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ABSTRACT
Ureaplasma diversum is an opportunistic pathogen associated with uterine infl ammation, impaired embryo 
implantation, infertility, abortions, premature birth of calves and neonatal pneumonia in cattle. It has been 
suggested that the intra-uterine infection by Ureaplasma diversum can cause vascular changes that hinder 
the success of pregnancy. Thus, the aim of this study was to evaluate the changes of intrauterine site of 
A/J mice in estrus or proestrus phase inoculated with Ureaplasma diversum. The infection was monitored 
at 24, 48 and 72 hours by the PCR methodology to detect the Ureaplasma in the inoculation site and the 
profi le of circulating blood cells. Morphological changes, intensity of infl ammation and the production 
of cytokines were compared. The infected mice showed local infl ammation through the production of 
IFN-γ and TNF-α. Ureaplasma diversum infections in the reproductive tract of studied mice seemed to be 
associated with the production of pro-infl ammatory cytokines in uterine parenchyma. The levels of TNF-α 
of infected mice were dependent on the bacterial load of inoculated Ureaplasma. Uterine experimental 
infections by Ureaplasma diversum have not been mentioned yet and herein we presented the fi rst report 
of an intrauterine infection model in mice.
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INTRODUCTION

Ureaplasmas are free-living microorganisms 
characterized by the absence of cell wall and are 
involved in reproductive disorders in humans and 
animals (Versalovic et al. 2011). They have a small 
genome characterized by limited biosynthetic 
capabilities (Glass et al. 2000). When they are 

grown, the medium is alkalinized to become 
toxic to the cells. Although they may grow in 
axenic cultures, the Ureaplasmas exhibit affi nity 
for mucosal epithelium in the respiratory and 
urogenital tract.

Ureaplasma diversum stands out among 
molicutes causing reproductive disorders in cattle 
(Viscardi 2014, Waites et al. 2012). In addition, few 
studies have been performed to understand their 
pathogenicity. Infertility, endometritis, abortions, 
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embryo implantation diffi culties and some diseases 
of the urogenital tract are the most common clinical 
manifestations in infected cows (Taylor-Robinson 
et al. 1967, Argue et al. 2013). The compounds 
generated from the urea hydrolysis, as ammonia, 
are toxic to local cells (Miller et al. 1994). Their 
adherence on the host cells, allows access to lipids, 
pyrimidines and purines (Gambarini et al. 2009).

The premature births in bovines may be 
strongly linked to the ureaplasmal phospholipid 
activity (Saada and Kahane 1988). It has been 
suggested that the intra-uterine infection by U. 
diversum induces the production of bacterial 
phospholipases with arachidonic acid biosynthesis. 
This could interfere in the prostaglandin release 
and function of the host cells (Smith et al. 1993). 
These data have been correlated with changes in 
vascular permeability and decidualization of the 
endometrium (Viscardi 2010).

The immune response to the infection induces 
the cells release of infl ammatory mediators. The 
kinetics and infl ammatory profi le to a stimulus are 
determined by the host genetics as well as the type 
of microorganism and its pathogenicity (Knights et 
al. 2014). Cytokines such as tumor necrosis factor 
alpha (TNF-α) and interferon gamma (IFN-γ) have 
been shown to be important for the control of 
bacterial infections (Wang et al. 2015). However, 
the gestational uterus is affected by these mediators 
and it is related to premature births (Chandiramani 
et al. 2012), and other pregnancy complications 
(Kumar et al. 2014).

Recent outbreaks and epidemiological studies 
predict that the incidence of animal diseases 
caused by molicutes may increase. This situation 
indicates the need to develop new approaches 
to prevent and treat infections caused by these 
pathogens (Maxwell et al. 2006). Nevertheless, 
there are no animal models to be performed for the 
better understanding of immune responses due to 
U. diversum infections. In this study we aimed to 

evaluate the uterine infection by U. diversum in a 
mice model.

MATERIALS AND METHODS

ANIMALS

Female mice A/J aged 8-10 weeks were obtained 
from Universidade Federal da Bahia. The animals 
were kept in facilities with controlled humidity, 
temperature and light with 12h cycle light /12h 
dark conditions as well as water and food provided 
ad libitum. This study was approved by the Ethics 
Committee in Research of Universidade Federal da 
Bahia.

