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Presence of Chlamydia abortus in goats with a history of abortions in Mexico
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ABSTRACT

Chlamydia abortus causes a series of reproductive disorders in ruminants, including abortions, premature
births and stillbirths. Additionally, as a zoonosis, it can cause miscarriages or pneumonia in people who
come in contact with sick animals or their secretions. The objective of this study was to isolate C. abortus
from Mexican goats with a history of abortion and from recently parturient goats with a history of abortion;
186 samples were collected from 49 herds in the states of Coahuila, Jalisco, Puebla, Veracruz and
Querétaro. Bacterial isolation of the clinical samples was performed using the mouse fibroblast cell line
L929 and molecular identification was achieved by amplification of a 342 bp fragment corresponding to the
16S-23S ribosomal intergenic spacer RNA region. The amplification products were sequenced and
compared with the GenBank database. Isolation identified 23.1% of the samples and PCR identified 9.6%
as positive. Homology search revealed 100% identity with Chlamydia abortus EF486854, U76710, U68444,
among others. The presence of C. abortus was confirmed in goats with a history of abortion in Mexico by
bacterial isolation, PCR and sequencing. These findings suggest that C. abortus played a substantial role
in goats with a history of abortion in Mexico.

Keywords: Chlamydia abortus, goats, abortions, Mexico, chlamydiosis.

RESUMEN
Chlamydia abortus causa abortos o nacimientos prematuros en rumiantes; adicionalmente, es una zoonosis
que puede causar abortos o neumonias en personas que tienen contacto con animales enfermos o sus
secreciones. El objetivo de este estudio fue aislar C. abortus de cabras mexicanas con historial de aborto
y de cabras recién paridas con antecedentes de abortos; se recolectaron 186 muestras de 49 rebafios, en
los estados de Coahuila, Jalisco, Puebla, Veracruz y Querétaro. El aislamiento bacteriano de las muestras
clinicas fue realizado utilizando la linea celular de fibroblastos de raton L929 y la identificacion molecular
se logré mediante la amplificacion de un fragmento de 342 pb correspondiente a la regidon 16S-23S
espaciador intergénico ribosomal RNA. Los productos de amplificacion se secuenciaron y se compararon
con la base de datos GenBank. El aislamiento identificé el 23.1% de las muestras y la PCR identificé el
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9.6% como positivas. La bisqueda de homologias revel6 una identidad del 100% con Chlamydia abortus
EF486854, U76710, U68444, entre otras. La presencia de C. abortus se confirmd en cabras con
antecedentes de aborto en México mediante aislamiento bacteriano, PCR y secuenciacion. Estos hallazgos
sugieren que C. abortus jugd un papel sustancial en cabras con antecedentes de aborto en México.
Palabras clave: Chlamydia abortus, caprinos, abortos, México.

INTRODUCTION

Chlamydiosis is an infectious disease that occurs in sheep, goats, and cows globally,
causing reproductive disorders including abortions, stillbirths, and weak or premature
offspring that die shortly after birth. The etiologic agent, Chlamydia abortus, is the main
cause of reproductive losses in goats and sheep in northern European countries, and
causes approximately 44% of all diagnosed infectious abortions in the United Kingdom
(Stuen and Longbottom, 2011). As a zoonosis, C. abortus presents the greatest risk to
pregnant women, because it is able to colonize the human placenta leading to abortion.
Atypical respiratory pneumonia has also been described in workers who came into contact
with ruminants (Longbottom and Coulter, 2003; Ortega et al., 2015; Pichon et al., 2020).
Chlamydia is a Gram-negative bacterium and an obligate intracellular parasite. It presents
an asynchronous multimorphic development cycle with two stages, the elementary and
reticular bodies, both of which possess lipopolysaccharides. Unlike the typical bacterial
cell wall, Chlamydia cell walls do not present muramic acid (Rodolakis and Laroucau,
2015).

