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The objectives were (1) to determine seroprevalence of Anaplasma marginale and Babesia 

bovis in adult lactating dairy cattle (2) to assess associations of geographical and farm 

management factors with the seroprevalence of A. marginale and B. bovis in commercial dairy 

farms, and (3) to identify ecologic factors associated with the abundance and spatial distribution 

of Rhipicephalus (Boophilus) microplus larvae in Puerto Rico (PR). Serum samples were 

obtained from 2,414 adult lactating cattle from 76 commercial dairy farms between August 2005 

and December 2006. Ninety-six sites were sampled for tick larvae during the dry season (March 

4-18, 2007) and the rainy season (August 13-26, 2007). Data on farm management factors were 

obtained by an interviewer-administered questionnaire. Farm seroprevalence for A. marginale 

ranged from 2.8 to 100% with an overall animal seroprevalence of 27%. Risk factors 

significantly associated with A. marginale included pasture grazing as the main source to feed 

cattle (OR= 6.4, 95% CI=1.3-33), observed monkeys on the premises (OR= 14, 95% CI=1.4-

137), use of 11% permethrin (Atroban®; OR= 14, 95% CI=1.9-98), farmers who attended an 

acaricide certification program (OR= 0.17, 95% CI=0.04-0.72), and lack of fly control methods 

(OR= 5.7, 95% CI=1.3-25). Farm seroprevalence for B. bovis ranged from 0 to 52% with an 

overall animal seroprevalence of 26%. Risk factors significantly associated with B. bovis 
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included farms located in the north coastal region (OR= 0.21, 95% CI=0.05-0.86), dairy farms 

with calf raising facilities (OR= 16, 95% CI=3.0-86), having more than four neighbors with 

cattle (OR= 17, 95% CI=1.6-176), same producer owing more than one farm (OR= 7.3, 95% 

CI=1.7-32), and use of government services to apply amitraz on cattle (OR= 5.5, 95% CI=1.5-

20). Moran’s I indicated that the spatial pattern of A. marginale and B. bovis seroprevalence is 

neither clustered nor dispersed. Risk factors significantly associated with the presence of 

R.(Boophilus) microplus larvae in PR during the dry season included average wind speed of 2.6 

to 10.0 mph (OR= 0.07, 95% CI=0.01-0.63), more than 25% bushes and shrubs on the site (OR= 

11, 95% CI=1.6-71), and presence of cattle on the site (OR= 26, 95% CI=3.4-188). 
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CHAPTER 1 
INTRODUCTION 

Today, uncontrolled tick populations, bovine anaplasmosis (BA) and bovine babesiosis 

(BB) in cattle are major concerns among livestock producers in Puerto Rico (PR) (Soto-Alberti, 

1999, unpublished data). The livestock industry, particularly the dairy cattle industry, is 

continuously facing major economic constraints, which are threatening the stability and the 

economy of the agricultural sector on the island. Major economic losses include high mortality in 

adult cattle, abortion, poor growth performance, reduction in milk production, and poor fertility 

rates. An estimated economic loss of US $20 million was reported in 1989 in PR due to the 

presence of anaplasmosis, babesiosis, and Rhipicephalus (Boophilus) microplus (Canestrini) 

(Crom, 1992). Today, it is estimated that cattle operations are facing a yearly deficit of 3,602,873 

kg (7,926,321 lbs) of meat and 14,373,315 L (32,274,840 lbs) of milk (Soto-Alberti, 1999, 

unpublished data).  

Cattle operations, especially commercial dairy farms, are the most economically important 

agricultural sector in PR. The dairy industry produced US $184.8 million (25.6 %) of the gross 

domestic product in agriculture in 2006 (PRDA-ASO, 2006). Approximately 25,000 jobs are 

related to the production, manufacture, and sales of milk and milk by-products (ORIL-PRDA, 

2006). The island has an estimated cattle population of 281,371 of which 153,097 (54%) belong 

to the dairy industry with 63,181 lactating cows (Planning Board of the Commonwealth of 

Puerto Rico, 2003; NASS-USDA, 2004). Most lactating cows are raised within 353 commercial 

dairy farms operating in PR as of 2006. In 2005-06, these dairy farms produced 329 million L 

(709 million lbs) of milk with an average production of 3,850 L (8,277 lbs) per cow (NASS-

USDA and PRDA-ASO, 2005).  
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As described above, the dairy industry in PR constitutes an important sector for the 

national economy of the island. Fresh milk is not imported into the island and the entire 

commodity is processed for national consumption. Demand for milk and milk by-products in the 

densely populated island (~4 million inhabitants in 9,104 km2) increases almost daily. To sustain 

this need, it is crucially important to make every effort available to maintain and improve the 

development of this industry.   

Although tick-borne hemoparasitic diseases have been reported to cause considerable 

damage to cattle in PR, the epidemiology of BA and BB in PR has not been thoroughly 

investigated. To date, no large-scale seroprevalence studies or assessment of farm management 

risk factors have been undertaken in PR. More information is needed concerning the prevalence 

BA and BB in PR, the abundance and spatial distribution of R. (Boophilus) microplus, and the 

risks of BA and BB within farms in PR before making unsubstantiated conclusions about 

appropriate strategies for disease control.  

Therefore, the objectives of this research program were: 

• To determine the seroprevalence of Anaplasma marginale in adult lactating dairy cattle 
within the four different climatological zones of PR and to assess the associations of 
geographical and farm management factors on the seroprevalence of A. marginale  in 
commercial dairy farms of PR. 

• To determine the seroprevalence of Babesia bovis in adult lactating dairy cattle within the 
four different climatological zones of PR, to assess the associations of geographical and 
farm management factors on the seroprevalence of B. bovis in commercial dairy farms of 
PR, and to document the species of ticks commonly found on cattle among commercial 
dairy farms in PR.  

• To identify ecologic factors associated with the presence of R. (Boophilus) microplus 
larvae in PR, and to describe the seasonal pattern of R. (Boophilus) microplus larvae.  
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CHAPTER 2 
LITERATURE REVIEW 

Epidemiology of Bovine Anaplasmosis 

Etiologic Agent 

Bovine anaplasmosis (BA) is a hemoparasitic disease of cattle caused by the rickettsiae, 

Anaplasma marginale (Order Rickettsiales, Family Anaplasmataceae) (Dumler et al., 2001; 

Kocan et al., 2004). These organisms are obligate intracellular parasites that are found within 

membrane bound vacuoles in the cytoplasm of erythrocytes (Kocan et al., 2004). Four main 

genera belong to the family Anaplasmataceae: Anaplasma, Ehrlichia, Wolbachia, and 

Neorikettsia with provisional retention of Aegyptianella (Dumler et al., 2001). Organisms from 

the genus Anaplasma that affect cattle and small ruminants are A. marginale, A. centrale, A. ovis, 

A. bovis, and A. phagocytophila (Dumler et al., 2001; Kocan et al., 2004). 

The main structure of the organism consists of 1 to 8 subunits or ‘initial bodies’, each 

being 0.3 to 0.4 μm in diameter surrounded by a 1-layer membrane or vesicle called an inclusion 

body (0.3 to 1.0 μm) (Ristic and Kreirer, 1984). Initial bodies are the infective form of the 

organism and are composed of primarily DNA and RNA (Ristic and Kreirer, 1984). 

Clinical Presentation and Pathology of the Disease 

Bovine anaplasmosis can present two different forms, acute and persistent. The clinical 

signs of the acute form are consistent with those of severe hemolytic anemia, which may include 

jaundice, weight loss, and sudden death (Richey and Palmer, 1990). Other signs include 

decreased milk production, abortions, and hyperexitability (due to cerebral anoxia). Differential 

diagnoses for BA include bovine babesiosis (BB), leptospirosis, erythrozoonosis, theileriosis, 

bacillary hemoglobinuria, and postparturient hemoglobinuria. Anemia results from extravascular 

hemolysis and usually occurs 1 to 6 days after peak rickettsemia and persists for 4 to 15 days. 
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Rickettsemia during the acute form of disease may reach as high as 109 infected erythrocytes per 

ml of blood (French et al., 1998; Scoles et al., 2005). Infected erythrocytes are removed from the 

circulatory system by macrophages in the spleen, and to a lesser extent, the liver and bone 

marrow. Therefore, neither hemoglobinemia nor hemoglobinuria will develop (Ristic, 1968; 

Ristic, 1977). On necropsy, splenomegaly, hepatomegaly, and pallor and jaundice of the tissues 

may be observed (Richey and Palmer, 1990). The convalescent period may last 1 to 2 months as 

hematopoiesis brings erythrocytes back to a normal level (Swift and Thomas, 1983). The acute 

form of the disease may lead to death or recovery. Recovered animals often become persistently 

affected carriers of A. marginale for life (French et al., 1998; French et al., 1999). Quantitative 

polymerase chain reaction (qPCR) analyses have documented that persistently affected cattle can 

have two-week cycles of very low level rickettsemias with the number of infected erythrocytes 

between 102.5 to 107 per ml of blood (French et al., 1998; Scoles et al., 2005). Clinical signs of 

disease are not observed in persistently affected carrier animals. However, the persistent form is 

important for maintenance of A. marginale within a herd. The ticks are a biological amplifier of 

the organism since the rickettsia multiply in tick salivary and gut epithelium, allowing 

transmission of a large number of organisms from a blood meal containing very few parasites. 

Therefore, chronically infected carriers serve as a reservoir for A. marginale (Richey and Palmer, 

1990; Kocan et al., 1992a; Kocan et al., 1993). 

Antigenic Variation 

Antigenic variation is the process by which an organism alters its surface proteins in order 

to evade the host’s immune system. When this process occurs within a population, it is called 

antigenic diversity. Pathogens use antigenic variation to prolong their circulation in the blood 

and thus increase the likelihood of transmission (Barbour and Restrepo, 2000). Initial bodies of 

A. marginale express numerous proteins in its outer membrane that induce production of 
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antibodies by the immune system of the animal. This group of proteins is called major surface 

proteins or MSPs. These proteins include MSP-1a, MSP-1b, MSP-2,  

MSP-3, MSP-4, and MSP-5. MSP-1a, MSP-4, and MSP-5 are conserved during replication of 

the organism whereas MSP-1b, MSP-2, and MSP-3 are highly variable between A. marginale 

strains (Visser et al., 1992; Munderloh et al., 1994; Munderloh et al., 1996; Meeus and Barbet, 

2001; Bowie et al., 2002; Kocan et al., 2004). 

Major Surface Protein-1 is composed of two polypeptides MSP-1a (60-105 kDa) and 

MSP-1b (100 kDa) (Oberle et al., 1988; Allred et al., 1990; Kocan et al., 2002). MSP-1a is 

involved in the adhesion process of A. marginale to bovine erythrocytes and Dermacentor tick 

gut cells (de la Fuente et al., 2001a; de la Fuente et al., 2001b; de la Fuente et al., 2003b). This is 

the most important protein used to characterize infectivity of the organism (Brown et al., 2001; 

de la Fuente et al., 2001b; Kocan et al., 2004). In addition, the gene that encodes the protein, 

msp-1α, has been used as a genetic marker for differentiation of strains based on geographic 

location (de la Fuente et al., 2002c). In endemic areas where multiple genotypes of msp-1α 

coexist, only one genotype will establish infection per individual animal1 (Palmer et al., 2001). 

Related studies by de la Fuente et al. (2002a) described a similar phenomenon in tick cell 

cultures. However, when distantly related genotypes exist in the same region, infection of a 

single host with multiple A. marginale strains is possible (Palmer et al., 2004). Nevertheless, 

single strains can be established within geographic areas and hinder others from becoming 

endemic. Despite this fact, there is the opportunity for new strains to be introduced into a region, 

become established, and reach endemicity (de la Fuente et al., 2002a; de la Fuente et al., 2003a). 

MSP-1b is encoded by the genes msp-1β1 and msp-1β2 and it is involved in the adhesion process 
                                                 
1 This characterization of the mechanism is known as infection exclusion where one genotype is established in the 
animal excluding other genotypes from becoming established (de la Fuente et al., 2002a; de la Fuente et al., 2003a; 
Kocan et al., 2004).  
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of A. marginale to bovine erythrocytes. Unlike MSP-1a, it is not involved in the adhesion to tick 

gut cells (de la Fuente et al., 2001a). It has high polymorphism among geographic strains (Bowie 

et al., 2002; Kocan et al., 2003). 

MSP-2 (36 kDa) is encoded by a multi-gene family (msp-2). This protein demonstrates 

high polymorphism and plays a major role during cyclic rickettsemia in persistently infected 

cattle (French et al., 1998; French et al., 1999; Barbet et al., 2001). New antigenic MSP-2 

variants emerge at approximately 5-week intervals reaching peaks of >106 infected erythrocytes 

per ml, which are then reduced by an effective immune response against that specific variant 

(Kieser et al., 1990; Palmer et al., 1999). At least 3 different genetic variant types or 

antigenically different populations are produced within a single peak during these rickettsemic 

cycles (French et al., 1998; Barbet et al., 2001). 

MSP-3 (86 kDa) is the immunodominant antigen during natural and experimental infection 

of cattle. It is encoded by the msp-3 multi-gene family. It demonstrates high polymorphism 

among geographic strains (Alleman and Barbet, 1996; Alleman et al., 1997). In conjunction with 

MSP-2, it is involved in the cyclic rickettsemia observed during infection (Kocan et al., 2003; 

Brayton et al., 2003). 

MSP-4 (31 kDa), encoded by the msp-4 gene, is highly conserved during replication. It is 

also involved in the adhesion of the organism like MSP-1a and b and MSP-2 (McGarey and 

Allred, 1994). The conserved nature of this protein during replication makes msp-4 a stable 

genetic marker for phylogenetic analyses (de la Fuente et al., 2002c; Kocan et al., 2004). The 

msp-4 gene provides better phylogeographic resolution than msp-1α on a broad geographic scale. 

The msp-1α gene varies greatly among and within geographic areas but it is useful for 
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phylogenetic information when there are numerous strains in a given area (de la Fuente et al., 

2002c). 

