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Bovine respiratory disease (BRD) is common in calves in Algeria, but to date,

Mycoplasma bovis has never been monitored as a potential etiological agent. Here, to

assess the presence (direct detection) and circulation (indirect detection) of M. bovis,

broncho-alveolar lavage fluids (BALF) and serum samples were collected from 60 veal

calf farms in Algeria. A commercial ELISA kit (ID Screen® ELISA) was used to screen

for the presence of specific antibodies against M. bovis in 351 blood sera collected

from both diseased and healthy calves, and 69% (241 sera) tested positive. BALFs

from the 176 diseased calves were used to screen for M. bovis by real-time-PCR (rt-

PCR), and 102 (58%) tested positive. A non-exhaustive set of 53 clones were isolated

from 44 calves and further subtyped using polC gene sequencing. No predominant

subtype was found, and two clones exhibited a new subtype. Fourteen clones were

further characterized by multilocus sequence typing, and results showed a high degree

of genetic diversity, with some clones having new alleles and subtypes. The minimum

inhibitory concentrations (MICs) of 5 antimicrobials regularly used to treat BRD was

determined on 45 clones. Susceptibility profiles showed very broad diversity, confirming

the variety of clones actively circulating. We detected clones with high MICs, including

increased MICs of enrofloxacin (n = 5). This is the first study to report the presence ofM.

bovis in Algeria in calves with BRD. This research also finds broad genetic and phenotypic

diversity in the actively circulating isolates.
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INTRODUCTION

Bovine respiratory disease (BRD) is one of the main threats to cattle health, and it leads to
significant economic losses in various cattle production systems worldwide (1, 2), especially in the
veal calf sector (1). Typical clinical signs of BRD include fever, dyspnoea, coughing, nasal or eye
discharge, depression, and anorexia (3). BRD has various causative agents and is strongly associated
with poor environmental conditions (low temperature, high humidity, strong drafts, presence of
ammonia, etc.) and multiple risk factors including density and other stressors such as transport,
comingling, and nutritional disorders (4).
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The infectious agents commonly associated with BRD are
viruses such as bovine herpesvirus type 1 (BoHV-1), bovine
adenovirus (BAdV), bovine viral diarrhea virus (BVDV),
bovine coronavirus (BCoV), bovine respiratory syncytial virus
(BRSV), and bovine parainfluenza virus (BPiV) (5). These
viruses are generally primary obligate pathogens, and most
of them facilitate superinfection by bacterial pathogens such
as Pasteurella multocida, Mannheimia haemolytica, Histophilus
somni, Trueperella pyogenes, and Mycoplasma (M.) bovis (6). M.
bovis is an important cause of BRD, particularly the form that
manifests as chronic pneumonia (7, 8). The economic impact of
M. bovis can be severe. In the United Kingdom, it was estimated
thatM. bovis accounted for a quarter to a third of all losses due to
respiratory disease (9).

The epidemiology of BRD is well-described in many countries
worldwide, but there is very little relevant data available for the
African continent, where BRD syndrome is nevertheless endemic
(10, 11). In Algeria, BRD in veal calf feedlots has substantial
impact on the national economy due to loss of production and
cost of treatment.

The aim of this study was to explore the presence ofM. bovis in
veal calves affected by BRD in Algeria, where veal calf farmsmake
up an important part of the local economy. We performed real-
time-PCR (rt-PCR) on BALFs in diseased calves and serological
assays using ELISA in healthy and diseased calves to capture the
presence (direct detection) and circulation (indirect detection)
of M. bovis. We then characterized the genotypes and the
antimicrobial susceptibility profiles of several M. bovis clones
isolated from rt-PCR positive specimens.

MATERIALS AND METHODS

Sample Collection and Handling
Samples were collected in 2018 and 2019 from different
farms undergoing a BRD episode in several “wilayas” (national
administrative divisions) of Algeria. Size of the farms ranged
from 17 to 450 calves. In each farm, 3 diseased calves with
respiratory symptoms such as fever, cough, nasal discharge,
lethargy and dyspnoea were selected for BALF collection as
described in Le Grand et al. (12). Briefly, after wiping the nostril
surface with 70% alcohol, a 100 cm-length 10 mm-diameter
catheter (Vygon, France) was inserted medioventrally in the
nasal cavity, passed through the larynx and trachea, and gently
advanced into the bronchi until it reached a wedge position.
Next, 60mL of sterile 0.9% NaCl was injected into the lungs and
immediately aspirated to recover around 30% of the fluid.

For blood sampling, 5mL of blood was sampled by a jugular
vein puncture on 6 animals in each farm: the same 3 animals that
showed respiratory symptoms, and 3 apparently healthy animals.
Blood tubes were centrifuged at 3,000 rpm for 15min, serum was
collected in each tube and transferred to an 1.5 mL Eppendorf.

All sera and all BALFs were stored at −80◦C and transported
to the ANSES laboratory on dry ice. As Algeria was in
the middle of a foot-and-mouth disease outbreak, all the
samples (blood and BALF) were tested by rt-PCR and proved
negative (data not shown). Sample processing is summarized in
Supplementary Figure 1.

Serology
Serum samples were analyzed (at 1:40 dilution) using the
ID Screen R© Mycoplasma bovis indirect ELISA kit following
the manufacturer’s instructions (ID.vet, Grabels, France), as
described in Andersson et al. (13). The test was considered valid
if the mean value of the positive control was >0.350 and the ratio
between the mean positive control and mean negative control
was >3. For each serum, the sample-to-positive percentage (S/P
%) was calculated using the formula:

S

P
% =

(

ODsample − ODmean negative control

ODmean positive control − ODmean negative control

)

× 100

The S/P% served to categorize each sample as positive or negative
using the cut-off value provided by the manufacturer (positive if
S/P % ≥ 50%).