In Mexico, chlamydiosis in goats and sheep, as well as the role of Chlamydia in ewe
abortions were first reported in the 1990s (Escalante et al., 1996). The first isolation of C.
abortus (then C. psittaci serotype 1) in goats was published in 1997 (Escalante et al.,
1997). In 2001, Chlamydia was shown to be present in a zoonotic process that originated
in an infected goat herd (Escalante et al., 2001). C. abortus (then Chlamydophila abortus)
was demonstrated in goats using serology and isolation in 2004, and again in 2005, 2006
and 2008 (Lazcano, 2006; Soriano et al., 2011). In 2011, a study found C. abortus in
26.9% of sampled goats in the state of Guanajuato, Mexico, reaching 9.60% seropositivity
(Mora et al., 2015). Palomares et al. (2020) evaluated individual and herd serological
frequency, as well as risk factors for C. abortus in seven sheep-producing states in
Mexico, and identified enzootic abortion in ewes. Given this background, the goal of this
study was to determine whether C. abortus is present in cases of goat abortion across
different regions of Mexico.

MATERIAL AND METHODS
Samples
This study was carried out between August 2016 and February 2018. We obtained a total
of 186 vaginal exudates from 49 herds with reported abortions across five states in
2
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Mexico. The state of Coahuila provided 82 samples (44.10%) from 24 herds, followed by
Veracruz with 67 samples (36.02%) from 18 herds, Jalisco with 25 samples (13.44%) from
three herds, Querétaro with seven samples (3.76%) from one herd, and Puebla with five
samples (2.68%) from three herds.

All sampled does were mixed-breed, and husbandry conditions varied by state. Samples
from Jalisco and Queretaro came from stabled herds kept as breeding stock under
intensive management. These animals were fed balanced diets with mineral
supplementation and did not coexist with other animal species. In contrast, goats from
Puebla, Coahuila and Veracruz were kept under extensive management conditions for
meat production, either commercially or for non-market consumption. These herds spent
mornings grazing on unmanaged vegetation and along roadsides and were penned
overnight without additional food supplementation. These goats coexisted with other
animal species in the corrals, mainly with sheep and chickens, as well as horses, dogs
and cats.

We sampled goats that had recently aborted or does that had recently given birth with a
history of abortions (no more than 30 days in both cases). Vaginal samples were taken
using sterile swabs and transported in tubes with 2 ml of sucrose-phosphate/glutamate
(SPG) medium (217 mM sucrose, 4 mM KH2PO4, 7 mM K2HPO4, and 1% L-glutamine),
supplemented with 10% fetal bovine serum (FBS; GIBCO, USA) and antibiotics (100
pg/ml streptomycin, 50 pg/ml gentamicin; Invitrogen, USA) (Sachse et al., 2009). In the
laboratory, samples were kept at -20°C until processing. Experiments involving samples
and live Chlamydia were performed in a type Il biosafety laboratory. For the
immunofluorescent technique and PCR reactions, we used a C. abortus A.22 strain kindly
donated by Petter C. Griffiths from The Central Veterinary Laboratory, United Kingdom,
in 1993. This sample was imported under zoosanitary certificate No. 27491.

Bacterial isolation

Bacterial isolation was performed in mouse fibroblasts from cell line L929. Cells were
cultured in Eagle’s essential minimum medium (EEMM,; Invitrogen, USA), supplemented
with 10% fetal bovine serum (FBS), 1% non-essential amino acids, 1% L-glutamine at
37°C, and 5% CO:2 (Escalante et al., 1996). To identify chlamydial bodies, we used
0.9x10° cells per well, in 24-well polystyrene culture plates with 12-mm diameter sterile
glass coverslips (Mora et al., 2015). Identification of intracytoplasmic inclusions produced
by C. abortus was carried out via direct immunofluorescent technique, using commercial
IMGEN Chlamydia tests (OXOID, UK) according to manufacturer’s instructions.
Intracytoplasmic inclusions were visualized in an UV microscope (Leica DM1000) with
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40X and 100X objectives. A sample was considered to be negative after two blind
passages without intracytoplasmic inclusion detection.

