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Abstract: The red cell parasites formerly known as Haemobartonella and Eperythrozoon spp have been reclassified as hemotrophic
mycoplasmas (hemoplasmas) based on strong phylogenetic evidence and 16S ribosomal RNA gene sequences. The latter form the
basis for polymerase chain reaction assays used to detect infection. Candidatus designation was given to incompletely
characterized species. Like other mycoplasmas, hemoplasmas are small epicellular parasites that lack a cell wall and are
susceptible to tetracyclines; their circular, double-stranded DNA encodes only those gene products essential for life. Diseases
caused by infection with hemoplasmas range from overt life-threatening hemolytic anemia to subtle chronic anemia, ill-thrift, and
infertility. In addition, the organisms may act as cofactors in the progression of retroviral, neoplastic, and immune-mediated
diseases. Intimate contact of hemoplasma organisms with RBCs leads to cell injury through immune-mediated and other
mechanisms that have not yet been defined. Despite an intense immune response and even with antibiotic treatment, infected
animals probably remain chronic carriers after clinical signs have resolved. (Vet Clin Pathol. 2004;33:2-13)
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Could it be that the mycoplasmas behave as opportunistic
organisms, cofactors in the pathogenesis of AIDS (retroviral
diseases), or pathogenic agents in their own right? None of
these possibilities can be excluded.

Lancet [editorial], 1991;337(8732):20-22

Historical Perspective

Haemobartonella and Eperythrozoon spp

The organisms formerly known as Haemobartonella and
Eperythrozoon spp are small, pleomorphic bacteria that
parasitize red blood cells (RBCs) of a wide range of
vertebrate animals. The organisms are gram-negative,
obligate red cell parasites that have not been grown
successfully in culture. They may be rod-shaped,
spherical, or ring-shaped and are found individually
or in chains across the red cell surface (Figure 1).
Morphologic differentiation of the 2 genera has been
based on the more frequent occurrence of ring forms
and of organisms free in the plasma for Eperythrozoon
spp compared with Haemobartonella spp.2 Eperythro-
zoon organisms have been described in pigs (E suis
and E parvum),3-5 sheep and goats (E ovis),6,7 cattle (E
wenyonii, E teganodes, and E tumoii),8-11 llamas and
alpacas,12-14 mice (E coccoides),15 and a flying fox
(E mariboi).16 Two species of Haemobartonella have been
described in cats; the Ohio organism or large form of H
felis is the cause of feline infectious anemia,17 whereas
the California organism or small form appears to have
low virulence.18 Haemobartonella infections also have
been reported in dogs (H canis),19,20 rats (H muris),21

raccoons (H procyoni),22 an opossum,1 monkeys,23-25
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and human beings.26,27 In laboratory and domestic
animals, naturally-occurring diseases caused by Eper-
ythrozoon and Haemobartonella spp have been docu-
mented in the United States, England, Ireland,
Germany, Belgium, Africa, Mexico, Brazil, and many
other countries.28-36

Blood parasites in mice (E coccoides) and dogs (H
canis) were first observed in Germany in 1928.33 Adler
and Ellenbogen34 reported finding similar parasites in
anemic cattle in Palestine about 6 years later. Also in the
early 1930s, Eperythrozoon infection in pigs, character-
ized by icterus and anemia, was first recognized in the
United States.2,3 In 1941, Lotze and Yiengst37 docu-
mented E wenyonii infection in cattle in the United
States, and soon thereafter, Jensen38 found that E ovis
was a common blood parasite of native Louisiana
sheep. More than a decade later, Flint and Moss39

recognized H felis as the cause of feline infectious
anemia, a contagious disease of cats. A report by
Benjamin and Lumb18 in 1959 described a similar
disease in dogs; however, in the United States, sporadic
cases of hemobartonellosis in dogs were recognized as
early as 1935.40,41

Ultrastructural morphology

Transmission electron microscopic features of H muris
were compared with E coccoides and Mycoplasma
pulmonis in 1965.42 Despite the divergence of their
taxonomic positions, the fine ultrastructural details of

