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Highlights

 • Experimental Mycoplasma ovis infection in mice produced significant 
vascular changes, cellular degeneration, necrosis and hypertrophy of 
ovarian lutein cells accompanied by a disturbance in female reproductive 
hormones.

 • The dysregulation of progesterone and ovarian pathology observed here 
are novel findings that elucidate the potential mechanism of reproductive 
disorders associated with haemotropic M. ovis under field conditions.

 • The ovarian pathology and immunological reactions seen in the liver, spleen, 
lymphnodes, and kidneys could potentially influence folliculogenesis and 
drive hormonal imbalances.
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Abstract: In this study, we examined the effects of experimental intraperitoneal infection 
with haemotropic Mycoplasma ovis (0.5 mL of blood containing 80% parasitaemia) on 
selected serum biomarkers and cellular pathology in mice. After infection, M. ovis cells 
appeared in the blood films within one week. A dose-dependent peak of parasitemia was 
observed during the 3rd-week post-infection (pi), with a significant decrease in mean PCV 
between treatment versus control group at week 3 (t14 = –3.693, P < 0.02), week 5 (t14 = 
–2.096, P = 0.055), and week 7 (t14 = –4.329, P = 0.001). There was a significantly (t8 =
–2.330, P = 0.048) lower serum oestrogen in treatment (10.38 ± 5.07) than control (17.43
± 4.48), while serum progesterone was significantly (t8 = 5.415, P = 0.001) increased in
treatment (27.37 ± 2.17) than control (15.92 ± 4.20). Serum haptoglobin was significantly
(t8 = 8.525, P < 0.01) lower in treatment (8.72 ± 1.49) than control (18.16 ± 1.98) while the
SAA was significantly (t8 = 3.362, P = 0.01) higher in treatment (16.79 ± 2.71) than control
(11.59 ± 2.15). Prominent lesions observed in the ovary include degeneration, necrosis,
vacuolation, and hypertrophy of the lutein cells in corpora lutea. In the lymph nodes,
diffused cellular hyperplasia of the lymphoid tissue in the cortex. In the liver, degeneration
and necrosis accompanied by leucocytic cellular infiltration and Kupffer cell proliferation
within the sinusoids. There were diffused leucocytic infiltrations and proliferative lesions
in the glomerulus of the kidneys. The disturbance in progesterone and ovarian pathology
highlights the potential role of haemotropic M. ovis in reproductive disorders. The observed
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changes in biomarkers and cellular reactions following M. ovis infection in the mouse may 
be further advanced in sheep and goats.

Keywords: Cellular Pathology, Mycoplasma ovis, Pathogenicity, Serum Biomarkers

Abstrak: Dalam kajian ini, kami mengkaji kesan jangkitan intraperitoneal eksperimen 
dengan Mycoplasma ovis hemotropik (0.5 mL darah yang mengandungi 80% parasitemia) 
pada biomarker serum terpilih dan patologi selular pada tikus. Selepas jangkitan, sel  
M. ovis muncul dalam filem darah dalam masa satu minggu. Kemuncak parasitemia yang 
bergantung kepada dos diperhatikan semasa minggu ke-3 selepas jangkitan (pi), dengan 
penurunan ketara dalam purata PCV antara rawatan berbanding kumpulan kawalan pada 
minggu ke-3 (t14 = –3.693, P < 0.02), minggu ke-5 (t14 = –2.096, P = 0.055), dan minggu 
7 (t14 = –4.329, P = 0.001). Terdapat estrogen serum yang jauh lebih rendah (t8 = –2.330, 
P = 0.048) dalam rawatan (10.38 ± 5.07) daripada kawalan (17.43 ± 4.48), manakala 
progesteron serum adalah ketara (t8 = 5.415, P = 0.001) meningkat dalam rawatan (27.37 
± 2.17) daripada kawalan (15.92 ± 4.20). Serum haptoglobin adalah ketara (t8 = 8.525,  
P < 0.01) lebih rendah dalam rawatan (8.72 ± 1.49) daripada kawalan (18.16 ± 1.98) 
manakala SAA adalah ketara (t8 = 3.362, P = 0.01) lebih tinggi dalam rawatan (16.79 ± 
2.71) daripada kawalan (11.59 ± 2.15). Lesi yang menonjol yang diperhatikan dalam ovari 
termasuk degenerasi, nekrosis, vakuolasi dan hipertrofi sel lutein dalam corpora lutea. Di 
kelenjar getah bening, hiperplasia selular meresap tisu limfoid di korteks. Di dalam hati, 
degenerasi dan nekrosis disertai dengan penyusupan selular leukositik dan percambahan 
sel Kupffer dalam sinusoid. Terdapat penyusupan leukosit yang meresap dan lesi 
proliferatif dalam glomerulus buah pinggang. Gangguan dalam patologi progesteron dan 
ovari menyerlahkan potensi peranan hemotropik M. ovis dalam gangguan pembiakan. 
Perubahan yang diperhatikan dalam biomarker dan tindak balas selular berikutan jangkitan 
M. ovis pada tikus mungkin lebih maju pada biri-biri dan kambing.

Kata kunci: Patologi Selular, Mycoplasma ovis, Patogenik, Biomarker Serum

INTRODUCTION

Haemotropic M. ovis is an important cause of anaemia, retarded growth and 
undesirable production outcomes (Hornok et al. 2012; Rani et al. 2018; Jesse 
et al. 2020), including poor reproductive performance, decreased milk yield in 
dairy cows (Messick 2004), and the incidence of abortion in sheep flocks (Urie 
et al. 2019). The presence of parasites in aborted foetuses from infected cows 
hinted the potential involvement of the reproductive system (Hornok et al. 2011). 
Moreover, recent reports on neonatal haemoplasma infection in calves further 
strengthened evidence suggesting transplacental transmission of infection in cows 
(Girotto-Soares et al. 2016).

Acute-phase proteins (APPs) and cytokines are presently used as 
biochemical markers to support the clinical diagnosis of many diseases (Othman 
et al. 2016; Raynes 1994; Chung et al. 2019). The proinflammatory cytokines 
such as interleukin (IL)-1, IL-2, tumour necrosis factor (TNF)-α, and interferon-
gamma (IFN-γ) activate cellular defences to pathogens during the acute phase 
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response (APR) (Horuk 1994). A significant component of the acute inflammatory 
stimulus produced by cytokine release is the activation of hepatic biosynthesis of 
APPs (Uhlar & Whitehead 1999), such as serum amyloid A (SAA), haptoglobin 
(Hp), lipopolysaccharide-binding protein (LBP) and α-1-acid glycoprotein (AGP) 
(Eckersall & Bell 2010). The SAA and Hp molecules are recognised as major 
APPs that serve as binding proteins and immune modulators (Ceciliani et al. 
2012), whose concentrations may increase dramatically during the APR (Jain  
et al. 2011). The liver synthesises Hp in response to specific chemokines (Raynes 
1994). The Hp molecule participates in scavenging free haemoglobin in the blood, 
regulating innate immunity in white blood cells, exerting direct bacteriostatic effects 
and chaperone activity (Ceciliani et al. 2012). The SAA molecule, produced by 
the liver in response to TNF-α and IL-6 (Uhlar & Whitehead 1999), participates 
in opsonisation, preventing cholesterol aggregation at the site of inflammation 
and modulating the innate immune response during the APR (Jain et al. 2011). 
Therefore, these markers were selected to evaluate their potential role in the 
pathogenesis of experimental haemotropic M. ovis infection. The mouse model 
was used in this study because murine species have been used to study various 
mechanisms of haemoplasma infection (Messick 2004; Rani et al. 2018; Hornok 
et al. 2012; Paul et al. 2020).

