




The msp1a genotype was also determined in a previously
uninfected animal (animal 3035) that developed acute rickett-
semia following tick transmission within this herd from an area
of endemicity in August. The msp1a amplicon was sequenced,
and the presence of five 87-bp repeats was determined (Table
2). This sequence matched that detected in four other persis-
tently rickettsemic animals (no. 786, 0055, 1223, and 4135)
within the same Baker, Oreg., herd.

To confirm that the detected diversity in repeat numbers
reflected true differences in the genotype rather than a PCR-
or cloning-induced artifact, we determined the msp1a geno-
type without prior PCR amplification. Digestion of genomic
DNA with EcoRII results in two fragments that can be hybrid-
ized with the probe (nucleotides 299 to 1881): an internal
msp1a fragment and a larger fragment composed of the 59 end
of msp1a and unknown upstream sequence. With the Florida
strain used as a positive control, the msp1a probe hybridized
strongly to the predicted 1.17-kb internal fragment (183 to
11255), which includes one 84-bp repeat and seven 87-bp

repeats (1), and weakly to the larger fragment containing the 59
end (Fig. 3). EcoRII digestion of the isolate from animal 2079
of the Baker, Oreg., herd, shown by sequencing of the com-
plete msp1a gene (GenBank accession no. AF293064) to con-
tain one 84-bp repeat and two 87-bp repeats, resulted in a
strongly hybridizing fragment of 0.72 kb (Fig. 3). This fragment
is 435 bp smaller than the corresponding fragment in the Flor-
ida strain, consistent with the presence of only three repeats. A
larger, weakly binding EcoRII fragment was also detected, as
predicted, in the isolate from animal 2079.

The Florida strain MSP1a protein was detected at an appar-
ent molecular mass of 105 kDa (Fig. 4). The isolate from 2079
had an apparent molecular mass of 89 kDa (Fig. 4). This is the
size predicted for MSP1a containing one 28-amino-acid repeat
and two 29-amino-acid repeats and is approximately 16 kDa
smaller than the Florida strain MSP1a (Fig. 4), representing
the presence of five fewer 29-amino-acid repeats.

Stability of genotypes within persistently infected cattle. Ge-
notypes were examined at multiple time points of persistent
Florida strain infection in each of three animals. The geno-
types at all eight time points, ranging from 525 to 719 days after
experimental inoculation, were identical to that of the inocu-
lating Florida strain (Table 2). To test whether genotypes were
also stable in naturally infected animals in a region of ende-
micity, 10 of the animals in the Baker, Oreg., herd for which
genotypes were determined in March were also tested in Au-
gust, following the tick transmission season. All 10 animals
remained persistently infected during the period, and there
was only a single genotype of A. marginale in each animal. The
genotypes, in terms of both the number of repeats determined
by PCR and the sequence, were identical for March and August.

TABLE 2. msp1a genotypes of A. marginale strains and recent
isolates from natural infectionsa

Organism source Genotype (order of each
encoded repeat form)

Florida strain...............................................8 repeats (A/B/B/B/B/B/B)
St. Maries strain..........................................3 repeats (J/B/B)
South Idaho strain ......................................6 repeats (D/D/D/D/D/E)
Natural persistent infection

(Baker, Oreg.) .........................................8 repeats (A/F/A/F/I/F/F/H)
7 repeats (A/F/A/F/I/F/H)
5 repeats (A/F/A/F/H)
3 repeats (A/F/H)
2 repeats (A/H)
1 repeat (G)

Natural acute infection
(animal 3035; Baker, Oreg.)..................5 repeats (A/F/A/F/H)

Natural acute infection
(Platte, S. Dak.) ......................................4 repeats (B/B/B/C)

a The repeat form structures of the Florida and South Idaho strains have been
previously reported (1). The structures of the St. Maries strain and the isolates
from the Baker, Oreg., and Platte, S. Dak., herds were determined by msp1a and
amplicon sequencing.

