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Abstract
Haemophilus somnus causes inflammatory disease in
the genital tract of cows as reported in several field
surveys and experimental trials. This organism can also
innocuously colonize the healthy genital mucosa of the
cow, which indicates its dual relationship with the host,
that of pathogen and commensal. Experimental data
indicate embryocidal capability of this pathogen sug-
gesting a possible role in early embryonic death. Haemo-
philus somnus also causes sporadic abortions after a
bacteremia in the dam. Retrograde infection of the
pregnant uterus from the lower genital tract appears
unlikely; however, this process can account for post-
parturient endometritis. Detection of high homologous
IgG2 serum antibody titers using an ELISA test may
be useful for the diagnosis of current or recent genital
inflammation. Experimental laboratory data indicate
that a proportion of genital strains of H. somnus are
pathogenic and capable of causing thrombotic meningo-
encephalitis and perhaps pneumonia. In vivo testing
of the pathogenicity of genital strains remains to be
conducted.

Resum6
Haemophllus somnus et les maladies du
systime reproducteur chez la vache: uns
revue
Haemophilus somnus a ete identifie et cite comme
agent causal de maladies inflammatoires du tractus
genital chez la vache dans plusieurs etudes experimen-
tales et lors d'evaluation dans le champs. Cet agent
peut aussi coloniser avec innocuite la'muqueuse saine
du tractus genital, soulignant la dualite de son associ-
ation avec son hote, soit celle d'un agent pathogene
et d'un agent commensal. Les donnees des etudes expe-
rimentales indiquent que cet agent pathogene aurait
une capacite embryocide suggerant ainsi la possibilite
d'un r6le dans le processus de mortalite embryonnaire
precoce. Haemophilus somnus a aussi ete responsable
d'avortements sporadiques suite a une bacterineie chez
la femelle. L'infection par voie retrograde de l'uterus
gravide 'a partir du tractus genital inferieur est peu
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probable; toutefois, ce processus pourrait expliquer
l'endometrite postpartum. L'utilisation d'un test Elisa
pourrait etre utile pour detecter un titre eleve d'anti-
corps seriques homologues IgG2 pour diagnostiquer
les maladies inflammatoires du systeme genital en
cours ou recentes. Les donnees experimentales de
laboratoire montrent qu'une proportion d'H. Somnus
de souches d'origine genitale sont pathogenes et
peuvent causer une meningo-enciphalite thrombo-
embolique et possiblement une pneumonie. Les tests
de pathogenicite in vivo des souches d'origine genitale
demeurent A effectuer.

(Traduit par Dr Therese Lanthier)

Can Vet J 1991; 32: 595-601

Introduction
H aemophilus somnus is associated with a complex

of diseases including thrombotic meningoenceph-
alitis (TME) (1-4), bronchopneumonia (2,5-9), myo-
cardial abcessation (10), arthritis (2,4) and mastitis
(11-13). The H. somnus complex has been reviewed
by Humphrey and Stephens (14) and more recently by
Harris and Janzen (15). Although this organism can
be isolated frequently from semen and the prepuce of
bulls, it generally causes no inflammatory genital
lesions in the male reproductive tract (16-21).
Does H. somnus cause genital disease in cows? We

address this controversial issue through this review of
reports on various aspects of the interaction between
H. somnus and the genital tract of the cow.

Reproductive disease associated with H. somnus in
cattle has already been reviewed in 1983 by Miller et al
(22). However, more recent field and experimental
data have enriched our knowledge of H. somnus-
associated reproductive disease in cows. The papers
reviewed herein pertain to research published since
1983 and were selected through manual searching of
published references with the aid of the Index
Veterinarius and Medline® on SilverPlater® informa-
tion system (1990 edition, US National Library of
Medicine, SilverPlater International N. V., Boston,
London, Amsterdam).
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Vaginitis, cervicitis, and endometritis
Surveys on the incidence of H. somnus in the genital
tracts of slaughtered cows in Switzerland (23) and
Canada (24) identified this organism in association
with lesions of vaginitis, cervicitis, and endometritis
(23), and in either diseased or normal reproductive
tracts (24). The role of H. somnus as a reproductive
pathogen is controversial because the organism has
been isolated from live cows with both suppurative
genital lesions and normal genital mucosae (9,25).
However, H. somnus is commonly isolated from the
diseased female bovine reproductive tract either in pure
or mixed culture, which indicates its association with
concurrent inflammatory lesions (9,26,27).

