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A serological survey of Ehrlichia canis, Ehrlichia equi,
Rickettsia rickettsii, and Borrelia burgdorferi

in dogs in Oklahoma

Sandra J. Rodgers, Rebecca J. Morton, Charles A. Baldwin

Abstract. Serum samples from 259 dogs were tested for antibodies to Ehrlichia canis, Ehrlichia equi, Rick-
ettsia rickettsii, and Borrelia burgdorferi using the indirect fluorescent antibody test. The sera were obtained
from submissions to the Oklahoma Animal Disease Diagnostic Laboratory during a 14-month period from
June 1986 through July 1987. The rate for positive antibody titers to E. canis was 53%, to E. equi was 33%,
to R. rickettsii was 38%, and to B. burgdorferi was 18%. Higher percentages of sera serologically positive to E.
canis were found in the spring through the fall months, but there were no seasonal variations for E. equi, R.
rickettsii, and B. burgdorferi. There was no consistent pattern of titers to the 4 antigens when age-groups of the
dogs were compared. Forty-four different breeds were tested.

Ehrlichia canis, Rickettsia rickettsii, and Borrelia
burgdorferi are gaining recognition as infectious agents
that cause significant clinical disease in dogs. Because
these agents are tick-borne, they are limited in their
geographical and host distribution. Ehrlichia canis in-
fection has been reported in humans8,29 as a cause of
serious illness characterized by rigors, myalgia, head-
ache, bradycardia, and abnormal liver function.8,29 In-
fections due to R. rickettsii have been documented in
humans.33,44 Oklahoma has the highest rate of human
infection for R. rickettsii, with 106 confirmed cases in
1986 and 84 confirmed cases in 1987.33,37 There have
been 3 confirmed cases of B. burgdorferi infections in
humans in Oklahoma, 1 in 1985 and 2 in 1987 (Bar-
bara Gildon, personal communication, 1988). The in-
cidence of human infection with B. burgdorferi has
been directly related to its prevalence in dogs.1,31,39 It
is important to establish the geographic and host limits
of these agents not only to alert veterinarians to disease
potential in their locale, but also to correlate the eti-
ologic agents with their vectors.

Ehrlichia canis is the causative agent of canine ehr-
lichiosis (tropical canine pancytopenia).9,42,46 Ehrlichia
canis, a rickettsial agent, was first recognized in 1935
by Donatien and Lestoguard from tick-infested dogs
in Algeria? The first reported case in the United States
was in Oklahoma in 1963.20,34 Ehrlichia canis was as-
sociated with an outbreak of a fatal hemorrhagic dis-
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ease in military dogs in Southeast Asia, hence the name
tropical canine pancytopenia.16,41,45 The organism has
been found worldwide with the exception of South
America. Ehrlichia canis is found as cytoplasmic in-
clusions or morulae in canine leukocytes, with mono-
cytes being the most frequently infected cells.6,41 There
is controversy as to whether the neutrophilic and eo-
sinophilic strains reported in the literature are, in fact,
E. canis. 5,7,12,26,43

e organism is carried by the brown
dog tick, Rhipicephalus sanguineus.

The acute phase of canine ehrlichiosis usually lasts
2-4 weeks9,34 and is characterized by thrombocytope-
nia, anorexia, dyspnea, lymphadenopathy, depression,
fever, and ocular and nasal discharges.9,16,34,36,41,46 The
signs during this phase are usually mild to inapparent.
The untreated dog may recover or may develop 1 of
2 clinical forms of the chronic phase.9,17 In the mild
chronic form there are vague clinical signs character-
ized by depression, weakness, and weight loss. This
form is generally not fatal and responds to treat-
ment 34,45 The severe chronic form is frequently fatal
if untreated. It is characterized by anemia, leukopenia,
thrombocytopenia, depression, anorexia, emaciation,
and bleeding disorders, and is most often found in
German shepherds.9,22,34,46 The most reliable labora-
tory test for diagnosis of canine ehrlichiosis is the in-
direct fluorescent antibody test.2,16,34,41,42,45,46

