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This study was performed to compare indirect fluorescence antibody (IFA) test with competitive ELISA (cELISA) 
for detection of antibodies to Anaplasma marginale in cattle. In this study, a total of 484 cattle were examined on 
farms that had a positive history of anaplasmosis. Thin blood smears were prepared from each examined cattle 
and the cELISA and IFA tests were performed. Samples in which the results of microscopic examination and 
cELISA were compatible were used as a “gold standard” to define sensitivity and specificity of IFA test and these 
were used to give “real diagnosis”. According to the test result; 62 of 69 samples found positive in “real 
diagnosis” were positive in IFA test, and all of the 187 samples that were negative in the real diagnosis were 
defined as negative in IFA test. When compared to gold standard the sensitivity and specificity of the IFA test 
were 88.95 and 100%, respectively. In conclusion, both IFA and cELISA tests can be used in the diagnosis of A. 
marginale. 
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INTRODUCTION 

 
Bovine anaplasmosis occurs in tropical and subtropical 
areas throughout the world and the disease is a major 
constraint to cattle production in many countries (Kocan 
et al., 2010). The existence of acute and sub-clinical 
infections in cattle caused by anaplasmosis has been 
reported in Turkey, which is located in subtropical climate 
zone (Birdane et al., 2006). The species that cause 
anaplasmosis in cattle are Anaplasma marginale and A. 
centrale. While A. marginale is a pathogen, and causes 
infections, A. centrale is less pathogenic and rarely 
causes clinical infection (McElwain, 2000; Parola and 
Raoult, 2001). A. marginale can be transmitted both 
mechanically by biting flies or blood-contaminated 
fomites, and biologically by ticks (Kocan et al., 2010).  

Anaplasmosis can be seen at any age group in cattle. 

However, the severity and death rate increases with the 

advance in age. In terms of signalment, clinical 

anaplasmosis is more commonly encountered in cattle  
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older than 1 year of age (Jones et al., 1968). Over 2 
years old, clinical symptoms may include abortion, 
icterus, fever and often death in animals (Kocan et al., 
2004). The animals that recovered clinically are the life 
long carriers of the agent and they are porter of the 
disease (Kocan et al., 2000; Stokka et al., 2000; Tassi et 
al., 2002).  

Diagnosis of bovine anaplasmosis is usually based on 
signalment and presenting clinical signs, necropsy 
findings observed in infected animals, and the season 
(Jones and Brock, 1966). In order to confirm the 
diagnosis, laboratory tests such as light microscopic 
evaluation of Giemsa-stained blood smears or 
serological/molecular diagnostic procedures are required. 
In carrier animals, microscopic diagnosis can be difficult, 
owing to variable parasitemia, and thus, a variety of 
serologic tests or genetic material of the agent are used 
to detect the specific antibodies. Various serological and 
molecular techniques have been developed for this 
purpose. For the detection of antibodies complement 
fixation (CF), Card agglutination (CA) and ELISA tests 
are routinely performed in various laboratories (Amerault 
and Roby, 1968; Amerault et al., 1972; Goff et al., 1990). 



 
 
 

 

A competitive ELISA (cELISA) has been used for 
diagnosis of A. marginale infection in various ruminants 
including cattle, sheep and deer (Figueroa et al., 1993; 
Gale et al., 1996; Ge et al., 1997; Torini de Echaide et al., 
1998; McElwain, 2004; de la Fuente et al., 2004). The 
cELISA currently used for diagnosis of bovine 
anaplasmosis is based on use of a monoclonal antibody 
(Mab) ANAF16C1 that recognizes MSP5 in A. marginale, 
A. centrale and A. ovis. The MSP-5 antigen is conserved 
among all known species of Anaplasma (Visser et al., 
1992). In a study (Herrero et al., 1998) where PCR and 
cELISA were compared for the diagnosis of antibodies 
specific to Anaplasma in cattle sera, it has been stated 
that these two tests are in accordant with each other.  

The indirect fluoresan antibody (IFA) test is one of the 
serological tests that have been widely used throughout 
history, for the diagnosis of many blood protozoon and 
rickettsia infections. The IFA test is a commonly used test 
in seroepidemiological researches and the cost of this 
test is lower than that of other serologic tests (de Kroon et 
al., 1990; Hungerford and Smith, 1997).  