Nucleic Acid Extraction and Real-Time
PCR Detection of M. bovis in BALF
Total nucleic acids were extracted from 200 µL of each BALF
using a commercial BioExtract R© Column kit (BioSellal, France)
following the manufacturer’s instructions. Extracts were eluted in
50 µL of sterile water, and 1 µL was used to run a commercial
TaqMan R© real-time PCR kit for M. bovis detection (LSI
VetMAXTM M. bovis, Life Technologies, France). As suggested
before (14), only results with a cycle threshold (Ct) < 37 were
considered positive.

Selection of Clones
Once the BALF samples were defrosted for DNA extraction, a 200
µL aliquot was inoculated in 1,800 µL modified PPLO broth as
previously described (15). The cultures were incubated at 37◦C
with 5% CO2 for 3 to 4 days.

At the beginning of the study, all samples were cultured in
broth and then agar. After the first 10 farms, only samples that
tested rt-PCR-positive forM. bovis and showed bacterial growth-
related turbidity in broth were submitted to further analysis. The
BALF subcultures were serially diluted 10-fold in liquid medium
to 10−1-10−4 and incubated for 2 to 3 days. For each sample, the
lowest positive dilution showing turbidity was filtered through
a 0.22-µm membrane filter, and 10 µL of this filtered broth
was seeded on PPLO agar plates added with 0.1% Tween 80 to
prevent growth of M. bovirhinis (16), then incubated at 37◦C
with 5% CO2 for 48 h. M. bovirhinis is a commensal organism
of the bovine airways that can hamper the isolation of M. bovis
as it grows faster. A maximum of 3 colonies per sample were
randomly selected then picked with a wooden toothpick and
further cultured in 4mL PPLO broth. Each isolated colony-
forming unit (cfu) was then considered a clone. Clones were
identified using membrane filtration dot-immunobinding tests
(MF-Dot) as described by Poumarat et al. (17).

PCR and Sequencing for Subtyping Clones
Genomic DNA of each M. bovis clone was extracted from
200 µL of culture using a QIAamp R© DNA Minikit (Qiagen,
Germany) following the manufacturer’s instructions. All clones
were subtyped using polC sequence analysis as previously
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described (18). A panel of 14 clones was selected (based
on geographical origin (wilayas) and polC subtype) and
analyzed by MLST. The loci dnaA, gltX, gpsA, gyrB, pta-
2, tdk, and tkt loci were amplified by PCR (19, 20).
Sanger sequencing of PCR products was outsourced (Genewiz,
Germany or Genoscreen, France). The sequences obtained were
analyzed using Geneious software (BioMatters, New Zealand).
Subtypes were attributed using the PubMLST database for M.
bovis (https://pubmlst.org/bigsdb?db=pubmlst_mbovis_seqdef&
page=profiles). New alleles and subtypes were defined and
deposited at https://pubmlst.org/bigsdb?db=pubmlst_mbovis_
seqdef. The newly-defined subtypes were compared to the closest
analogs found in PubMLST. A BURST analysis was conducted
using PHYLOViZ (https://online.phyloviz.net/index), with one
clone/isolate per country and per subtype.

Antimicrobial Susceptibility of M. bovis

Clones
MICs of 5 molecules (i.e., oxytetracycline, tylosin, florfenicol,
enrofloxacin and spectinomycin) corresponding to the
antimicrobial families most frequently used in Algeria to
treat BRD were estimated on a panel of clones, using the
agar dilution method (21). Only two concentrations of each
antimicrobial were tested, i.e., the CLSI-standard clinical
breakpoints for susceptibility and resistance for Pasteurellaceae,
a family of bacteria that are known to colonize the same body
niche in cattle (22). These concentrations were 2 and 8µg/mL
for oxytetracycline, 32 and 128µg/mL for spectinomycin, 2 and
8µg/mL for florfenicol, 0.25 and 2µg/mL for enrofloxacin, and
8 and 64µg/mL for tylosin (using the threshold for tilmicosin).
Each MIC assay was run twice, and results were never divergent
between experiments.

RESULTS

Description of the Farms Sample
In total, we sampled 351 animals [age: 3 days−22 months] from
60 farms. Average size of the farms visited was 60 [17–450] head
of cattle. Four categories of farms were visited: 45 calf rearing
farms (75%), 7 mixed farms (12%) (dairy operations combined
with calf rearing units), 6 pilot calf rearing farms (10%), and 2
pilot mixed farms (3%). Algerian farms are mainly made up of
dairy cows: calves that are not kept for renewal (males mainly)
are either raised on-farm (mixed farms) or quickly sold off to
calf rearing farms that grow out the calves for a short period
(6 months). Calves are fed with mother’s milk or powdered
milk. Average age of calves at weaning is 2 months. Cleaning
and disinfection of the premises was frequent (cleaning 1 to 3
times a day, disinfection twice a year) in the majority of farms
visited (81%, n = 49). For parasite control, 38% of farms used
animal treatments, with ivermectin being the most common. The
majority of calves (90%) were vaccinated against foot-and-mouth
disease, as the study was led in the midst of a pandemic. All farms
were brucellosis-free and tuberculosis-free. The pilot farms,
which receive financial support from the Algerian government,
are more modern operations that employ trained staff, including
a permanent veterinarian dedicated to herd health management.

TABLE 1 | Proportions of seropositive animals in each type of farm.

Traditional farms Pilot farms Total

Calf rearing farms 76% (204/269) 44% (16/36) 72% (220/305)

Mixed farms 49% (18/37) 33% (3/9) 46% (21/46)

Total 72% (222/306) 41% (19/45) 69% (241/351)

Numbers of animals are indicated in brackets.

In these establishments, the owners are fully committed to good
hygiene and controlled nutrition practices.

Detection of Antibodies Directed Against
M. bovis by ELISA
Individual prevalence of M. bovis antibodies was 69% (n =

241/351 calves), with 31% sera (n = 110) tested negative by
ELISA. Out of all 60 farms, 88% (n = 53) presented at least one
M. bovis-seropositive animal, proving a high seroprevalence of
M. bovis in Algeria.

