligate intracellular bacteria, the interactions between host endothelium cells 

and invading rickettsiae constitute a primordial point. Rickettsia preferentially targets the 

vascular endothelial cell lining of small and medium-sized vessels to replicate within the 

intracytoplasmic niche getting access to nutrients and establish infection in mammalian 

hosts (Sahni and Rydkina 2009). 

Pathogenic rickettsiae affinity for endothelium lining the blood vessels, as an offense 

to vascular integrity, originates vascular inflammation and compromised vascular 

permeability. Taken together, these transformations from the quiescent basal state to the 

activated phenotype of endothelial cells in response to infection are referred as “rickettsial 

vasculitis” (Sahni and Rydkina 2009).  

Pathogenesis of rickettsial infections comprises a series of events leading to 

vascular damage and dysfunction, characterized by remarkable changes in the expression 

of hemostatic proteins (Elghetany and Walker 1999), altered vascular permeability that 

causes pulmonary and cerebral edema (Egermayer 2001) and in severe cases, 

abnormalities of the coagulation system (Valbuena and Walker 2006).  

Bioinformatics analysis of rickettsial genomes has identified multiple surface cell 

antigens belonging to the family of rickettsial autotransporters and involved in adhesion to 

host cell receptors (Chan et al. 2010). Out of the 17 Sca proteins identified, only 5, namely 

Sca0 (or OmpA), Sca1, Sca2, Sca4, and Sca5 (OmpB) are active and functional in the SFG. 

The Sca proteins are localized within the surface layer of the rickettsial membrane and aid 

in adhesion to the host cell (Chan, et al. 2010). The OmpA and OmpB are conserved in all 

over the SFG and are the major antigenic determinants eliciting an immune response in 

mammals and humans infected by rickettsioses. The autotransporter Sca1 is present in all 

rickettsial species. Full-length Sca1 is expressed in R. conorii (Riley et al. 2010) and R. 

typhi (Sears et al. 2012). This protein is localized on the bacterial membrane and contains 
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a β-barrel transmembrane domain-like OmpA and OmpB (Blanc, et al. 2005), is part of the 

rickettsial attachment to mammalian host cells process but with no demonstrated role in 

invasion (Riley, et al. 2010). 

The OmpB is conserved in all Rickettsia spp. except in R. canadensis (Ngwamidiba, 

et al. 2006). On the contrary, typhus organisms only express OmpB (Blanc, et al. 2005). 

The first identified host cell–specific receptor, Ku70 (a subunit of a nuclear DNA-dependent 

protein kinase) with subcellular localization in the cytoplasm and plasma membrane, 

interacts with rickettsial OmpB (Martinez et al. 2005). 

Rickettsial infection stimulates the ubiquitination of Ku70, required for the 

internalization of rickettsiae into host cells (Martinez, et al. 2005). At first, described to be 

essential in R. rickettsii adhesion to host cells (Li and Walker 1998), rickettsial OmpA 

interacts with α2β1 integrin to promote invasion of the bacteria into the host cells (Hillman 

et al. 2013).  

Surface cell antigen 2 is highly conserved in SFGR and mediates adherence to and 

invasion of target host cells (Cardwell and Martinez 2009). The Sca4 is present in all 

rickettsial groups. On the surface, this antigen activates host vinculin at focal adhesion sites, 

which seems to have a potential role in host cell invasion (Park et al. 2011). 

Exchange protein directly activated by cAMP (Epac) 1 is another host protein that is 

involved in rickettsial entry into host endothelial cells (Gong et al. 2013). It was 

demonstrated that inhibition of Epac1 suppresses bacterial adhesion and/or invasion 

preventing and suppressing rickettsial infection. Epac1-mediated signaling represents a 

mechanism for host-pathogen interactions and is a potential target for the prevention and 

treatment of fatal rickettsioses (Gong, et al. 2013). 

Fibroblast growth factor receptor-1 (FGFR1) is a host receptor that interacts with 

rickettsial OmpA and mediates bacterial entry into host endothelium (Sahni et al. 2017) (Fig. 

7). 

Once phagocytosed by the host cell, rickettsiae escape from the phagosomes before its 

fusion with lysosomes to free themselves into the cytosol which is accomplished through 

several membranolytic activities (Sahni et al. 2016) (Fig. 7).  

The rapid microbial dissemination between host cells after the invasion is a crucial 

step for spreading intracellular bacterial pathogens. Bacterial motility between the cells 

requires the polymerization of actin filaments derived from the host cytoskeleton. Host-

mediated motility allows Rickettsia to move from cell to cell while avoiding the host immune 

system.  

Actin-based motility has been documented in all SFG rickettsiae except R. peacockii 

(Balraj et al. 2008).  
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There are several surface proteins implied in adhesion and/or entry of host cells 

(Sca5, Adr1, Adr2) or in the activation of cytoskeletal vinculin (Sca4), that are conserved 

across sequenced Rickettsia genomes. The same occurs in various enzymes implicated in 

phagosomal lysis (TlyC, PLD, Pat1) (Whitworth et al. 2005). On the other hand, Sca0, Sca1, 

Sca2 adhesins, proteins involved in host actin polymerization, are sporadically encoded 

across rickettsial lineages (Cardwell and Martinez 2012; Li and Walker 1998). This suggests 

that, despite superficially similar infection strategies, diverse Rickettsia species employ 

distinct molecular mechanisms for successful colonization of host cells (Sahni and Rydkina 

2009).  

The increased permeability of endothelial cell monolayers is dependent on the 

quantity and virulence of the rickettsiae and the duration of intracellular rickettsial growth. 

Permeability is also increased by the presence of proinflammatory cytokines, such as 

interleukin-1β (IL-1β) and tumor necrosis factor-α (TNF-α) (Bechelli et al. 2015).  

Recent studies in several animal models have provided evidence of non-endothelial 

parasitism by pathogenic SFGR species, suggesting that the interaction of rickettsiae with 

cells other than the endothelium may play an important role in the pathogenesis of rickettsial 

diseases (Banajee et al. 2015; Curto et al. 2016; Riley, et al. 2015). 
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Figure 7. Schematic representation of a model of rickettsial invasion into host cells. Host cell receptors 

interact with rickettsial outer membrane proteins, allowing the internalization of bacteria into cells. 

Internalized Rickettsia escapes from the phagosomes by membranolytic activities, to remain free in the 

cytosol. 

Abbreviations: Epac1, exchange protein directly activated by cyclic AMP-1; FGFR1, fibroblast growth factor receptor-

1; Omp, outer membrane protein; Sca, surface cell antigen. Adapted from Sahni et al. 2019. 
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5. RICKETTSIAE IN PORTUGAL: STATE OF THE ART 

 

For a long time, it was thought that R. conorii was the only tick‐borne rickettsial 

disease prevalent in southern and eastern Europe but in recent years various species within 

SFG Rickettsia have also been described as emerging pathogens in this part of the world 

(Parola, et al. 2013). 

Several studies performed in Portugal detected rickettsiae in various tick species 

collected from different mammals (Maia et al. 2014a; Maia et al. 2014b) The molecular 

detection of rickettsiae from a Portuguese park questing ticks confirmed the presence of R. 

massiliae DNA in Rhipicephalus sanguineus s.l., R. sibirica mongolitimonae in 

Rhipicephalus pusillus ticks and R. monacensis in I. ricinus (Santos et al. 2018). Also, some 

authors demonstrated the presence of R. monacensis strain IRS3 and R. helvetica in Ixodes 

ricinus as well as, R. slovaca and R. raoultii in Dermacentor marginatus, and R. massiliae 

in Rhipicephalus sanguineus ticks collected in a Portuguese recreational park (Milhano et 

al. 2010). 

Interestingly, a study performed in Teira dugesii lizards from Madeira Island 

identified R. monacensis in the lizard tissues and the Ixodes ricinus infesting the lizards, 

suggesting that these animals might be involved in the maintenance and transmission cycle 

of these rickettsiae (De Sousa et al. 2012). 

Ticks collected from wild birds recovered in a Portuguese Forestal Park were studied 

for the presence of rickettsiae and genomic DNA from R. aeschilimannii, R. helvetica, and 

R. massiliae was amplified from Hyalomma marginatum, Ixodes ventalloi and in 

Rhipicephalus turanicus, respectively (Santos-Silva et al. 2006). These results suggest that 

wild birds have an important role in the maintenance and dissemination of several tick 

species and associated rickettsiae. 

Concerning rickettsiae dog infection, a group of dogs suspected of tick-borne illness 

from the south of Portugal was submitted to rickettsial molecular detection showing infection 

by R. conorii Malish and R. conorii Israeli  strains which highlights their potential role as a 

reservoir and sentinel host helping to evaluate and characterize the distribution of circulating 

rickettsial strains (Alexandre, et al. 2011). 

In summary, in the Portuguese vector surveillance program, 2018, 1022 hard ticks 

were investigated for the presence of Rickettsia DNA and these bacteria were amplified in 

152 (14.9%) ticks. It was sequenced eight rickettsiae species namely, R. aeschlimannii, R. 

conorii, R. helvetica, R. massiliae, Rickettsia monacensis, R. mongolitimonae, R. raoulti e 
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R. slovaca. Rickettsia massiliae (n=84; 55%) was the most prevalent species, followed by 

R. monacensis (n=25; 16.4%). Rickettsia conorii (n=2; 1%) and R. mongolitimonae (n=1; 

0.8%) found to be the least prevalent in Portugal in 2018 (Table 1). 

 

 

 

Table 1. Rickettsia spp. detected in hard ticks from vegetation and collected from human, dog and other 

animals’ hosts. Adapted Information from CEVDI, 2018. 
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6. RICKETTSIA DIAGNOSIS 

 

The diagnosis of vector-borne diseases in dogs and cats represent a substantial 

challenge for veterinarians since associated clinical signs are often unspecific and 

overlapping. In addition, co-infections with two or more agents enhance this problem further. 