DNA extraction

Vaginal exudate samples were homogenized and then 500 ul from each one were
transferred to a sterile micro tube that was inactivated at 80°C for 20 min. Then, 100 ul of
NET Buffer (50 mM NaCl, 125 mM EDTA, 50 mM Tris HCI, pH 7.6), and 50 ul of 24% SDS
(3.4% final concentration) were added and incubated at 80°C for 10 min. Afterwards, we
added RNAse at 75 pg/ml final concentration, and incubated for 2 h at 50°C, followed by
proteinase K (USB, Ohio, USA) at a final concentration of 325 ug/ml and incubated at
50°C for 90 min more. Then, we added a 25:24:1 volume of phenol, chloroform and
isoamilic alcohol (Sigma-Aldrich, USA), mixed for 15 min, and centrifuged at 16,060 g for
5 min at room temperature.

Finally, 0.6 volumes of isopropanol were added to the supernatant and centrifuged at
16,060 g for 15 min. The resulting DNA was washed with 70% cold ethanol and
centrifuged at 16,060 g for 5 min. DNA was resuspended with 25 ul of DNAase-free water.

Molecular identification

Molecular identification was performed via PCR using primers that amplify a 342 bp of
16S-23S ribosomal RNA intergenic spacer. Primers were designed with the IDT SciTools
Primer QuestSM program, using the C. abortus A.22 ribosomal operon sequence
deposited in GenBank with accession number U68444.1 (Everett et al., 1997). PCR
reactions were performed in a final volume of 50 pl, including 1X PCR buffer, 3 mM MgCiI2,
400 uM dNTP’s, 25 pmol of each primer, 1 U DreamTaq Polymerase (Thermo, USA), and
50 ng DNA. C. abortus A.22 strain was used as positive control.

The amplification protocol consisted of an initial denaturing cycle of 5 min at 95°C, 40
cycles at 95°C for 1 min, 63°C for 30 s, 72°C for 1 min, and a final extension at 72°C for
10 min. Amplification products were observed in a 1% agarose gel (Thermo, USA) stained
with ethidium bromide (0.5 pg/ml).

Samples found to be positive for C. abortus through PCR were purified using the
commercial QIAquick gel extraction system, following manufacturer’s instructions.
Product sequencing was performed in both directions by means of the Taq FS Dye
Terminator Cycle Sequencing Fluorescence-Based Sequencing method. The consensus
sequence and sequence alignment were achieved with the Vector NTI program.

The sequences of 16S-23S ribosomal RNA intergenic spacer obtained in this study were
subjected to BLAST searches in GenBank database. Multiple alignments were
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established using sequences of the genus Chlamydia available in the GenBank with
Clustal W and Muscle algorithms included in MEGA software version 7.0.26 (Kumar et al.,
2016). Phylogenetic reconstruction was conducted using a Bayesian approach with
MrBayes version 3.2 (Ronquist et al., 2012). The analysis was performed for 3,000,000
generations with sampling trees every 100 generations. Trees with scores lower than
those at the stationary phase (‘burn-in’) were discarded, and trees that reached the
stationary phase were collected and used to build majority consensus trees.

RESULTS

L929 cells were infected with clinical samples and immunofluorescence was used to
visualize chlamydial inclusions. In total, inclusions were found in 43 out of 186 assessed
samples (23.11%), or 18 out of 82 samples from Coahuila, 13 out of 67 from Veracruz,
seven out of 25 from Jalisco, and five out of seven from Queretaro (Table 1).

Table 1. Overview of the obtained results from the bacteriological and PCR techniques employed on
the vaginal exudates samples

Origin — States Samples Positive to bacterial Positive to PCR
isolation
Veracruz 67 13 2
Jalisco 25 7 5
Coahuila 82 18 5
Queretaro 7 5 6
Puebla 5 0 0
Total 186 43 18
Total percentages 100 % 23.19 % 9.68 %

PCR analysis revealed 18 of the 186 vaginal exudate DNA samples were positive for C.
abortus. Across sampled regions, Querétaro had six positive samples, Coahuila and
Jalisco each had five positive samples, Veracruz had two, and samples from Puebla had
no positive results.