MSP-5 (19 kDa) is also highly conserved during replication. The gene msp-5 is present in 

A. marginale, A. centrale, and A. ovis suggesting that this gene is important in the lifecycle of the 

organism, but the true function is unknown (Visser et al., 1992). This protein has a species-

specific epitope that is recognized by the monoclonal antibody ANAF16C1. This protein and the 

monoclonal antibody that recognizes it form the basis for a diagnostic competitive ELISA to 

diagnose cattle infected with A. marginale (Visser et al., 1992; Knowles et al., 1996; Torioni de 

Echaide et al., 1998). The MSP-5 ANAF16C1 epitope is present during the development of the 

organism in tick cells and erythrocytes. 

Recently, 21 more outer membrane proteins have been identified in addition to the MSPs. 

They are subdominant proteins and are classified as type IV secretion system proteins. These 

proteins are highly conserved among geographically distant strains of A. marginale and their 

potential as antigens for vaccine development have been investigated (Lopez et al., 2007). Of 

these proteins, Vir89 is capable of inducing extensive proliferation of CD4+ T cells against two 

strains of A. marginale (Lopez et al., 2007). 

Antigenic Diversity and Distribution of A. marginale 

Anaplasma organisms are found in most tropical and subtropical regions of the world 

including Africa, north Australia, Asia, southern Europe, and the Americas (Kocan et al., 2003; 

Kocan et al., 2004; de la Fuente et al., 2007). Different geographic areas have different strains, 

which vary in morphology, protein sequence, antigenic characteristics, and tick transmission 

characteristics (de la Fuente et al., 2002c; Kocan et al., 2004). Major phylogenetic studies have 

used the antigenic polymorphism in surface proteins, especially MSP-4 and MSP-1a, to support 
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the classification of A. marginale strains into different clades2. There is strong support for clades 

containing similar strain sequences from Italy, Spain, China, and the Americas (de la Fuente et 

al., 2007). In the Americas, clades have been described for Mexico, South America, and the 

United States (US) (de la Fuente et al., 2002c). Within the US, 13 geographic strains have been 

described and grouped into four major clades (de la Fuente et al., 2002c). The southern clade 

includes strains from Virginia, Florida, and Mississippi. The west-central clade consists of 

strains from California, Idaho, Illinois, Oregon, Missouri, and Texas. Two other clades, the east-

central and north-central, contain strains from Oklahoma (de la Fuente et al., 2001c; de la Fuente 

et al., 2002c; de la Fuente et al., 2003c; de la Fuente et al., 2003d). Studies have described the 

Virginia, Oklahoma, Idaho, Mississippi, and Oregon strains as infective and transmissible by 

ticks whereas the Florida, Okeechobee, Illinois, and California strains are not infective or able to 

be transmitted by ticks (Smith et al., 1986; Wickwire et al., 1987; de la Fuente et al., 2001b; de la 

Fuente et al., 2002a; Kocan et al., 2004). 

In Australia, few genotypic differences have been reported for strains of A. marginale. The 

msp1-α genes among Australian strains are largely conserved (Lew et al., 2002). Moreover, 

clinical evidence suggests no significant difference in virulence characteristics among strains 

(Bock and de Vos, 2001). 

The msp-4 phylogenetic analyses have placed a strain of A. marginale obtained from 

infected ticks in Puerto Rico (GenBank Accesion No. AY191827) within the South American 

clade. This clade also includes strains from Brazil and Argentina (de la Fuente et al., 2003c; 

Vidotto et al., 2006; de la Fuente et al., 2007). However, multiple if not hundreds of unique 

strains are likely to be circulating in an endemic region such as Puerto Rico, so one strain should 

                                                 
2 A clade is a taxonomic group of organisms comprising a single common ancestor and all the descendants of that 
ancestor. 
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not be considered completely representative of the population (Palmer, 2007, personal 

communication).  

Host Occurrence and Breed Resistance 

Clinical disease due to Anaplasma infection is most common in cattle, but other ruminants 

including water buffalo, bison, white-tailed deer, mule deer, black-tailed deer, pronghorn, elk, 

bighorn sheep, and various African and Asian wild ruminants, can become persistently infected 

with A. marginale (Kuttler, 1984; Zaugg and Kuttler, 1985; de la Fuente et al., 2003c). 

A study by Bock et al. (1997) reported that all breeds of cattle, including pure Bos indicus 

breeds and pure Bos taurus breeds and their crosses are susceptible to development of severe 

disease if exposed to a virulent strain of A. marginale. This study evaluated animals inoculated 

with a strain of A. marginale under laboratory conditions and did not account for the role of R. 

(Boophilus) microplus in the transmission of the organisms (Bock et al., 1997). However, a 

follow-up study using R. (Boophilus) microplus ticks infected with A. marginale, reported that 

innate resistance of purebred Bos indicus and crossbred (50%, F1 generation), cattle was not 

significantly different. Both breeds were equally susceptible to infection with A. marginale by R. 

(Boophilus) microplus (Bock et al., 1999a). Even though A. marginale affects both species 

similarly, under field conditions Bos indicus are not as commonly affected as Bos taurus, 

presumably due to their relative resistance to heavy tick infestation (Bock et al., 1997). 

Life Cycle Stages and Development 

The lifecycle of A. marginale in the tick vector and bovine erythrocyte includes a series of 

similar stages before infection is established. Most descriptions are derived from observations of 

Dermacentor andersoni ticks and tick cell cultures. However, the lifecycle of A. marginale in R. 

(Boophilus) microplus has shown similar characteristics (Ribeiro and Lima, 1996). In the tick 

vector, A. marginale invades tick mid-gut cells immediately after ingestion of infected 
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erythrocytes. The ingested erythrocytes contain the infective form of the organism known as the 

‘dense form’. Under electron microscopy, these forms are highly dense with individual 

organisms barely visible (Kocan et al., 1980; Ribeiro and Lima, 1996; Kocan et al., 2004). 

Based on a cultured tick cell line (IDE8)3, infection of cells occurs within 15 minutes after 

ingestion by adhesion of the dense form to the host cell membrane (Blouin and Kocan, 1998; 

Kocan et al., 2004). Projections from the tick mid-gut cells adhere to the outer membrane of A. 

marginale, and invaginate around the organism (Blouin and Kocan, 1998). Subsequently, the 

organism is completely enclosed and internalized within a phagosomal vacuole and remains 

within the vacuole throughout the lifecycle (Blouin and Kocan, 1998). Once in the vacuole the 

organism changes into the reproductive form known as the ‘vegetative or reticulated form’. This 

form has large, separated organisms with a lightly stained matrix that is electro-lucent under 

electron microscopy (Kocan et al., 1992b; Ribeiro and Lima, 1996; Kocan et al., 2004). 

Intracellular replication of A. marginale by binary fission begins within the mid-gut 

epithelial cells (Blouin and Kocan, 1998). Within 2 days of ingestion, tick mid-gut cells are 

infected by many colonies containing the reticulated form of A. marginale (Blouin and Kocan, 

1998). By day 3 post-infection, there is a combination of small dense forms and large round 

reticulated forms with the latter dividing by binary fission (Blouin and Kocan, 1998). On day 4, 

most of the colonies contain primarily dense forms and exocytosis of the organisms is observed. 

Membranes of colonies of the organism fuse with membranes of the tick mid-gut cell and a 

channel is opened between the membranes, that allows the dense forms to exit into the 
                                                 
3 Cultured IDE8 tick cells – tick cell line culture system derived from embryos of Ixodes scapularis used extensively 
in many laboratories to propagate Anaplasma spp. The developmental cycle in these cultured tick cells is similar to 
naturally infected ticks. A. marginale propagated in this line retained antigenic composition and infectivity for cattle 
(Munderloh et al., 1994; Munderloh et al., 1996; Blouin and Kocan, 1998; Blouin et al., 2000). All six MSPs were 
found to be conserved on the cell culture derived organisms (Barbet et al., 1999). However, A. marginale 
development within Ixodes ticks raises the possibility that the infection stage within the salivary gland might be 
antigenically different compared to the organisms acquired from infected cattle (Palmer et al., 1999). 
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extracellular space without loss of host cytoplasm (Blouin and Kocan, 1998). At this stage, dense 

forms may invade new tick mid-gut cells or penetrate through the gut-wall and enter the 

hemolymph (Kocan et al., 2004). However, Ribeiro and Lima (1996) did not observed the first 

colonies of A. marginale in naturally infected R. (Boophilus) microplus ticks until day 19 after 

detachment of engorged females from experimentally infected calves. 

In the hemolymph, dense forms of the organism are carried to the ovaries and acinar cells 

of the salivary glands (Wanduragala and Ristic, 1993; Ribeiro and Lima, 1996). After invasion 

of acinar cells, a second round of replication occurs. Organisms may appear in acinar cells as 

short as 8 days post-ingestion of infected erythrocytes with levels of 104 to 105 organisms per 

salivary gland at subsequent feedings (Kocan, 1986; Kocan et al., 1992b; Kocan et al., 1993; 

Lohr et al., 2002; Futse et al., 2003). Replication within the tick results in similarly high levels of 

A. marginale in the acinar cells regardless of the initial rickettsemic levels in the host at the time 

of feeding (Eriks et al., 1993). 

When an infected tick bites an animal host, the infective form of A. marginale is 

transported from acinar cells, via saliva, into the animal. The only known site of replication of A. 

marginale in cattle is circulating mature erythrocytes (Richey and Palmer, 1990). Invasion of 

mature erythrocytes is similar to that observed in tick mid-gut epithelial cells. The cell 

membrane of mature erythrocytes invaginates to engulf the dense form of A. marginale within a 

vacuole (Ristic and Kreirer, 1984). Once in the vacuole of the erythrocyte, the reticulated form of 

the organism develops and multiplies by binary fission to produce 2 to 8 new organisms. The 

reticulated form changes into the dense form to exit the erythrocyte. Pores form within the 

erythrocyte membrane through which organisms can escape to infect other cells. Non-infected 
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erythrocytes can also be penetrated by release of hydrolytic enzymes from the organism (Kocan 

et al., 2004). 

The number of infected erythrocytes doubles every 24 to 48 hours, and approximately 2 to 

6 weeks later an acute infection can develop where 10 to 90% of erythrocytes are infected (>108 

infected erythrocytes per ml). Some authors have claimed that at least 15% of infected 

erythrocytes are necessary for the animal to show clinical signs, while others suggest only 1% 

(Richey and Palmer, 1990). 

Methods of Transmission 

Anaplasma marginale is biologically transmitted by infected ixodid ticks and mechanically 

by biting flies and contaminated fomites (Ewing, 1981; Kocan, 1986; Kocan et al., 2004). 

Biological transmission by definition includes multiplication of the organism within the tick 

vector (McCluskey, 2002). This method is believed to be necessary for transmission of A. 

marginale from persistently infected carriers where there is a low level of rickettsemia. 

Conversely, mechanical transmission is dependent on the level of rickettsemia during the time at 

which the vector is feeding. This method of transmission requires higher numbers of infected 

erythrocytes than biological transmission to establish infection. Because of this, mechanical 

transmission is believed to only occur from acutely infected hosts (Scoles et al., 2005). 

Seventeen species of ticks have been incriminated as vectors worldwide (Ewing, 1981; 

Kocan et al., 2004). The important tick vectors in tropical and subtropical regions include the 

one-host ticks: Rhipicephalus (Boophilus) microplus, R. (Boophilus) annulatus, and R. 

(Boophilus) decoloratus (Samish et al., 1993; Jongejan and Uilenberg, 2004). To date, R. 

(Boophilus) decoloratus has not been recognized outside of Africa (Jongejan and Uilenberg, 

2004). 
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Rhipicephalus (Boophilus) spp. have greater vectorial capacity4 for A. marginale when 

compared to other tick species. Although these ticks feed on one host for its entire lifetime, some 

studies have shown that all three stages; larvae, nymphs, and adults can efficiently acquire and 

transmit A. marginale when they are manually transferred from one cattle host to another 

(Connell and Hall, 1972; Leatch, 1973; Dalgliesh and Steward, 1982; Aguirre et al., 1994). On 

the contrary, the three-host ticks of the Dermacentor spp. (D. andersoni, D. variabilis, D. 

albipictus, D. occidentalis) are not as efficient as R. (Boophilus) spp. for transmitting the 

infection because the larval and nymphal stages prefer small mammals and only adults acquire 

and transmit A. marginale by feeding on cattle (Futse et al., 2003). Nevertheless, Dermacentor 

ticks infected with A. marginale as nymphs have shown to transmit the organism in the adult 

stage (Kocan et al., 1981; Kocan et al., 1986). In situations where R. (Boophilus) spp. have been 

eradicated, as in United States, Dermacentor spp. are the main vector for A. marginale (Jongejan 

and Uilenberg, 2004). Lastly, some reports have established the transmission of Anaplasma by 

Rhipicephalus spp. (R. evertsi evertsi, R. simus, and R. bursa) but their role in transmission is not 

as well understood as other species (Jongejan and Uilenberg, 2004). 

Anaplasma marginale can be transmitted transstadially and intrastadially. Transstadial 

transmission refers to the capability of immature stages (i.e. larva or nymph) to acquire the 

organism while feeding and then maintain the infection through the next molt and transfer it to a 

new cattle host the next time it feeds as the next immature stage or adult (Bezuidenhout, 1987; 

Kocan et al., 2003). This method of transmission usually occurs in three-host ticks, particularly 

Dermacentor andersoni and D. variabilis (Kocan et al., 1981). However, studies on one-host 

ticks particularly R. (Boophilus) spp. have demonstrated that this method of transmission is 

                                                 
4 Ability to experimentally acquire and transmit A. marginale in all three stages of development; larvae, nymphs, 
and adults (Futse et al., 2003). 
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possible by two means. Either by interrupting the feeding time in one stage and manually 

relocate the tick into a susceptible calf in the same stage; or by removing the tick in one stage 

allowing moulting to occur away from the host, and then transfer the next instar into a 

susceptible calf (Connell and Hall, 1972; Samish et al., 1993).  