Ehrlichia equi is the etiologic agent of ehrlichiosis
in horses.23,26-28 It has been identified in the circulating
neutrophils and eosinophils of horses, and it has been
suggested that the neutrophilic form of E. canis may
be E equi 17,24,26,27 Experimentally dogs are susceptible
to infection with E. equi, but clinical signs have been
mild.24 Clinical signs described for E. equi in horses
include fever, anorexia, depression, ataxia, leukopenia,
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and thrombocytopenia. 23,26 The mode of transmission
is unknown, but tick transmission is suspected.27 Pres-
ently, the only method of antibody detection is the
indirect fluorescent antibody test using E. equi -infected
equine neutrophils.l5,24,26

Rickettsia rickettsii is the etiologic agent of Rocky
Mountain spotted fever (RMSF), a disease of canines
as well as humans. Its principal vectors are Derma-
centor andersoni (the wood tick) and Dermacentor var-
iabilis (the American dog tick). Clinical signs in the
dog vary from mild to severe and include depression,
fever, anorexia, lymphadenopathy, neurological dys-
function, and petechial or ecchymotic hemorrhages. A
serological diagnosis is based on a 4-fold or greater rise
in antibody titers between acute and convalescent sera
as demonstrated by the indirect fluorescent antibody
test.ll

Borrelia burgdorferi is the etiologic agent of borrelio-
sis or Lyme disease, named after the town of Lyme,
Connecticut, where a human epidemic occurred in
1975. 21,40 Since that time, the disease has been recog-
nized in numerous states in the Northeast, Midwest,
and Far West. The organism, a spirochete, is most
commonly carried by the tick Ixodes dammini, but
other ticks may also serve as vectors.13,18,19,21,25 Arthritis
is the major clinical sign seen in dogs; however, most
canine infections are subclinical.18,21,25 The indirect flu-
orescent antibody test is used to determine exposure
to the spirochete.13,18,21,25,30,38,40,47

The purpose of this study was to determine the pres-
ence or absence of antibodies to these disease-produc-
ing organisms in Oklahoma dogs. Ehrlichia equi was
included because it has been suggested that it may be
the same agent that causes the neutrophilic form of
ehrlichiosis described in dogs.26

Materials and methods

Clinical specimens. A total of 259 dog sera were submitted
to the Oklahoma Animal Disease Diagnostic Laboratory
(OADDL) from June 1986 through July 1987 for rickettsia
and/or spirochete antibody testing. The sera were tested for
the presence of antibody to E. canis, E. equi, R. rickettsii,
and B. burgdorferi using the indirect fluorescent antibody
test. Most of the sera submitted were from dogs that had
clinical signs suggesting infections with either 1 or more of
the 4 agents.

Serologic determinations of antibody to E. canis and E.
equi. Commercial reagent test slidesa were received frozen
and stored at -70 C until used. The slides were thawed, air-
dried, and fixed in acetone prior to use. Measurement of
antibody to E. canis and E. equi in dog sera was done using
an indirect fluorescent antibody test.36 Serial lo-fold dilu-
tions of each canine serum (1:10 to 1: 1,000) were prepared
in phosphate-buffered saline (PBS) (pH 7.4), and 20 µ1 of
each serum dilution was added to a well on a test slide. After
incubation in a humid chamber at 37 C for 30 min, the slides

were washed twice in PBS and once in deionized water. The
slides were air-dried, and 20 µ1 of optimally diluted fluores-
cein-labeled F(ab)'2 goat anti-dog IgGb containing rhoda-
mine-labeled bovine albuminc was added to each test well.
The slides were incubated again in a humid chamber at 37
C for 30 min, and then washed and dried. Coverslips were
mounted on the slides using glycerol medium (pH 9.0).

The detection of bright-green fluorescing morulae in the
cells was used as the indicator for the presence of antibody
specific for E. canis and E. equi. Sera with antibody titers of
≥ 10 were considered positive.

Serologic determination of antibody to R. rickettsii. Serial
2-fold dilutions (1:64 to 1:2,048) of each canine serum were
prepared in PBS (pH 7.4). Preparation of reagent test slidesd

and sera testing were done as previously described.32 The use
of optimally diluted fluorescein-labeled F(ab)'2 goat anti-dog
IgGb containing rhodamine-labeled bovine albuminc as a
counterstain was substituted for the anti-human conjugate.
The slides were washed, air-dried, mounted with coverslips
using glycerol medium (pH 9.0), and examined.

