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Abstract

Background: Mannheimia haemolytica is commonly associated with respiratory disease in cattle worldwide as a
cause of fibrinous pneumonia, bronchopneumonia and pleuritis. M. haemolytica is further subdivided into 12 serovars,
however not all are considered to be pathogenic in cattle. The study aim was to determine the most common sero-
vars of M. haemolytica associated with respiratory disease in cattle in Great Britain, which is currently unknown and
could be useful information for clinicians when considering preventative strategies.

Results: One hundred four M. haemolytica isolates isolated from bovine clinical pathology and post-mortem samples
from pneumonia cases between 2016 and 2018 were tested using a multiplex PCR assay to identify M. haemolytica

serovars A1, A2 and A6. 46 isolates (44.2%) typed as M. haemolytica serovar A1, 31 (29.8%) as M. haemolytica serovar A2
and 18 isolates (17.3%) as M. haemolytica serovar A6. Nine isolates (8.7%) were not A1, A2 or A6 so were considered to

belong to other serovars or were not typable.

vaccination programmes.

Conclusion: This study highlights the importance of M. haemolytica serovars other than A1 which may be respon-
sible for respiratory disease in cattle and could help guide the veterinarian when making choices on preventative
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Background

Mannheimia haemolytica is associated with respiratory
disease in cattle and sheep worldwide. The organism can
be a primary component of pneumonia secondary to
environmental stressors as well as infecting cattle syner-
gistically with other bacterial, viral and Mycoplasma spe-
cies [1].

There are twelve serovars of M. haemolytica, based on
capsular antigens and labelled A1, A2, A5, A6, A7, A8,
A9, A12, A13, A14, A16 and Al7. A further serovar, All,
is restricted to M. glucosida (2, 3].

M. haemolytica serovars Al, A2 and A6 are the most
prevalent worldwide [4] and are readily isolated from the
nasopharynx of healthy cattle. Serovars Al and A6 have
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been reported as common isolates from pneumonic lung
tissue [5], serovar A2 is a major cause of disease in sheep
[6] and has traditionally been considered as a commensal
organism in cattle; however, a recent review paper high-
lighted some evidence to suggest this serovar may not be
purely commensal in this species [7].

Several vaccines are licenced in Great Britain for pro-
tection against M. haemolytica but not all vaccines cover
serovars Al and A6. Reviews of the common serovars of
M. haemolytica associated with respiratory disease can
inform pharmaceutical companies on serovars required
for inclusion in vaccines and to help veterinary surgeons
make informed decisions on vaccine choice.

A multiplex PCR assay can provide a rapid, simple and
cost-effective alternative to slide agglutination assays cur-
rently used for M. haemolytica serotyping and avoids the
need to use laboratory animals for serotyping assays. We
validated a PCR test for the most prevalent serovars of

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0001-9476-7322
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12917-021-03121-3&domain=pdf

Mason et al. BMC Veterinary Research (2022) 18:5

Table 1 Typing results for 104 UK Mannheimia haemolytica

isolates
Mannheimia Mannheimia Mannheimia Mannheimia
haemolytica haemolytica haemolytica haemolytica
serovar A1 serovar A2 serovar A6 (other than

A1, A2 or A6)

Num- 46 (44.2%) 31 (29.8%) 18 (17.3%) 9 (8.7%)

ber of

isolates

(%)

M. haemolytica in cattle based on the test development
and primers described by Klima et al. [8]. We used this
test to investigate the prevalence of each of these serovars
amongst M. haemolytica isolates cultured from diagnos-
tic material from bovine respiratory disease submitted
to SRUC Veterinary Service laboratories in the years
2016-2018.

Results

The results of specificity testing of the M. haemolytica
PCR assay confirmed that all M. haemolytica serovar
A1, A2 and A6 strains were correctly identified. All con-
firmed non-M. haemolytica strains were negative using
the M. haemolytica PCR assay.

The largest proportion of isolates (44.2%) typed as M.
haemolytica serovar Al, 29.8% typed as M. haemolytica
serovar A2 and 17.3% typed as A6. Nine isolates (8.7%)
were not Al, A2 or A6 so were considered to belong to
other serovars or were not typable (Table 1).

Discussion

The work presented here demonstrates that a multiplex
PCR assay incorporating three serotype specific primer
pairs for identification of M. haemolytica serovars Al, A2
and A6 is an effective test for typing isolates of these sero-
vars. The test validation against known serovars and iso-
lates showed that all confirmed M. haemolytica serovar
A1, A2 and A6 strains were correctly identified using the
M. haemolytica PCR assay. All confirmed other strains of
M. haemolytica were negative using the M. haemolytica
PCR assay.

The 104 M. haemolytica isolates tested were selected
through scanning surveillance which does not allow gen-
eral population conclusions to be drawn from any sample
set that is collected in this way. One other source of bias
was that a single colony isolate was selected from each
case. However, the testing does confirm that M. haemo-
lytica serovar Al was identified most commonly and
serovar A6 least commonly. A more structured survey
would be required to estimate the relative prevalence of
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these different strains generally in the cattle population
and in cases of respiratory disease.

