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Abstract 
 
 Background: Campylobacter fetus subsp. fetus is the causal agent of sporadic abortion and infertility in bovines that produces 

economic losses in livestock. Aims: This study evaluates the capability of C. fetus subsp. fetus to invade and survive in bovine 

endometrial epithelial cells and attempts to describe a pathogenic mechanism of this microorganism. Methods: Primary culture of 

bovine endometrial epithelial cells was challenged with C. fetus subsp. fetus. Intracellular bacteria, represented by the number of 

genomic copies (g.c.) were quantified at 0, 2, 4, 10, and 24 hours post-infection (h.p.i.), by quantitative polymerase chain reaction 

(qPCR). The presence of intracellular bacteria was evaluated by immunofluorescence and immunohistochemistry. Results: The 

results showed that only viable C. fetus subsp. fetus could invade endometrial cells. The g.c. number in assays with viable C. fetus 

subsp. fetus reached an average value of 656 g.c., remained constant until 4 h.p.i., then decreased to 100 g.c, at 24 h.p.i. In assays 

with non-viable microorganisms, the average value of g.c. was less than 1 g.c. and never changed. The intracellular presence of this 

bacteria was confirmed at 2 h.p.i. by immunofluorescence and immunohistochemistry. Conclusion: The results suggest that only C. 

fetus subsp. fetus viable can invade bovine endometrial epithelial cells but will not replicate in them, indicating that the endometrial 

cells do not represent a replication niche for this pathogen. Nonetheless, this invasion capability suggests that this type of cell could 

be employed by the pathogen to spread to other tissues. 
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Introduction 
 

 Campylobacter fetus subsp. fetus is frequently 

isolated from the intestinal tract of asymptomatic cattle, 

goats, and sheep. In animals, C. fetus subsp. fetus 

exhibits a tropism for placental and reproductive tract 

tissues and is one of the major causes of both sporadic 

and epidemic septic abortions (Viejo et al., 2001; Iraola 

et al., 2012). The diseases produced by C. fetus subsp. 

fetus generates considerable economic losses, 

representing a significant problem in animal production 

(Michi et al., 2016; Iraola et al., 2017). Campylobacter 

fetus is a microaerophilic Gram-negative spiral-shaped 

bacterium that resides in the epithelial crypts of the 

bovine prepuce, and is transmitted to the cow during 

service or artificial insemination with contaminated 

semen (Mshelia et al., 2010; Gard, 2016; Michi et al., 

2016). Campylobacter fetus subsp. fetus can attach in an 

irreversible way to bull spermatozoa and affect sperm 

quality (Cagnoli et al., 2020). 

 Even though C. fetus is an animal health problem, its 

pathogenicity mechanisms are unknown. Considering the 

pathogenesis of Campylobacter sp. infections, this 

microorganism must have mechanisms involved in the 

colonization or invasion of tissues. Virulence factors 

such as adhesions, secretion systems, and anti-

phagocytic layers have been identified in the genome of 

C. fetus (Kienesberger et al., 2014; Kaakoush et al., 

2015). Nonetheless, it is still necessary to describe the 

pathogenesis mechanisms associated with cell infection 

in animal tissues. 

 During an infection of a heifer’s reproductive system, 

the endometrial epithelial cells are the first kind of cells 

that might interact with C. fetus. Some authors had 

demonstrated that C. fetus is able to adhere and invade 

many human epithelial cell lines like Hep-2 (Konkel and 

Joens, 1989), INT407 (Graham, 2003), Caco-2 (Baker 

and Graham, 2010), and HT-29/B6 (Bücker et al., 2017). 

Endometrial epithelial cells could play an important role 

in C. fetus infections because they act as a physical and 

immunological barrier in heifer reproductive organs 

during this process (Agostinis et al., 2019). In this study, 



 
Iranian Journal of Veterinary Research, Shiraz University 

 

IJVR, 2021, Vol. 22, No. 2, Ser. No. 75, Pages 94-99 

95 

the capability of C. fetus subsp. fetus to invade and 

survive in bovine endometrial epithelial cells was 

evaluated using quantitative polymerase chain reaction 

(qPCR) and microscopy, to establish basic aspects of 

BGV pathogenesis. 