The detection of bright-green fluorescing organisms was
used as the indicator for the presence of antibody specific for
R. rickettsii. Sera with antibody titers of ≥ 64 were considered
positive.

Serologic determination of antibody to B. burgdorferi. Re-
agent test slides were prepared by the application of fixed B.
burgdorferi organisms e onto black ceramic background slides
(toxoplasmosis slides)f using the procedure previously de-
scribed. 28,38,45 Serial 2-fold dilutions (1:64 to 1:2,048) were
prepared in PBS (pH 7.4). After reaction of the antigen with
sera at 37 C for 30 min, the slides were washed and stained
with fluorescein-labeled F(ab)'2 goat anti-dog IgGb that also
contained rhodamine-labeled bovine albumin.c The slides
were washed, air-dried, mounted with coverslips using glyc-
erol medium (pH 9.0), and examined.

The detection of bright-green fluorescing organisms was
used as the indicator of the presence of antibody specific for
B. burgdorferi. Sera with antibody titers of ≥64 were con-
sidered positive.

Microscopic examination. All slides were examined for
specific immunofluorescence using a microscope equipped
with an ultraviolet light sourceg The titer of each serum was
expressed as the reciprocal of the highest serum dilution in
which fluorescing morulae (E. canis and E. equi) or organ-
isms were found.g

Serologic determination of antibody to Leptospira inter-
rogans. Sera were tested for antibodies to the following sero-
vars of Leptospira interrogans by the microscopic aggluti-
nation microtiter procedure:3,4 canicola, grippotyphosa, hardjo,
icterohemorrhagiae, and pomona.

Results

Fifty-three percent of the serum samples tested had
titers ≥ 10 to E. canis, 33% had titers ≥ 10 to E. equi,
38% had titers ≥ 64 to R. rickettsii, and 18% had titers
≥ 64 to B. burgdorferi (Table 1).

Twenty-four percent of the dogs tested for E. canis
had low titers (l0), 8% had moderate titers (l00), and
21% had high titers (≥ 1,000) (Table 2). Nineteen per-
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Table 1. Number and percentage of canine sera positive to E.
canis, E. equi, R. rickettsii, and B. burgdorferi during a 14-mo period.

Table 3. Distribution of antibody titers in canine sera to R. rick-
ettsii and B. burgdorferi during a 14-mo period.

Antigen
No. positive/

no. tested
Percent
positive

E. canis* 138/259 53
E. equi* 85/257 33
R. rickettsii † 99/259 38
B. burgdorferi † 45/256 18

* Antibody present at ≥ 1:10 dilution.
† Antibody present at ≥ 1:64 dilution.

No. positive (%)

Titer* R. rickettsii B. burgdorferi

<64 160 (62) 211 (82)
64 28 (11) 29 (11)

128 21 (8) 14 (6)
256 17 (7) 2 (1)
512 15 (6) 0

1,024 13 (5) 0
≥ 2,048 5 (1) 0

cent of the samples had low titers (10) to E. equi, 8%
had moderate titers (l00), and 6% had high titers
(≥ 1,000) (Table 2). Sixteen of 25 dogs (64%) that tested

No. tested 259 256

* Expressed as the reciprocal of the final serum dilution.

negative for antibody to E. canis were positive for E.
equi, with titers ranging from 10 to ≥ 1,000. Thirty of

dorferi. In the shepherd breed, 66% (19) of the dog sera

138 (22%) dog sera positive for E. canis with titers of
tested had detectable antibody levels to E. canis, 21%

≥ 100 were negative for antibody to E. equi.
(6) to E. equi, 29% (9) to R. rickettsii, and 10% (3) to
B. burgdorferi.

Low antibody titers (64) were seen in 11% of the dog
sera tested for R. rickettsii; 21% had moderate titers
(128-512) and 6% had high titers (≥ 1,024) (Table 3).
Eleven percent of the dog sera tested for B. burgdorferi
had low titers (64) and 7% had moderate titers (128-
512). None of the sera had high antibody titers to B.
burgdorferi.