Although, many different methods have been reported 
for the diagnosis of A. marginale in cattle, to the best of 

our knowledge, no comparative study that evaluates the 
use of cELISA and IFA tests in the diagnosis of A. 
marginale has been published. The main objective of this 

study was to compare cELISA and IFA tests in the 
serodiagnosis of A. marginale in cattle, and to determine 

their concordance with microscopic examination. 
 

 
MATERIALS AND METHODS 
 
Animals used in the study 
 
In this study, a total of 484 cattle from different age groups (0 to 36 

months) were examined on farms that had a positive history of 

anaplasmosis. 
 

 
Blood smear examination 
 
Thin blood smears were prepared from ears of each examined 
animal. The smears were fixed with methyl alcohol and stained with 
10% Giemsa, and then washed under regular tap water and dried at 
room temperature. Giemsa stained thin blood smears were 
examined under oil immersion objective of microscope. A total of 20 
to 25 fields were examined randomly from each slide for the 
presence of parasites and the percentage of infected erythrocytes 
was counted. 

 

Competitive-ELISA test 
 
For use in serological tests, 10 ml blood was taken from vena 
jugularis of each animal and the sera were subjected to cELISA to 
determine the presence of specific antibodies to A. marginale. The 
cELISA test was performed according to the test procedure of the 
manufacturer (Anaplasma antibody test kit, cELISA, VMRD, Inc., 
USA). 

  
  

 
 

 
Preparation of antigen slides and test procedures for IFA test 
 
The sera that were defined as positive and negative by microscopic 
examination and cELISA test were also examined with IFA test. The 
IFA test antigens were prepared from the blood of cattle with acute 
anaplasmosis that have high level of parasitemia. For this purpose, 
the blood was washed with diluted PBS solution after being 
centrifuged 3 times at 2100 rpm. A 5 µl drop of blood was added to 
each well of the multi-test slides. After drying at room temperature, 
these slides were dried with a paper towel and then packed with 
aluminum foil and were kept at -80°C until use. For the IFA test, 
1/80 serial dilutions in PBS of cattle sera were produced and test 
was performed as described previously (McElwain, 2000). Anti-
bovine conjugate (Sigma F7887, Anti-Bovine IgG (whole molecule)  
- FITC antibody produced in rabbit) was diluted 1:120 with PBS that 
contained 0.2% Evans blue. The existence of antigen-antibody 
reaction was evaluated using a fluorescence microscope (Olympus 
BX50, Japan). The data obtained were compared with the results of 
the cELISA and microscopic examination.  

The sera that were used as a positive control in the IFA test were 
positive on the cELISA and the agent had been determined in blood 
smears on microscopic examination. Sera determined as negative 
in both examinations, were used as negative controls for the IFA 
test. The acuity (sharpness) of the fluorescence reaction was 
evaluated as a semi-quantitative interval between +1 and +5. 

 

Statistical analysis 
 
To define sensitivity and specificity of IFA test, samples in which the 

results of microscopic examination and cELISA were in agreement 

were used as the “gold standard”. 
 

 

RESULTS 

 

Determination of cut off value for IFA test 
 

In order to define positive cut off for the IFA test, 20 
negative control sera were diluted twice with PBS, 
starting from 1/40. When each of these samples was 
subjected to IFA test and antigen reaction was analyzed, 
it was seen that non-specific fluorescence signals were 
dense, at dilutions of 1/320 and below. Therefore, it was 
decided that samples at dilution steps higher than 1/320 
be evaluated as positive. 

 

Comparison of IFA and cELISA Tests 

 

In this study, blood samples from 484 cattle were 
examined. Comparison of microscopic examination 
results according to the cELISA is given at Table 1. “Gold 
standard” samples in which the results of microscopic 
examination and cELISA were concordant were used to 
define sensitivity and specificity of IFA test and these 
were evaluated as “real diagnoses”. That means that, a 
total of 256 sera were subjected to IFA test. Comparison 
of IFA test results with the gold standard is given in Table  
2. The sensitivity of cELISA test was at 87.3%, while 

specificity of cELISA test was at 100%. However, 



 
 
 

 
Table 1. Compare microscopic examination results according to the cELISA.  

 
    cELISA  

   + - Total 

 Microscopic examination + 69 10 79 

  - 218 187 405 

 Total  287 197 484 
 

 
Table 2. Compare IFA test results according to the gold standard.  