In Australia, H. somnus was frequently isolated
from the lesions of purulent vaginitis, cervicitis, and
endometritis in dairy cows and identified as a major
pathogen responsible for an apparently contagious
reproductive disease and lowered fertility (25, 28, 29).
The purulent vaginal discharge was due mainly to
vaginitis and cervicitis rather than to endometritis (25);
it was significantly associated with the natural mating
of bulls carrying H. somnus in the preputial cavity,
and the use of the same artificial insemination (AI)
catheter in more than one cow (29). Use of separate
AI catheters in each cow apparently decreased venereal
transmission of the disease (25,29).
The rates of isolation of H. somnus from the genital

tract of slaughtered cows have been reported from
Germany as 6.8% from the vagina (30), and from
Canada as 8% from the vagina, vestibular glands,
cervix, and uterus combined (31). In bovine vaginal
field surveys in the USA, H. somnus was isolated from
15% of cows (9), 15.6% from vagina and cervix in
Polish cows (32), and 28.6% in Australian cows (33).
The data from Australia were collected during an out-
break of H. somnus-associated inflammatory genital
disease in dairy cattle, and were strongly related to
natural insemination by H. somnus-infected bulls (29).
The Polish data are composed of a rate of incidence
in one dairy herd with a history of four abortions and
a number of cases of vaginitis (32). In general the rate
of isolation of H. somnus appears to be lower in the
genital tract of cows than that of bulls and steers (9),
but it may vary depending on the geographical area
surveyed and the type of cows sampled. More epide-
miological surveys on genital prevalence of H. somnus
in beef cattle are needed to establish its occurrence and
better understand its role in bovine reproductive
disease under conditions of natural mating (16).

After conducting a survey on the prevalence of
H. somnus in the genital tract of slaughtered cows,
Miller et al (31) suggested that the highest probability
of isolation of H. somnus from healthy cows was from
the vestibular glands, with the frequency of isolation
decreasing towards the uterine tube. Bacteriological
sampling of the glands, however, is difficult in live
cows due to fecal contamination and culture over-
growth by Escherichia coli and Proteus spp. (32,34).
The presence of high numbers of Actinomyces pyogenes,
another important genital pathogen, may also lower
isolation of H. somnus (35).

Isolation of H. somnus from the bovine genital tract
is a demanding task which prompted attempts to
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develop selective media (33,36-38). Guarded swabbing
was proposed by Stephens et al (29) as superior to that
of sampling by aspiration of genital mucus for isola-
tion of H. somnus. The use of a guarded swabbing
technique and an adequate selective medium would be
important in future field and abattoir surveys to obtain
reliable prevalence data on H. somnus in the genital
tract of cows.

Several studies of experimental genital infection with
H. somnus have been reported. In one study of
in utero persistence of H. somnus in the genital tract
of virgin heifers inoculated at estrus, the organism was
isolated for up to 10 days but not after the subsequent
estrus (26). In a separate study, the intrauterine inoc-
ulation of virgin heifers with a pathogenic genital strain
of H. somnus resulted in a transient infection which
in some cases was associated with a mild to moderate
endometritis (38). Using separate posterior intracervical
inoculation of two TME and one abortion strains of
H. somnus into pregnant cows, Miller et al (35)
reported that clearance of the infection from the
genital tract occurred within 8 to 87 days. Some of the
inoculated cows had fever and a transient purulent
vaginitis and vulvitis, but none aborted. Although
H. somnus could not be reisolated from the apparently
healed vagina during gestation, some cows developed
a severe metritis associated with H. somnus at the time
of parturition. The authors suggested that H. somnus
might have persisted in the vestibular glands and
invaded the uterus through the dilated cervix at the
time of calving (35). The vestibular glands, however,
were not sampled before parturition in this study.