H muris and E coccoides are fundamentally similar.
Both are spherical, 350 to 700 nm in diameter, devoid
of nuclear structure, and lack a cell wall. There is
evidence that they multiply through binary fission,
but no life cycle was described. M pulmonis, on the
other hand, is remarkably pleomorphic in size and
shape; however, other ultrastructural features are
similar to those of H muris and E coccoides. To
distinguish these 3 organisms, emphasis has been
placed on the growth of M pulmonis versus the failure
of H muris and E coccoides to propagate in cell-free
media. The ultrastructural morphology of H felis,43-46

H canis,47 E ovis,48 E wenyonii,49 E suis,50,51 and a red
cell parasite in naturally infected llamas13 was de-
scribed by various groups over the next 20 years.
More recently, the clinicopathologic and light and
transmission electron microscopic features of red cell
parasites in a naturally infected alpaca14 and in an
opossum1 were described. Collectively, the ultrastruc-
tural findings show striking similarity among these
red cell parasites. The organisms are round to
elongate, 0.3 to 3 lm in diameter, and enclosed by
a single limiting membrane. Although they have no
nucleus, small granules and a few filamentous
structures are found in the cytoplasm. The parasites
adhere to, but do not penetrate, the RBC surface
(Figure 2). They are found in shallow depressions
and deep infoldings on the surface, with a 15- to 25-
nm clear zone separating the parasite from the RBC
membrane. Delicate fibrils from the parasite appear to
extend through this clear zone, attaching the organism
to its host cell (Figure 3).

Figure 2. Scanning electron micrograph of several hemoplasma para-
sites (Mycoplasma haemosuis) within shallow depressions on the surface
of a RBC. 1 cm = 1 lm. Photograph kindly provided by Dr James Zachary,
University of Illinois.

Figure 1. Light micrograph of hemoplasma parasites (‘Candidatus
Mycoplasma haemodidelphi’) found individually and in chains across
the surface of red cells. Note the rod-shaped, spherical, and ring-shaped
forms. Wright’s-Giemsa, 0.8 cm (bar) = 5.0 lm. Reprinted with
permission from Messick et al, J Zoo Wildl Med.1
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Molecular Perspective

Reclassification as Mycoplasma spp

Considerable confusion about the true nature of
Haemobartonella and Eperythrozoon spp has persisted
over the past 50 years. Until 1993, the order Rickettsiales
contained 3 families: Rickettsiaceae, Bartonellaceae, and
Anaplasmataceae. The hemotrophic bacteria, Haemobar-
tonella and Eperythrozoon, were classified as members of
the family Anaplasmataceae based on biologic and
phenotypic characteristics.2 Bartonellaceae are parasites
of human RBCs and have morphologic features and
growth characteristics of bacteria, whereas Haemobarto-
nella and Eperythrozoon spp have not been cultivated in
vitro and their ultrastructural features are not typical of
bacteria. The proposed transmission of Haemobartonella
and Eperythrozoon spp by arthropod vectors was also
consistent with their classification in the family Rick-
ettsiaceaes. There was, nevertheless, a long-held suspi-
cion that Eperythrozoon and Haemobartonella spp were
not rickettsial parasites, but rather were more closely
related to members of the class Mollicutes.42 This
suspicion was based on their lack of intracellular
parasitism, small size, lack of a cell wall, lack of
flagellae, resistance to penicillin and its analogues, and
susceptibility to tetracyclines. The Mollicutes are
phylogenetically diverse and include more than 150
species in 8 genera (Mycoplasma, Ureaplasma, Spiro-
plasma, Acholeplasma, Anaeroplasma, Asteroleplasma, Me-
soplasma, and Entomoplasma).52 The term mycoplasma
commonly is used to describe any member of the class
Mollicutes (mollis, soft; cutis, skin).