 

Materials and Methods 
 
Strains and bacteria culture conditions 
 Campylobacter fetus subsp. fetus ATCC 27374 

(Oliveira et al., 2016) was grown under a 

microaerophilic atmosphere (85% N2, 10% CO2, and 5% 

O2, CampyGen, Oxoid) on selective Campylobacter agar 

supplemented with 5% sheep blood at 37°C for 96 h. To 

evaluate if the bacterial invasion was dependent on cell 

viability, C. fetus subsp. fetus was inactivated by heat 

treatment at 56°C for 90 min (C. fetus subsp. fetus heat-

inactivated). Salmonella enterica subsp. enterica serovar 

Typhimurium ATCC 14028 was used as a positive 

control in invasion assays, considering its capability to 

invade different types of epithelial cells (Hall and Jones, 

1977; Brumell et al., 1999, Paukszto et al., 2020). 

Salmonella typhimurium was grown on Luria-Bertani 

(LB) agar and subcultivated in a hyperosmolar LB broth 

for 24 h at 37°C. 

 
Primary bovine endometrial epithelial cell 
culture 
 Approximately 5 cm2 of uterus tissue was obtained 

from three slaughtered cows from a slaughterhouse. The 

tissue was washed three times with Hank’s solution 
supplemented with gentamicin (1.6 mg/ml) and 

transported to the laboratory in the same solution on ice 

(~ 6°C). The tissue was cut into pieces (approximately 3 

mm2) and washed with phosphate-buffered saline (PBS) 

pH = 7.2 (1.9 mM NaH2PO4, 8.1 mM Na2HPO4, 154 mM 

NaCl). Two grams of tissue fragments were partially 

disaggregated with 40 ml of digestion solution, 

Dulbecco’s modified eagle medium (DMEM) 

supplemented with 1.13 mg/ml of collagenase type I, and 

1 UI/ml DNAse I) at 37°C for 1.5 h on stirring. After this 

time, the cell suspension was centrifuged at 1500 × g for 

5 min, and 30 ml of supernatant was recovered and 

centrifuged at 3500 × g for 10 min. The cell pellet was 

washed three times with 5 ml of DMEM/PBS (2:1), 

filtered (40 µm diameter/pore) and transferred into 25 

cm2 cell culture flasks (Nunc, Thermo Fisher Scientific, 

USA) with 5 ml of DMEM-primary culture medium [50 

mM hydroxyethyl piperazineethanesulfonic acid 

(HEPES), 5% vol/vol fetal bovine serum, 1% v/v 

antibiotic/antifungal solution (penicillin G 10,000 U, 

streptomycin 5,000 µg, and amphotericin B 12.5 µg per 

ml)]. Cells were incubated for 24 h at 37°C. On the next 

day, the medium was removed, the cells were washed 

with DMEM/PBS (2:1) three times and 5 ml of DMEM-

primary culture medium was finally added. For fibroblast 

depuration, one-minute trypsinization was performed 

daily for three consecutive days (Kisselbach et al., 2009). 

 

Evaluation of C. fetus intracellular survival 
 Gentamicin protection assays were performed 

following a standard protocol (Elsinghorst, 1994). 

Campylobacter fetus subsp. fetus was grown on 

Campylobacter selective agar supplemented with 5% 

sheep blood at 37°C for 72 h under a microaerophilic 

atmosphere. Bacteria biomass was collected in PBS and 

diluted in minimum essential medium (MEM) to adjust a 

multiplicity of infection (MOI) 100:1. Endometrial cell 

monolayers (10,000 cells/well) were infected and 

centrifuged at 800 × g for 5 min to maximized cell-

bacteria contact. Plates were incubated at 37°C for 2 h. 