In another study using heifers at estrus, one group
was inoculated intracervically with an H. somnus
isolated from a cow with endometritis and the other
group with another strain isolated from the vagina of
a clinically normal cow (39). All challenged animals
developed purulent cervicitis and vaginitis within one
day, but returned to normal within a week after the
subsequent estrus. The histopathological examination
of two heifers conducted five weeks after intracervical
inoculation revealed a chronic suppurative vaginitis,
vestibular adenitis, and squamous metaplasia of the
vestibular glands which were associated with isolation
of H. somnus. It was concluded that H. somnus can
cause vaginitis and cervicitis in cattle, and further sug-
gested that the infection can persist for a long time,
particularly in the vestibular glands, an observation
similar to that made by Miller et al (35).

It is clear that pathogenicity of various H. somnus
isolates should be addressed more carefully in future
research, since the results and observations cited vary
considerably with regard to the reproducibility of the
genital disease. Experimental inoculation of H. somnus
into the genital tract of the cow readily produces
inflammatory lesions which may vary in severity in
individual animals. Although lesions are transient and
likely due to a peculiar but unexplained influence of
the estrus cycle, the organism may persist in the major
vestibular glands and become a potential source of
infection for bulls and cows (26,28). The isolation of
H. somnus from normal genital tracts can be inter-
preted as a normal finding considering the apparent
commensal behavior of this organism (21), but the
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potential of genital isolates to cause TME and
pneumonia, although not confirmed, should be con-
sidered seriously.

Infertility
Haemophilus somnus has been proposed as a causative
factor of infertility in cows (26,40). However, the
organism has been isolated from the genital tract of
both infertile (26) and fertile cows (28). The associa-
tion of H. somnus infection with infertility in cattle
has been doubted on the basis of its presence in vaginal
cultures from both diseased and normal genital tracts
(9,25), and because of lack of previous experimental
evidence indicating a direct influence of the organism
on conception rate.

In a study by Kaneene et al (41), artificially insemi-
nated heifers were inoculated in utero with an abor-
tion isolate of H. somnus and yielded a significantly
higher proportion of degenerated embryos than non-
infected controls eight days later. Only four of 12
infected heifers had bacterial uterine lesions when
tested by uterine biopsies. Embryos from infected
heifers had a significantly shorter survival time than
embryos from control heifers when cultured in vitro.
The authors concluded that, although H. somnus does
not always produce endometritis after an intrauterine
inoculation, it may specifically affect developing
embryos. They suggested that this might be due to an
alteration of local conditions in the uterus, presumably
due to bacterial growth, and the presence of a specific
toxin (41). In another study by Kaneene et al (38), low
numbers of normal-appearing embryos were recovered
from some superovulated heifers 21 days after insem-
ination and intrauterine inoculation of H. somnus.
The authors suggested that a proportion of embryos
died early, soon after infection with H. somnus, and
the recovered live embryos persisted as a result of some
protective but unknown uterine factors (38).
Thomson et al (42) demonstrated in vitro that

H. somnus can adhere to preimplantation bovine
embryos with an intact zona pellucida, whereas no
such effect was demonstrated in zona pellucida-free
embryos. Adherence to the zona pellucida-intact
embryos allowed the persistence of H. somnus on
some embryos after several repeated washes with
antibiotic-free culture medium, but antibiotics used in
the embryo transfer media eliminated H. somnus. All
zona pellucida-intact and zona pellucida-free embryos
degenerated after exposure in vitro to H. somnus. The
authors suggested that this detrimental effect might
have been associated with a change in pH, oxygen ten-
sion, or nutrient depletion in the medium as a result
of the bacterial growth, but these suggestions were not
explored. A specific embryocidal toxin produced by
H. somnus has been suggested as a cause of embryonal
degeneration (42). The source of isolation of the strain
used in this study was not indicated.

