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Abstract 

The relationships between the seroprevalences of Anaplasma rnarginale, Babesia bige- 
mina, Babesia bovis and some selected factors were assessed. Factors studied were age, 
breed, herd size, farm size, rotational grazing schedule, grass variety and acaricide usage. 
These relationships were analyzed in 39 herds belonging to a Livestock Information Sys- 
tem developed by the School of  Veterinary Medicine: 23 dairy farms ( 1352 animals ), eight 
cow-calf  and eight dual purpose farms (2204 animals) from different ecological areas in 
Costa Rica. Using random-effect logistic regression as analytical method, the following 
risk factors were found: season (rainy), age (over 1 year) and dipping interval (30 days) 
for the seroprevalence ofA. marginale, B. bigemina and B. bovis in the dairy farms. On the 
other hand, in beef and dual purpose cattle, breed (Bos taurus), age (over 1 year) and 
season (rainy) were detected as risk factors for the seroprevalence of  A. marginale and 
season (dry), age (less than 1 year) and breed (Bos taurus) for seroprevalence ofbabesiosis. 
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1. Introduction 

Bovine anaplasmosis and babesiosis cause major economic losses in animal 
production in Costa Rica (McCauley and Perez, 1980). Anaplasmosis is trans- 
mitted by several tick species of  the genera Boophilus sp., Rhipicephalus sp., Ixodes 
sp., Hyalomma sp. and Dermacentor sp. (Harwood and James, 1979). Babesia 
bigemina and Babesia boris are transmitted biologically by Boophilus sp. ticks. 
Boophilus microplus is the most prevalent tick species encountered in Costa Rica 
and is widely distributed in areas below 2000 m above sea level (Leroy, 1979 ). 

A. marginale, B. bigemina and B. boris are widespread in Costa Rica (Perez et 
al., 1994). Apart from studies executed in 1980 (Perez et al., 1980), the epide- 
miology of anaplasmosis and babesiosis in Costa Rica has not been thoroughly 
investigated. Successful management of anaplasmosis and babesiosis in cattle will 
depend on increased knowledge of the interactions between the parasites, the vec- 
tors and the ruminant host. The objective of  the study was to investigate the re- 
lationships among management and host factors and the seroprevalence of hem- 
oparasites in Costa Rican cattle. 

2. Materials and methods 

2.1. Study population and sampling methodology 

The farms selected were typical of  a specialized dairy production system prac- 
ticed in the highlands and the dual purpose and cow-calf  enterprises of Costa 
Rica (Cappella et al., 1991 ). The herds were selected from a large number of 
farms participating in the Livestock Monitoring System initiated by the School 
of Veterinary Medicine, on the basis of cooperation. 

To select individual animals, a sample size was calculated. An estimated sero- 
prevalence of 50% for both diseases, a confidence of  95% and an error of  5% using 
the EPISCOPE package were used (K. Frankema and J.O. Goelema, 1991. Agri- 
cultural University, Dept. of Animal Husbandry, PO Box 338-6700 A H Wagen- 
ingen, The Netherlands). Stratified random sampling (using a random number 
table) was employed. The strata were the age divided into the following three 
groups: ( 1 ) less than 1 year old, (2) between 1 and 2 years old, and (3) older 
than 2 years. A proportional allocation of the sample size calculated for each herd 
at each sampling period was performed according to the number of animals pres- 
ent in each of the three age categories, allowing larger sample sizes from strata 
containing larger numbers of animals. 

2.2. Study design 

This was a prospective cohort study executed between April and October 1991. 
Blood samples were obtained from animals in the three age strata during four 
sampling periods in 1991: dry season (April), transition from dry to rainy season 
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(July), rainy season (August) and peak of the rainy season (October). Simulta- 
neously, a pre-tested questionnaire was administered to the farmers or managers 
on each farm. The following information was obtained and categorized using 
quartiles: farm size (size of grazing area), herd size and number of paddocks. 
Moreover acaricide usage practices, grass variety and cattle breeds were 
dichotomized. 

2.3. Collection of samples 

Blood samples were collected from the coccygeal vein using disposable needles 
and vacuum tubes and transported on ice to the laboratory the same day. In the 
laboratory the samples were centrifuged to obtain serum, and stored at - 2 0  °C 
for less than 1 month until testing. 