Although it was demonstrated in various studies that R. conorii infected dogs can 

present unspecific clinical signs such as fever, lethargy, myalgia, lameness, the elevation 

of C-reactive protein, hypoalbuminemia, thrombocytopenia, and mild non-regenerative 

anemia, most of the rickettsial dogs’ infections probably are subclinical or asymptomatic 

(Alexandre, et al. 2011; Solano-Gallego et al. 2015). To the best of our knowledge, there 

are no clinical descriptions of this disease in other animal species. 

The diagnosis of rickettsial infection is usually achieved through the collection of a 

complete clinical history which may indicate exposure to a potential source of rickettsial 

disease, followed by laboratory testing. Diagnosis of rickettsial infections can be complex 

to the attending clinician without the appropriate tools available. Whenever possible, the 

submission of arthropods collected at the bite site for rickettsial detection is also 

recommended (Portillo, et al. 2017). 

Due to high exposure levels to ticks and fleas, dogs have been used in 

epidemiological studies as sentinels for MSF (Bacellar et al. 1995). Available data 

demonstrated the detection of anti-SFG IgG antibodies by immunofluorescence assay (IFA) 

in dogs that live in MSF endemic countries such as Portugal, with seroprevalences ranging 

from 62% to 85.6% (Alexandre, et al. 2011; Bacellar, et al. 1995). The very high 

seroprevalence detected in Portuguese dogs suggests a frequent exposure to SFGR.  

Diagnosis of rickettsial infections is more often performed through serological tests 

being the IFA considered the reference method (Portillo, et al. 2017). This test is based on 

the detection of anti-rickettsial antibodies that bind to fixed antigens (Rickettsia spp.) on a 

slide and is detected by a fluorescein-labeled anti-species-specific (e.g. dog) G or M 

immunoglobulin (La Scola and Raoult 1997). The detection of antibodies depends on the 

timing of the collection of the blood sample. In general, patients with rickettsiosis lack 

detectable antibodies in the first 7–10 days of illness (Levin, et al. 2014a). However, the 

immunological response caused by R. africae infection might even be more delayed (>25 

days) in comparison with other Rickettsia species (Fournier et al. 2002). A probable clinical 

diagnosis of rickettsiosis should be confirmed by testing two sequential serum samples 

taken at least 2 to 6 weeks apart. Confirmation of a recent or current infection can be 

demonstrated by seroconversion of a fourfold or greater rise in antibody titer between acute 
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and convalescent samples (Portillo, et al. 2017). In Portugal, as an endemic country, the 

cutoff value for IgG titers ≥ 128 and IgM titers ≥32 is considered indicative of infection by 

Rickettsia spp. (Bacellar et al. 2003). 

Owing to the presence of shared protein and LPS antigens in SFG rickettsiae, it is 

extremely difficult to distinguish infections with closely related rickettsiae, and interpretation 

of serological data can be confounded by cross-reactivity. Additionally, 

immunofluorescence does not allow a definitive conclusion regarding the causative species 

(Brouqui et al. 2004).  

Serological assays are also used to perform seroepidemiological studies in 

populations. They give valuable information about the prevalence of the infection in the 

studied populations and the potential risks of acquiring the infection in that area.  

Molecular methods based on PCR have allowed the development of sensitive, 

specific and rapid tools for the detection and identification of Rickettsia spp. in animal 

samples, including ticks and other arthropods. Collection of specimens should be performed 

early in the course of the infection and before the initiation of specific treatment (Portillo, et 

al. 2017). 

Molecular detection of rickettsiae in blood appears to be of low to moderate 

sensitivity (Santibanez et al. 2013; Solano-Gallego, et al. 2015) since typically, low numbers 

of rickettsiae circulate in the blood in the absence of advanced disease or fulminant infection 

(Walker and Ismail 2008) and are probably rapidly cleared from the blood (Solano-Gallego, 

et al. 2015). Experimental infections of dogs with R. conorii showed a short rickettsiemia of 

2–10 days post-infection (Levin, et al. 2014b) which did not reappear following 

immunosuppression (Kelly, et al. 1992). 

The blood samples for PCR analysis should be collected in EDTA or citrate 

anticoagulant to enhance sensitivity, and DNA can be extracted from total blood or buffy 

coat. Detection strategies have been based on recognition of sequences from different 

target genes that encode proteins such as 17kDa protein, gltA, ompA and ompB proteins 

(Regnery et al. 1991; Roux and Raoult 2000). 

The cell culture of the agent is the final criterion to confirm the diagnosis and to 

identify the species of Rickettsia from a patient's blood. Samples must be handled as highly 

pathogenic in biosafety level 3 laboratories (BSL-3) since the species present in the sample 

are unknown (Portillo, et al. 2017). 

Rickettsia spp. can also be isolated from infected arthropods. Samples should be 

frozen at -80C to preserve the viability of the bacteria if they are not immediately inoculated 

in cells (Angelakis et al. 2012). The favorable outcome of Rickettsia isolation by cell culture 

depends on the timing of the blood collection after the onset of the disease (3–5 days) 

(Portillo, et al. 2017). 
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The DNA amplification of rickettsiae is fundamental to the characterization of the 

Rickettsia species.  

 

 

 

Figure 8. Time points of rickettsiosis diagnostic tests used for laboratory confirmation. PCR-based 

detection is the primary method for the early detection of rickettsiae infection before the development 

of detectable antibodies (2 to 10 days pos-infection). Although the serologic cross-reactivity within 

Rickettsia groups, rickettsial diagnosis is usually made by serological tests, however, antibodies are 

not detectable until 7 to 10 days after infection. Rickettsia spp. can be isolated from blood but clearly 

depends on the timing of their collection after the onset of the disease (3–5 days). Adapted from Portillo, 

et al. 2017. 
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THESIS SCOPE

 

 Challenges are associated with assessing and controlling VBD for which an animal 

host is a major component and even more so when multiple host species can have 

epidemiologically significant roles. Vector-borne diseases represent a worldwide threat of 

being responsible for more than 17% of all infectious diseases, causing more than 700 000 

deaths annually (WHO, 2020).  

 Rickettsia is a vector-borne pathogen distributed worldwide, that requires a 

competent vector and a host to survive. Ticks are considered reservoirs of most species of 

Rickettsia and the role of domestic and synanthropic mammals as reservoirs are difficult to 

assess. This pathogenic agent is listed as a communicable infectious disease and is 

expected to constitute an increasing burden to societies due to the behavioral changes’ 

habits (increasing travel and nature recreational activities), climate alterations and an 

increased elderly society (Source: European Centre for Disease Prevention and Control 

(ECDC),2013). 

 Domestic and synanthropic animals are highly exposed to infected ectoparasites, 

and as such they are extremely useful as sentinels for rickettsial circulation in a 

geographical region and consequently for rickettsiosis surveillance in humans. Although it 

is known that different rickettsial species are responsible for several organic failures, clinical 

diagnosis in animals is challenging, since other vector-borne pathogens can cause similar 

clinical signs. The interactions between rickettsiae and the animal host intracellular 

environment that determine the different pathogenicity of rickettsia infection in animals when 

compared with humans remain elusive. 

Therefore, the present study is focused on bringing new insights into the characterization 

of the role and susceptibility of domestic and synanthropic animals to SFGR and other tick-

borne pathogens infection and in the eco-epidemiological interaction between hosts, 

vectors, and pathogens. 

 

To achieve these objectives several specific goals were pursued, particularly: 

1. To identify and characterize Rickettsia species circulating in pet and free-

roaming dogs and cats from Luanda, Angola. This issue was addressed by 

screening blood specimens for the presence of rickettsiae and sequence to 

identify the species circulating in this city. 
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2. To investigate the exposure to SFGR among a group of pet dogs and cats from 

Luanda, Angola.  

3. To ascertain the exposure to SFGR among humans with unknown fever origin.  

These two topics were approached by a study on the prevalence of antibodies against 

SFGR in dogs, cats, and humans using an in-house immunofluorescence assay.  

4. To identify and characterize Rickettsia species circulating in dogs of Portugal. 

To answer this question Portuguese dogs' blood specimens were tested for the 

presence of rickettsiae and sequence to identify the species circulating among 

the dog population of Portugal. 

5. To elucidate the pathogenic role of SFGR in dogs infected only with these 

bacteria or co-infected with other TBP. This goal was accomplished by the 

screening of SFGR blood infected dogs to other TBP in search for an association 

with the vector and hematological and biochemical abnormalities.  

6. To identify and characterize Rickettsia species in ticks, fleas and tissues 

collected from hedgehogs Erinaceus europeus of Portugal. To do so, during 3 

years (2017 – 2019), ticks and fleas were collected from hedgehogs that arrive 

at the rescue and rehabilitation center and screened for the presence of 

rickettsiae. From all dead hedgehog sent to veterinary histopathology laboratory 

from ICBAS-UP were collected tissues at necropsy and tested for the presence 

of this bacteria. 

7. To identify and characterize Rickettsia species in ticks collected from imported 

spur-thighed tortoises (Testudo graeca) in Qatar. 

8. To identify and characterize Rickettsia species circulating in cattle and ticks from 

Huambo, Angola. 

Ticks and blood collected from domestic and synanthropic animals across several 

countries were screened for the presence of rickettsiae and sequence to identify the 

species circulating. 

We expect that the results from this study may contribute to expanding our 

understanding of the complex network of rickettsiae-vector-animal host interactions and 

may provide new insights into the potential role of domestic and synanthropic animals 

in rickettsial disease.