FIG. 2. Presence of multiple msp1a genotypes in a Baker, Oreg.,
herd of cattle within a region of endemicity. Repeat region amplicons
representing four different genotypes, each derived from a persistently
infected animal, are shown. The animal number is shown in the bottom
margin, and the positions of amplicons representing eight (984 bp),
seven (897 bp), five (723 bp), or one (372 bp) repeat are indicated in
the left and right margins.

FIG. 3. Southern blot confirmation of the msp1a repeat structure
predicted by amplicon size and sequence. The undigested msp1a re-
peat region amplicon from persistently infected animal 2079 of the
Baker, Oreg., herd and EcoRII-digested DNA extracted from the
Florida strain, the isolate obtained from animal 2079, and, as a nega-
tive control, bovine thymus were Southern blotted with an msp1a
probe. The sizes of the internal EcoRII fragments of msp1a in the
Florida strain and isolate 2079 are indicated in the left margin, and the
size of the amplicon from isolate 2079 is indicated in the right margin.

VOL. 39, 2001 A. MARGINALE STRAIN STRUCTURE 633

 on S
eptem

ber 26, 2020 by guest
http://jcm

.asm
.org/

D
ow

nloaded from
 



Stability of genotypes during tick transmission. The stability
of genotypes during tick transmission was tested with the South
Idaho and St. Maries strains. The South Idaho strain msp1a
gene contains six repeats (five of 87 bp and one of 84 bp)
(Table 2), and the complete sequence has been reported pre-
viously (1). The full-length St. Maries msp1a gene was se-
quenced (GenBank accession no. AF293062), and three 89-bp
repeats were identified, including a variant form, designated J,
not present in the previously examined strains (Tables 1 and 2).
Only a single genotype, identical to that of the inoculated St.
Maries (Fig. 5) or South Idaho strain, was detected in the
following samples obtained during tick transmission: (i) the
blood of infected animals when ticks fed and acquired A. mar-
ginale, (ii) the infected tick (from the midgut and salivary gland
prior to reattachment for transmission feeding and from the
salivary gland after 3 days of transmission feeding), and (iii)
the blood of infected animals following successful transmis-
sion. Sequencing of all the samples confirmed the invariance of
the repeat structure.

DISCUSSION

The A. marginale genotypic diversity within a herd of persis-
tently infected cattle was striking and demonstrates much
broader genetic heterogeneity of ehrlichial pathogens in the
mammalian reservoir than has been apparent based on char-
acterization of isolates from acutely infected animal or human
patients. Within the single Baker, Oreg., herd, we identified six
distinct A. marginale genotypes as determined by the number
and sequence of msp1a repeats. We conclude that the detected
genotypes accurately represent true genotypic diversity, rather
than errors introduced during PCR amplification or sequenc-
ing, based on the following observations: (i) only a single ge-
notype was detected in any infected animal; (ii) samples col-

lected at different times from the same naturally infected
animals (Baker, Oreg., and Platte, S.Dak., herds) always gave
rise to an identical genotype; (iii) samples collected at different
times from the same experimentally infected animals (Florida
and South Idaho strains) always gave rise to the same geno-
type, and the genotype was identical to that of the inoculating
strain; (iv) Southern blotting of unamplified DNA identified
EcoRII fragments predicted by the PCR-generated and -se-
quenced msp1a amplicon; and (v) Western blotting of the
organism revealed the MSP1a protein of the size predicted by
the PCR-generated and -sequenced amplicon.

How is this diversity of genotypes within the persistently
infected herd generated? We considered the most likely pos-
sibility to be during the sequential cycles of replication that
characterize persistent infection (8) or, alternatively, during
replication in the midgut and salivary glands of transmitting
ticks (10, 11). Examination of three experimentally infected
animals at multiple time points during persistence revealed
only a single genotype, identical to that of the inoculating
Florida strain. This msp1a genotypic stability was supported by
examination of 10 persistently infected individuals in the herd
from an area of endemicity at two time points. In each of the
10 infected individuals, only a single, identical genotype was
identified in both samples. Similarly, only a single msp1a ge-
notype, with a repeat structure identical to that of the inocu-
lating St. Maries or South Idaho strain, was detected within the
tick midgut epithelium, where early replication takes place,