An objective and precise means of phylogenetic
classification53,54 of bacteria was made possible recently
by sequence analysis of the 16S ribosomal RNA gene.
Rikihisa et al55 first reported 16S rRNA gene sequences
from Haemobartonella and Eperythrozoon spp in 1997. By
using the polymerase chain reaction (PCR), the 16S
rRNA gene from Haemobartonella and Eperythrozoon
organisms was amplified, sequenced, and compared
with sequences of known bacteria. The 16S rRNA
sequences that were generated bore little similarity to
those of other Rickettsial organisms; rather, they
indicated a closer phylogenetic relation with Mycoplas-
ma spp. In the same year, Neimark and Kocan56

sequenced the 16S rRNA gene of E wenyonii from 2
splenectomized calves and also concluded that the
bacterium was a mycoplasma. Messick and col-
leagues14 subsequently sequenced the 16S rRNA genes
from 3 other hemotrophic parasites, including a newly
identified species from an opossum, an organism
isolated from an alpaca, and an organism isolated from

a splenectomized dog that showed 99.7% sequence
similarity to the large form of H felis.

Recently, it was proposed that taxonomic classi-
fications should be changed to reflect the newly
recognized phylogenetic affiliation of Haemobartonella
and Eperythrozooan spp with the genus Mycoplasma
and that a Candidatus designation should be appended
to those taxa that were newly and incompletely
described.57,58 Thus, H felis (Ohio organism or large
form), H canis, and H muris were transferred to the
genus Mycoplasma as M haemofelis,55 M haemocanis,14

and M haemomuris,55 respectively. E suis and E
wenyonii were transferred to the genus Mycoplasma as
M suis55 and M wenyonii,56 respectively. Hemotrophic
mycoplasmas of the cat (California organism or small
form of H felis), opossum, and alpaca, which are new
and incompletely characterized species, were desig-
nated ‘Candidatus Mycoplasma haemominutum,’
‘Candidatus Mycoplasma haemodidelphis,’ and ‘Candi-
datus Mycoplasma haemolamae,’ respectively.14,59

There is a close phylogenetic relationship between this
group of red cell pathogens and organisms belonging
to the pneumoniae group of mycoplasmas (Figure 4).
However, despite this close relationship, hemotrophic
mycoplasmas represent a distinct new cluster within
the genus Mycoplasma and have been given the trivial
name of ‘‘hemoplasmas.’’ On the basis of their
molecular relatedness and phenotypic characteristics,
the genera Haemobartonella and Eperythrozoon therefore
have been removed from the order Rickettsiales and
placed in the family Mycoplasmataceae.57,58

Figure 3. Transmission electron micrograph of a hemoplasma parasite
(Mycoplasma haemofelis) illustrating a single limiting membrane
separating the cytoplasm of the organism from the host RBC. Note the
amorphous nature of the cytoplasm, which contains ribosomes and some
fibrous components. Delicate fibrils attach the organism to the host cell.
1 cm = 0.25 lm.

Hemotrophic Mycoplasmas
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PCR diagnosis of hemoplasma infection

The recent development of PCR-based assays has
provided a more efficient means of diagnosing hemo-
plasma infections in cats,18,60-62 pigs,63 llamas,64 and
cattle.65 PCR is an exquisitely sensitive molecular
technique that amplifies a particular fragment of
organismal DNA in vitro. The 16S rRNA gene is the
basis for all hemoplasma PCR assays to date, with
several different primer pairs reported. Two separate

PCR-based assays have been developed at the Univer-
sity of Illinois, one for detection of M haemofelis60,61 in
cats and another for detection of M suis infection in
pigs.63 Foley et al18 developed a PCR assay at the
University of California-Davis for detection of ‘Candi-
datus Mycoplasma haemominutum’ infection in cats.
During the past 3 years, more than 400 cats have been
tested in the author’s laboratory with both the Illinois
and the California PCR assays for M haemofelis and
‘Candidatus Mycoplasma haemominutum’ infection,