In all, 134 (76%) of the 176 asymptomatic healthy calves were
seropositive, whereas only 107 (61%) of the 175 calves showing
various respiratory symptoms were seropositive.

Proportion of seropositive animals was higher in calf rearing
farms than in mixed farms (72% vs. 46%) and much higher in
traditional farms than in pilot farms (72% vs. 41%) (Table 1).

Detection of M. bovis by Real-Time PCR
BALFs were collected from 176 diseased calves from all 60 farms
(3 calves per farm except for 6 farms). Rt-PCR detected M.
bovis in 102 out of 175 BALFs (58%) with a Ct ranging from
16.1 to 36.9. The proportion of rt-PCR positive animals was of
62% (66/107) and 53% (36/68) in seropositive and seronegative
animals, respectively.

Samples were realized in different seasons (Figure 1). Among
the 72 calves sampled in winter, 46 (64%) were positive by rt-
PCR. Practically the same proportion was observed for calves
sampled in spring (62%, i.e., 49 calves out of 97). Numbers of
diseased and thus sampled calves were much lower in summer
and autumn (Figure 1), so we did not calculate and compare
summer and autumn prevalence rates against the other seasons.

Selection and Genetic Characterization of
M. bovis Clones
In order to isolate M. bovis clones, 174 BALFs were cultured
in broth while waiting for the rt-PCR results: 86 cultures (48%)
showed characteristic turbidity of the broth while 17 others
had an ambiguous turbidity, both indicating potential growth
of Mycoplasma spp. In total, 116 broths (corresponding mainly
to samples positive by both rt-PCR and culture, n = 75) were
seeded on agar plates. Only half of the rt-PCR-negative broths
were tested (n = 34 out of 73), and none enabled to isolate any
clone. In total, we isolated 156 clones with Mycoplasma spp.-
compatible morphology from 52 plates. Clones were identified
using the MF-dot technique (17). Once one clone per calf was
identified as M. bovis, other clones were not analyzed further.
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A final total of 53 M. bovis clones were obtained from 43 calves
coming from 26 farms (see details in Supplementary Table 1).

The 53M. bovis clones were subtyped using the polC sequence
(Supplementary Table 1). We found no one predominant
subtype: 42% (n= 22/53) were st1, 23% (12/53) were st2 and 32%
(17/53) were st3. Two clones had an undetermined subtype that
differed from st2 by only one SNP.

A selected panel of 14 clones encompassing phylogenetic
and geographic diversity (at least one clone in each wilaya
per polC subtype) were then characterized by MLST (19, 20).
Nine out of these 14 clones were of previously described
subtypes (ST4, 8, 29, 188) whereas the other five presented either
new alleles (allele 34 for gyrB or allele 32 for pta2) or new
combinations of known alleles resulting in the new subtypes
195–198 (Supplementary Table 1). Those new combinations are
close, i.e., differing by only one locus, to subtypes that have
recently been added in the database, namely ST100, ST148,
ST169, ST170, ST172, and ST173. e-BURST analysis of the
Algerian clones and these subtypes was done with PHYLOViZ
including the country of origin (Figure 2) and showed that
Algerian clones shared some subtypes with isolates sourced from
Israel (ST4 and ST29) or European countries (ST8 and ST29,
from Lithuania, Spain or Hungary). The other Algerian subtypes
were close to subtypes detected from all over the world.

MIC Evaluation of M. bovis Clones in
Algeria
The MIC of 5 antimicrobials were determined on a panel of 45
clones. One clone per calf was chosen, except for one calf with
different subtypes between clones. One clone failed to culture
despite numerous attempts. All clones were oxytetracycline-
resistant with MIC >8µg/mL. For florfenicol, all clones showed
2 < MIC ≤ 8µg/mL, i.e., intermediate or resistant. Results
for spectinomycin, tylosin and enrofloxacin are presented in
Figure 3. The majority of clones (34/44) were susceptible
to spectinomycin whereas they were mainly intermediate or
resistant to tylosin. The majority of clones were susceptible
to enrofloxacin (36/44), but a not-negligible proportion (5/44)
were enrofloxacin-resistant.

DISCUSSION

To the best of our knowledge, this is the first report of M.
bovis seroprevalence in Algeria. Out of 351 serum samples, 69%
were M. bovis-positive, regardless of whether the calves sampled
were diseased or not. This prevalence is almost as high as in
other reports worldwide studying populations in feedlots with
numerous risk factors for BRD. For example, in Italy, 76% of
beef cattle and 100% of veal calves presenting pneumonia at
slaughter were found to be carriers of antibodies againstM. bovis
(23). Similarly, veal operations in France and Belgium also tested
100% or close to 100%-positive for M. bovis antibodies (24, 25).
Few studies have addressed M. bovis on the African continent,
as the main concern in terms of mycoplasmosis is M. mycoides,
the etiological agent of contagious bovine pleuropneumonia,
which is a notifiable disease for the OIE (26). In Nigeria,

two studies reported an M. bovis seroprevalence of 66% and
19.5% of animals when testing semi-extensively or extensively-
managed cattle (27, 28). The surprisingly low figure (19.5%)
was attributed by the authors to potentially inadequate sample
storage (28).

In our population, we found a slightly higher proportion
of healthy-but-seropositive calves than diseased-and-seropositive
calves. The kit used here is known to be highly sensitive and
thus to detect any contact with M. bovis or circulation in
a herd (seroconversion after exposure) rather than indicating
true clinical infection of the animal (29). This means that
the serological results of the calves studied here may not be
correlated with clinical status but with time of sampling after
onset of on-farm infection or comingling. Given the relatively
long time needed for antibodies to appear [9 to 21 days after
infection (30)], diseased animals might not yet have all been
seropositive at the time of sampling. A greater proportion of
animals aged > 1 year old were seropositive (data not shown),
showing that the older they were, the more likely they were to
have been in contact with M. bovis. These results should thus
be interpreted with caution, as healthy and diseased animals
came from the same farms and were thus exposed to the
same conditions.