The application of microscopy in the current diagnosis of haemotropic 
M. ovis yields low sensitivity. Similarly, serology produces nonspecific products, 
while PCR is expensive and requires expertise (Neimark et al. 2004; Faraj & 
Kamal 2017). Since recent studies have recorded success in the assay of serum 
biomarkers as potential early markers of infections (Jain et al. 2011; Musaya et al. 
2015; Chung et al. 2019), we explored serum Hp and SAA as potential markers for 
the clinical diagnosis of M. ovis. Furthermore, haemoplasma infections are known 
to cause decreased milk yield and abortion in domestic animals, but their impact 
on reproductive physiology remains unresolved. In this study, we examined the 
effects of experimental intraperitoneal infection of haemotropic M. ovis on selected 
serum biomarkers and cellular pathology in the mouse model. It was hypothesised 
that the average observations on the PCV, serum biomarkers and cellular lesions 
in the M. ovis treatment and control group are the same.

MATERIALS AND METHODS

Ethics Approval

The experimental and laboratory protocols outlined in this study were approved 
by the Institutional Animal Care and Use Committee (IACUC), Universiti Putra 
Malaysia (UPM/IACUC/AUP-R041/2019). The study protocols also comply with 
the international guidelines for Ethical Conduct in the Care and Use of Laboratory 
Animals in Biomedical Research.
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Haemotropic Mycoplasma ovis Inoculum

Uncharacterised wild strain of M. ovis obtained from infected sheep under a semi-
intensive management system was used for preparing the inoculum (Paul et al. 
2021). Two healthy adult guinea pigs were initially inoculated intraperitoneally with 
heavily parasitised blood samples obtained from haemoplasma-infected sheep to 
further propagate M. ovis infection for the subsequent infection of the treatment 
group. The infection was monitored by microscopic examination of blood smears 
until the peak of parasitaemia (day 21 pi). The parasite score of the inoculum 
(80% infected cells) used to inoculate the treatment group was determined by the 
examination of 10 microscopic fields of Giemsa-stained blood smears at the peak 
of parasitaemia (Gulland et al. 1987).

Experimental Design

A controlled experiment was designed to investigate the null hypothesis “that 
the average observations on the PCV, serum biomarkers, and cellular lesions 
in the M. ovis treatment and control group are the same”. The sample size (n) 
was calculated using G*Power software based on a 90% effect size, 95% CI, 
5% level of significance and a two-sided t-test. Sixteen healthy adult (10 weeks 
old) female Institute of Cancer Research (ICR) mice strain (33.5 ± 0.2 g) were 
randomly assigned to the control (n = 8) or treatment (n = 8). The mice were 
acclimatised for 14 days and maintained at a temperature of 22 ± 1°C under 
12-hour light/darkness cycles in separate plastic cages. Feeding was done 
manually using commercial pelletised mouse chow (Golden Coin Feeds, Serdang 
BHD), and tap water was given ad libitum throughout the trial period. Oestrus 
synchronisation was performed to bring all the mice in the reproductive phase using  
0.5 µg/mouse of cloprostenol (PGF2α 250 µg/mL) and a 3 µg of progesterone 
injection given at week 1 (Pallares & Gonzalez-Bulnes 2009). In week 2, we infected 
the treatment group with 0.5 mL of inoculum (80% infected cells) by intraperitoneal 
injection and the control group was given 0.5 mL of sterile physiological buffered 
saline (PBS) pH 7.0 by intraperitoneal injection. The progression of infection was 
monitored through weekly examination of parasitaemia and haematocrit from tail 
blood. All mice in the control and treatment group were euthanised by anaesthesia 
using a combination of 100 mg/kg ketamine and 10 mg/kg xylazine on day 56 pi. 
Immediately after euthanasia, blood was drained from the heart using a 25-gauge 
needle and syringe.

Evaluation of PCV and Parasitaemia in Mice

The PCV was determined using the microhaematocrit centrifugation technique 
(Grindem, 2011). Smears of whole blood prepared on glass slides (75 mm ×  
25 mm) were fixed with methyl alcohol and stained with 10% Giemsa solution. 
Ten high-power fields were examined on a thin section of each blood smear under 
bright-field microscopy using an oil immersion objective lens (×100) to detect 
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and count the number of infected cells (n) per 1,000 erythrocytes during infection 
(Gulland et al. 1987; Jesse, Jazid, et al. 2015).

Enzyme-Linked Immunosorbent Assays (ELISA)

Serum was extracted from clotted blood by centrifugation at 3,000 RPM for 10 min 
at 6°C (Eppendorf, Hamburg, Germany). The serum samples were stored at –20°C 
until used for the ELISA tests. Commercial sandwich ELISA test kits were used 
for the quantitative detection of serum amyloid A (catalogue number: E0372Mo; 
LOT 20190008) and oestrogen (catalogue number: E1480Mo; LOT 20190008) 
while competitive ELISA test kits were used for quantifying the serum haptoglobin 
(catalogue number: EA0023Mo, LOT 20190008) and progesterone (catalogue 
number: EA0016Mo, LOT 2019008). All assay procedures were performed 
according to the manufacturer’s instructions (Bioassay Laboratories, China), and 
the optical densities of the assays were determined at 450 nm using an ELISA 
microplate reader (Sunrise®, Tecan AG, Switzerland).

Gross and Histopathological Evaluations

The visceral organs were initially examined in situ at postmortem to record any 
changes in size, shape, colour and consistency. The ovaries, liver, kidney, spleen 
and lymph nodes were harvested and fixed in 10% buffered formalin. After fixation 
for two weeks, the tissues were subjected to routine paraffin embedding, microtome 
sectioning, staining with haematoxylin-eosin (H&E) and mounted with xylene 
dibutyl phthalate (DPX). A minimum of six microscopic fields were examined per 
slide of tissue sections at 400× magnification of a compound microscope to assess 
cellular changes such as degeneration, necrosis, infiltrations, oedema, congestion 
and haemorrhages (Khaleel et al. 2014). 

