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Molecular detection of Coxiella burnetii in vaginal swabs from
aborted cattle in Mexico

Deteccion molecular de Coxiella burnetii en hisopos vaginales de bovinos abortados en México
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Abstract

Background: Coxiella burnetii is an obligate intracellular bacterium that causes Q fever, a worldwide contagious
and zoonotic disease. Q fever is primarily transmitted to humans by infected cattle, sheep, and goats. Ruminants do not
always develop clinical signs, except for pregnant females, which can present reproductive failure such as abortions
and stillbirths. Regardless of its worldwide distribution, in Mexico this is considered an exotic disease, although
serological evidence of C. burnetii has been demonstrated and at least six confirmed human cases have been reported.
Objective: To assess the presence of C. burnetii in cattle in Mexico. Methods: Genomic DNA was extracted from 153
vaginal swabs obtained from cattle dwelling in 12 Mexican states and analyzed by PCR. Results: The C. burnetii 1S1111
insertion sequence was identified by endpoint PCR in 33.33% (51/153) of the vaginal swabs. We obtained two nucleotide
sequences that confirmed the genetic material of C. burnetii. Conclusion: Our results constitute a first step to elucidate
the current epidemiology of Q fever in our country, and they indicate that cattle may be a reservoir of C. burnetii. To the

best of our knowledge, this report provides the first molecular proof that this pathogen exists among cattle in Mexico.
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Resumen

Antecedentes: Coxiella burnetii es una bacteria intracelular obligada que causa la fiebre Q, una enfermedad contagiosa
y zoondtica a nivel mundial. La fiebre Q se transmite principalmente a los humanos a través de bovinos, ovinos y caprinos
infectados. Los rumiantes no siempre desarrollan signos clinicos; excepto las hembras prefiadas, que pueden presentar fallas
reproductivas como abortos y mortinatos. Independientemente de su distribucion mundial, en México la enfermedad se considera
exotica a pesar de que se ha demostrado evidencia serologica de C. burnetii y se han reportado al menos seis casos humanos
confirmados. Objetivo: Evaluar la presencia de C. burnetii en bovinos en México. Métodos: Se extrajo ADN genémico de 153
hisopos vaginales obtenidos de ganado bovino en 12 estados de México y se analizaron mediante PCR. Resultados: La secuencia
de insercion de C. burnetii 1S1111 se identifico mediante PCR de punto final en el 33,33% (51/153) de los hisopos vaginales. Se
obtuvieron dos secuencias de nucledtidos que confirmaron el material genético de C. burnetii. Conclusiones: Nuestros resultados
constituyen un primer paso para dilucidar la epidemiologia actual de la fiebre Q en Mexico, e indican que el ganado bovino puede
ser un reservorio de C. burnetii. Hasta donde sabemos, el presente informe proporciona la primera prueba molecular de que este
patdgeno existe entre el ganado bovino en México.

Palabras clave: aborto,; Coxiella burnetii; diagnostico, epidemiologia; falla reproductiva, Fiebre Q; ganado,; hisopos
vaginales; México, rumiantes.

Resumo

Antecedentes: Coxiella burnetii ¢ uma bactéria intracelular obrigatoria, causadora da febre Q, uma doenga contagiosa e
zoonotica mundial. A febre Q ¢ transmitida principalmente aos humanos por bovinos, ovinos e caprinos infectados. Nem sempre
os ruminantes desenvolvem sinais clinicos, exceto as fémeas gravidas, que podem apresentar falhas reprodutivas como abortos
e natimortos. Independentemente de sua distribuigdo mundial, no México a doenga ¢ considerada exética, embora evidéncias
sorologicas de C. burnetii tenham sido demonstradas e pelo menos seis casos humanos confirmados tenham sido relatados.
Objetivo: Avaliar a presenga de C. burnetii em bovinos no México. Métodos: O DNA gendmico foi extraido de 153 swabs
vaginais obtidos de bovinos residentes em 12 estados mexicanos e analisados por PCR. Resultados: A sequéncia de insergado C.
burnetii 1S1111 foi identificada por PCR de ponto final em 33,33% (51/153) dos esfregagos vaginais. Obtivemos dois sequéncias
de nucleotideos que confirmaram o material genético de C. burnetii. Conclusdes: Nossos resultados constituem um primeiro
passo para elucidar a epidemiologia atual da febre Q em nosso pais ¢ indicam que o gado pode ser um reservatorio de C. burnetii.
Até onde sabemos, o presente relatorio fornece a primeira prova molecular de que esse patogeno existe entre o gado no México.