Figure 4. Mycoplasma phylogenetic tree reconstructed from 16S ribosomal RNA sequence comparisons. The cluster of hemoplasmas (Haemobartonella
and Eperythrozoon spp) is enclosed within a box to highlight its position on the tree. Branch lengths are proportional to evolutionary distance. The scale at
the bottom denotes the branch distance corresponding to 10 base changes per 100 nucleotides. Reprinted with permission from Messick et al, Int J Syst
Evol Microbiol.14
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respectively (unpublished observations). About 12% of
anemic cats were infected with M haemofelis compared
with only 1.5% of nonanemic cats. However, 7.2% of
anemic cats and 5.3% of nonanemic cats were infected
with ‘Candidatus Mycoplasma haemominutum.’ Jensen
and colleagues62 developed a single PCR assay for the
concurrent detection of both feline hemoplasma
species. Using this assay, they found that 28% of blood
samples from cats in which infection was suspected on
the basis of fever, anemia, or microscopic evidence of
parasitemia were positive for one or both feline
hemoplasmas. M haemofelis, alone or in combination
with ‘Candidatus Mycoplasma haemominutum’ ac-
counted for infection in 17.1% of the suspect cats;
whereas, none of the cats without clinical signs of
infection (control cats) were infected with M haemofelis.
However, 11% of suspect cats and 13.7% of control cats
were infected with ‘Candidatus Mycoplasma haemomi-
nutum.’ The overall prevalence among suspect and
control cats in that study was 19.5%. In a recent study
in the United Kingdom using the same PCR assay,
a prevalence of 18.5% for hemoplasma infection in cats
was reported; however, 92% of the infections were due
to ‘Candidatus Mycoplasma haemominutum.’66 Thus,
although the overall prevalence of hemoplasma in-
fection in cats was similar in these 3 studies, there were
notable geographic differences in the prevalence of
specific parasites, particularly between the United
States and the United Kingdom. A recently developed
real-time quantitative PCR assay may provide addi-
tional information about the significance of a positive
PCR result and could be a useful method for assessing
response to treatment with antibiotics.67

To date, there are no published studies using PCR in
which the overall prevalence of M suis infection in pigs
and ‘Candidatus Mycoplasma haemolamae’ infection in
llamas or alpacas has been evaluated. However, almost
29% of blood samples from 60 pigs tested at the
University of Illinois over the past 3 years were positive
by PCR for M suis infection (Messick J, unpublished
observations). PCR testing also has been used to better
characterize the disease caused by ‘Candidatus Myco-
plasma haemolamae’ in camelids; the parasite is not
cleared by a standard tetracycline regime, and, once
infected, many of these animals become chronic
carriers.64

Clinicopathologic Findings in Hemoplasma Infections

Hemoplasmas can cause acute hemolytic anemia and
various chronic diseases in vertebrate hosts. The clinical
spectrum of infection ranges from asymptomatic to life-
threatening, depending partially on host susceptibility.

Animals may be predisposed to acute infection by age,
concurrent disease, immunosuppression, or splenecto-
my. In chronically-infected animals clinical disease may
be occult or poorly defined. Chronic infections typically
occur in apparently healthy, immunocompetent animals
that have not undergone splenectomy. For example, M
haemocanis infection frequently is latent and remains
subclinical unless a dog’s spleen is removed, after which
acute hemolytic anemia develops. In contrast,
M haemofelis causes acute hemolytic anemia in
nonsplenectomized cats. Other factors appear to in-
fluence the susceptibility of pigs, llamas, mice, and
primates to hemoplasma infection, because both acute
and chronic forms of the disease occur in the presence or
absence of a spleen. The inherent pathogenicity of
certain strains or species of hemoplasmas also likely
plays a key role in the development of disease. Further,
the route of infection and dose of inoculum may
influence the severity of an infection.

Acute disease

The clinical features of acute disease have been studied
extensively in several animal species. In cats, acute
infection with M haemofelis is associated with massive
parasitemia of RBCs, causing severe and sometimes
fatal hemolytic anemia. Clinical signs of disease in both
naturally and experimentally infected cats include
lethargy, anorexia, fever, and anemia. Recently, PCR
was used to correlate the presence of bacteremia with
the severity of clinical disease, thereby fulfilling the
molecular criteria for disease causation by M haemofe-
lis.17,68 However, healthy cats experimentally infected
with the smaller hemoplasma, ‘Candidatus Mycoplasma
haemominutum’ developed only minimal clinical signs
of acute disease.18 Although differences in the severity
of clinical disease may represent differing pathogenicity
of feline hemoplasmas, it also is possible they reflect
dose-dependent effects as suggested by Westfall et al.69

Additional studies are needed to better define differ-
ences in virulence between these 2 parasites.