2.4. Serological assays 

Sera were tested for A. marginale using the rapid-card agglutination test as pre- 
scribed by the manufacturer (Brewer Diagnostic Kit, Wescott and Dunning, Inc. ); 
results were reported as positive when an agglutination reaction occurred. 

The indirect fluorescent antibody test (IFAT) as described by Payne and Scott 
(1982) was used to detect antibodies to B. bigernina and B. boris. The antigen 
slides for each parasite were prepared from monospecific in vitro colonies main- 
tained at the University of Missouri. Positive control sera for each parasite were 
supplied by the US Dept. of Agriculture Animal Research Laboratory, Ames, Iowa, 

Table 1 
Seroprevalence (%) for A. marginale, B. bigemina and B. boris in dairy cattle by age and season of 
the year, Costa Rica 1991 

Age (years) April July August October 

No. sampled (%) No. sampled (%) No. sampled (%) No. sampled (%) 

A. margina~ 
< 1 116 4.31 53 7.54 51 17.67 48 8.33 

1-2 86 5.81 42 4.76 35 34.28 46 8.69 
> 2  287 15.67 239 14.64 173 45.08 176 14.7 

B. bigernina 
< 1 116 38.7 53 33.9 51 68.6 48 18.7 

1-2 86 59.3 42 45.3 35 56.8 46 32.6 
> 2 287 56.7 239 41.4 173 77.4 176 36.3 

B. bov~ 
< 1 116 24.1 53 43.4 51 80.4 48 54.8 

1-2 86 36.0 42 54.8 35 88.6 46 26.0 
> 2 287 33.8 239 57.3 173 95.4 176 35.2 
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Table 2 
Logistic binomial multiple regression for seroprevalence ofA. marginale in dairy cattle, Coasta Rica, 
1991 

Term fl SE (fl) Pvalue OR 95%C1 (OR) 

Intercept - 1.10 0.76 

Month of sampling 
July a 0.31 0.28 0.28 1 . 3 5  0.77-2.35 
August 2.22 0.25 0.01 9.15 5.59-15.0 
October 0.71 0.28 0.01 2.03 1.17-3.52 

Age 
1-2 years b 0.31 0.36 0.40 1.36 0.66-2.78 

_> 2 years 0.93 0.27 0.01 2.52 1.49-4.29 

Breed 
Holstein c - 1.61 0.45 0.01 0.20 0.08-0.48 

Farm size 
41-80 ha d - 1.39 0.51 0.01 0.25 0.09-0.68 
81-150 ha -3 .10  1.09 0.01 0.04 0.005-0.38 

151-300 ha 0.17 0.48 0.72 1.19 0.46-3,06 

Herd size 
41-118 head e 1.25 0.66 0.06 3.50 0.95-12.82 

119-195 head 2.28 0.82 0.01 9.76 1.95-48.72 
196-265 head 3.53 1.01 0.01 3 4 . 1  4.67-249.0 

Dipping interval 
22 days f - 0.40 0.65 0.54 0.68 0.18-2,40 
30 days 1.03 0.46 0.03 2.80 1.12-7.03 
60 days -1 .56  1.16 0.17 0 . 2 1  0.02-2.02 

Product 
Pyrethrines and -2 .12  0.99 0.03 0.12 0.01-0.84 
pyrethroids g -0 .63  0.52 0.22 0.53 0.19-1.47 
Formamidines 

Type of dipping 
Spray h -0 .83  0.28 0.01 0.43 0.24-0.76 

Random term 0 0.09 

aSampling on April used as reference level. 
bAge category: less than 1 year used as reference level. 
CBreed: Jersey used as reference category. 
dFarm size: 1-40 ha used as reference level. 
eHerd size: 1-40 head used as reference level. 
fDipping interval: 15 days used as reference level. 
gProduct: organophosphate used as reference level. 
hType of dipping: sponge used as reference level. 
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Table 3 
Logistic binomial multiple regression for seroprevalence of B. bigemina in dairy cattle, Costa Rica, 
1991 

Term fl SE (fl) P value OR 95% CI (OR) 

Intercept - 0.32 0.32 

Month of sampling 
July a - 0.47 0.16 0.01 0.62 0.45-0.85 
August 0.84 0.18 0.01 2.30 1.62-3.25 
October - 0.80 0.17 0.01 0.45 0.31-0.62 