Experimental evidence indicates that H. somnus is
embryocidal (38,41,42), therefore identification of
bacterial embryocidal factors should be addressed in
a number of strains isolated from diseased and normal
genital tracts of cows and bulls. Field studies are also
needed to investigate the role of H. somnus in early
embryonic death in cattle since this appears controver-
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sial in light of the report by Patterson et al (28). These
authors reported an 82% pregnancy rate in a herd of
heifers that had a high incidence of mucopurulent cer-
vicitis and vaginitis following mating with bulls car-
rying preputial H. somnus. Haemophilus somnus was
isolated from the vagina of most of the clinically
affected animals, indicating that infection at the time
of coitus did not have a major influence on fertility
in this herd (28).
Kaneene et al (38) reported development of cystic

ovarian disease in a substantial number of cows fol-
lowing intrauterine inoculation of H. somnus. This
observation, however, requires a larger experiment for
confirmation.

Abortion
Sporadic spontaneous abortions associated with
H. somnus are reported from several countries (9, 26,
28, 43-45) and are associated with retention of the
placenta (9) and a severe placentitis from which large
numbers of H. somnus can be cultured (43). The
organism can be isolated from tissues of the aborted
fetus (9, 26, 28, 43, 44), which may have vasculitis and
thrombosis accompanied by a mononuclear leukocytic
infiltrate in several organs (43).
The pathogenesis of H. somnus-associated abortion

has been investigated by Miller et al. They inoculated
abortion or TME strains of H. somnus into the uterine
artery (24) or the amnion (46) of pregnant cows and
induced abortion accompanied by a severe necrotiz-
ing placentitis and retention of the placenta but with
few or no lesions observed in fetal tissues. Widders
et al (47) produced abortion in five of 11 pregnant
cows following jugular intravenous inoculation of an
abortion isolate of H. somnus. In another experiment
by Stuart et al (48) only one of five cows inoculated
intravenously with a Swiss abortion strain ofH. somnus
aborted and retained its placenta; necrotizing placentitis
and suppurative metritis were also present. Although
the presence of the organism was demonstrated with
an immunocytochemical stain in endothelial cells
of some placental vessels, lesions of vasculitis or
thrombosis were not observed. The authors also reported
identification of lesions antecedent to the challenge in
the aborted fetus and placenta (48). The strain of
H. somnus inoculated intravenously in this study
therefore should be considered a rather questionable
abortifacient.
The experiments of Miller et al (24,46) and Widders

et al (47) provide strong evidence that H. somnus-
induced abortion results from bacteremia in the dam.
This is supported in a report by Miller et al (35) who
demonstrated that intracervical infusion of H. somnus
did not permit bacterial penetration of the cervix of
the pregnant cow. The report by Stuart et al (48), on
the contrary, may indicate that not all abortion isolates
of H. somnus can readily cause abortion in intrave-
nously inoculated cows. This may suggest a lower
pathogenicity of the isolate used by Stuart et al (48)
than that of isolates used by Miller et al (24) and
Widders et al (47). Variable susceptibility of individ-
ual animals to intravenous infection may have also
played a role in the outcome of all three experiments.
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Work by Miller et al (35) suggests that isolation of
H. somnus from the vagina or cervix of a pregnant
cow may be an incidental finding and irrelevant to the
fetus. The frequency of vaginal isolation of H. somnus
from cows appears to be higher than that of abortion
associated with this organism. Investigation of the role
of H. somnus as an infectious agent of abortion in
cattle should be continued under field conditions and
correlated to the occurrence of vaginal infection and
the nature of the strains involved.