Intrastadial transmission refers to the transfer of A. marginale between cattle hosts by male 

ticks (Kocan et al., 1992a; Kocan et al., 1992b). Most studies have documented the importance 

of this method in the epidemiology of BA in US. D. andersoni male ticks become persistently 

infected with A. marginale and can transmit the organism repeatedly during relocation among 

cattle hosts (Kocan et al., 1992a; Kocan et al., 1992b). This transmission method has also been 

implicated as an important mechanism of transmission of A. marginale by R. (Boophilus) spp. 

(Connell and Hall, 1972; Barbet et al., 2001; Kocan et al., 2003). 

Trans-ovarial transmission5 of A. marginale has not been well documented in R. 

(Boophilus) microplus (Connell and Hall, 1972; Leatch, 1973; Stich et al., 1989). However, 

studies on Dermacentor variabilis have demonstrated that larvae from infected engorged females 

do not transmit A. marginale to susceptible cattle (Kocan et al., 1981; Stich et al., 1989). 

Mechanical transmission occurs when infected blood is transferred to susceptible cattle via 

blood-contaminated mouthparts of hematophagous insects or iatrogenically by blood-

contaminated fomites (Ewing, 1981). In this type of transmission, there is no developmental 

sequence of the organism; it simply involves the physical movement of the organism from one 

animal to another without replication (McCluskey, 2002). Efficiency of this mechanism depends 

on the level of rickettsemia during feeding (Scoles et al., 2005). Tabanids, including horse flies 

(Tabanus spp.) and deer flies (Chrysops spp.), stable flies (Stomoxys calcitrans), horn flies 

                                                 
5 Transovarial transmission occurs when the female tick acquires the infection while feeding and transfers the agent 
to the developing ova. In this case, the newly hatched larvae are infected without having to take a blood meal. 
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(Hematobia irritans), and mosquitoes of the genus Psorophora have been implicated as 

mechanical vectors for the transmission of A. marginale (Ristic, 1968; Ristic, 1977; Ewing, 

1981; Potgieter et al., 1981; Hawkins et al., 1982; Foil, 1989). However, Kessler (2001) 

questioned the capability of hematophagous insects for the transmission of A. marginale and 

suggested further studies. A recent study by Scoles et al. (2005), estimated the transmission of A. 

marginale by stable flies (Stomoxys calcitrans) and Dermacentor andersoni ticks during the 

acute and persistent forms of BA. Two different strains of A. marginale were used in that study, 

St. Maries and Florida. The St. Maries strain is known to be transmitted by Dermacentor ticks 

whereas the Florida strain is not transmissible by Dermacentor ticks (Wickwire et al., 1987; 

Eriks et al., 1993; Futse et al., 2003). Stable flies that partially fed on an acutely infected calf and 

were immediately transferred to susceptible calves to complete their meals failed to transmit the 

St. Maries strain of A. marginale. However, ticks that fed on the same host after reaching the 

persistent form of disease (>300-fold lower level of rickettsemia) successfully transmitted the 

organism to the same susceptible calves. Therefore, Scoles et al. (2005) concluded that biological 

transmission of A. marginale by ticks is a more efficient method of transmission, even at low 

levels of rickettsemia, than stables flies. This same study documented that a proportion of flies 

had detectable levels of the two A. marginale strains (Florida and St. Maries) in their mouthparts, 

which increased with increasing percentage of parasitized erythrocytes (109 infected erythrocytes 

(IE)/ml) during acute rickettsemia. At lower levels of IE/ml, no mouthparts were found to be 

contaminated with A. marginale. However, the fly transmission trial only evaluated the St. 

Maries strain of A. marginale and the author suggested further studies using other strains (Scoles 

et al., 2005). In the absence of ticks, especially where R. (Boophilus) microplus is not present, 

hematophagous insects have been incriminated as the major route of infection. In Cuba, tabanids 
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are the most common hematophagous insects suspected to be vectors of A. marginale (Alonso et 

al., 1992). The only species of tabanids described in Puerto Rico (PR) is Chrysops variegata and 

it is only present in low numbers (van Volkenberg, 1939). No studies have been performed to 

assess the feasibility of this tabanid as a potential vector for A. marginale. 

Iatrogenic transmission is believed to occur when blood-contaminated instruments 

including needles, castrating and tattooing tools, dehorning saws, and ear tagging devices spread 

the organism to susceptible animals (Hilts, 1928; Reeves and Swift, 1977). However, this is only 

supported by case reports from the 1930s and has not been evaluated experimentally (Stiles, 

1936). The first report of an outbreak incriminating iatrogenic transmission of A. marginale in 

cattle involved beef steers after dehorning (Hilts, 1928). In his report, the author determined the 

cause of the outbreak was the clippers based on exclusion of other major routes of infection 

including ticks and other biting insects. The major reason for ruling out these routes was the 

season of occurrence (Hilts, 1928). Most cases of BA attributable to dehorning have been 

reported during cold weather (Stiles, 1936). Other outbreaks following dehorning have been 

reported in California and Oklahoma (Boynton, 1932; Moe et al., 1940). Producers from large 

dairies in southern California observed that certain outbreaks occurred periodically, 

approximately 35 to 45 days after the cattle were bled for Brucellosis test. Those animals 

immediately bled following ‘carriers’ contracted the infection (Boynton, 1932). In 1930, Rees 

was able to transmit A. marginale and B. bigemina using a contaminated lancet. The procedure 

consisted of first pricking the ear of two infected animals with the lancet and subsequently 

pricking the ear of two susceptible animals. The infected cows were identified by clinical 

observation of disease and identification of the organism using light microscopy. However, the 

infection status of the susceptible animals before the trial was not reported (Rees, 1930). Almost 
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50 years later, in a study by Reeves and Swift (1977), 5 beef heifers were inoculated in sequence, 

using an automatic syringe, which was first used on a cow known to be seropositive for A. 

marginale. In this study, only the heifer inoculated immediately after the carrier cow became 

infected. The infection was confirmed by a positive complement fixation test, the presence of the 

organisms on the erythrocytes, and a decrease in packed cell volume at day 35 after inoculation. 

The remaining 4 were free of clinical signs at the end of the 60-day trial (Reeves and Swift, 

1977). In his conclusion, the author established this procedure as a possible means for 

transmission of A. marginale. Other routes were excluded because of the season and lack of 

observed ticks on the heifers. The lack of infection in the other 4 heifers was attributed to 

dilution of the blood by a saline solution within the syringe. All cows were serologically tested 

using complement fixation tests before and after the trial. The sensitivity of this assay is reported 

to be low, varying from 10% to 79% (Gonzalez et al., 1978). Therefore, the identification of 

infected animals by these tests is unreliable (Alleman, 1995). Based on these observations, this 

transmission method along with mechanical vectors are claimed to play an important role in the 

epidemiology of A. marginale in enzootic areas in the US and other countries (Guglielmone et 

al., 1997; Kocan et al., 2003). 

Transplacental transmission of A. marginale has also been reported in cattle, but most 

studies evaluated splenectomized animals. Furthermore, in these studies in utero infection is 

defined as a calf with a positive card agglutination test (CAT) or ELISA that is maintained for 

longer than 12 weeks despite the fact that the calves were typically allowed to ingest colostrum. 

However, many authors have documented the presence of in utero infection by the presence of 

high levels of antibodies in the precolostral serum of newborn animals (Radostits et al., 1999b; 
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Tizard, 2004a). Therefore, in utero infection studies on A. marginale should consider 

precolostral serum samples to assess the risks of transmission in the epidemiology of BA.  

Potgieter and van Rensburg (1987) allocated 26 calves into 2 groups, those belonging to 

dams with intact spleens and infected with A. centrale and A. marginale (n=13) and those 

belonging to splenectomized dams infected only with A. centrale (n=13). In this study, the calves 

were screened weekly for 12 weeks and monthly for 6 months by CAT. Three calves from the 

group of splenectomized dams infected only with A. centrale were positive on the CAT at 24, 21, 

and 25 weeks, but in only 2 were organisms observed on blood smears before the ingestion of 

colostrum. Calves from the group of dams with intact spleens and mixed infections were not 

tested before the ingestion of colostrum and only in 1 calf from this group was A. marginale 

recognized on blood smears prior to splenectomy at 30 weeks. This study also monitored a 

second group of calves (n=51) born from splenectomized dams. In this part of the study, 

serological testing was not performed before ingestion of colostrum and only 8 calves (15.7%) 

were described as having been infected transplacentally (Potgieter and van Rensburg, 1987). 

This likely does not represent what would occur under field conditions because dams were 

splenectomized. 

In adult animals, the immune response depends on 2 systems, the innate immune system, 

and the acquired immune system. Although these systems can act independently more often, they 

act in combination (Barrington and Parish, 2001). The innate immune system plays a crucial part 

in the initiation and subsequent direction of the acquired immune system (Janeway et al., 2005). 

The innate immune system is the first line of defense against antigens and consists of preexisting 

or rapidly responding chemical and cellular defense mechanisms that indiscriminately attempt to 

destroy any antigen (Tizard, 2004b). These include macrophages, neutrophils, and the 
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complement system (Tizard, 2004b). The acquired immune system is the second line of defense 

and consists of antibodies, memory lymphocytes, and effector cells (Barrington and Parish, 

2001). It provides protection against subsequent reinfection with the same antigen (Janeway et 

al., 2005). This system takes 4 to 7 days to develop but is highly specific and effective. The 

acquired immune system is additionally divided into humoral immune response (B-cells and 

antibodies) and cell-mediated immune response (T-lymphocytes or T cells) (Barrington and 

Parish, 2001; Janeway et al., 2005). The humoral immune response protects against extracellular 

or exogenous antigens whereas the cell-mediated is directed against intracellular or endogenous 

antigens (Tizard, 2004b). In turn, the humoral immune response consists of a primary and 

secondary response. The primary response to a specific antigen produces a first set of antibodies 

but in low concentrations whereas the secondary response to the same antigen produces a second 

set of antibodies at a higher concentration. Each set of antibodies mostly consists of IgM and 

IgG. IgM is the major antibody produced during a primary response whereas IgG predominates 

in the secondary response (Tizard, 2004b). The cell-mediated immune response consists of 

CD8+ T-cells and CD4+ T-cells. The CD8+ T-cells control the infection by destroying the 

infected cells (Janeway et al., 2005). The CD4+ T-cells are divided into two subsets, the T helper 

cells 1 (TH1) and the T-helper cells 2 (TH2). The TH1 cells activate the phagocytic mechanisms 

of macrophages and release cytokines and chemokines that attract more macrophages to the site 

of infection (Janeway et al., 2005). The TH2 cells stimulate B-cells to produce antibodies 

(Janeway et al., 2005). 

In the fetus, the innate and acquired immune systems are not fully functional against 

infection resulting in severe or fatal damage while the infection in the dam can be mild or 
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unapparent (Tizard, 2004a). Furthermore, the immune response depends on the age of the fetus 

or calf and the specific infectious organism (Watson et al., 1994; Radostits et al., 1999b).  

The new-born calf is able to mount the innate and acquired immune response. However, 

the primary response takes longer to develop and the amount of antibody produced is lower 

compared to adult animals. Therefore, unless adequate maternal immunologic assistance via 

colostrum is provided, calves have an increased risk of infection. 

Colostrum contains IgG1, IgG2, IgM, IgA, and IgE. The predominant immunoglobulin in 

colostrum of ruminants is IgG1 (60 to 90%). Commonly, colostrum-fed calves show high levels 

of immunoglobulins primarily IgG1 after 24 hours of ingestion. Then, these levels start to decline 

and reach undetectable values by 60 days (LaMotte, 1977). The half-life of colostral-derived 

antibody in the calf is between 11.5 and 16 days (Barrington and Parish, 2001). However, 

colostral antibodies down regulate the endogenous production of antibodies against infections 

(Kitching and Salt, 1995; Aldridge et al., 1998; Radostits et al., 1999b). These effects may last 

for 4 months depending on the infectious organism (Barrington and Parish, 2001). Colostrum-

deprived calves have higher antibody response when compared to colostrum-fed calves and are 

believed to be immunologically competent at birth with respect to most antigens (Aldridge et al., 

1998; Radostits et al., 1999b; Barrington and Parish, 2001). 

Rey et al. (2003) evaluated the presence of A. marginale organisms and antibody response 

in newborn calves under field conditions. Fourteen calves born from naturally infected dams 

were tested at 7 and 30 days after birth. Once more, all calves were tested after the ingestion of 

colostrum, and the pre-colostral status was not reported. At 7 days, all calves were negative for 

parasitemia based on Giemsa-stained direct smears whereas at 30 days, all calves were 

parasitemic for A. marginale. However, the second evaluation of parasitemia was measured by a 
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different staining method other than Giemsa. The authors decided to use acridine orange to stain 

the smears (Rey-Valeiron et al., 2003). The sensitivity of this method is slightly higher than the 

Giemsa stain, and results may be biased toward finding positive results. In addition, the authors 

measure the IgM and IgG antibody response by an ELISA as a measure of passive transfer via 

colostrum versus natural infection, respectively. A cut-off value of 0.4 absorbance at 405 nm was 

determined for this study based on the average absorbance of 3 negative serum samples and 3 

standard deviations. Serum samples were tested in triplicates. In this study, all calves had IgM 

levels below the cut-off value at 7 and 30 days. Conversely, only 5 of 14 calves had IgG levels 

above the cut-off line at 7 days and 4 of 14 had high levels of IgG at 30 days. The low levels of 

IgM and IgG observed at 7 days were attributed to failure of passive transfer whereas the levels 

observed at 30 days were attributed to normal decline of IgG (Rey-Valeiron et al., 2003). 

Therefore, the use of this indirect measure did not necessarily support the conclusions regarding 

in utero transmission and further studies are necessary to elucidate the role of transplacental 

transmission in the epidemiology of BA. 

Potgieter and van Rensburg (1987) did not find a difference in infection risk for A. centrale 

among the 3 gestation trimesters in the cow whereas Zaugg (1985) reported that the second and 

third trimesters were the most common periods for transmission of A. marginale. Nevertheless, 

in this study, only 6 cows were used and only the blood from 2 of the newborn calves 

successfully transmitted anaplasmosis to splenectomized recipient calves. One calf was born 

from a cow infected during the second trimester and the other calf was born from a cow infected 

during the third trimester of gestation (Zaugg, 1985). 