Age 
1-2 years b 0.64 0.21 0.01 1 . 9 0  1.27-2.85 

> 2 years 0.66 0.16 0.01 1 . 9 4  1.42-2.65 

Breed 
Holstein c -0.18 0.17 0.28 0.83 0.59-1.16 

Farm size 
41-80 ha a - 0.59 0.29 0.04 0.56 0.31-0.98 
81-150 ha - 0.14 0.37 0.71 0.87 0.42-1.81 

151-300 ha 0.23 0.22 0.29 1 . 2 6  0.81-1.93 

Herd size 
41-118 head e -0.19 0.24 0.42 0.82 0.52-1.32 

119-195 head 0.27 0.23 0.24 1 . 3 1  0.83-2.08 
196-265 head 0.51 0.23 0.03 1 . 6 6  1.05-2.62 

Dipping interval 
22 days f 0.10 0.23 0.67 1 . 1 0  0.69-1.76 
30 days 0.64 0.31 0.04 1 . 9 0  1.02-3.51 
60 days 0.14 0.32 0.64 1 . 1 6  0.62-2.15 

Random term 0 0.10 

aSampling on April used as reference level. 
bAge category: less than 1 year used as reference level. 
CBreed: Jersey used as reference category. 
dFarm size: 1-40 ha used as reference level. 
eHerd size: 1-40 head used as reference level. 
rDipping interval: 15 days used as reference level. 

USA.  The  conjuga te ,  an  a n t i - b o v i n e  IgG, was pu r c ha se d  f rom Sigma Chemica l  
C o m p a n y .  

The  I F A T  was p e r f o r m e d  at  a 1:80 d i l u t i o n  for all sera ( con t ro l s  a n d  un -  
k n o w n s )  a n d  at a 1:200 d i l u t i o n  for the  conjugate .  These  d i l u t i ons  were cons id-  
ered  o p t i m a l  because  they gave high specific i n t r ae ry th rocy t i c  f luorescence a n d  
few unspec i f ic  reac t ions  in  the  backg round .  O n l y  those reac t ions  were accepted  
as pos i t ive  w h e n  specific i n t r ae ry th rocy t i c  f luorescence  was p resen t  in  associa-  
t ion  wi th  the parasite.  Negat ive  controls  showed no  in t raery throcyt ic  f luorescence.  
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Table 4 
Logistic binomial multiple regression for seroprevalence ofB.  bovis in dairy cattle, Costa  Rica, 1991 

Term fl SE (fl) P v a l u e  OR 95% CI ( O R )  

Intercept - 1.55 0.66 

Month of  sampling 
July  a 0.81 0.18 0.01 2.26 1.60-3.18 
August 3.21 0.26 0.01 24.8 14.7-41.4 
October - 0.18 0.19 0.34 0.83 0 .57-1 .20  

Age 
1-2 years b 0.44 0.24 0.06 1.56 0 .97-2 .48 
> 2 years 0.58 0.19 0.01 1.79 1.24-2.60 

Breed 
Holstein c - 0.23 0.41 0.56 0.78 0 .35-1 .76 

Farm size 
41 -80  ha  d - 0 . 0 2  0.39 0.97 0.98 0 .45-2 .13 
81 - 150 ha  0.71 0.40 0.08 2.03 0 .92-4 .48 

151-300 ha  1. l 1 0.42 0.01 3.05 1.31-7.08 

Herd size 
41 -118  head e 0.13 0.42 0.76 1.13 0 .49-2 .58 

119-195 head 1.02 0.39 0.01 2.77 1.27-6.03 
196-265 head 0.38 0.32 0.24 1.46 0 .76-2 .78 

Random term 0.72 0.15 

aSampling on April used as reference level. 
bAge category: less than  1 year used as reference level. 
CBreed: Jersey used as reference category. 
dFarm size: 1-40 ha used as reference level. 
eHerd size: 1-40 head used as reference level. 