M suis can cause acute hemolytic disease and
sometimes death in young piglets, pregnant sows
immediately prepartum and at the time of weaning,
and feeder pigs under stress.3,4 More commonly, mild
anemia and poor growth rates are seen in infected
nursery and feeder pigs. M suis infection in sows may
result in pyrexia, anorexia, depression, decreased milk
production, and poor maternal behavior. The common
use of tetracyclines in hog feed has led to a marked
decrease in incidence of the acute form of the disease;
however, pigs still may become persistently infected,
asymptomatic carriers.4,70,71 An indirect hemagglutina-

Hemotrophic Mycoplasmas
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tion assay (IHA) for detection of antibodies to M suis
may be used to identify infection on a herd basis.72

Approximately 20% of 10,000 pigs tested in one study
had positive titers for M suis by IHA.4 However, titers
declined rapidly and were negligible in chronically
infected pigs. Detection of individual infected pigs
should be facilitated by the recent development of
a PCR-based diagnostic assay.63

The clinical signs of acute infection in sheep include
pale or icteric mucous membranes caused by hemolytic
anemia, and decreased exercise tolerance. The disease
varies in severity, with acute herd outbreaks often
lasting 14 to 28 days. Different strains of M ovis may
vary in their ability to cause disease. In addition, anemia
is often less severe if sheep have access to good-quality
feed or pasture with trace element supplements in their
diet and do not have a severe worm burden. The disease
is more severe in young sheep and pregnant sheep on
a low plane of nutrition.73 Any activity that transmits
infected RBCs from one sheep to another may spread
the infection. Therefore, vaccination, ear tagging,
shearing, or other stock management procedures that
may cause bleeding can spread infection among flock
members. Mosquitoes and midges may also transmit
the disease.74 Antibodies to M ovis have been detected in
4.5% of sheep on 47% of sheep farms sampled in
Western Australia.74 However, a serological survey in
Victoria found that 90% of farms in northeastern
Australia had M ovis infections, with 10% of weaned
sheep and 51% of adult sheep testing positive for
infection.75 The prevalence of infection among sheep
herds in the United States has not been reported.

‘Candidatus Mycoplasma haemolamae’ infection in
camelids (llamas and alpacas) in the United States has
been associated with mild to marked anemia. Rarely,
death may occur in stressed, debilitated, and immu-
nosuppressed animals. Anemia usually is not accom-
panied by icterus; however, animals may become
hypoglycemic when large numbers of hemoplasma
organisms are present in the blood.12 Parasites also
have been identified in low numbers on RBCs of
apparently healthy animals. Clinical signs of acute
disease, which include acute collapse, weight loss,
depression, and lethargy, may be associated with
shipping or other stresses.64

Chronic disease

Chronic hemoplasma infections in animals, in which
low or undetectable numbers of parasites are observed
in peripheral blood smears, are well recognized. Before
the availability of PCR, the best diagnostic test for
latent M suis infection in a suspected carrier pig was

splenectomy. The diagnosis also was made by in-
oculation of a susceptible splenectomized pig with
blood from the suspect animal. In one study, parasites
were recovered from M suis antibody-positive pigs and
even from some antibody-negative animals after in-
oculation of peripheral blood from the suspect animal
into a splenectomized pig.8 Chronic M suis infections
have been associated with decreased reproductive
efficiency in sows, including anestrus or delayed estrus,
early embroyonic deaths, and abortions. Among feeder
pigs, increased incidence of respiratory and enteric
infections and decreased weight gain have been as-
sociated with chronic M suis infection. Scrotal and hind-
limb edema were reported in a Charolais bull that was
chronically infected with M wenyonii.76 In chronically
infected dairy cows, swelling of the teats and the distal
portions of the hind limbs, transient fever, prefemoral
lymphadenopathy, rough haircoat, and dramatically
decreased milk production have been reported, as well
as subsequent weight loss and reproductive inefficien-
cy.77 Ill thrift, characterized by mild anemia, reduced
weight gain, decreased wool production, and exercise
intolerance, has been reported in sheep chronically
infected with M ovis.78,79 In addition to diseases as-
sociated with chronic infection, an acute and life-
threatening exacerbation of hemolytic anemia in carrier
animals may be activated by concurrent disease, stress,
or immunosuppression.1,61,80,81 Animals infected with
hemoplasmas, even if treated with effective antibiotics,
probably remain chronic carriers after clinical signs
have resolved.4,61,82