Immune Response and Immunity 

Infection with A. marginale stimulates a cell-mediated response followed by antibody 

production against the infected erythrocytes. Infected erythrocytes are removed from circulation 
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by the phagocytic action of macrophages in the reticuloendothelial system (primarily liver and 

spleen) (Richey and Palmer, 1990). Based on the immune response from vaccine trials, infected 

animals with the acute form of BA develop high levels of IgG2 and IgM antibodies against MSPs 

of A marginale (Richey and Palmer, 1990; Bock et al., 1997) (de la Fuente et al., 2002a). 

Antibody production is enhanced by CD4+ T-cells, which secrete interferon gamma (IFN-γ) and 

tumor necrosis factor α (TNF-α) (Palmer and McElwain, 1995; Brown et al., 1998a; Brown et 

al., 1998b; Palmer et al., 1999). Interferon-γ activates macrophages for the phagocytosis of 

infected erythrocytes and the production of nitric oxide, a potent molecule for microbial killing 

(Brown et al., 1998a). Antibodies can also activate macrophages through opsonization of the 

organism (Brown et al., 1998a). Nevertheless, these responses are not capable of completely 

eliminating the infection (Palmer et al., 1999). 

Cattle of all ages can become infected with A. marginale. However, mortality and disease 

severity is greater in adult cattle (Richey and Palmer, 1990). Young calves (less than 6 months of 

age) are equally susceptible to infection as adults, but they seldom develop clinical signs (Richey 

and Palmer, 1990; Kocan et al., 2003). Infection between 6 months and 2 years of age increases 

the risk of clinical illness but is rarely fatal. Cattle infected after 2 to 3 years of age are 

commonly affected by a peracute fatal form of the disease. Incidence of clinical disease (often 

fatal) increases with age (>3 yrs of age). Calves develop persistent infections and lifelong 

immunity (Kocan et al., 2003). 

Endemic Stability 

In areas where the tick vectors are abundant, prevalence of infection with A. marginale is 

relatively stable within the cattle population. This situation is known as endemic stability and is a 

form of herd immunity. It is characterized by a high percentage of infected cattle but with few 

clinically affected animals (Coleman et al., 2001; Corona et al., 2005). Two main factors 
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contribute to this stability:  passive immunity provided by colostrum intake and early infection of 

calves. As mentioned before, young calves typically acquire the infection without demonstrating 

clinical signs. However, once immunity is established, adult cattle become persistently infected 

thus ensuring maintenance within the population (Corrier and Guzman, 1977; Corona et al., 

2005). 

Treatment and Prevention 

Chemotherapies of choice for A. marginale are tetracycline compounds and imidocarb. 

Imidocarb is thought to block the entry and prevent the uptake of inositol by erythrocytes thus 

resulting in the starvation of any hemoparasite. It has also been proposed that imidocarb 

combines with DNA causing it to unwind and denature. Deoxiribonucleic acid damage can 

inhibit cellular repair and replication (McHardy et al., 1986; Plumb, 1999). Imidocarb is not 

approved for use in food animals in the US (Ristic, 1977). The inhibitory effects of tetracyline 

have been documented for acutely affected calves and IDE8 cell culture systems (Simpson, 

1975; Blouin and Kocan, 1998; Blouin et al., 2002). Tetracyclines inhibit replication of A. 

marginale in cell culture by interfering with the ability of the organism to complete its 

replication cycle within the parasitophorous vacuole in the host cell cytoplasm (Blouin et al., 

2002). Nevertheless, in severe clinical cases it is also necessary to provide supportive therapy 

including electrolytes, antihistamines, and analgesics (Corona et al., 2005). 

Current BA vaccines employ A. marginale-infected bovine erythrocytes to induce 

protective immunity. However, these vaccines do not prevent infections and vaccinated animals 

become persistently infected carriers. Nevertheless, cattle develop sufficient immunity to reduce 

the severity of disease and prevent clinical signs (Kocan et al., 2003). 

Live organism vaccines are also used in several countries to protect cattle against A. 

marginale infection. The most widely used vaccines consist of a strain of A. centrale with low 
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pathogenicity or attenuated strains of A. marginale (Kocan et al., 2003; Bock et al., 2003). 

Anaplasma centrale has been used for vaccine production in Australia, the Republic of South 

Africa, Argentina, Uruguay, Israel, Zimbabwe, and Malawi (Tjornehoj et al., 1997; Bock and de 

Vos, 2001). Studies have shown that A. centrale and A. marginale share surface proteins that 

account for the cross-protection induced by A. centrale (Shkap et al., 1991; Shkap et al., 2002). 

However, Shkap (2002) demonstrated that cattle vaccinated with A. centrale could become 

infected with A. marginale, suggesting that further studies in this area are necessary. Recently, a 

study in Australia has documented the discovery of an isolate of A. marginale (named ‘Dawn’), 

which has a similar or lower pathogenicity than A. centrale and may not be transmissible by R. 

(Boophilus) microplus ticks. This isolate may be useful for the development of a common 

Anaplasma vaccine for all clades (Bock et al., 2003). 

Currently, different live vaccines are produced in Australia and provide protection against 

A. marginale, B. bovis, and B. bigemina (Kocan et al., 2003). These vaccines are prepared from 

the blood of infected splenectomized donor calves. Production of these vaccines is expensive and 

requires strict quality control. However, the risk of spreading other infectious organisms is to all 

blood-derived vaccines (Rogers et al., 1988). On one occasion, 14,000 vaccine doses were 

prepared from a single calf infected with Bovine Leukemia Virus (BLV) and distributed to 139 

herds. Vaccinated groups had a higher proportion of BLV-positive cattle when compared to non-

vaccinated cattle in the same herds (62% versus 6.1%) (Rogers et al., 1988). In addition, there is 

a risk of vaccinated animals developing the disease and incomplete protection for the 

antigenically diverse strains of A. marginale from different geographic areas (Kocan et al., 

2003). Live vaccines given to cattle can also cause production of antibodies against certain 

erythrocyte membrane antigens present in the vaccine. These antibodies are secreted in 
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colostrum, and when ingested by calves with red blood cells containing the same erythrocyte 

antigens, the colostral antibodies will induce neonatal isoerythrolysis (Dennis et al., 1970; Kocan 

et al., 2003). Therefore, it has been suggested that the use of blood-derived live vaccines be 

restricted to the region where they are produced (Kocan et al., 2003). 

Killed vaccines can also provide immunological protection (Montenegro-James et al., 

1991). To date, killed vaccine formulations have only been proven to provide partial protection 

against infection with A. marginale and are strain specific (Kocan et al., 2004). Similar to the 

live vaccines, use of a killed vaccine can result in the lack of cross-protection among geographic 

isolates and neonatal isoerythrolysis. Currently, there are no commercial vaccines available for 

prevention of BA in the US. Since 1999, two US companies that manufactured and marketed BA 

vaccines nationwide discontinued production (Kocan et al., 2003). The first commercial vaccine 

for cattle in the US was manufactured by Fort Dodge Laboratories (Overland Park, Kansas) and 

was called Anaplaz®. This original vaccine was often contaminated with erythrocyte stroma, 

which resulted in the development of antibodies against erythrocytes in vaccinated cattle. 

Consequently, neonatal isoerythrolysis occurred in some calves after the ingestion of colostrum 

from cows with high antibody titers (Dennis et al., 1970). Later, Mallinkrodt temporarily 

marketed a vaccine called Plazvax® for 3 years until the company was acquired by Schering 

Plough (Kenilworth, New Jersey) and the product line was discontinued (Luther et al., 1989; 

Luther, 2007). Both vaccines protected against A. marginale by similar mechanisms. They used a 

lyophilized preparation of hemolyzed erythrocytes obtained from the blood of A. marginale-

infected animals as an antigen and combined it with an oil-based adjuvant (Brock, 1965). 

The lack of a commercially available vaccine against BA drove dairy producers in Florida 

to search out a re-approval of Plazvax® from the United States Department of Agriculture 
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(USDA). The vaccine was not licensed but was approved for sale as an ‘Experimental 

Anaplasmosis Vaccine’ to veterinarians in Florida. Since then, the USDA has approved the use 

of the vaccine in other states within the US and PR. This vaccine employs the strain of A. 

marginale and purification procedures used previously in Plazvax®. 

A significant advancement in the study of A. marginale is that it can now be propagated in 

vitro using cultured-tick cells IDE8. Recently, more emphasis has been given to cell culture-

derived strains of A. marginale for vaccine development (Kocan et al., 2003; Kocan et al., 2004). 

Anaplasma marginale derived from cell cultures has proven to be an effective antigen for use in 

vaccine preparations and serological tests (Saliki et al., 1998; Kocan et al., 2001; de la Fuente et 

al., 2002b). Cattle vaccinated with infected bovine erythrocytes produce antibody against MSP-5 

and MSP-1a whereas animals immunized with cell culture-derived antigens produce antibodies 

predominantly towards MSP-1b (Kocan et al., 2002; de la Fuente et al., 2002b; Kocan et al., 

2003). Commonly, vaccines that induce antibodies specific for MSP-1 confer 100% protection 

against the acute disease form of BA but studies using cell culture-derived vaccines with MSP-1a 

and b did not induce MSP-1 specific responses and disease was not prevented. Alternatives have 

been recommended to enhance the efficacy of these types of vaccines that include addition of 

tick antigens or different A. marginale clades (Palmer and McElwain, 1995; Kocan et al., 2003). 

Epidemiology of Bovine Babesiosis 

Etiologic Agent 

Bovine babesiosis (BB) is a hemoparasitic disease of cattle caused by protozoan organisms 

of the genus Babesia (Phylum Apicomplexa, Order Piroplasmida, Family Babesiidae). 

Organisms within this genus that affect cattle are B. bovis, B. bigemina, B. divergens, B. major, 

B. ovata (Japan), and B. occultans (South Africa) (Ohta et al., 1995; Angus, 1996; Bock et al., 

2004). Only B. bovis and B. bigemina are considered economically important (Wagner et al., 
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2002). The intra-erythrocytic structure of these organisms is pyriform in shape and is surrounded 

by two peripheral membranes within the host cytoplasm (Potgieter and Els, 1977b; Homer et al., 

2000). Anterior and posterior ends, termed polar rings, delimit the shape of the parasite. Three 

major organelles (microtubules, rhoptries, and micronemes) concentrate in the anterior polar ring 

and are collectively known as the apical complex (Potgieter and Els, 1977b; Potgieter and Els, 

1979; Homer et al., 2000). Babesia bovis is smaller than B. bigemina, measuring up to 2 μm in 

length. Under light microscopy, this organism is often found in pairs at an obtuse angle. 

Conversely, B. bigemina can measure 2 to 5 μm in length and extend the full diameter of an 

erythrocyte. Under light microscopy, B. bigemina is also found in pairs but unlike B. bovis, the 

angle is acute. Although both organisms are often found in pairs, single forms of the organism 

are often found within infected erythrocytes (Wagner et al., 2002). 

Clinical Presentation and Pathology of the Disease 

The incubation period for BB is approximately 7 to 20 days (Radostits et al., 1999a). The 

disease typically presents in 1 of 3 forms, peracute, acute, or persistent and chronic. The peracute 

form usually results in sudden death from severe hemolytic crisis. Disease progression in this 

form occurs very rapidly and hemoglobinuria is rarely observed. However, it may be observed in 

domestic ruminants that are exotic to the endemic region (Wagner et al., 2002). In the acute 

form, the clinical signs include anemia, jaundice, and hemoglobinuria. Differential diagnoses for 

BB include BA, leptospirosis, erythrozoonosis, theileriosis, bacillary hemoglobinuria, and 

postparturient hemoglobinuria. Other signs include fever, inappetance, depression, increase 

respiratory rate, weakness, reluctance to move, muscle wasting, tremors, and abortions (Callow, 

1984; de Vos and Potgieter, 1994). Many severely affected animals die within 24 hours. On 

necropsy, splenomegaly, hepatomegaly, and petecchial hemorrhages are often observed (Bock et 
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al., 2004). In this form of the disease, the percentage of circulating erythrocytes infected with B. 

bovis is less than 1% whereas parasitemia with B. bigemina can be as high as 30%. 

Sequestration of infected erythrocytes in the microcapillary endothelia of vital organs 

(including the brain and lung capillaries), are often observed in B. bovis infections but not in B. 

bigemina. This can cause neurological and respiratory conditions in affected cattle known as 

cerebral babesiosis and respiratory distress syndrome, respectively. These syndromes result from 

overproduction of INF-γ, TNF-α, NO, and other inflammatory cytokines. The coagulation 

pathway is altered by vasodilation, increase capillary permeability, edema, endothelial damage, 

and circulatory stasis, resulting in a hypotensive shock syndrome (Brown and Palmer, 1999; 

Ahmed, 2002).  

In B. bigemina infection, the predominant clinical signs include fever, hemoglobinuria, and 

anemia. As mentioned previously, coagulation disorders, cytoadherence, and hypotensive states 

are not observed in B. bigemina infections as in B. bovis (Bock et al., 2004). In B. bigemina 

infections, the pathologic findings relate more to rapid erythrocyte destruction leading to a 

massive intravascular hemolysis and hemoglobinuria. Clinical signs are not as severe as in B. 

bovis infections. However, some cattle may die with little warning (Bock et al., 2004). In 

general, infections with B. bovis are considered more pathogenic than B. bigemina and cause 

higher morbidity and mortality among susceptible cattle (Brown et al., 2006b). 

Cattle affected by the acute form of BB that do not die may take several weeks to regain 

condition, but complete recovery is typical. These animals will become persistently infected and 

remain clinically healthy carriers for months to years (Johnston et al., 1978). In endemic 

situations, protection can be life long. However, this state of sub-clinical infection can be 

adversely affected by stresses including transportation, food deprivation, parturition, or 
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concurrent diseases. The immune system of these animals can readily be disturbed and clinical 

signs similar to acute disease may re-appear (Radostits et al., 1999a). 