 

 

 

 

 

 

CHAPTER III 

SEROLOGICAL AND MOLECULAR DETECTION OF SPOTTED FEVER GROUP 

RICKETTSIA IN A GROUP OF PET DOGS FROM LUANDA, ANGOLA (PAPER I) 
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Molecular detection of the flea-borne Rickettsia asembonensis 

in ectoparasites collected from rescued hedgehogs (Erinaceus 

europaeus) in Portugal 

 

Abstract 

Hedgehogs (Erinaceus europaeus) are wild mammals that frequently are 

observed near residential areas. The aim of this study was to investigate ticks and fleas 

collected from European hedgehogs in Portugal and to evaluate the prevalence of 

Rickettsia infection on those ectoparasites. Ticks and fleas were identified by 

morphological and molecular methods, and molecular detection by PCR and genotypic 

characterization of Rickettsia spp. was performed targeting ompB, ompA and gltA gene 

fragments. A total of 1892 ticks and 213 fleas were collected from 33 rescued European 

hedgehogs captured in seven districts of the North and Centre of Portugal. Two tick 

species were identified and Rhipicephalus sanguineus sensu lato account for 90.9% 

(n=1719) of the total ticks collected and 9.1% (n=173) were Ixodes hexagonus. All 

fleas were identified as Archaeopsylla erinacei. Regarding pathogen detection, R. 

massiliae DNA was found in 22 of the 212 tested R. sanguineus s.l. None of the 48 I. 

hexagonus tested showed to be positive for rickettsiae. Rickettsia asembonensis DNA 

was identified in A. erinacei fleas (n=55). These results show that European hedgehogs 

are exposed to R. massiliae via infected ticks and to R. asembonensis via infected fleas 

suggesting that these mammals might be involved in the natural transmission cycle of 

these Rickettsia species.  

 

Keywords: Rickettsia asembonensis; Archaeopsylla erinacei; Rhipicephalus 

sanguineus sensu lato; Hedgehog; Portugal 
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Introduction 

The European hedgehog (Erinaceus europaeus Linnaeus, 1758) is a nocturnal 

and terrestrial insectivorous mammal that lives in many European countries. Although 

hedgehogs live in a wide variety of habitats, they are very well adapted to urban 

peridomestic environments such as gardens and parks (Speck et al. 2013). 

Furthermore, hedgehogs are often adopted and raised as pets at home. Hedgehogs can 

carry a large diversity of ectoparasites such as hard ticks (Acari: Ixodidae) and fleas that 

act as reservoirs and vectors in the transmission of tick and flea-borne pathogens to 

humans (De Sousa et al. 2006b; Marie et al. 2012; Orkun et al. 2019). The most common 

tick species collected from hedgehogs are Ixodes hexagonus (also known as the 

hedgehog tick), I. ricinus, and Rhipicephalus sanguineus sensu lato (Jahfari et al. 2017; 

Khaldi et al. 2012; Marie et al. 2012; Szekeres et al. 2019). Of these, I. ricinus and R. 

sanguineus s.l. are well-known vectors for human and animal bacterial, viral and parasitic 

pathogenic agents. Rhipicephalus sanguineus s.l. is the main vector of Rickettsia conorii, 

a spotted fever group (SFG) Rickettsia which causes Mediterranean spotted fever, one 

of the most severe rickettsioses in the Mediterranean basin (de Sousa et al. 2003). 

Rickettsia massiliae, a less pathogenic rickettsia also found infecting R. sanguineus s.l. 

ticks removed from hedgehogs (Khaldi et al. 2012; Marie et al. 2012), has been 

sporadically implicated in human disease (Cascio et al. 2013; Eremeeva et al. 2006; 

Fernandez-Soto et al. 2006; Garcia-Garcia et al. 2010; Vitale et al. 2006; Zaharia et al. 

2016). 

  Apart from ticks, hedgehogs are often parasitized by flea species, and the most 

common is Archaeopsylla erinacei. Fleas also have an important role in the transmission 

of several pathogens to man, causing a range of mild to severe diseases (Bitam et al. 

2010). Rickettsia felis-like organisms (RFLOs) such as R. asembonensis and 

Candidatus Rickettsia senegalensis have also been described in different fleas species 

collected mostly in non-European countries (Hornok et al. 2018a; Jiang et al. 2013). 

Although RFLOs are phylogenetically related to R. felis, they display considerable 

genetic heterogeneity, therefore, therefore being proposed as new species (Maina et al. 

2019). Rickettsia felis causes disease in humans,  but the pathogenicity of RFLOs still 

not very well defined (Maina et al. 2019).  

 Diagnostic tests of hedgehog carcasses revealed the presence of a wide range 

of tick-borne bacteria (Szekeres et al. 2019). However, to date, it is not clear whether 

hedgehogs develop disease from any of these tick-borne agents nor whether they can 

function as a vertebrate reservoir of these pathogenic bacteria. 
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Since in Portugal rickettsiae are one of the most important tick-borne pathogens 

causing disease in humans and no systematic surveys on ectoparasites carried by 

hedgehogs have been performed, the aim of this study was to characterize which tick 

and fleas species are parasitizing hedgehogs in Portugal and identify which Rickettsia 

spp. are circulating in those arthropods. 

 

Materials and Methods 

 

Animals, ectoparasites and tissue sampling 

From January 2017 to October 2018, a total of 51 hedgehogs (E. europaeus) captured 

in the North and Centre of Portugal were rescued and treated in a Rescue and 

Rehabilitation Centre (RRC) located in Porto, Portugal. A standard procedure adopted 

by the RRC upon arrival of the animals is the removal of all ectoparasites. Ticks and 

fleas were collected from each animal using forceps and stored in 70% ethanol at room 

temperature until further processing. Whenever available, a maximum of 10 ticks and 10 

fleas from each animal were submitted for DNA extraction. Additionally, during this 

period, all deceased hedgehogs (n=11) infested by ectoparasites housed at the RRC 

were necropsied at the Veterinary Pathology Laboratory of ICBAS-UP. All liver and lung 

samples were collected and stored at −20°C for further processing. 

 

Morphological and molecular identification of ticks and fleas 

Ticks and fleas were identified to species level based on the morphological characters 

and through taxonomic keys (Estrada-Peña et al. 2004; Zurita et al. 2018). To confirm 

tick and flea species identification by molecular methods, DNA was extracted and a 

conventional PCR targeting mitochondrial genes was performed on a randomly selected 

sample of ticks (n=10 R. sanguineus s.l. and n=5 I. hexagonus) and fleas (n=6). DNA 

was extracted using alkaline hydrolysis procedure according to previously described 

methods (Schouls et al. 1999). For tick identification a conventional PCR reaction 

targeting a partial region of the 16S rDNA was performed, as previously described (Black 

and Piesman 1994). Regarding the fleas, PCR was performed targeting a fragment of 

780-bp region of the cytochrome oxidase subunit II (Cox-2) mitochondrial gene using the 

primers set F-Leu/R-Lys (Zhu et al. 2015), as previously described (Hornok et al. 2018b). 
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Tissue DNA extraction 

DNA extraction from hedgehog organs (lung and liver) was performed using the 

EXTRACTME® DNA tissue kit (Blirt, Trzy Lipy, Poland), according to manufacturer’s 

instructions and DNA was stored at −20°C for further analysis. 

 

Molecular detection of Rickettsia spp. 

DNA extracted from ticks, fleas, pulmonary and hepatic tissues were screened for 

Rickettsia spp. (SFG and TG) using a conventional PCR, targeting a 511-bp fragment of 

the rickettsial outer membrane protein B (ompB) gene, using the primer set OR/OF, as 

previously described (Choi et al. 2005). To confirm positive results, ticks and fleas were 

then tested for citrate synthase (gltA) rickettsial gene, which amplifies a fragment of 381-

bp (Regnery et al. 1991). 

For fleas, for a more detailed characterization we additionally tested for 17-kDa protein 

(htrA) gene that amplifies a fragment of 434-bp (Labruna et al. 2007), and outer 

membrane protein A (ompA) gene that amplifies 532-bp fragment (Regnery et al. 1991). 

For each set of reactions, a negative and positive control (R. rickettsii) was included. 

Each PCR reaction volume of 25µl contained 5.4 µl molecular biology grade water 

(Sigma), 12.5µl master mix including 5x GoTaq® Flexi buffer, MgCl2 25mM and PCR 

nucleotide Mix 0.2 mM each, 1 µl of each primer (10 µM) and 0.1 µl of GoTaq DNA 

polymerase and 5 µl of template.   

All positive amplicons were purified with ExoSAP-IT® (Affymetrix, Santa Clara, CA, USA) 

and sequencing was performed for both strands of PCR products by Sanger method, 

using the respective primers of different target genes.  

Mitochondrial 16S rDNA, Cox-2 and Rickettsia partial gene sequences were manually 

corrected, trimmed using the BioEdit Sequence Alignment Editor v 7.1.9 software and 

further analysis was performed by comparison with the sequences available in the NCBI 

(GenBank) nucleotide database (http://blast.ncbi.nlm.nih.gov/Blast). 

 

Results 

 

From January 2017 to October 2018, 33 (65%) E. europaeus hedgehogs rescued 

by RRC from seven districts of the North and Centre of Portugal were infested with ticks 

and fleas (Fig). 

http://blast.ncbi.nlm.nih.gov/Blast
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A total of 1892 ticks and 213 fleas were collected from these mammals. Out of 

the total, 17 hedgehogs were parasitized only with ticks (52%), seven only with fleas 

(21%) and nine with mixed infestation (27%) (Table).  

From the total number of ticks collected, 1719 (90.9%) were identified as R. sanguineus 

s.l. and 173 (9.1%) were I. hexagonus. Of the total of R. sanguineus s.l., 1693 (98.5%) 

were adults (n=919 males, n=774 females) and 26 larvae. Among the I. hexagonus, 144 

(83%) were female, 11 nymphs and 18 larvae. The tick infestation per hedgehog ranged 

from 2 to 374 specimens. All fleas were identified as A. erinacei (n=213). The number of 

fleas collected per hedgehog ranged from 1 to 63.  