A seasonal increase in the number of sera with an-
tibodies to E. canis occurred in the late spring through
summer months (Fig. I). There was very little seasonal
variation in the number of sera positive for E. equi,
R. rickettsii, or B. burgdorferi (Fig. 1).

Of the 20 dogs tested for antibodies to the L. inter-
rogans serovars (canicola, grippotyphosa, hardjo, ic-
terohemorrhagiae, and pomona), 13 (65%) were neg-
ative. Four of the sera with Leptospira antibody titers
of 100-400 to the serovars canicola, grippotyphosa,
and icterohemorrhagiae were negative for antibodies
to B. burgdorferi. Three of the sera with antibody titers
of 100 and 200 to the Leptospira serovars icterohemor-
rhagiae and grippotyphosa also had antibody titers of
64 and 256 to B. burgdorferi.

Discussion
Antibody titers to the 4 antigens were evenly dis-

tributed among all ages of dogs (Table 4). However,
The majority of dog sera tested were from sick dogs

no titers were detected to E. equi in serum from dogs
rather than a random sampling of dogs. Thus, the num-

less than 1 year of age.
bers of positive sera are expected to be larger when

A total of 259 dog sera representing 44 breeds were
compared to a normal population of dogs.

tested. The largest number of submissions were from
The data obtained support the opinion that E. canis

the hound and shepherd breeds, which were comprised
infection is common in Oklahoma dogs. A larger num-

of 28 (11%) and 29 (11%) dogs, respectively. The hounds
included black and tan, bluetick, coon, and Walker Table 4. Age distribution of dogs in Oklahoma with antibodies
hounds. Ninety-six percent of the 27 hounds’ sera were to E. canis, E. equi, R. rickettsii, and B. burgdorferi during a 14-mo

positive for E. canis as compared to 50% (14) for E. period.
equi, 32% (9) for R. rickettsii, and 29% (8) for B. burg- No. of positive sera (%)

Table 2. Distribution of antibody titers in canine sera to E. canis
and E. equi during a 14-mo period.

No. positive (%)

Titer* E. canis E. equi

<10 121 (47) 172(67)
10 62(24) 48(19)

100 21 (8) 21 (8)
≥ 1,000 55(21) 16 (6)
No. tested 259 257

Age
(yr)

No.
tested

E.
canis*

E.
equi*

R. B. burg-
rickettsii † dorferi †

<1 13
1 23
2 21
3 23
4 19
5 17
6 16

≥ 7 40
Unknown 87

5 (39)
18 (78)
12 (57)
15 (65)

9 (47)
9 (53)

12 (75)
22 (55)
36 (41)

0 (0)
11 (48)

5 (24)
10 (44)

6 (32)
9 (56)
6 (38)

14 (35)
21 (24)

3 (23)
10 (44)
10 (48)
10 (44)

3 (16)
5 (29)

12 (75)
16 (40)
29 (33)

2 (15)
5 (22)
6 (29)
8 (35)
4 (21)
3 (18)
3 (13)
5 (13)
8 (9)

* Antibody present at ≥ 1:10 dilution.
† Antibody present at ≥ 1:64 dilution.* Expressed as the reciprocal of the final serum dilution.
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Figure 1. Distribution by months of antibodies to E. canis, E. equi, R. rickettsii, and B. burgdorferi during a 14-month period.

ber of positive sera to E. canis, both absolute and
relative, occurred during the months of May through
September. This might be related to increased exposure
to the tick vector during the warmer months.14 The
highest percentage of dogs with detectable antibodies
to E. canis was in the hound breeds. This is an expected
result, as hounds are generally outdoors and would be
expected to have higher exposure to ticks. However,
antibody to E. canis was detected in more than 50%
of all the breeds tested, indicating a broad range of
breed susceptibility and exposure. No data were avail-
able to compare indoor versus outdoor dogs or rural
versus urban dogs.