BRD is known to have multiple zootechnical risk factors that
will influence disease outbreak or contamination, including
animal housing management with general hygiene and
atmosphere of the building, number of animals, and age of
individuals. Here, M. bovis seroprevalence was higher in calf
rearing farms than in mixed farms (72% vs. 46%). This might
be associated to comingling of animals from various origins,
which is a known significant risk factor forM. bovis introduction
and spread (31). There was also a lower seroprevalence in
pilot farms than in traditional farms. Better allocation of
resources (finances and competent staff) to bovine health
management could contribute to reduce M. bovis spread in
the farm.

In Algeria, there have been very few monitoring studies
on Mycoplasma spp. Two studies have been conducted on
contagious agalactia (32, 33) in small ruminants, but neither
addressed M. bovis. The rt-PCR used here to detect M. bovis in
BALF samples found a relatively high prevalence (58%). A few
samples (n = 26, data not shown) were screened by rt-PCR to
detect various pathogens using a commercial screening kit and
showed co-detection of the usual H. somni, P. multocida, M.
haemolytica, BCoV, RSV, and BVDV (5, 34, 35). More samples
were collected during winter and spring than summer and
autumn, as veterinarians reported more diseased calves, which
is consistent with environmental conditions favoring M. bovis-
associated diseases and BRD in winter and spring [Figure 1
(7, 36)]. In a context of BRD in feedlots, our prevalence
results for M. bovis were similar to other studies, i.e., 51–
60% of calves in France (25, 35), or 68% for Mycoplasma spp.
in Brazil (37). A small sample in Spain (n = 23) showed
a higher prevalence of M. bovis (86.9%) (38) but this may
not be representative of the prevalence across the country.
We can thus conclude that the epidemiology of M. bovis in
BRD in Algeria is the same as everywhere else in the world.
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FIGURE 1 | M. bovis detection by real-time PCR according to season of sampling. X-axis, season of BALF collection; y-axis, number of calves that tested positive in

real-time PCR (target M. bovis) (white bars), total number of calves sampled for each season (black dashes) and number of calves from which clones were isolated

(diamonds).

FIGURE 2 | eBURST analysis of the allelic profiles of the Algerian clones (ST4, ST8, ST29, ST188, ST195-198) compared to the closest subtypes found in the

PubMLST database. Subtype numbers retrieved from the PubMLST database are indicated in circles, and the new subtypes reported in this study are tagged with an

asterisk. Only subtypes close to or common to Algerian isolates are indicated, and their country of origin is color-coded: dark blue, Algeria; light blue, Spain; orange,

Israel; light orange, Japan; light green, USA; green, Hungary; red, Switzerland; pink, Lithuania; purple, Canada; lilac, Romania.
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FIGURE 3 | Distribution of the MIC profiles of spectinomycin, tylosin and enrofloxacin for 44 clones of M. bovis. X-axis, MICs classes; y-axis, number of clones.

Arrows indicate the clinical breakpoints for resistance for Pasteurellaceae, i.e., spectinomycin ≥128µg/mL, enrofloxacin ≥2µg/mL, and tylosin ≥32µg/mL threshold

of tilmicosin used (dashed arrow).

The sole concern was the predictive value of our method to
determine the seropositivity of a farm. The same number of
animals was sampled in each farm, whatever its size. This may
have induced a bias, so we did not interpret results at the
farm level.

The rt-PCR was also used as a strong indicator of potential
success of M. bovis isolation in cultures. Out of the 43 calves
that gave samples enabling isolation of clones, all were rt-PCR-
positive, and 42 were also positive for Mycoplasma spp. in broth
culture (visible turbidity in PPLO-like broth) with the last being
doubtful. However, in some cases (38 out of the 81 rt-PCR
positive tested for clone isolation), it was impossible to isolate
M. bovis in culture, even in BALFs with low Ct. Mycoplasmas
may have been present but not viable any more or hampered
by other species. Some of the MF-dot-screened clones (n = 24)
were shown to belong to otherMycoplasma species, includingM.
arginini (7/24), M. canadense (1/24) and M. alkalescens (3/24),
and 7 calves presented mixed infection with M. bovis. This is
the first report of these species in Algeria. The culture method
used here prevented the growth of M. bovirhinis on agar plates
(16), so this species was only isolated once among the identified
clones. Further studies are needed to complete the full picture of
the prevalence ofMycoplasma spp. in Algeria.

The subtypes found in Algeria were compared against
French currently circulating subtypes, as determined using polC
sequencing (18). Several differences were noticed regarding the
relative proportion of st1, st2, and st3. The st1 subtype was
the most frequent in our Algerian population, whereas it has
been described as receding in France (18) and is not present
in Spain (39). The MLST scheme described by Register et al.
(19, 20) was used here to enable a more discriminatory and larger
comparison at a worldwide scale. Of the 14 clones, 8 different
subtypes were identified, of which 4 were new, which proves the
broad diversity of the clones circulating in Algeria. One subtype,
ST29, was encountered for 4 clones belonging to two different
polC subtypes (st1 and st3), which was possible as different
housekeeping genes were targeted (Supplementary Table 1). The
high plasticity of the M. bovis genome, with mobile genetic
elements and mycoplasmal chromosomal transfer, may also have
contributed to the observed diversity (38). However, whether or

not these events are frequently encountered in the field remains
to be determined.