2.5. Statistical analysis 

The unit of  analysis was the individual animal. Response variables were serol- 
ogical results (positive, negative) for A. marginale, B. bigemina, B. boris. Expo- 
sure variables were cattle breed, season of the year, and age stratum (host vari- 
ables), size of pasture area, herd size, acaricide usage and grass variety (farm 
variables). Data were analyzed by production system (dairy and dual purpose, 
cow-calf)  independently. All continuous variables were categorized using quar- 
tiles. A primary screening using 2 × K contingency table of  the exposure variables 
with the outcomes was performed (PROC FREQ; Statistical Analysis Systems 
Institute Inc., 1989 ). All covariates associated with the outcome variables with 
P < 0.25 were considered in the secondary steps of the screening procedure. A 
stratified analysis of  the host variables by the farm level variables was performed 
with EGRET (Statistics and Epidemiology Research Corporation (SERC), 
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Table 5 
Seroprevalence (%) for A. marginale, B. bigemina and B. bovis in dual /beef  cattle by age and season 
of the year, Costa Rica 1991 

Age (years) April July August October 

No. sampled (%) No. sampled (%) No. sampled (%) No. sampled (%) 

A. margina& 
< 1 181 14.3 211 39.8 164 57.0 189 33.8 

1-2 115 32.11 89 44.9 80 52.5 129 58.1 
> 2 279 32.25 248 66.5 205 51.7 314 58.9 

B. bigemina 
< 1 181 47.5 211 56.8 164 53.0 189 29.0 

1-2 115 44.3 89 57.3 80 46.2 129 24.0 
> 2 279 51.2 248 62.9 205 31.14 314 25.7 

B. bov~ 
< 1 181 64.0 211 81.9 164 69.5 189 34.9 

1-2 115 54.7 89 66.2 80 62.5 129 53.4 
> 2  279 54.1 248 77.0 205 59.5 314 44.2 

1990). Common odds ratios across strata were calculated; if the null hypothesis 
of homogeneity was rejected (P < 0.05 ) an interaction term for the multivariate 
analysis was created. All main effects and interaction terms selected in the screen- 
ing procedures were used in the multivariate analysis performed using EGRET 
(SERC, 1990). A backward elimination process was employed; an examination 
of  the Wald statistic for each variable and assessment of the odds ratios estimate 
were done at each step. All non-significant terms were eliminated and a new model 
fitted. A proportionate change of 5% in the estimates was used as a criterion to 
force the covariate to remain in the model as a potential confounder. Models 
were compared using the likelihood ratio test. To control for possible herd effects, 
a logistic-binomial regression model for distinguishable data was used (Maurit- 
sen, 1984). This model was selected because the data had variables measured 
both at herd level (herd effects) and animal level (host effects) associated rather 
with the individual responses than just with the herds. 

3. Results 

3.1. Dairy 

The data set contained information from 23 dairy farms; all the farmers de- 
cided to participate. No one withdrew during the study period. Eighty-five per- 
cent of the farms had Holstein cows and 15% Jersey. All farms raised their own 
replacements and only 23% occasionally bought heifers or cows elsewhere. 

The nutrition was mainly pasture based, with some grain supplementation. All 
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Table 6 
Logistic binomia l  mul t ip le  regression for seroprevalence o f  A. marginale, in beef  and  dua l -purpose  
cattle, Costa  Rica, 1991 

Term fl SE (fl) P v a l u e  OR 95% CI ( O R )  

Intercept  - 1.06 0.26 

Month of  sampl ing  
July a 1.27 0.13 0.01 3.57 2 .77-4 .62  
August  0.90 0.13 0.01 2.48 1.92-3.19 
October  1.21 0.13 0.01 3.37 2 .62-4 .30  

Age 
1-2 years b 0.47 0.13 0.01 1.60 1.24-2.04 
> 2 years 0.70 0. l 0 0.01 2.01 1.65-2.45 

Breed 
Bos indicus ~ 0.18 0.23 0.42 1.20 0 .76-1 .87 
Cross breed - 0.23 0.16 0.06 0.74 0.54-1.01 

Farm size 
106-126 ha  d 0.45 0.19 0.01 1,57 1.09-2.26 
127-230 ha  0.59 0.18 0.01 1,81 1.27-2.60 
231-1200  ha 0.63 0.23 0.01 1,88 1.18-2.98 

Number of paddocks 
11-18 e - 0 . 0 4  0.20 0.81 0.96 0 .64-1 .40  
19-22 paddocks  - 0.44 0.19 0.02 0.65 0 .44-0 .93  
23 -40  paddocks  - 0.44 0.20 0.03 0.65 0 .43-0 .96  

Type  o f  grass 
Natura l  grass f - 0.88 0.22 0.01 0.41 0 .27-0 .63 

R a n d o m  te rm 0 0.08 

aSampling on April used  as reference level. 
bAge category: less than  1 year used  as reference level. 
CBreed: Bos taurus used as reference category. 
dFarm size: 9-105  ha  used as reference level. 
eNumber  o f  paddocks:  3 -10  used as reference level. 
fGrass type: African Star grass used  as reference level. 

farms used Kikuyu grass (Penisetum clandestimun ), 68% as the only type of  grass 
and 32% combined with some varieties of  clovers (Tripholium sp. ), Star grass 
( Cynodon plectostachyus ) or Rye grass ( Lolium perenne ). 