Statistical Analyses

The optical densities of ELISA microplates were quantitatively analysed using a 
4 four-parameter logistic curve fit to calculate the concentrations of cytokines, 
APPs and reproductive hormones in the serum samples (https://myassays.com/). 
An independent-sample t-test was conducted using SPSS software version 25.0 
to determine whether there is a significant difference between the treatment and 
control groups regarding the packed cell volume, oestrogen, progesterone, Hp 
and SAA. The mean differences between the treatment and control groups were 
considered significant at P ≤ 0.05.

https://myassays.com/
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RESULTS 

Trends in Parasitaemia and PCV of Mice Responding to Mycoplasma ovis 
Infection

M. ovis was first detected in the blood one week post-infection (week 2) with a 
mean parasitaemia of 10% (5–15). The severity of infection increased sharply to 
reach its peak in week 4, 68% (56–85) and decreased to 30% (19–45) in week 
8 (Fig. 1). The results of an independent samples t-test indicate a significant 
decrease in mean PCV between the treatment versus control group at week 3  
(t14 = –3.693, P < 0.02), week 5 (t14 = –2.096, P = 0.055), and week 7 (t14 = –4.329, 
P = 0.001). The magnitude of difference in mean PCV between the treatment and 
control group was highest in week 3 pi (–5.75, 95% CI: –9.10 to –2.40), followed 
by week 5 (–4.13, 95% CI: –8.35 to 0.10), and week 7 (–3.88, 95% CI: –5.79 to 
2.20) (Fig. 2).

Figure 1: Observed pattern of parasitaemia in mouse responding to M. ovis infection.

Figure 2: Mean PCV values of mice responding to M. ovis infection.

Changes in Selected Serum Biomarkers of Mice Responding to Mycoplasma 
ovis Infection

The results of an independent samples t-test indicate a significantly (t8 = 2.330, 
P = 0.048) lower serum oestrogen in the treatment (10.3766 ± 5.07) than control 
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(17.43 ± 4.48), and the magnitude of difference in oestrogen between the groups 
was 7.05 (95% CI = 0.72 – 14.03). Conversely, there was a significantly (t8 = 5.415, 
P = 0.001) higher mean serum progesterone in the treatment (27.37 ± 2.17) than 
control (15.92 ± 4.20), and the magnitude of difference in progesterone between the 
groups was 11.45 (95% CI = 6.58–16.33). The concentration of serum haptoglobin 
was significantly (t8 = 8.525, P < 0.01) lower in the treatment (8.72 ± 1.49) than 
control (18.16 ± 1.98), and the magnitude of difference in haptoglobin between 
the groups was 9.44 (95% CI = 6.89–11.99). However, there was a significantly (t8 
= 3.362, P = 0.01) higher SAA in the treatment (16.79 ± 2.71) than in the control 
(11.59 ± 2.15), and the magnitude of difference in SAA between the groups was 
5.21 (95% CI = 1.63–8.78) (Table 1).

Table 1: Mean values of serum biomarkers of mice responding to M. ovis infection.

Biomarkers Control Treatment t-test P

Oestrogen 17.43 ± 4.48a 10.38 ± 5.07b 2.330 0.048

Progesterone 15.92 ± 4.20a 27.37 ± 2.17b 5.415 0.010

Haptoglobin 18.16 ± 1.98a 8.72 ± 1.49b 8.525 <0.001

Serum amyloid 11.59 ± 2.15a 16.80 ± 2.71b 3.362 0.010

Note: Means with different superscripts (a, b) differed significantly (P < 0.05).

Gross and Histopathological Changes in Mice Responding to M. ovis 
Infection

The gross lesions observed in the treatment group include a plug of coagulated 
blood covering the right ovary (Fig. 3A), transparent fluid-filled thin membrane-
bound cyst on the ovary (Fig. 3B), oedematous fallopian tubes (Fig. 3C), and an 
enlarged friable liver with a greyish white zone (red circle) on the visceral surface 
of the left lobe (Fig. 3D). Microscopically, the predominant lesions in the ovaries 
include significant vascular changes (congestion and haemorrhages), cellular 
changes (degeneration, necrosis, vacuolation, and hypertrophy of the lutein cells 
in corpora lutea) (Figs. 4B–4D). The spleen also showed significant vascular 
haemorrhage and congestion accompanied by cellular infiltration of macrophages 
and neutrophils in the red pulp in the treatment group (Figs. 5B and 5C). In the 
lymph nodes, there was severe generalised vascular congestion and diffused 
cellular hyperplasia of the lymphoid tissue in the cortex of the treatment group  
(Fig. 6B). In the liver, there were significant vascular congestions and haemorrhages, 
cellular degeneration and necrosis accompanied by leucocytic cellular infiltration 
and Kupffer cell proliferation within the sinusoids in the treatment group (Fig. 7B). 
In the kidneys, there was significant vascular congestion, haemorrhages and 
evidence of fluid accumulation, cellular degenerations, leucocytic infiltrations, and 
a proliferative lesion in the glomerulus in the treatment group (Fig. 8B).
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Figure 3: Photomicrographs of postmortem lesions observed in mouse responding to  
M. ovis infection. (A) haemorrhage on the ovary of treatment group, (B) fluid accumulation 
on the ovary of treatment group, (C) normal reproductive tract in the control group, and  
(D) grey areas of necrosis on the liver of treatment group.

Figure 4: Photomicrograph of the whole ovary in a mouse responding to M. ovis infection. 
(A) control group showing numerous follicles (yellow arrows), (B) treatment group 
showing haemorrhages (blue circles), fewer follicles (red arrows) and active corpora lutea 
(CL), (C) control group showing primary follicles (PF), the secondary follicle (SF), and a 
degenerate follicle (DF), and (D) treatment group showing primary follicle (PF), vacuolation 
and hypertrophy of the lutein cells (red circles) in adjoining corpora lutea and leucocytic 
infiltration (blue circle) around a blood vessel (V) (400x). Haematoxylin and Eosin stain.
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Figure 5: (A) control group showing normal appearance of lymphoid tissue in the splenic 
red pulp; (B) treatment group showing several neutrophils (yellow arrows) and macrophage 
(green arrow), mild haemorrhage (red circle) and hypercellularity (yellow circle); and  
(C) treatment group showing severe haemorrhage (red circle), hypercellularity (blue circle), 
infiltration of macrophages (green arrow) and neutrophils (yellow arrow) in the red pulp of 
the spleen.

Figure 6: (A) control group showing a germinal centre (yellow arrow) within a lymphoid 
follicle (LF); (B) treatment group mouse showing severe congestion (yellow circles) and 
diffused cellular hyperplasia of the lymphoid tissue in the femoral lymph node cortex.
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Figure 7: (A) control group showing normal population and size of Kupffer cells (green 
arrows) in the liver parenchyma; and (B) treatment group showing increased number and 
change in the shape and size of Kupffer cells due to phagocytosis of infected erythrocytes 
(yellow arrows), severe congestion of sinusoids (yellow circle), severe and diffused necrosis 
of hepatocytes (green circles), severe leucocytic infiltration and fatty change (F).

Figure 8: (A) The renal cortex in control group showing normal glomerular tuft (red arrow); 
(B) treatment group with a proliferative lesion in the glomerulus (green arrows), severe 
leucocytic infiltration (green circles) and severe congestion of renal veins (yellow arrows) 
(400×). Haematoxylin and Eosin stain.

DISCUSSION 

This study investigated the trends of parasitaemia and haematocrit and the 
responses of APPs, as well as primary female reproductive hormones, during 
experimental infection with haemotropic M. ovis in the murine model. It was 
hypothesised that the average observations on the PCV, serum biomarkers, 
and cellular lesions in the M. ovis treatment and control group are the same. 
However, this study showed a significant change in haematocrit during the peak 
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of parasitaemia in experimental M. ovis infection, as seen in sheep (Sutton 
1979). But, contrary to Foogie and Nisbet (1964), who reported clinical anaemia 
in experimental Eperythrozoon ovis infection of sheep, the present study has 
found reduced haematocrit without any evidence of clinical anaemia in infected 
mice. The discrepancies in results between these studies may be attributed to 
differences in the animal models and experimental conditions. The parasitaemia 
decreased beyond 28 days pi, and haematocrit regained progressively to attain 
nearly pre-treatment levels at day 56. Although there was a rapid onset of infection 
with M. ovis appearing in Giemsa-stained blood films 14 days post-infection, 
causing a significant impact on the haematocrit, recovery occurred spontaneously 
in the course of the disease, suggesting that haemotropic M. ovis infection is self-
limiting-in-apparently-healthy individuals. The observed trends in parasitaemia 
and packed cell volume in the present study are similar to those of E. ovis infection 
in sheep (Sutton & Jolly 1973).

Concerning the serum values of Hp, SAA, oestrogen, and progesterone, 
different observations were recorded among the treatment and control groups, 
which is contrary to the null hypothesis. The observed decline in serum Hp in the 
treatment group in our study agrees with the result of a previous study, which 
reported a decreased concentration of serum Hp in sheep during an outbreak of 
severe haemolytic anaemia due to natural M. ovis infection (Faraj & Kamal 2017). 
This report provided evidence of the involvement of APP in the pathogenesis of 
M. ovis infection in small ruminants. Physiologically, the Hp molecule binds free 
haemoglobin (Hb), forming a Hp-Hb complex, which prevents the formation of 
oxygen radicals and oxidative tissue damage during haemolysis (Smith & Roberts 
1994). Also similar to our observation in this study concerning Hp levels, the serum 
Hp, which is a potential indicator of haemolysis, shows a decreasing trend during 
haemolytic episodes (Jain et al. 2011). Interestingly, the Hp-Hb complex exerts 
bacteriostatic effects by making iron unavailable for bacterial cell metabolism 
(Ceciliani et al. 2012) and modulates inflammation/immunity by inhibiting T helper 
2 cells (Th-2) response and mast cell proliferation (Murata et al. 2004). Even 
though Hp is a nonspecific marker of anaemia, it is essential to further explore 
its role as a potential marker of subclinical or acute haemolytic anaemia during  
M. ovis infection in small ruminants under field conditions.

The increased levels of SAA proteins in the treatment group indicate a 
positive acute-phase response to M. ovis infection. Korman et al. (2012) have 
previously demonstrated significant expression of SAA proteins in Mycoplasma 
haemofelis infected cats. The endogenous production of SAA proteins in the 
liver occurs in response to specific chemokines secreted by activated leucocytes 
during infection (Uhlar & Whitehead 1999). The concentration of SAA proteins 
may increase exponentially during systemic inflammation (Shah et al. 2006). For 
instance, an elevated concentration of SAA is associated with the diagnosis of 
clinical mastitis in dairy cows (Hirvonen & Pyörälä 1998). Both SAA and Hp are 
relevant nonspecific biomarkers used to support haemoplasma diagnosis (Murata 
et al. 2004; Korman et al. 2012). Even though APPs are nonspecific biomarkers, 
they represent appropriate analytes for assessing animal health and the nutritional 
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state of animals (Gruys et al. 2005). Thus, the assay of APPs is an instrument for 
detecting tissue injury and inflammation and evaluating the prognosis and treatment 
progress within the clinical environment (Thompson et al. 1992). However, 
despite considerable research efforts showcasing the potential of the APPs, many 
characteristics of the APPs in small ruminant haemotropic mycoplasmosis have 
yet to be expounded.

Contrary to the null hypothesis, the reproductive hormonal assay revealed 
different oestrogen and progesterone secretion patterns in the treatment and the 
control groups. The reduction in serum oestrogen with a simultaneous significant 
increase in serum progesterone in the treatment group suggests a metoestrus 
phase, which implies a state of pseudopregnancy in infected mice (Entrican & 
Wheelhouse 2006; Frandson et al. 2013). According to Tsai and O’Malley 
(1994), oestrogen and progesterone produced mainly in the ovaries regulate 
reproductive events such as cellular proliferation, differentiation, development, 
apoptosis and inflammation. Infectious diseases are known to interfere with the 
reproductive physiology of small ruminants (Baird & Fontaine 2007; Khanum et al. 
2008) by causing irregular cycling activities, infertility, congenital malformations, 
premature delivery and abortions (Schimmer et al. 2011; Wernike et al. 2013; 
World Organisation on Animal Health (WOAH) 2018). Haemorrhagic septicaemia, 
caseous lymphadenitis, and brucellosis profoundly interfere with the reproductive 
physiology of small ruminants (Baird & Fontaine 2007; Jesse et al. 2016). Several 
studies have attempted to explain how certain diseases interfere with hormonal 
balance, conception and the maintenance of pregnancy in domestic animals. 
According to Moore and Moger (1991), disease pathogens induce the release 
of inflammatory mediators such as cytokines and prostaglandin (PG)-F2α, which 
are responsible for lowering fertility by suppressing steroidogenesis. Suppression 
of female reproductive hormones in sick goats stimulates the phagocytic activity 
of neutrophils (Maynard & Downes 2019). However, other studies proposed that 
disease processes cause the production of lesions in the anterior pituitary gland 
and interfere with GnRH, which is an important factor that regulates the synthesis 
and secretion of gonadotropins (Jesse et al. 2017).

The regulatory roles of FSH and LH on ovulation and steroidogenesis 
could be interrupted by bacterial infections, especially members of the Pasteurella 
group (Maqbool et al. 2022). For instance, the oral administration of P. multocida 
type B: 2 and its lipopolysaccharides altered serum progesterone and oestrogen 
concentrations (Jesse et al. 2014). Increased serum progesterone hormone 
levels were also observed in female goats challenged with M. haemolytica or 
its LPS endotoxin during the follicular phase of the oestrous cycle (Kamarulrizal 
et al. 2022). Furthermore, previous studies have also documented increased 
plasma oestrogen levels in goats and mice experimentally inoculated with  
C. pseudotuberculosis (Khuder et al. 2012; Jesse et al. 2014; Othman et al. 2014). 
Elevated serum oestrogen in goats infected with C. pseudotuberculosis has been 
linked to cellular injury in the ovaries and pituitary gland (Jesse, Latif, et al. 2015). 



Insights into Pathogenic Potentials of M. ovis

331

The gross lesions seen in the ovary of M. ovis-infected mice have not 
been reported in relation to haemoplasma infection. The observed changes in the 
ovaries of M. ovis-infected mice are like previous studies on reproductive hormonal 
responses to P. multocida B2 in female mice and buffalo heifers (Jesse et al. 2017; 
Ibrahim et al. 2018). Leukocytic infiltration, congestion and degenerations of ovarian 
follicles were observed previously in mice challenged with C. pseudotuberculosis 
and its exotoxin (Khuder et al. 2012). Degeneration, necrosis, leucocytic infiltration 
and generalised congestion of reproductive organs were also observed during 
experimental infection of C. pseudotuberculosis in goats (Jesse et al. 2011; Latif 
et al. 2015; 2017).