We compared the diversity of clones in this study against the
distribution of similar subtypes around the world. Unfortunately,
with the recent change in MLST scheme (19, 20) the scientific
community has lost a large amount of valuable data on M.
bovis isolates. Many isolates deposited in the legacy scheme have
not been re-subtyped. Moreover, new isolates corresponding to
already described subtypes are reported in the literature but
not submitted to the pubMLST data basis. We completed the
PubMLST database, as no data were available for Algeria. We
defined new alleles and new subtypes for Algerian clones, which
illustrates the genetic diversity in this country, but 8 clones
had subtypes that had already been encountered elsewhere, i.e.,
ST8, ST29, ST4 [described in Israel (40)] and ST188 (described
in Spain, PubMLST database). ST8 could be considered as a
European one, as it has been described in Hungary and Lithuania
(40) and in Spain (39) and is the dominant subtype encountered
in France (41). In the database, ST29 only contains isolates
from Israel and one from Hungary (40), whereas it has been
largely reported in Europe, including Cyprus (42), Denmark,
Finland, the Netherlands and Sweden (41). The other closest
subtypes (S12, ST21, and ST100) have also been found in these
Nordic European countries (adding Estonia) and France (41).
The overlap of these Algerian clones with subtypes distributed
worldwide proves once again that the cattle trade has to be
leading the epidemiology of M. bovis (40, 43). Cattle production
in Algeria is highly dependant on international trade, and
cattle are imported predominantly from France and Spain
data available at https://oec.world/en/visualize/tree_map/hs92/
import/dza/all/10102/2019 (44). The genetic diversity in Algeria
may be similar to that in Spain, with common subtypes observed
between these two countries (namely ST8 and ST188), but Algeria
also counts several other subtypes that are also present elsewhere
or newly observed. It is not possible to determine whether
these subtypes have been endemic in the country for a long
time and have since evolved locally due to different selection
pressures. Alternatively, there may be regular introductions of
new subtypes, resulting in important diversity, as in Israel (40).
We could also posit that the polC st1 had been introduced

Frontiers in Veterinary Science | www.frontiersin.org 6 May 2022 | Volume 9 | Article 910799

https://oec.world/en/visualize/tree_map/hs92/import/dza/all/10102/2019
https://oec.world/en/visualize/tree_map/hs92/import/dza/all/10102/2019
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Oucheriah et al. Mycoplasma bovis in Algeria

from France, where it was largely present in the past (18), and
has since stayed and evolved in Algeria (as it now belongs to
three different MLST subtypes, namely ST4, ST29, and ST198)
unlike in France where it has receded. A broad whole-genome
sequencing approach would help decipher further the evolution
of Algerian isolates.

Another objective of this study was to assess the level of
antimicrobial resistance in Algeria in relation to antimicrobial
use. Forty-four M. bovis clones were tested against 5
antimicrobials covering the antibiotics most frequently
used to control respiratory diseases in Algeria. All clones
were oxytetracycline-resistant, as described all over the world
(45–47). Compared with the resistance levels of European
strains (21, 48), Algerian clones showed similar results for
spectinomycin and florfenicol. The clones belonging to
ST8 showed similar levels of resistance to isolates from
France, from where ST8 might have been imported. The
proportion of fluoroquinolone-resistant clones in Algeria is
intermediate between France and Spain, where the use of
fluoroquinolones is, respectively, restricted or not (21, 39).
This is consistent with the one enrofloxacin-resistant Algerian
clone that was suptyped and belongs to ST188, also present
in Spain.

A few calves from which clones were isolated (n = 6)
had been treated with antimicrobials before sampling (data
not shown). Once again, we were unable to find a link
between treatments and antimicrobial resistance (35). However,
the use of antimicrobials might have jeopardize our capacity
to isolate M. bovis in a few diseased calves. Out of the
25 treated calves, 19 tested rt-PCR-positive (mean Ct =

29.5, [16.1–36.8]) but M. bovis had been isolated in only 5
of them.

The clones found here were proven resistant to at least
one molecule (oxytetracycline) but could also be resistant
to various combinations of one, two or three additional
molecules (spectinomycin, tylosin and/or enrofloxacin)
(Supplementary Table 1). This phenotypic diversity contrasts
with the situation in France (18, 49), which again points
to regular cattle-importation from different origins. It is
always tempting to make the connection between molecular
subtype diversity and resistance profiles, but there is still no
typing method strictly correlated to resistance phenotypes
for M. bovis (43). Here we confirmed a non-reciprocal
link between subtypes and susceptibility profiles: all the
clones with increased MIC to enrofloxacin that were
resistant to the 4 other molecules belonged to st2 (polC
typing) (as in French situation) or ST8 and ST188 (MLST
typing), but not all the st2 clones were resistant to all
molecules tested.

CONCLUSION

This study demonstrated for the first time thatM. bovis is highly
prevalent in BRD cases in Algeria. Results on pilot farms in

Algeria seem to suggest that improving skills in bovine health
management is a vital pathway to limit the economic impact of
BRD in Algeria. The clones studied, which were isolated from
different farms and wilayas, showed varied subtype profiles and
antimicrobial resistance levels. The MLST scheme used here
proved a convenient and powerful tool for investigating the
epidemiology of M. bovis and its links to global cattle trade.
We anticipate this study as a cue to prompt more scientists to
complete the database so that the community can get a better
vision of M. bovis around the world. After this first approach,
the epidemiology of M. bovis in Algeria may actually gain from
more in-depth phylogenetic studies to retrace the history of
M. bovis.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

Ethical review and approval was not required for the animal study
because only veterinary clinical samples were done for health
monitoring of diseased animals.

AUTHOR CONTRIBUTIONS

YO, CAMB, FT, and NH contributed to conception and design
of the study. YO did all the cattle sampling. AC, CM, YO,
and CAMB performed the laboratory analyses. YO, CAMB,
and FT wrote the first draft of the manuscript. All authors
contributed to manuscript revision, read, and approved the
submitted version.

FUNDING

YO received a partial grant from the University of Batna to help
cover her stays in France.