The Ehrlichia equi serology findings are significant
in that they demonstrate the presence of the agent or
a similar agent in Oklahoma. Although there is some
cross-reaction between E. canis and E. equi, it is not
a complete cross-reaction. 15,16,35 Sixty-four percent of
the negative E. canis sera had antibodies to E. equi.
Conversely, 22% of the positive E. canis sera were
negative for E. equi. The neutrophilic strain of E. canis
that is seen in dogs is thought by some to be E. equi. 26

This neutrophilic strain of Ehrlichia has been seen in
Oklahoma dogs,5,12 and these serology results support
the hypothesis that the neutrophilic strain in dogs may
be the same agent that causes ehrlichiosis in horses.
Although E. equi is not known to cause severe disease
in the dog, it can cause moderate to severe clinical
signs in the horse. 27,28 Equine ehrlichiosis has been geo-
graphically limited, with no reported cases in Okla-
homa. A survey on 100 horse sera conducted at
OADDL during 1986 detected no antibody titers to E.
equi (unpublished data). However, it appears that the

organism or a serologically related agent is present but
may be limited to the canine population. The trans-
mission of E. equi is unknown, although a tick vector
is suspected. Titers were not seen in dogs less than 1
year of age, indicating minimal exposure during pup-
pyhood. Ehrlichia equi was the only agent for which
antibody was not detected in dogs less than 1 year of
age.

Rickettsia rickettsii is prevalent in Oklahoma, as in-
dicated by the large number of human cases of Rocky
Mountain spotted fever reported.33,44 During 1986 and
1987, a total of 190 cases of confirmed human infection
were reported. 33 Our results indicate canine exposure
to the agent. There was no age or breed correlation
with positive titers, but there was a large increase in
positive sera, both absolute and relative, in May that
gradually declined during the summer and fall months
to a low in March and April.

Borrelia burgdorferi infection has not been previ-
ously reported in Oklahoma in dogs. The positive se-
rology results indicate that this agent is present in Okla-
homa dogs. This is supported by the report of 3
confirmed cases in humans in Oklahoma since 1985.
This reported low incidence in humans is consistent
with finding a low number of infected dogs in Okla-
homa. Investigations have shown minimal antigenic
relatedness between B. burgdorferi and 20 Leptospira
serovars. 10,21,30,31 Although only 20 samples were tested
for antibodies to both B. burgdorferi and Leptospira,
no correlation was observed, suggesting minimal or no
cross-reactions between the 2 spirochetes. Sera positive
for B. burgdorferi were evenly distributed among the
ages and breeds of dogs.



158 Rodgers, Morton, Baldwin

This was the first serological survey of Oklahoma In: Clinical microbiology and infectious diseases of the dog and

dogs for antibodies to E. canis, E. equi, R. rickettsii, cat, ed. Greene CE, pp. 562-676. W. B. Saunders Company,

and B. burgdorferi. The data serve as a baseline for Philadelphia, PA.

future work and indicate the presence of all 4 agents
12. Hayat CS, Ewing SA, Buckner RG: 1972, A new strain of

Ehrlichia canis in Oklahoma. Okla Vet 24:19-21.
in the Oklahoma canine population. 13. Hedberg CW, Osterholm MT, MacDonald KL, White KE: 1987,

An interlaboratory study of antibody to Borrelia burgdorferi.
Acknowledgements Infect Dis 155:1325-l327.

We thank D. Dirato for the computer analysis of the data 14. Hibler SC, Greene CE: 1986, Rickettsial infections in dogs part

and technical assistance. We thank L. Guenther, J. Freeman,
II. Ehrlichiosis and infectious cyclic thrombocytopenia. Com-

J. Cates, and Drs. C. Qualls and C. Elangbam, and Jerry
pend Contin Educ Pract Vet 8:106-l14.

15. Holland CJ, Ristic M, Cole AI, et al.: 1985, Isolation, exper-
Kudlac and Barbara Gildon of the Oklahoma State Depart- imental transmission and characterization of causative agent of
ment of Health for their assistance. We are indebted to Dr. Potomac horse fever. Science 227:522-524.
Dan E. Goodwin, Director of the OADDL, for his continued 16. Hribernik T: 1981, Canne ehrichiosis. Compend Contin Educ
support. Pract Vet 3:997-1002.

17. Huxsoll DL: 1976, Canine ehrlichiosis (tropical canine pan-
Sources and manufacturers

a. ProtaTek International, Inc., St. Paul, MN.

cytopenia): a review. Vet Parasitol 2:49-60.
18. Johnson RC: 1985, Lyme disease. Nord News, Summer, pp.