The pathological changes in the ovary of mice due to experimental 
infection of M. ovis may potentially influence folliculogenesis and drive hormonal 
imbalances. The increased activity of white blood cells observed in the spleen and 
the activation of Kupffer cells in the liver indicates an active response to infection 
due to increased phagocytosis of infected red blood cells. This finding may explain 
the decreased PCV observed at the peak of parasitaemia and corroborates the 
changes in acute phase reactants. Hp and SAA proteins are immune opsonins 
and binding proteins which facilitate the removal of M. ovis-infected red blood cells 
by phagocytosis in the liver and spleen. The hepatic lesions seen in mice due 
to increased phagocytosis of infected red blood cells by the Kupffer cells (John 
& Invermay 1990; Philbey et al. 2006) have been described in small ruminants 
(Mason et al. 1981; Fitzpatrick et al. 1998; Philbey et al. 2006). The proliferative 
glomerulonephritis in the kidneys of M. ovis-infected mice was previously described 
in mice (Kanabathy & Nachiar 2004) and sheep (Sutton 1978). The observed 
cellular changes in mouse kidneys could be due to glomeruli damage caused by 
immune complex formation during the phagocytosis of M. ovis-infected red blood 
cells.

CONCLUSIONS

The disturbance in progesterone and ovarian pathology recorded here is a novel 
aspect of this study that highlights the potential role of haemotropic M. ovis in 
reproductive disorders. The observed changes in biomarkers and cellular reactions 
following M. ovis infection in the mouse may be further advanced in sheep and 
goats to consolidate our findings. The slight differences in the incubation period 
and progression of parasitaemia between the mouse and sheep would suggest a 
possible difference in the pattern and degree of acute-phase reaction. Yet, such 
minor differences would not impair the translational use of the preliminary data 
reported here. Finally, it is worth noting that the actual role of inflammatory proteins 
in M. ovis infection is a new concept that requires further investigations, including 
consideration of potential molecular crosstalk between inflammatory mediators 
and the reproductive system. 



Paul Bura Thlama et al.

332

ACKNOWLEDGEMENTS

We are very grateful to Universiti Putra Malaysia Research and Innovation Unit for 
the funding provided through Initiatif Putra Muda (GP-IPM/2022/9737300) towards 
the preparation and publication of this manuscript. The authors are also grateful 
to Mr Jefri Mohd Norsidin in the clinical research laboratory Faculty of Veterinary 
Medicine, Universiti Putra Malaysia for his technical assistance in the laboratory 
aspect of this study. The abstract of results from this study was presented as 
a paper titled “host cell responses of mice to different severity of haemotropic 
Mycoplasma ovis infection”, at the Congress on Sustainable Agriculture and Food 
Security (COSAFS) 2022.

AUTHORS’ CONTRIBUTIONS

Paul Bura Thlama: Methodology, investigation, data curation, software, formal 
analysis, writing (original draft), writing (review and editing).
Jesse Faez Firdaus Abdullah: Conceptualisation, project administration, 
supervision, validation, writing-review, and editing.
Kamaludeen Juriah: Methodology, investigation, data curation, software, formal 
analysis, writing (original draft), writing (review and editing)
Chung Eric Lim Teik: Methodology, software, formal analysis, supervision.
Che’ Amat Azlan: Methodology, software, formal analysis, supervision.
Mohd Lila Mohd Azmi: Supervision, validation, resources.

REFERENCES

Baird G J and Fontaine M C. (2007). Corynebacterium pseudotuberculosis and its role in 
ovine caseous lymphadenitis. Journal of Comparative Pathology 137(4): 179–210. 
https://doi.org/10.1016/j.jcpa.2007.07.002

Ceciliani F, Ceron J J, Eckersall P D and Sauerwein H. (2012). Acute phase proteins in 
ruminants. Journal of Proteomics 75(14): 4207–4231. https://doi.org/10.1016/j.
jprot.2012.04.004

Chung E L T, Jesse F F A, Marza A D, Ibrahim, H H, Abba Y, Zamri-Saad M, Haron A, Lila M 
A M, Saharee A A, Omar A R, Bakar M Z A and Norsidin M J. (2019). Responses of 
proinflammatory cytokines, acute phase proteins and cytological analysis in serum 
and cerebrospinal fluid during haemorrhagic septicaemia infection in buffaloes. 
Tropical Animal Health and Production 51(6): 1773–1782. https://doi.org/10.1007/
s11250-019-01870-w

Eckersall P D and Bell R. (2010). Acute phase proteins: Biomarkers of infection and 
inflammation in veterinary medicine. Veterinary Journal 185(1): 23–27. https://doi.
org/10.1016/j.tvjl.2010.04.009

Entrican G and Wheelhouse N M. (2006). Immunity in the female sheep reproductive tract. 
Veterinary Research 37(3): 295–309. https://doi.org/10.1051/vetres:2006002 

https://doi.org/10.1016/j.jcpa.2007.07.002
https://doi.org/10.1016/j.jprot.2012.04.004
https://doi.org/10.1016/j.jprot.2012.04.004
https://doi.org/10.1007/s11250-019-01870-w
https://doi.org/10.1007/s11250-019-01870-w
https://doi.org/10.1016/j.tvjl.2010.04.009
https://doi.org/10.1016/j.tvjl.2010.04.009
https://doi.org/10.1051/vetres:2006002


Insights into Pathogenic Potentials of M. ovis

333

Faraj A A and Kamal M A. (2017). Clinical, hematological and diagnostic studies of 
hemomycoplasma infection (Mycoplasma ovis) in sheep of Basrah Governorate. 
Basrah Journal of Veteterinary Research 16(2): 284–301. https://doi.org/10.33762/
bvetr.2017.143551

Fitzpatrick J L, Barron R C J, Andrew L and Thompson H. (1998). Eperythrozoon ovis 
infection of sheep. Comparative Haematology International 8(4): 230–234. https://
doi.org/10.1007/BF02752854

Foogie A and Nisbet D I. (1964). Studies on Eperythrozoon infection in sheep. Journal 
Comparative Clinical Pathology 74: 45–61. https://doi.org/10.1016/S0368-
1742(64)80006-0

Frandson R D, Wilke W L and Fails A D. (2013). Anatomy and physiology of farm animals. 
John Wiley & Sons.