Molecular detection and sequence analysis of mitochondrial gene confirmed 

previous morphological identification of R. sanguineus s.l., I. hexagonus and A. erinacei 

in all the specimens tested. The analysis of R. sanguineus s.l. partial 16S rDNA 

mitochondrial tick gene sequences obtained showed 100% (328/328 bp) identity with R. 

sanguineus s.l. temperate lineage from Portugal (MF425945) in 7 of the 10 tested 

Rhipicephalus ticks. The sequence analysis of the other three Rhipicephalus ticks were 

not able to identify species. 

Regarding I. hexagonus, all five sequences obtained in our study were identical and, 

when compared with GenBank database, showed 100% (283/283 bp) identity with I. 

hexagonus previously described in ticks collected in foxes from Croatia (KY962076), 

Romania (KY962063) and Bosnia-Herzegovina (KY962057).  

The results of Rickettsia detection and species characterization are regarding a sub-

sample of the total ectoparasites collected. We identified R. massiliae in 22 of the 212 

R. sanguineus s.l. tested and R. asembonensis in 55 of the 117 tested fleas (Table 1). 

None of the I. hexagonus tested was found infected with rickettsiae.  
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Figure. Map distribution in Portugal mainland of hedgehogs’ collection sites. In brackets 

(n) is represented the number of hedgehogs rescued in that district.  

Viana do Castelo (VC); Braga (B); Porto (P); Aveiro (A); Viseu (V); Leiria (L); Coimbra (C) 

 

 The comparison of our R. massiliae sequences (ompB sequence gene 

fragment) with other available sequences in GenBank database showed 100% (511/511 

bp) identity to R. massiliae MTU5 strain (AF123714) previously described in France. 

Analysis of the ompB gene fragment sequences of the positive fleas showed 100% 

(341/341bp) identity with R. asembonensis detected in Thailand (MH523411), Peru 

(MH523410), Texas (MH325379), Malaysia (MH281711), and Brazil (KY445724). Since 

it was the first time that we detect this Rickettsia species in Portugal we have additionally 

confirmed our results with the characterization of gltA and htrA genes, but no 

amplification was obtained for ompA gene. Rickettsia DNA was not detected in any of 

the tissue specimens collected from the 11 dead hedgehogs.  

GenBank accession numbers of partial sequences obtained in this study are: MK731995 

to MK731999 (16S rDNA fragment of I. hexagonus); MK732008 to MK732015 (16S rDNA 

fragment of R. sanguineus s.l.); MK732016 to MK732024 (ompB gene fragment of R. 

asembonensis) and MK732025 to MK732033 (gltA gene fragment of R. asembonensis) 

and MK862568 to MK862573 (htrA gene fragment of R. asembonensis).  
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Tabela. Rickettsia spp. detection in Rhipicephalus sanguineus s.l., I. hexagonus and A. erinacei collected from 33 hedgehogs from Portugal, 2017-

2018. 
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Discussion 

 

This research describes the results of a 22-month survey (Jan 2017-Oct 2018) 

regarding the characterization of ticks and fleas collected from rescued hedgehogs and 

reports the first identification of R. asembonensis in fleas in Portugal.  

Ticks and fleas were collected from 33 hedgehogs rescued in seven districts in the North 

and Centre of Portugal. Two ixodidae species, R. sanguineus s.l. and I. hexagonus, were 

morphologically and genetically identified. Rhipicephalus sanguineus s.l. was the most 

prevalent tick species, accounting for 90.9 % of ticks collected. Rhipicephalus 

sanguineus s.l. has a worldwide distribution and in Portugal, it is the most abundant 

species (Sanches et al. 2018). This tick species is very well adapted to the different 

ecological niches, and parasitizes a wide variety of wild and domestic animal hosts (Dantas-

Torres et al. 2011).  

Ixodes hexagonus is mainly found on carnivores and is geographically distributed 

across the Paleartic region (Estrada-Pena et al. 2017). The nidicolous behaviour of I. 

hexagonus, particularly of immature stages, supports the activity of all stages in the same 

host, place and throughout the entire year (Santos-Silva et al. 2011). In our study we 

corroborate this fact, as we found hedgehogs parasitized by all tick stages in different 

seasons of the year. In Europe I. hexagonus usually infests medium-size mammals that 

have a permanent dwelling such as carnivores (i.e. foxes, dogs, cats), mustelids and 

insectivores (hedgehogs) (Bernasconi et al. 1997). In Portugal, according to a nationwide 

network for surveillance program, most of the I. hexagonus have been collected from dogs, 

but this fact is most probably related to accessibility to collect ticks from domestic animals 

compared to those collected in wild animals. The same observation was also reported for I. 

hexagonus collected from dogs and cats in other European countries (Krol et al. 2016). 

Our findings are in agreement with studies performed in France (Marie et al. 2012) 

and in Algeria (Khaldi et al. 2012) but in contrast with a Belgian investigation (Jahfari et al. 

2017), in which R. sanguineus s.l. was not detected in hedgehogs.  

Of the total number of R. sanguineus s.l. analyzed, 10% were infected with Rickettsia. In all 

Rickettsia-positive ticks, we identified R. massiliae. Considered a mild pathogenic 

Rickettsia, it has been associated with only a few human cases in Europe such as Italy 

(Cascio et al. 2013), France (Vitale et al. 2006), and Romania (Zaharia et al. 2016). 

Rickettsia massiliae was detected in Portugal for the first time in 1995 and different surveys 

performed in ticks collected from vegetation, humans and animals have estimated an overall 

percentage of R. sanguineus s.l. infected with R. massiliae of about 4 to 18% (Bacellar et 
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al. 1995). A similar finding reported that 11.2% of R sanguineus collected from Catalonia, 

Spain were infected with R. massiliae (Beati et al. 1996).  

All I. hexagonus tested in our study were negative for Rickettsia spp. However, other studies 

have described R. helvetica detection in I. hexagonus collected from Belgian hedgehogs 

(Jahfari et al. 2017). 

Concerning the findings of the study related to the fleas, we report for the first time 

the presence of R. asembonensis in fleas collected in Portugal. Rickettsia asembonensis, 

a RFLO from SFGR was identified for the first time in Kenya, and since then has been 

reported within Africa, Asia, Middle East, America and Europe (Maina et al. 2019). 

Rickettsia asembonensis species have been isolated from the cat flea Ctenocephalides 

felis, but has also been detected in other flea species and association with other arthropods 

such as ticks (Dall’Agnol et al. 2017; Troyo et al. 2016), and tropical rat mites from Senegal 

(Mediannikov et al. 2012). The prevalence of infection (43%) detected in our study was 

lower when compared with the prevalence (96%) found in the same A. erinacei flea species 

collected in hedgehogs from Germany (Gilles et al. 2009). 

Although the flea species was the same as in fleas from the German study, the fact that our 

prevalence was lower could be related to environmental conditions or host abundance. 

Rickettsia asembonensis groups genetically related to other RFLOs that have been 

described worldwide such as Rickettsia sp. cf1 and 5 from South Carolina (Reeves et al. 

2005), Rickettsia sp. SE313 from Egypt (Loftis et al. 2006), Rickettsia sp. ARV5606 in Peru 

(Forshey et al. 2010), and Rickettsia sp. Hf56-2 from Germany (Gilles et al. 2009). Although 

the full pathogenic spectrum of RFLOs remains unknown, there is a report of DNA detection 

of RFLOs (Rickettsia sp. RF2125) in the blood sample of one Malaysian patient with clinical 

symptoms (Kho et al. 2016). That fact is not surprising considering that closely related R. 

felis has been associated with human disease.  

We were unable to identify Rickettsia DNA in hedgehog tissue specimens. However, 

in previous studies, the molecular detection of infectious agents in hedgehog tissue samples 

suggested that these mammals may play a role in the transmission cycle and can develop 

transient rickettsiemia infecting non-infected ticks that parasitize these hosts (Skuballa et 

al. 2010; Szekeres et al. 2019). A larger study would be required to more accurately 

determine the prevalence and distribution of vector-borne agents carried by these mammals 

in Portugal. Nevertheless, the results of this study seem to indicate that rickettsiae are 

important pathogens carried by hedgehogs ectoparasites in Portugal.  