Palavras-chave: aborto, Coxiella burnetii; diagnostico; epidemiologia; esfregacos vaginais, falha reprodutiva; febre Q;
gado; México; ruminantes.
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Introduction

Q fever is a worldwide zoonosis caused by
Coxiella burnetii, a highly infectious intracellular
and Gram-negative bacterium (Espana et al.,
2020; Skultéty, 2020) that can be isolated from
an extended number of animals and arthropods
(Gonzalez-Barrio and Ruiz-Fons, 2019; Menadi
et al., 2020). Infection in animals and humans
is frequently asymptomatic (Njeru et al., 2016).
Domestic ruminants are considered the primary
reservoirs (Menadi et al, 2020). Infection is
associated with abortion at the end of gestation
without previous clinical symptoms. It is also
linked with stillbirths and pre-mature delivery.
Particularly, cattle may present metritis, mastitis,
and reproductive problems such as infertility
(Roest et al., 2013; Njeru et al., 2016; Burette
and Bonazzi, 2020).

The epidemiology of human infection
reflects the circulation of the bacterium in
animal reservoirs (Eldin ef al., 2016) because
transmission to humans typically occurs by
inhalation of contaminated aerosols from feces,
urine, milk, or conception products, which
contain large numbers of bacteria; but rarely
by ingestion of raw milk from infected animals
(Njeru et al., 2016; Menadi et al., 2020). The
presentation of Q fever is especially variable: it is
rarely a fatal disease in humans but is frequently
debilitating. Infection can lead to asymptomatic
seroconversion in up to 60% of infected people;
several infected patients may develop acute
disease ranging from a flu-like syndrome to severe
pneumonia, or chronic disease mainly manifested
as endocarditis. Around 0.9 to 2.4% of acute Q
fever cases result in death (Hartzell et al., 2008;
Gonzalez-Barrio and Ruiz-Fons, 2019).

Cattle production constitutes one of the main
activities of the agricultural sector in Mexico This
country ranks among the first ten meat and milk-
producers worldwide (Rojo-Rubio et al., 2009).
Q fever is still considered an exotic disease by the
Ministry of Agriculture and Livestock (Secretaria
de Agricultura, by its name in Spanish) although
at least three cases have been reported in humans
(Gonzalez-Canudas et al., 1997, Sahagln-

Sanchez et al., 1998; Santamaria, 2009) and
serological surveys in both animal and human
population have detected C. burnetii (Silva,
1950; Salman et al., 1990; Gonzalez-Canudas
et al., 1997; Salinas-Meléndez et al., 2002;
Sifuentes-Osornio ef al., 2012). Nonetheless, the
presence of Q fever in such an important species
like bovine has been poorly studied. The aim
of this study was to assess the presence of C.
burnetii in cattle in Mexico.

Materials and Methods
Sample collection

A retrospective study was performed using
samples submitted to the laboratory between
2019 and 2021. All of them were taken from
cattle with a previous history of abortion within
the first 30 days postpartum, or from cattle with
recent abortion, no later than 30 days after the
event. At the time of sampling, no herd had
declared vaccinating against brucellosis and
leptospirosis. These samples were originally
analyzed to diagnose brucellosis by the Rose
Bengal (RBT) and Rivanol (RT) tests under
specifications of NOM-041-ZOO-1995 of
the National campaign against brucellosis
in animals. The samples were also analyzed
through a microscopic agglutination test (MAT)
for nine serovars of Leptospira interrogans. This
diagnostic procedure was conducted because
both diseases are endemic in Mexican cattle.