Girotto-Soares A, Soares J F, Bogado A L G, de Macedo C A B, Sandeski L M. Garcia 
J L and Vidotto O. (2016). ‘Candidatus Mycoplasma haemobos’: Transplacental 
transmission in dairy cows (Bos taurus). Veterinary Microbiology 195: 22–24. 
https://doi.org/10.1016/j.vetmic.2016.08.020

Grindem C B. (2011). Schalm’s veterinary hematology, 6th edition (book review). 
Veterinary Clinical Pathology 40(2): 270–270. https://doi.org/10.1111/j.1939-
165X.2011.00324.x

Gruys E, Toussaint M J M, Niewold T A and Koopmans S J. (2005). Acute phase reaction 
and acute phase proteins. Journal of Zhejiang University: Science 6B(11): 1045–
1056. https://doi.org/10.1631/jzus.2005.B1045

Gulland F M, Doxey D L and Scott G R. (1987). Changing morphology of Eperythrozoon 
ovis. Research in Veterinary Science 43(1): 88–91. https://doi.org/10.1016/s0034-
5288(18)30748-3

Hirvonen J and Pyörälä S. (1998). Acute-phase response in dairy cows with surgically-
treated abdominal disorders. Veterinary Journal 155(1): 53–61. https://doi.
org/10.1016/S1090-0233(98)80036-1

Hornok S, Hajtós I, Meili T, Farkas I, Gönczi E, Meli M and Hofmann-Lehmann R. (2012). 
First molecular identification of Mycoplasma ovis and ‘Candidatus M. haemoovis’ 
from goat, with lack of haemoplasma PCR-positivity in lice. Acta Veterinaria 
Hungarica 60(3): 355–360. https://doi.org/10.1556/avet.2012.030

Hornok S, Micsutka A, Meli M L, Lutz H and Hofmann-Lehman R. (2011). Molecular 
investigation of transplacental and vector-borne transmission of bovine 
haemoplasmas. Veterinary Microbiology 152(3-4): 411–414. https://doi.
org/10.1016/j.vetmic.2011.04.031

Horuk R. (1994). The interleukin-8-receptor family: From chemokines to malaria. Immunology 
Today 15(4): 169–174. https://doi.org/10.1016/0167-5699(94)90314-X

Ibrahim H H, Jesse F F A, Abba Y, Chung E L T, Marza A D, Haron A W, Zamri-Saad 
M, Omar A R and Saharee A A. (2018). Clinical and histopathological study on 
reproductive lesions caused by Pasteurella multocida type B2 immunogens in 
buffalo heifers. Bulgarian Journal of Veterinary Medicine 21(2): 232–241. https://
doi.org/10.15547/bjvm.969

Jain S, Gautam V and Naseem S. (2011). Acute-phase proteins: As diagnostic tool. Journal 
of Pharmacy and Bioallied Sciences 3(1): 118–127. https://doi.org/10.4103/0975-
7406.76489

https://doi.org/10.33762/bvetr.2017.143551
https://doi.org/10.33762/bvetr.2017.143551
https://doi.org/10.1007/BF02752854
https://doi.org/10.1007/BF02752854
https://doi.org/10.1016/S0368-1742(64)80006-0
https://doi.org/10.1016/S0368-1742(64)80006-0
https://doi.org/10.1016/j.vetmic.2016.08.020
https://doi.org/10.1111/j.1939-165X.2011.00324.x
https://doi.org/10.1111/j.1939-165X.2011.00324.x
https://doi.org/10.1631/jzus.2005.B1045
https://doi.org/10.1016/s0034-5288(18)30748-3
https://doi.org/10.1016/s0034-5288(18)30748-3
https://doi.org/10.1016/S1090-0233(98)80036-1
https://doi.org/10.1016/S1090-0233(98)80036-1
https://doi.org/10.1556/avet.2012.030
https://doi.org/10.1016/j.vetmic.2011.04.031
https://doi.org/10.1016/j.vetmic.2011.04.031
https://doi.org/10.1016/0167-5699(94)90314-X
https://doi.org/10.15547/bjvm.969
https://doi.org/10.15547/bjvm.969
https://doi.org/10.4103/0975-7406.76489
https://doi.org/10.4103/0975-7406.76489


Paul Bura Thlama et al.

334

Jesse F F A, Abba Y, Tijjani A, Sadiq M A, Konto M, Adamu L, Wahid A H, Mohd Lila M 
A, Chung E L T, Rahman M F A, Mydin N B and Saharee A A. (2016). Gonado-
hypophyseal lesions and reproductive hormonal changes in Brucella melitensis-
infected mice and its lipopolysaccharides (LPSs). Comparative Clinical Pathology 
25(1): 31–36. https://doi.org/10.1007/s00580-015-2133-9

Jesse F F A, Adamu L, Tijjani A, Mohammed K, Abba Y, Sadiq M A, Zainal R, Bin Sabu 
M J, Saharee A A and Haron A W. (2014). Hormonal and histopathological 
alterations in pituitary glands and reproductive organs of male and female mice 
orally inoculated with Pasteurella multocida type B: 2 and its lipopolysaccharides. 
American Journal of Animal and Veterinary Sciences 9(4): 200–212. https://doi.
org/10.3844/ajavssp.2014.200.212

Jesse F F A, Boorei M A, Chung E L T, Wan-Nor F, Mohd Lila M A, Jefri N M, Kamarulrazal 
M I, Azhar, N A, Maqbool A, Odhah M N, Abba Y, Bitrus A A, Hambali I U, Peter I D 
and Paul B T. (2020). A review on the potential effects of Mannheimia haemolytica 
and its immunogens on the female reproductive physiology and performance of 
small ruminants. Journal of Animal Health and Production 8(3): 101–112. https://
doi.org/10.17582/journal.jahp/2020/8.3.101.112

Jesse F F A, Ibrahim H H, Abba Y, Chung E L T, Marza A D, Mazlan M, Zamri-Saad M, 
Omar A R, Zakaria Z, Saharee A A, Haron A W and Mohd Lila, M A. (2017). 
Reproductive hormonal variations and adenohypophyseal lesions in pre-pubertal 
buffalo heifers inoculated with Pasteurella multocida type B: 2 and its immunogens. 
BMC Veterinary Research 13(1): 88. https://doi.org/10.1186/s12917-017-1010-y

Jesse F F A, Jazid N H B A, Mohammed K, Tijjani A, Chung E L T, Abba Y, Sadiq M A 
and Saharee A A. (2015). Hemotropic Mycoplasma ovis infection in goats with 
concurrent gastrointestinal parasitism in Malaysia. Journal of Advanced Veterinary 
and Animal Research 2(4): 464. https://doi.org/10.5455/javar.2015.b119

Jesse F F A, Latif N, Chung E L T, Sarah S, ZamriSaad M, Haron A, Mohd Lila M A, 
Zakaria Z and Norsidin J M. (2015). Changes in the reproductive hormones of non-
pregnant does infected intradermally with Corynebacterium pseudotuberculosis 
in chronic form. International Journal of Livestock Research 5(7): 33. https://doi.
org/10.5455/ijlr.20150622125157

Jesse F F A, Sang S L, Saharee A A and Shahirudin S. (2011). Pathological changes in 
the organs of mice model inoculated with Corynebacterium pseudotuberculosis 
organism. Pertanika Journal of Tropical Agricultural Science 34(1): 145–149.

John A and Invermay G. (1990). An Eperythrozoon ovis outbreak in Merino lambs. 
Surveillance 17(4): 15–16.