Median farm size was 80 ha, with a median number of  paddocks of  60, and 
median herd size of  117. For the control of  ticks and other ectoparasites, 83% of  
farms used a back-pack sprayer and 17% used sponges or a cotton cloth. Intervals 
between treatments varied from 15 days (44%), 22 days (26%), 30 days (19%) 
to 60 days (11%). The chemical pesticide employed on 67% of  the farms was 
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Table 7 
Logistic binomial multiple regression for seroprevalence of B. bigemina in beef and dual-purpose 
cattle, Costa Rica, 1991 

Term fl SE (fl) Pvalue OR 95% CI (OR) 

Intercept - 0.39 0.23 

Month of sampling 
July a 0.41 0.12 0.01 1 . 5 1  1.19-1.gl 
August -0.19 0.1 l 0.10 0 . 8 3  0.65-1.03 
October - 0.95 0.12 0.01 0.39 0.30-0.49 

Age 
1-2 years b -0.18 0.12 0.14 0.83 0.65-1.06 

> 2 years - 0.13 0.09 0.19 0.87 0.72-1.06 

Breed 
Bos indicus ¢ -0.44 0.20 0.03 0 . 6 5  0.43-0.95 
Cross-breed - 0.42 0.13 0.01 0.66 0.50-0.85 

Farm size 
106-126 ha 4 0.29 0.17 0.08 1 . 3 3  0.96-1.85 
127-230 ha 0.28 0.16 0.06 1 . 3 2  0.97-1.80 
231-1200 ha - 0.61 0.21 0.01 0.54 0.36-0.82 

Number of paddocks 
! 1-18 e 0.40 0.18 0.03 1 . 4 9  1.04-2.10 
19-22 0.60 0.17 0.01 1 . 8 1  1.28-2.55 
23-40 0.59 0.18 0.01 1 . 8 0  1.25-2.58 

Type of grass 
Natural grass f 0.76 0.19 0.01 2.14 1.46-3.13 

Random term 0 0.05 

aSampling on April used as reference level. 
bAge category: less than 1 year used as reference level. 
CBreed: Bos taurus used as reference category. 
dFarm size: 9-105 ha used as reference level. 
eNumber of paddocks: 3-10 used as reference level. 
fGrass type: African Star grass used as reference level. 

f o r m a m i d i n e s ,  28% o rganophospha te s ,  a n d  5% py re th r in s  a n d  pyre thro ids .  Vac- 
c i n a t i o n  agains t  h e m o p a r a s i t e s  on  the  fa rms  was no t  car r ied  out .  

O f  the 1352 a n i m a l s  f rom 23 da i ry  fa rms  s a m p l e d  d u r i n g  the  s tudy,  20% were 

aged less t h a n  1 year,  16% were be tween  1 a n d  2 years  a n d  64% were over  2 years 
(Tab le  1 ). The  c rude  se ropreva lence  ofA.  m a r g i n a l e  was 83%, B. b i g e m i n a  50%, 
a n d  B. boris  50%. 

The  highest  odds  of  i n f ec t i on  were de tec ted  d u r i n g  the r a iny  season ( A u g u s t )  
(Tab les  2 - 4 ) ;  for all three  in fec t ions  Ho l s t e in s  ha d  lower  odds  of  se ropos i t iv i ty  
t h a n  Jerseys (on ly  s ta t is t ical ly  s ign i f ican t  for A. m a r g i n a l e ) .  T h e  odds  of  sero- 
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Table 8 
Logistic binomial multiple regression for seroprevalence o f  B. bovis, in beef  and dual -purpose  cattle, 
Costa Rica, 1991 

Term fl SE (fl) t '  value OR 95% CI ( O R )  