We identified the amplification zone included 70 bp of the 16S ribosomal subunit, a 105
bp intergenic region, the 115 bp 5S ribosomal subunit, another 3 bp intergenic region, and
the 49 bp 23S ribosomal subunit. The sequences were edited with Vector NTI program
and homology search was performed in the GenBank database (BLASTn), finding a 100%
identity with Chlamydia abortus EF486854, U76710, U68444, among others. The
Chlamydia abortus FMVZ455365 was the only strain that presented different homology to
the other strains, this due to a simple change in a C/T base at position 236, however this
strain showed 100 identities with C. abortus CP031646, LS450958 and KX870501, among
others. The complete sequences obtained for C. abortus were deposited in the GenBank

under accession numbers: FMVZ0OY55 (MzZ093042), FMVZ455376 (MZ099638),
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FMVZOY54 (MZ099636), FMVZ455365 (MZ093041), FMVZ45535 (MZ093043),
FMVZ9505 (MZ099635), and FMVZ9595 (MZ099634) (Figure 1).

DISCUSSION

Results revealed the presence of C. abortus in goats from four of the five sampled
Mexican states. In a previous study, C. abortus was isolated from goats of the state of
Guanajuato that had aborted (Mora et al., 2015).

There are different causes of infectious or non-infectious abortion in ruminants, and
malnutrition during gestation appears to be the most common in extensive goat production
systems. Lack of food, long distances between grazing and shelter areas, exposure to
high temperatures and a shortage of drinking water are frequent grazing conditions during
in the dry season that can cause stress that leads to abortion. However, given that C.
abortus is always a pathogen and not part of the bacterial flora, isolating this
microorganism in herds where several animals present reproductive failure can be taken
as a definitive and accurate diagnosis (Mellado et al., 2004; Urrutia et al., 2015; OIE,
2018).

Isolation is the gold standard test to demonstrate the presence of C. abortus, but
inconsistencies in cell culture, including death during transport, inadequate sample
preservation, or contamination can lead to low sensitivity (Thejls et al., 1994; Sachse et
al., 2009). By complementing isolation with PCR, we found 18/186 (9.23%) positive
samples. Our results are lower than those described by Mora et al. (2015), who reported
30/125 (24%) PCR-positive vaginal exudate samples and were able to confirm 88.23% of
the positive samples obtained from isolation. In the present study, PCR only confirmed
42.8% of the positive results observed through isolation. We may have observed false
negatives due to low sample bacterial load, sample cross-contamination or because other
elements present in the vaginal exudate samples may have inhibited the PCR (OIE, 2018).
Some elements normally present in clinical samples are known to sometimes affect assay
sensitivity, or even prevent DNA amplification (Schrader et al., 2012). These elements
include polysaccharides, calcium, collagen, hemoglobin, sucrose and proteinases that
either originate in the animal itself or its bacterial flora.

In contrast, while lower than Mora et al. (2015), our PCR positivity confirmation rate was
higher than that reported by Campos-Hernandez et al. (2014). In that study, which
assessed 246 samples via PCR, the presence of C. abortus could only be confirmed in
the spleen of an aborted fetus. Likewise, our PCR positivity results are higher than those
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from some European studies. A report from Italy (Chisu et al., 2013) used PCR to detect
3/40 (7.5%) positive samples in sheep herds with high incidence of abortions. In contrast
to our study, their evaluation had fewer samples, but these came from placentas. On the
other hand, a study in Germany (Lenzko et al., 2011) sampled 32 goat herds with abortion
rates below 1%. They analyzed 352 vaginal exudates using PCR, and their results
revealed that 28 animals (7.95%) were positive to C. abortus. These data indicate that
Chlamydia infections occur frequently in this region even in the absence of high abortion
rates, this could be due to the endemicity of the disease in the region (Lenzko et al., 2011).

While placentas and aborted fetuses are the tissues with the highest bacterial load, and
thus, the best source for bacterial isolation (Sachse et al., 2009; Rodolakis and Laroucau,
2015), the sampled herd husbandry conditions made it unfeasible to collect these tissues.
Most of the herds in our study are kept under extensive management systems, where
unsupervised goats roam many kilometers to reach communal pastures. As these field
conditions make the recovery and collection of fetuses and placentas unfeasible, we
sampled vaginal exudates instead. Studies from both Mexico and elsewhere have shown
that vaginal exudates are adequate samples and can be widely used for diagnosis. (Papp
et al.,, 1994; Jiménez-Estrada et al., 2008; Gutierrez et al., 2011; Campos-Henandez et
al., 2014; Mora et al., 2015; Laroucau et al., 2018; O' Neill et al., 2019).