Kamarulrizal M I, Chung E L T, Jesse F F A, Paul B T, Azhar A N, Lila M A M, Salleh 
A, Abba Y and Shamsuddin M S. (2022). Changes in selected cytokines, acute-
phase proteins, gonadal hormones and reproductive organs of non-pregnant does 
challenged with Mannheimia haemolytica serotype A2 and its LPS endotoxin. 
Tropical Animal Health and Production 54(161):1–16. https://doi.org/10.1007/
s11250-022-03164-0

Kanabathy S G and Nachiar C T F. (2004). Immunological response of sheep to 
Eperythrozoon ovis infection. PhD diss., Universiti Putra Malaysia.

Khaleel M M, Jesse F F A, Adamu L, Abba Y, Haron A W, Saad M Z and Omar A R. 
(2014). Histopathological changes in mice infected with river water contaminated 
by Pasteurella multocida Type B:2. American Journal of Animal and Veterinary 
Sciences 9(92): 71–76. https://doi.org/10.3844/ajavssp.2014.71.76

https://doi.org/10.1007/s00580-015-2133-9
https://doi.org/10.3844/ajavssp.2014.200.212
https://doi.org/10.3844/ajavssp.2014.200.212
https://doi.org/10.17582/journal.jahp/2020/8.3.101.112
https://doi.org/10.17582/journal.jahp/2020/8.3.101.112
https://doi.org/10.1186/s12917-017-1010-y
https://doi.org/10.5455/javar.2015.b119
https://doi.org/10.5455/ijlr.20150622125157
https://doi.org/10.5455/ijlr.20150622125157
https://doi.org/10.1007/s11250-022-03164-0
https://doi.org/10.1007/s11250-022-03164-0
https://doi.org/10.3844/ajavssp.2014.71.76


Insights into Pathogenic Potentials of M. ovis

335

Khanum S A, Hussain M and Kausar R. (2008). Progesterone and estradiol profiles during 
estrous cycle and gestation in dwarf goats (Capra hircus). Pakistan Veterinary 
Journal 28(1): 1–4.

Khuder Z, Abdinasir Y O, Jesse F F A, Haron A W, Shahree A A, Jasni S, Rosnina Y and 
Rasedee A. (2012). Sex hormone profiles and cellular changes of reproductive 
organs of mice experimentally infected with C. pseudotuberculosis and its exotoxin 
phospholipase D (PLD). IOSR Journal of Agriculture and Veterinary Science 1(3): 
24–29. https://doi.org/10.9790/2380-0132429

Korman R M, Cerón J J, Knowles T G, Barker E N, Eckersall P D and Tasker S. (2012). 
Acute phase response to Mycoplasma haemofelis and “Candidatus Mycoplasma 
haemominutum” infection in FIV-infected and non-FIV-infected cats. Veterinary 
Journal 193(2): 433–438. https://doi.org/10.1016/j.tvjl.2011.12.009

Latif N A A, Abba Y, Jesse F F A, Chung E L T, Zamri-Saad M, Saharee A A, Zakaria Z, 
Haron A W and Mohd Lila M A. (2017). Histopathological assessment of chronic 
Corynebacterium pseudotuberculosis infection in the reproductive tract and iliac 
lymph node of Katjang does. Comparative Clinical Pathology 26(1): 147–154. 
https://doi.org/10.1007/s00580-016-2357-3

Latif N A A, Jesse F F A, Othman A M, Rina A, Chung E L T, Zamri-Saad M, Saharee A A, 
Haron A W and Mohd Lila M A. (2015). Isolation and detection of Corynebacterium 
pseudotuberculosis in the reproductive organs and associated lymph nodes of non-
pregnant does experimentally inoculated through intradermal route in chronic form. 
Veterinary World 8(7): 924–927. https://doi.org/10.14202/vetworld.2015.924-927

Maqbool A, Faez Firdaus Abdullah J, Eric Lim Teik C, Abd Wahid H, Mohd-Azmi M L, Paul, 
B T and Bhutto K U R. (2022). Response of reproductive hormones in vaccinated 
and non-vaccinated pneumonic female goats via experimental infection of 
Mannheimia haemolytica serotype A2 under rainy and hot seasons. Journal of 
Animal Health and Production 10: 352–359. https://doi.org/10.17582/journal.
jahp/2022/10.3.352.359

Mason R W, Manuel M, Daddow K N and Witt D J. (1981). Eperythrozoon ovis recorded 
in Tasmania in association with Heinz body development. Australian Veterinary 
Journal 57(1): 46–48. https://doi.org/10.1111/j.1751-0813.1981.tb07088.x

Maynard R L and Downes N. (2019). Chapter 19 – Female reproductive tract. In Anatomy 
and histology of the laboratory rat in toxicology and biomedical research. London: 
Academic Press, 219–229. https://doi.org/10.1016/B978-0-12-811837-5.00019-8

Messick J B. (2004). Hemotrophic mycoplasmas (hemoplasmas): A review and new insights 
into pathogenic potential. Veterinary Clinical Pathology 33(1): 2–13. https://doi.
org/10.1111/j.1939-165X.2004.tb00342.x

Moore C and Moger W H. (1991). Interleukin-1α-induced changes in androgen and cyclic 
adenosine 3’,5’-monophosphate release in adult rat Leydig cells in culture. Journal 
of Endocrinology 129(3): 381–390. https://doi.org/10.1677/joe.0.1290381

Murata H, Shimada N and Yoshioka M. (2004). Current research on acute phase proteins 
in veterinary diagnosis: An overview. Veterinary Journal 168(1): 28–40. https://doi.
org/10.1016/S1090-0233(03)00119-9

Musaya J, Matovu E, Nyirenda M and Chisi J. (2015). Role of cytokines in Trypanosoma 
brucei-induced anaemia: A review of the literature. Malawi Medical Journal 27(2): 
45–50. https://doi.org/10.4314/mmj.v27i2.3

Neimark H, Hoff B and Ganter M. (2004). Mycoplasma ovis comb. nov. (formerly 
Eperythrozoon ovis), an epierythrocytic agent of haemolytic anaemia in sheep and 
goats. International Journal of Systematic and Evolutionary Microbiology 54(2): 
365–371. https://doi.org/10.1099/ijs.0.02858-0

https://doi.org/10.9790/2380-0132429
https://doi.org/10.1016/j.tvjl.2011.12.009
https://doi.org/10.1007/s00580-016-2357-3
https://doi.org/10.14202/vetworld.2015.924-927
https://doi.org/10.17582/journal.jahp/2022/10.3.352.359
https://doi.org/10.17582/journal.jahp/2022/10.3.352.359
https://doi.org/10.1111/j.1751-0813.1981.tb07088.x
https://doi.org/10.1016/B978-0-12-811837-5.00019-8
https://doi.org/10.1111/j.1939-165X.2004.tb00342.x
https://doi.org/10.1111/j.1939-165X.2004.tb00342.x
https://doi.org/10.1677/joe.0.1290381
https://doi.org/10.1016/S1090-0233(03)00119-9
https://doi.org/10.1016/S1090-0233(03)00119-9
https://doi.org/10.4314/mmj.v27i2.3
https://doi.org/10.1099/ijs.0.02858-0


Paul Bura Thlama et al.