Antigenic Variation 

Antigenic variation within the vertebrate host is believed to allow variants of Babesia spp. 

populations to continue to adhere to endothelial cells and be sequestered in tissues thus avoiding 

splenic passage and clearance (Allred, 2001). Extracellular merozoites (and tick derived-

merozoites) are coated with surface proteins that facilitate attachment to erythrocytes 

(Yokoyama et al., 2006). Babesia bovis possess 5 surface proteins known as variable merozoite 

surface antigens (VMSA) (Florin-Christensen et al., 2002). These are merozoite surface antigen-

1 (MSA-1), MSA-2a1, MSA-2a2, MSA-2b, and MSA-2c. These are encoded by two genes msa-

1 and msa-2, respectively (Yokoyama et al., 2006). These proteins are believed to play a major 

role in initial erythrocyte attachment. However, polymorphism in msa-1 and msa-2 genes is 

common among Babesia strains isolated from endemic regions worldwide (Suarez et al., 2000). 

The exception is MSA-2c, which is more highly conserved (Hines et al., 1995; Florin-

Christensen et al., 2002; Wilkowsky et al., 2003; Carcy et al., 2006). Another protein extensively 

studied in Babesia spp. is rhoptry-associated protein-1 (RAP-1) (Suarez et al., 1998; Suarez et 

al., 2003). This protein is located in the apical complex of B. bovis merozoites and sporozoites 

and can elicit a humoral response in the host (Dalrymple, 1993; Mosqueda et al., 2002a). This 

protein is highly conserved among geographically diverse isolates and plays an important role in 

erythrocyte invasion (Brown et al., 1996; Norimine et al., 2002). 

Babesia bigemina strains also possess similar surface proteins as B. bovis. They are 

designated as gp45/gp55 proteins and express a high degree of antigenic polymorphism among 

different strains of B. bigemina (McElwain et al., 1991; Madruga et al., 1996; Carcy et al., 2006). 

Gp45 is expressed by the Mexican strain of B. bigemina but it has not been identified in the 
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strains from PR and St. Croix (McElwain et al., 1987; McElwain et al., 1991; Fisher et al., 2001). 

These proteins function in the erythrocyte invasion process. 

Recent studies have identified a novel protein on the surface of B. bovis-infected 

erythrocytes infected with mature stages of the parasite (Allred et al., 1993; Allred et al., 1994; 

Allred and Al Khedery, 2006). This protein is linked to the process of cytoadhesion of 

erythrocytes to capillary and post-capillary venous endothelium. Adhesion to capillary 

endothelium acts to sequester the parasites from the peripheral circulation (Aikawa et al., 1992; 

O'Connor and Allred, 2000). This protein consists of 2 subunits and it is termed variant 

erythrocyte surface antigen 1 (VESA1) (O'Connor et al., 1997). The larger subunit is referred as 

VESA1a and undergoes rapid antigenic variation. The smaller unit, VESA1b, has similar 

characteristics but its antigenic properties have not been determined (O'Connor et al., 1999) 

(Allred and Al Khedery, 2006). The MSA and RAP proteins are highly conserved within an 

infected individual and within a population whereas VESA1 is constantly changing. The rapid 

changes in VESA1 proteins may contribute to the development of chronic infection in cattle by 

prolonging protozoal survival through evasion of the immune system (Allred et al., 1994). The 

above antigenic properties suggest that these surface proteins are good candidates for the 

development of BB vaccines (Mosqueda et al., 2002a; Mosqueda et al., 2002b; Yokoyama et al., 

2006; Carcy et al., 2006). 

Antigenic Diversity and Distribution of B. bovis and B. bigemina 

Both parasites, B. bovis and B. bigemina, are present in many tropical and sub-tropical 

regions of the world including Africa, Asia, Australia, Central and South America, and the West 

Indies (McCosker, 1981; Hong et al., 1997; Bock et al., 2004). Generally, these parasites have 

similar distributions that directly relate to the presence of tick vectors. In Central and South 

America, B. bovis and B. bigemina are found from Uruguay and northern Argentina to 
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Guatemala, following the distribution of R. (Boophilus) microplus (Guglielmone, 1995). 

Rhipicephalus (Boophilus) annulatus is responsible for transmitting BB for the majority of 

northern Central America. In the US, BB is considered an exotic disease since the eradication of 

R. (Boophilus) microplus in 1961 (Pegram et al., 2000). However, there is recent evidence of B. 

bigemina infections in cattle infested with R. (Boophilus) microplus in south Texas (Guerrero et 

al., 2007). 

Most studies concerning differentiation of geographic isolates have been performed in 

Australia (Bock et al., 2000). The main reason for these studies has been to determine if 

outbreaks were due to vaccine reversals. Thirty different isolates of B. bovis have been reported 

in Australia alone, including the vaccine strains, Dixie, T, and K (Lew et al., 1997). 

Host Occurrence and Breed Resistance 

Babesia spp. tend to be host-specific. B. bovis and B. bigemina mainly infect cattle. 

Nevertheless, water buffalo and certain wild ruminants can be infected with both organisms, but 

deer and elk are not susceptible to infection. However, deer and elk can act as hosts for the tick 

vectors (Kistner and Hayes, 1970). There also appears to be a breed susceptibility to infection by 

Babesia spp. Pure Bos taurus cattle are more susceptible to primary B. bovis and B. bigemina 

infection compared to pure Bos indicus and their crosses (Bock et al., 1997; Bock et al., 1999b). 

However, for B. bigemina the susceptibility among individuals varies with the virulence of the 

field isolate. This fact may explain the differences found among studies concerning the 

infectivity of B. bigemina in different cattle breeds (Bock et al., 1999c). 

Life Cycle Stages and Development 

The discussion of the Babesia life cycle will focus on the life cycle of B. bigemina since 

more information is available on this species in R. (Boophilus) microplus ticks (Hodgson, 1992; 

Bock et al., 2004). When the tick vector bites an infected animal, it either ingests merozoite-
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infected erythrocytes or directly ingests the gametocytes. If infected erythrocytes are ingested, 

then the merozoites develop into gametocytes (also known as Strahlenkörper or ray bodies) 

within the tick (Hodgson, 1992). On day 0, gut cells phagocytose the gametocytes (Agbede et al., 

1986). By day 1, B. bigemina develop from gametocytes into gametes (Mackenstedt et al., 1995). 

Two distinct types of gametes are produced, one with a unique organelle called an “arrowhead” 

and one without this organelle (Rudzinska et al., 1983). This organelle is believed to facilitate the 

parasite escaping from the phagosome. Subsequent fusion or fertilization (syngamy) occurs 

between 2 gametes (one of each type) by day 2 and produces a spherical shaped zygote with an 

“arrowhead” (Friedhoff, 1988). By day 3 or 4, zygotes invade new epithelial cells, including the 

basophilic or vitellogenic cells6. By day 5, the zygote develops into multiple fission bodies and 

after the first round of fission, sporogony occurs, and kinetes are produced within the 

vitellogenic cells (Agbede et al., 1986). By day 6 or 7, kinetes escape into the hemolymph and 

are released into the hemocoele where they invade other cells and undergo indefinite fission 

cycles until the female tick dies of natural causes (after oviposition) (Agbede et al., 1986). Other 

cells invaded by the kinetes include hemocytes, peritracheal cells, nutritive cells of the ovary, 

and to a lesser extent muscle cells, malpiphian tubules and epidermis (Riek, 1964; Friedhoff, 

1988; Hodgson, 1992). Oocytes can become infected and the parasite might be transmitted to the 

next generation of ticks (transovarial transmission). Kinetes invade acinar cells in the salivary 

glands, where a final fission cycle occurs, and kinetes develop into infective forms or 

sporozoites. Kinetes are multinucleated cells that split to form sporozoites. In B. bigemina, 

infective sporozoites take approximately 9 days to develop and occur only in the nymphal and 

                                                 
6 Vitellogenic cells are secretory cells present only in the engorged female tick. These cells synthesized egg proteins 
(vitellogenins) which are secreted into the hemolymph and the eggs (Agbede et al., 1986). 
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adult stages of the ticks (Potgieter and Els, 1977a). In B. bovis, formation of infective sporozoites 

usually occurs within 2 to 3 days of larval tick attachment (Riek, 1966). 

In the mammalian host (cattle), organism-contaminated saliva from the tick is inoculated 

during feeding. Babesia do not parasitized any vertebrate cells other than erythrocytes 

(Friedhoff, 1988). Invasion of erythrocytes by merozoites is categorized into the two main stages 

of attachment and reorientation, and penetration (no evidence of exoerythrocytic stages) 

(Yokoyama et al., 2006). First attachment of merozoites to erythrocytes occurs via multiple 

adhesive interactions of surface proteins with target receptors on the erythrocyte including sialic 

acid residues or sulfated glycosaminoglycans (Yokoyama et al., 2006). Recently, a study by 

Okubo et al. (2007) demonstrated that erythrocyte invasion and replication by B. bovis is also 

dependent upon the amount of cholesterol in erythrocyte cell membranes. Merozoites then re-

orient to bring apical organelles close to the attachment interface (Yokoyama et al., 2006). 

Penetration occurs with the aid of proteins secreted from the apical complex (Potgieter and Els, 

1979; Blackman and Bannister, 2001; Soldati et al., 2001). Once inside the erythrocyte, 

merozoites are surrounded by 2 membranes, the parasite membrane and the parasitophorous 

vacuole membrane which originated from the erythrocyte membrane (Igarashi et al., 1988; 

Hodgson, 1992). However, this surrounding host membrane starts to disintegrate soon after the 

parasite enters the erythrocyte and merozoites lie in direct contact with the host cytoplasm 

(Igarashi et al., 1988). This stage is known as the trophozoite or feeding stage and during this 

stage organisms undergo asexual division (“merogony”) or binary fission within the erythrocyte 

(Potgieter and Els, 1977b; Young and Morzaria, 1986; Friedhoff, 1988). Trophozoites appear to 

engulf large portions of the cytoplasm of the erythrocyte through invagination of the parasite 

plasma membrane (Potgieter and Els, 1977b). Trophozoite division produces 2 daughter 
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merozoites. In B. bigemina, Mackenstedt et al. (1995), identified an ovoid type of merozoite that 

was termed a ‘gamont’, but these structures do not further develop until ingested by ticks. 

Merozoites escape the host cell and invade other erythrocytes. As parasites exit the erythrocytes, 

they damage the membrane by creating perforations, protrusions, and inclusions that leads to 

intravascular hemolysis. This cycle of asexual division continues indefinitely, producing more 

merozoites until host death or until the immune response is able to eliminate the parasites 

(Uilenberg, 2006). Development of merozoites into gametocytes can occur either in the 

mammalian cells or after ingestion by the tick vector. 

Methods of Transmission 

As in A. marginale, B. bovis and B. bigemina are mainly transmitted by infected ixodid 

ticks. Four species of the genera Rhipicephalus (Boophilus) have been implicated as the major 

vectors for these protozoa. R. (Boophilus) microplus and R. (Boophilus) annulatus are the most 

important and widespread vectors in Central and South America and the West Indies whereas, R. 

(Boophilus) decoloratus and R. (Boophilus) geigy are the vectors in Africa (Jongejan and 

Uilenberg, 2004; Bock et al., 2004). 

Babesia bovis and B. bigemina can be transmitted transovarially in R. (Boophilus) 

microplus ticks. Babesia bovis and B. bigemina appear to infect females only during the last day 

of rapid engorgement whereas other instars appear more refractory to the infection (Callow and 

Hoyte, 1961; Callow, 1968; Friedhoff and Smith, 1981). Larval progeny from infected R. 

(Boophilus) microplus ticks can transmit B. bovis after 48 to 72 hours but B. bovis does not 

persist in R. (Boophilus) microplus beyond the larval stage. Conversely, larval progeny from R. 

(Boophilus) microplus and R. (Boophilus) decoloratus infected with B. bigemina do not transmit 

the organism (despite being infected) until they molt into nymphs and adults. Nymphs are the 

principal infectious stage for B. bigemina (Callow and Hoyte, 1961; Mahoney and Mirre, 1979). 
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Although R. (Boophilus) decoloratus is an efficient vector of B. bigemina, it does not transmit B. 

bovis. R. (Boophilus) annulatus can transmit both organisms, B. bovis and B. bigemina, 

transovarially but this vector does not become infected as readily as the other 2. In addition, male 

ticks of all 3 species can transfer B. bigemina and B. bovis intrastadially amongst cattle in close 

proximity leading to a shorter prepatent period of approximately 6 to 12 days (Callow, 1979). 

Other reported species of ticks involved in the transmission of B. bovis and B. bigemina are 

Rhipicephalus evertsi, R. bursa, Haemaphysalis longicornis and, H. punctata (Buscher, 1988; 

Jongejan and Uilenberg, 2004).  

Immune Response and Immunity 

The immune response against B. bovis and B. bigemina infection involves both cell-

mediated and humoral immune components. The first line of defense in the cell-mediated 

response is monocytes, macrophages, and neutrophils. Under the influence of IFN- γ, these cells 

produce antimicrobial agents including nitric oxide (NO), superoxide anion, hydrogen peroxide, 

and hydroxyl radicals to facilitate phagocytosis of organisms (alive and dead) and infected 

erythrocytes (Auger and Ross, 1992; Shoda et al., 2001). 

Infected animals develop antibodies directed against multiple parasitic antigens (Goodger 

et al., 1985). Antibodies play an important role as opsonins that enhance phagocytosis of 

extracellular merozoites, sporozoites, and erythrocytes expressing VESA1 proteins on their 

surface (Reduker et al., 1989; Jacobson et al., 1993; Allred et al., 2000). The release of NO has a 

greater role in the pathology of B. bovis than B. bigemina infections. Immune complexes form 

between babesial antigens and antibodies, primarily IgM (to a lesser extent IgG1 and IgG2) and 

Complement C3. These immune complexes can be deposited within the microvascular system 

during the acute phase of BB contributing towards the intravascular sludging of infected 

erythrocytes (Goodger et al., 1981). In addition, various studies have shown the involvement of 
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CD4+ T-lymphocytes in acquiring immunity to B. bovis and B. bigemina (Brown et al., 2006b). 