The detection of R. asembonensis brings to 11 the number of S F G  Rickettsia 

species found in ticks (R. conorii, R. mongolitimonae, R. slovaca, R. aeschlimannii, R. 

helvetica, R. massiliae, R. monacensis, R. raoulti; R.lusitaniae) (Bacellar et al. 1995; de 

Sousa et al. 2006a; Milhano et al. 2010; Milhano et al. 2014; Sousa et al. 2008) and fleas 
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(R. felis) (De Sousa et al. 2006b) in Portugal. Surveillance and understanding the potential 

tick and flea-borne pathogen transmission/infection routes for humans are fundamental to 

mitigate public health impact of vector-borne diseases. In Portugal, the nationwide network 

for surveillance of mosquito and ticks has been extremely important not only to identify the 

vector species but also to identify pathogens that are circulating in those vectors and can 

be transmitted to man. Be aware of which pathogens are circulating in each country can 

help to improve our perception and identification of clinical manifestations that can be 

related to these pathogens. The fact that until today we have detected two species of 

Rickettsia (R. felis and R. asembonensis) in fleas collected from hedgehogs can be a 

warning that these hosts can be important in the spread of fleas and their pathogens for 

humans. Bearing in mind that hedgehogs are very well adapted to urban peridomestic 

environments such as gardens and parks (Speck et al. 2013) and are often adopted and 

raised as pets at home. 
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Molecular identification and characterization of Rickettsia spp. and 

other tick-borne pathogens in cattle and their ticks from Huambo, 

Angola 

 

Abstract 

Ticks are one of the most common vectors of a broad variety of pathogenic agents 

that significantly affects cattle production causing reduced productivity and important 

economic losses, while simultaneously having an impact on human health due to the 

zoonotic risk. In much of the territory of Angola urban population has grown rapidly in recent 

decades, sharing today close contact with large farms that are generally owned by city 

residents, providing the ideal conditions for vector-borne pathogens (VBP) transmission 

between animals and humans. Here we studied the occurrence of Rickettsia, Anaplasma, 

Ehrlichia, Babesia and Theileria in domestic cattle (n=98) from Huambo, Angola, and their 

ticks (n=116) to obtain a more detailed knowledge into the spectrum of tick-borne agents 

circulating in this population. We morphologically identified Amblyomma spp., Hyalomma 

spp. and Rhipicephalus spp. ticks, of which A. variegatum were further confirmed by 

molecular analysis of the 12sRNA and 16sRNA genes. Although none of the bovine blood 

showed to be positive for rickettsiae by the ompB, ompA and gltA assays, 5 ticks showed 

to be positive for R. africae by both the ompB and the ompA PCRs. By using a PCR targeting 

the 16sRNA gene of Anaplama spp. we have also obtained 6 bovine blood samples 

showing 99-100% nucleotide sequence identity with A. capra, 2 showing 98% nucleotide 

sequence identity with A. phagocytophilum, and 3 showing 98-100% nucleotide sequence 

identity with A. platys. Four additional 18sRNA sequences were also retrieved from bovine 

blood showing 100% identity with Theileria mutans.  

The present study shows the presence of a wide range of vector-borne diseases in domestic 

cattle and their ticks in Huambo province, Angola. Given the lack of both animal and human 

health infrastructures in this rural region, swift diagnosis and treatment are hampered which 

could produce a more severe impact on health.  

 

Keywords: Rickettsia africae; Bovine; Amblyomma variegatum; Theileria mutans; 

Anaplasma 
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1. Introduction 

A high percentage of human diseases arise from domestic animals and/or wildlife, many 

of which require hematophagous arthropods for the transmission (WHO, 2017). Several 

variables are contributing to disease emergence that ultimately, can lead to zoonotic 

transmission pathways, such as importation of domestic animals, the introduction of 

invasive species, or even alteration of natural habitats through deforestation (Pongsiri et al., 

2009). The loss of biodiversity is known to trigger increased parasitism and to expand the 

contact zones between synanthropic animals and humans (Patz et al., 2000). This mutual 

contact can result in a higher host diversity for ectoparasites or the development of new 

reservoirs for pathogens (Patz et al., 2000).  

Ticks are one of the most common vectors of a broad variety of pathogenic agents that 

significantly affect cattle production, causing reduced productivity and important economic 

losses (Jongejan and Uilenberg, 2004a). Under suitable conditions, their extremely high 

reproductive output can generate high levels of transmission when pathogens are present. 

The intimate contact with humans implicates a higher interspecies transmission risk due to 

the potential zoonotic character of many of these infectious agents (Rizzoli et al., 2014). 

The ability of ticks to transmit multiple types of emerging pathogens, such as Rickettsia, 

Anaplasma, Ehrlichia, Babesia, and Theileria, may be partially responsible for their 

prominence as a vector of emerging zoonotic diseases (Chen et al., 2014). 

Tick-borne rickettsiosis, are among the oldest known vector-borne zoonotic diseases, being 

caused by obligate intracellular Gram-negative bacteria belonging to the spotted fever 

group (SFG) of the genus Rickettsia (Parola et al., 2005). In Africa, several rickettsial strains 

have been isolated and detected from ticks and vertebrate animals (Abdel-Shafy et al., 

2012). Among these, R. africae, the etiological agent of African tick-bite fever (ATBF), is the 

most common (Parola et al., 2013). The main tick-vectors of R. africae are A. hebraeum in 

Southern Africa and A. variegatum in West, Central, and Eastern Africa (Mediannikov et al., 

2010).  Cattle remain as important hosts for both A. hebraeum and A. variegatum, and there 

is evidence that they may play a role in the maintenance of human pathogenic rickettsiae 

(Kelly et al., 1996). 

Anaplasma and Ehrlichia genera are obligate intracellular bacteria that exhibit 

unique cell tropisms in vertebrate hosts and, depending on the species, for different cells of 

the hematopoietic lineage. Both are transmitted to a wide range of animals and humans by 

various tick species (Battilani et al., 2017), resulting in considerable economic losses in the 

livestock industry and serious public health concerns (Kivaria, 2006).  
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Babesia and Theileria genera are protozoan parasites that infect erythrocytes of a 

variety of vertebrate hosts, namely cattle. These parasites are transmitted by Ixodid ticks. 

Economic damage is determined not only by the animals’ illness but also by a huge decline 

in productivity. In most cases, these protozoan diseases manifest themselves as a mixed 

and often latent invasion, which complicates diagnosis, treatment, and measures for its 

elimination (Homer et al., 2000). 

The aim of our study was to investigate the occurrence of Rickettsia spp., as well as other 

tick-borne pathogens namely Anaplasma, Ehrlichia, Babesia and Theileria in domestic 

cattle from Huambo province (Angola) and their ticks, to obtain a more detailed knowledge 

into the spectrum of tick-borne agents circulating in this host population. 

 

2. Materials and Methods 

 

2.1. Study area 

Huambo is a province of Angola, situated in the Central region at approximately 450 km 

east of the capital, Luanda. It borders with the province of Kuanza Sul to the Northwest, Bie 

to the North and East, Benguela to the West, and Huila to the South. Overall temperature 

can average between 18 to 23℃ during the year, while the average maximum daily 

temperatures fall between 25 and 27℃ and the average minimum are between 11 and 13℃. 

Relative humidity varies between 60 and 70% during the year, being January the most 

humid month. Most rain falls during the warmer summer months particularly, between 

October and April.  

 

2.2. Animals and ectoparasites sampling 

In January 2019 (rainy season), EDTA-anticoagulated blood specimens (n=98) and adult 

ticks (n=116) were collected from extensive farming cattle (BhramanxSanga crossbreeds) 

in the municipalities of Huambo (13°0'0" S, 15°49'60" E), Caála (13°10’0” S,  15°30’0” E), 

Tchicala Tcholohanga (13°0'0" S, 15°49'60" E) and Londuimbali (13°0'0" S, 15°49'60" E), 

at the province of Huambo (Fig 1). Blood was aseptically collected from the jugular vein and 

immediately transferred into 9ml EDTA-containing tubes (Vacuette,Greiner Bio-One, 

Austria). The samples were kept in a cooled box and transported to the laboratory, where 

they were stored at 4°C until DNA extraction is performed. Ticks were collected from each 

animal using forceps and stored in 70% ethanol at room temperature until further 

processing.  
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Figure 1. Study area with Huambo sampling location municipalities, Angola. 

A - Caala; B – Huambo; C – Londuimbali; D - Tchicala Tcholohanga; H - Huambo 

 

2.3. DNA extraction and tick morphological identification 

Blood DNA extraction was performed using the EZNA Tissue DNA kit (Omega®, Geórgia, 

EUA) and CITOGENE – Genomic DNA Purification Kit (Citomed, Lisboa, Portugal), 

according to manufacturer’s instructions. DNA was stored at −20°C until further analysis.  

Ticks were identified to genus level based on the morphological characters and using 

taxonomic keys (Walker et al., 2014). After ticks were separated by genera, 9 ticks of each 

genus were individually tested by PCR for species confirmation. Tick DNA was extracted 

using alkaline hydrolysis procedure, according to previously described methods (Schouls 

et al., 1999) and stored at −20°C until further analysis. For tick species identification, 

conventional PCR reactions targeting partial regions of the mitochondrial genes 12S 

ribosomal (r)DNA (Szabó et al., 2005) and 16S rDNA (Black and Piesman, 1994) were 

performed as previously described. 
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2.4. Molecular detection of Rickettsia, Ehrlichia, Anaplasma, Babesia and 

Theileria 

DNA extracted from blood and ticks were screened for Rickettsia spp. using a nested PCR, 

targeting a 511-bp fragment of the rickettsial outer membrane protein B (ompB) gene (Choi 

et al., 2005). For the first round, the outer primers rompB-OF and rompB-OR were used in 

both blood and tick extracts. A second round was performed in blood and tick samples with 

the internal primers rompB SFG-IF and rompB SFG/TG-IR which amplify a 420-bp fragment 

as previously described (Regnery et al., 1991). Further characterization of a partial outer 

membrane protein A (ompA) gene region (Regnery et al., 1991) and of the complete citrate 

synthase (gltA) gene (Shpynov et al., 2009) were also performed. For each reaction, water, 

and R. rickettsii genomic DNA were included as negative and positive controls, respectively. 

For the detection of Ehrlichia and Anaplasma, DNA specimens were tested targeting a 345 

bp fragment of the 16S rRNA gene (Gal et al., 2008). A. capra (Yang et al., 2016) and A. 

phagocytophilum (Kawahara et al., 2006) specific reactions were also performed. For the 

detection of Babesia and Theileria, DNA specimens were tested by a conventional PCR 

targeting a fragment (408 bp) of the 18S rRNA gene (Olmeda et al., 1997). All PCR reaction 

volumes contained 0.4 µl molecular biology grade water (Sigma), 12.5µl master mix 

including 5x GoTaq® Flexi buffer, MgCl2 25mM and PCR nucleotide Mix 0.2 mM each, 1 

µl of each primer (10 µM) and 0.1 µl of GoTaq DNA polymerase and 10 µl of template.   