A total of 153 sera and vaginal swab samples
were taken from herds dwelling in 12 Mexican
states (i.e. Chiapas, Mexico City, State of
Mexico, Guanajuato, Hidalgo, Jalisco, Oaxaca,
Queretaro,  Sinaloa, Sonora, Tamaulipas,
Veracruz). To obtain blood sera, the coccygeal
vein was punctured and blood was collected
in 5-ml vacuum-sealed tubes kept at room
temperature until coagulation. Subsequently,
they were centrifugated at 3500 rpm to obtain the
sera which were placed in 1.5 ml conical tubes
and stored at -4 °C for transport and subsequent
use. Vaginal swabs were preserved in medium
consisting of 2-ml sucrose phosphate glutamate
(SPQG) at refrigeration temperature (4 °C), and
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finally stored at -80 °C until processing. All
samples were analyzed at the INIFAP laboratory
in Mexico City.

DNA extraction and molecular detection of
C. burnetii

Genomic DNA from vaginal swabs was
extracted using the DNeasy Blood & Tissue
Kit (QIAGEN, Germany) following the
manufacturer's instructions. An endpoint PCR
was performed using a set of primers previously
described by De Bruin et al., 2011, IS1trg-f 5°
AGAATTTCTATTTTCAAAAAAAGGAGAAG-
and ISltrgr 5’- CGGTTCAACAATTCGG
TATACA AACAA-3’, which amplifies a 605 bp
fragment of the insertion sequence (IS//71) of C.
burnetii. A positive control was previously donated
by The University of Murcia, Spain.

The amplified products were purified using
a QIAquick® gel extraction kit (QIAGEN,
Germany) according to the manufacturer’s
instructions, and then sequenced. The nucleotide
sequence was performed using a fluorescence-
based Taq FS dye-terminator sequencing
procedure and analyzed on an Applied Biosystems
3730 DNA sequencing system (Foster City, CA,
USA). The obtained sequences were edited
with the Molecular Evolutionary Genetics
Analysis software (MEGA X; Pennsylvania

NUMBER OF SAMPLES
]
2

Oaxaca

Sinaloa Hidalao

State University, Pennsylvania, PA, USA) and
sequence alignment was completed using the
nucleotide BLAST tool at the NCBI website.

Determination of frequency

Frequencies of brucellosis, leptopirosis and Q
fever were determined in the samples using the
diagnostic tests results, as described by Thrusfield
(2018).

Results

A total of 153 blood sera were analyzed and
were negative for brucellosis and leptospirosis.
The IS/711 was identified in 51 out of 153
(33.33%) genomic DNA extracted from vaginal
swabs from cattle with abortion history. Figure 1
shows the distribution and proportion of positive
samples to PCR per state. It is necessary to
make it clear that this identification is not a Q
fever diagnosis and that our results might not be
linked to abortion. The PCR products from two
different areas were sequenced in both senses.
A consensus sequence was compared with Gen
Bank databases, and sequences showed homology
of up to 99.23% with C. burnetii Schperling
(CP014563.1) and AuQ31 (KT954146.1), among
others. The complete sequences were deposited
in the GenBank under accession numbers
MT459149 and MT459148 (Table 1).

B  POSITIVES

B NEGATIVES

iil%

EdoMex Ciudadde Querétaro Veracruz Guanajuato Somora Tamaulipas  Jalisco

Chiapas

Figure 1. Vaginal swab samples positive to Coxiella burnetii by PCR obtained from aborted cattle in nine states

of Mexico.
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Table 1. Sequences of IS1711 of Coxiella burnetii obtained by vaginal swabs from cattle in México and deposited

in the GenBank.
Identification Species Identity GenBank Reference strain
Species Country GenBank

INIFAP Bovine 99.65% MT459148 Human Australia KT954146.1
BOVO01

INIFAP Bovine 99.23% MT459149 Human Kirguistan CP014563.1
BOV02

Discussion test is highly recommended to demonstrate

We demonstrated the presence of C. burnetii
in vaginal swabs from aborted cattle in Mexico.
As is true worldwide, Q fever is poorly studied
in Mexico and is quite misunderstood. This
disease is still considered exotic in México
by Secretaria de Agricultura y Desarrollo
Rural (AGRICULTURA) which complicates
monitoring of the disease through diagnosis as
well as establishing control strategies. Briefly,
the study of Q fever in Mexico began in 1950.
Since then, only serological evidence of C.
burnetii has been reported in both human and
animal populations. Animal seroprevalence
ranges from 6 to 40% (Silva, 1950; Salman et al.,
1990; Gonzalez-Canudas et al., 1997; Salinas-
Meléndez et al., 2002; Sifuentes-Osornio et al.,
2012). At least six cases in humans have been
confirmed since 1997 (Gonzalez-Canudas et al.,
1997; Sahagun-Sanchez ef al., 1998; Santamaria
2009). Currently, Q Fever is not diagnosed in
Mexican people, neither considered a report
disease in the Epidemiological Bulletin of the
National Epidemiological Surveillance System.

