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Objective—To develop and evaluate a polyvalent
ELISA incorporating a highly specific recombinant
antigen (p44) for diagnosis of granulocytic ehrlichiosis
in dogs and horses.

Animals—32 dogs and 43 horses.

Procedure—Results of the ELISA were compared
with results of indirect fluorescent antibody (IFA)
staining and western immunoblotting incorporating
whole-cell antigen.

Results—For the canine and equine samples, per-
centages of samples with positive IFA staining, west-
ern immunoblotting, and ELISA results were similar.
For 29 (91%) canine samples and 30 (70%) equine
samples, results of [FA staining, western
immunoblotting, and the ELISA were in complete
agreement. Results of the ELISA for 3 canine serum
samples known to contain antibodies to Ehriichia
canis and 12 equine serum samples known to contain
antibodies to E risticii were negative.

Conclusions and Clinical Relevance—Results of the
present study suggest that a polyvalent ELISA incor-
porating a recombinant p44 antigen is suitable for
detecting antibodies to £ equi in dogs and horses.
(Am J Vet Res 2001;62:29-32)

Granulocyﬂc ehrlichiosis, caused by infection with
Ehrlichia equi or a closely related organism in the
Ehrlichia phagocytophila genogroup, occurs in mammals
living in areas where Ixodes scapularis, I pacificus, and I
ricinus ticks abound.”” In the United States, this disease
is most common in the northeastern®” and upper mid-
western states' and in California.® Leukopenia and
thrombocytopenia are frequently reported clinical signs
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of granulocytic ehrlichiosis in humans.' Fever and
anorexia are common signs of illness in dogs and horses.”
A laboratory diagnosis of infection with organisms
of the E phagocytophila genogroup can be made by iso-
lating the pathogen,** detecting serum antibodies to
bacterial antigens by use of indirect fluorescent anti-
body (IFA) staining methods or immunoblot proce-
dures **** observing inclusion bodies (ie, morulae) in
stained neutrophils," and detecting bacterial DNA in
blood samples from affected animals by use of a poly-
merase chain reaction assay or other methods.®***
Although these methods are useful for research pur-
poses, they are laborious and expensive and, therefore,
of limited value in testing large numbers of samples.
The purposes of the study reported here were to devel-
op and evaluate a polyvalent ELISA incorporating a
highly specific recombinant antigen for diagnosis of
granulocytic ehrlichiosis in dogs and horses.

Materials and Methods

Serum samples—Serum samples obtained from blood
samples collected from dogs and horses by veterinarians in
New York state and Connecticut during 1985 and 1986 (dogs)
or during 1985, 1995, and 1996 (horses) were used. All dogs
and horses lived in tick-infested areas and had 1 or more signs
of illness, such as lethargy, fever, lymphadenopathy, icterus,
anorexia, or limb edema, at the time blood samples were col-
lected. All serum samples had been stored at —60 C at the
Connecticut Agricultural Experiment Station since the time of
collection. Individual samples had been thawed and refrozen
multiple times for various analyses prior to the present study;
however, all samples had been promptly refrozen after being
thawed to prevent losses in antibody titers.

Results of previous analyses of some of the samples used
in the present study have been published.*” Ehrlichial DNA
was detected by use of polymerase chain reaction methods in
19 of 38 equine samples.® Twelve canine samples and 34
equine samples had antibodies to E equi, as determined by
use of IFA staining methods or western immunoblot proce-
dures. The 34 equine samples also had reactivity to a 44-kd
protein of the NCH-1 strain of the human granulocytic ehrli-
chiosis (HGE) agent. Antibody reactivity to this protein has
been shown to be a sensitive and highly specific-diagnostic
marker for E phagocytophila genogroup infection in human
beings,”" horses,’ dogs,"” and white-footed mice (Peromyscus
leucopus).”

Serologic testing—Thirty-two canine and 43 equine
serum samples from as many subjects were tested for total
antibodies to the NCH-1 strain of the HGE agent by use of
IFA staining and western immunoblotting, as described.**
An additional 4 serum samples from 4 of these horses, col-
lected from blood samples obtained 2 to 5 months after ini-
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tial sampling were available for analysis. Previous testing of
human serum samples with various antigen strains (eg,
horse-derived infected neutrophils or infected human
promyelocytic leukemia cells) has not revealed any signifi-
cant differences in prevalence of seropositive reactions.™ The
NCH-1 strain was chosen for use in the present study
because it is widely available, originates from the northeast-
ern United States, and was the source of genetic material used
to produce the recombinant 44-kd antigen uscd for develop-
ing the ELISA evaluated in the present study.