Albeit it is accepted that working with tissues that have a high bacterial load favors the
PCR sensitivity level (Livingstone et al. 2009), other studies in Mexico have successfully
used PCR to detect C. abortus in vaginal exudates. In 2008, a study analyzed 304 vaginal
exudates from sheep with a history of abortions coming from the state of Mexico (Estado
de México). This study found 0.65% positivity (Jiménez-Estrada et al., 2008) which is a
lower positivity rate than that of our results. It is possible that husbandry practices that
allow interactions between sheep and goat predispose the dissemination of Chlamydia
between herds.

As part of the identification of Chlamydia species involved in our study, and specifically to
discard the possibility of another bacterium being responsible for abortions in goats
(namely C. pecorum), it was necessary to complement the PCR with amplified fragment
seqguencing.

The sequences showed high identity with most of the C. abortus sequences, available in
the databases. Similar result was obtained when phylogenetic analyzes were carried out,
observing little variation in the clade of C. abortus FMVZ455365, which an apparently
separate of C. abortus Mexican strains with posterior probability of 98 and 99%,
respectively.
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As of 2016, chlamydiasis has been considered endemic in Mexico (DOF, 2016). Before
this, it had been considered exotic, which prevented the implementation of diagnostic
techniques and control measures, which in turn favored the spread of the disease. It is
possible that the consequences of Chlamydia abortus presence in Mexico are similar to
those reported worldwide, and that the lack of necessary detection tools have fostered its
presence in Mexico without it becoming evident (Sachse et al., 2009). Furthermore,
analysis of both sheep and goat studies may show that the bacterium has become
disseminated throughout the country, but not at the same proportion in different regions.
Indeed, positive serology results from areas in Mexico with important goat populations
(distributed through the North, Center, West, and East of the country) seem to show that
the lack of routine diagnosis before animal transporting has fostered disease spread, and
concomitant sanitary and socioeconomic risks (Mora et al., 2015; Campos-Henandez et
al., 2014; Jiménez-Estrada et al., 2008 ).

The goal of our study was to determine Chlamydia spp. presence in some important goat
producing regions in Mexico. While the type of sampling we used did not allow us to
measure disease prevalence, our results showed that Chlamydia abortus was isolated in
23% of the goats that had endured abortions. This is evidence that C. abortus is an
important pathogen that requires attention as well as the implementation of control
measures, both in goats and other productive species in which we have evidence of the
disease. Recent serological studies in Mexican dairy cows with abortions and reproductive
disorders showed that out of a total 833 analyzed samples, 90 (10.8%) tested positive for
C. abortus. In the state of Guanajuato, 6% (15/237) of animals tested seropositive and
18.5% (15/81) of the sampled herds have at least one seropositive animal (Limén et al.,
2011). A serological study performed in sheep herds between 2011 and 2013, analyzed
5,321 ewe blood samples from 209 production units in 61 municipalities across seven
states in Mexico, and found positivity rates between 24% and 67% (Palomares et al.,
2020). It is necessary to carry out further research on both prevalence and distribution of
C. abortus to better understand its impact on goats and production in Mexico. Pertinent
measures to control and prevent C. abortus transmission between animals also need to
be implemented in order to avert human infection. Furthermore, special attention needs
to be paid in regard to education and disease risk awareness for people working directly
with animals as well as in microbiology laboratories, given that human cases of C. abortus
infections stem from exposure to infected sheep, goats, aerosols, and contaminated
materials (Longbottom and Coulter, 2003; Ortega et al., 2015; Pichon et al., 2020).
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CONCLUSION

The present study confirms that Chlamydia abortus is found in Mexican goats who have
had abortions, in the states of Coahuila, Jalisco, Queretaro, and Veracruz. Furthermore,
that Chlamydia abortus is the etiologic agent of chlamydiosis, which supports and
confirms the presence of chlamydiosis in Mexico. It is of the utmost importance to study
the distribution of this bacterium across Mexico, in order to implement prevention and
control measures to avoid spread of disease, as well as to diminish the risk of human
infection.
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