Properties and Pathogenicity of Hemoplasmas and
Other Mycoplasmas

Most other members of the genus Mycoplasma, to which
hemoplasmas belong, commonly colonize and infect
humans; whereas, hemoplasmas infect primarily ani-
mals.Mycoplasma andUreaplasma spp have been isolated
from almost every domestic and laboratory animal and
are of considerable importance in agriculture and
biomedical research. Like hemoplasmas, other myco-
plasmas cause both acute, life-threatening disease and
chronic diseases associated with stunting of growth and
variable clinical signs. Diseases associated with myco-
plasma infection include arthritis, pneumonia, conjunc-
tivitis, infertility, mastitis, and vulvovaginitis; the
clinical signs of infection are dependent on the tissue
tropism of the organism.83 Hemoplasmas have unique
features that allow them to parasitize RBCs, however,
based on clinical evidence, infection of reproductive
tissues also may be an important manifestation of
chronic hemoplasma infections; this possibility has

Messick
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not yet been investigated. New insights into the shared
and divergent properties and pathogenicity of hemo-
plasmas and other mycoplasmas will enhance our
understanding of diseases caused by both groups of
organisms.

The genomic basis of mycoplasma survival

Hemoplasmas, like other Mycoplasma organisms, are
not found in nature as free-living organisms, but rather,
depend on a host cell for essential compounds they
cannot produce. The genomic sizes of M suis (745
kilobases [kb]) and M haemofelis (1245 kb) are compa-
rable with those of other members of the genus
Mycoplasma, which carry the smallest genomes re-
corded, ranging from 580 kb to ;2000 kb.84-86 The cell
wall and many biosynthetic systems of mycoplasmas
have been lost during the process of reductive evolution
from a branch of gram-positive walled bacteria.87 These
minimalist prokaryotes are believed to have retained
only those genes that are essential for life. Their circular,
double-stranded DNA molecule provides the genetic
information for replication, transcription, and protein
synthesis. The organisms also contain ribosomes upon
which cell proteins are assembled and a single, limiting
membrane that separates the cytoplasm of the organism
from the external environment. A recent genome-
sequencing survey of M haemofelis showed that 21% of
genes identified were devoted to transport and meta-
bolic functions.86 Almost 50% of the genes appeared to
encode for proteins that carry out required cellular
functions, such as replication, cell division, transcrip-
tion, and translation. M haemofelis also maintains some
unique genes that may confer greater protection against
oxidative stress and provide greater flexibility in amino
acid biosynthesis.86 To support the parasitic lifestyle,
a considerable number of mycoplasma genes are de-
voted to adhesins and various genetic systems that
provide a set of variable surface antigens for evading
the host’s immune system.88 Several putative mem-
brane lipoproteins and genes encoding adhesins of M
haemofelis were identified in the genome-sequencing
survey.87 One gene encoded a protein having compara-
ble homology at the amino acid level with the adhesin
gene of Mycoplasma genitalium, MgPa.86 These findings
suggest that the family of mycoplasma cytadhesins
used for colonization is likely to be conserved among
the hemoplasmas.

Unlike other mycoplasmas, the host-adapted sur-
vival of the hemoplasmas is achieved through surface
parasitism of the RBC. They depend on the host cell for
provision of amino acids, fatty acids, cholesterol, and
vitamins. The failure of hemoplasmas and many other

mycoplasmas to grow in a defined medium is likely
because of our inability to duplicate the complex
nutritional support provided by the host.89 With
a diameter as small as 0.3 lm and a genome as small
as 745 kb, hemoplasmas are near the theoretical
minimum size for a self-replicating organism.85