336

Othman A M, Abba Y, Jesse F F A, Ilyasu Y M, Saharee A A, Haron A W, Zamri-Saad 
M and Mohd Lila M A. (2016). Reproductive pathological changes associated 
with experimental subchronic Corynebacterium pseudotuberculosis infection 
in nonpregnant boer does. Journal of Pathogens 2016: 1–7. https://doi.
org/10.1155/2016/4624509

Othman M, Jesse F F A, Adamu L, Abba Y, Haron A W and Saad M (2014). Changes 
in serum progesterone and estrogen concentrations in non-pregnant boer does 
following experimental infection with Corynebacterium pseudotuberculosis. 
Journal of Veterinary Advances 5: 524–528.

Pallares P and Gonzalez-Bulnes A. (2009). A new method for induction and synchronisation 
of oestrus and fertile ovulations in mice by using exogenous hormones. Laboratory 
Animals 43(3): 295–299. https://doi.org/10.1258/la.2008.008056

Paul B T, Jesse F F A, Chung E L T, Che-Amat A and Mohd Lila M A. (2021). Prevalence 
and risk factors of haemotropic Mycoplasma ovis infection in selected smallholder 
sheep and goat flocks in Malaysia. Thai Journal of Veterinary Medicine 51(2): 
259–266. https://doi.org/10.56808/2985-1130.3117

Paul B T, Jesse F F A, Chung E L T, Che-Amat A, Mohd Lila M A, Hashi H A and Norsidin  
M J. (2020). Review of clinical aspects, epidemiology and diagnosis of haemotropic 
Mycoplasma ovis in small ruminants: Current status and future perspectives in 
tropics focusing on Malaysia. Tropical Animal Health and Production 52(6): 2829–
2844. https://doi.org/10.1007/S11250-020-02357-9

Philbey A W, Barron R C J J and Gounden A. (2006). Chronic eperythrozoonosis in an adult 
ewe. Veterinary Record 158(19): 662–664. https://doi.org/10.1136/vr.158.19.662

Rani N, Piyush T, Kapoor P K and Singh Y. (2018). A review on emerging zoonotic 
mycoplasma. International Journal of Pure and Applied Bioscience 6(5): 784–790. 
https://doi.org/10.18782/2320-7051.7028

Raynes J G. (1994). The acute phase response. Biochemical Society Transactions 22(1): 
69–74. https://doi.org/10.1042/bst0220069

Schimmer B, Luttikholt S, Hautvast J, Graat E A M, Vellema P and Van Duynhoven  
Y T H P T. (2011). Seroprevalence and risk factors of Q fever in goats on commercial 
dairy goat farms in the Netherlands, 2009–2010. BMC Veterinary Research 7: 81. 
https://doi.org/10.1186/1746-6148-7-81

Shah C, Hari-Dass R and Raynes J G. (2006). Serum amyloid A is an innate immune 
opsonin for Gram-negative bacteria. Blood 108(5): 1751–1757. https://doi.
org/10.1182/blood-2005-11-011932

Smith D J and Roberts D. (1994). Effects of high volume and/or intense exercise on selected 
blood chemistry parameters. Clinical Biochemistry 27(6): 435–440. https://doi.
org/10.1016/0009-9120(94)00055-Z

Sutton R H. (1978). Observations on the pathology of Eperythrozoon ovis infection 
in sheep. New Zealand Veterinary Journal 26(9): 224–230. https://doi.
org/10.1080/00480169.1978.34549

______. (1979). Effect of Eperythrozoon ovis infection on the reductive potential of sheep 
erythrocytes. Veterinary Parasitology 5: 11–15. https://doi.org/10.1016/0304-
4017(79)90035-9

Sutton R H and Jolly R D. (1973). Experimental Eperythrozoon ovis infection 
of sheep. New Zealand Veterinary Journal 21(8): 160–166. https://doi.
org/10.1080/00480169.1973.34097

Thompson D, Milford-Ward A and Whicher J T. (1992). The value of acute phase protein 
measurements in clinical practice. Annals of Clinical Biochemistry 29(2): 123–131. 
https://doi.org/10.1177/000456329202900201

https://doi.org/10.1155/2016/4624509
https://doi.org/10.1155/2016/4624509
https://doi.org/10.1258/la.2008.008056
https://doi.org/10.56808/2985-1130.3117
https://doi.org/10.1007/S11250-020-02357-9
https://doi.org/10.1136/vr.158.19.662
https://doi.org/10.18782/2320-7051.7028
https://doi.org/10.1042/bst0220069
https://doi.org/10.1186/1746-6148-7-81
https://doi.org/10.1182/blood-2005-11-011932
https://doi.org/10.1182/blood-2005-11-011932
https://doi.org/10.1016/0009-9120(94)00055-Z
https://doi.org/10.1016/0009-9120(94)00055-Z
https://doi.org/10.1080/00480169.1978.34549
https://doi.org/10.1080/00480169.1978.34549
https://doi.org/10.1016/0304-4017(79)90035-9
https://doi.org/10.1016/0304-4017(79)90035-9
https://doi.org/10.1080/00480169.1973.34097
https://doi.org/10.1080/00480169.1973.34097
https://doi.org/10.1177/000456329202900201


Insights into Pathogenic Potentials of M. ovis

337

Tsai M J and O’Malley B W. (1994). Molecular mechanisms of action of steroid/thyroid 
receptor superfamily members. Annual Review of Biochemistry 63(1): 451–486. 
https://doi.org/10.1146/annurev.bi.63.070194.002315

Uhlar C M and Whitehead A S. (1999). Serum amyloid A, the major vertebrate acute-
phase reactant. European Journal of Biochemistry 265(2): 501–523. https://doi.
org/10.1046/j.1432-1327.1999.00657.x

Urie N J, Highland M A, Knowles D P, Branan M A, Herndon D R and Marshall  
K L. (2019). Mycoplasma ovis infection in domestic sheep (Ovis aries) in the 
United States: Prevalence, distribution, associated risk factors, and associated 
outcomes. Preventive Veterinary Medicine 171: 104750. https://doi.org/10.1016/j.
prevetmed.2019.104750

Wernike K, Hoffmann B, Bréard E, Bøtner A, Ponsart C, Zientara S, Lohse L, Pozzi N, 
Viarouge C, Sarradin P, Leroux-Barc C, Riou M, Laloy E, Breithaupt A and Beer 
M. (2013). Schmallenberg virus experimental infection of sheep. Veterinary 
Microbiology 166(3–4): 461–466. https://doi.org/10.1016/j.vetmic.2013.06.030

World Organisation on Animal Health (WOAH). (2018). Caprine Arthritis-Encephalitis 
& Maedi-Visna. https://www.woah.org/fileadmin/Home/eng/Health_standards/
tahm/3.08.02_CAE_MV.pdf 

https://doi.org/10.1146/annurev.bi.63.070194.002315
https://doi.org/10.1046/j.1432-1327.1999.00657.x
https://doi.org/10.1046/j.1432-1327.1999.00657.x
https://doi.org/10.1016/j.prevetmed.2019.104750
https://doi.org/10.1016/j.prevetmed.2019.104750
https://doi.org/10.1016/j.vetmic.2013.06.030
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.08.02_CAE_MV.pdf
https://www.woah.org/fileadmin/Home/eng/Health_standards/tahm/3.08.02_CAE_MV.pdf

