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A B S T R A C T

Mannheimia haemolytica is an important respiratory pathogen of ruminants. Of the 12 capsular serovars iden-
tified, 1 and 6 are most frequently associated with disease in cattle, while 2 is largely a commensal. Comparative
analysis of 24M. haemolytica genomes was used to identify unique genes associated with capsular polysaccharide
synthesis as amplification targets in a multiplex PCR assay to discriminate between serotype 1, 2, and 6 strains.
The specificity of serotype specific gene targets was evaluated against 47 reference strains representing 12
known serovars of M. haemolytica and 101 field isolates identified through antisera agglutination as serotypes 1,
2, or 6. The results suggest this simple and cost-effective serotype specific PCR assay can be used as an alter-
native to agglutination based techniques to serotype the majority of M. haemolytica collected from bovines, thus
averting the need to use animals and invest in expensive sera development for agglutination assays. In addition,
the gene targets identified in this study can be used in silico to identify serotype 1, 2, and 6 strains in sequenced
M. haemolytica isolates without the need for culture based analysis.

1. Introduction

Bovine respiratory disease (BRD) is the leading cause of morbidity
and mortality in North American beef production systems (Ives and
Richeson, 2015). Despite being one of the most extensively studied
diseases in cattle (Taylor et al., 2010), the rate of mortality due to BRD
has increased over the last decade (Engler et al., 2014). Mannheimia
haemolytica is a primary bacterial agent associated with BRD, but also
contributes to pneumonia in domestic sheep and wild ruminants
(McRae et al., 2016). It is of particular concern in bighorn sheep po-
pulations where Mannheimia associated pneumonia incidences have
decimated herds, once numbering in the millions now totaling around
70,000 (Batra et al., 2015). Originally part of the Pasteurella haemolytica
complex, Mannheimia haemolytica was reclassified as its own species in
1999 (Angen et al., 1999) with 12 of the 17 original P. haemolytica
capsular serovars renamed asMannheimia haemolytica (1, 2, 5, 6, 7, 8, 9,
12, 13, 14, 16, and 17), serotype 11 reclassified as Mannheimia gluco-
sida, and the remaining serovars (3, 4, 10, and 15) classified as Pas-
teurella trehalosi. Pasteurella trehalosi was later reclassified as Bibersteinia
trehalosi (Blackall et al., 2007).

Mannheimia haemolytica serotypes 1, 2, and 6 are the most prevalent
worldwide (Al-Ghamdi et al., 2000; Hauglund et al., 2015) with a link
observed between serotype and host specificity. In cattle, serotypes 1, 2,

and 6 are frequently recovered from the nasopharynx of healthy ani-
mals, but serotypes 1 and 6 are commonly recovered from the lungs of
cattle that have died of BRD (Klima et al., 2011; Klima et al., 2014a;
Klima et al., 2014b). In domestic sheep, disease is primarily associated
with serotype 2 strains, with a broader range of serotypes being re-
covered from small ruminants than cattle (Fodor et al., 1984). Bighorn
sheep appear susceptible to both serotype 1 and serotype 2 strains
(Batra et al., 2015). Mannheimia haemolytica serotype 1 expresses a
capsular polysaccharide consisting of N-acetylmannosaminuronic acid
and N-acetylmannosamine repeats (Lo et al., 2001) that is believed to
facilitate adherence, inhibit phagocytosis by neutrophils, and play a
role in immune evasion by this pathogen (Hounsome et al., 2011; Gioia
et al., 2006). The capsule of serotype 2 is composed of a linear polymer
of N-acetylneuraminic acid (Neu5Ac) with α(2–8) linkages (Barrallo
et al., 1999) whereas to our knowledge, the composition of the capsule
of M. haemolytica serotype 6 has not been reported.

In addition to contributing to disease, M. haemolytica collected from
BRD mortalities have been reported to harbour antimicrobial resistance
(AMR) genes in association with integrative conjugative elements
(Klima et al., 2014b; Eidam et al., 2014; Clawson et al., 2016), making
this pathogen a potentially significant contributor to the environmental
resistome within agricultural settings. A relationship between AMR and
Mannheimia haemolytica genotype has recently been reported (Clawson
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