14-17.
b. Cooper Biomedical, Malvem, PA.
c. Becton, Dickinson and Co., Cockeysville, MD.

19. Johnson SE, Klein GC, Schmid GP, et al.: 1984, Lyme disease:

d. Rickettsia rickettsii was kindly supplied by Jerry Kudlac, Public
a selective medium for isolation of the suspected etiological

Health Laboratory Service, Oklahoma State Department of
agent, a spirochete. Clin Microbial 19:8l-82.

20. Keefe TJ, Holland CJ, Salyer PE, Ristic ML 1982, Distribution
Health, Oklahoma City, OK.

e. Live cultures of B. burgdorferi were kindly provided by Eric
of Ehrlichia canis among military working dogs in the world

Shaw and Dr. John Post, Department of Pathobiology, Uni-
and selected civilian dogs in the United States. J Am Vet Med
Assoc 181:236-238.

versity of Connecticut, Storrs, CT. 21. Komblatt AN, Urband PH, Steere AC: 1985, Arthritis caused
f. Bellco Biotechnology, Vineland, NJ.
g. Leitz Orthoplan Microscope, xenon arc lamp (400 HBO), and

by Borellia burgdorferi in dogs. J Am Vet Med Assoc 186:960-
964.

exciter (KP500) and barrier (KP515) filters, E. Leitz, Inc., Rock- 22. Kuehn NF, Gaunt SD: 1985, Clinical and hematologic findings
leigh, NJ. in canine ehrlichiosis. J Am Vet Med Assoc 186:355-358.

23. Lewis GE: 1976, Equine ehrlichiosis: a comparison between E.

References equi and other pathogenic species of ehrlichia. Vet Parasitol 2:
6l-74.

1. Burgess EC: 1986, Natural exposure of Wisconsin dogs to the 24. Lewis GE, Huxsoll DL, Ristic M, et al.: 1975, Experimentally
Lyme disease spirochete (Borrelia burgdorferi). Lab Anim Sci
36:288-290.

2. Carter GB, Seamer J, Snape T: 1971, Diagnosis of tropical
canine pancytopaenia (Ehrlichia canis infection) by immuno-
fluorescence. Res Vet Sci 12:318-322.

3. Cole JR, Ellinghausen HC, Rubin HL: 1979, Laboratory di-
agnosis of leptospirosis of domestic animals. Proc Annu Meet
US Anim Health Assoc 83:189-l99.

4. Cole JR, Sulzer CR, Purse11 AR: 1973, Improved microtech-
nique for the leptospiral microscopic agglutination test. Appl
Microbial 25:976-980.

5. Cowell RL, Tyler RD, Clinkenbeard KD, Meinkoth JH: 1988,
Ehrlichiosis and polyarthritis in three dogs. J Am Vet Med Assoc
192:1093-1095.

6. Ewing SA: 1969, Canine ehrlichiosis. Adv Vet Sci Comp Med
13:33l-353.

7. Ewing SA, Roberson WR, Buckner RG, Hayat CS: 1971, A
new strain of Ehrlichia canis. J Am Vet Med Assoc 159:177l-
1774.

8. Fishbein DB, Sawyer LA, Holland CJ, et al.: 1987, Unexplained
febrile illnesses after exposure to ticks: infection with an ehrlich-
ia? J Am Med Assoc 257:3100-3104.

9. Greene CE, Harvey JW: 1984, Canine ehrlichiosis. In: Clinical
microbiology and infectious diseases of the dog and cat, ed.
Greene CE, pp. 545-561. W. B. Saunders Company, Philadel-

induced infection of dogs, cats and nonhuman primates with
Ehrlichia equi, etiologic agent of equine ehrlichiosis. Am J Vet
Res 36:85-88.

25. Lissman BA, Boder EM, Camay H, et al.: 1984, Spirochete-
associated arthritis (Lyme disease) in a dog. J Am Vet Med
Assoc 185:219-220.

26. Madewell BR, Gribble DH: 1982, Infection in two dogs with
an agent resembling Ehrlichia equi. J. Am Vet Med Assoc 180:
512-514.

27. Madigan JE, Gribble D: 1986, Equine ehrlichiosis: diagnosis,
treatment and preliminary sero-epidemiological findings. Am
Coll Vet Intern Med Forum 10:3-l5.