Genital disease and immunity
Antibodies against H. somnus are found commonly
in the blood of cattle and are assumed to develop from
exposure to various strains of the organism that cause
clinical or subclinical respiratory or genital disease
(49,50) as well as exposure to organisms with cross-
reacting antigens.
Using the microagglutination test (MAT), Ruegg

et al (51) examined anti-H. somnus antibody titers in
a herd of Holstein cows with a history of early embry-
onic death, cystic ovarian disease, and clinically
normal genital tracts. High titers of anti-H. somnus
agglutinins in some cows were interpreted as being
compatible with an ongoing infection in the reproduc-
tive tract, but no attempt was made to isolate H. somnus
from the genital tract of these cows.

Hoblet et al (52) induced a suppurative genital
disease in virgin heifers after the intrauterine infusion
of a genital strain of H. somnus. However, they were
not able to demonstrate any increase in serum anti-
H. somnus antibodies when measured by MAT even
though they isolated H. somnus from the infected
genital tracts on many occasions. On the other hand,
Kaneene et al (38,41,53) showed a significant increase
of serum anti-H. somnus antibody titers using a
microtiter plate agglutination assay following intra-
uterine infusion of H. somnus which produced tran-
sient genital inflammatory lesions in some challenged
heifers. The latter authors concluded that the strain
used for the challenge had significant antigenicity but
recorded no protective action in the same animals
against a subsequent similar infection conducted five
months later with the same strain (38).
An enzyme-linked immunosorbent assay (ELISA)

using soluble H. somnus antigen has proven to be
more specific than agglutination and complement fix-
ation tests for examining H. somnus antibody titers
(54). Using MAT, Corbeil et al (9) frequently found
antibody titers against H. somnus in tested sera. They
concluded, however, in their report with Widders et al
(47) that the ELISA test was more specific than the
MAT for screening anti-H. somnus antibody titers.
Using ELISA and MAT, these researchers demon-
strated the greatest rise of the IgG2 isotype in preg-
nant cows after an intravenous inoculation with an

abortion strain of H. somnus as compared to IgG,
and IgM titers. High titers of IgG2 persisted in post-
challenge sera for several weeks and the ELISA test
was identified as being more specific than the MAT.
Anti-H. somnus IgG2 titers had been higher in pre-

challenge sera of cows which did not abort than in
those which did, and the authors concluded that IgG2
isotype may play a role in protection against systemic
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infection with H. somnus. They suggested that mea-
surement of IgG2 titers using the ELISA test may be
helpful diagnostically in the detection of current or
recent systemic infection with H. somnus and could
be useful in diagnosing abortion associated with this
organism (47).

Using convalescent sera from cows that aborted, the
same group of authors (55) identified two antigens on
the outer membrane of various strains of H. somnus
isolated from TME, pneumonia, abortion, and the
normal genital tract. They suggested that both antigens
might be suitable for use in protection against
H. somnus-induced systemic infection; however, no
subsequent work has elaborated on this suggestion.
Using an anionic antigen vaccine prepared from an

H. somnus isolate from Australia (56), Patterson et al
(39) vaccinated heifers to attempt prevention of clinical
genital disease induced by intracervical instillation of
H. somnus. The homologous antibody titer, as
measured using an ELISA test, was increased in the
serum of two of the three vaccinated heifers but no
such increase was observed in their vaginal mucus. All
heifers developed suppurative vaginitis and cervicitis
after vaginal infection, regardless of the prechallenge
antibody titers. Although the authors demonstrated
a large increase in homologous antibody titers in the
vaginal mucus of some heifers three weeks after inoc-
ulation, the rise was present in both vaccinated and
nonvaccinated heifers (39). No difference in suscep-
tibility to the cervical infection was demonstrated
between either group of animals.
High serum anti-H. somnus antibody titers are a fre-

quent finding in cows, a fact that complicates sero-
logical confirmation of infection. However, reported
data have been based on surveys using agglutination
tests with no determination of the subclass of anti-
body. This appears to be important in light of the
studies by Corbeil et al (9) and Widders et al (47) who
proposed the measurement of serum IgG2 to detect a
current or recently active infection with H. somnus.
This test may be suitable in field studies on prevalence
of genital infection with H. somnus in conjunction
with culturing of genital specimens. The experimen-
tal data on the role of genital infection and its effect
on systemic and local antibody response is limited and
confusing. More experimental work in this area is
indicated.