 
    Gold standard  

   + - Total 

 IFA test results + 62
a
 0

b
 62 

  - 7
c
 187

d
 194 

 Total  69 187 256 
 

a; positive examples of the IFA test according to the real diagnose; b; as the examples of false positive IFA 

test (false positive); c; as the examples of false negative IFA test (false negative); d; negative examples of 

the IFA test according to the real diagnose. 
 

 

sensitivity and specificity of IFA test were 90.7 and 100%, 

respectively. 
 
 

DISCUSSION 

 

Bovine anaplasmosis occurs in tropical and subtropical 
areas throughout the world, and the disease is a major 
constraint to cattle production in many countries. In 
scanning tests that are used to determined prevalence of 
any disease in epidemiological studies, reliability of the 
test is crucial. In order to define whether the used test is a 
reliable sensitivity, validity rates such as specificity, 
inaccurate negativeness, inaccurate positiveness and 
accuracy are calculated and it is required that these 
measurements have adequate level. “Gold standard” 
samples in which the results of microscopic examination 
and cELISA (Table 1) were compatible were used to 
determine sensitivity and specificity of IFA (Table 2) test 
and these were evaluated as “real diagnose”.  

The sensitivity and specificity of cELISA and IFA tests 
were very high. For the detection of antibodies, 
complement fixation (CF), card agglutination (CA) and 
ELISA tests are routinely performed in various 
laboratories (Amerault and Roby, 1968; Amerault et al., 
1972; Goff et al., 1990). Nevertheless, the reports on the 
sensitivity and specificity of these tests are not consistent 
with each other (Bradway et al., 2001). Although, DNA-
based diagnostic methods could be used to identify the 
pathogen species of Anaplasma infections, a serologic 
test based on MSP5 would be more practical for the 
diagnosis of large number of animals (de la Fuente et al., 
2005). It has been stated that cELISA test has very high 
sensitivity and specificity in the diagnosis of antibodies 

 
 

 

shaped against A. marginale and it can diagnose these 
antibodies 6 years after infection (Visser et al., 1992; 
Knowles et al., 1996; Torini de Echaide et al., 1998). In a 
recent comparison between the competitive inhibition 
ELISA (CI-ELISA) and a nested PCR assay in an A. 
marginale endemic herd in the USA (Torini de Echaide et 
al., 1998), the sensitivity and specificity of the CI-ELISA 
were reported to be 96 and 95%, respectively. Several 
researchers have reported that IFA test may be used 
instead of PCR, CF and ELISA (Goff et al., 1990; Silva et 
al., 2006; Cantu et al., 2008). IFA test is a commonly 
used test in seroepidemiological research and the cost of 
this test is lower than that of the other serological tests. 
This is the first study that has compared the cELISA and 
IFA test in the diagnosis of A. marginale. 
 

 

CONCLUSION AND SUGGESTIONS 
 
In order to determine the existence or absence of various 
diseases adequately, reliable tests are required. For a 
certain disease, methods appropriate to the conditions of 
the evaluation are preferred. Factors such as; whether 
the test is appropriate to the field and laboratory; whether 
it is expensive or cheap; whether the test results are 
obtained in a short time or not, can be a matter of choice 
on which test will be used.  

IFA is an economical and easy method to perform. In 
this research, the acuity (sharpness) of the fluorescence 
reaction was evaluated as semi-quantitative between +1 
and +5 interval. However, the test has some 
disadvantages because the results vary between 
individuals, being subjective, and consuming too much 
time. During the evaluation process of this test, the 



 
 
 

 

knowledge and experience of the staff become important. 
The biggest advantage of the ELISA method is that, 
many sera samples (at least 90) can be examined on one 
micro plate at the same time. The duration of the test 
procedure is quite short (145 min). The results are read 
by an ELISA reader and quantitative values can be 
obtained very rapidly.  

In this study, though no meaningful difference between 
cELISA and IFA tests was found, the fact that IFA test 
requires special laboratory conditions and fluorescence 
microscope may create difficulties for the usage of this 
test. Some advantages of cELISA, such as its ease of 
use, cheapness and the possibility to give quantitative 
results may be seen as a matter of choice in these kinds 
of researches. 
 

 

ACKNOWLEDGEMENT 

 

The authors would like to acknowledge the financial 

support from SUBAPK (The Coordination of Scientific 

Research Projects, University of Selcuk, No. of Project: 

05401028), we are indeed grateful. 
 

 
REFERENCES 
 
Amerault TE, Roby TO (1968). A rapid card agglutination test for bovine 

anaplasmosis. J. Am. Vet. Med. Assoc., 153: 1828-1834. 
Amerault TE, Rose JE, Roby TO (1972). Modified card agglutination 

test for bovine anaplasmosis: evaluation with sera and plasma from 
experimental and natural cases of anaplasmosis. Proc. U.S. Anim. 
Health Assoc., 76: 736-744.  

Birdane FM, Sevinc F, Derinbay O (2006). Anaplasma marginale 
infections in dairy cattle: Clinical disease with high seroprevalence. 
Bull. Vet. Inst. Pulawy., 50: 467-470. 

Bradway DS, Torioni de Echaide S, Knowles DP, Hennager SG, 
McElwain TF (2001). Sensitivity and specificity of the complement 
fixation test for detection of cattle persistently infected with 
Anaplasma marginale. J. Vet. Diagn. Invest., 13(1): 79-81.  

Cantu-Martinez MA, Silva-Paez ML, Avalos-Ramirez R, Wong-Gonzales 
Salinas-Melendez JA, Segura Correa JC (2008). Prevalence of 
antibodies Against Anaplasma marginale in White-tailed Deer 
(Odocoileus virginianus texanus) in Hunting Farms of Northeastern 
Mexico, J. Anim. Vet. Adv., 7(11): 1495-1498.  

de Kroon JF, Perié NM, Franssen FF, Uilenberg G (1990). The indirect 
fluorescent antibody test for bovine anaplasmosis. Vet. Q., 12(2): 
124-128. 

de la Fuente J, Vicente J, Ho¨ fle U, Ruiz-Fons F, Ferna´ndez de Mera 
IG, Van Den Bussche RA, Kocan KM, Gorta´ zar C (2004). 
Anaplasma marginale infection in free-ranging Iberian red deer in the 
region of Castilla La Mancha, Spain. Vet. Microbiol., 100: 163-173.  

de la Fuente J, Lew A, Lutz H, Meli ML, Hofmann-Lehmann R, Shkap V, 
Molad T, Mangold AJ, Almaza´ n C, Naranjo V, Gorta´ zar C, Torina 
A, Caracappa S, Garcı´a-Pe´ rez AL, Barral M, Oporto B, Ceci L, 
Carelli G, Blouin EF, Kocan KM (2005). Genetic diversity of 
Anaplasma species major surface proteins and implications for 
anaplasmosis serodiagnosis and vaccine development. Anim. Health 
Res. Rev., 6: 75-89.  

Figueroa JV, Chieves LP, Johnson GS, Buening GM (1993). Multiplex 
polymerase chain reaction based assay for the detection of Babesia 
bigemina, Babesia bovis and Anaplasma marginale DNA in bovine 
blood. Vet. Parasitol., 50: 69-81. 

  
  

 
 

 
Gale KR, Dimmock CM, Gartside M, Leatch G (1996). Anaplasma 

marginale: Detection of carrier cattle by PCR-ELISA. Int. J. Parasitol., 
26: 1103-1109. 

Ge NL, Kocan KM, Ewing SA, Blouin EF, Edwards WW, Murphy GL, 
Dawson LJ (1997). Use of a non-radioactive DNA probe for detection 
of Anaplasma marginale infection in field cattle: comparison with 
complement fixation serology and microscopic examination. J. Vet. 
Diagn. Invest., 9: 39-43.  

Goff WL, Stiller D, Roeder RA, Johnson LW, Falk D, Gorham JR, 
McGuire TC (1990). Comparison of a DNA probe, complement-
fixation and indirect immunofluorescence tests for diagnosing 
Anaplasma marginale in suspected carrier cattle. Vet. Microbiol., 24: 
381-390.  

Herrero MV, Perez E, Goff WL, Torioni de Echaide S, Knowles DP, 
McElwain TF, Alvarez V, Alvarez A, Buening GM (1998). Prospective 
Study for the Detection of Anaplasma marginale Theiler, 1911 
(Rickettsiales: Anaplasmataceae) in Costa Rica. Annal. N. Y. Acad. 
Sci., 849: 226-233.  

Hungerford LL, Smith RD (1997). Variations in seroprevalence and host 
factors for bovine Anaplasmosis in Illionis. Vet. Res. Com., 21: 9-18.  

Jones EW, Brock WE (1966). Bovine anaplasmosis: its diagnosis,  
treatment, and control. JAVMA, 149: 1624-1633.  

Jones EW, Kliewer IO, Norman BB, Brock WE (1968). Anaplasma 
marginale infection in young and aged cattle. Am. J. Vet. Res., 29: 
535-544. 

Knowles D, Torioni de Echaide S, Palmer G, McGuire T, Stiller D, 
McElwain T (1996). Antibody against an Anaplasma marginale MSP5 
epitope common to tick and erythrocyte stages identifies persistently 
infected cattle. J. Clin. Microbiol., 34: 2225-2230.  

Kocan KM, Blouin EF, Barbet AF (2000). Anaplasmosis control: Past,  
present, and future. Ann. New York Acad. Sci., 916: 501-509.  

Kocan KM, de la Fuente J, Blouin EF, Garcia-Garcia JC (2004). 
Anaplasma marginale (Rickettsiales: Anaplasmataceae): recent 
advances in defining host -pathogen adaptations of a tick-borne 
rickettsia. Parasitology, 129: 285-300.  

Kocan KM, de la Fuente J, Blouin EF, Coetzee JF, Ewing SA (2010). 
The natural history of Anaplasma marginale. Vet. Parasitol., 167: 95-
107. 

McElwain TF (2000). Bovine anaplasmosis. In: Manual of Standards for 
Diagnostic Tests and Vaccines. Office International des Epizooties, 
Paris. 

McElwain TF (2004). Bovine anaplasmosis, In: Manual of standards for 
diagnostic tests and vaccines for terrestrial animals. Office 
International des Épizooties, Paris, pp. 494-506. 

Parola P, Raoult D (2001). Molecular tools in the epidemiology of tick-
borne bacterial diseases. Ann. Biol. Clin. (Paris), 59(2): 177-182. 

Silva VMG, Araújo FR, Madruga CR, Soares CO, Kessler RH, Almeida 
MAO, Fragoso SP, Santos LR, Ramos CAN, Bacanelli G, Torres 
Júnior RAA (2006). Comparison between indirect enzyme-linked 
immunosorbent assays for Anaplasma marginale antibodies with 
recombinant major surface protein 5 and initial body antigens. Mem. 
Inst. Oswaldo Cruz, Rio de Janeiro, 101(5): 511-516. 

Stokka GL, Falkner R, Boening JV (2000). Anaplasmosis. Agricultural 
Experiment station and cooperative extention service, Kansas State 
University. (http://www.oznet.ksu.edu/library/LVSTK2/MF2212.pdf). 

Tassi P, Carelli G, Ceci L (2002). Tick-borne diseases (TBDs) of dairy 
cows in a Mediterranean environment: a clinical, serological, and 
hematological study. Ann. N. Y. Acad. Sci., 969: 314-317. 

Torioni de Echaide S, Knowles DP, McGuire TC, Palmer GH, Suarez 
CE, McElwain TF (1998). Detection of cattle naturally infected with 
Anaplasma marginale in a region of endemicity by nested PCR and a 
competitive enzyme-linked immunosorbent assay using recombinant 
major surface protein 5. J. Clin. Microbiol., 36: 777-782.  

Visser ES, McGuire TC, Palmer GH, Davis WC, Shkap V, Pipano E, 

Knowles DP (1992). The Anaplasma marginale msp 5 gene encodes 
a 19-kilodalton protein conserved in all recognized Anaplasma 
species. Infect. Immun., 60: 5139-5144. 