ACKNOWLEDGMENTS

The authors thank the staff of the National Reference Laboratory
for Foot and Mouth Disease at Anses–Maisons-Alfort (France),
and especially Labib Bakkali Kassimi, for analyses of the samples
prior to the study. We also thank all the livestock farmers and
veterinarians of Algeria for the farms access, and Agnès Tricot
for her technical assistance.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fvets.
2022.910799/full#supplementary-material

Frontiers in Veterinary Science | www.frontiersin.org 7 May 2022 | Volume 9 | Article 910799

https://www.frontiersin.org/articles/10.3389/fvets.2022.910799/full#supplementary-material
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Oucheriah et al. Mycoplasma bovis in Algeria

REFERENCES

1. Delabouglise A, James A, Valarcher J-F, Hagglünd S, Raboisson D,
Rushton J. Linking disease epidemiology and livestock productivity: the
case of bovine respiratory disease in France. PLoS ONE. (2017) 12:1–
23. doi: 10.1371/journal.pone.0189090

2. Wang M, Schneider LG, Hubbard KJ, Smith DR. Cost of bovine respiratory
disease in preweaned calves on US beef cow–calf operations (2011–2015). J
Am vet Med Assoc. (2018) 253:624–31. doi: 10.2460/javma.253.5.624

3. Apley M. bovine respiratory disease : pathogenesis, clinical signs, and
treatment in lightweight calves. Vet Clin North Am Food Anim Pr. (2006)
22:399–411. doi: 10.1016/j.cvfa.2006.03.009

4. Taylor JD, Fulton RW, Lehenbauer TW, Step DL, Confer AW. The
epidemiology of bovine respiratory disease: what is the evidence for
predisposing factors? Can Vet J. (2010) 51:1095–102.

5. Cirone F, Padalino B, Tullio D, Capozza P, Surdo M Lo, Lanave G, et al.
Prevalence of pathogens related to bovine respiratory disease before and
after transportation in beef steers: preliminary results. Animals. (2019) 9:1–
7. doi: 10.3390/ani9121093

6. Pardon B, Buczinski S. Bovine respiratory disease diagnosis: what progress
has been made in infectious diagnosis? Vet Clin North Am Food Anim Pract.

(2020) 36:425–44. doi: 10.1016/j.cvfa.2020.03.005
7. Maunsell FP, Donovan GA. Mycoplasma bovis infections in

young calves. Vet Clin North Am Food Anim Pract. (2009)
25:139–77. doi: 10.1016/j.cvfa.2008.10.011

8. Perez-Casal J. Pathogenesis and virulence of Mycoplasma bovis. Vet Clin
North Am Food Anim Pr. (2020) 36:269–78. doi: 10.1016/j.cvfa.2020.
02.002

9. Nicholas RAJ, Ayling RD. Mycoplasma bovis: disease, diagnosis, and control.
Res Vet Sci. (2003) 74:105–12. doi: 10.1016/S0034-5288(02)00155-8

10. Callaby R, Toye P, Jennings A, Thumbi SM, Coetzer JAW,Wyk ICC Van, et al.
Seroprevalence of respiratory viral pathogens of indigenous calves in Western
Kenya. Res Vet Sci. (2016) 108:120–4. doi: 10.1016/j.rvsc.2016.08.010

11. Thompson PN, Stone A, Schultheiss WA. Use of treatment records and lung
lesion scoring to estimate the effect of respiratory disease on growth during
early and late finishing periods in South African feedlot cattle 1. J Anim Sci.

(2006) 84:488–98. doi: 10.2527/2006.842488x
12. Le Grand D, SolsonaM, Rosengarten R, Poumarat F. Adaptive surface antigen

variation in Mycoplasma bovis to the host immune response. FEMSMicrobiol

Lett. (1996) 144:267–75. doi: 10.1111/j.1574-6968.1996.tb08540.x
13. Andersson AM, Aspán A, Wisselink HJ, Smid B, Ridley A, Pelkonen

S, et al. A European inter-laboratory trial to evaluate the performance
of three serological methods for diagnosis of Mycoplasma bovis
infection in cattle using latent class analysis. BMC Vet Res. (2019)
15:1–12. doi: 10.1186/s12917-019-2117-0

14. Wisselink HJ, Smid B, Plater J, Ridley A, Andersson AM, Aspán A, et al.
A European interlaboratory trial to evaluate the performance of different
PCR methods for Mycoplasma bovis diagnosis. BMC Vet Res. (2019) 15:1–
12. doi: 10.1186/s12917-019-1819-7

15. Poumarat F, Longchambon D, Martel JL. Application of dot immunoblinding
on membrane filtration (MF dot) to the study of relationships
within “M. mycoides cluster” and within “glucose and arginine-
negative cluster” of ruminant mycoplasmas. Vet Microbiol. (1992)
32:375–90. doi: 10.1016/0378-1135(92)90159-Q

16. Shimizu T. Selective medium for the isolation of Mycoplasma bovis
from nasal discharges of pneumonic calves. Res Vet Sci. (1983) 34:371–
3. doi: 10.1016/S0034-5288(18)32241-0

17. Poumarat F, Perrin B, Longchambon D. Identification of ruminant
mycoplasmas by dot immunobinding on membrane filtration (MF dot). Vet
Microbiol. (1991) 29:329–38. doi: 10.1016/0378-1135(91)90140-B

18. Becker CAM, Thibault FM, Arcangioli MA, Tardy F. Loss of diversity
within Mycoplasma bovis isolates collected in France from bovines with
respiratory diseases over the last 35years. Infect Genet Evol. (2015) 33:118–
26. doi: 10.1016/j.meegid.2015.04.019

19. Register KB, Lysnyansky I, Jelinski MD, Boatwright WD, Waldner M, Bayles
DO, et al. Comparison of two multilocus sequence typing schemes for
mycoplasma bovis and revision of the PubMLST reference method. J Clin
Microbiol. (2020) 58:1–16. doi: 10.1128/JCM.00283-20

20. Register KB, Thole L, Rosenbush RF, Minion FC. Multilocus sequence typing
ofMycoplasma bovis reveals host-specific genotypes in cattle versus bison.Vet
Microbiol. (2015) 175:92–8. doi: 10.1016/j.vetmic.2014.11.002

21. Jaÿ M, Poumarat F, Colin A, Tricot A, Tardy F. Addressing the antimicrobial
aesistance of auminant aycoplasmas using a clinical surveillance network.
Front Vet Sci. (2021) 8:1–12. doi: 10.3389/fvets.2021.667175

22. CLSI. Performance Standards for Antimicrobial Disk and Dilution

Susceptibility Tests for Bacteria Isolated From Animals. 3rd ed. Clinical
and Laboratory Standards Institute: Wayne, PA (2015).