Pathogenicity and virulencefactors ofgenital isolates
The group of organisms called "H. somnus" is anti-
genically heterogenous. Using a complement fixation
and ELISA test in cross absorption studies of soluble
outer membrane antigens, Stephens et al (57) examined
62 isolates of H. somnus from the healthy genital
tracts of cows and bulls, cows with endometritis, and
an abortion case. They found at least 11 serotypes
of the organism but could not relate antigenic char-
acteristics to the conditions of isolation. After com-
paring their study to similar work by Canto and
Biberstein (58) and Corboz (59), who used not only
genital but also pneumonic and TME isolates, Stephens
et al (57) suggested that genital strains of H. somnus
form a more heterogenous group than do TME and
pneumonia isolates. However, no distinction could be
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made between isolates from the healthy genital tract
and those from inflammatory genital, pneumonic, and
encephalitic lesions using their antigenic characterization.
Humphrey (60) suggested that genital strains of

H. somnus are nonpathogenic, unlike encephalitic
isolates, and demonstrated that one preputial and two
seminal isolates caused only nonfatal meningitis after
an intracisternal (I/C) inoculation into susceptible
calves. In contrast, when one pneumonic and two
TME isolates were inoculated, they caused severe
peracute meningitis and death of the animals (60).
Groom et al (61) have also obtained similar results and
suggested that, in general, pneumonic and encephalitic
strains of H. somnus are pathogenic, whereas
preputial and seminal strains are not. The I/C calf
assay appears to be an important and reliable method
of examination of pathogenicity of H. somnus isolates
and should be used to test genital isolates from cows.

Using inoculation of bacterial suspensions into arti-
ficially created subcutaneous chambers in calves,
Groom (62) demonstrated a marked increase in col-
ony forming unit numbers in two TME and two pneu-
monic isolates. In contrast to that, one preputial and
two seminal strains of H. somnus failed to proliferate
and decreased in numbers in the same in vivo test. This
test allowed for differentiation between pathogenic and
nonpathogenic strains, similar to that obtained in the
I/C calf assay, and its application in testing large num-
bers of genital strains should be explored.
Corboz and Wild (44) and Little (63) have proposed

that most genital isolates in carrier cattle are proba-
bly benign commensals but some may have the ability
to cause clinical disease such as pneumonia or septi-
cemia. However, the former (44) indicated that, due
to the lack of reliable criteria to differentiate
pathogenic from nonpathogenic isolates from any
organ, all of the isolates should be regarded as poten-
tial pathogens. Webber et al (40), who may have been
dealing with an H. somnus isolate from a case of
bovine endometritis, were the first to report patho-
genicity of a genital isolate after I/C inoculation into
two calves. This work however, suffers from inade-
quate identification of the organism (40), and natural
cases of TME have not been reported from Australia
(29,64).

Corbeil et al (9) implied that female bovine genital
isolates act as both pathogens and commensals. In a
previous study Corbeil et al (65) identified 25% of the
preputial isolates of H. somnus as susceptible to kill-
ing by fresh bovine serum containing complement.
Most vaginal isolates of H. somnus from healthy cows
were also susceptible to bovine serum after prolonged
exposure. The authors suggested that the serum-
susceptible genital strains are unlikely to invade the
bloodstream and cause systemic disease, whereas those
preputial and vaginal isolates showing serum resistance
similar to that of TME, abortion, and pneumonic
isolates should be considered potential pathogens (65).

In a study of three genital isolates from the bull by
Humphrey (60), two were serum resistant but all were
nonpathogenic in the I/C calf assay. This finding sug-
gests that serum susceptibility does not correlate with
pathogenicity in the intracisternal assay. The capacity
of isolates of H. somnus to cause genital disease in
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experimental cows discussed previously was not cor-
related to a test of serum susceptibility.