A polyvalent ELISA 1o detect total immunoglobulins to
the recombinant 44-kd protein of the HGE agent was devel-
oped, using modifications of described methods."
Production of this antigen, expressed and purified as a mal-
tose-binding protein fusion peptide, in analyses of human
serum samples for antibodies to the HGE agent has been
described.” Briefly, the p44 gene was cloned and expressed,
and the fusion protein was modified by replacing the glu-
tathione transferase fusion partner with maltose-binding pro-
lein to improve solubility and yield after purification.
Polystyrene plates were used for the ELISA. Commercially
available horseradish peroxidase-labeled goat anti-dog
immunoglobulins and goat anti-horse immunoglobulins*
diluted to 1:10,000 and 1:5,500, respectively, in phosphate-
buffered saline solution (PBSS, pH, 7.2), were used. Sixty
microliters of commercially available 2,2'-azino-di-(3-ethyl-
benzthiazoline sulfonate) substrate* was added to each well
for color production. Appropriate positive and negative con-
trol samples were included on each plate. Samples that yield-
ed positive results were reanalyzed to determine titration
endpoints and verify reproducibility of results. Thirteen
canine and 9 equine samples with positive results and 4
canine and 4 equine samples with negative results were used
for this analysis.

Twelve canine and 24 equine serum samples lacking
antibodies to the HGE agent by western immunoblot proce-
dures or IFA staining methods** were used to determine cut-
off values for the ELISA. Samples were diluted with PBSS
(pH, 7.2) to concentrations of 1:160, 1:320, and = 1:640 and
tested with antigen (2.5 pg of protein /ml) by an ELISA. This
antigen concentration was determined by testing a series of
dilutions ranging from 1.0 to 3.0 pg of protein/m! with serum
samples from 2 dogs or 2 horses previously found to contain
antibodies to the HGE agent by immunoblotting methods.**
The antigen concentration chosen for analyses allowed for
maximum antigen-antibody complex formation and corre-
sponding color production in plate wells. The cutoff for a
positive result was calculated as mean net optical density
(OD) + 3 SD. For the 12 canine samples, cutoffs for positive
results were calculated as net OD of 0.07, 0.07, and 0.06 for
samples diluted 1:160, 1:320, and > 1:640, respectively. For
the 24 equine samples, cutoffs for positive results were cal-
culated as net OD of 0.07, 0.07, and 0.05 for samples diluted
1:160, 1:320, and > 1:640, respectively.

Three canine serum samples determined by use of IFA
staining methods to contain antibodies to E canis and 12 equine
serum samples determined by use of these procedures to con-
tain antibodies to E risticii were used to evaluate specificity of
the ELISA. Sources of these samples have been reported.’™

Statistical analyses—The z-test with Yates correction
was used to compare proportions of the 32 canine samples
and the 43 equine samples with positive results for IFA stain-
ing, western immunoblotting, and the ELISA. Analyses were
performed by use of a statistical software program.”

Results
Percentages of the canine samples seropositive for
antibodies to E equi by use of IFA staining, western

immunoblotting, and the ELISA were similar (P =
0.744; Table 1). Similarly, percentages of the equine
samples seropositive for antibodies to E equi by use of
these 3 methods were similar (P = 0.504). However,
percentage of seropositive equine samples was higher
than the percentage of Seropositive canine samples.

For 29 of the 32 (91%) canine samples and for 30
of the 43 (70%) equine samples, results of IFA staining,
western immunoblotting, and the ELISA were in com.
plete agreement (Table 2). Results for the remaining 3
canine samples and 13 equine samples were discor-
dant. Percentages of concordant versus discordant
results were significantly different for the canine (z =
6.310, P < 0.001) and the equine samples (z = 3.494, P
< 0.001).

Antibody titers for the seropositive canine and
equine samples ranged widely. Maximal titration end-
points determined by use of the ELISA greatly
exceeded those determined by use of IFA staining
(Table 3). For the 9 canine samples and the 27 equine
samples seropositive for ehrlichiosis by all 3 assays,
geometric mean antibody titers determined with the
ELISA (mean titer for canine samples, 8,128: mean
titer for equine samples, 1,372) were greater than
mean titers determined by use of IFA staining meth-

Table 1—Comparison of results of indirect fluorescent antibody
staining methods (IFA), western immunoblotting (WB), and an
enzyme-linked immunosorbent assay (ELISA) incorporating a
recombinant p44 antigen of the NCH-1 strain of the human gran-
ulocytic ehrlichiosis agent for diagnosis of granulocytic ehrlichio-
Sis, using serum samples from dogs and horses

Dags (n = 32) Horses (n = 43)
Assay No. seropositive (%) No. seropositive (%)
IFA 10 (31) 34(79)
WB 12(38) 34 (79)
ELISA 11 (34) 31(72)

Table 2—Concordance of results of IFA, WB, and an ELISA incor-
porating a recombinant p44 antigen for diagnosis of granulocytic
ehrlichiosis, using serum samples from 32 dogs and 43 horses

Assay result

IFA WB ELISA No. of dogs (%) No. of horses (%)
+ + + 9(28) 27 (83)
+ + = 1(3) 112)
- + + 21(6) 4(9)
+ - - 0(0) 6(14)
- + - 0(0) 2(5)
- - - 20(63) 3(7)

All dogs and horses were febrile and suspected to have tick-borne infec-
tions. + = Positive result. — = Negative result.