Intercept  0.62 0.22 

Month of  sampling 
July a 0.95 0.13 0.01 2.57 1.98-3.34 
August 0.14 0.12 0.23 1.15 0.91 - 1.45 
October - 0.58 0.11 0.01 0.55 0 .44-0 .70  

Age 
1-2 years b - 0.06 0.12 0.60 0.93 0 .73-1 .20  

> 2 years - 0.23 0.09 0.02 0.80 0 .65-0 .97 

Breed 
Bos indicus c - 0 . 5 3  0.24 0.03 0.58 0 .36-0 .94  
Cross-breed - 0.39 0.21 0.06 0.67 0.44-1.01 

Herd  size 
116-184 head d 0.51 0.19 0.01 1.66 1.13-2.43 
185-207 head 0.06 0.20 0.98 1.00 0 .67-1 .49  
208-834  head 0.16 0.19 0.40 1.17 0.81-1.71 

R a n d o m  te rm 0 0.06 

aSampling on April used as reference level, hAge category: less than  1 year used as reference level. 
CBreed: Bos taurus used as reference category, dHerd size: 11-115 heads used as reference level. 

positivity tended to increase with farm size. None of  the tick control management 
practices were associated with B. bovis seropositivity. 

3.2. Beef and dual purpose 

The median farm size for cow-calf  herds was 120 ha, and for dual purpose 
farms 126 ha. The median number of  paddocks per farm were 20 and 15 for cow-  
calf and dual purpose farms, respectively. The median number of  cattle per farm 
was 115 in cow-calf  farms, and 196 in dual purpose farms. 

Nutrition was exclusively pasture based. Star grass was the only pasture used 
on 37% of the farms while 63% of farms combined this grass with natural grass 
and jaragua (Hyparrhenia rufa). Supplementation with molasses and mineral salt 
often occurred during the dry period (May to December). 

The most frequently used pesticide against ticks was pyrethrins and pyreth- 
roids (67%) followed by organophosphates (34%). All farms used back-pack 
sprayer for applications. As with the dairy farms, no vaccination against hemo- 
parasites was practiced. 

During the study period 2204 animals from eight cow-calf  and eight dual pur- 
pose farms were sampled. The crude seroprevalence rates were 57% for A. mar- 
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ginale, 59% for B. bovis, and 44% for B. bigemina (Table 5 ). Rates stratified by 
type of farm showed no statistical difference (P > 0.05 ). 

The dry season (April), was the season of lower odds of seropositivity for A. 
marginale (Table 6). On the other hand, B. bigemina and B. boris serological 
results presented a lower odds of seropositivity during the peak of the rainy sea- 
son in October (Tables 7 and 8 ). Tables 6, 7, and 8 show a trend for seropositiv- 
ity forA. marginale to increase with age, no association with age for B. bigemina, 
and a diminished likelihood of seropositivity for B. boris as age increased. Bos 
taurus cattle exhibited an increased odds of seropositivity for Babesia spp. when 
compared with cross-bred or Bos indieus animals. Larger sized farms had an in- 
creased odds for seropositivity against A. marginale, but decreased odds for B. 
bigemina. Finally, as the number of paddocks increased or as farms used Star 
grass more frequently, the odds of seropositivity increased for B. bigemina and 
decreased for A. marginale. 

4. Discussion 

4.1. General 

In this study there was a potential lack of within-herd independence due to 
lateral transmission, clustering of cases within herds and repeated measures on 
the same animal. This extra variation introduced between groups is extra-binom- 
ial variation (Mauritsen, 1984). The random effects logistic regression models 
can be used to model outcomes where an observation can be either group-level 
data, an individual within a group or a repeated observation on the same animal 
(Kristula et al., 1992 ). For that purpose random effects models add a scale pa- 
rameter which models the excess of variation. Thus, the estimated probability of 
infection becomes not only a function of the fixed parameters but also the herd 
random-effect term. Furthermore, the data are non-experimental, with the at- 
tendant difficulties of establishing causal relationships. 

Only two of the cow-calf and dual purpose farms reported clinical cases of tick- 
borne disease during the year of study reflecting endemic stability (Callow, 1984). 
Conversely, all the dairy farmers reported clinical cases during the year, reflecting 
an epidemiological unstable condition (Callow, 1984). Possibly at the dairy farms, 
ecological factors or the nature of tick control measures, caused tick populations 
to be low and insufficient to maintain parasite transmission necessary for pre- 
munition of young animals. 