All positive amplicons were purified with Exo/SAP Go – PCR purification kit (Grisp, Porto, 

Portugal), and sequencing was performed for both strands of PCR products by Sanger 

method, using the respective primers of different target genes. All primers used in this study 

are described in table 1. 

Sequences were manually corrected using the BioEdit Sequence Alignment Editor 

v 7.1.9 software and further analysis was performed by comparison with the sequences 

available in the NCBI (GenBank) nucleotide database (http://blast.ncbi.nlm.nih.gov/Blast).  

 

 

 

3. Results 

From the total 116 ticks collected, 11 (10%) were morphologically identified as 

Amblyomma spp., 27 (23%) as Hyalomma spp., and 78 (67%) as Rhipicephalus spp. 

Molecular detection and sequence analysis of 5 of the 9 Amblyomma ticks showed an 

identity of 99.67% with A. variegatum (HQ856466) for 12S rDNA mitochondrial gene and 
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identity of 97.55% with A. variegatum (L34312) for 16S rDNA mitochondrial gene. The 

remaining Amblyomma, Hyalomma, and Riphicephalus sequences were not retrieved. 

No blood sample was found positive for rickettsiae by using the ompB, the ompA, and the 

gltA PCR assays. On the other hand, 5 ticks showed to be positive using the ompB assay. 

All the ompB positive ticks were A. variegatum. Further characterization of the tick ompB 

sequences showed an identity between 99.76 and 100% with R. africae (KX227791) from 

Kenya.  

When screening ticks for the ompA region, 5 showed to be positive. The five ompA positive 

ticks were the same ompB positives. Further characterization of the ompA sequences 

showed that all sequences were identical, sharing the highest identity (99.8%) with R. 

africae (MH751466).  

Regarding the screening for Ehrlichia and Anaplasma genera 16S rRNA, 11/98 (11%) of 

the blood DNA specimens amplified an approximate 345 bp fragment. The sequence 

analysis of these retrieved 16S rRNA partial sequences showed that 6 (54%) had a 

homology between 99 and 100% with A. capra (LC432114) from South Korea, 2 (18%) had 

a 97.96% homology with A. phagocytophilum (KX810088) from China, and 3 (27%) showed 

homology between 98 and 100% with A. platys (KX818218, MN922611, KX792011) from 

India, Greece, and Uruguay. Amplification by specific A. capra and A. phagocytophilum 

assays was attempted however no sequence was retrieved. Screening for 

Ehrlichia/Anaplasma in ticks did not show any positive sample. 

Babesia and Theileria genera were searched for using a PCR assay that amplifies a 408 

bp fragment of the 18S rRNA gene and from the 98 blood specimens tested, 4 (4%) 

presented amplified products of the expected size. The analysis of 18S rRNA sequences 

obtained from two of the amplified blood DNA specimens showed 100% identity with T. 

mutans detected in Uganda (KU206320). The remaining Babesia/Theileria sequences were 

not retrieved. None of the ticks were infected with these protozoan parasites. 

GenBank accession numbers of partial Rickettsia sequences obtained in this study are 

MT085828 to MT085833 (ompB gene fragment of R. africae) and MT085823 to MT085827 

(ompA gene fragment of R. africae). 

 

4. Discussion 

In the present study, molecular techniques were employed to survey clinically 

healthy Huambo cattle blood and ticks for Rickettsiae, Anaplasmataceae bacteria, Babesia 

and Theileria protozoan. Morphological characterization of the collected ticks showed that 

bovine from Huambo province, Angola, were parasitized with Amblyomma spp., Hyalomma 

spp. and Rhipicephalus spp. ticks. Molecular confirmation was achieved for A. variegatum 
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ticks. A. variegatum (Acari: Ixodidae) is among the most important and widely distributed 

ticks of African livestock (Estrada-Pena et al., 2007). This tick species is widely distributed 

in the Caribbean Basin, in sub-Saharan Africa and Atlantic and Indian Ocean islands and 

tolerates a large climatic and environmental range from dry savannahs to more humid 

sylvatic regions (Cicculli et al., 2019). A. variegatum adults are associated with the 

transmission of various pathogenic infectious agents causing a significant decline in 

livestock production by reducing growth and milk production and causing mortality (De 

Meneghi et al., 2016). This tick species is a natural vector of several species of rickettsiae, 

namely R. africae, the agent of ATBF in humans, in Africa (Jongejan and Uilenberg, 2004b; 

Kelly et al., 1996). In fact, R. africae, transovarial, and transtadial transmission (Socolovschi 

et al., 2009) makes A. variegatum a major threat in the dissemination of ATBF. Our findings 

of both ompB and ompA R. africae nucleotide sequences in A. variegatum ticks shows that 

this zoonotic pathogen is present in domestic animals that are in close and frequent contact 

with humans in Angola. Interestingly, despite the genetic characterization of partial ompB 

and ompA genes, gltA gene sequences were not retrieved in any of the Rickettsia positive 

ticks. The failure of rickettsial genes sequence retrieval has been previously described as 

a possibility in the SFGR molecular characterization (Nakao et al., 2013; Ngwamidiba et al., 

2006). This could be explained by the degree of sequence heterogeneity in this Rickettsia 

species which could generate mismatches in primer annealing (Thu et al., 2019). In 

accordance with our results, the detection of R. africae in A. variegatum ticks from sub-

Saharan African countries was also demonstrated by other reports, namely in Nigeria 

(Lorusso et al., 2013), Cameroon (Ndip et al., 2004), Mali and Niger (Parola and Raoult, 

2001).  

Our findings extend knowledge about the geographic range and dynamics of this 

pathogen in A. variegatum ticks in the African continent. It is noteworthy that no R. africae 

sequences were detected in bovine blood, similarly with studies on other R. species 

(Edwards et al., 2011). A R. parkeri experimentally infected bovine study demonstrated the 

occurrence of seroconversion but the development of a short-lasting rickettsiemia (Edwards 

et al., 2011). In a parallel field study by the same authors (Edwards et al., 2011), 

rickettsiemia was not found in cattle, suggesting that livestock only play a critical role in tick 

feeding and mobility, and maintenance of Rickettsia spp. by vertical and transstadial 

transmission. 

Also, some degree of genetic resistance to this pathogen might be present in Huambo local 

and crossbreed bovine, however further studies are needed to confirm this hypothesis. 

Regarding the detection of Ehrlichia and Anaplasma, all positive blood samples 

showed to belong to the Anaplasma genus, with 6 (54%) showing identity between 99 and 

100% with A. capra (LC432114) from South Korea, 2 (18%) an 97.96% identity with A. 
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phagocytophilum (KX810088) from China, and 3 (27%) an identity between 98 and 100% 

with A. platys (KX818218, MN922611, KX792011) from India, Greece, and Uruguay. The 

percentage of Anaplasma spp. blood positive cattle herein described is in accordance with 

other studies (Eisawi et al., 2020; Sadeddine et al., 2019). Curiously and contrarily to 

previous studies in African countries (Matsimbe et al., 2017; Ogo et al., 2012), we could not 

amplify Anaplasma spp. in any of the tick species.  

Notably, the three Anaplasma species amplified in our study are recognized as 

zoonotic agents and have been found to cause human disease (Arraga-Alvarado et al., 

2014; Dumler et al., 2005; Li et al., 2015). In ruminants, A. phagocytophilum is the causative 

agent of tick-borne fever mostly characterized by fever, anorexia, dullness, and reduced 

milk production (Woldehiwet, 2006). No apparent clinical signs are exhibited by ruminants 

infected with A. platys, suggesting limited pathogenicity by this infectious agent in these 

animals (Ben Said et al., 2017). Although asymptomatic in goats, a recent study suggests 

ruminants as reservoirs for A. capra (Yang et al., 2017). 

Concerning the screening of Babesia/Theileria piroplasmida, only two (2%) blood 

samples showed to be positive, both sharing 100% identity with T. mutans detected in 

Uganda (KU206320). T. mutans is an Amblyomma spp.-transmitted (Zhang et al., 2015), 

mildly pathogenic intracellular apicomplexan protozoan parasite, infecting leukocytes and 

erythrocytes in cattle and known to cause significant economic losses to farmers. Unlike 

our results, T. mutans has previously been detected in cattle from African countries in a 

high percentage, namely in cattle from Cameroon (92.2%) (Abanda et al., 2019), Tanzania 

(68.6%) (Ringo et al., 2018), Sudan (32%) (Mohamed et al., 2018) and Zambia (54.5%) 

(Tembo et al., 2018). Nevertheless, in none of the ticks included in our study T. mutans was 

detected which is concordant with studies that demonstrated low percentages of T. mutans 

is ticks from Benin (Adjou Moumouni et al., 2018), Ethiopia (Guo et al., 2019) and South 

Africa (Tomassone et al., 2012). 

In the present study, we demonstrate the circulation of R. africae in A. variegatum 

ticks, as well as A. capra, A. phagocytophilum, A. platys and T. mutans in bovine from 

Huambo province in Angola. In Huambo, the urban population has grown rapidly in recent 

decades, sharing today close contact with large farms that are generally owned by city 

residents. This provides the ideal conditions for VBDs transmission between animals and 

humans, warranting the implementation of tick control strategies. Further studies on the 

human population living close to these animals should be performed in order to measure 

the risk for zoonotic events and evaluate the disease burden. 

In conclusion, the present study shows the presence of a wide range of vector-borne 

diseases in domestic cattle and their ticks in Huambo province, Angola. Given the lack of 



The role of domestic and synanthropic animals in Rickettsia 

infection - an eco-epidemiological and molecular study    PATRÍCIA FERREIRA BARRADAS 

126 

both animal and human health infrastructures in this region, swift diagnosis and treatment 

are hampered which can produce a more severe impact on public health. 
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 Rickettsiae are obligate intracellular bacteria characterized by a complex life cycles 

in a diversity of hosts (Parola et al. 2013). Rickettsia spp. are best known as human 

pathogens vectored mainly by hematophagous arthropods, causing public health concerns 

in many countries around the world (Oteo and Portillo 2012; Parola, et al. 2013).  