Diagnosis is an essential tool for the control
of Q fever in livestock species; therefore, it is
important to reduce the risk of zone since cattle,
sheep and goats are the main reservoirs and
transmitters of the disease to humans (Guatteo
et al., 2011; Borawski et al., 2020; Espana et
al., 2020). Several methods are available for
diagnosing Q fever. PCR is a common method
for detecting the causal agent in clinical samples
due to its high specificity and versatility.
According to the World Organization for Animal
Health (formerly known as OIE), this diagnostic

the absence of infection in the population, to
establish an eradication program, or to confirm
clinical cases (OIE, 2018). Unfortunately,
there is a lack of studies worldwide aimed at
elucidating the epidemiology of Q fever in cattle.
In France, Guatteo et al. (2006) detected the
C. burnetii 1S1111 insertion sequence by PCR
in 15% (46/292) vaginal swabs from cattle. In
the present study, most sampled animals did
not present previous reproductive failure and
only 46 of 153 animals presented abortion.

On the other hand, Biggs ez al. (2016) identified
the C. burnetii 1S1111 insertion sequence by
PCR in 7% (2/28) of vaginal swabs from cattle
dwelling in a region of the USA where five human
cases of Q fever had been diagnosed within five
months. This result can differ from ours because
those animals did not present reproductive failure
at the moment of sampling. Similarly, Bruin et al.
(2011) detected C. burnetii 1S1111 by qPCR in
45% (136/300) vaginal swabs from cattle, sheep,
and goats in The Netherlands. This finding varies
from ours possibly due to the random sampling
they conducted and also because some herds were
considered to be C. burnetii free. More recently,
in Latin America, Cornejo et al. (2020) identified
C. burnetii 1IS1111 by gPCR in 2.01% (2/105) in
bulk-tank milk samples from dairy farms in Chile.

Cadmus et al. (2020) reported antibodies
against C. burnetii in Cattle from Nigeria by
iIELISA in 23.5% (35/149) while seroprevalence
for Brucella spp. was 11.4% (17/149) by RBT.
In their study they also reported coinfection
with Brucella spp. and Coxiella burnetii in 6%
(9/149). In Mexico, the presence of various
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diseases that cause abortions in cattle is
recognized, such as leptospirosis, Bovine viral
diarrhea (BVD), Infectious bovine rhinotracheitis
(IBR), neosporosis, and chlamydia, among others
(Solis-Calderon et al., 2003; Escamilla et al.,
2007; Gutiérrez et al., 2020, Gomez et al., 2021);
however, only brucellosis is officially monitored
through the National Campaign against
Brucellosis in Animals (NOM-041-ZOO-1995).

In the present report, all samples from aborted
cattle were previously analyzed by serology with
the official methods of the National Campaign
and negative results were reported; therefore, the
abortionscouldberelatedtoothercauses, including
different ethological agents such as C. burnetii.

Amplification of bacterial DNA is a common
method for detecting C. burnetii. Its efficiency has
been demonstrated using different types of clinical
samples such as blood, exudate and ectoparasites
(Eldin et al., 2017; Mori et al., 2017). Given
that Q fever is considered as an exotic disease in
Mexico, itis impossible to conduct diagnostic tests
or import serological tests for epidemiological
studies. This situation restricts our knowledge of
the impact this disease has on herd productivity.
We have demonstrated the usefulness of a PCR
technique for detecting the genetic material of
the causal agent of Q Fever in Mexico, which
allows to build greater knowledge about its
presence and impact on the national livestock.

In conclusion, our study is the first of its
kind in Mexico attempting to elucidate the
epidemiology of Q fever in cattle. To the best of
our knowledge, it is the first molecular proof of
the presence of C. burnetii in cattle in Mexico
and demonstrates that this microorganism
is circulating among cattle in our country.
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