Widders et al (66,67) and Yarnall et al (68,69) deter-
mined that most pathogenic isolates of H. somnus
express Fc receptors on their surface for the non-
specific binding of bovine immunoglobins, and con-
cluded that their expression is consistently associated
with the resistance of H. somnus to serum killing tests
(67). Widders et al (67) suggested that the presence of
the surface Fc binding receptors in pathogenic isolates
and genital carrier isolates of H. somnus play a pro-
tective role allowing the organisms to escape immuno-
logical defense mechanisms of the host. These include
the avoidance of opsonization by specific antibody,
and of complement-fixation, and thus may influence
the development of systemic disease or the persistence
of the organism on the mucosal surface. They con-
cluded that genital carrier isolates of H. somnus
expressing Fc receptors should be considered poten-
tial pathogens. In this valuable work the authors also
discovered that some preputial strains did not express
Fc binding receptors, but only some of these strains
were serum susceptible (67). Therefore, lack of Fc
binding receptors does not correlate with susceptibility
to bovine serum. It is obvious that some of the strains
that are serum resistant and lack Fc binding capacity
can be potentially pathogenic, as suggested previously
(65).
Haemophilus somnus appears to contain a factor

that impedes the normal microbicidal functions of
neutrophils. This assumption is based on the fact that
bovine neutrophils readily phagocytized, in vitro, an
opsonized TME isolate of H. somnus but failed to kill
it (70). Opsonized H. somnus triggered a reduced
oxidative microbicidal response in phagocytizing neu-
trophils when compared to neutrophils stimulated with
opsonized E. coli (71). Also, an apparently pathogenic
strain of H. somnus was readily phagocytized by
bovine monocytes in vitro, but was not killed and in
fact multiplied inside the infected leukocytes leading
to cell death (72).

It has been determined for a TME strain in vitro that
it can secrete soluble fractions of low molecular weight
including purine and pyrimidine bases, ribonucleotides,
and a ribonucleoside which apparently cause degranula-
tion of neutrophils after bacterial phagocytosis (73).
Hubbard et al (74) demonstrated with the same TME
strain that low molecular weight soluble fractions were
able to inhibit bactericidal functions of neutrophils,
and also a large > 300 kilodalton cell surface fragment
was able to inhibit phagocytosis by neutrophils. These
studies provide evidence that H. somnus is capable of
producing molecular virulence factors. Further similar
studies need to be conducted with a larger number of
H. somnus strains.
Humphrey (60) used bovine arterial endothelial cells

cultured in vitro to examine cytotoxic capacity of two
TME isolates, one pneumonic and three genital car-
rier isolates, and found that only one preputial isolate
was unable to produce toxic changes and exfoliation
of the endothelial monolayer. This study (60) also
showed a lack of correlation between serum resistance
and the capacity of one genital isolate for causing
cytopathic effects. Endothelial tissue experimentation

599



appears to be particularly suitable for examination of
virulence of H. somnus isolates, considering the
thrombogenic potential of isolates examined in vitro
by Thompson and Little (75). The mechanism of the
contraction of endothelial cells exposed to H. somnus
shown in their work needs clarification.
Although the serum bactericidal assay has been

putatively linked with the ability of H. somnus to
invade the blood stream and cause systemic disease,
some serum resistant strains were nonpathogenic on
the I/C calf assay, thus contradicting the prediction
(60). The absence of Fc receptors did not consistently
correlate with serum susceptibility in some genital
strains. These findings indicate that serum-susceptibility
of isolates of H. somnus is not the sole mechanism of
virulence.

Summary
Incontrovertible evidence has been accumulated through
field and experimental research that H. somnus is a
cause of genital inflammatory disease and abortion in
cows. Experimental data suggest that this organism is
an important agent in early embryonic death but this
possibility needs to be explored in field studies. Some
isolates from the female bovine genital tract have char-
acteristics that parallel those of strains isolated from
cattle with TME and pneumonia, as indicated by
various in vitro tests. The presence of pathogenic
strains in the genital tract, however, should be explored
through in vitro testing.
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