T-lymphocytes of the CD4+ class produce IFN-γ, which activates macrophages and further 

enhances IgG2 production (Homer et al., 2000; Estes and Brown, 2002). 

Young calves exhibit higher resistance to infection with Babesia spp. compared to adult 

cattle, and seldom show clinical disease (Mahoney et al., 1979a; Mahoney et al., 1979b; Goff et 

al., 2001). This high resistance is partly due to early expression of spleen-derived immune 

mechanisms at the time of infection (Brown et al., 2006b). Innate immune responses in calves 

with B. bovis infection involve a rapid induction of interleukin-12 (IL-12), IFN-γ, and inducible 

nitric oxydase synthase (iNos) mRNA by a variety of cells in the spleen including Type 1 CD4+ 

and CD8+ and natural killer cells (NK cells) (Goff et al., 2001; Brown et al., 2006b; Goff et al., 

2006b). Under the influence of IL-12, NK cells produce more IFN-γ, which causes the 

production of more NO and TNF-α by macrophages (Goff et al., 1998; Homer et al., 2000). 

Conversely, adult cattle only respond to the infection by producing IL-12 and IFN- γ (Brown et 

al., 2006b; Goff et al., 2006b). 

Natural innate immunity to Babesia spp. in young animals may only last 3 to 9 months 

(Riek, 1968; Woodford et al., 1990; Ramirez et al., 1998). Immunity in adults can last over 4 

years for tick-transmitted B. bovis but less than 6 months for B. bigemina (Mahoney et al., 1973; 

Mahoney et al., 1979a; Mahoney et al., 1979b; Bock and de Vos, 2001). Cattle recovered from 

B. bigemina infections show some resistance to B. bovis. However, the reverse may not be true 

and the degree of cross-protection is seldom adequate (Wright et al., 1987). 

Endemic Stability 

Endemic stability for BB depends upon acquired passive immunity from colostrum intake 

followed by early infection of calves after waning immunity (~2 months). Colostral antibody 

confers protection to calves that may persist for up to 6 months for B. bovis and 3 to 4 months for 
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B. bigemina (Wright, 1990). Exposure of young animals to large numbers of ticks infected with 

Babesia during the first 9 months of life ensures solid long-lasting immunity (Dalgliesh, 1993; 

Bock et al., 2004). However, infections after 9 months of age are usually severe and can be fatal 

(Mahoney, 1974). An endemically stable situation occurs when more than 75% of the calves are 

exposed to B. bovis by 6 to 9 months of age. The resulting incidence of BB will be low and a 

state of natural stability will exist with a low risk of clinical disease later in life (Mahoney, 1974; 

Smith et al., 2000; Carrique et al., 2000). Conversely, an unstable situation arises when less than 

75% of calves develop immunity. These populations can have a greater risk of disease because 

there are sufficient numbers of susceptible animals and moderate numbers of infected ticks. 

Populations with fewer than 10% of calves exposed to Babesia before 9 months of age result in a 

susceptible herd but with a lower risk of disease. The number of infected ticks is not sufficient to 

infect many animals later in life (Mahoney, 1974; Carrique et al., 2000).  

Treatment and Prevention 

The most commonly used chemotherapy for Babesia infections in cattle is diminazene 

aceturate (Berenil®, Hoechst Ltd.) It has rapid action against B. bovis and B. bigemina and can 

protect cattle for 2 to 4 weeks (de Vos, 1979). This product is not approved for use within the US 

and PR (Kuttler and Johnson, 1986). The drug of choice in the western hemisphere is imidocarb 

dipropionate (Imizol®, Shering-Plough). Imidocarb can provide protection from B. bovis for 4 

weeks and B. bigemina for 2 months or more (Taylor and McHardy, 1979). It is the only 

babesiacide that consistently clears the host of parasites. Cattle treated with imidocarb may 

develop complete immunity without becoming a carrier (Lewis et al., 1981). However, acute 

forms of babesiosis may not be responsive to treatment with imidocarb and resistance has been 

documented to occur in the laboratory (Zintl et al., 2003). This product may also reduce parasite 

transmission by tick vectors. It has been reported that the progeny of infected R. (Boophilus) 
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annulatus ticks failed to transmit infection when placed on animals recently treated with 

imidocarb (Kuttler, 1975; Kuttler and Johnson, 1986). In the US, this product is labeled for use 

in dogs only. A major side effect of this drug in laboratory rats is an increase incidence of tumors 

(Bayley, 2005). Concerns about drug residues in meat and milk have led to the withdrawal of 

imidocarb in many European countries (Zintl et al., 2003). Unlike BA, oxytetracyclines 

frequently are not able to control virulent field infections (Bock et al., 2004). 

Currently, there are no safe vaccines available that protect cattle from BB (de Vos and 

Bock, 2000; Brown et al., 2006a). As mentioned previously, current live vaccines employ whole 

blood from infected carriers and may protect 95% of animals for life (Bock and de Vos, 2001; 

Bock et al., 2004). However, the risk of contamination of these vaccines with other disease 

agents makes post-production quality control programs essential. Animals used for vaccine 

production in Australia are claimed to be free of B. bovis, B. bigemina, A. marginale, bovine 

leukemia virus, bovine repiratory syncytial virus, bovine immunodeficiency virus, bovine 

pestivirus, Nesopora caninum, Coxiella burnetti, and R. (Boophilus) microplus ticks. 

Most of the available live vaccines are produced in government-supported facilities in 

Australia, Argentina, Republic of South Africa, Israel, and Uruguay and are provided in a fresh, 

chilled form. In Australia alone, 35 million doses were supplied between 1966 and 2003 (Bock et 

al., 2004). This vaccine is popular because it is easier and less expensive to produce and 

transport than frozen vaccines. The chilled vaccine currently produced in Australia contains 

1x107 B. bovis, 2.5 x 106 B. bigemina, and 1 x 107 A. centrale organism per 2 ml dose (Standfast 

et al., 2003). Chilled vaccines have a short shelf life of approximately 4 days (Bock et al., 2004). 

Frozen vaccines have a longer shelf life and have become more marketable during the last 

decade. Since 2001, the only frozen vaccine from Australia marketed nationally and 
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internationally has been a vaccine concentrate registered as Combavac 3-in-1, which uses 

glycerol as cryoprotectant. It contains bovine erythrocytes infected with the 3 major 

hemoparasites, B. bovis, B. bigemina, and A. centrale. A frozen bivalent B. bovis and B. 

bigemina vaccine and a frozen monovalent B. bovis or B. bigemina vaccine using dimethyl 

sulphoxide (20% DMSO) as the cryoprotectant have been produced in South Africa and Israel 

(Pipano, 1997; de Waal and Combrink, 2006). Australian vaccines have a proven efficacy for BB 

in many different countries including the Caribbean Islands (Bock et al., 2004). Killed and 

subunit vaccines are not commercially available for use against any of the bovine Babesia spp. 

nor has a recombinant vaccine for BB been registered for use in any country (Bock et al., 2004; 

de Waal and Combrink, 2006). 

Epidemiology of the Tropical Cattle Tick 

Etiologic Agent 

The tropical or southern cattle tick, Rhipicephalus (Boophilus) microplus (Order 

Parasitiformes, Suborder Ixodida, Family Ixodidae, Subfamily Rhipicephalinae), is one of the 3 

distinct species of ticks present in PR and it is considered the principal vector of A. marginale, B. 

bovis, and B. bigemina (Crom, 1992). Recent phylogenetic analyses have resulted in changes in 

the nomenclature that supported the placement of all Boophilus species within the genus 

Rhipicephalus (Murrell et al., 2000; Beati and Keirans, 2001; Barker and Murrell, 2002). 

Nevertheless, because of the global popularity of the previous name and the large amount of 

literature, the name Boophilus was retained as a subgeneric epithet (Beati and Keirans, 2001; 

Barker and Murrell, 2002; Horak et al., 2002; Murrell and Barker, 2003). The other 2 tick 

species found on domestic animals in PR include the tropical horse tick, Dermacentor 

(Anocentor) nitens, and the brown dog tick, Rhipicephalus sanguineous (van Volkenberg, 1939). 
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Rhipicephalus (Boophilus) microplus is an inornate tick with a hexagonal basis capitulum 

and very short palps and hypostomes. The eyes are present and the anal groove is not distinct. 

Festoons are absent and the legs are a pale cream color (Arundel and Sutherland, 1988). 

Morphologically, R. (Boophilus) microplus strains from PR tend to be smaller than strains from 

other locations. A study by Davey et al. (1984) compared 6 groups of male ticks, 3 from Texas, 1 

from northern Mexico, and 1 from PR7 to a laboratory-adapted group. The strains from PR had 

significantly smaller whole-body surface and caudal appendages compared to other groups 

(Davey et al., 1984). However, strains from PR8 exhibited substantial genetic similarity to strains 

from Mexico and Texas (Sattler et al., 1986). 

Clinical Presentation and Pathology 

During heavy infestations, the tick can be found anywhere on the host. However, they are 

more frequently observed in the perineum, tail head, brisket and axillary regions, abdomen, and 

ears (Radunz, 1997). Direct negative effects of tick infestation of cattle are primarily due to 

irritation and blood loss (Radunz, 1997). Hides can also be damaged by tick bites reducing their 

value in the market (Arundel and Sutherland, 1988; Jongejan and Uilenberg, 2004). Clinical 

signs from the irritation and blood loss include decreased appetite, loss of body condition, loss of 

production (weight gain and milk production), anemia, and death in heavily infested cattle 

(Nunez et al., 1982; Arundel and Sutherland, 1988). A single female can consume 0.5 and 3 ml 

of blood during its parasitic cycle (Nunez et al., 1982). Other problems associated with the 

feeding of ticks include dermatosis and related reactions such as inflammation, itching, swelling, 

and ulcerations at the attachment site. Additionally, lesions caused by tick bites may allow 

                                                 
7 Ticks were collected from Holstein cattle on 3 ranches located in the central mountain region near Utuado on 
February 1978. 

8 Ticks were obtained from an established colony from Gurabo. 
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secondary invasion by other organisms including screwworm larvae (Cochliomyia hominovorax) 

or bacteria (Bram, 1978). Despite the direct negative effects that ticks pose to cattle, transmission 

of A. marginale, B. bovis, and B. bigemina by R. (Boophilus) microplus has the greatest 

economic importance worldwide. 

Antigenic Diversity and Distribution of Rhipicephalus (Boophilus) microplus 

Rhipicephalus (Boophilus) microplus is widely distributed in India, Australia, Africa, Asia, 

regions of Central and South America (from Mexico to Argentina), and the Caribbean (Teel, 

1985). In Australia, the distribution is restricted to the northern part of the country. It is 

established in most of southern and eastern Africa including Madagascar (Arundel and 

Sutherland, 1988; Walker et al., 2003). The most common biome in Africa for these ticks is the 

savannah, where there is wooded grassland used to graze cattle (Walker et al., 2003).  

The eradication of R. (Boophilus) microplus from the continental US was completed in 

1943. However, 5 limited outbreaks (1945, 1946, 1948, 1958, and 1960) kept the state of Florida 

from being officially declared free of the southern cattle ticks until 1961 (George, 1990). Today, 

fever ticks remain in Texas, where they are confined to a quarantine area of approximately 800 

km long and 0.4 to 16 km wide, that extends along the Rio Grande from Del Rio to Brownsville, 

Texas (George et al., 2002). Ticks in this region serve as a source of possible re-infestation 

within the rest of the country (Guerrero et al., 2007). 

Many strains of R. (Boophilus) microplus have been identified primarily by studies of 

acaricide resistance and vaccine susceptibility (Willadsen, 2004). Most ticks that have been 

studied are from Australia (Yeerongpilly or Y-strain, N-strain, Ultimo, Biarra, Ridgelands, 

Mackay, Mt. Alford, Gracemere, Silkwood, Kenilworth, Pimpana), Mexico (Tuxpan, Mora, 

Santa Luisa, San Roman, Coatzacoalos, San Felipe), Venezuela (Guaimarito), Brazil 

(Livramento, Porto Alegre, Alegrete, Camaqua, Mostardas, Pelotas, Gravati), Argentina (A-
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strain, Las guerisas, Goya, Maria Isabel), Cuba (Camcord) and Texas, US (Muñoz, La Minita) 

(Nunez et al., 1982; Passos et al., 1999; Willadsen, 2004; Howell et al., 2007; Jonsson et al., 

2007).  Based on gene sequence similarities of the ticks from Mexico, Venezuela, and Argentina, 

it has been proposed that in South America there is less intra-continental variation than Australia 

(Willadsen, 2004). The Yeerongpilly or Y-strain, which is an acaricide-susceptible strain, and the 

Camcord are used for anti-tick vaccine production in Australia and Cuba, respectively 

(Willadsen, 2004). The Y-strain, N-strain, and Muñoz are standard susceptible reference strains 

(Jonsson et al., 2007). 

Host Occurrence and Breed Resistance 

Rhipicephalus (Boophilus) microplus can parasitize several species including cattle, 

horses, donkeys, sheep, goats, dogs, pigs, and deer (Tate, 1941; Arundel and Sutherland, 1988; 

Radunz, 1997). Crom et al. (1989) found a strong association between the presence of cattle on 

premises in PR and infestation of the animals with R. (Boophilus) microplus, suggesting a 

preference of cattle over sheep, goats, and horses (Crom and Duncan, 1989). Infestation of dogs 

with these ticks has been considered a potential complication of eradication efforts. However, a 

study in Australia proved that R. (Boophilus) microplus could be eradicated despite the presence 

of marsupials, cats, pigs, and domestic dogs (Hoyte, 1964). In PR, Tate (1941) examined 

different animal species under natural conditions for infestations with R. (Boophilus) microplus. 