 In Portugal, MSF caused by the complex R. conorii is the most important TBD 

associated with severe and often fatal outcomes in humans (de Sousa et al. 2003). 

Rickettsia conorii Malish and R. conorii Israeli strains, have been isolated in humans 

(Bacellar et al. 1999), ticks (de Sousa et al. 2005; de Sousa et al. 2007) and dogs 

(Alexandre et al. 2011). Rhipicephalus sanguineus (the brown dog tick) is the main vector 

and reservoir of R. conorii (Socolovschi et al. 2012) and is by far the most abundant tick 

species found in the Iberian Peninsula (Nava et al. 2018). 

 To complete and expand the existing studies in Portugal, one initial focus of this 

project was to investigate rickettsiae seroepidemiology in dogs (Paper IV). A high 

percentage of seroreactive shelter and owned dogs (69%, 103/149) were found in the 12 

Portuguese districts studied which reinforces that rickettsiae are widespread in Portuguese 

dogs. This evidence was already proposed by other authors however, in this previous 

research, rickettsiae canine seroprevalence was only investigated in two districts restricted 

to the south of the country (Setúbal and Faro) (Alexandre et al. 2011; Bacellar et al. 1995). 

Taken together, these findings support the hypothesis that Portugal could be endemic for 

canine SFGR, posing a considerable risk of infection to humans (de Sousa, et al. 2007). 

 Rickettsiae high seroprevalences in domestic animals were also found in other 

European countries (Diakou et al. 2019; Pennisi et al. 2012; Solano-Gallego et al. 2006; 

Wachter et al. 2015) and in several continents such as Africa (Barbieri et al. 2014; Bennett 

et al. 2017; Eisawi et al. 2017; Heinrich et al. 2015; Satoh et al. 2001; Soliman et al. 1989; 

von Fricken et al. 2018). Portugal shares an important historical past with Africa and 

nowadays, it still maintains a close cultural and economic proximity, reflected in frequent 

exchanges of goods as well as frequent traveling between both continents. Indeed, several 

Rickettsia spp. have been identified in the African continent with an increasing number of 

cases being described among residents and travelers (Fischer 2018).  

Information about this disease in many regions of Africa, including Angola, namely 

Luanda, which is a developing city with a constant and important presence of Portuguese 

citizens, is scarce. In this regard, important collaborations were established with the 

National Institute of Maianga-Luanda (Angola) in order to complete a seroepidemiologic 

survey in serum specimens obtained from febrile patients with malaria and yellow fever 
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already clinically and laboratory discarded (PAPER III). Although in a low percentage (3.5%, 

3/86), seroreactive human specimens were found which support a diagnosis of human 

exposure to these bacteria and highlight that rickettsioses may be a cause of unknown 

febrile syndromes in Angola. 

 On the other hand, lifestyle and sanitary conditions of the Angolan population clearly 

favor a high level of contact and proximity between humans and domestic animals, which 

potentially increases the exposure to ticks and fleas and to the pathogens that they harbor. 

Thus, serological evidence of SFG Rickettsia was also searched in owned dogs and cats 

from Luanda, Angola (PAPERS I, and II).  

 Although many of the Luanda dogs tested were parasitized with ticks, the low SFGR 

seroprevalence observed (5.8%, 6/103) could be related to low rickettsial prevalence in the 

vectors. In order to deepen this knowledge, the morphological and molecular 

characterization of tick species that parasitize dogs in this African city, as well as the 

identification of the potential Rickettsia spp. that infect these vectors would be an interesting 

issue to address in the future.  

The role of cats as an indicator of the presence of SFG rickettsiae was also a point 

focused on the research herein presented, and in contrast to the results reported by others 

(Alves et al. 2009; Matthewman et al. 1997; Segura et al. 2014), none of the Luanda cats 

tested presented antibodies against rickettsiae (PAPER II). Nevertheless, these 

investigations were performed on a different continent (Europe) and country of Africa. In 

comparison, some of the Luanda dogs tested presented seroreactivity against SFG agents. 

This difference between dogs and cats from the same geographical region might be 

explained by the different lifestyles and behaviors inherent to both species and also to their 

different degrees of exposure to some vectors.  

 Taken into account the serological cross-reactivity between SFG rickettsiae (Portillo 

et al. 2017), as well as the overlap of different rickettsiae in the same geographic regions 

(Maia et al. 2014), further efforts were made to detect and characterize circulating Rickettsia 

species in dogs from Portugal. Up to now, R. conorii was the only species described in dogs 

in our geographical location (Alexandre et al. 2011). However, our results demonstrated 

that R. massiliae (which for a long time was considered as a non-pathogenic species for 

humans) is also present in Portuguese dogs (PAPER IV). A Californian dog infected with 

R. massiliae is described in the literature, based on serological evidence (Beeler et al. 

2011). Additionally, another publication reported R. massiliae in a Spanish dog presenting 

lymphoid nodular splenic hyperplasia diagnosed through real-time blood PCR analysis 

(Movilla et al. 2017). 
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 Rickettsia spp. circulating in Luanda dogs and cats were also searched. Two dogs 

were presumptively blood PCR-positive, however, sequencing and confirmation of these 

results were not successful (PAPER I). Additionally, all the cats tested were blood PCR-

negative (PAPER II). Results from the molecular survey in dogs and cats from Luanda 

suggest low circulation levels of Rickettsia spp. and are in accordance with the 

seroepidemiological results above presented in the same region. 

 To further confirm this Rickettsia spp. low-level circulation in Luanda, another group 

of stray dogs and cats from this city was also tested. Again, no rickettsiae DNA was detected 

in these animals (unpublished data, observed by Patrícia Barradas and Fátima Gärtner), 

confirming the former results obtained by our group (PAPER I and II). 

 In summary, the herein results described that R. massiliae was identified in 7% 

(14/200) of the Portuguese dogs. On the contrary, Luanda dogs presented a very low 

rickettsiae prevalence (1.4%, 2/144) and no rickettsial DNA was detected in either owned 

or stray cats.  

 The serological and molecular results of serum and blood specimens of Angola, 

raise the question if ticks and fleas species that circulate in this geographical area are in 

fact competent for this bacteria since it seems to present a low Rickettsia infection level 

(PAPERS I, II, III). Further investigations focus on these vectors are required to unravel this 

hypothesis. 

Eco-epidemiological studies of vectors-hosts-pathogen interactions are of particular 

importance for better understanding the transmission dynamics of rickettsiae. Thus, having 

explored the Rickettsia spp. present amongst the Portuguese canine population, the next 

goal was to investigate vectors (ticks and fleas). 

 During this project, all the ticks removed from Portuguese dogs and included in the 

study were morphologically and molecularly identified as Rhipicephalus sanguineus s.l. and 

a moderate percentage of these vectors yield R. massiliae DNA through PCR analysis 

(4.5%, 10/221) (PAPER IV). This evidence corroborates previous findings of REVIVE 

(National Vector Surveillance Network) project (Source: Centro de Estudos de Vectores e 

Doenças Infecciosas Doutor Francisco Cambournac (CEVDI)) which detected 55% 

(84/152) of this ixodid with R. massiliae infection. Several studies also identified R. 

massiliae infecting Ripicephalus sanguineus s.l. ticks (Beeler et al. 2011; Chisu et al. 2018; 

Chisu et al. 2017; Hazihan et al. 2019; Moraga-Fernandez et al. 2019; Pereira et al. 2018; 

Sadeddine et al. 2020). Furthermore, R. massiliae infections have been progressively 

reported in humans, detected in ticks removed from patients, biopsies of the lesions induced 

by ticks and in patients’ blood through serological and molecular analysis (Blanda et al. 
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2017; Eldin et al. 2018; Vitale et al. 2006). Ultimately, canine R. massiliae detection in dogs 

associated with pathologic conditions (mild to moderate thrombocytopenia, monocytosis 

and neutrophilia) reinforces the theory of a hypothetical pathogenic and zoonotic role for 

this particular bacterium.  

 

 

 Several domestic, wild and synanthropic animal species are considered hosts or 

sentinels of rickettsial diseases. While synanthropic, hedgehogs are likely to share habitats 

with humans and other animals, increasing the chance of Rickettsia spread into urban 

populations. Synanthropic animals live in close proximity to domestic animals and humans 

yet remaining beyond the control of the latter. European hedgehogs are urban inhabitants 

and are hosts of several ticks and flea’s species, contributing to the spread and transmission 

of tick-borne pathogens. To the best of our knowledge, no surveys addressing ticks and flea 

species carried by hedgehogs in Portugal have been published. Thus, on PAPER V this 

characterization was performed. Moreover, due to Portugal rickettsiae endemicity (de 

Sousa et al. 2003), Rickettsia spp. circulating in these arthropods were also investigated. 

In hedgehogs, the main encountered species were Rhipicephalus sanguineus s.l. and I. 

hexagonus ticks and Archaeopsylla erinacei fleas. Once again, R. massiliae DNA was 

amplified in Rhipicephalus sanguineus s.l.  but none of I. hexagonus  tested showed 

positivity for rickettsiae. Lastly, DNA from R. asembonensis, a R. felis–like organism, was 

amplified in Archaeopsylla erinacei (PAPER V). These findings suggest that European 

hedgehogs are exposed to R. massiliae via infected ticks and to R. asembonensis via 

infected fleas, implying these mammals in the natural transmission cycle of at least these 

specific species.  

During this project, Rickettsia spp. was also searched and characterized in ticks 

removed from a variety of other animal hosts. Interestingly, R. massiliae DNA was also 

found in Rhipicephalus sanguineus collected from foxes (unpublished data, observed by 

Patrícia Barradas and Fátima Gärtner), corroborating previous data recorded by a Spanish 

group (Ortuño et al. 2018). In addition, ticks morphologically classified as Argas spp. 

collected from bats of Faro and Dermacentor spp. collected from goats of Beira Alta (Viseu) 

were also investigated for the presence of rickettsiae. Nevertheless, none of these were 

found positive (unpublished data, observed by Patrícia Barradas and Fátima Gärtner). 

Curiously, these results are in clear contrast with other European investigations which 

encountered 13% of Argas vespertilionis (collected from bats), and 27% of D. reticulatus 

(collected from vegetation and several animal species) infected with rickettsiae (Hornok et 



The role of domestic and synanthropic animals in Rickettsia 

infection - an eco-epidemiological and molecular study    PATRÍCIA FERREIRA BARRADAS 

138 

al. 2019; Špitalská et al. 2012). These findings would deserve a more exhaustive study 

namely, the pursue of Rickettsia spp. in a higher number of ticks and samples.  

Respecting the line of research initially developed in terms of serology and molecular 

detection, and in order to be able to accomplish a more consistent comparative analysis, 

vectors from other continents were also tested. Ticks belonging to Rhipicephalus genus, 

collected from stray dogs of different villages of Guinea-Bissau, were analyzed without any 

positive results (unpublished data, observed by Patrícia Barradas and Rita Sousa). From 

Sao Tome and Principe Island, R. africae was amplified from Amblyomma variegatum ticks 

removed from dogs and cattle (unpublished data, observed by Patrícia Barradas and Rita 

Sousa). Amblyomma variegatum is a well-known competent vector for R. africae (Hsi et al. 

2019) and has a high affinity for humans (Parola and Raoult 2001). This evidence suggests 

that, in Sao Tome and Principe Island, the overlapping environments of stray dogs, 

domestic ruminants (cattle and goats) and humans may constitute a risk factor for both 

humans and animals to acquire this highly pathogenic Rickettsia. 

Indeed R. africae was also identified in all tested A. variegatum ticks removed from Huambo 

cattle (PAPER VII), highlighting the importance of this host in the maintenance of rickettsiae 

infection (Edwards et al. 2011). In contrast to Rhipicephalus spp., Amblyomma ticks remain 

important vectors of the pathogenic R. africae with the potential of transmitting and 

perpetuating this zoonotic disease.  

 Differences between the interaction, infection, and even transmission abilities of R. 

africae within the different tick species (Amblyomma and Rhipicephalus) also deserves 

further investigation.  

 

Globalization and international travels also contribute to pathogen and vector 

dispersion (Semenza and Suk 2018). The dissemination of vector arthropods harboring 

zoonotic pathogens such as Rickettsia, through the uncontrolled transboundary trade of 

exotic and pet animals represents a risk to public health (Kulkarni et al. 2015).  

For this reason, rickettsiae presence was investigated in Hyalomma aegyptium ticks 

obtained from imported tortoises in Qatar and R. africae and R. aeschlimanni DNA was 

detected (PAPER VI). From an epidemiological point of view, the complex ecology (life 

cycle) and the multiple hosts used by H. aegyptium should be taken into consideration when 

analyzing the circulation of pathogens in these vectors. Moreover, H. aegyptium presents 

vectorial capacity, i.e. the ability of a given vector to sustain transmission of any pathogen, 

at least for R. aeschlimannii (Bitam et al. 2009). Thus, in this paper important reminders 
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were given regarding the introduction of non‐native and non-domestic pets as vehicles of 

tick importation with animal and human pathogenic potential (PAPER VI).  

 

 As already discussed, ticks, as obligate hematophagous arthropods, act as vectors 

of a great variety of pathogenic agents. Thus, another important remark in this project was 

to identify the different TBP simultaneously present in each host (dogs, cats and cattle).  

Although co-infections can be challenging to diagnose, as clinical features often 

overlap, the importance of identifying and treating these infections is critical. For this reason, 

the occurrence of other TBP (Babesia, Ehrlichia, Anaplasma, and Hepatozoon) was also 

searched for in Rickettsia-positive Portuguese dogs.  

 Surprisingly, an important percentage of R. massiliae-positive dogs (36%, 5/14) 

were co-infected with Babesia canis vogeli (also transmitted by Rhipicephalus sanguineus 

s.l.), even though being negative for co-infections with Ehrlichia/Anaplasma and 

Hepatozoon spp. (PAPER IV). 

 R. massiliae seems to be a causative agent of mild disease status in dogs but when 

co-infected with B. canis vogeli, (considered also a mildly pathogenic agent), more severe 

thrombocytopenia and an increased level in hepatic markers were observed (PAPER IV). It 

is important to point out that this constitutes the first description of R. massiliae and B. canis 

vogeli co-infection in dogs. Both agents are globally identified (Ord and Lobo 2015) and 

therefore, are in considerable need of veterinary and public health attention, requiring close 

monitoring and effective implementation measures. 

Cats are also involved in the lifecycle and maintenance of the zoonotic bacteria 

Bartonella henselae. The Bartonella seroprevalence in cats is usually high (Al-Kappany et 

al. 2011; Alves, et al. 2009) and one of the studies conducted in this thesis in cats from 

Luanda, Angola, corroborated this evidence (PAPER II).  

 In addition to their great importance in companion animals, these diseases also 

constitute a major cause of economic losses in the livestock sector (Jongejan and Uilenberg 

2004). During this PhD project, the circulation of TBP in cattle blood from Huambo province, 

Angola, was also assessed. Our results demonstrated the circulation of Anaplasma capra, 

Anaplasma phagocytophilum, Anaplasma platys, and Theileria. mutans but not of 

rickettsiae (PAPER VII).  

Theileria mutans is a piroplasmid frequently encountered in cattle blood (Gebrekidan et al. 

2014; Mohamed et al. 2018; Oura et al. 2011) along with other bacteria like Anaplasma 

phagocytophilum and Anaplasma platys (Ben Said et al. 2018; Fernandes et al. 2019; 

Teshale et al. 2018). In African cattle, Anaplasma capra was identified for the first time 
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during the herein research (PAPER VII). Nevertheless, a thorough characterization of this 

agent is still ongoing. 

 

 

Control and surveillance of potential human tick-borne pathogen transmission and all the 

infection routes is an essential step to reduce the public health impact of VBD. This might 

be of particular importance in domestic cattle since this sector remains a valuable source 

of revenue in many countries and regions. Integrated and continuous analysis of 

epidemiological studies focus on rickettsiae and other tick-borne infections are essential to 

improve the understanding of the disease caused by these agents worldwide. Furthermore, 

the potential of imported cases associated with international travelers to endemic areas, 

along with uncontrolled transboundary trade of animals, reinforces the need for continuous 

and active surveillance and guidance.  

 

As initially planned, these doctoral studies included a final task related to the 

evaluation of R. massiliae pathophysiological effects in canine endothelial cells. 

Unfortunately, this task was hampered by the ongoing COVID-19 pandemics. 

It is well accepted that natural SFGR infection causes illness in dogs however, these 

infections remain to be fully understood (Solano-Gallego et al. 2015). Rickettsia massiliae, 

the bacterium detected in the dogs and ticks of Portugal has been documented to cause 

mild disease in humans (Vitale, et al. 2006). Pathophysiological effects of human and 

murine rickettsial infection on endothelial cells include an increase in vascular permeability, 

vascular inflammation, and pro-inflammatory cytokines production (Elghetany and Walker 

1999; Jensenius et al. 2003).  

To the best of our knowledge, nothing is known regarding the pathogenesis of 

canine spotted fever group rickettsiae infection. Future work concerning the evaluation of 

the in vitro R. massiliae infection effects on morphology and viability of endothelial cells will 

be performed. Additionally, evaluation of pro-inflammatory cytokines secreted and potential 

alterations on proteins expressed by these cells will also be investigated. 

 

Although rickettsiosis is among the oldest known VBD, research on these zoonoses 

has increased tremendously lately. In this investigation, we characterize Rickettsia spp. 

circulation using an eco-epidemiological and molecular approach.  
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 In conclusion, this dissertation contributed to the following remarks: 

1. High canine rickettsiosis seroepidemiology observed in the 12 Portuguese districts 

studied, supports the hypothesis that Portugal could be endemic for canine SFGR, 

posing a considerable risk of infection to humans. 

2. The low SFGR seroprevalence observed between canine and humans, associated 

with the lack of seroreactivity against these bacteria demonstrated in cats, could be 

due to a low level of Rickettsia infection in the involved vectors of Luanda city. 

3. Rickettsia massiliae was detected for the first time in the blood of Portuguese dogs. 

Additionally, canine co-infection with this bacteria and B. canis vogeli was 

associated with more pronounced laboratory alterations in these animals. 

4. Rhipicephalus sanguineus was the predominant tick species collected from 

hedgehogs in Portugal, infected mainly with R. massiliae. 

5. Rickettsia asembonensis was for the first time identified in Portugal and for the 

second time reported in Europe, infecting Archaeopsylla erinacei.  

6. Rickettsia africae was identified for the first time in H. aegyptium collected from 

tortoises from Qatar. 

7. Rickettsia africae was identified for the first time in A. variegatum ticks parasitizing 

cattle from Huambo, and cattle and dogs from Sao Tome and Principe Island. 

8. Anaplasma capra was detected for the first time in cattle blood from Huambo. 

 

 

 

 

Nevertheless, regarding bacterial/host interactions, two questions remain to be answered:  

1. Which are the potential molecular and pathogenic strategies used by rickettsiae 

organisms that cause endothelial cell death and injury in dogs? 

2. Which are the specific mechanisms that control canine endothelial cells (presumably 

ligand/receptor specificity) that, apparently, make some hosts less permissive or 

competent to some Rickettsia species? 
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