28. Madigan JE, Gribble D: 1987, Equine ehrlichiosis in northern
California: 49 cases (1968-1981). J Am Vet Med Assoc 190:
445-448.

29. Maeda K, Markowitz N, Hawley RC, et al.: 1987, Human
infection with Ehrlichia canis, a leukocytic rickettsia. Med Intel1
316:853-856.

30. Magnarelli LA, Anderson JF, Johnson RC: 1987, Cross-reac-
tivity in serological tests for Lyme disease and other spirochetal
infections. J Infect Dis 156: 183-188.

31. Magnarelli LA, Anderson JF, Kaufman AF, et al.: 1985, Bor-
reliosis in dogs from southern Connecticut. J Am Vet Med Assoc
186:955-959.

32. Newhouse VF, Shepard CC, Redus MD, et al.: 1979, A com-
phia, PA. parison of the complement fixation, indirect fluorescent anti-

10. Greene RT, Levine JF, Breitschwerdt E, Berkhoff HA: 1988, body, and microagglutination tests for the serological diagnoses
Antibodies to Borrelia burgdorferi in dogs in North Carolina. of rickettsial diseases. Am J Trop Med Hyg 28:387-395.
Am J Vet Res 49:473-476. 33. Oklahoma State Department of Health: 1988, Communicable

11. Greene CE, Philip RN: 1984, Rocky Mountain spotted fever. Dis Bull 88:2-3.



A rickettsia and spirochete serologic survey in Oklahoma dogs 159

34. Pyle RL: 1980, Canine ehrlichiosis. J Am Vet Med Assoc 177:
1197-l199.

35. Ristic M, Holland CJ, Dawson JE, et al.: 1986, Diagnosis of
equine monocytic ehrlichiosis (Potomac horse fever) by indirect
immunofluorescence. J Am Vet Med Assoc 189:39-46.

36. Ristic M, Huxsoll DL, Weisiger RM, et al.: 1972, Serological
diagnosis of tropical canine pancytopenia by indirect immu-
nofluoresence. Infect Immun 6:226-231.

37. Rohrbach BW: 1987, Rocky Mountain spotted fever. Okla-
homa State Department of Health Communicable Dis Bull 87:
l-3.

38. Russell H, Sampson JS, Schmid GP, et al.: 1984, Enzyme-
linked immunosorbent assay and indirect immunofluorescence
assay for Lyme disease. J Infect Dis 149:465-470.

39. Schulze TL, Basler EM, Shisler JK, et al.: 1986, Prevalence of
canine Lyme disease from an endemic area as determined by
serosurvey. Zentralbl Bakteriol Mikrobiol Hyg [A] 263:427-
434.

40. Shaw EE, Post JE, Palka FC: 1986, Lyme disease: serologic
tests for Borrelia burgdorferi immunoglobulins. Proc Annu Meet
Am Assoc Vet Lab Diagn 29:231-242.

41. Smith RD, Ristic M: 1977, Ehrlichiae. In: Parasitic protozoa,
ed. Kreier JP, IV: 295-323. Academic Press, New York, NY.

42. Stephenson EH, Ristic M: 1978, Retrospective study of an
Ehrlichia canis epizootic around Phoenix, Arizona. J Am Vet
Med Assoc 172:63-65.

43. Stockham SL, Schmidt DA, Tyler JW: 1985, Canine granu-
locytic ehrlichiosis in dogs from central Missouri: a possible
cause of polyarthritis. Vet Med Rev 6:3-5.

44. Tanaka R: 1987, Rocky Mountain spotted fever-United States,
1986. MMWR 36:314-315.

45. Troy GC, Vulgamott JC, Turnwald GH: 1980, Canine ehrlichi-
osis: a retrospective study of 30 naturally occurring cases. J Am
Anim Hosp Assoc 16:181-187.

46. Weisiger RM, Ristic M, Huxsoll DL: 1975, Kinetics of anti-
body response to Ehrlichia canis assayed by the indirect flu-
orescent antibody method. Am J Vet Res 36:689-694.

47. Wilkinson HW: 1984, Immunodiagnostic tests for Lyme dis-
ease. Yale J Biol Med 37:567-572.