Rhipicephalus (Boophilus) microplus was recovered from 16 of 131 horses (12.2%), 82 of 360 

sheep (22.8%), 58 of 375 goats (15.5%), 0 of 383 pigs (0%), and 2 of 180 dogs (1.1%). No ticks 

were found on 27 bats, 15 mongooses, and 5 rats. The author concluded that dogs, pigs, and 

other small mammals (bats, mongoose, and rats) have little or no importance as natural hosts of 

the southern cattle tick (Tate, 1941). However, a study by (Corn et al., 1994) in Antigua, West 

Indies documented a 3.2% infestation prevalence of mongoose (n=150) by R. (Boophilus) 
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microplus. The author described the presence of this tick in mongoose as incidental and related it 

to the presence on cattle. 

The presence of this tick on dogs is rare or accidental in nature (Tate, 1941). Studies in 

Australia estimated that only 0.01 % (308 adult females from 3,000,000 larvae) of cattle ticks 

were able to mature on dogs and total egg production was reduced (Hoyte, 1964). A study in PR 

documented similar results when only 29 and 35 engorged females developed from an initial 

inoculation of 2,500 larvae in each of 2 dogs (Tate, 1941).  

White-tailed deer (Odocoileus virginianus) can also act as a host for R. (Boophilus) 

microplus (George, 1990). The presence of white-tailed deer in Florida between 1930 and 1950 

was considered a serious impediment to the tick eradication campaign (George, 1990). A similar 

situation developed in the US Virgin Island of St. Croix in 1941 when the tick eradication 

program (TEP) was suspended due to complications with the deer populations. Various studies in 

St. Croix demonstrated the relationship between R. (Boophilus) microplus and white-tailed deer. 

Rhipicephalus (Boophilus) microplus can complete its development on deer. However, engorged 

females that fed on deer tend to weigh 40% less compared to ticks fed on cattle. The ticks were 

able to convert approximately 58% of their mass into eggs and 94.8% of the eggs hatched (Diaz 

et al., 1984). White-tailed deer can exist in the natural environment as the sole host and can 

transport ticks to cattle premises (Kistner and Hayes, 1970; George, 1990). Their susceptibility to 

infection with of A. marginale and Babesia spp. has also been documented under field and 

laboratory conditions (Maas et al., 1981; Morley and Hugh-Jones, 1989; Holman et al., 1993; 

Keel et al., 1995). 

Bos indicus cattle and their crosses develop a greater degree of resistance to tick 

infestations than Bos taurus breeds (Arundel and Sutherland, 1988; Radunz, 1997). In 1978, 
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Utech assessed the resistance of R. (Boophilus) microplus among beef cattle and dairy breeds. 

Resistance levels were measured as the percentage of larval ticks (a 1:1 sex ratio being assumed) 

that mature into engorged females. Percentage levels were reported as high (98%), moderate (95 

to 98%), low (90 to 95%), or very low (90%) resistance. In beef cattle, B. indicus (Brahman) 

were the most resistant of all cattle, 90% had 99% resistance with less than 2% of larvae 

developing into mature stages. B. indicus and B. taurus crosses (Brahman and Australian 

Illawarra Shorthorn, Belmont Red, Droughtmaster, Santa Gertrudis, Braford, Braford and 

Hereford, Droughtmaster and Hereford; and Santa Gertrudis and Hereford) allowed less than 

10% of larvae to survive and develop into engorged females and an estimated 95 to 97% 

resistance. Purebred B. taurus (Hereford, Shorthorn, Hereford and Shorthorn Crosses, and ¾ 

Charolais) had the least tick resistance of all cattle (85%). Among dairy breeds, Jersey cattle had 

more resistance, 98% compared to Guernsey (93%) and Friesian (85%) (Utech et al., 1978). 

Life Cycle Stages and Development 

Parasitic phase 

Rhipicephalus (Boophilus) microplus is a one-host tick where all instars; larvae, nymphs, 

and adults remain on the same animal (Radunz, 1997). The life cycle of this tropical tick consists 

of 2 phases; the parasitic phase during which the tick feeds on the cattle and the non-parasitic 

phase, which the tick spends on the ground. In the parasitic phase, R. (Boophilus) microplus 

attaches as a six-legged larvae to cattle, and undergoes 2 moultings on the host animal until it 

becomes a sexually differentiated eight-legged adult (Radunz, 2003). A complete parasitic phase 

typically requires 25 to 30 days. In PR, a study by Tate (1941) showed a range of 18 to 37 days. 

However, the majority of specimens had completed engorgement and dropped by day 25 (Tate, 

1941) (Garris and Popham, 1990). During day 0 to 4, larvae attach to the animals and 

immediately begin feeding (Nunez et al., 1982). Blood engorgement of the larvae occurs within 



 

61 

the subsequent 4 to 8 days. On day 9, larvae molt and emerge as eight-legged nymphs on day 10. 

Nymphs find a new site of attachment close to the previous site and feed for another 5 to 6 days, 

from day 10 to 16, until fully engorged (Nunez et al., 1982; Popham and Garris, 1991). A second 

moulting occurs on day 17, and by day 18, adult females and males emerge. Adult ticks mate on 

the host and the fertilized females continue feeding for two more days until fully engorged. From 

day 18 to 24, females feed near the site where they were nymphs (Nunez et al., 1982). They 

engorge with blood and undergo a rapid final blood uptake 12 hours before detachment. Most of 

the blood consumed during the rapid stage is for the production of vitellogenic cells and egg 

maturation (Coons et al., 1986). This time is also important because this is when B. bovis 

infections may occur (Agbede et al., 1986). In PR, the larval, nymphal, and adult stages ranged 

from 7 to 12 days, 5 to 17 days9, and 5 to 23 days, respectively (Tate, 1941). Then, detachment 

from the animal occured and the non-parasitic phase begins. Most detachments of engorged 

females occur in the morning hours rather than in the afternoon (Nunez et al., 1982). Fully 

engorged male ticks may remain on the host or detach with the female (Radunz, 1997). Males 

have been known to survive for 70 days either on the host looking for unfertilized females or in 

the vegetation (Arundel and Sutherland, 1988; Radunz, 1997). 

Non-parasitic phase 

The non-parasitic phase begins with the detachment of fully engorged females and ends 

when larvae develop and find a suitable host (Radunz, 1997). This phase consists of 4 main 

stages, pre-oviposition, oviposition, incubation/hatching of eggs, and development of larvae. All 

processes during this phase depend upon environmental conditions including temperature and 

humidity. Under favorable conditions, high humidity (greater than 95%) and optimal 

                                                 
9 In this study, most nymphs molted by day 8 or 9; and most adults engorged and dropped from the host by day 10 
(Tate, 1941). 
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temperatures of 24 to 27°C (75.2 to 80.6 F), the non-parasitic phase can be completed in 

approximately 2 months. However, it can take up to 6 months if conditions are less than optimal. 

In PR, the non-parasitic phase observed by Tate (1941) ranged from 89 to 251 days (3 to 8.5 

months) and depended upon location. In areas with 935 mm (36.8 inches) of annual rainfall and 

22.5° C (72.5 F) mean temperature, the length of the phase was 89 days whereas areas with 

4,358 mm (171.6 inches) and 22.5° C (72.5 F) the phase was 251 days (>8 months) (Tate, 1941). 

Once detached, female ticks seek a suitable shelter where they rest for a period before laying 

eggs (Arundel and Sutherland, 1988). This pre-oviposition period can last 2 to 40 days (Radunz, 

1997). The mean pre-oviposition period for strains in PR is 3 to 5 days (Davey et al., 1984). High 

temperatures and low humidity during the summer months in PR result in the poor survival of 

females (Garris et al., 1990). High mortality rates were observed in engorged females and eggs in 

the grass when temperatures were above 30° C (86 F) at the ground surface (Garris et al., 1990). 

The same study estimated that a single female can produce up to 3,500 eggs with the number 

depending on location and season. The oviposition period may take 2 to 7 days and the female 

dies upon completion (Radunz, 1997). The mean oviposition period in PR ranged from 11 to 18 

days and females died within 5 to 10 days after laying the eggs (Tate, 1941). Once the eggs have 

been deposited in the environment, the incubation time ranges from 14 to 114 days (Arundel and 

Sutherland, 1988). In PR, the incubation period ranged from 18 to 76 days (Tate, 1941). A study 

by Davey et al. (1984) compared 6 groups of female ticks, 3 from Texas, 1 from northern 

Mexico, and 1 from PR to a laboratory-adapted group. The strains from PR produced 

significantly lighter egg masses and showed lower hatchability compare to those from northern 

Mexico and Texas (Davey et al., 1984). 
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Free-living larvae are approximately 500 μm long and 400 μm wide, with a slightly ovoid 

shape and 3 pairs of legs. They are very active and immediately seek suitable hosts by climbing 

up the grass (Arundel and Sutherland, 1988). Larvae congregate in small groups at the tip of 

grasses or other vertical objects, preferentially on the shaded side (particularly during the hours 

of strong illumination) (Wilkinson, 1953). In PR, a study by Garris (1990) demonstrated that 

larvae aggregate at heights between 2.5 to 85.1 cm. They either aggregate in a series of tightly 

arranged rows with their legs pulled underneath or by forming a ball that is easily transferred to a 

passing animal (Garris and Popham, 1990). These aggregations may consist of approximately 70 

to 260 larvae (Wilkinson, 1953). Larvae positioned in rows are not active and they remain 

immobile until disturbed. When cattle or other animals are near, larvae adopt a ‘questing’ 

position. This position consists of waving their front legs in the air and moving towards the 

animal as it passes (Nunez et al., 1982). These aggregations provide a massive and rapid transfer 

to a passing host and improve the opportunity for mating on the host (Treverrow, 1980). Larval 

survival on the ground depends upon ambient temperature and humidity. Larvae do not feed and 

can easily become desiccated and die at high temperatures (Arundel and Sutherland, 1988). The 

only method for survival is by absorbing water vapor through their cuticle, or drinking water 

droplets from rain or dew (Wilkinson, 1953; Hitchcock, 1955; Wilkinson and Wilson, 1959; 

Arundel and Sutherland, 1988; Needham and Teel, 1991). The lowest relative humidity (RH) at 

which water vapor uptake is possible is 85 to 90% (Bowman and Sauer, 2004). A study by 

Davey et al. (1991) under laboratory conditions, indicated that at RH ≥ 75% the determining 

factor in larval survival was temperature. At each 5ºC increase in temperature, there was a 

corresponding significant decrease in larval survival. Conversely, when RH was ≤ 63% , the 

larval survival time was short regardless of temperature and the determining factor of larval 
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survival was the humidity itself. Shade, tall grass, and shrub cover may prolong larvae survival 

(Arundel and Sutherland, 1988). Data from studies in PR estimated that 10% of hatched larvae 

will survive in grass for up to 47 to 70 days and in shaded or wooded areas for 65 to 72 days 

(Garris and Popham, 1990; Garris et al., 1990). The life cycle in PR, including both parasitic and 

non-parasitic phases, may range between 41 to 300 days (1 to 9 cycles a year) (Tate, 1941; de la 

Fuente et al., 2001c). 

Rhipicephalus (Boophilus) microplus larvae may disperse on the ground for considerable 

distances (Arundel and Sutherland, 1988). There is abundant evidence that tick larvae can be 

carried by wind currents through pastures and by casual hosts (or hosts other than cattle) (Lewis, 

1968). When larvae are located at the tips of the grass they can easily be carried away by wind 

for several meters because of their light weights. Once in the new location they climb nearby 

herbage and the process can be repeated. It is possible that some will be carried considerable 

distances by this method (Arundel and Sutherland, 1988). A study by (Lewis, 1968), documented 

that winds can carry larvae for up to 30 m (100 ft) from the site where engorged females were 

initially dropped for oviposition. In areas where wind currents were low, dispersal of tick larvae 

was uniform and never extended beyond 5 m (15 ft). Moreover, larvae can reach heights above 3 

m (10 ft) in the air due to strong winds. Tick larvae can also be transported by casual hosts and 

dropped in a viable condition. Lewis (1968) documented that a horse was able to carry tick 

larvae for 275 m (900 ft), a rat and cockerels for 30 m (100 ft), a magpie for 183 m (600 ft), and 

a pigeon for 805 m (0.5 mi). In addition, a horse previously dipped with ethion dropped viable 

tick larvae after transporting them for 46 m (150 ft). 

Immune Response and Immunity 

Cattle mount either an innate or an acquired immune response towards feeding ticks 

(Brossard and Wikel, 2004). At the attachment location, the host develops a local inflammatory 
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response recruiting neutrophils under the influence of IL-8. In addition, activation of the 

complement pathways (classical and alternative) occurs during tick feeding (Nuttall and Labuda, 

2004; Brossard and Wikel, 2004).  

Repeated tick infestations of the same host can result in acquired immunity. This resistance 

can cause reduced engorgement weight, prolongation of feeding time, decreased production of 

eggs, reduced viability of eggs, moulting inhibition, and death of feeding ticks (Wikel, 1996). 

Repeated tick infestations cause cutaneous inflammatory reactions at tick attachment sites that 

activate basophils, eosinophils, and mast cells (Willadsen et al., 1995). This specific type of 

reaction is termed cutaneous basophil hypersensitivity (CBH), which is a delayed-type 

hypersensitivity mediated by T helper cells (Brossard and Wikel, 1997; Brossard and Wikel, 

2004). When these granulocytes are activated, they release bioactive molecules including 

histamine, leukotrienes, and prostaglandins that further enhance the immune response. Other 

mechanisms of action involve antigen-presenting cells (Langerhans and Dendritic cells), T-cells, 

B-cells, and IgG antibodies (Brossard and Wikel, 2004). Langerhan cells engulf tick salivary 

gland antigens and migrate to draining lymph nodes where they transform into dendritic cells and 

present antigen to T-cells (Brossard and Wikel, 2004). 

Not surprisingly, ticks have evolved mechanisms to evade the host immune response. 