23. Radaelli E, Luini M, Loria GR, Nicholas RAJ, Scanziani E. Bacteriological,
serological, pathological and immunohistochemical studies of Mycoplasma
bovis respiratory infection in veal calves and adult cattle at slaughter. Res Vet
Sci. (2008) 85:282–90. doi: 10.1016/j.rvsc.2007.11.012

24. Pardon B, De Bleecker K, Dewulf J, Callens J, Boyen F, Catry B, et al. Prevalence
of respiratory pathogens in diseased, non-vaccinated, routinelymedicated veal
calves. Vet Rec. (2011) 169:278. doi: 10.1136/vr.d4406

25. Arcangioli MA, Duet A, Meyer G, Dernburg A, Bézille P, Poumarat F, et al.
The role of Mycoplasma bovis in bovine respiratory disease outbreaks in veal
calf feedlots. Vet J. (2008) 177:89–93. doi: 10.1016/j.tvjl.2007.03.008

26. OIE. Contagious Bovine Pleuropneumonia (Infection with Mycoplasma

mycoides Subsp Mycoides SC) :Chapter3.4.8. Main Diagnostic Tests Vaccines

Terr Anim. Paris: OIE– World Organisation for Animal Health (2021).
p. 1–16.

27. Tambuwal FM, Stipkovits L, Egwu GO, Junaidu AU, Abubakar MB,
Turaki UA. Enzyme-linked immunosorbent assay (elisa) based detection
of antibodies to mycoplasma bovis in cattle naturally infected with
haemoparasites in institutional farms in Sokoto State, Nigeria. Curr Res J Biol
Sci. (2011) 3:12–6.

28. Francis MI, Raji MA, Kazeem HM, Musa M. ELISA-based serological survey
of Mycoplasma bovis in cattle in three local government areas in Adamawa
State, Nigeria. Adv Vet Anim Res. (2015) 2:170–4. doi: 10.5455/javar.2015.b77

29. Arcangioli MA, Lurier T, Hauray K, Tardy F. Large-size fattening calves’
lots fed with automatic milk feeders may have an increased risk for
Mycoplasma bovis infection spread and for antibiotic use. Animal. (2021)
15:100397. doi: 10.1016/j.animal.2021.100397

30. Caswell JL, Archambault M. Mycoplasma bovis pneumonia in cattle. Anim
Heal Res Rev. (2007) 8:161–86. doi: 10.1017/S1466252307001351

31. Callan RJ, Garry FB. Biosecurity and bovine respiratory
disease. Vet Clin North Am Food Anim Pract. (2002) 18:57–
77. doi: 10.1016/S0749-0720(02)00004-X

32. Belaid B, Le Goff C, Lefèvre P-C. Epidemiologic survey and serodiagnosis of
contagious agalactia of small ruminants in Eastern Algeria. Elev Med Vet Pays.

(1990) 43:37–41. doi: 10.19182/remvt.8892
33. Kabouia R. Etude Epidémiologique des Mycoplasmes des Petits Ruminants

“Application de l’Immunoblot à l’étude des Sérums de Moutons Infectés

Expérimentalement par Mycoplasma agalactiae.” Université des Frères
Mentouri– Constantine (2005).

34. Grissett GP, White BJ, Larson RL. Structured literature review of responses
of cattle to viral and bacterial pathogens causing bovine respiratory disease
complex. J Vet Intern Med. (2015) 29:770–80. doi: 10.1111/jvim.12597

35. Becker CAM, Ambroset C, Huleux A, Vialatte A, Colin A, Tricot A, et al.
Monitoring mycoplasma bovis diversity and antimicrobial susceptibility in
calf feedlots undergoing a respiratory disease outbreak. Pathogens. (2020)
9:1–15. doi: 10.3390/pathogens9070593

36. Pardon B, Callens J, Maris J, Allais L, Van Praet W, Deprez P, et al. Pathogen-
specific risk factors in acute outbreaks of respiratory disease in calves. J Dairy
Sci. (2020) 103:2556–66. doi: 10.3168/jds.2019-17486

37. Tortorelli G, Carrillo Gaeta N, Mendonça Ribeiro BL, Miranda Marques
L, Timenetsky J, Gregory L. Evaluation of Mollicutes microorganisms in
respiratory disease of cattle and their relationship to clinical signs. J Vet Intern
Med. (2017) 31:1215–20. doi: 10.1111/jvim.14721

38. García-Galán A, Seva J, Gómez-Martín Á, Ortega J, Rodríguez F, García-
Muñoz Á, et al. Importance and antimicrobial resistance of mycoplasma
bovis in clinical respiratory disease in feedlot calves. Animals. (2021)
11:1470. doi: 10.3390/ani11051470

39. García-Galán A, Nouvel LX, Baranowski E, Gómez-Martín Á, Sánchez
A, Citti C, et al. Mycoplasma bovis in Spanish cattle herds: two groups
of multiresistant isolates predominate, with one remaining susceptible