Association with retroviral and immune-mediated diseases

Infections by pathogenic mycoplasmas rarely are
fulminant in a healthy host; they more often follow
a chronic course with wide-ranging clinical signs.
Indeed, these organisms once were thought to live in
relative harmony with their host, leading to the
suggested concept of mycoplasmas as ‘‘ideal para-
sites.’’90,91 However, disease associations with latent
mycoplasma infections in both healthy and immuno-
compromised patients are now emerging. Possible
associations of chronic mycoplasma infection in hu-
mans with rheumatic diseases, rheumatoid arthritis,
and systemic lupus erythematosus (SLE) and as a co-
factor in retroviral infections (eg, human immunodefi-
ciency virus or acquired immune deficiency syndrome
[AIDS]) recently were suggested.92,93 Of particular
interest are previously reported links between Haemo-
bartonella infection and SLE in humans and Haemobarto-
nella-like microorganisms in 6 anemic patients with
AIDS.94,95 Chronic mycoplasma infections also may
play a role in malignant cell transformation and
chromosomal alterations leading to neoplasia. They
also have been linked to other unexplained illnesses,
including the Gulf War syndrome and chronic fatigue
syndrome.96,97

Although M haemofelis causes primary disease in
cats, it also is commonly recognized as a pathogen in
conjunction with retroviruses, including feline immu-
nodeficiency virus and feline leukemia virus (FeLV),
and with other debilitating diseases.98-101 Cats experi-
mentally coinfected with FeLV and ‘Candidatus Myco-
plasma haemominutum’ developed more severe
anemia than did cats infected with the parasite alone.100

Further, it was suggested that infection with
‘Candidatus Mycoplasma haemominutum’ could induce
myeloproliferative disease in FeLV-infected cats. Chron-
ic M haemofelis infection may promote neoplastic trans-
formation of hematopoietic cells in FeLV-infected
cats.81,102

Mechanisms of pathogenicity

Several mechanisms have been proposed to explain the
pathogenicity of mycoplasmas, including production of
free radicals by the organism that induce oxidative

Hemotrophic Mycoplasmas
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damage of host cell membranes,103,104 secretion of
mycoplasmal enzymes leading to localized tissue
disruption,105,106 and chromosomal aberrations.107 Oth-
er pathogenic mechanisms include the depletion of
nutrients or biosynthetic precursors by mycoplasmas
leading to host cell damage,108 and the development of
autoantibodies that trigger an immune disorder.109 The
recent discovery of a new human mycoplasma, M
penetrans, capable of active cellular penetration, pro-
vides another possible mechanism for cell damage.110

The ability of mycoplasmas to establish chronic
infections, thwarting both the host’s immune responses
and antibiotic therapies, may be the result of such
intracellular infections. Some mycoplasmas also can
produce superantigens, which bind directly to major
histocompatibility complex molecules without being
processed and which stimulate large numbers of
lymphocytes. The production of inflammatory cyto-
kines and potential suppression of host defenses by
activated lymphocytes may have disastrous consequen-
ces, including the development of chronic, debilitating
arthritis.111 The mechanisms responsible for the patho-
genicity of hemoplasmas have not yet been completely
defined.

Strong evidence suggests that host immune reac-
tions play an important role in the development of
clinical signs associated with both acute and chronic
mycoplasma infections. Postinfection sequelae of M
pneumoniae in humans, affecting the central nervous
system, blood, skin, joints, and other organs, may be
attributed to autoantibodies that develop during the
disease.112 The best characterized of these are cold-
reacting agglutinins directed at sialoglycoconjugates on
the red cell membrane.113,114 Cold-reacting red cell
agglutinins and other autoantibodies also have been
reported with hemoplasma infections in mice,115

cats,116,117 dogs,118,119 and pigs.4 On the basis of positive
Coombs’ test results, it has been postulated that the
host’s immune response to hemoplasma organisms may
exacerbate the acute hemolytic episode. An Arthus-type
reaction was the cause of scrotal and limb edema that
developed in a bull chronically infected with a hemo-
plasma. It was speculated that a hypersensitivity re-
action was triggered in the skin when IgG antibodies
directed against the hemoplasma formed immune
complexes locally.76