U. diversum PREPARATION AND CULTURE

U. diversum ATCC 49782 were cultured according 
to the Ruhnke and Rosendal procedures (Ruhnke 
and Rosendal 1994). The isolates were obtained 
from the collection of Mycoplasma Laboratory of 
Institute of Biomedical Sciences at University of 
São Paulo/Brazil. Cultures of 100 mL was initially 
centrifuged at 15,000 x g for 25 minutes at 4°C, 
pelleted and gently washed with NaCl 0.85%. 
The fi nal pellet was homogenized in NaCl 0.85% 
solution aliquoted in 1 mL vials. This inoculum was 
quantifi ed in 96-well microplates for Determination 
of Color Changing Units-methodology (CCU/ml) 
as described by Kim et al. (1994).

INTRA-UTERINE INFECTION

The mice were selected for inoculation according 
to the estrus or proestrus phase. The high viscosity 
of the mucus and the vaginal pH facilitates the 
infection process. The mice were divided in four 
groups including the control of infection. The mice 
were inoculated with saline (control group) or 
with doses of 104, 106, 108 CCU of U. diversum 
(infected groups). The ureaplasmal inoculum was 
carried out with the aid of a sterile catheter inserted 
intravaginally until they reach the cervix simulating 
an ascending infection. One, 2 and 3 days after the 
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infection, body fl uids and tissues were sampled and 
analyzed.

CYTOLOGICAL ANALYSIS

After euthanasia, blood samples were collected 
and glass slides were stained with panoptic. Cells 
counting were performed in a Neubauer chamber. 
Subsequent vaginal lavages were conducted in 
situ by injecting and removing a volume of 200μl 
of sterile saline for 5 times. These samples were 
stored at 4°C and then centrifuged at 300 x g for 
10 minutes at 4°C. The pellets were subjected to 
cytospin and panoptic staining. The cell counts 
of the blood and vaginal fl uids were obtained by 
morphological criteria under light microscopy at 
100x magnifi cation. 

EVALUATION OF CYTOKINE PRODUCTION

Cytokines were measured in the supernatant of 
uterine macerated. The uterus of the animals were 
weighed. The same amount of tissue was macerated 
in RPMI and subjected to centrifugation at 300 
x g for 10 minutes at 4ºC. Cytokines IFN-γ, IL-1 
and TNF-α were determined in the supernatant of 
the samples through sandwich immunoenzimatic 
procedure, using the ELISA kit Ready-Set-
Go ® (Bioscience) accordingly manufacturer’s 
instructions. The standard curve was obtained and 
cytokine levels were determined by comparison 
with standard curves.

HISTOPATHOLOGY

Uterine tissue fragments were fixed in 10% 
formalin overnight and then transferred to 95% 
ethanol until be embedded in paraffi n, sectioned 
and stained with hematoxylin and eosin (HE). The 
uterus tissues were analyzed for the infi ltration of 
infl ammatory cells.

DETECTION OF U. diversum

U. diversum was detected in samples of uterine 
and vaginal lavages of infected mice. The 

fragments of uterus were initially homogenized 
in RPMI microtubes and centrifuged at 300 x 
g for 10 minutes at 4ºC. Supernatants of vaginal 
lavages and uterus tissues were subjected to DNA 
extraction by boiling method to detect U. diversum 
by polymerase chain reaction (PCR) methodology 
as described by Cardoso et al. (2000). The DNA of 
the U. divsersum ATCC was the positive control 
and the negative control was an aliquot of PCR 
mix. The PCR products were electrophoresed in 
1.5% agarose gel, stained with ethidium bromide 
and visualized by UV light. The evidence of a PCR 
product with 216 bp indicates the targeted DNA of 
U. diversum. 

STATISTICAL TREATMENT

Statistical analysis was performed by multiple 
comparisons in the different experiments using the 
test non-parametric (one-way ANOVA) Kruskal-
Wallis. Statistical differences were considered 
significant when p <0.05 using a confidence 
interval of 95%. All analyzes were performed at 
GraphPad Prism 4.0 program (GraphPad Software, 
San Diego, CA, USA).

RESULTS

U. diversum INDUCES INFLAMMATION in situ MEDIATED BY 
CYTOKINES

The intra-uterine infection in the inoculated mice 
with U. diversum did not induce differences in 
blood cells when compared to the control group 
(Figure 1a). Furthermore, the absolute number of 
white cells had no change at doses of 104, 106 or 
108 CCU of U. diversum (Figure 1b). The profi le 
of circulating cells was also similar to the control 
group for both polymorph and mononuclear cells 
(Figure 1c and 1d). These data indicate that U. 
diversum, in this model of infection, does not 
induce systemic neutrophilia. 
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Changes in tissue morphology as a consequence 
of the infl ammatory response in the inoculated site 
of mice were not detected (Figure 2a). Infected 
and non-infected mice presented neutrophils and 
lymphocytes in the endometrial tissue as well as 
presented in natural cell infi ltration. The same was 
observed in vaginal lavages seeing that females 
in the control group showed a natural infi ltration 
(Figure 2b). The morphology of the uterus, tubes 
and ovaries were preserved at all experimental time 
points (data not shown). The ureaplasmal targeted 
DNA was detected by PCR in uterus tissues at all 
experimental time points of infection inoculated 
with the lowest inoculum (Figure 2c). However, U. 

diversum DNA was not detected in vaginal lavages 
of infected and non-infected mice. 