Then, monolayers were washed twice with PBS and 

incubated with DMEM medium supplemented with 5% 

fetal bovine serum and 100 µg/ml gentamicin. At 0, 2, 4, 

10, and 24 hours post-infection (h.p.i.), three wells were 

washed with PBS and intracellular bacteria were 

recuperated by the addition of 1 ml of 1% Triton X-100. 

The cell lysates were collected in microtubes and kept 

frozen until the intracellular microorganism 

quantification assays were done. 

 

Gentamicin sensitivity evaluation in C. fetus 
subsp. fetus 
 Before evaluating bacterial intracellular survival by 

gentamicin protection assays, sensitivity to this antibiotic 

was determined using the disc diffusion method. Briefly, 

C. fetus subsp. fetus was grown in blood agar for 96 h at 

37°C under a microaerophilic atmosphere. Bacteria were 

suspended at 2 × 106 colony-forming unit/ml (CFU/ml), 

and 100 µl were plated on Mueller Hinton agar. 

Sterilized paper filter discs were set on an agar plate, and 

gentamicin was added to each disc in the following 

concentrations: 0, 25, 50, 100, 200, and 300 µg/ml. The 

plates were incubated under a microaerophilic 

atmosphere at 37°C for 72 h. The inhibition zones 

surrounding the discs were measured and compared with 

inhibition zones produced by ciprofloxacin (100 µg/ml) 

to determine antimicrobial sensitivity (Luangtongkum et 

al., 2007). 

 

DNA extraction from infected cells 
 Cell lysates recuperated from intracellular survival 

assays were centrifuged at 12,000 × g for 20 min at 4°C. 

The pellet was recovered and suspended in 500 µL of 

lysis solution (10 mM Tris-HCl, pH = 8, 25 mM 

ethylenediaminetetraacetic acid (EDTA), pH = 8, and 2% 

sodium lauryl sulfate). Then 50 µg of proteinase K was 

added and incubated at 56°C for an h. Later, 300 µL of 

phenol/chloroform (1:1) was added, the tube was 

homogenized and centrifuged at 10,000 × g for 2 min. 

The supernatant was recovered, and 50 µL of 3 M 

sodium acetate pH = 6.0 and 1 ml of 100% ethanol were 

added. Tubes were incubated at -20°C for 2 h and then 

centrifuged at 13,300 × g for 20 min at 4°C. The pellet 

was washed with 70% ethanol and suspended with 20 µL 

of TE (10 mM Tris, pH = 8, 1 mM EDTA, pH = 8). The 

obtained DNA was quantified by spectrophotometry at 

260 nm (Bio-Rad® SmartSpec Plus Spectrophotometer, 

USA). 
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Intracellular microorganism quantification by 
qPCR 
 Specific primers designed for DNA sequences of 16s 

rRNA and invA genes were used to quantify C. fetus 

subsp. fetus and S. typhimurium, respectively. Primer 

sequences for C. fetus were 5´-GAG ATC ACC AGG 

AAT ACC C-3´ and 5´-CAC CTG TCT CAA CTT TCT 

AGC-3´ and for S. typhimurium were 5´-GTG AAA TTA 

TCG CCA CGT TCG GGC AA-3´ and 5´-TCA TCG 

CAC CGT CAA AGG AAC C-3´. For the qPCR assays, 

a commercial kit (Power SYBR Green Applied 

Biosystems) was used, following the manufacturer’s 

protocol. Cycle conditions for C. fetus subsp. fetus 

amplification were as follow: initial denaturation of 95°C 

for 60 s, followed by 40 cycles of denaturation at 94°C 

for 60 s, annealing at 50°C for 60 s, and extension of 

72°C for 60 s. For S. typhimurium, qPCR conditions 

included an initial denaturation of 95°C for 60 s, 

followed by 40 cycles of denaturation at 94°C for 30 s, 

annealing at 55°C for 30 s, and extension of 72°C for 30 

s. Standard curves (1 ng, 100 pg, 10 pg, 1pg, and 0.1 pg 

of chromosomal DNA from both microorganisms) were 

used for quantification. 

 
Immunofluorescence and immunohistochemistry 
 Bovine endometrial epithelial cells were infected as 

previously described, washed with PBS and fixed with 

2% of paraformaldehyde for 20 min at room temperature. 

For the detection of intracellular bacteria, cells were 

permeabilized with 0.1% of Triton X-100 for 10 min. For 

the immunofluorescence analysis, cells were incubated 

for 30 min at 37°C with 50 µg/ml of phalloidin-

fluorescein isothiocyanate (FITC) diluted with 1% of 

dimethyl sulfoxide (DMSO), 1 mg/ml propidium iodide, 

Alexa Fluor 488 conjugate rabbit antibody anti-

cytokeratin 18, rabbit anti-C. fetus antibodies and Alexa 

Fluor 594 conjugated goat antibody anti-rabbit (IgG). 

The samples were observed using an epifluorescence 
microscope (E800, Nikon, Japan). For the 

immunohistochemistry analysis, cells were incubated for 

30 min at 37°C, with rabbit anti-C. fetus antibodies and 

horseradish peroxidase-conjugated goat antibodies anti-

rabbit IgG. It was used as a staining solution with 0.05% 

of 3-amino-9-ethylcarbazole, 0.015% of H2O2 in 0.05 M 

of sodium acetate pH = 5.5. Second staining was applied 

to provide contrast (Diffquick Staining System, 

Millipore). The samples were observed using an optic 

microscope (Velab, Mex). To evaluate the intracellular 

presence of C. fetus subsp. fetus in both assays, an 

experimental control without permeabilization was 

included. 

 
Statistical analysis 
 Six assays with three replicates for each treatment 

were performed. Each treatment was subjected to the 

Shapiro-Wilk test, and the difference in intracellular 

bacterial number in each treatment was analyzed through 

Student’s t-test. 

 

Results 
 

 Primary bovine endometrial epithelial cell culture 

was established until the second week of incubation. The 

cells in the monolayer showed a polygonal epithelial-like 

morphology (Fig. 1A). The cells remained viable until 

the seventh passage, while later sub-cultures showed 

abnormal morphology (rounded cells), and their 

proliferation rates decreased to 50% (Fig. 1B). For cell-

type confirmation, cytokeratin 18 was visualized by 

immunofluorescence. The results showed the presence of 

this protein in more than 90% of the cells (Fig. 1C). 

 

 
 

Fig. 1: Bovine endometrial epithelial cells cultures. (A) Normal 

appearance of epithelial-like cells after 7th passaging (×20), (B) 

Appearance of epithelial cells of bovine endometrium at 10th 

passaging (×20), and (C) Immunofluorescence assay of bovine 

endometrial cells stained with Alexa 488 (green) showed the 

presence of Cytokeratin 18 (×40) 

 

 Before intracellular survival evaluation assays, the 

sensibility of C. fetus subsp. fetus to gentamicin was 

determined. The results showed that C. fetus subsp. fetus 

was not able to grow around paper filter discs with 25 

µg/ml of gentamicin. However, it was able to grow in 

DMEM without gentamicin (data not shown). The 

inhibition area observed with 25 µg/ml was similar to the 

one obtained with ciprofloxacin (~27 mm diameter). 

With higher concentrations of gentamicin, the inhibition 

was superior. 

 The results of intracellular survival assays with C. 
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fetus subsp. fetus viable (non-heat-inactivated) showed 

that in the first 4 h.p.i., the number of genomic copies 

(g.c.) remained almost the same. At 0 h.p.i., there was an 

average (~) of 633.85 g.c. per 10,000 cells in the well 

(g.c./cell-well), at 2 h.p.i. were ~640.2 g.c./cell-well, and 

at 4 h.p.i. were ~696 g.c./cel-well. Later, the number of 

g.c. decreased significantly. At 10 h.p.i., there were 

~350.3 g.c./cell-well and at 24 h.p.i. there were ~282.0 

g.c./cel-well (Fig. 2). At this point, it is important to 

mention that the cellular monolayer remained intact until 

the last time (data not shown). Infection with C. fetus 

subsp. fetus non-viable (heat-inactivated) showed only 

~1 g.c. in all post-infection times (Fig. 2). This data 

suggests that C. fetus subsp. fetus can invade bovine 

endometrial epithelial cells but cannot grow inside them. 

It also indicates that invasion was only induced by viable 

microorganisms. In contrast, the number of g.c. obtained 

from cells infected with S. typhimurium slightly 

decreased in the first 2 h.p.i. At 0 h.p.i., there were 

~3280.2 g.c./cell-well, which decreased to ~2690.0 

g.c./cell-well at 2 h.p.i. Later, at 4, 10, and 24 h.p.i. the 

g.c. increased to ~7550, ~9590.7, and ~28400.2 g.c./cell-

well, respectively. These results indicate that S. 

typhimurium can invade and replicate inside endometrial 

epithelial cells. 
 

 
 

Fig. 2: Intracellular survival assays. The bovine endometrial 

epithelial cells were infected with C. fetus ATCC 27374, S. 

typhimurium, and C. fetus subsp. fetus non-viable (heat-

inactivated). Intracellular bacteria were quantified by qPCR at 

0, 2, 4, 10, and 24 h.p.i. 

 

 The presence of C. fetus subsp. fetus inside of 

epithelial cells was confirmed by immunohistochemistry 

(Fig. 3) and immunofluorescence (Fig. 4). The results of 

both assays at 2 h.p.i. revealed intracellular bacteria in 

permeabilized cells but not in the non-permeabilized 

cells. Considering that C. fetus subsp. fetus did not 

proliferate, its presence was not evaluated at a later time 

post-infection. These results demonstrate that C. fetus 

subsp. fetus can invade cells, confirming the results 

obtained in qPCR. 

 

Discussion 
 

 Campylobacter fetus subsp. fetus produces sporadic 

infections in the bovine genital tract. However, until 

now, the virulence mechanisms have not been well 

described. In this work, the ability of C. fetus subsp. fetus 

to invade bovine endometrial epithelial cells was 

demonstrated. In previous studies, invasion of 

Campylobacter spp. in epithelial cells was proved in 

which only immortalized cellular lines were used 

(Konkel and Joens, 1989; Graham, 2003; Watson and 

Galán, 2008; Baker and Graham, 2010; Bücker et al., 

2017). In this study, primary cell cultures were used to 

avoid possible alteration in the phenomena (Alge et al., 

2006). Our results showed the ability of C. fetus subsp. 

fetus to invade bovine endometrial epithelial cells, but 

not to survive inside them. This could suggest that these 

cells do not represent a replicative niche. However, some 

aspects are necessary to resolve, like the role of a 

hormonal environment (Wang et al., 2010). 

 

 
 

Fig. 3: Immunohistochemistry of intracellular C. fetus ATCC 

27374 in bovine endometrial epithelial cells (×40). The 

microorganisms observed inside the cell are in brown and the 

cells are in blue color. The black arrows show the intracellular 

bacteria 

 

 
 

Fig. 4: Immunofluorescence of intracellular C. fetus in bovine 

endometrial epithelial cells. The cytoskeleton was stained with 

phalloidin-FITC (green), nucleus with propidium iodide, and 

intracellular microorganisms with Alexa 594 (red). The white 

arrow shows C. fetus inside the cells 

 

 The comparison between the results of the viable and 

nonviable (heat-inactivated) C. fetus subsp. fetus, showed 

that the ability to invade endometrial cells is an active 

bacterial process rather than a cellular one since this 

bacterium cannot invade the epithelial cells. In several 
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intracellular microorganisms, this process involves the 

expression of many genes to achieve the intracellular 

niche, or in the case of Campylobacter jejuni, 

translocation through the epithelial cells (Dersch, 2003; 

Baker and Graham, 2010). 

 In the present work, the intracellular presence of C. 

fetus subsp. fetus was demonstrated by qPCR. This 

technique was previously used to quantify fastidious 

microorganisms (Blakes et al., 2015; Ricchi et al., 2017). 