Mechanisms of adherence to host cells

Mycoplasmas in humans and animals are primarily
surface parasites, capable of colonizing epithelial cells
that line the respiratory and urogenital tracts. With the
inclusion of Haemobartonella and Eperythrozoon spp in

the genus Mycoplasma, the tissue specificity of myco-
plasmal pathogens has been widened to include RBCs.
Many mycoplasmal pathogens have a flask-shaped
appendage containing a specialized tip organelle that
mediates attachment to the target cell of the host.120

This structure, composed of adhesins and accessory
proteins, resembles a specialized cytoskeletal apparatus
and is essential for adherence. To facilitate attachment,
the accessory proteins help move and concentrate
adhesins to the plasma membrane of the tip. Hemo-
plasma organisms lack distinct tip structures yet are
fully capable of surface cytoadherence to RBCs. Hemo-
plasmas may use related genes or proteins or may have
evolved an alternative mechanism of surface parasit-
ism. Although sialylated sequences on erythrocyte
membranes may serve as receptors for the adhesion
molecules of many Mycoplasma spp,121 colonization and
growth on RBCs is unique to hemoplasmas. This sug-
gests that strategies evolved for parasite survival by the
hemoplasmas may be different than those used by
other mycoplasmas. These intriguing possibilities
should be further investigated.

Some mycoplasmas undergo a high-frequency
cytoadherence phase and antigenic variation in vi-
tro.122,123 A novel characteristic displayed by M
haemofelis suggests phenotype switching also may occur
during natural infections in cats. M haemofelis rapidly
and synchronously disappears from the host’s red cells
and cyclically reappears in vivo.61,82 This phenomenon,
involving rapid fluctuations in bacteremia from .90%
of RBCs infected with multiple organisms to no detect-
able organisms, may occur in less than an hour in both
splenectomized and intact animals. It is possible the
organism undergoes phase variation, allowing it to
detach from the RBC. There are plausible benefits to M
haemofelis from a loss of capacity to adhere to the host’s
RBCs. The temporary loss of cytoadherence may
contribute to survival of M haemofelis and subsequent
development of a carrier state, for example, by changing
or disguising certain immunodominant cytoadherence
antigens or by enabling M haemofelis to establish
infection of another cell type. The reappearance of
cytoadherence may aid in initiation of a new cycle of
infection, thereby facilitating the transmission of M
haemofelis by a blood-sucking vector. Lappin et al124

recently showed that fleas infected with M haemofelis
can transmit the organism and produce disease in
a susceptible cat; however, transmission of ‘Candidatus
Mycoplasma haemominutum’ by fleas was not success-
ful. It was suggested that the low number of fleas used
in the study might be responsible for the negative
findings. Experimental transmission of M haemocanis by
the dog tick Rhipicephalus sanguineus125 and transmis-
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sion of M haemomuris by the rat louse Polyplax spinulosa
and the flea Xenosylla cheopis have been reported.126

Under experimental conditions, arthropod vectors,
including lice, mosquitoes, and stable flies, can transmit
M suis infection to pigs.4

Summary and Future Directions

Phylogenetic evidence strongly supports the reclassifi-
cation of Haemobartonella and Eperythrozoon spp as
hemotrophic mycoplasma organisms. PCR assays now
are available for the diagnosis of hemoplasma infection,
and real-time quantitative PCR may provide additional
information about the significance of a positive PCR
result as well as help monitor treatment. Diseases
caused by infection with hemoplasmas vary from overt
life-threatening hemolytic anemia to subtle chronic
anemia, ill-thrift, and infertility. Infection of reproduc-
tive tissues is a potentially important manifestation of
chronic hemoplasma infections that warrants further
investigation. Hemoplasma organisms also may act as
cofactors in the progression of retroviral and other
debilitating diseases. Intimate contact of hemoplasmas
with RBCs leads to cell injury through immune-
mediated and other mechanisms that still need to be
completely defined. Despite an intense immune re-
sponse and even with antibiotic treatment, infected
animals probably remain chronic carriers after clinical
signs have resolved. Strategies evolved for parasite
survival by the hemoplasmas may be different than
those used by other mycoplasmas and should be further
investigated.
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