Salivary gland extracts from various species of ticks produce different binding proteins to many 

of the cytokines and antibodies involved in the immune response. These include IL-8, IL-2, 

histamine, and IgG-binding proteins (Brossard and Wikel, 2004). Furthermore, anti-complement 

proteins and prostaglandins have also been identified in tick saliva. These proteins inhibit 

complement binding and T-lymphocyte proliferation, respectively (Brossard and Wikel, 2004). 
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Endemic Stability 

Endemic stability for BA and BB can only occur when there are adequate numbers of 

infected ticks present to expose all animals while they are young and still possessing age-

associated tolerance (Smith et al., 2000; Jongejan and Uilenberg, 2004). When the numbers of 

ticks decline because of climatic or farm management factors, then endemic stability can be lost. 

This is true during the dry season in PR when tick numbers can be drastically reduced affecting 

parasite transmission rates and producing a generation of susceptible cattle. The most common 

farm management factor influencing this stability is the use of acaricides (Smith et al., 2000). 

Treatment and Prevention 

Measures used for the control of R. (Boophilus) microplus include stocking resistant cattle, 

strategic acaricide treatments, biological control, and pasture rotation (Radunz, 1997). Integrated 

pest management strategies employ a combination of these methods (Jongejan and Uilenberg, 

2004). Any single approach has disadvantages if it is used as the sole component of tick control 

programs (Willadsen, 2004). The use of acaricides has caused tick resistance and can result in 

drug residues in milk and meat (Willadsen, 2004).  

Acaricides available in the US and PR and approved for use on cattle include proprietary 

brands of the organophosphates dioxathion (Delnav®), coumaphos (Co-Ral®), phosmet 

(Prolate®), and crotoxyphos (Ciodrin®)10. Other products approved for tick control include 

pyrethroids (permetrhin), formamidine (Tactik®-amitraz), and macrocyclic lactone endentocides 

(ivermectin, eprinomectin, doramectine, and moxidectin) (George et al., 1998; George et al., 

2002). Ivermectin and moxidectin are highly effective acaricides but do not prevent transmission 

                                                 
10 Code of Federal Regulations, Title 9: Animals and Animal Products, Chapter I: Animal and Plant Health 
Inspection Services, Department of Agriculture; Sunchapter C:Interstate Transportation of Animals (Including 
Poultry) and Animal Products; Part 72:Texas (Splenetic) Fever in Cattle; Section 72.13: Permitted Dips and 
Procedures. (Data current as of May 17, 2007) 
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of Babesia spp. (Bock et al., 2004). Most of these products are absorbed through the cuticle of 

the tick and affect the central nervous system and inhibit oviposition. However, the mechanism 

of action varies among products. Organophosphates bind to and inhibit the enzyme 

acetylcholinesterase causing excessively high levels of acetylcholine. Acetylcholine accumulates 

at neural synapses that lead to continuous neuronal stimulation and paralysis of the tick. The 

exact mechanism of action for amitraz is unknown, but it may be metabolized into a toxic form 

after absorption that interferes with the enzyme monoamine oxidase or the octopamine receptor, 

which is responsible for metabolism of neurotransmitter amine in the nervous system of the tick 

(Jonsson and Hope, 2007). Pyrethroids exert their action by affecting voltage-sensitive sodium 

channels that leads to repetitive discharges, producing immediate paralysis and death of the tick. 

Ivermectins are produced by Streptomyces avermitilis and work by acting as a potent agonist at 

gamma-aminobutyric acid (GABA) receptors. In ticks, GABA sends inhibitory signals to motor 

neurons and ivermectins potentiate these inhibitory signals resulting in the paralysis of the tick. 

In mammals, GABA is confined to the central nervous system (CNS), and ivermectin does not 

cross the blood brain barrier, so it does not cause paralysis (Nunez et al., 1982; Webster, 2001; 

Blagburn and Lindsay, 2001).  

Recently, a new insecticide called Elector® Spinosad (2.46% active ingredient; Elanco 

Animal Health, Division of Eli Lilly and Company, Greenfield, IN) was added to the list of 

products approved for use in tick control programs in PR. This product is derived from a mixture 

of 2 components, Spinosyn A and Spinosyn D, which are natural metabolites produced by the 

actinomycete Saccharopolyspora spinosa when grown under specific fermentation procedures. 

The product is labeled for the control of horn flies and lice on lactating and non-lactating dairy 

and beef cattle; and stable and houseflies on agricultural animal premises. The product has good 
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efficacy against flies and it is safe for the environment and personnel. Its potential for the control 

of R. (Boophilus) microplus has recently being studied. Davey et al. (2001) estimated acute and 

residual efficacy by comparing 3 different concentrations (0.0167%, 0.05%, and 0.15%) of 

Spinosad to a control group. Based on the evaluated concentrations, 0.05% and 0.15% had 

significantly better results than 0.0167% and the control group. No significant difference was 

found between the low concentration group and the control group or the two highest 

concentration groups. Treatments appeared to be more effective against nymphs and larvae 

compared to adult ticks present on animals at the time of treatment (Davey et al., 2001). The 

product provides 85 to 90% control when used at the highest concentrations and the residual 

activity can last 1 to 2 weeks. However, the level of control is inadequate for tick control 

procedures at US ports-of-entry. 

Recently, the majority of biological control research has studied fungi of the genera 

Beauveria and Metarhizium (Frazzon et al., 2000; Gindin et al., 2001; Benjamin et al., 2002). 

These fungi are major pathogens of ticks with the ability to penetrate the cuticle at high relative 

humidities (Samish and Rehacek, 1999). A study by Samish and Rehacek (1999), estimated that 

when using these fungi, the mortality rate in R. (Boophilus) microplus eggs and engorged 

females was 96 to 100%. However, few field studies have been performed concerning their value 

for commercial tick control (Bahiense et al., 2006). A study by Fernandez-Ruvalcaba et al. 

(2005), estimated the infectivity of Metarhizium anisoplae among organophosphate susceptible 

strains and an organophosphate resistant strain of R. (Boophilus) microplus. One hundred percent 

mortality was observed in all tick strains at 20 days post-infection (Fernandez-Ruvalcaba et al., 

2005). 
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Two anti-tick vaccines are currently available to control R. (Boophilus) microplus 

infestation: TickGARD™ (Hoechst Animal Health, Australia) and GAVAC™ (Heber Biotec 

S.A. Havana, Cuba) (de la Fuente et al., 1999). Both vaccines use recombinant Bm86 antigens 

based on an epitope of R. (Boophilus) microplus gut epithelium (Willadsen et al., 1995; de la 

Fuente et al., 1999). The vaccines differ only in the cloning method and the type of adjuvant 

used. TickGARD™ is expressed in E.coli whereas GAVAC™ uses Pichia pastoris for 

expression (de Vos et al., 2001; Willadsen, 2006). These vaccines have been shown to reduce the 

absolute number of engorging female ticks as well as reducing their weight and reproductive 

capacity. Direct tick mortality is seldom observed (Willadsen, 2006). The primary effect for tick 

control is the reduction of larval infestation over subsequent tick generations (Willadsen et al., 

1995; Willadsen, 2006). Even though the mechanism of action is not well understood, 

recombinant vaccines are believed to elicit antibodies that react with antigen on the surface of 

gut cells causing lysis. A study by Agbede and Kemp (1986) employing a vaccine of whole 

extracts derived from adult female ticks documented shedding of destroyed gut cells into the 

lumen leaving only the basal lamina and muscle layer in the tick. Following the rupture of the 

gut, cattle erythrocytes and leucocytes entered the hemocoele and affected other tissues including 

the Malpighian tubules. This leakage of bovine erythrocytes and hemoglobin changed the color 

of the hemolymph, causing the affected ticks to become a dark-red color (Agbede and Kemp, 

1986; Angus, 1996). 

Although these vaccines employ an antigen from R. (Boophilus) microplus, some efficacy 

has been documented for R. (Boophilus) annulatus, R. (Boophilus) decoloratus, and Hyalomma 

spp. (Fragoso et al., 1998; de la Fuente et al., 1999; de Vos et al., 2001; Pipano et al., 2003). 

Furthermore, anti-tick vaccine studies in Cuba using GAVAC™ have documented a reduction in 
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the incidence of BA and BB. This reduction was presumably caused by the direct effects on 

reducing tick numbers (de la Fuente et al., 1999; Pipano et al., 2003; Willadsen, 2004). Despite 

the documented efficacy, anti-tick vaccines are used in combination with conventional control 

measures and they are not currently available for use in the US and PR11 (de la Fuente et al., 

1999; Willadsen, 2004). 

Economic Impact of Rhipicephalus (Boophilus) microplus, Bovine Anaplasmosis, and 
Bovine Babesiosis 

Worldwide 

Bovine anaplasmosis and babesiosis are economically important diseases worldwide, 

especially in tropical and subtropical regions. Costs are incurred from mortality, loss of milk and 

meat production, control measures (acaricide treatments, vaccines, and chemotherapy), and its 

impact on international cattle trade (Bock et al., 2004). For example, the US annually imports 1 

to 2 million head of Mexican cattle and approximately 90% of apprehended animals are infested 

with R. (Boophilus) microplus (Wagner et al., 2002). The main concern is the introduction and 

spread of acaricide-resistant R. (Boophilus) ticks and re-establishing of BB in the US (Wagner et 

al., 2002). Recent outbreaks in south Texas have shown evidence of B. bigemina infections in 

cattle (Guerrero et al., 2007). 

The most important economic aspect of BA and BB in some countries is mortality in 

imported cattle (Hong et al., 1997; Bock et al., 2004). Total losses have been estimated at US 

$0.6 million per year in the United States, US $23.3 million per year for Australia, an average of 

US $ 9.7m/y for African countries, US $57.2m/y in India, US $3.1m/y for Indonesia and 

Philippines, and US $19.4m/y for China (Bock et al., 2004). 

                                                 
11 Veterinary Biological Products, Licensees and Permittees December 2006, Center for Veterinary Biologics, 
USDA-APHIS-VS, Marketing and Regulatory Programs. 
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Caribbean (except Puerto Rico) 

In Cuba during 1993, BA was estimated to have cost the cattle industry $2 million US 

dollars (Corona et al., 2005). However, in 2000 mortality due to BA had decreased by 10% and 

was attributed to selection of more resistant breeds of cows and advances in tick control 

programs. The latter included the use of recombinant vaccines against R. (Boophilus) microplus 

and integrated pest management programs (Corona et al., 2005). 

In the Lesser Antilles, BA and BB exist in an unstable endemic situation with clinical 

cases observed mainly in dairy and imported cattle (Camus and Montenegro-James, 1994).  

Seroprevalence reports ranged from 29 to 71% for A. marginale, 22 to 69% for B. bovis, and 18 

to 58% for B. bigemina (Camus and Montenegro-James, 1994). Overall, economic losses due to 

ticks on Guadeloupe was estimated to be 13.8 million French Francs (approximately $2.8 million 

US dollars) in 1995 (Barre, 1997). In Jamaica, BA is widely recognized and outbreaks of BB are 

associated with the seasonal recrudescence of ticks between December and March (Bundy and 

Grey, 1982; McGinnis et al., 1989; Camus and Barre, 1995).  

Puerto Rico 

An estimated economic loss of $20 million US dollars was reported in 1989 in PR due to 

anaplasmosis, babesiosis, and R. (Boophilus) microplus (Canestrini) (Crom, 1992). More 

recently, it has been estimated that the dairy cattle industry suffers a yearly deficit of 3,602,873 

kg (7,926,321 lbs) of meat and 14,373,315 L (32,274,840 lbs) of milk due to these diseases 

(Soto-Alberti, 1999, unpublished data). A recent survey by Cortes et al. (2005) among 261 dairy 

farmers (47,401 milking cows) reported an estimated loss of $6.7 million US dollars in 2000 due 

to cattle mortality caused by these diseases and the tropical cattle tick. Additional costs related to 

tick control measures were reported as an average per farm per year. These included the price of 

the acaricides (US $2,882), labor (US $ 1,937), equipment (US $1,324), and miscellaneous (US 
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$1,012). A yearly amount of US $7,155 was estimated per farm for tick control or US $29 per 

cow per year (Cortes et al., 2005). The total cost including dead animals associated with these 

diseases in addition to tick control measures on these 261 farms was approximately $8.6 million 

US dollars a year.  

In Puerto Rico, the highest mortality occurs among dairy cattle raised in the US and 

introduced into PR as adults. Improved breeds of dairy cattle, which have not, been crossed with 

native stock and which have been in the island for only 1 or 2 generations also suffer high 

mortality when an outbreak occurs (van Volkenberg, 1939). 

History of the tick eradication program in Puerto Rico-reports on Rhipicephalus 
(Boophilus) microplus, bovine anaplasmosis, and bovine babesiosis 

Rhipicephalus (Boophilus) microplus was officially recognized in PR in 1899 and the first 

observation of BA was reported in the 1930s (van Volkenberg, 1939). However, an official tick 

eradication program (TEP) was not fully instituted until 1936 after enactment of Act Number 

10612 (Combs, 1989b; Crom, 1992). This Act described the overwhelming spread of tick fevers 

in the Commonwealth and established the requirement for tick elimination and institution of 

preventive measures. This act empowered the Secretary of Agriculture to eradicate tropical cattle 

ticks by the establishment and enforcement of quarantine zones13. Furthermore, it states that 

livestock producers have an obligation to provide systematic acaricide treatments on the dates 

specified by authorized personnel of the Secretary (Suthern and Combs, 1984). This Act and the 

TEP in PR was modeled after the continental US Cattle Fever TEP program (1906) (Pegram et 

al., 2000). In only 5 years after its establishment (1941), the island was released from US federal 

                                                 
12Act of May 15, 1936, Number 106, Sections 1-17, page 543 amended by Act of May 6, 1988, Number 24, Sections 
1-14, page 104; the Act is titled: ‘Act to promote the elimination of the cattle-fever tick; to prevent its propagation 
and spread and to eradicate it’.   

13 Act of May 6, 1988, Laws of Puerto Rico Annotated (LPRA), Number 24, Chapter 29: Livestock Disease Control, 
Sub-Chapter IV: Cattle Tick Fever, Sections 741-756, pages 253-265.  
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quarantine and was declared a tick-free territory (Suthern and Combs, 1984). Nine years later 

(1950), ticks were re-introduced to PR from the US Virgin Island of St. