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การศึกษานี้มีวัตถุประสงค์เพื่อประเมินปัจจัยเส่ียงและความสัมพันธ์ระหว่างการติดเช้ือ Bartonella spp. และสถานะ

ของภูมิคุ้มกัน โดยใช้แมวที่ติดเชื้อ retrovirus เป็นแบบจำลอง และเพื่อผลิตและพัฒนารีคอมบิแนนท์โปรตีนแอนติเจนจำเพาะของ
เช้ือ B. henselae (17kDa และ GroEL) สู่ชุดตรวจ ELISA สำหรับการตรวจหาแอนติบอดีต่อการติดเช้ือ Bartonella spp. ในแมว 
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2563  โดยทำการศึกษาสถานะการติดเชื ้อ Bartonella spp. (โดยวิธี PCR และ IFA serology), การตรวจเลือด,  การติดเชื้อ 
retrovirus (FIV และ FeLV) และระดับ T lymphocyte subsets (CD4+, CD8+ และ อัตราส่วน CD4+ ต่อ CD8+) จากการศึกษา
พบความชุกของเชื้อ Bartonella spp. เท่ากับ 16.1% โดยวิธี PCR และ 94.9% โดยวิธี IFA serology และยังพบว่าแมวที่มีอายุ
มากกว่า 1 ปีมีความเส่ียงที่จะพบผลทางซีรั่มวิทยาเป็นบวกมากกว่าแมวที่อายุน้อยกว่า 1 ป ี(OR 4.296; 95%CI: 1.010 - 18.275) 
นอกจากนี้ยังพบระดับ CD8+ สูงขึ้นอย่างมีนัยสำคัญในแมวที่ให้ผลซีรั ่มวิทยาเป็นบวก  (p = 0.026) และยังพบการลดลงอย่างมี
นัยสำคัญของอัตราส่วนของ CD4+ ต่อ CD8+ ในแมวที่ติดเชื้อ Bartonella spp. ร่วมกับเชื้อ retrovirus (p = 0.041) นอกจาก
การศึกษาความชุกและปัจจัยเสี่ยงในแมวแล้วในการศึกษานี้ยังได้พัฒนาชุดทดสอบสำหรับตรวจหาแอนติบอดีต่อเชื้อ Bartonella 
spp. ในแมว โดยใช้โปรตีนจำเพาะชนิด 17-kDa และ GroEL ของเชื้อ B. henselae โดยทำการโคลนยีน 17-kDa และ groELใน
เวกเตอร์ pET28b และ pH6HTC และชักนำให้เกิดการผลิตรีคอมบิแนนท์โปรตีนโดยใช้ IPTG จากนั้นรีคอมบิแนนท์โปรตีนจะถูกทำ
ให้บริสุทธิ์โดยแอฟฟินิตี้โครมาโตกราฟีโดยใช้เมทริกซ์ชนิด HisTrap และยืนยันความสามารถการเกิดปฏิกิริยาทางภูมิคุ้มกันโดยวธิี 
immunoblot assay หลังจากนั้นใช้รีคอมบิแนนท์โปรตีนดังกล่าวที่ความเข้มข้นเท่ากับ  1.25 ไมโครกรัม/มล., ซีรั่มของแมว และ
คอนจูเกตแอนติบอดี (Goat anti-cat IgG) เจือจางที่ 1:200 และ 1: 12,000 มาพัฒนาชุดทดสอบโดยใช้หลักการอินไดเรกอีไลซ่า 
และทดสอบในตัวอย่างซีรั่มของแมวที่ได้จากภาคสนาม (ตัวอย่างซีรั่มวิทยาเป็นบวกจำนวน 12 ตัวอย่าง และตัวอย่างซีรั่มวิทยาเป็น
ลบจำนวน 7 ตัวอย่าง) โดยชุดทดสอบอีไลซ่าที่พัฒนาในการศึกษานี้สามารถให้ความไวได้ที่ 75% และ 83.33% และความจำเพาะ 
57.14% และ 71.43% ในการตรวจหาแอนติบอดีชนิด IgG ต่อรีคอมบิแนนท์โปรตีนชนิด 17-kDa และ GroEL ตามลำดับ นอกจากนี้
เมื ่อนำผลทดสอบที่เป็นบวกต่อโปรตีนอย่างน้อยหนึ่งตัวยังพบว่าให้ความไวและความจำเพาะเป็นที ่น่าพอใจ  (91.67% และ 
42.86%) โดยสรุปการศึกษานี้พบว่าแมวที่มีอายุมากกว่า 1 ปีมีความเสี่ยงสูงที่จะพบผลทางซีรั่มวิทยาเป็นบวกต่อเชื้อ Bartonella 
spp. และยังพบว่าแมวที่มีภูมิคุ ้มกันบกพร่องหรือติดเชื ้อ retrovirus อาจทำให้ การติดเชื้อBartonella spp. ในแมวแย่ลงได้
นอกจากนี้การศึกษานี้ยังสามารถแสดงความสามารถของรีคอมบิแนนท์โปรตีนชนิด 17-kDa และ GroEL ของเช้ือ B. henselae ใน
การเป็นตัวเลือกที่น่าสนใจสำหรับการพัฒนาการทดสอบทางซีรัมวิทยาต่อเชื้อ Bartonella spp. ในแมวได้อีกด้วย 
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ABSTRACT (ENGLISH) 

# # 5875515431 : MAJOR VETERINARY MEDICINE 
KEYWORD: Bartonella spp., feline retrovirus, indirect ELISA, risk factors, recombinant protein, cats 
 Krissda Boonaramrueng : DEVELOPMENT OF ELISA FOR DETECTING ANTIBODY AGAINST BARTONELLA SPP. 

SPECIFIC PROTEIN IN CATS AND ITS APPLICATION IN NATURAL INFECTION. Advisor: Assoc. Prof. ROSAMA 
PUSOONTHORNTHUM, D.V.M., M.Sc., Ph.D., DTBVM. Co-advisor: Assoc. Prof. CHANNARONG RODKHUM, D.V.M., 
Ph.D, DTBVP.,Assoc. Prof. Anchanee Kubera, B.Sc., M.Sc., Ph.D, Navapon Techakriengkrai, DVM., M.Sc., Ph.D. 

  
This study aims to evaluate the risk factor and an association between Bartonella spp. infection and immune 

status by using retroviral-infected cats as an immunocompromised model and to develop the recombinant B. henselae 
specific antigen protein (17kDa and GroEL)-based ELISA test for antibody detection against Bartonella spp. infection in cats. 
From 2017 to 2020, 161 client-owned clinical healthy cats at veterinary clinics and hospitals in the Bangkok metropolitan 
area were recruited and tested for Bartonella spp. infection statuses (PCR and IFA serology), blood profiles, feline retroviral 
statuses (FIV and FeLV), and T lymphocyte subsets (CD4+, CD8+, and CD4+ to CD8+ ratio). In this investigation, the prevalence 
of Bartonella spp. polymerase chain reaction at the veterinary clinics and hospitals in the Bangkok metropolitan area was 
16.1% and the seroprevalence was 94.9%. Cats older than one year were more at risk of being seropositive than cats 
younger than one-year-old (OR 4.296; 95%CI: 1.010 - 18.275). The CD8+ percentage was significantly higher in seropositive 
cats (p = 0.026). There was a significant reduction of CD4+ to CD8+ ratio between cats and concurrent Bartonella spp. and 
retrovirus-infected cats (p = 0.041). Regarding diagnostic tools, it is necessary to develop a sensitive diagnostic test that is 
specially developed for veterinary use to screen for bartonellosis in cats. This study used 17kDa and GroEL, B. henselae 
specific proteins (BSP), have been identified as immunodominant antigens and proposed as new diagnostic targets. These 
two genes, 17kDa and groEL were cloned in pET28b and pH6HTC vectors and expressed under IPTG induction. The 
recombinant proteins were purified by affinity chromatography using HisTrap matrix. Both purified proteins showed the 
immunoreactivity to seropositive cat serum by immunoblot assay. The 17-kDa and GroEL recombinant antigen proteins 
were also deployed to develop the antibody detection tool against Bartonella spp. infection in cats by indirect ELISA 
assay. The optimum concentrations of recombinant antigens, cat serum, and conjugated antibody (Goat anti-cat IgG) 
dilutions were 1.25 µg/ ml, 1:200, and 1: 12,000 for both newly developed ELISAs. The 17-kDa and GroEL-based ELISA were 
also tested in selected field cat sera (12 seropositive and 7 seronegative sera) and showed 75 % and 83.33 % sensitivity 
and 57.14% and 71.43% specificity in the IgG antibody detection. Moreover, the combination of positive results for at least 
one protein indicates satisfactory sensitivity and specificity (91.67 and 42.86%). In summary, this study showed a higher risk 
of seropositivity against Bartonella spp. in cats older than one-year-old and cats that were immunocompromised or 
retrovirus-infected may debilitate Bartonella spp. infection in cats. Our study also indicates that the recombinant 17-kDa 
and GroEL proteins are promising candidates for the development of serological detection tests of Bartonella spp. infection 
in cats. 
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Chapter 1 

Introduction 

1.1   Important and rationale 

 Bartonellosis is a zoonotic disease caused by Bartonella spp. infection, which 

has been reported for more than 20 species (Guptill, 2010a). Bartonella spp. is a gram-

negative bacilli, fastidious and intra-erythrocytic bacteria (Baldani et al., 2014). 

Bartonella spp. is distributed worldwide with several reports of infection in both 

human and other mammal species, especially in cats (Guptill, 2010a; Sykes and 

Chomel, 2014). More than 10 Bartonella species have been reported with human 

infection potential (Guptill, 2010a; Baldani et al., 2014). Bartonella spp. can cause a 

wide variety of diseases in humans, especially in immunocompromised patients 

(Koehler, 2008). In human patients with severe immunosuppression due to human 

immunodeficiency virus (HIV) infection, organ transplantation, or chemotherapy, 

Bartonella spp. infection has been reported as the cause of vascular proliferative lesion 

called bacillary angiomatosis (BA) and usually developed at the late stage of infection 

(Koehler, 2008). In Thailand, Bartonella spp. in HIV-infected patients have been 

reported since 2008 (Paitoonpong et al., 2008).  

 In contrast to humans, feline bartonellosis is usually a subclinical bacteremic 

stage, though it could easily spread infection worldwide. The prevalence of 

Bartonellosis in cats is varying from zero up to 90% in some areas. In Thailand, almost 

30% of cats were reported to be bacteremic (Maruyama et al., 2001), either by 
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polymerase chain reaction (PCR) or bacterial culture in which around 15% resided in 

the Bangkok area (Maruyama et al., 2001; Inoue et al., 2009; Assarasakorn et al., 2012). 

Similar to humans, feline immunodeficiency virus (FIV) and feline leukemia virus (FeLV) 

infection, commonly known as immunosuppressive diseases in cats (Hosie et al., 2009; 

Lutz et al., 2009), have also been considered as a risk factor for clinical feline 

bartonellosis. Several investigators have studied the relationships of bartonellosis in 

cats and these infections (Glaus et al., 1997; Buchmann et al., 2010). However, they 

could not find any FIV/FeLV influences on Bartonella spp. infection in cats (Glaus et 

al., 1997; Buchmann et al., 2010).  

 Diagnosis of Bartonella spp. in both cats and humans are rather challenging as 

there is no single test, which can prove clinical bartonellosis. A combination of 

consistent clinical abnormalities and the presence of Bartonella spp. in the blood is 

required for the clinical confirmation (Agan and Dolan, 2002). However, Bartonella spp. 

are fastidious, they require a special environment and prolong incubation period for 

culture and specific equipment and primer for DNA detection. Though, the 

combination of clinical suspicion and the positive serological test is the main criteria 

of clinical human bartonellosis, although being seropositive may not be interpreted as 

an active infection (Agan and Dolan, 2002; Guptill, 2010a). On the other hand, it is 

difficult to interpret serological test in cats due to the high seroprevalence in cat 

population, notably in Thailand with warm and humid environment (Guptill, 2010a; 

Sykes and Chomel, 2014).  
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 Many serologic methods have been developed for cat scratch disease (CSD) 

diagnosis such as Immunofluorescence assays (IFA), enzyme-linked immunosorbent 

assays (ELISA), and western blot. According to IFA-based test, the sensitivity was vary 

between 14%- 100% and specificity was varied between 34% and 100% (Sander et al., 

2001). Variation of the results have been described by difference of antigen 

preparation. IFA using non-cocultivated Bartonella henselae cells was found lower 

antibody titer than IFA using co-cultivated Bartonella henselae with Vero cells 

(Tsuneoka et al., 1998). Moreover, different culture conditions might affect the antigens' 

expression (Sander et al., 2001). Serological investigations by ELISA method were 

reported as high specificity (90%-99%) and variable sensitivity (10%-95%). Using 

Bartonella henselae whole-cell antigen for western blot analysis, multiple protein 

bands were recognized as immunoreactivity but variation of immunoreactivity profiles 

in each sample were noticed (Sander et al., 2001). Nevertheless, using specific proteins 

antigen of Bartonella henselae, recombinant 17-kDa B. henselae antigen protein, the 

agreement between western blot and IFA method was 92% with IFA-positive human 

serum samples and 88% for IFA-negative human serum samples (Anderson et al., 

1995). Furthermore, the sensitivity and specificity of ELISA based test using 

recombinant 17-kDa B. henselae antigen protein were 71.1% and 93.0%, respectively 

(Loa et al., 2006). Besides using single 17-kDa of B. henselae antigen protein, a 

combination with recombinant Chaperonin GroEL (GroEL) B. henselae antigen protein 

was conducted. A sensitivity of 82.8% and a specificity of 83.9% of combination of 
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recombinant 17-kDa and GroEL B. henselae antigen protein ELISA test were observed 

in human serum samples (Ferrara et al., 2014). 

 According to the variation of diagnosis test for Bartonella spp. infection in both 

human and cats, this study aim to develop the recombinant protein expression 

protocol of 17-kDa and GroEL B. henselae antigen protein and apply to ELISA-based 

test for B. henselae infection in cats. This study also proposes to investigate an 

association between B. henselae infection and feline immunodeficiency virus, (FIV) 

infection in cats, together with their immune and clinical status. 

1.2   Literature review  

 1.2.1   History   

 Bartonella bacilliformis is the first recognized species in this genus.  

B. bacilliformis was reported by Alberto Barton, Peruvian microbiologist, in 1909 

(Barton, 1909). This species was reported as endemic infection is south America and 

caused 2 forms of clinical symptoms, Oroya fever and Carrion’s disease.  

A phylogenetic analysis of the citrate synthase enzyme (gltA) sequence shows a deep 

ancestral lineage for B. bacilliformis (Saenz et al., 2007; Minnick and Anderson, 2015). 

Furthermore, there were some historical reports that showed the mimicked sign of this 

infection, called verruga peruana, since pre-Inca period (Schultz, 1968). In addition, one 

of landmarks of B. baciliformis discovery is the experiment by Daniel A. Carrión, Peru 

medical student. He did a proof of association between Oroya fever and Carrion’s 

disease. Thus, this disease was named after him (Schultz, 1968). 
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 However, the most ancient evidence of Bartonella spp. infection in human was 

discovered in 4,000-year-old dental pulp of primitive human remains (Drancourt et al., 

2005; Fournier et al., 2015). Bartonella quintana was recognized in that study. It was 

believed that body louse-transmitted was a major route of infection in that historical 

period (Fournier et al., 2015). Later, Bartonella quintana was report in as  

a causative of Trench fever which had been reported since world war I. Furthermore, 

this fever still found and reported after the World war I. 

 In contrast, the most earlier report of cat scratch disease, which cause by 

Bartonella henselae, is addressed by Robert Debré (Debré, 1950). However, the 

causative agent still not recognized in that period. It took several years until 1991-1992. 

Gram-negative bacillus was addressed. However, earlier agent was falsely informed as 

Afipia felis. Then, there were evidence that promoted Rochalimaea henselae as a 

causative agent. In 1993, the genera Bartonella, Grahamella and Rochalimaea were 

proposed to combine as Bartonella genus (Brenner et al., 1993). Bartonella genus 

which had single species for decade, have been gradually found more variety of 

species.  

 1.2.2   Bacteriology  

Bartonella spp. is bacteria member of Phylum Proteobacteria, class 

Alphaproteobacteria, order Rhizobiales, family Bartonellaceae, and the genus 

Bartonella. Bartonella spp. infects a variety of mammalian host species. Different 

Bartonella spp. have adapted to specific hosts and can occasionally cause disease in 
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incidental hosts (Sykes and Chomel, 2014). Nowadays, there are reports more 45 

species and 5 subspecies (Okaro et al., 2017; Gutiérrez et al., 2020). Moreover, 

Bartonella is still expanding their animal reservoirs and arthropod vectors ranges. A 

variety of animal species has been identified as reservoir hosts, including rodents, bats, 

terrestrial animals, and marine animals, such as beluga whales and sea turtles (Okaro 

et al., 2017). 

Bartonella species are gram-negative bacilli or coccobacilli, fastidious and 

intraerythrocytic bacteria (Inoue et al., 2009; Baldani et al., 2014). The Gram and 

Gimenez stain are acceptable used but these are not stained well with safranin and 

not stained with acid fast (Okaro et al., 2017). Bartonella colonies are tiny which 

growing between 0.2-1 mm in diameter. After several passages, morphology and 

character of these bacteria may changeable. Colonies may show smooth surface and 

more fast-growing than early passages. Conventional biochemical tests for bacterial 

identification are not helpful for these bacteria (Minnick and Anderson, 2015). Some 

Bartonella species have been reported that may have flagella and pili even though 

most of them are not motile(Minnick and Anderson, 2015). These organisms are 

cultivable but require heme from the enriched-media or their erythrocyte’s host. 

Bartonella species carry a single, circular chromosome and varies in size. The 

average of chromosome is 1.9±0.5 Mbp. Rodent-related species have been reported 

to have larger genome than human-specific species (B. bacilliformis). The shorter size 

is reported that relate with distinctive genetic features such as intracellular niche and 
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specialized host species (Moran, 2002; Minnick and Anderson, 2015). Most of Bartonella 

species have a VirB/VirD4 type IV secretion system (T4SS), and a Trw T4SS (Dehio, 2005; 

Okaro et al., 2017).  Surface appendages of some Bartonella species are known as 

comprised of trimeric autotransporter adhesins (TAAs). However, there are reports that 

some species may have plasmids and episomal DNA elements in them.  While the 

plasmids’ functions are still not well described, episomal DNA elements are proposed 

their relationship with the evolution of these organisms. Bartonella bacteriophage-like 

particles (BLP) are result from episomal DNA elements and proposed as horizontal 

gene transfer (Okaro et al., 2017). 

 1.2.3   Epidemiology 

 Many Bartonella species are well-adapted to wild range of animal, including 

cats, dogs, rabbits, deer, elk, foxes, coyotes, ruminants, bats, rodents, and marine 

animals, such as beluga whales and sea turtles (Guptill, 2010a; Baldani et al., 2014; 

Okaro et al., 2017). In comparison to other vector-borne diseases, Bartonella species 

can transmitted to several hosts as reservoir and accidental host. Prolonged 

bacteremia in clinically normal reservoir hosts is considered as key of increasing 

chances of blood-sucking arthropods for uptake the organism to transmit to other 

hosts (Baldani et al., 2014). For examples, Cats considered as a primary reservoir for 

many species including, B. henselae, B. claridigeae, and B. koehlerae. Coyotes and 

dogs are considered mammalian reservoirs for B. vinsonii subsp. Berkhoffii. B. 

bacilliformis and B. quintana, are known as only two species infect in human as 
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reservoir host. However, co-infection of more than one species is showed in cats, dogs, 

cattle, and rodents. Recently, diverse, and novel species of Bartonella have been 

reported in bats as reservoir. 

 Nowadays, Bartonella species are considered as emerging pathogens.  

B. bacilliformis, B. quintana, and B. henselae are major pathogens in human 

bartonellosis (Okaro et al., 2017). There was a study in Veterinarians who were 

determined high risk to Bartonella spp. exposure. There were the two third of 

veterinarian who were seropositive to at least one Bartonella spp. and the half of 

them were seropositive to more than one species (Oteo et al., 2017). Among patients 

presenting with fever of unknown origin, 18% of patients had evidence of infection 

detected by culture, IFA, or PCR (Koehler et al., 2003). Furthermore, 3% of patients 

had evidence of both HIV and Bartonella spp. infection (Koehler et al., 2003). In South 

Africa, there were 10% of outpatient who were bacteremia by PCR technique from HIV 

clinic (Frean et al., 2002). These relationship between HIV and Bartonella spp. infection 

was also shown. There were 4/5 HIV patients had concordant genome pattern to their 

companion cats (Chang et al., 2002). 

 Bartonella bacilliformis have the sandfly (Lutzomyia verrucarum) as vectors 

and endemic in Andes Mountains in Peru (Guptill, 2010a; Okaro et al., 2017).  

B. bacilliformis infections in South America have numerous outbreak reports in the last 

20 years and occur in lower altitudes and in historically non-endemic areas (Minnick 

and Anderson, 2015). Related sand flies were reported to associated with these 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

18 

outbreaks. There was study showed that the incident of B. bacilliformis infection was 

12.7 per 100 person-years and found the highest rate in children under 5 years 

(Chamberlin et al., 2002). The insecticide application is the best control for  

B. bacilliformis infections (Chamberlin et al., 2002).  

 In contrast to B. bacilliformis, B. quintana are worldwide distribution and have 

human body lice (Pediculus humanusi) as vectors. Poor sanitation environments, such 

as war zone are key of transmission (Guptill, 2010a; Okaro et al., 2017).  

B. quintana were found 20% in Seattle, USA, 14% in France, and 34.5% in Japan in 

homeless people with body lice (Jackson et al., 1996; Brouqui et al., 1999; Sasaki et 

al., 2021). B. quintana were also reported 10% in people who abused intravenous 

drugs in Baltimore, USA (Comer et al., 1996). In addition, the prevalence were highest 

(86.5%) in people who worked with lice in a laboratory (Brouqui et al., 1999).  

Moreover, B. quintana are associated with endocarditis in people. Among 48 cases of 

Bartonella-associated endocarditis were B. quintana for 38 cases and B. henselae for 

10 cases. In patients with B. quintana endocarditis, 57.8% were homeless, 60.5% were 

alcoholic, and 36.1% had contact with body lice. Fever (89.5%) and aortic valve-

involvement (65.8%) were common characters of patients (Fournier et al., 2001). 

Furthermore, B. quintana were also reported as the cause of endocarditis in dogs (Kelly 

et al., 2006). In addition, B. quintana were also related with baciliary angiomatosis and 

lymphadenopathy in HIV-infected people (Foucault et al., 2006). 
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 In case of B. henselae, it is worldwide distribution and linked to cats as primary 

reservoirs. The major vectors are cat fleas (Ctenocephalides felis). Higher prevalence 

of B. henselae have been reported in humid and warm climate areas which promote 

fleas’ growth (Guptill, 2010a; Okaro et al., 2017).   Prevalence of Bartonella species in 

cats is varying from zero up to 90% in some area. In Thailand, almost 30% of cats were 

reported to be bacteremic (Maruyama et al., 2001), either by polymerase chain reaction 

(PCR) or bacterial culture in which are 10.4%-27.6% (Maruyama et al., 2001; Inoue et 

al., 2009; Assarasakorn et al., 2012). In human, there are 5.5% of Immunoglobulin G 

(IgG) seropositive and 1.2% of IgM seropositive in Thai blood donor group (Maruyama 

et al., 2000a).  The incidence of cat scratch disease was reported as 3.7 cases/ 100,000 

persons in USA and 2,000  cases/y  or 12.5 cases/ 100,000  persons in Netherland 

(Chomel et al., 2004). Furthermore, two genotype of B. henseale were described. There 

were suggestions that genotype I was more frequently observed in humans whereas 

most of the cats were infected with genotype II. However, one study showed that 

European and American isolates of both human and feline origins were genotype II 

and isolates from Asian and Australian were genotype I (Bouchouicha et al., 2009).  

 Besides the three species, there are more than 20 rodent-borne Bartonella spp. 

were also reported. The prevalence in rodents was vary between zero to 90% in some 

area or countries (Gutiérrez et al., 2015a). There are more than 98 rodent species were 

reported as reservoirs of many Bartonella species and variants. At least 6 rodent-borne 

species were reported the association with human illnesses, including B. grahamii,  
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B. elizabethae, B. tribocorum, B. vinsonii subsp. arupensis, B. washoensis, and  

B. tamiae (Buffet et al., 2013). The diversity symptoms were reported as  endocarditis 

(Daly et al., 1993; Fenollar et al., 2005), myocarditis (Kosoy et al., 2003), fever and 

neurologic disorders (Welch et al., 1999), intraocular neuroretinitis (Kerkhoff et al., 

1999), meningitis (Probert et al., 2009), splenomegaly (Eremeeva et al., 2007), and 

lymphadenopathy (Buffet et al., 2013; Oksi et al., 2013). For B. elizabethae, this species 

was noticed in homeless and IV drug users. One third of drug users were seropositive 

to B. elizabethae in Baltimore, 39% in Stockholm, and 46% in New York. However, 

only 12.5% in homeless people in Los Angelis were seropositive (Chomel et al., 2004).  

 1.2.4   Transmission and pathogenesis 

Overall, the infection cycle of Bartonella spp. begins with inoculation by 

bloodsucking arthropods, such as fleas in cats. Following, the Bartonellae establish the 

primary niche. The Bartonellae are released into the circulation from the primary niche 

and invade erythrocytes in a series of processes spanning from adhesion to invasion 

and intracellular persistence, allowing for continuous vector transmission (Eicher and 

Dehio, 2012; Harms and Dehio, 2012). 

One of the cornerstones of Bartonella spp. infection is the persistence of 

Bartonella spp. in a primary niche before intraerythrocyte-stage infection (Eicher and 

Dehio, 2012; Harms and Dehio, 2012). Despite the fact that there is no proof of how 

this stage works, endothelial cells and migratory cells are thought to be crucial cells 

in this step. Lymphocytes or mononuclear phagocytes might be the migratory cells of 
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Bartonella transport, demonstrating how B. henselae can endure the macrophage 

destruction for few days. In murine model, B. henselae infection demonstrated that 

transportation might take place through the lymphatic system and lymphocytes or 

mononuclear phagocytes. Other investigations have suggested that hematopoietic 

progenitor cells or erythroblast cells, which are nucleated progenitors of erythrocytes, 

are parts of the primary niche. (Eicher and Dehio, 2012; Harms and Dehio, 2012).  

The recurrence of Bartonella infections in reservoir hosts, cats, and following 

treatment or clearance by the host immune system suggests that the primary niche is 

preserved. However, it is unclear in general features of Bartonella infections that 

periodic seeding of bacteria from the primary niche into the circulation over several-

day intervals. Several In vitro investigations have shown that B. henselae may infect a 

variety of cell types, including endothelial cells, endothelial progenitor cells, epithelial 

cells, hematopoietic progenitor cells, and monocytes/macrophages, including 

microglial cells (Eicher and Dehio, 2012; Harms and Dehio, 2012). These characters 

might be linked to a number of illnesses and symptoms. The interaction of Bartonella 

spp. with nucleated host cells (especially endothelial cells) has been extensively 

investigated as a vital function in primary niche colonization and may potentially be 

involved in secondary colonization. 

After colonizing, the bacteria are injected into the circulation from the primary 

niche, where they invade erythrocytes by adhesion, deformation, invasion, and 

eventually intraerythrocytic persistence. Adhesion was discovered to be an important 
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element in host specificity. (Seubert et al., 2001; Harms and Dehio, 2012). It is clear 

that partners may act as receptors in the adhesion process. Actin, α and β subunits of 

spectrin, Band 3 protein, glycophorin A, and monomeric and dimeric glycophorin B 

have all been linked to deformation and invasion phases. The Band 3 protein binds 

the erythrocyte membrane to the underlying spectrin-actin cytoskeletal network. 

Pathogenic parasites frequently use disconnection of this network to degrade surface 

integrity. At the areas where B. henselae attached, erythrocytes acquired progressive 

indentations and invaginations. The invasion site has not been resolved and continues 

to supply entrance points for Bartonella. Deformin, a bacterial factor, has also been 

shown to be released into the erythrocyte membrane, causing membrane 

invaginations (Harms and Dehio, 2012). Its mechanism, however, remains unclear. 

Intraerythrocytic persistence of Bartonella spp. did not appear to reduce erythrocyte 

life span. In cats, the proportion of infected erythrocytes ranges from 1% to 5%. 

Bacteremia progresses differently depending on the Bartonella and host species, 

immune status, and infection stage.  

1.2.4.1   Immune Evasion and Immunomodulation 

Bartonella spp. uses an "anti-immunology" strategy to escape a host 

immune response and colonize the intraerythrocytic niche. Bartonella can avoid 

detection as a bacterial pathogen by hiding and modifying pathogen associated 

molecular patterns (PAMPs) such as lipopolysaccharides (LPS) or flagella. Current 

evidence strongly shows that Bartonella stimulates IL-10 production as part of its 
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immunological regulation. This cytokine responds by inhibiting the functioning of 

multiple immune cells, interfering with both innate and adaptive immunity (Dehio, 

2004; Eicher and Dehio, 2012; Harms and Dehio, 2012). 

 1.2.4.2   Virulence factors  

  1.2.4.2.1   Trimeric autotransporter adhesins (TAAs) 

Trimeric autotransporter adhesins (TAAs), well-known gram-negative bacteria 

virulence factors, are significant in pathogens like Yersinia (YadA), Haemophilus (Hia), 

and Neisseria (NadA). TAAs bind to host proteins on cell surfaces, in the extracellular 

matrix (ECM), or as circulating factors. (Harms and Dehio, 2012). BadA, a trimeric 

autotransporter adhesin of Bartonella henselae, forms 240 nm long hair-like filament 

trimers on the bacterial surface. BadA plays an important role in bacterial 

autoagglutination, adhesion to host cells inhibition of phagocytosis, and proangiogenic 

transcriptional program in target cells. (Dehio, 2004; Eicher and Dehio, 2012; Harms and 

Dehio, 2012). 

1.2.4.2.2   VirB-like Type IV secretion systems 

The VirB/D4 T4SS and Bartonella effector proteins 

The VirB/D4 T4SS of Bartonella is one of the most notable virulence factors. 

The VirB/D4 T4SS obviously plays an important role during infections with a wide range 

of Bartonella species by translocating Beps (Bartonella effector proteins) into host 

cell.   Although several subgroups of Beps have been described, comparisons across 

subsets are unclear. The VirB/D4 T4SS and Beps   modify the cellular activities and 
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manage an intracellular niche. (Schulein and Dehio, 2002; Dehio, 2005; Harms and 

Dehio, 2012). 

The Trw T4SS  

 Trw T4SS is associated with erythrocyte infection rather than primary niche, 

and also control specificity adhesion process to the host' s erythrocyte of Bartonella 

spp. (Dehio, 2001; Harms and Dehio, 2012). 

Outer membrane proteins  

According to current research, outer membrane proteins, particularly OMP43, 

might perform as adhesions. One or more Bartonella outer membrane proteins 

contribute to host cell adhesion and contact-dependent proinflammatory activation 

in endothelial cells. (Dehio, 2004; Harms and Dehio, 2012). 

GroEL  

 GroEL are a conserved family of chaperonins whose purpose is to regulate 

protein folding and relevance during infection is not understand.  GroEL was 

discovered to be immunogenic and localize to the outer membrane of B. henselae. In 

addition, Bartonella GroEL serves as a mitogenic and antiapoptotic factors (Harms and 

Dehio, 2012). 

Autotransporters and filamentous hemagglutinins 

 Classical autotransporters are similar to TAAs and are important virulence 

factors of various bacterial pathogens. However, autotransporters during Bartonella 
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pathogenesis remain mystery. Filamentous hemagglutinins are secreted and very 

similar to that for classical autotransporters (Eicher and Dehio, 2012). 

Hemin binding proteins (Hbps) 

 The hemin binding proteins (Hbps) of Bartonella are a collection of porin-like 

outer membrane proteins that bind hemin on the bacterial surface. The lack of 

antigenicity of Hbp may be a factor of Bartonella reservoir host adaptation. (Harms 

and Dehio, 2012). 

 1.2.5   Human bartonellosis 

People infected with Bartonella spp. infection are suffering from various clinical 

illnesses. However, Immunocompetent individuals may have more localized and self-

limited illness. The common symptoms in humans are cat scratch disease (CSD), 

bacillary angiomatosis, peliosis, relapsing fever with bacteremia, endocarditis, optic 

neuritis, pulmonary, hepatic, and splenic granulomas; osteomyelitis and many others 

(Massei et al., 2000; Massei et al., 2004; Florin et al., 2008; Guptill, 2010a). However, 

infections in immunocompromised individuals may debilitate and can be fatal.  

1.2.5.1   Disease in immunocompetent patients 

 Carrion’s disease, cat-scratch disease, chronic lymphadenopathy, and trench 

fever are commonly known diseases of Bartonella spp. infection. Other symptoms that 

have been recorded include culture-negative endocarditis, bacilliary angiomatosis, 

bacilliary peliosis, vasculitis, and uveitis (Cheslock and Embers, 2019). Recently, many 

idiopathic disorders, such as hallucinations, weight loss, muscular exhaustion, partial 
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paralysis, pediatric acute-onset neuropsychiatric syndrome (PANS), and other 

neurological symptoms, have been identified (Cheslock and Embers, 2019). The 

likelihood of this pathogen's involvement in breast tumorigenesis is concerning and 

need more investigation (Cheslock and Embers, 2019).  

 Carrion's disease can be classified into two clinical stages, including acute and 

chronic stages (Maguiña et al., 2009). The acute form of the disease (Oroya fever) is 

characterized by fever, hemolytic anemia, headache, pallor, myalgia, and arthralgia. 

This form is often seen in non-native populations in the endemic area. Oroya fever 

lasts between 1 and 4 weeks and can range from mild to deadly. In untreated patients, 

mortality rates could range from 44% to 88%. The prevalence of secondary infection 

is linked to the majority of death. Salmonellosis, various bacteria, mycobacteria, 

protozoa (Toxoplasma and amoebae), fungus (Histoplasma, Pneumocystis), and 

viruses such as herpes and hepatitis B are the opportunistic pathogens. Infection during 

pregnancy can cause transplacental infection, which can result in fetal mortality, 

abortion, and maternal death (Maguiña et al., 2009; Scorpio and Dumler, 2015). The 

second phase, known as verruga peruana, occurs between 2 weeks and several years 

following the acute phase and is recognized by cutaneous nodular angioproliferative 

lesions. Chronic bacteremia usually occurs in people from endemic area. These lesions 

can last for several months, but the prognosis for complete healing is promising at this 

point. When the eruptions arise, they are typically accompanied with minor clinical 

symptoms such as fever, malaise, osteoarticular pain, and headache. Lesions could 
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vary in size and number and may show as red or purple papules. Nodules often bleed 

easily, also known as "blood warts". Three classical types of lesions have been 

recognized: miliary form (<3mm), mular form (>5mm), and diffuse form. Verruga 

peruana eruptive lesions usually resolve on their own, however these might take a 

lengthy period. Recurrent lesions are uncommon (Maguiña et al., 2009).  

 Trench fever is generally not deadly. The incubation period ranges from 5 to 

20 days. This symptom is distinguished by three to five febrile episodes and prolonged 

4 to 5 days in each.  Severe headaches, shin pain, lethargy, anorexia, stomach 

discomfort, restlessness, and insomnia are common clinical signs. One of the most 

causes of culture-negative endocarditis in patients is B. quintana endocarditis. 

Homeless people have been reported to develop Bartonella endocarditis. B quintana, 

B henselae, or both are the most common causes of Bartonella endocarditis (Maguiña 

et al., 2009; Scorpio and Dumler, 2015) 

 Cat scratch disease, CSD, usually presents as mild and self-limiting 

lymphadenitis. However, they may deliberate to severe and/or systemic form, 

including Parinaud's oculoglandular syndrome, encephalopathy, convulsions, 

osteomyelitis, retinitis, arthritis, hepatitis, splenitis, erythema nodosum, pulmonary 

nodules, and pleurisy (Maguiña et al., 2009). Besides B. henselae, B. clarridgeiae and 

B. grahamii might be the causing agents of CSD (Scorpio and Dumler, 2015).  

A classical CSD is characterized by a papular or pustular cutaneous lesion at the 

puncture site. Incubation period is range from 3 to 10 days after the cat scratch or bite. 
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Regional lymphadenomegaly usually develops during next 2 weeks. The 

lymphadenopathy healed after a median of 7 weeks. The suppurative 

lymphadenopathy occurs in 10% to 15% of individuals. Moreover, some patients report 

pain, weight loss, nausea, and vomiting, as well as splenomegaly and low-grade 

pyrexia. Persistent lymphadenopathy (6-24 months) may develop in 20% of individuals 

(Maguiña et al., 2009). Atypical CSD develop in about 5% - 10% of patients. Parinaud's 

oculoglandular syndrome is the most frequent. Nevertheless, retinitis, meningitis, 

encephalitis, osteolytic lesions, and thrombocytopenic purpura can also occur. 

Encephalopathy is the significant consequences of CSD. It generally starts 2 to 6 weeks 

after the onset of lymphadenopathy but frequently cure with a full recovery and few 

or no sequelae (Scorpio and Dumler, 2015). 

  1.2.5.2   Disease in immunocompromise patients 

 Infection with Bartonella spp. can cause unusual infestations in individuals with 

significant immunosuppression such as HIV infection, organ donation, or chemotherapy 

(Koehler, 2008). Bacillary angiomatosis (BA) is a kind of vascular proliferative lesion 

caused by Bartonella spp. infection in late stage of HIV infection. These vascular forms 

can arise from various organs, including skin, bone, brain parenchyma, lymph nodes, 

bone marrow, gastrointestinal and respiratory system. Skin lesions are the most often 

affected site of BA lesions. Cutaneous BA is a small dark red or purple papule. Lesions 

are also brittle and bleed easily (Maguiña et al., 2009; Scorpio and Dumler, 2015). In 

HIV-infected individuals, lytic bone lesion should be considered osseous BA as a 
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primary differential diagnosis. Other forms of BA in HIV-infected patients are splenic 

and hepatic bacillary peliosis, gastrointestinal and respiratory tract bacillary 

angiomatosis, and lymph node bacillary angiomatosis. BA developed in an HIV-infected 

patient may associated with seizures and facial nerve deficit (Koehler, 2008). 

Bacteremia with or without endocarditis has also been described in HIV-infected 

people (Koehler, 2008). 

 1.2.6   Feline bartonellosis 

 Feline bartonellosis is often diagnosed as asymptomatic bacteremia, however 

infection can spread globally. Five Bartonella species, including B. henselae,  

B. clarridgeiae, B. koehlerae, B. quintana, and B. bovis, have been shown to infect cats 

naturally. Nevertheless, B. koehlerae, B. quintana, and B. bovis are infrequently 

recorded (Guptill, 2010b). In experimental cats, self-limiting febrile illness, mild to 

moderate transitory anemia, and temporary neurologic impairment were reported 

(Breitschwerdt, 2008). Most recent investigations have found that B. henselae infection 

is related with fever, lymphadenopathy, stomatitis, and gingivitis (Guptill, 2010a; 

Guptill, 2010b).  Since Bartonella bacteremia is typically persistent, numerous chronic 

disorders in cats have been hypothesized as associated bartonellosis. However, no link 

has been established between naturally infected cats and anemia, gingivostomatitis, 

neurologic disorders, or uveitis (Guptill, 2010b). Naturally, infective endocarditis is 

uncommon in cats, although a few instances have shown a relationship with Bartonella 

infection. DNA of B. henselae was found in the aortic valves of cats with endocarditis, 
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as well as endothelial cells in the myocardium (Guptill, 2010b; Sykes and Chomel, 

2014). 

 1.2.7   Bartonellosis in Dogs  

 Dogs have been reported the infection with B. henselae, B. vinsonii 

subsp.berkhoffii, B. koehlerae, B. clarridgeiae, B. elizabethae, B. washoensis, B. 

quintana, B. bovis, B. volans-like, and B. rochalimae (Brenner et al., 1993; Pérez et al., 

2011; Diniz et al., 2013; Álvarez-Fernández et al., 2018; Müller et al., 2018; Cheslock 

and Embers, 2019). Bartonella spp. is most likely transmitted between dogs by vectors 

such as fleas and ticks. Nonetheless, there is little evidence to indicate a direct 

transmission from dogs to people (Cheslock and Embers, 2019). Bartonella spp. is a 

major cause of blood-culture–negative endocarditis in dogs (Guptill, 2010a; Sykes and 

Chomel, 2014). Dogs are most usually infected with Bartonella vinsonii subsp. 

berkhoffii or B. henselae (Sykes and Chomel, 2014). Additionally, cardiac arrhythmias, 

granulomatous rhinitis, peliosis hepatis, meningoradiculoneuritis with dermatitis or 

panniculitis, and granulomatous lymphadenitis have also been related with B. vinsonii 

subsp. berkhoffii and B. henselae  (Guptill, 2010a). Even though most of these 

infections are assumed to be accidental infection, dogs are probably a reservoir of a 

few Bartonella species, B. henselae and B. vinsonii subsp. berkhoffii (Cheslock and 

Embers, 2019). 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

31 

1.2.8   Bartonellosis in other animals 

 Bartonella henselae, B. vinsonii subsp. berkhoffii, and novel Bartonella also 

been documented in horses. They may be accidental infection and transmitted 

between horses by biting flies, ticks, and lice  (Cheslock and Embers, 2019). 

Additionally, Bartonella bovis appears to be widespread in dairy and beef cattle, 

clinical problems in cattle have not been demonstrate yet. Sheep have also been 

reported the infection of B. melophagi and could be cause of  human clinical problems 

(Cheslock and Embers, 2019). Moreover, B. alsatica are found in rabbits. B. alsatica has 

been associated with blood-culture-negative endocarditis and lymphadenitis in closed 

contact people. Both sheep and rabbits are considered as reservoir for human 

(Cheslock and Embers, 2019). In addition, non-human primates have been considred 

as reservoir for human, i.e., B. quintana infection. Furthermore, there were reported 

the Bartonella spp. infection in aquatic animal; sea otter, whales, and porpoise (Guptill, 

2010a). Otherwise, a number of rodent species have been discovered to be infected 

with various Bartonella spp. and variants throughout the world. Human clinical 

symptoms, like endocarditis, have been attributed to several rodent-associated 

Bartonella spp. and variants. In recent knowledge, more than 20 species are thought 

to be rodent-associated Bartonella spp. (Gutiérrez et al., 2015a). Interestingly, while 

bats play important role in several emerging diseases, bats and bat flies are also 

thought to be infected with Bartonella spp. and reservoir for human infection(Gutiérrez 
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et al., 2015a; Bai et al., 2018). A relationship between bat and human infection were 

showed in a study from Bai et al. (2018).  

 1.2.9   Diagnosis 

 Diagnosis of B. henselae infection in both cats and human are challenging 

because there is no single test result can prove clinical bartonellosis. The combination 

of consistent clinical abnormalities and detection of B.henselae. presence are used 

(Agan and Dolan, 2002). Although serology test may not interpret as active infection 

but these methods are the main stays of diagnosis in human medicine (Agan and Dolan, 

2002). On the other hand, it is difficult to interpret serology test in cat’s infection due 

to high prevalence of seropositive in population of cat in warm and humid 

environment area, particularly in Thailand (Jameson et al., 1995; Sykes and Chomel, 

2014).   

 There are many methods for diagnose B. henselae infection in cats. First, 

culture of blood or tissues in special media and environments for B. henselae may 

take over 6-8 weeks of incubation (Brunt et al., 2006; Guptill, 2010a). Amplification of 

Bartonella DNA by PCR assay of tissue and body fluids is main tool for detection this 

organism in both human and veterinary medicine because there are not requirement 

for special techniques like cultural methods but experience and specific primer are 

required (Brunt et al., 2006; Sykes and Chomel, 2014). Finally, antibodies in blood, 

aqueous humor, or CSF can be used to screen individual cats for Bartonella infection; 
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these tests are commercially accessible in the United States and certain other 

countries (Brunt et al., 2006). 

  1.2.9.1   Clinical laboratory findings and pathologic findings 

Clinical manifestations are brief and vary, ranging from mild to absent, and are 

difficult to identify (Guptill, 2010b). Because bartonellosis is a zoonotic disease, 

veterinarians may be asked to test healthy cats that belong to immunocompromised 

owners or Bartonella-infected patients. Complete blood counts, serum biochemical 

testing, and urine analysis revealed no abnormalities in the experimentally infected 

cats. During the early stages of infection, some cats developed temporary fever and 

anemia, whereas others developed chronic eosinophilia and neutrophilia, particularly 

during periods of skin inflammation. Acute and chronic infected cats 

may have lymphoid hyperplasia, and small foci of lymphocytic, pyogranulomatous, or 

neutrophilic inflammation in numerous tissues, including lung, liver, spleen, kidney, 

heart (Guptill, 2010a; Guptill, 2010b; Sykes and Chomel, 2014). 

Detecting B. henselae in erythrocytes of infected cats is not effective for 

diagnosis especially with using conventional staining methods. Using fluorescent 

antibody detection methods were reported to detect Intraerythrocytic B. henselae in 

naturally infected cats. In addition, extracellular B. henselae have been documented 

in peripheral blood and other tissues of infected cats using immunocytochemical and 

immunohistochemical methods (Guptill, 2010a; Guptill, 2010b). In tissues samples, 
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Bartonella are stained positively with silver stains such as the Warthin–Starry stain 

(Breitschwerdt, 2008). 

  1.2.9.2   Culture method 

Culture method is the gold standard to prove current infection in cats (Brunt 

et al., 2006). However, this method is not main stay to use for clinical diagnosis due to 

fastidious characters of these bacteria (Brunt et al., 2006). Furthermore, intermittent 

bacteremia in cats are common (Guptill, 2010a). So, culture is not sensitive method by 

this reason. On the other hand, positive blood or tissue culture from healthy cat are 

not related their clinical signs so culture method should be indicated in sick cat who 

suspected or has high risk of B. henselae infection (Brunt et al., 2006; Guptill, 2010a). 

In addition, blood samples from early course of infection and prior antibiotic therapy 

are suggested (La Scola and Raoult, 1999). 

In veterinary medicine, Isolator TM blood collection tubes (Wampole 

Laboratories, Cranbury, NJ) are used for B. henselae isolation. Blood collected in EDTA 

and frozen before to culture, on the other hand, was more sensitive than lysis 

centrifugation tubes for B. henselae culture. (Agan and Dolan, 2002; Guptill, 2010a). In 

B. henselae culture, a specific media such as fresh chocolate agar, blood agar, or brain–

heart infusion agar supplemented with blood conditions (5% CO2, temperatures of 35–

37 oC) and a long incubation time of 4-6 weeks are required (Agan and Dolan, 2002; 

Guptill, 2010a; Baldani et al., 2014). Primary isolates of B. henselae are normally taken 

12 to 14 days on blood agar, and longer incubation periods up to 45 days are 
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occasionally required (Agan and Dolan, 2002). Subsequent sub-cultures often develop 

faster (3-5 days) than the primary cultures, but colony characters may be  different. 

(Agan and Dolan, 2002). The colonies of B. henselae are often rough and firmly 

embedded in the agar. However, with repeated sub-culture, colony shape frequently 

smoothes out and bacteria are simpler to disaggregate in suspension. (Agan and Dolan, 

2002). Co-cultivated cell culture methods have been shown to be faster and more 

sensitive than blood agar-based procedures (La Scola and Raoult, 1999).  

According to recent findings, the invention of a new pre-enrichment medium 

for Bartonella culture, Bartonella-Alphaproteobacteria growth medium (BAPGM), may 

make be more sensitive diagnostic tool than the past growth medium. (Maggi et al., 

2005). In contrast, overwhelming growth of other bacteria may obscure Bartonella 

 growth even a small amount of contamination with less fastidious bacteria, or 

false positive culture occurred if residual flea excrement at the site of venipuncture 

contaminated. As a result, the significance of appropriate sterile technique should be 

highlighted. (Guptill, 2010b). 

  1.2.9.3   Molecular methods 

The polymerase chain reaction (PCR) is a sensitive technique for detecting DNA 

fragments.  PCR for identifying B. henselae in blood and tissue samples has been 

developed for faster detection (Sykes and Chomel, 2014). Because the bacteremia 

occurs periodically, PCR testing may be no more sensitive than blood culture for 

detecting active Bartonella infection  (Sykes and Chomel, 2014; Năsoiu et al., 2015). 
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Furthermore, the presence of B. henselae DNA does not always imply the presence of 

viable Bartonella organisms (Guptill, 2010a). To minimize sample contamination, blood 

samples for PCR testing should be obtained in a sterile manner, and DNA degradation 

should be avoided during sample processing. 

A number of PCR assays have been developed, including PCR amplification of 

the 16S-23S rRNA intergenic region using genus- and species-specific primers (Minnick 

and Barbian, 1997), restriction fragment length polymorphism (RFLP) analysis of PCR-

amplified 16S rRNA genes, citrate synthase gene, species-specific amplification of ftsZ 

gene sequences, repetitive-element PCR, and sequence analysis. However, when 

conventional PCR is utilized in asymptomatic cats, the assays' sensitivity is normally 

limited. As a result, the utilization of more sensitive methods, such as nested and real-

time PCR, may enhance diagnostic sensitivity (Gutierrez et al., 2017).  Although the 

hazards of contamination with this approach are acknowledged, and laboratory 

precautions are required, nested and real-time PCR testing may boost sensitivity for 

detection of Bartonella DNA in cat blood (Guptill, 2010a). Bartonella-

Alphaproteobacteria growth medium (BAPGM), a unique pre-enrichment media for 

culture, is also beneficial in molecular detection. Prior to PCR, pre-enrichment culture 

is used to increase the sensitivity of PCR procedures (Duncan et al., 2007; Weeden et 

al., 2017). 
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  1.2.9.4   Serology diagnosis methods 

Anti-Bartonella antibody serological approaches have been described and 

utilized more than any other diagnostic procedures (Năsoiu et al., 2015). The 

serologic test has limit to use for identifying the infection. Serum IgG antibodies remain 

for long periods of time in experimental infection in cats (Guptill, 2010a). Seropositive 

finding in cats only confirm the exposure. Therefore, serological test findings are not 

utilized to assess the Bartonella spp. infection status of individual cats (Sigirci et al., 

2017). The lacking of a relationship between seropositivity and the bacteremia is 

a cause of experiencing of discrepancy results between PCR analysis or culture and 

serologic test results (Fabbi et al., 2004). 

Lappin et al., 2009 also noted that Bartonella species serology test findings 

were unreliable in predicting bacteremia status because some cats with Bartonella 

species DNA in blood were seronegative and some cats with Bartonella species IgG in 

serum were negative for Bartonella species DNA in blood (Lappin et al., 2009). In 

comparison to bacterial isolation, which may take 4 to 6 weeks, or PCR procedures, 

serological tests are simple to perform and can be completed in 1-2 days (Năsoiu et 

al., 2015; Sigirci et al., 2017). The positive predictive value (PPV) of IFA or ELISA (IgG) 

serologic tests for bacteremia in cats is only 39–46%; false positive tests appear to be 

frequent, while the negative predictive value (NPV) of serologic tests for bacteremia or 

the presence of DNA in cat blood is high, at 87–97%. (Guptill, 2010a).  
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The IFA Test is recommended for young cats and other cats prior to adoption 

by owners who may be immunocompromised (Năsoiu et al., 2015). Because of the 

limited positive predictive value compared to the good negative predictive value, the 

Advisory Board on Cat Diseases found that IFA is more beneficial for exclusion than 

confirmation of infection (Pennisi et al., 2013; Sigirci et al., 2017). 

The use of Western blot assays for serodiagnosis of feline bartonellosis has 

been advised; however, in a recent study of naturally infected cats, the PPV of a 

Western blot test for the presence of Bartonella DNA in cat blood was shown to be 

just 18.8% (Lappin et al., 2009; Guptill, 2010a). 

 1.2.10   Treatment 

Bartonellosis has been effectively treated with a range of antibiotics. In vitro, 

most antibiotics are usually effective against Bartonellae (Minnick and Anderson, 2015). 

However, the administration of antimicrobials does not appear to benefit or lessen the 

duration of the illness in the majority of the cases. Unless the infection is systemic, 

CSD and trench fever are self-limiting infections that do not require treatment (Minnick 

and Anderson, 2015). Even with antibiotic treatment, relapses of bartonellosis are 

common. 

Antimicrobial sensitivity varies within the genus, and the antimicrobial 

susceptibilities of Bartonella spp. in vitro and in vivo do not consistent for a lot of 

antimicrobials (Baldani et al., 2014). Antimicrobial susceptibilities have been evaluated 

in the presence of eukaryotic cells as well as in the absence of cells. The difference 
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in growth medium and intracellular environment had an effect on the level of 

antibacterial susceptibility (Gadila and Embers, 2021). In general, Bartonella spp. are 

very susceptible to antibacterial drugs in vitro. Only fosfomycin, colistin, and 

vancomycin demonstrate the resistance in agar dilution tests (Maurin et al., 1995). 

Ketolides, such as telithromycin, macrolides, doxycycline, clarithromycin, and rifampin, 

are the most effective susceptibility, followed by amoxicillin, cefotaxime, azithromycin, 

clarithromycin, gentamicin, tetracycline, minocycline, and ceftriaxone (Baldani et al., 

2014). The antimicrobials were helpful in promoting clinical outcomes associated with 

infection, including azithromycin, rifampin, ciprofloxacin, and trimethoprim-

sulfamethoxazole, whereas penicillin, cephalosporins, tetracyclines, and erythromycin 

had little or no clinical effects (Chomel et al., 2004). 

In vivo, B. bacilliformis is resistant to neosalvarsan and other arsenical 

compounds.  Additionally, Penicillin, streptomycin, chloramphenicol, and 

oxytetracycline are all potent to B. bacilliformis (Baldani et al., 2014). Regarding testing 

in Vero cell cultures, B. henselae, B. quintana, and B. elizabethae are thought to have 

the sensitivity to the macrolides; azithromycin, clarithromycin, dirithromycin, 

erythromycin, and roxithromycin (Ives et al., 1997; Baldani et al., 2014).  

Specific antibiotic resistance mutations in B. henselae (azithromycin, 

gentamicin, enrofloxacin, and ciprofloxacin), B. quintana, and B. bacilliformis 

(erythromycin, rifampicin, and ciprofloxacin) have recently been identified (Baldani et 
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al., 2014). Rolain et al. (2004) described the minimal inhibitory concentration (MIC) of 

various Bartonella spp. 

To determine the type and duration of antimicrobial therapy, the 

immunological status of the patient should be taken into consideration (Minnick and 

Anderson, 2015). Then, antimicrobial therapy for immunocompetent individuals differs 

from that for immunocompromised ones (Chomel et al., 2004). Antimicrobial therapy 

for healthy individuals takes around 3 weeks; however, therapy for 

immunocompromised patients may take many weeks to months, or even a lifetime, 

to clear the infection (Minnick and Anderson, 2015). 

Classical CSD is a self-limiting condition that recovers in 2 to 6 months and 

fails to respond with the antibiotics. The current evidence does not support the use 

of antimicrobials to treat CSD. Antimicrobials had no clear effect on either the cure 

rate or the remission time. In contrast, the effort in reducing the chance of developing 

systemic symptoms remains controversy.  In immunocompetent individuals with mild 

to severe infections, appropriate monitoring and analgesia are recommended. In 

significant lymphadenopathy cases, azithromycin (10 mg/kg doses on day 1, and 5 

mg/kg between days 2 – 5) may be substituted. Other antimicrobial recommendations 

include rifampicin (20 mg/kg/day divided into 2 doses for 2 – 3 weeks), ciprofloxacin 

(20 – 30 mg/kg/day  twice a day for 2 – 3 weeks) or trimethoprim/ sulfamethoxazole 

(10 mg trimethoprim/kg per day in 2-3 times/day for 7 – 10 days) (Blagova and Yanev, 

2021). 
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In case of bacteremia, recommended treatment should be 3 mg/kg bodyweight 

gentamicin once a day for 2 weeks, followed by 200 mg doxycycline daily for 4 weeks. 

All patients treated with chloramphenicol are cured in an outbreak of Oroya fever in 

the Peruvian Andes. The optimum regimen for the treatment of  

B. bacilliformis bacteremia has been recommended as an initial dose of  

50 mg/kg/day chloramphenicol for the first 3 days and a subsequent dose of  

25 mg/kg/day till the remission of 14 days of treatment. Nevertheless, patients with 

Bartonella endocarditis are required valvular surgery and have high mortality rate 

(Angelakis and Raoult, 2014). When Bartonella endocarditis is suspected, the American 

Heart Association recommends ceftriaxone and gentamicin with or without 

doxycycline, and doxycycline and gentamicin when Bartonella endocarditis is 

confirmed. Endocarditis should be treated with 3 mg/kg/day gentamicin for 2 weeks, 

followed by 200 mg of doxycycline daily for 6 weeks (Angelakis and Raoult, 2014). 

Furthermore, erythromycin's anti-angiogenic effect on microvascular 

endothelial cells is crucial and considered as the first-line therapy for individuals with 

bacillary angiomatosis or angioproliferative lesions (Angelakis and Raoult, 2014). 

Relapses, on the other hand, have been found often in immunocompromised 

individuals who obtained an inadequate duration of treatment. This patient was 

recommended to be treated with a 4-week treatment of doxycycline followed by an 

extended 8 weeks of doxycycline post recurrence. Treatment failure or recurrence has 

been documented while using nafcillin, dicloxacillin, cefalexin, amoxicillin, 
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aminoglycosides, and trimethoprim/ sulfamethoxazole, particularly in 

immunocompromised individuals who were given antibiotics for less than three 

months. Rifampicin has been advocated as the medicine of choice for the treatment 

of verruga peruana. Treatment with 10 mg/kg/day rifampicin orally for 10–14 days 

resulted in an 80% resolution rate, while those treated with 15 mg/kg/day streptomycin 

for 10 days resulted in a 56% resolution rate. The recommended dose of erythromycin 

for angioproliferative lesions is 500 mg four times a day for 3 months. In severe 

infections, 100 mg of erythromycin or doxycycline twice a day is recommended in 

conjunction with 300 mg of rifampicin twice daily. Recurrence issues following 

suggested treatment should be substituted with 500 mg erythromycin four times daily 

or 100 mg doxycycline twice daily for 4–6 months, or as long as they are 

immunocompromised (Angelakis and Raoult, 2014).  

Regarding feline infection, it is difficult to eliminate bacteremia in cats by 

antimicrobials because of the recurrent nature of feline Bartonella infections. There is 

still no proven regimen for clearing Bartonella infections in cats. (Guptill, 2010b). 

Enrofloxacin treatment for 28 days seemed to remove B. henselae or B. clarridgeiae 

infection in cats. In contrast, enrofloxacin causes retinal degeneration and blindness in 

cats. However, recent studies exhibit a high in vitro susceptibility of pradofloxacin to 

B. henselae. Unfortunately, a subsequent investigation discovered naturally occurring 

fluoroquinolone resistance in Bartonella isolates, leading to the recommendation that 

fluoroquinolones not be utilized to treat any Bartonella-related human clinical illness. 
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(Guptill, 2010b). Doxycycline demonstrated benefits in treating infections caused by B. 

henselae and B. clarridgeiae. Higher doses could be more effective in treating feline 

Bartonella infections. Antimicrobials, i.e., erythromycin, amoxicillin, amoxicillin/ 

clavulanic acid, tetracycline hydrochloride, help lower bacteremia in cats. However, 

the studies in cats were not observed for a long period of time. (Guptill, 2010b). 

Furthermore, azithromycin has been widely used to treat feline bartonellosis, despite 

reports of macrolide-resistant of Bartonella spp. Whereas the efficacy of many 

antibiotics is unclear, there is a danger that frequent treatment of asymptomatic feline 

Bartonella infections will develop in bacterial resistance. Hence, treatment is only 

recommended in cats with clinical signs. Doxycycline may be the best antimicrobial to 

be using. The combination of amoxicillin and clavulanic acid may also be beneficial. 

More controlled studies, however, are required to evaluate antimicrobial strategies for 

Bartonella infections in cats. (Guptill, 2010b). 

1.2.11   Prevention 

 The best way to avoid Bartonella infections is to avoid encounter with infected 

animals and arthropod vectors (Guptill, 2010a). In South America, the only known risk 

factor for B. bacilliformis infection is exposure to phlebotomine sand flies (Lutzomyia 

spp.) bites (Minnick and Anderson, 2015). Related sand flies, on the other hand, may 

act as vectors for the agent (Minnick and Anderson, 2015).  Insecticide treatment is the 

most effective control strategy for sand flies (Minnick and Anderson, 2015).  Regarding 

B. henselae, the high incidence (89%) of persistent bacteremia with B. henselae has 
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been documented in self-own cats of CSD patients, while 9%-41% has been reported 

in control cats from the United States and Japan (Minnick and Anderson, 2015).  Cat 

exposure is the major risk factor for getting B. henselae infection (Guptill, 2010a; Guptill, 

2010b; Minnick and Anderson, 2015). Reduced exposure to cats during compromised 

states, antimicrobials for affected individuals, and flea control are all crucial part of 

the disease's prevention (Koehler, 2008; Mofenson et al., 2009; Pennisi et al., 2013). 

According to B. quintana, they are transferred to humans by body lice (Pediculus 

humanus). Other blood-sucking insects, such as a louse, mite, or flea, are thought to 

be vectors. Overcrowding and inadequate hygienic conditions promote contact with 

the vector. Furthermore, being homeless, non-caucasian background, and 

having alcoholism are risk factors for this infection. Delousing, hygiene measures, and 

antimicrobial therapy should be recommended to manage this problem (Minnick and 

Anderson, 2015). For our knowledge, no vaccine is available (Koehler, 2008; Guptill, 

2010a; Minnick and Anderson, 2015; Scorpio and Dumler, 2015). 

 Several Bartonella species or subspecies are thought to be zoonotic or 

potentially zoonotic. Flea and tick control, avoiding encounters that resulting in 

scratches or bites, thoroughly cleansing bite or scratch wounds, obtaining medical 

assistance when necessary, and purchasing new pets with known a good health and 

ectoparasite free are all common precautions for avoiding transmission of Bartonella 

spp. from pets to humans. The Centers for Disease Control and Prevention, the 

National Institutes of Health, and the Infectious Diseases Society of America Guidelines 
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for Prevention and Treatment of Opportunistic Infections in HIV-Infected Adults and 

Adolescents, as well as HIV-Exposed and HIV-Infected Children, recommend a number 

of practical measures to reduce the risk of infection, particularly in HIV-infected people 

(Table 1.1). The Guidelines suggest that there is no evidence that scheduled culture or 

serologic testing of cats for Bartonella infection benefits cats or their owners (Koehler, 

2008; Mofenson et al., 2009; Pennisi et al., 2013). 

Table 1.1 Prevention Recommendations in immunocompromised persons. 

 Modified from Koehler (2008); Mofenson et al. (2009); Pennisi et al. (2013) 

Recommendations for prevention of infection in immunocompromised persons 

• Reducing exposure to vectors of the disease, i.e., the body louse, cats and cat fleas  

• Do not allow a cat to lick wounds or cuts.  

• Avoid rough play with cats 

• Wash any cat-associated wounds promptly 

• wash hands after petting and handling pets 

• If a new cat is acquired 

• Adopt a cat older than1year of age that is in good health and flea-free 

• Maintain flea control and minimize flea infestation of pets 

• Cats should be kept indoors to avoid exposure to fleas and other possible vectors, 
and also to prevent other zoonotic risks 
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1.3   Objectives of the Study 
1. To produce the recombinant B. henselae specific antigen protein 17-kDa and 

GroEL. 

2. To develop the ELISA diagnostic test using B. henselae specific antigen protein 

17-kDa and GroEL. 

3. To find risk factors and determine an association between Bartonella spp. 

infection and immune status by using retroviral-infected cats as a 

immunocompromised model. 

1.4   Research Hypothesis 

1. The recombinant B. henselae specific protein: 17-kDa and GroEL can be 

produced. 

2. The recombinant B. henselae specific protein: 17-kDa and GroEL can be used 

to develop a Bartonella spp. ELISA test. 

3. The performance of this newly developed recombinant B. henselae specific 

protein: 17-kDa and GroEL in the ELISA test is equivalent to or higher than the 

commercially available IFA test.  

4. Immune status is an important factor for developing the concurrent infection 

of Bartonella spp. in clinical healthy retroviral infected cats. 
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1.5   Advantages of Study   

1. This study can provide the test kit for the diagnosis of Bartonella spp. 

infection in both retroviral-infected and normal cats. 

2. Developed ELISA test kit for detecting antibody against novel BSP will 

improve the accuracy of diagnostic test of Bartonella spp. infection in cats 

and facilitate as the clinical screening test for cats  

3. This study will help to understand the role of the immune status to prognose 

and increase awareness of clinical sign in Bartonella spp. infection in cats. 

1.6   Keywords : Bartonella spp., cats, feline retrovirus, indirect ELISA,  

                           recombinant protein, risk factors 
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Chapter 2 

B. henselae specific antigen protein production 

 The purpose of this chapter is to demonstrate the experimental design used 

to create the recombinant B. henselae specific antigen protein; 17-kDa and GroEL. 

These proteins have been proposed to have strong immunoreactivities and to be used 

as antigens in human serum-based antibody test kits. 

2.1   Materials and Methods 

 2.1.1   Bacteria and preparation of B. henselae genomic DNA 

 The Bangkok field strain of B. henselae, which were collected and stored 

previously at -80 oC were used. The culture method was as described previously 

(Maruyama et al., 2000b). In brief, the stock cultures were thawed at room temperature 

and spun down to discard the supernatant. The sediments were mixed with 125 µl of 

isolation medium-199 (Gibco®, USA) and spread onto a 5% sheep blood BHI agar plate. 

The culture plates were kept in 37 oC and 5% CO2 for 2 weeks. The colonies were 

collected by scraping and processed for DNA extraction following the manufacturing 

instructions (NucleoSpin® Tissue, Macherey-Nagel GmbH & Co., Germany). The cultures 

were re-confirmed as Bartonella henselae by polymerase chain reaction (PCR) and 

DNA sequencing. (Jensen et al., 2000; Rampersad et al., 2005). 
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2.1.2   Cat serum samples and IFA testing 

 Positive and negative cat sera used in this study were defined by using both 

the commercially available IFA test kit (MegaFLUO® BARTONELLA (Megacor Diagnostik 

GmbH, Austria) and PCR method as previous described. (Jensen et al., 2000; Maruyama 

et al., 2000b). Sera tested positive on both the IFA test and PCR was considered positive 

control whereas sera tested negative on both tests was considered negative control. 

This study was approved by Chulalongkorn University Animal Care and Use Committee 

(protocol No. 1931953). 

 2.1.3   Cloning, expression, and purification of 17-kDa and GroEL proteins 

 The primer used for the cloning of 17-kDa and groEL genes were designed 

based on the GenBank accession number U23447.3 and U78514.1, respectively  

(Table 2.1). The 17-kDa gene was cloned into pET28b (Appendix 1) and the groEL genes 

was cloned into pH6HTC vector (Appendix 2). The recombinant plasmids were 

transformed into E. coli BL21 (DE3) strain by heat shock method at 42 °C for 45 seconds. 

The transformants were verified by colony PCR and DNA sequencing. The positive 

colonies were grown in LB broth with appropriate antibiotics according to the 

expression vectors. The culture was incubated at 37 °C with shaking until the OD600 

reached 0.4 – 0.6. Isopropyl β-D-1-thiogalactopyranoside (IPTG) was added to the 

culture with the final concentration 0.05 mM.  The cell lysate was analyzed by SDS-

PAGE and stained with InstantBlue™ (Expedeon, United Kingdom). The expected 

protein sizes were 17 kDa of 17-kDa protein and 93 kDa of GroEL (60 kDa) with Halotag. 
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The expected protein bands were excised from gels and analyzed by liquid 

chromatography-mass spectrometry (LC-MS) analysis at Proteomics Service, Faculty of 

Medical Technology, Mahidol University, Thailand. The purification of the recombinant 

proteins was performed by affinity chromatography using Ni Sepharose 6 Fast Flow (GE 

Healthcare, USA). Imidazole was used to elute the recombinant proteins. For the 

recombinant 17-kDa protein, it was expressed as the inclusion body. This protein was 

dissolved in 6M urea prior the purification and refolded in 1X PBS afterward. 

 2.1.4   Immunoblot  

 The dot blot was used to confirm the immunoreactivity of the recombinant 

proteins. Purified proteins were blotted onto nitrocellulose membranes. The 

membranes were blocked with blocking buffer (3% bovine serum albumin, BSA in  

0.1 % TBS-Tween20) and washed 3 times with washing buffer (0.1% TBS-Tween20). The 

membranes were incubated with 1:500 diluted cat serum as primary antibody and 

1:3000 diluted goat anti-cat IgG conjugated with horse radish peroxidase (HRP) as 

secondary antibody. The clarity TM western ECL substrate (Bio-Rad, USA) was used to 

develop the membrane per manufacturer description. The membranes were 

incubated for 5 minutes before imaging by Fusion Fx7 gel doc (Vilber Lourmat, France). 
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2.2   Results 

Both 17-kDa and groEL genes were successfully cloned and expressed as the 

recombinant proteins under IPTG induction. Positive colony were confirmed by colony 

PCR following with DNA sequencing in which the expected band of 476 bp of 17-kDa 

and 1644 bp of groEL genes were detected (Figure 2.1 and Figure 2.2). Each confirmed 

clone was induced with the optimum concentration of induction of 0.05 mM IPTG and 

analyzed by SDS-PAGE. The expected bands of 17-kDa (17 kDa) and GroEL (93 kDa) 

were detected and confirmed by mass LC-MS analysis at Proteomics Service, Faculty 

of Medical Technology, Mahidol University, Thailand  (Figure 2.3 and Appendix 3). The 

recombinant 17-kDa protein was found in a water insoluble pellet (Figure 2.4A) whereas 

the recombinant GroEL protein was in the supernatant (Figure 2.4B). Optimization of 

purification was done by gradually increasing of imidazole concentration (20-500 mM). 

The recombiant17-kDa protein was purified and eluted at 250 mM imidazole in 6M 

urea (Figure 2.5A). The recombinant GroEL was markedly eluted in 100 mM imidazole 

in 1X PBS fraction (Figure 2.5B). Both proteins were remarkably reactive against IFA-

positive cat serum (Figure 2.6).  
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Figure 2.1 Verification of 17-kDa transformants by colony PCR. M lane is DNA ladder, 

Lane N is negative control, Lane P is positive control which showed expected 476 bp 

product size of 17-kDa genes, Lane 3-6 are isolated colonies which showed positivity.

 

Figure 2.2 Verification of groEL transformants by colony PCR. M lane is DNA ladder, 

Lane N is negative control, Lane P is positive control which showed expected 1644 

bp products size of groEL genes, Lane 1, 2, 5, 6, and 7 are isolated colonies which 

showed positivity. 
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Figure 2.3 Identification of recombinant protein expressed colonies.(A) SDS-PAGE 

analysis of 17-kDa protein expression of isolated colonies. M lane is protein marker 

(kDA), Lane1:  empty pET28b vector without IPTG, Lane 2: empty pET28b vector with 

IPTG, Lane 3: clone No. 1 without IPTG, Lane 4: clone No. 1 with IPTG, Lane 5-7: clone 

No. 2, 3 and 4 with IPTG, Arrowhead shows the expected size of 17-kDa protein. (B) 

SDS-PAGE analysis of GroEL protein expression of isolated colonies. M lane is protein 

marker (kDA), Lane 1: empty pH6HTC vector without IPTG, Lane 2: empty pH6HTC 

vector with IPTG, Lane 3: clone No. 1 without IPTG, Lane 4: clone No. 1 with IPTG, Lane 

5-7: clone No. 2,3 and 4 with IPTG. Arrowhead shows the expected size (93 kDa) of 

GroEL protein (60 kDa with Halotag addition) 
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Figure 2.4 Identification of recombinant protein in lysate fractions.(A) SDS-PAGE 

analysis of 17-kDa protein fraction of bacterial lysate. M lane is protein marker (kDa), 

WC lane is a whole culture fraction, lys lane is a whole lysate fraction, S/N lane is 

supernatant fraction and P lane is pellet fraction. The arrow points to the 17 

kilodalton site. (B) SDS-PAGE analysis of GroEL protein fraction of bacterial lysate. M 

lane is protein marker (kDa), WC lane is a whole culture fraction, lys lane is a whole 

lysate fraction, S/N lane is supernatant fraction and P lane is pellet fraction. The 

arrow points to the 93 kilodalton site that represent to GroEL protein (60kDa) fused 

with Halotag (33kDa). 
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Figure 2.6 Dot blot analysis of recombinant proteins. Recombinant 17-kDa and GroEL 

proteins showed reactivity against IFA-positive feline serum (A) and (B) respectively. 
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2.3   Discussions 

 Several proteins are recognized as immunogenic antigens for B. henselae 

(Anderson et al., 1995; Loa et al., 2006; Eberhardt et al., 2009; Saisongkorh et al., 2010). 

The Two proteins, 17-kDa and GroEL, investigated in this study were also recognized 

as BSP. The 17-kDa gene is located in VirB operon of type IV secretion systems and 

related to the exportation of proteins or nucleic acids, and virulence factors in many 

bacteria (Padmalayam et al., 2000). Type IV secretion system in Bartonella spp. is 

reported to play a pivotal role in intraerythrocytic evasion, a significant phase of 

infection (Padmalayam et al., 2000; Wagner and Dehio, 2019). On the other hand, GroEL 

proteins belongs to the heat shock protein family and previously reported as the 

antigens in a variety of bacterial species including Bartonella species (Eberhardt et al., 

2009; Saisongkorh et al., 2010; Ferrara et al., 2014). Heat shock proteins are molecular 

chaperones actively responsive to stress condition such as hypoxia, phagocytosis, or 

transformation. Nowadays, GroEL of Bartonella spp. was reported as suspected 

virulence factors in several studies. It was found in the outer membrane and might 

associated with antiapoptotic and mitogenic factors (Dehio, 2005; Harms and Dehio, 

2012). However, the molecular mechanism of GroEL was not known (Harms and Dehio, 

2012). 

 The expressions of recombinant 17-kDa and GroEL proteins of B. henselae were 

successfully demonstrated in this study. The 17-kDa gene was cloned into pET28b 

plasmid vectors and transformed to competent E. coli BL21 (DE3) strains. However, 
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groEL was successfully cloned to pH6HTC vector.  In previous studies, 17-kDA also 

showed success in PinPoint Xa-2, pTriEx-4 and pMAL-c2X vectors (Anderson et al., 1995; 

Loa et al., 2006; Ferrara et al., 2014).  In contrast, groEL was reported success of cloned 

into pTrcHisB vector (Ferrara et al., 2014). Both pET28b and pH6HTC vectors used in 

this study contains the T7lac promoter which promote target gene products and have 

polyhistidine (His) tagged which are benefit for purification. Moreover, pH6HTC vectors 

contain Halotag® which use for labeling the target expression proteins. So, these 

selected vectors were selected to clone both genes in the first hand. However, 17-kDa 

gene was success cloned in to pET28b vector while groEL gene was success cloned 

into pH6HTC vector.  

 Marked express level of recombinant 17-kDa was found in pellet of lysate as 

insoluble protein. They need the dissolved process by 6M urea prior purification. The 

hydrophobic property of 17-kDa protein was noted. The first 18-20 hydrophobic amino 

acids of 17-kDa and two lysine residues are common structure in bacterial outer 

membrane proteins (Anderson et al., 1995; Sweger et al., 2000). However, that process 

did not disturb the immunoreactive property of this protein as shown by dot blot 

assay. The same phenomenon is also occurred in previous study using human serum 

(Loa et al., 2006). Likewise, previous study showed that the immunoreactive against 

feline serum even their protein are folded in pellet (Satranarakun et al., 2017). On the 

other hand, recombinant GroEL protein expressed in pH6HTC vector was found in 

supernatant fraction as soluble protein and immunoreactivity was noted. Previous 
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study also found the similarity phenomena of GroEL expression (Ferrara et al., 2014). 

GroEL protein is located in both inner and outer membranes of the cell. GroEL protein 

of several Bartonella species were report as mitogenic effect to host cells and also 

found in supernatant fractions of bacterial culture (Haake et al., 1997; Minnick et al., 

2003). However, this study made first reported the expression and detection of 

immunoreactivity of GroEL against cat sera.  

 In human serology, using of recombinant 17-kDa has been reported the 

favorable results for antibody detection in ELISA-based assay (Loa et al., 2006) and 

immunoblot assay (Anderson et al., 1995). Furthermore, one study in human showed 

preferential outcomes of antibody detection against B. henselae infection by using 

coordinate of 17-kDa and GroEL (Ferrara et al., 2014). However, the study in veterinary 

field may still not recognized. Thus, the utilizing of these two recombinant proteins in 

this study, 17-kDa and GroEL, can be the candidate antigenic proteins for either 

detection or development of Bartonella spp. vaccine for cat in the future.  
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Chapter 3 

Development of ELISA using B. henselae specific antigen proteins  

 According to the limitations of current serological tests, the aim of this chapter 

is to develop the ELISA diagnostic test using B. henselae specific antigen proteins; 17-

kDa and GroEL.  

3.1   Materials and Methods 

 3.1.1   Indirect ELISA 

 Both purified antigen proteins, recombinant 17-kDa and GroEL proteins, were 

diluted with coating buffer (Bicarbonate/carbonate buffer (100 mM), pH 9.6) and loaded 

to 96-well plated (Corning®, USA). Coated plates were incubated overnight at 4 °C. 

Washing process was done by washing buffer (0.05%TWEEN in PBS) and repeated 5 

times in each plate. After washing, blocking buffer (1%Bovine serum albumin, BSA in 

PBS) were added and incubated at 37 °C for 60 minutes. Then, washing process was 

done. Diluted serum in 1% BSA was added and then incubated at 37 °C for 60 minutes. 

Then, washing process was repeated. Diluted conjugated antibody (Goat Anti-Cat IgG 

Fc (HRP), Abcam, UK) was added and incubated at 37 °C for 60 minutes. Then, washing 

process was repeatedly done.  The colorimetric method was developed by adding 

hydrogen peroxide and 3,3′,5,5′-tetramethylbenzidine (TMB Peroxidase EIA Substrate 

Kit, Bio-Rad, USA) and incubated for 5 minutes. Then, the reaction was stopped by 1N 

sulfuric acid (1N H2SO4). The results were read by spectrophotometer, the optical 
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density at 450 nanometers. The diagram of indirect ELISA description and workflow 

was shown (Figure 3.1 and Figure 3.2). 

 

 

Figure 3.1 Diagram of Indirect ELISA. 
 
 
 

 

Figure 3.2 Diagram of workflow of indirect ELISA. 
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 3.1.2   Reagent formulations (Table 3.1) 

  3.1.2.1   Coating buffer/ Carbonate buffer 

 The optimal antigen concentration prepared by diluting the antigen in 0.05 M 

Carbonate-Bicarbonate, pH 9.6. In brief preparation, 6.0 grams of Sodium Bicarbonate 

(NaHCO3) and 3.03 grams of Sodium Carbonate (Na2CO3) were added in 800 ml of 

distilled water. Then, adjust the pH by NaOH solution and adjust volume by distilled 

water until volume is 1 liter.  

  3.1.2.2   Blocking buffer 

 The blocking buffer were used for blocking the remaining protein-binding sites 

in the coated wells and diluting the serum, conjugated antibody. The 1% of bovine 

serum albumin (BSA) in phosphate buffer saline (PBS) was used in this study.  

  3.1.2.3   Phosphate buffered saline 

 PBS is an isotonic buffer and used for many kinds of solutions in biochemistry 

experiments. To prepare 10x PBS, added 80 grams of sodium chloride (NaCl), 2 grams 

of potassium chloride (KCl), 14.4 grams of disodium hydrogen phosphate (Na2HPO4), 

and 2.4 grams of potassium dihydrogen phosphate (KH2PO4) to 800 ml of distilled 

water. Then, the solution was adjusted the pH to 7.4 and the volume until volume 

was 1 liter.  
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  3.1.2.3   Washing buffer 

 The washing buffer was used to remove unbound and excessive components 

that are capable of interfering with the assay. Preparation of washing buffer was a 

mixing of PBS and 5% of Tween-20.  

  3.1.2.4   Serum and conjugated diluent 

 The diluting of sera and conjugated antibody were used for reducing the non-

specific background and exaggerate reaction. The serum and conjugated diluting were 

prepared by dilute each serum and conjugated in blocking buffer.  

  3.1.2.5   Substrates/ Chromogen 

 In this study, conjugated antibody was labeled with horseradish peroxidase 

(HRP). To detect the HRP, TMB (3,3’,5,5’-Tetramethylbenzidine) was used as a 

substrate. The combination of HRP and hydrogen peroxide causes the oxidation of 

TMB, resulting in the formation of a blue color.  

  3.1.2.6   Stop solution 

 For endpoint assays, the immunoreactions were stopped after 5 minutes of 

incubation before the measurement. The one normality of sulphuric acid (H2SO4) was 

used in this study. To prepare, added 6.9 ml of concentrated sulfuric acid into 250 ml 

of distilled water. After the stop reaction, the reaction turned to yellow color and read 

the absorbance at 450nm.  

  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

65 
 

 
  

Table 3.1 Solution preparation 

Solutions Component for 1 liter 

Coating buffer/ Carbonate buffer 

3.03 g Na2CO3 
6.0 g NaHCO3 
1000 ml distilled water 
Adjust pH 9.6 

Blocking buffer 
10 g BSA  
1000 ml 1X PBS  

10X Phosphate buffered saline 

80 g NaCl    
2g KCl    
14.4g Na2HPO4   
2.4 g KH2PO4   
800 ml distilled water 
Adjust pH 7.4 
Adjust with distilled water to 1L 

Washing buffer 
1000 ml 1X PBS  
500 µl Tween 20 

Stop solution 
27.6 ml of concentrated H2SO4  
800 ml distilled water 
Adjust with distilled water to 1L 

3.1.3   ELISA condition optimization 

  3.1.3.1   Checkerboard titration 

 Preliminary experiments were conducted to establish the optimum amount of 

purified antigen (0.01-10 µg/ml), serum dilution (1:100 – 1:102,400), and conjugated 

antibody dilution (1:3000 – 1:192,000). Checkerboard titration method was employed 

for this study.  The preliminary results showed 1.25 µg/ml of purified antigen, 1:200 

serum dilution, and 1:12,000 conjugated antibody gave the best signal quality. 
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  3.1.3.2   Quantification of antigen 

 First, the purified proteins concentration were measured by Bradford assay 

(biorad). The Bradford assay uses standards to quantify the amount of protein. The 

concentration range of standards should cover the range of suspected amount of 

protein. This assay compared the color of sample with the curve of standard protein 

concentration. After estimate the purified proteins, coating buffer were added to dilute 

the purified protein until the concentration was 10 µg/ml.  

  3.1.3.3   Antigen titration 

 Antigen proteins were diluted with coating buffer to 10 µg/ml. The 96-well 

plates were prepared. One hundred microliters of coating buffer were load to each 

well in column number 2-12. Two hundred microliters of diluted protein antigen were 

load to each well in column number 1. Multichannel pipette was used to perform 2-

fold serial dilution from column number 1 to number 11. Positive and negative sera 

were diluted with blocking buffer to 1: 100. Sera were performed 2-fold serial dilution 

from row A to row G. the positive and negative sera were done in separated plated. 

Last, conjugated antibody (goat-anti cat) was diluted to commercial recommended 

dilution (1:300) and load to each well in 96-well plated. Column 12 and row H were 

left to blank and received only coating buffer.  

  3.1.3.4   Sera and conjugate titration 

 The optimum concentration of antigen protein was prepared and load 100 µl 

of solution to each well. In contrast to previous stage, sera dilution was performed 2-
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fold dilution in column 1 to 11 direction. The conjugated antibody dilution was 

prepared and performed 2- fold serial dilution from 1:3000 to 1:192,000 (row A to G).  

 3.1.4   Evaluation of Validation 

  3.1.4.1   Criteria of positive and negative sera 

 Positive and negative sera were defined by IFA assay. Positive sera were positive 

to IFA assay. Negative sera were negative to IFA assay.  

  3.1.4.2   Receiver Operating Characteristics (ROC) analysis 

 Receiver Operating Characteristics (ROC) analysis were deployed to defined 

positive and negative cut-off of optical density (OD) value of ELISA results. Area under 

the curve (AUC) parameter was plotted and calculated. Optimization pair between 

sensitivity and (1-specificity) which has the greatest distance in a Northwest direction, 

from the diagonal line, Se = (1–Sp), was considered as the cut-off point.  

 3.1.5   Evaluation of repeatability 

 Intra-plate and inter-plate were tested by 3 replicates. Each result was obtained 

and calculated mean OD, standard deviation ad coefficient of variation (%CV) to 

determine the repeatability of ELISA test. Coefficient of variation (%CV) of OD value 

that equal or less than 15% are acceptable. 
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3.2   Results 

 3.2.1   ELISA condition optimization 

  3.2.1.1   Antigen titration 

Checkerboard titration was performed to determine optimum concentration of r17-

kDA antigen. The optimum concentration was noted at 1.25 µg/ml. Similar to r17-kDA 

antigen titration, the optimum concentration of rGroEL was noted at 1.25 µg/ml. The 

results were shown (Appendix 4-Appendix 7).  

3.2.1.2   Sera and conjugating titration 

The checkerboard titration method showed the optimum concentration of serum 

dilution and conjugated antibody were 1:200, and 1:12,000, respectively. The data 

were shown (Appendix 8-Appendix 11). 

 3.2.2   Validation 

  3.2.2.1   ROC analysis  

 Total 12 positive and 7 negative sera were used. ROC analyses were plotted 

and analyzed. The cut-off OD value of this tested was noted at 0.186067 (Figure 3.3). 

The similar positive and negative sera that used in 17-kDa were also used for 

determining cut-off of rGroEL ELISA. ROC analyses were plotted and analyzed. The cut-

off OD value of this tested was noted at 1.9276 (Figure 3.4).  
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  3.2.2.3   ROC analysis and Clinical performance of ELISA tests  
 An ELISA using recombinant 17-kDa and GroEL as the coating antigen were 

analyzed by Receiver Operating Characteristics (ROC) curves. The recombinant 17-kDa 

based ELISA demonstrated 75% and 57.14% of sensitivity and specificity with area 

under the curve (AUC) of 0.75 (Table 3.2, Table 3.3 and Figure 3.5). Similar to 

recombinant 17-kDa, recombinant GroEL based ELISA showed 83.33% and 71.43% of 

sensitivity and specificity with AUC of 0.798 (Table 3.2, Table 3.3 and Figure 3.6). 

Furthermore, both ELISA results were combined and showed an increased in the 

sensitivity and specificity of 91.67% and 42.86%, respectively. 

Table 3.2 Area under the ROC curve 

Area under the ROC curve 17-kDa GroEL 

Area 0.75 0.7976 

Standard Error 0.1164 0.1187 

95% confidence interval 0.5219 to 0.9781 0.565 to 1.03 

P value 0.0759 0.0346 

Table 3.3 Comparison of clinical performance of recombinant protein-based ELISAs 

Statistic r17kDa-based ELISA rGroEL-based ELISA At least 1 positive 

Sensitivity 
75.00% 

(42.81- 94.51%) 
83.33% 

(51.59- 97.91%) 
91.67% 

(61.52-99.79%) 

Specificity 
57.14% 

(18.41- 90.10%) 
71.43% 

(29.04- 96.33%) 
42.86% 

(9.90-81.59%) 

PPV 
75.00% 

(54.56- 88.23%) 
83.33% 

(60.14- 94.31%) 
73.33% 

(58.61-84.23%) 

NPV 
57.14% 

(29.24- 81.14%) 
71.43% 

(39.34- 90.60%) 
75.00% 

(27.61-95.63%) 
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Figure 3.5 ROC curve analysis and clinical performance of r17-kDa-based ELISA  
 

0 2 5 5 0 7 5 1 0 0

0

2 5

5 0

7 5

1 0 0

r G r o E L

1 0 0 %  -  S p e c i f i c i t y %

S
e

n
s

i
t

i
v

i
t

y
%

S e n s i t i v i t y %

I d e n t i t y %

 

Figure 3.6 ROC curve analysis and clinical performance of rGroEL-based ELISA  
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

73 
 

 
  

3.2.3 Repeatability 

 A total of 12 positive and 7 negative sera were tested with 3 replicates. 

Coefficient variations were calculated. The r17-kDa showed %CV of intraplate range 

from 0.63% to 13.51%, with median value 5.24%. The rGroEL showed %CV of intraplate 

range from 0.41% to 11.58%, with median value 2.69%. For interplate repeatability, 

the r17-kDa showed %CV range from 1.03% to 25.54% with median value 5.74% and 

the rGroEL showed %CV range from 1.75% to 12.49% with median value 2.69% 

(Appendix 12-Appendix 19). 

3.3   Discussions  

In human, different serology testings for Bartonella spp. demonstrated variation 

in sensitivity and specificity. According to IFA-based test, the sensitivity of serology test 

varied between 14%-100% and specificity was varied between 34% - 100% (Sander et 

al., 2001). Serological investigations for detection of IgG by ELISA method in human 

were also reported with high specificity (90%-99%) and variable low sensitivity (10%-

95%) (Sander et al., 2001; Agan and Dolan, 2002). The different results has been 

described by the difference in antigens preparation of each test. However, higher 

sensitivity and specificity were reported in IgM detection ELISA methods(Barka et al., 

1993; Agan and Dolan, 2002). Nevertheless, The Advisory Board on Cat Diseases had 

recommended that IFA is more useful for exclusion rather than for confirmation of the 

infection because of the low positive predictive value when compared with the good 

negative predictive value (Pennisi et al., 2013; Sigirci et al., 2017) and the test often 
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can cross-reactivity with other pathogens such as Coxiella burnetii, Chlamydia spp., 

Rickettsia rickettsii, Ehrlichia chaffeensis, Treponema pallidum, Francisella tularensis, 

and Mycoplasma pneumonia (McCool et al., 2008). 

 Bartonella henselae specific protein (BSP) based serologic tests were studied 

to reduce cross-reactive bacterial antigen and avoid handling an infectious material 

(Werner et al., 2008). Several BSP were reported to be immunoreactive (Kabeya et al., 

2003; Loa et al., 2006; Werner et al., 2006; McCool et al., 2008; Wagner et al., 2008; 

Eberhardt et al., 2009; Feng et al., 2009; Saisongkorh et al., 2010; Ferrara et al., 2014; 

Satranarakun et al., 2017). Using recombinant 17-kDa as the selective protein for 

Bartonella spp. test has reported the favorable results for IgG antibody detection in 

ELISA-based assay (Loa et al., 2006) and immunoblot assay (Anderson et al., 1995). 

Furthermore, one study in humans showed preferential outcomes of IgG and IgM 

antibody detection against B. henselae infection by using combination of 17-kDa and 

GroEL (Ferrara et al., 2014). The specificity and sensitivity of human sera-based IgG 

detection ELISA were previously reported and range from 76-93% and 65.7-71% for 

recombinant 17-kDa protein (Loa et al., 2006; Ferrara et al., 2014). Similar to Ferrara et 

al. (2014), our developed antibody tests demonstrated appropriate results with the 

sensitivity (75% and 83.33%) and specificity (57.14% and 71.43%) for IgG antibody 

detection in cat sera by 17-kDa and GroEL-based ELISA. The antibody tests showed 

satisfactory immunoreactive performances and can recognized Bartonella spp. which 

can be used as screening detection and still need further development. However, due 
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to the small sample size in this study, additional cat serum samples from various 

disorders should be required to investigate and determine the specificities of this 

antibody test in the future.   
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Chapter 4 

Feline bartonellosis and the association with feline retroviral infection 

 This chapter is the study of Bartonella spp. infection in cats and the association 

risks between retroviral infection and Bartonella spp. infection in cats. The purpose of 

this chapter was to find the prevalence and the association factors of Bartonella spp. 

infection in cats and relationship between feline retrovirus and Bartonella spp. 

infection in cats. 

4.1   Materials and Methods 

 4.1.1   Cat samples  

 One hundred and sixty-one cat blood samples were collected during 2017-

2020 at the veterinary clinics and hospitals in Bangkok metropolitan and vicinity area. 

The specific veterinarians checked general condition of cats and take data including 

fleas, ectoparasite prevention, and lifestyle of the cats from the owners. Three mls of 

whole blood was collected and placed into EDTA, heparinized and serum tubes, for 

CBC, blood chemistry and FeLV/FIV commercial test kit (Witness®, Zoetis). The 

remaining amount of blood sample were processed for serum collection, DNA 

extraction and then stored at – 20 °C for further studies. Moreover, all cats were 

categorized into 4 groups depending on their retroviral and Bartonella spp. infection 

status. Group 1 were clinically healthy cats negative to both Bartonella spp. PCR and 

retrovirus; Group 2 were cats negative to Bartonella spp. PCR but positive to retrovirus; 

Group 3 were cats positive to Bartonella spp. PCR but negative to retrovirus; and Group 
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4 were cats both positive to Bartonella spp. PCR and retrovirus detection. The CD4+ 

to CD8+ ratios were compared among groups to investigate the influence of 

immunosuppression by retroviral infections on Bartonella spp.  

This study was approved by Chulalongkorn University Animal Care and Use Committee 

(protocol No. 1931953). 

 4.1.2   Detection of Bartonella spp. DNAs by PCR 

 Whole blood in EDTA were processed for DNA extraction by using commercial 

DNA extract kit (NucleoSpin® Blood, MACHEREY-NAGEL GmbH & Co.). Species-specific 

primer-PCR (SSP-PCR) of the 16S-23S rDNA was conducted for detection of Bartonella 

species as previous described (Jensen et al., 2000; Rampersad et al., 2005). The 16S-

23S rRNA intergenic region sequence were amplified with PCR primers P-bhenfa (5’-

TCTTCGTTTCTCTTTCTTCA-3’) and P-benr1 (f5’-CAAGCGCGCGCTCTAACC-3’)  

and nested primers N-bhenf1a (5'-GATGATCCCAAGCCTTCTGGC-3’) and N-bhenr  

(5'-AACCAACTGAGCTACAAGCC-3’). DNA sequencing was also analyzed for the 

Bartonella spp. confirmation. 

 4.1.3   Indirect fluorescent-antibody (IFA) assay  

 Serology confirmation for Bartonella spp. was performed by commercially IFA 

test kit, MegaFLUO® BARTONELLA (Megacor Diagnostik GmbH, Austria) as company 

recommended. The IFA titer higher than or equal to 1:64 was considered as 

seropositive samples. 
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 4.1.4   Flow cytometry analysis 

 CD4+, CD8+ and CD4:CD8 ratio were used to evaluate immune status of enrolled 

cats (Pappalardo et al., 2000; Hosie et al., 2009; Kabeya et al., 2009). One hundred 

microliters of EDTA blood per sample were added into 5 mls polystyrene tube. To lyse 

red blood cell, 3 mls of lysing buffer (BD Pharm Lyse™,USA) added and incubated in 

37 °C for 30 minutes. Then, centrifuged at 250 relative centrifugal force (rcf), 4 °C for 5 

minutes and discarded the supernatant. The remaining pellet washed with 3 mls of 

wash buffer (PBS +1% w/v bovine serum albumin (sigma Aldrich, UK) + 0.1% sodium 

azide (sigma Aldrich, UK). Then, centrifuged at 1500 rcf, 4 °C for 5 minutes and discarded 

the supernatant.  The pellet was stained with 5 µl of anti-feline CD4-FITC, anti-feline 

CD8-PE (Bio-Rad, USA) for 30 minutes at 37 °C. The samples were washed to remove 

excess staining by 3 mls of wash buffer and centrifuged at 1,500 rcf, 4 °C for 5 minutes 

and discarded the supernatant.  To preserve stained samples before flow cytometry 

measurement, 100 µl of 2% of paraformaldehyde in 1% PBS added and kept in 4 °C.  

 4.1.5   Statistical analysis 

 Association risk factors with Bartonella spp. infection; age, fleas, sex, retrovirus 

infection, were analyzed by Chi square and odds ratio (OR) and 95% confidence 

interval (CI) to determine the strength of association. The OR was considered significant 

by 95% CI that did not include a value of 1.0. Hematological and biochemistry 

parameters were also compared with independent t-test. Association risk between 

non-infection and infection groups. CD4+ cells, CD8+ cells, and CD4+ to CD8+ ratio were 
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compared among groups by Mann-Whitney and Kruskal-Wallis test and post-hoc 

analysis. A p-values less than 0.05 was considered as statistical significance. 

4.2   Results 

 One hundred and sixty-one clinically healthy cats were included, 73 (45.3%) 

were male and 88 (54.7%) were female. The median age was 1.5 years old and the 

range was 2 months to 12 years old. Among 27 cats who were positive for feline 

retrovirus, 11 cats (6.8%) tested positive for FIV, 18 cats (11.2%) tested positive for 

FeLV, and 2 cats tested positive for both FeLV and FIV. There were 26 positive cats 

(16.1%) and 135 negative cats (83.9%) for Bartonella spp. by nested PCR. However, the 

presence of antibodies against Bartonella spp. as detected by IFA was high, with 150 

(94.9%) cats testing positive and 8 (5.1%) cats being negative.  

 Mean ± SD of total white blood cell counts was 14,231.21±5,757 cells/ µl. The 

mean hematocrits percentage was 34.78±7.71%. The mean platelet counts was 

138,883±75,150 cells/ µl. Mean serum blood urea nitrogen and creatinine values were 

28.18±12.92 and 1.45±0.68 mg/dl, respectively. Mean ± SD of serum alanine 

aminotransferase and alkaline phosphatase were 75.91±74.50 and 42.67 ±31.71 

units/L, respectively. Mean serum total protein, albumin, and globulin were 7.51±0.83, 

2.90±0.33, and 4.61±0.90 mg/dl, respectively (Table 4.1). 
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Table 4.1 Complete blood count, blood chemistry, Bartonella spp. PCR result, and 

number of cats in each category 

Parameters Mean ± SD 

Bartonella spp. PCR 

p-value Negative 

Mean ±SD 

Positive 

Mean ±SD 

WBC 

(x103cells/ µl) 
14.23 ± 5.76 

14.09±5.90 14.91±5.03 
0.51 

n = 128 n = 26 

HCT 

(%) 
34.78 ± 7.71 

35.13±7.96 33.03±6.21 
0.206 

n = 128 n = 26 

PLT 

(x103cells/ µl) 
138.88±75.15 

137.34±76.72 146.5±67.80 
0.573 

n = 128 n = 26 

BUN 

(mg/dl) 
28.18±12.92 

28.36±13.89 27.22±5.68 
0.687 

n = 131 n = 25 

Creatinine 

(mg/dl) 
1.45 ±0.68 

1.45±0.73 1.46±0.27 
0.970 

n = 132 n = 26 

Total protein 

(mg/dl) 
7.51±0.83 

7.51±0.86 7.55±0.66 
0.838 

n = 126 n = 24 

Albumin 

(mg/dl) 
2.90±0.33 

2.91±0.34 2.90±0.25 
0.859 

n = 126 n = 24 

Globulin 

(mg/dl) 
4.61±0.90 

4.61±0.94 4.65±0.67 
0.832 

n = 124 n = 24 

ALT 

(units/L) 
75.91 ±74.50 

78.39±79.06 63.35±43.59 
0.348 

n = 132 n = 26 

ALP 

(units/L) 
42.67 ±31.71 

41.51±30.44 48.96±38.03 
0.302 

n = 125 n = 23 

*Significance difference when p-value less than 0.05 
Abbreviations: WBC = white blood cell count, HCT = hematocrit, PLT = platelet 
count, BUN = blood urea nitrogen, ALT = serum alanine aminotransferase,  
ALP = serum alkaline phosphatase, SD: standard deviation  
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 Blood profile including total white blood cell count, hematocrit, platelet count, 

blood urea nitrogen, creatinine, total protein, albumin, globulin, and ALT did not show 

any significant difference between Bartonella spp. PCR statuses (Table 4.1). Cats more 

than 1 year old were significantly associated with having Bartonella spp. seropositive 

(OR 4.296; 95% CI 1.010-18.275) (Table 4.2). However, the cats’ ages were not related 

to PCR detection status (OR 2.480; 95% CI 0.700-8.793) (Table 4.3). Feline retroviral 

infections (positive to either FeLV or FIV), gender, and flea infestation status were not 

associated with both Bartonella spp. serostatus and PCR results (Table 4.2 and Table 

4.3).  

 Median values of CD4+ and CD8+ T lymphocytes values were 15.175% (range 

1.28-48.46%) and 8.350% (range 1.24- 41.88%), respectively. Median of the CD4+ to 

CD8+ ratio was 1.853 (range 0.323- 5.631). Median of the CD8+ percentage of FIV 

negative (8.100%, range 1.24- 41.88) was significantly lower than FIV positive cats 

(14.300% range 6.38- 26.57) (p = 0.026). Median of the CD4+ to CD8+ ratio of FIV negative 

cats (1.896, range 0.323- 5.065) was significantly higher than for FIV positive cats (1.119, 

range 0.633-5.631) (p = 0.045). The CD8+ percentage of Bartonella spp. seronegative 

(5.495%, range 2.08- 7.25%) was significantly lower than for seropositive cats (8.740%, 

range 1.24- 41.88%) (p = 0.024) (Table 4.4). 
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Table 4.2 Association (odds ratio) between gender, age, flea infestation, and 

retrovirus status, with IFA results of Bartonella spp. antibody status  

Variables Bartonella spp. Ab status OR 95% CI 

  
Negative 

n (%) 

Positive 

n (%) 
 Lower Upper 

Gender  

(n=158) 

Male 1 (1.4) 70 (98.6) 
0.163 0.020 1.360 

Female 7 (8.0) 80 (92.0) 

Age 

(n=158) 

<1 year 4 (11.1) 32 (88.9) 
4.296 1.010 18.275 

≥ 1 year 4 (3.3) 118 (96.7) 

Fleas 

(n=158) 

No 5 (5.4) 87 (94.6) 
1.207 0.278 5.237 

Yes 3 (4.5) 63 (95.5) 

Retroviral 

status 

(n=158) 

Negative 8 (6.1) 123 (93.9) 
ND ND ND 

Positive 0 (0) 27 (100) 

Abbreviations: OR: odds ratio, 95% CI: 95% confidence interval, SD: standard deviation, Fleas: flea 

infestation, ND: not determined 
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Table 4.3 Association (odds ratio) between gender, age, flea infestation, retrovirus 

status, and antibody status with Bartonella spp. PCR results. 

Variables Bartonella spp. PCR OR 95% CI 

  
Negative 

n (%) 

Positive 

n (%) 
 Lower Upper 

Gender 

(n=161) 

Male 61 (83.6) 12 (16.4) 
0.962 0.414 2.233 

Female 74 (84.1) 14 (15.9) 

Age 

(n=161) 

<1 year 33 (91.7) 3 (8.3) 
2.480 0.700 8.793 

≥ 1 year 102 (81.6) 23 (18.4) 

Fleas 

(n=161) 

No 84 (88.4) 11 (11.6) 
2.246 0.958 5.267 

Yes 51 (77.3) 15 (22.7) 

Retroviral status 

(n=161) 

Negative 112 (83.6) 22 (16.4) 
0.885 0.279 2.813 

Positive 23 (85.2) 4 (14.8) 

Ab status 

(n = 158) 

Negative 7 (87.5) 1 (12.5) 
1.400 0.165 11.885 

Positive 125 (83.3) 25 (16.7) 

Abbreviations: OR: odds ratio, 95% CI: 95% confidence interval, SD: standard deviation, Fleas: flea 

infestation, Ab: antibody, ND: not determined  
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 In order to find the association between immunocompromised cats and 

Bartonella spp. infection using PCR detection, all cats were divided into 4 groups to 

compare CD4+ to CD8+ ratio.  By the Kruskal-Wallis test, a significant difference was 

detected among groups (p = 0.034). All pairwise post hoc analysis showed the lowest 

ratio was found in Group 4 (n=3, median 1.017, range 0.323- 1.027) and was significantly 

lower than Group 1 (n=70, 1.914, range 0.455- 5.065) (p= 0.041) but was not significantly 

lower than Group 2 (n=15, 1.469, range 0.633-5.631) and 3 (n =18, 1.864, range 1.021- 

4.001) (p = 0.308, 0.056) (Figure 4.1). 

 

Figure 4.1 Column scatter plot of CD4+ to CD8+ ratios in 4 groups of cats with 

different retrovirus and Bartonella spp. statuses. Gr.1: healthy cats who tested 

negative for both Bartonella spp. PCR and retrovirus; Gr.2: cats who tested negative 

for Bartonella spp. PCR but positive for retrovirus; Gr.3: cats who tested positive for 

Bartonella spp. PCR but negative for retrovirus; and Gr.4: cats who tested positive for 

both Bartonella spp. PCR and retrovirus.
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4.3   Discussions 

 Bartonella spp. is distributed worldwide, with a higher prevalence in humid and 

warm climate areas (Jameson et al., 1995; Sykes and Chomel, 2014). Bartonella spp. 

infection was high in both domestic and/or stray cats in Asian countries (Inoue et al., 

2009). In Thailand, several studies reported B. henselae detection in both humans and 

cats. In 2000, 5.5% of Thai blood donors were seropositive for B. henselae (Maruyama 

et al., 2000a). The prevalence of B. henselae in cats, either by nucleic acid detection 

or bacterial isolation, was reported to be between 10% and 27.6% (Maruyama et al., 

2001; Inoue et al., 2009; Assarasakorn et al., 2012). One recent study showed 53.7% 

bacteremia prevalence in stray cats in the Bangkok metropolitan area (Jitchum et al., 

2009). The prevalence of Bartonella spp. infection in the clinically healthy cats coming 

for a health check or neutering between 2017-2020 in the present study was 16.1%. 

However, the seroprevalence of Bartonella spp. infection was as high as 94.9%, which 

indicates that cats in Thailand had previously been exposed to Bartonella spp. 

infection. High seroprevalences have also been reported for B. henselae antibodies, 

up to 93% in feral cats (Chomel et al., 1995; Nutter et al., 2004; Fontenelle et al., 2008; 

Assarasakorn et al., 2012). Both bacteremia and high seroprevalence in this study were 

markedly high compared to those in other countries (Glaus et al., 1997; Fabbi et al., 

2004), which may be due to the high temperatures and humidity. Warm temperature 

and high humidity throughout the year in Thailand encourages the growth and increase 

infestation rate of arthropod vectors, such as fleas. Although, the presences of 
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antibody do not relate with the presences of bacteremia in cats, seroconversion or 

four-fold increasing in antibody titer over a 2–3-week period are considered to confirm 

acute Bartonella spp. infection (Chomel et al., 2004; Álvarez-Fernández et al., 2018). 

However, antibody titers of higher than 1:512 are more likely to be bacteremia (Chomel 

et al., 1995). The company recommendation of cut-off titer at 1:64 may not support 

to the clinical healthy cats in Bangkok Metropolitan.       

 The clinical presentation in naturally infected cats is usually subclinical or only 

mild clinical signs which may not be observed by the owners (Abbott et al., 1997; 

Breitschwerdt, 2008; Guptill, 2010a; Sykes and Chomel, 2014). Transient fever 

generalized or localized peripheral lymphadenomegaly, mild neurologic signs, and 

reproductive problems were reported in experimental cats (Breitschwerdt, 2008; 

Guptill, 2010a; Sykes and Chomel, 2014). Other clinical sighs are including uveitis, 

chronic gingivostomatitis, fever of unknown origin, chronic kidney disease, pancreatitis, 

chronic rhinosinusitis, and lower urinary tract diseases (Sykes and Chomel, 2014). 

However, all cats in the present study were all clinically normal healthy cats.  

 In previous reports, the risk factors for Bartonella spp. infection in cats were 

flea infestations, outdoor lifestyle, and a multi-cat environment (Gurfield et al., 2001; 

Guptill et al., 2004; Assarasakorn et al., 2012; Pennisi et al., 2013). Moreover, young cats 

had a higher risk of Bartonella spp. bacteremia or DNA detection (Guptill et al., 2004; 

Assarasakorn et al., 2012). Interestingly, our results showed that younger cats tend to 

be less seropositive than the older cats and flea status did not show any significant 
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association with Bartonella spp. infection in this study. These findings are directly in 

line with previous findings (La Scola et al., 2002; Bai et al., 2015; Gutiérrez et al., 2015b). 

It is interesting to note that fluctuating bacteremia can cause undetectable levels even 

when there is persistent bacteremia in cats. Moreover, the findings of bacteremia in 

cats may not be accompanied by infected fleas (Gutiérrez et al., 2015b). On top of 

that, the other routes of infection, such as biting and scratching between cats, should 

also be considered as another important source of Bartonella spp. infection.  

 The clinical manifestations of Bartonella spp. infection depend on the host’s 

immune response (Mofenson et al., 2009). Both HIV-infected and other 

immunocompromised patients were reported to have bacillary angiomatosis and/ or 

bacillary peliosis more than others (Mofenson et al., 2009) and they were recorded 

most often in HIV-infected adults with a low number of CD4+ count (fewer than 50 

cells/mm3) (Mofenson et al., 2009). In cats, feline leukemia virus (FeLV) and feline 

immunodeficiency virus (FIV) cause acquired immunodeficiency (Gomez-Lucia et al., 

2020). FeLV and FIV infections per se were not directly associated with Bartonella spp. 

infection in this study. The same trend was also observed in other studies (Ueno et al., 

1996; Glaus et al., 1997). However, another previous study reported that FeLV was 

significantly associated with Bartonella spp. infection (Buchmann et al., 2010). 

Therefore, the relationships between feline retroviral infection and Bartonella spp. 

infection remains inconclusive and requires further investigation. One explanation for 

this inconsistency in retroviral status and Bartonella spp. infection may be due to the 
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low number of cats in each stage of FIV infection in the present study. All FIV-positive 

cats in this study were in the asymptomatic stage with normal CD4+ to CD8+ ratio. In 

the asymptomatic phase, CD4+ T cell numbers rebound, and the plasma virus load 

declines to very low levels. Cats in the asymptomatic phase remain healthy for several 

years. Viral infection gradually suppresses the immune function over years. In the late 

asymptomatic stage or terminal phase, cats may have clinical signs of opportunistic 

infections, neoplastic disease, myelosuppression, and neurologic disease (Hartmann, 

1998; Harbour et al., 2004; Sykes, 2014) or have Bartonella spp. infection later on in 

life if they are in Aid-related stage or end stage of FIV. 

 The average percentages of CD4+, and CD8+ T lymphocytes in normal adult 

cats were reported to be between 31.15-44.5% and 13-27.5%, respectively (Tompkins 

et al., 1990; Dean et al., 1991; Hoffmann-Fezer et al., 1992; Byrne et al., 2000). The 

mean CD4+ to CD8+ ratio of T lymphocyte in normal cats is 1.74-3.3 (Tompkins et al., 

1990; Dean et al., 1991; Hoffmann-Fezer et al., 1992; Byrne et al., 2000). In FIV-infected 

cats, the CD4+ T lymphocyte count declines and the CD8+ T lymphocyte count 

increases, resulting in a gradually decreasing CD4+ to CD8+ ratio (Gomez-Lucia et al., 

2020). In FIV-infected cats with cutaneous dermatophytosis, the CD4+ to CD8+ ratio was 

significantly lower than the ratio in the FIV-infected cats (Reche et al., 2010). In T. gondii 

infection concurrent with FIV infection cats, the CD4+ T lymphocyte count reduced 

during the first 3 weeks of infection, and no alteration of the CD8+ T lymphocyte count 

was detected (Lin et al., 1992). The CD4+ to CD8+ ratios in Bartonella spp. infected cats 
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in this study were within normal limits and the grand median of the CD4+ to CD8+ ratio 

did not differ from what was previously reported (CD4+ to CD8+ ratio = 1.853, range 

0.323-5.631).  

 In this study, the declining trend of CD4+ to CD8+ ratios were observed in both 

retrovirus-infected cats and Bartonella spp. co-infected cats as shown in the earlier 

studies (Lin et al., 1992; Reche et al., 2010). Furthermore, the lowest CD4+ to CD8+ ratio 

was also shown in cats with concurrent retroviral and Bartonella spp. infected cats. 

Therefore, the CD4+ to CD8+ ratio should be important parameter when Bartonella 

spp. infection is suspected in retroviral-positive cats. 

 The present study had some limitations; firstly, the cats in this study may have 

had undetected concurrent illnesses that altered the population of lymphocytes, and 

secondly, the retrovirus-infected cats, especially FIV positive cats, had not been 

classified into the stage of FIV infection due to the low number of FIV-positive cats 

included. Further investigation of CD expression in different stages of FIV-infected cats 

should be studied to investigate the effect of the levels of CD4+ and CD8+, and the 

CD4+ to CD8+ ratio on Bartonella spp. infection in the future. 
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Chapter 5 

General Discussion and Conclusions 

 Bartonella spp. is found all across the world, with a higher incidence in humid 

and warm climates (Jameson et al., 1995; Guptill, 2010a).  People infected with 

Bartonella spp. are suffering from various clinical illnesses. However, 

immunocompetent individuals may have more localized and self-limited illness 

(Massei et al., 2000; Massei et al., 2004; Florin et al., 2008; Guptill, 2010a). However, an 

immunocompromised individuals may debilitate and can be fatal.  

 Cats considered as a primary reservoir for many species including,  

B. henselae, B. claridigeae, and B. koehlerae (Guptill, 2010a). Bartonella spp. infection 

in both cats and people is difficult to detect since there is no one test that can confirm 

a clinical bartonellosis. Many approaches of detection have been proposed but they 

are still doubt in their performances. This study showed their clinical important and 

had developed a new tool as an antibody test that have shown its acceptable 

sensitivity and specificity. Several investigations in Thailand found B. henselae in both 

people and cats. In this study, the incidence of Bartonella spp. infection was 16.1% in 

clinically healthy cats that came for a health check or neutering between 2017 and 

2020. The seroprevalence of Bartonella spp. infection, on the other hand, was as high 

as 94.9% which indicated that cats in Thailand had previously been exposed to 

Bartonella spp. infection. High seroprevalences of B. henselae antibodies have also 

been recorded, with up to 93% in wild cats (Chomel et al., 1995; Nutter et al., 2004; 
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Fontenelle et al., 2008; Assarasakorn et al., 2012). Both bacteremia and high 

seroprevalence were significantly high in this study compared to other countries (Glaus 

et al., 1997; Fabbi et al., 2004) which might be attributed to Thailand's high 

temperatures and humidity. Our findings suggested that most cats in Thailand with this 

high risk can transfer Bartonella spp. infection to their owners.  

 The clinical symptoms of Bartonella spp. infection are influenced by the 

immunological response of the host (Mofenson et al., 2009).  In human, both HIV-

infected and other immunocompromised individuals were found to have more serious 

conditions than others (Mofenson et al., 2009), and it was most common in HIV-

infected adults with a low CD4+ count  (Mofenson et al., 2009). In cats, acquired 

immunodeficiency is caused by feline leukemia virus (FeLV) and feline 

immunodeficiency virus (FIV) (Gomez-Lucia et al., 2020). In the present study, cats with 

FeLV and FIV infections per se were not linked to Bartonella spp. infection. Other 

studies have shown the similar pattern (Ueno et al., 1996; Glaus et al., 1997). The 

stages of FIV infection in cats might also explain the discrepancy in retroviral status 

and Bartonella spp. infection. Cats with terminal phase of FIV may show clinical signs 

of opportunistic infections (Hartmann, 1998; Harbour et al., 2004; Sykes, 2014). 

According to previous research, falling CD4+ to CD8+ ratios were also detected in 

retrovirus-infected cats and Bartonella spp. co-infected cats (Lin et al., 1992; Reche et 

al., 2010). Furthermore, cats in the present study with concurrent retroviral and 

Bartonella spp. infection had the lowest CD4+ to CD8+ ratio. As a result, the CD4+ to 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

93 

CD8+ ratio in retroviral-positive cats may be another predictor of Bartonella spp. 

infection and need to be measured to rule out or rule in Bartonella spp. infection in 

FIV cats. 

 Therefore, Bartonella spp. detection tests are needed to screen the infection 

in cats. Bartonella spp. infection in both cats and people is difficult to detect since 

there is no one test that can confirm a clinical bartonellosis. Clinical proof requires a 

combination of compatible clinical tests, the positive serological test is the major 

criteria of clinical human bartonellosis (Agan and Dolan, 2002; Guptill, 2010a). 

According to an IFA-based test, the sensitivity ranged from 14% to 100%. Serological 

examinations using the ELISA technique were shown to have good specificity (90%-

99%) and varied sensitivity (10%-95%). Using whole-cell antigen for western blot 

analysis has also shown different immunoreactivity patterns in each sample. Our 

developed antibody test using r17-kDa and rGroEL proteins demonstrated a sensitivity 

of 75% and 83.33% and specificity 57.14% and 71.43%. 

 Nevertheless, the findings of the present study have to be seen in light of some 

limitations. First, there were high seroprevalence in a group of enrolled cats. This 

constraint led this study had a low number of negative sera in validation of ELISA. 

Second, further investigate in various diseases in cats has not been established. Last, 

this study recruited only clinically healthy cats which may or may not suffer from 

unknown concurrent implications. Therefore, additional cat sera of various infectious 

pathogens, IgM panel antibody, and wide range of infection stage of retroviral- infected 
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cats should be enrolled to the future study to deduct the range of confounding factors 

and to increase the specificity of ELISA test.  

 Finally, this dissertation extends our knowledge of Bartonella spp in cats. It 

revealed the high tendency of zoonotic potential of Bartonella spp. in both domestic 

and stray cats in Bangkok Metropolitan. The CD4+ and Cd8+ ratios were proposed to be 

another clinical parameter for monitoring the infection in retroviral-infected cats. 

Though there is difficulty to prove clinical bartonellosis, infection in cats and people, 

new developed ELISA from this study is original and may raise our new hope for 

screening Bartonella spp. infection in cats and to protect cats’ owner from this 

important zoonosis. 
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Appendix 1 pET28b Vector Map 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

Appendix 2 pH6HTC His6HaloTag® T7 Vector map 
 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

Appendix 3 Mass spectrometry result of recombinant 17-kDa and GroEL proteins 
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