Table 3—Antibody titers for dogs and horses seropositive for
granulocytic ehrlichiosis by means of IFA incorporating whole-cell
antigen or an ELISA incorporating a recombinant p44 antigen of
the NCH-1 strain of the human granulocytic ehrlichiosis agent

No. of dogs No. of horses
Reciprocal antibody titer IFA ELISA IFA ELISA
80 to 160 6 0 20 4
320 to 640 3 2 13 13
1,280 to 2,560 1 1 1 7
5,120 to 10,240 0 4 0 4
20,480 to 40,960 0 4 0 3

30

AJVR, Vol 62, No. 1, January 2001



ods (mean titer for canine samples, 187; mean titer
for equine samples, 184).

Results of the ELISA for the 3 canine serum sam-
ples known to contain antibodies to E canis and for the
12 equine serum samples known to contain antibodies
to E risticii were negative.

Reproducibility of results of the ELISA for the 13
seropositive and 4 seronegative canine serum samples
tested twice on separate days was high. For the
seropositive samples, antibody titers were the same (n
= 6), differed by a factor of 2 (6), or differed by a fac-
tor of 4 (1). For the sample for which results differed
by a factor of 4, net OD was 0.19 on the first day of
testing and 0.08 on the second at a dilution of 1:160.
Results for the 4 seronegative samples were negative on
the second day of testing.

Similarly, reproducibility of results of the ELISA
for the 9 seropositive and 4 seronegative equine sam-
ples tested twice on separate days was high. For the
seropositive samples, antibody titers were the same (n
= 1), differed by a factor of 2 (7), or differed by a fac-
tor of 4 (1). For the sample for which results differed
by a factor of 4, net OD was 1.03 on the first day of
testing and 0.95 on the second at a dilution of 1:160.
Results for the 4 seronegative samples were negative on
the second day of testing.

For the 4 horses found to be carrying antibodies to
E equi during 1995 or 1996 that were treated with
antibiotics, ELISA antibody titers ranged from 1:640 to
1:40,960 at the time of inital testing. For all 4 horses,
titers 2 to 5 months later were lower by a factor of 4.

Discussion

Results of the present study suggest that a polyva-
lent ELISA incorporating a recombinant p44 antigen is
suitable for detecting antibodies to E equi in dogs and
horses. Results of this assay were sensitive, specific,
and reproducible. Use of other recombinant antigens in
ELISA has improved laboratory diagnosis of borreliosis
in humans® and horses,” but sensitivities and speci-
ficities of these assays are usually lower.

Western blot analyses have shown that the 44-kd
peptide is a sensitive and specific marker for E phago-
cytophila genogroup infection in humans,”**** dogs,”
and horses.® Because procedures for ELISA can be auto-
mated and standardized, these types of assays are the
most practical method for initial analyses of large
numbers of serum samples. It is advised, however, that
a second method, such as western immunoblotting
with whole-cell antigen, be used as an adjunct, partic-
ularly when results of the ELISA do not fit the clinical
findings or other laboratory results (ie, blood cell
counts) are inconclusive.

In the present study, geometric mean antibody
titers obtained with the ELISA were greater than titers
obtained by use of IFA staining, which incorporated
whole-cell antigen. The greater sensitivity of the ELISA
was likely attributable to the use of a highly purified
recombinant antigen, which allowed for maximal
amounts of antibody-antigen complexes to form in
plate wells without interference or blocking caused by
irrelevant components of the whole-cell antigen.

Use of the ELISA described in the present study

revealed a 4-fold decrease in antibody titers during a
period of 2 to 5 months in 4 horses in which granulo-
cytic ehrlichiosis was diagnosed and treated with antibi-
otics. Although a 4-fold decrease in titer was within the
normal variation of results for this ELISA, findings for
these 4 horses do indicate that antibodies can persist for
several weeks. Similar results were reported for experi-
mentally infected ponies. It is unlikely, however, that
high concentrations of antibodies persist for several
months in naturally exposed horses that receive antibi-
otics.” On the other hand, repeated exposure of natural-
ly infected horses to infected ticks may cause temporary
increases in antibody titers without signs of illness.
Because the number of times animals are infected is usu-
ally unknown and it is unclear whether test results indi-
cate active infection, antibody detection assays should
be limited in dogs and horses to verifying exposure to
the organism.

Because there is limited information on IgM and
IgG antibodies in dogs and horses with granulocytic
ehrlichiosis, class-specific ELISA should be developed to
determine concentrations of specific types of antibodies
in infected animals. Such differentiation of
immunoglobulins, and particularly identification of IgM
antibody, may be helpful in identifying recent infection
and could possibly play a role in selection of other labo-
ratory procedures to verify granulocytic ehrlichiosis.

*Kirkegaard & Perry Laboratories, Gaithersburg, Md.
*SigmaStat, SPSS Inc, Chicago, Il
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