Frontiers in Veterinary Science | www.frontiersin.org 8 May 2022 | Volume 9 | Article 910799

https://doi.org/10.1371/journal.pone.0189090
https://doi.org/10.2460/javma.253.5.624
https://doi.org/10.1016/j.cvfa.2006.03.009
https://doi.org/10.3390/ani9121093
https://doi.org/10.1016/j.cvfa.2020.03.005
https://doi.org/10.1016/j.cvfa.2008.10.011
https://doi.org/10.1016/j.cvfa.2020.02.002
https://doi.org/10.1016/S0034-5288(02)00155-8
https://doi.org/10.1016/j.rvsc.2016.08.010
https://doi.org/10.2527/2006.842488x
https://doi.org/10.1111/j.1574-6968.1996.tb08540.x
https://doi.org/10.1186/s12917-019-2117-0
https://doi.org/10.1186/s12917-019-1819-7
https://doi.org/10.1016/0378-1135(92)90159-Q
https://doi.org/10.1016/S0034-5288(18)32241-0
https://doi.org/10.1016/0378-1135(91)90140-B
https://doi.org/10.1016/j.meegid.2015.04.019
https://doi.org/10.1128/JCM.00283-20
https://doi.org/10.1016/j.vetmic.2014.11.002
https://doi.org/10.3389/fvets.2021.667175
https://doi.org/10.1016/j.rvsc.2007.11.012
https://doi.org/10.1136/vr.d4406
https://doi.org/10.1016/j.tvjl.2007.03.008
https://doi.org/10.5455/javar.2015.b77
https://doi.org/10.1016/j.animal.2021.100397
https://doi.org/10.1017/S1466252307001351
https://doi.org/10.1016/S0749-0720(02)00004-X
https://doi.org/10.19182/remvt.8892
https://doi.org/10.1111/jvim.12597
https://doi.org/10.3390/pathogens9070593
https://doi.org/10.3168/jds.2019-17486
https://doi.org/10.1111/jvim.14721
https://doi.org/10.3390/ani11051470
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Oucheriah et al. Mycoplasma bovis in Algeria

to fluoroquinolones. Pathogens. (2020) 9:1–19. doi: 10.3390/pathogens90
70545

40. Yair Y, Borovok I, Mikula I, Falk R, Fox LK, Gophna U, et al. Genomics-based
epidemiology of bovine Mycoplasma bovis strains in Israel. BMC Genomics.

(2020) 21:1–11. doi: 10.1186/s12864-020-6460-0
41. Tardy F, Aspan A, Autio T, Ridley A, Tricot A, Colin A, et al.Mycoplasma bovis

in Nordic European countries: emergence and dominance of a new clone.
Pathogens. (2020) 9:1–15. doi: 10.3390/pathogens9110875

42. Liapi M, Botsaris G, Arsenoglou C, Markantonis N, Michael C,
Antoniou A, et al. Rapid detection of Mycoplasma bovis, Staphylococcus
aureus and Streptococcus agalactiae in cattle bulk tank milk in
Cyprus and relations with somatic cell counts. Pathogens. (2021)
10:841. doi: 10.3390/pathogens10070841

43. Kinnear A, Waldner M, McAllister TA, Zaheer R, Register K, Jelinski
M. Application of four genotyping methods to mycoplasma bovis isolates
derived from western canadian feedlot cattle. J Clin Microbiol. (2021)
59:e0004421. doi: 10.1128/JCM.00044-21

44. Simoes A, Hidalgo CA. The economic complexity observatory: an analytical
tool for understanding the dynamics of economic development. In:
Workshops at the Twenty-Fifth AAAI Conference on Artificial Intelligence. San
Francisco (2011). p. 39–42.

45. Lysnyansky I, Ayling RD. Mycoplasma bovis: mechanisms of resistance
and trends in antimicrobial susceptibility. Front Microbiol. (2016) 7:1–
7. doi: 10.3389/fmicb.2016.00595

46. Klein U, de Jong A, Moyaert H, El Garch F, Leon R, Richard-Mazet A,
et al. Antimicrobial susceptibility monitoring ofMycoplasma hyopneumoniae

and Mycoplasma bovis isolated in Europe. Vet Microbiol. (2017) 204:188–
93. doi: 10.1016/j.vetmic.2017.04.012

47. Klein U, de Jong A, Youala M, El Garch F, Stevenin C, Moyaert
H, et al. New antimicrobial susceptibility data from monitoring

of Mycoplasma bovis isolated in Europe. Vet Microbiol. (2019)
238:108432. doi: 10.1016/j.vetmic.2019.108432

48. Bokma J, Gille L, De Bleecker K, Callens J, Haesebrouck F, Pardon B,
et al. Antimicrobial susceptibility of Mycoplasma bovis isolates from veal,
dairy and beef herds. Antibiotics. (2020) 9:1–12. doi: 10.3390/antibiotics
9120882

49. Gautier-Bouchardon A V., Ferré S, Le Grand D, Paoli A,
Gay E, Poumarat F. Overall decrease in the susceptibility of
Mycoplasma bovis to antimicrobials over the past 30 years in
France. PLoS ONE. (2014) 9:e87672. doi: 10.1371/journal.pone.00
87672

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Oucheriah, Heleili, Colin, Mottet, Tardy and Becker. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Veterinary Science | www.frontiersin.org 9 May 2022 | Volume 9 | Article 910799

https://doi.org/10.3390/pathogens9070545
https://doi.org/10.1186/s12864-020-6460-0
https://doi.org/10.3390/pathogens9110875
https://doi.org/10.3390/pathogens10070841
https://doi.org/10.1128/JCM.00044-21
https://doi.org/10.3389/fmicb.2016.00595
https://doi.org/10.1016/j.vetmic.2017.04.012
https://doi.org/10.1016/j.vetmic.2019.108432
https://doi.org/10.3390/antibiotics9120882
https://doi.org/10.1371/journal.pone.0087672s
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Prevalence of Mycoplasma bovis in Algeria and Characterisation of the Isolated Clones
	Introduction
	Materials and Methods
	Sample Collection and Handling
	Serology
	Nucleic Acid Extraction and Real-Time PCR Detection of M. bovis in BALF
	Selection of Clones
	PCR and Sequencing for Subtyping Clones
	Antimicrobial Susceptibility of M. bovis Clones

	Results
	Description of the Farms Sample
	Detection of Antibodies Directed Against M. bovis by ELISA
	Detection of M. bovis by Real-Time PCR
	Selection and Genetic Characterization of M. bovis Clones
	MIC Evaluation of M. bovis Clones in Algeria

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