The production of pro-infl ammatory cytokines 
such as IL-1β, TNF-α and IFN-γ in the uterus were 
evaluated by ELISA. The studied ureaplasmal in-
fection markedly induced the production of TNF-α 
in the infection site (Figure 3a). This cytokine 
production seemed to be dependent of the inoculum 
since their levels increased proportionally to the 
injected ureaplasmal CCU (Figure 3b). However, 
no signifi cant IL-1β production was observed in 
the studied model of infection (Figure 3c). In the 
uterus the levels of IFN-γ increased when 106 CCU 
of U. diversum was inoculated (Figure 3d).

Figure 1 - Count of blood cells. A/J mice were infected with intrauterine doses of 104, 106 or 108 U. diversum. Twenty four, 48 
and 72 hours after infection, the animals were euthanized and blood samples were collected. Immediately after euthanasia, the total 
number of cells was determined in Neubauer chamber. For the differential counts, slides were stained with panotic and counting 
was performed with a light microscope using 1000x magnifi cation. Cells were characterized and differentiated, and the percentage 
was estimated according the total number of cells. (a) and (b) total number of leukocytes. (c) Percentage of mononuclear. (d) 
percentage of polymorphonuclear cells. n 3-5.
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DISCUSSION

The presence of U. diversum in the reproductive 
tract of cattle hosts is associated with spontaneous 
abortion or premature birth of calves (Kreplin and 
Maitland 1989). Genetically defi ned animal models 
will be essential to understand the interactions in 
relation parasite / host that contribute to disease 
severity (Zhu et al. 2011). In the present study, 
infection of the reproductive tract of mice with 
U. diversum was associated with a local uterine 

infl ammation. The results showed that the effects of 
infection depend on the bacterial load, and TNF-α 
and IFN-γ were the most involved cytokines in the 
infl ammatory response in this model. In contrast, 
the infection was not able to induce a systemic 
response associated with the preservation of the 
uterus morphology.

For a long time the pathogenicity of Ureaplasma 
was discussed. The etiologic role of Ureaplasmas 
was confused by the isolation of this mycoplasma 

Figure 2 -  Cytological analysis and detection of U. diversum. A/J mice were infected with 104 CCU of U. diversum intrauterine 
route. (a) Twenty four, 48 and 78 hours after infection the animals had uterus fi xed in 10% formalin. The slides were prepared 
and subsequently stained with hematoxylin and eosin. Photomicrographies upper and lower show control and infected animals 24, 
48 and 72 hours respectively, 400X (b) Vaginal lavage of control and infected mice 24 hours after infection respectively, 400X 
magnifi cation. (c) U. diversum detection by PCR. Animals infected by U. diversum had genomic DNA extracted from uterine tissue 
and amplifi ed by PCR. The products of PCR amplifi cation using the primers UD3 (5′-AAT GTC GGC TCG CTT ATG AG-3′) and 
UD4 (5′-CCT GTC ATA TTG TTA ACC TCC GC-3′) were analyzed by agarose gel electrophoresis. The presence of a 216 bp DNA 
fragment indicated the specifi c detection of U. diversum. 1. Lader; 2. Positive control; 3. Negative control; 4. Infected 104 after 72 
hours.
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in apparently healthy cows (Thomas et al. 2002). 
Since the intra-uterine infection was not able to 
induce a leukocytosis even with the increased 
bacterial load, it suggests that U. diversum is an 
opportunistic pathogen of low virulence to induce 
a systemic response. However, the damage to the 
host may be related to the site of infection. Studies 
show that colonization of the reproductive tract is 
commonly associated with infertility, abortions, 
premature births and lung injury in neonates 
(Ruhnke et al. 1984, Murray 1991, Buzinhani et 
al. 2011). In other mycoplasma species, such as 
U. urealyticum, was observed that the presence of 
bacteria in the respiratory tract of infants stimulates 
an increasing total number of white blood cells 

(Viscardi et al. 2002). However, the observed 
leukocytosis is associated with low immunity 
(Tegtmeier et al. 1999, Ohlsson et al. 1993, Honma 
et al. 2007). Von Chamier et al. (2012) reported 
that intra-uterine experimental infection in mice 
with U. parvum was able to induce sepsis with 
severe fetal infl ammatory response. Thus, the host 
immune response could be a determinant factor in 
the severity of disease, since immunosuppressed 
animals are more likely to develop a systemic 
response (Famuyide et al. 2009, Peng et al. 2013).