The finding that M. haemolytica serovar Al is the most
common serovar in this set of British isolates is consist-
ent with other studies of European isolates [9]. A large
proportion of respiratory samples typed as serovar A2,
moreover 97% of the M. haemolytica serovar A2 isolates
were isolated from pneumonic lung tissue with gross
pathology consistent with bacterial pneumonia. Histo-
pathology was carried out on 40% of the cases and this
detailed examination confirmed lesions consistent with
bacterial bronchopneumonia. This serovar has previ-
ously been reported as a commensal organism in North
America, however a more recent review paper stated, ‘the
commonly accepted idea that M. haemolytica A2 isolates
are primarily non-pathogenic bacteria associated with
healthy cattle should be considered with caution’ [7].
Therefore, more research is required to understand the
contribution of this serovar to the bovine respiratory dis-
ease complex.

Not all vaccines against M. haemolytica cover all the
major serovars and studies of this nature may be of assis-
tance in the selection of the appropriate bovine respira-
tory disease vaccination programme.

Conclusion

M. haemolytica serovars Al and A6 were commonly
isolated from cases of bovine respiratory disease in this
study, mirroring similar research in other countries. A
large proportion of clinical samples typed as serovar
A2, however more work is required to fully understand
the contribution of this serovar to the bovine respira-
tory disease complex. These results could help veteri-
narians select the appropriate preventative vaccination
programme when pneumonia attributed to M. haemo-
lytica is diagnosed on UK cattle farms.

Methods

A multiplex PCR was validated for this study using three
serotype specific primer pairs for identification of M.
haemolytica serovars Al, A2 and A6 based on published
work [8]. DNA was extracted and amplified using stand-
ard techniques and the serotype specific primers. PCR
amplification was performed using a conventional ther-
mal cycler and reaction products were separated by elec-
trophoresis on a 2% agarose gel. Images of the gel were
captured and analysed on an Image Lab 4.0 Image Analy-
sis system. Negative and positive controls were included
in each run with the positive controls comprising DNA
extracts of each M. haemolytica serovar 1, 2 and 6. Iden-
tification of M. haemolytica serovars in clinical isolates
was determined by comparing PCR amplification prod-
uct band sizes with those in the positive PCR control
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lanes (M. haemolytica serovars Al, A2 and A6) of the
analysed gel.

Specificity of the M. haemolytica PCR assay was deter-
mined by testing panels of known M. haemolytica sero-
vars (Al, A2 and A6), un-typed M. haemolytica strains
and closely related strains including Bibersteinia treha-
losi, Pasteurella multocida, Mannheimia glucosida, Man-
nheimia varigena and Mannheimia granulomatis.

The sample set comprised material received from one
hundred and four cases or disease outbreaks with a clini-
cal history of respiratory disease occurring between 2016
and 2018, each defined as a submission. All submissions
produced an isolate of M. haemolytica and only one iso-
late per submission and per affected farm was included
in the study. Submission selection was not random but
was selected as a representative sample from the overall
number of submissions of respiratory disease cases to
the SRUC laboratories between 2016 and 2018 to give as
wide a UK distribution as possible and be representative
of farm type (dairy or beef), animal breed, age, and sex.

The sample set included a mixture of breeds and cross-
bred animals derived from 70 animals on beef units, 25
animals on dairy units and no data was available for 9
samples. Where the gender of the animal was recorded,
41 animals were female and 41 were male. The age range
of the animals from which samples were derived was
from 1day to 8years old with 46 animals 0—3 months
old, 19 animals >3 months and <6 months old, 16 ani-
mals 6 months — 2years old, 5 animals >2years old and
18 animals where the age was not available. Results were
obtained from animals throughout the Great Britain, 22
from England, 4 from Wales and 78 from Scotland.

Sample type comprised nasopharyngeal swabs (17
cases), broncho-alveolar lavage fluid (2 cases) submitted
by veterinary practitioners and post-mortem material (85
cases). Bovine carcases submitted to SRUC Veterinary
Services post-mortem rooms by livestock keepers were
examined for the presence of visible lesions of pneumo-
nia and affected lung was then sampled for bacterial cul-
ture. For all sample types, primary bacterial cultures were
made on Columbia sheep blood agar (CSBA) (Thermo-
Fisher, Perth, UK), following 18—24h incubation at 37°C
in capnophilic conditions. Identification was confirmed
using routine phenotypic tests and isolates were stored
at —80°C in Microbank® cryovials (Prolab Diagnostics,
Wirral, UK). The pathogenic significance of the isolates
was assessed by clinical history and the pathology seen
thus providing an accurate representation of 104 M.
haemolytica isolates of clinical significance.

M. haemolytica isolates derived from the above sub-
missions were revived by culture on CSBA for testing in
the PCR assay.
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