4.2. Month o f  sampling 

In both areas there was a clear pattern of increased seropositivity during the 
rainy period (months of August and October), perhaps associated with increased 
tick activity in the preceding months (dry season). The only bio-ecological study 
of Boophilus microplus in Costa Rica indicated a peak of larvae in the pastures 
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during the dry season (months of January through April) (Perez et al., 1980). 
Similar seasonal patterns in seropositivity have been reported in other studies in 
Louisiana (Hugh-Jones et al., 1988) and Argentina (Guglielmone et al., 1992). 
Furthermore, in Paraguay, low seropositivity levels were associated with study 
sites where ticks were either absent or low in number (Payne and Osorio, 1990). 

An alternative explanation of the pattern for anaplasmosis seroprevalence might 
be that the annual massive vaccination against anthrax and pasteurellosis was 
performed at the end of the dry season (April-May) facilitating iatrogenic trans- 
mission (Reeves and Swift, 1977). 

4.3. Age 

The dairy data showed a trend of increased seropositivity for anaplasmosis and 
babesiosis with age, consistent with previous reports (Hugh-Jones et al. 1988); 
younger animals are more resistant to primary infections (Trueman and Blight, 
1978). The beef/dual purpose data were equivocal in demonstrating a dimin- 
ished likelihood of seropositivity for B. bovis in older animals. The increased like- 
lihood of Babesia transmission in young animals could be explained by a de- 
creased resistance to ticks under nutritional stress (Gladney et al., 1973; Sutherst 
et al., 1983) combined with a the peak in activity of infective larvae, since B. 
boris is mainly transmitted by larvae (Riek, 1966 ). The region experiences a long 
dry season of 6 months (December to May) when grass is sparse and the nutri- 
tion is deficient. 

4.4. Breed 

The beef/dual purpose data showed an association between Bos taurus and 
seropositivity. Several researchers have suggested that certain breeds may be more 
susceptible to Babesia infection than others (Mahoney and Ross, 1972; Johnston 
et al., 1978 ). Recently, Mount et al., 1991 showed a difference of tick (Boophilus 
microplus) survival rate on the host depending on breed. Haile et al. (1992) 
demonstrated different inoculation thresholds for Babesia species depending on 
the breed. 

4.5. Farm size and herd size 

Hugh-Jones et al. ( 1988 ) found no association between herd size and positive 
serology to anaplasmosis. On the other hand, in the dairy data in this study a clear 
trend of increased seropositivity in larger herds was detected. 

4.6. Tick control management practices 

The results did not demonstrate clear associations of acaricide usage and sero- 
prevalence in the beef/dual purpose data. In the dairy data inconsistencies in the 
results such as an increased odds of seropositivity at dipping intervals of  30 days 
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but a decreased odds at intervals of 22 and 60 days are difficult to explain. Morley 
and Hugh-Jones ( 1989 ) reported lack of associations between the use of external 
parasite control and anaplasmosis seropositivity. 

4. 7. Number of paddocks and type of grass 

In the beef/dual purpose data, these variables were associated with seropositiv- 
ity ofA. marginale and B. bigemina, but with different patterns, which corrobor- 
ates that these infections behave in different manners. Different types of vegeta- 
tion could be associated with different vectors (Morley and Hugh-Jones, 1989 ). 
Moreover, levels of rickettsemia vary markedly in persistently infected animals, 
reflecting a cyclical multiplication ofA. marginale (Kieser et al., 1990); this can 
vary the probabilities of the potential vectors being infected and thus maintain- 
ing transmission. On the other hand, parasitemia levels of Babesia fluctuate less 
which is attributed to superinfection by ticks infected with different strains of 
Babesia rather than to cyclical relapses. 

5. Conclusion 

The results demonstrated that the pattern of seropositivity of Babesia parasites 
behaved very differently from that of the rickettsia Anaplasma. The differences 
in epidemiological patterns between the parasites should give rise to different 
control strategies for the dairy farms and the beef/dual purpose farms as well as 
within farms to control Anaplasma and Babesia as suggested by other authors 
(Lawrence and de Vos, 1990). Prospective interventional studies are indicated 
as well as experimental studies to clarify some association of the potential vectors 
and the parasitemia. 
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