In this study, the local cell infi ltrate observed 
in both infected and control groups was not related 
to infection by U. diversum. The presence of 
infl ammatory cells in uterus tissue and in vaginal 

Figure 3 - Effect of U. diversum intrauterine infections in A/J mice. A/J mice were infected intravaginally by U. diversum and 
euthanized 24, 48 or 72 hours after infection. The uterus was macerated in medium RPMI centrifuged and the supernatant were 
used for measurement of cytokines (IL-1β, TNF-α, IFN-γ) by ELISA. a. TNF-α twenty four, 48 and 72 hours. b. TNF-α twenty four 
hours. c. IL-1 twenty four hours. d. IFN-γ twenty four- hours. n 3-5.
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lavages seems to be directly related to the estrous 
cycle in female. During metaestrus, a number of 
neutrophils infi ltrate the vaginal cavity (Kobayashi 
2013, Sasaki et al. 2009). Neutrophil infi ltration 
into the vagina is critical in maintaining the cycle 
by controlling the levels of steroid hormones and 
angiogenesis via production of chemoattractants 
(Jiemtaweeboon et al. 2011). In this model, the 
presence of mycoplasma and leukocytes did not 
affect the histological characteristics of the uterine 
tissue. In vitro studies with Mycoplasma genitalium 
demonstrated alterations after 72 hours of 
inoculation. Ultra-structural changes were observed 
with reduction of microvilli in the endometrial 
epithelial cells (McGowin et al. 2013). However, 
for Ureaplasma ssp., histological alterations are 
mostly related to chronic fetal infections (Robinson 
et al. 2013) or other body sites as lung (Viscardi 
et al. 2002). Although this study did not assess 
the progression of later periods, this model of 
infection by U. diversum does not induce an acute 
infl ammatory response in healthy animals.

It is known that an increased influx of 
phagocytic cells to the site of infection is directly 
related to bacterial clearance. Neutrophil depletion 
studies have shown that the absence of recruitment 
of these cells is the main cause for the increased 
bacterial load (Segal 2005). These observations are 
consistent with results from our previous studies 
where was observed that the control of pulmonary 
infection by U. diversum was co-related to an 
infl ux of neutrophils into the lung (J.R. Silva et 
al., unpublished data). In this way, absence of 
recruitment of polymorphnuclear cells to the site 
of infection could be related to the colonization of 
the tissue.

It has been reported that in asymptomatic 
infections, U. parvum causes a change in the 
function of epithelial host cell characterized by the 
absence of infl ammatory infi ltrate (Reyes et al. 2009, 
Allam et al. 2011). These changes are associated 
with significant modifications in actin-binding 

proteins that regulate cell motility, differentiation, 
apoptosis, and inflammation that supports the 
colonization of microorganisms (Gloerich et 
al. 2010). Evasion mechanisms of the immune 
response are characterized for Ureaplasma ssp., 
but specifi cally for U. diversum was not reported. 
These species might share genes, virulence factors 
and evasion mechanisms of the immune response, 
preventing the control of bacterial load.

U. diversum was detected in macerated uterus 
even at the lowest dose 72 hours after infection. 
However, there was not observed positive samples 
in vaginal lavages. U. diversum is capable of 
adhesion to tissue and it has been reported the 
rapid invasion of Hep-2 cell being located in 
the perinuclear region of the cell (Marques et al. 
2010). Thus, the absence of DNA found could be 
associated to the accession to the tissue or an intra-
cell infection in the endometrium.

The profiles of the inflammatory response 
observed in the uterus were directly dependent 
on the administered dose of infection. The results 
presented here demonstrate that the bacterial load 
has been the major factor in the increased levels 
of pro-inflammatory mediators in the infection 
site. Higher bacterial load of U. diversum has been 
associated with more severe clinical conditions 
(Marques et al. 2013). Infected animals respond with 
increased levels of TNF-α and IFN-γ production. In 
vitro studies demonstrated that U. diversum was 
able to induce murine macrophages to produce 
TNF-α in a dose dependent way (Chelmonska-
Soyta et al. 1994). Furthermore, U. urealyticum 
stimulates the release of TNF-α by macrophages 
and monocytes from human umbilical cord 
blood (Manimtim et al. 2001). Infections with U. 
diversum in the reproductive tract may, at fi rst, not 
stimulate recruitment of cells to the site. However, 
the pro-infl ammatory cytokines can be detrimental 
to uterine pregnancies (Rogerson et al. 2007).