The data obtained by qPCR was confirmed by 

immunofluorescence and immunohistochemistry, 

suggesting that this pathogen possesses mechanisms that 

enable the invasion of the cells. In other studies, qPCR 

has been used for evaluating intracellular proliferation, 

especially for viable but nonculturable microorganisms 

which are difficult to grow in the laboratory (González-

Escalona et al., 2006; Wattanaphansak et al., 2010; 

Blakes et al., 2015). In this regard, research performed 

with T84 cells revealed that the intracellular survival 

capability of C. jejuni could not be established since 

culture is complicated after the infection. In this study, a 

qPCR was used to evaluate bacterial proliferation 

(Watson and Galán, 2008). 

 In intracellular survival assays, the genomic copy 

number analysis showed that the number of intracellular 

bacteria remains constant until 4 h.p.i., and then 

decreases to 24 h. These suggest that C. fetus subsp. fetus 

cannot evade bactericidal mechanisms of the cell and 

that bacterial and DNA degradation starts at 4 h.p.i. 

However, the absence of proliferation inside the cells 

could be due to another mechanism, such as the lack of 

metabolism needed for survival inside the cells. 

Although this is a hypothesis, more analysis is required 

to prove it. These results agree with the ones obtained 

previously with INT407 cell infections (Graham, 2003). 

In these assays, viable microorganisms were obtained 

only until 4 h.p.i. It was also observed that C. fetus 

subsp. fetus was less invasive than S. typhimurium (used 

as a positive control of infection). This microorganism 

was able to replicate inside this cell type. This result can 

be normal, considering that the type III secretion system 

gives bacteria the ability to invade and multiply in many 

types of cells (Yoon et al., 2011; Boumart et al., 2014). 

 The type of cell used in this study showed the typical 

morphology of endometrial epithelial cells, described as 

cuboid shape cells that form a cobblestone-like structure 

in monolayers (Eritja et al., 2010). In this work, the cells 

maintained their morphology and viability until the 

seventh passage. Other authors indicated that cell 

viability can be preserved until 40 passes by using 

growth promoters (Feng et al., 2012). However, a free 

hormone cell culture media was used in our experiment 

to avoid interference with bactericidal mechanisms of 

endometrial cells. For cell-type confirmation, cytokeratin 

18 protein was detected by immunofluorescence. This 

protein has been previously described in other studies, 

where primary endometrial epithelial cells were 

established as models for hormonal effect analyses 

(Eritja et al., 2010; Feng et al., 2012; Haeger et al., 

2015). In this work, more than 90% of the cells showed 

the presence of cytokeratin 18. These results confirm that 

this primary cell culture agrees with bovine endometrial 

epithelial cells and can be used to evaluate intracellular 

survival. On the other hand, the absence of fibroblast-

like cells demonstrated that the trypsinization process 

was useful to eliminate this cell-type as previously 

described (Kisselbach et al., 2009). 

 Other studies have shown the translocation capability 

of C. jejuni where the cell monolayer always keeps its 

integrity (Baker and Graham, 2010; Day et al., 2010). In 

this work, the monolayer of endometrial cells remained 

without perceptible changes; thus, C. fetus subsp. fetus 

might have the same translocation ability as C. jejuni 

since the bovine endometrial epithelial cells are not the 

proliferative niche for this microorganism. This 

mechanism of translocation could represent to C. fetus 

the possibility to access other cell types, such as stromal 

cells or macrophages, where the pathogen might 

proliferate (Louwen et al., 2012). 

 Future investigations in C. fetus subsp. fetus 

pathogenicity mechanisms may shed light on the 

translocation ability of this pathogen and help identify 

the replication niche, understand the pathogenesis of 

campylobacteriosis and develop new strategies for 

prevention and treatment. In conclusion, C. fetus subsp. 

fetus can invade bovine endometrial epithelial cells but 

cannot survive inside them. This suggests the existence 

of other proliferative niches for this pathogen and 

establishes the possibility that endometrial cells are only 

used by this pathogen to reach submucosa tissue and 

induce uterine inflammations associated with abortions. 
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