FIG. 4. Western blot confirmation of the msp1a repeat structure
predicted by amplicon size and sequence. Organisms of the Florida
strain and the isolate obtained from persistently infected animal 2079
of the Baker, Oreg., herd were Western blotted with the anti-MSP1a
monoclonal antibody Ana22B1 or, as a negative control, the anti-
Trypanosoma brucei monoclonal antibody Tryp1E1. The sizes of
MSP1a in the Florida strain and isolate 2079 are indicated in the left
margin.

FIG. 5. Invariance of the msp1a genotype during tick transmission
of the St. Maries strain of A. marginale. Repeat region amplicons were
generated from A. marginale in the following samples: the blood of
animal 787 at three time points during acquisition feeding by Derma-
centor andersoni—tick attachment, midfeeding, and tick removal; in-
fected D. andersoni tick midguts and salivary glands prior to transmis-
sion feeding (Unfed sal. gland) and after 3 days of transmission feeding
(Fed sal. gland); and the blood of animal 789 during acute rickettsemia
following transmission. PCR amplification without DNA template was
done as a negative control. The size of the msp1a repeat region
amplicon is indicated in the right margin.
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and in the tick salivary gland, where final replication and de-
velopment of infectivity occur (10, 11). Thus, using experimen-
tal infection with three genotypically distinct strains and by
sequential sampling during natural infection, we were unable
to identify emergence of new genotypes in the mammalian
reservoir or in the tick vector.

The arrangement of alternating A and F repeat forms with
a terminating H form in the Baker, Oreg., herd (Table 2)
suggests that the diverse genotypes within this herd may have
arisen from a common precursor strain. If so, this genotypic
change appears to be an infrequent event, because generation
of diversity was not detected in our studies of persistent infec-
tion and tick transmission. An alternative hypothesis is that the
diversity represents separate transmission events, each intro-
ducing a new msp1a genotype into the herd that is then main-
tained by transmission within the herd. Importantly, there had
been no new addition of animals from outside the Baker,
Oreg., herd into the study population for several years. Re-
gardless of the source, the infrequent generation of new geno-
types suggests that the genotypes are maintained by transmis-
sion within the herd, a possibility supported by the identification
of multiple animals with the same genotype. While it is un-
proven whether each of the detected genotypes represents a
transmissible phenotype, the genotype represented by five re-
peats (three 87 bp and two 84 bp) was shown to be transmitted
to animal 3035. Although this was a common msp1a genotype,
we do not have sufficient data to determine whether this rep-
resents a genotype with enhanced transmissibility.

In contrast to the diversity of genotypes within the persis-
tently infected Baker, Oreg., herd, only a single genotype was
detected in the acute outbreak affecting the Platte, S.Dak.
herd. The detection of only a single genotype in all of the
affected individuals is suggestive of transmission from a point
source—most likely introduction of an animal infected with
this genotype into the herd.

In summary, we have identified genotypic diversity within a
population of persistently infected cattle that serve as reser-
voirs for tick transmission of the ehrlichia A. marginale. These
genotypes appear to be relatively stable, because we failed to
detect change during experimental or naturally occurring in-
fection and tick transmission. The association of differences in
virulence, antigenicity, and transmissibility with specific A.
marginale strains, isolated from acute cases and defined by the
msp1a genotype (1–4, 13, 14, 18, 21), indicates that the diver-
sity of genotypes present within an endemically infected res-
ervoir population could also represent a diversity of biological
phenotypes. Clearly, the transmissibility and virulence of ge-
notypes within the reservoir population are important deter-
minants of the incidence and severity of disease in the suscep-
tible population. Testing whether the same diversity is present
within the wildlife mammalian reservoirs of ehrlichial patho-
gens causing disease in humans and learning how this diversity
is generated will be critical to improved understanding of ehr-
lichial transmission and disease.
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