Immunological alterations occur in the 
gestational environment to promote maternal 
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tolerance to alloantigen and to ensure the survival 
of the developing fetus. This can change the 
host response against pathogens (Miller et al. 
2009). Responses to infectious diseases endanger 
the health of the fetus, implantation, causing 
spontaneous abortion, fetal reabsorption or 
preterm births (Marenzoni et al. 2013). It has been 
reported that elevated levels of pro-infl ammatory 
cytokines, including TNF-α, are present in most 
premature births (Marchioni and Lichtenstein 
2013). Moreover, the effects of cytotoxic T cells 
and IFN-γ, TNF-α and IL - 2 could lead to placental 
damage and fetal death mediated by destruction 
of syncytium-trophoblasts. TNF is reported as 
an embryotoxic cytokine, inducing trophoblast 
apoptosis via TNF receptors, especially if the 
cytokine is released by monocytes in direct contact 
with trophoblast (Haimovici et al. 1991, Yui et al. 
1996, Chan and Guilbert 2005).

The presence of U. urealyticum in the 
reproductive tract during pregnancy also has 
been associated with premature rupture of fetal 
membranes mediated by TNF-α and IL-6 response. 
These cytokines stimulate the secretion of other 
mediators, including prostaglandin E2 and matrix 
metalloproteinases, which participate in the 
weakening of the fetal membranes and consequent 
disruption (Estrada-Gutierrez et al. 2010).

Limitations of this study include I) study of the 
evolution of the infection at advanced periods for 
assessment of the infl ammatory response and II) 
identifi cation of neutrophils that respond against 
U. diversum to differentiate those and the ones 
naturally present due to the estrous cycle. Despite 
these limitations, this study provides data about 
the behavior of female hosts against infections of 
the reproductive tract by U. diversum. Although 
this study cannot conclude that the similar effects 
observed with intra-uterine infections caused by 
other species of mycoplasma, this may occur with 
U. diversum; it is worth mentioning the importance 
of the immune status of the host in disease 
pathogenesis.

Taken together, the data presented here 
suggests that the pathogenesis of U. diversum 
forward to infections of the reproductive tract 
may be signifi cantly related to immune status of 
the host. Inflammatory mediators stimulated by 
infection with U. diversum may be the causal link 
between intrauterine infection and tissue injury 
related to abortions. It is possible that high bacterial 
loads present in gestational uterus contribute to 
inflammation via pro-inflammatory mediators, 
thus hampering the course of pregnancy. This is 
the fi rst report of an intra-uterine infection in mice 
induced by U. diversum, however, further studies 
are needed to investigate the role of bacteria in low 
immunological competence.

RESUMO

Ureaplasma diversum é um patógeno oportunista asso-
ciado com infl amação uterina, implantação do embrião 
prejudicada, infertilidade, abortos, nascimento prema-
turo de bezerros e pneumonia neonatal em gado. Tem 
sido sugerido que infecções causadas por Ureaplasma 
diversum podem causar alterações vasculares que 
impedem o sucesso da gravidez. Portanto, o objetivo 
desse estudo foi avaliar as alterações intrauterinas 
em camundongos A/J na fase de estro ou proestro 
inoculados com Ureaplasma diversum. A infecção foi 
avaliada após 24, 48 e 72 horas pela metodologia de 
PCR para detectar Ureaplasma no sítio de inoculação 
e o perfi l de células sanguíneas circulantes. Alterações 
morfológicas, intensidade da infl amação e a produção 
de citocinas foram comparadas. Os camundongos 
infectados mostraram infl amação local pela produção 
de IFN-γ e TNF-α. Infecções por Ureaplasma diversum 
no trato reprodutivo dos camundongos estudados 
mostraram estar associadas com a produção de 
citocinas pró-infl amatórias no parênquima uterino. As 
concentrações de TNF-α nos camundongos infectados 
foram dependentes da carga bacteriana de Ureaplasma 
inoculado. Infecções uterinas experimentais por 
Ureaplasma diversum ainda não foram descritas e aqui 
nós apresentamos o primeiro relato de um modelo de 
infecção intrauterina em camundongos.
Palavras-chave: Micoplasma, útero, Ureaplasma, 
camundongos.
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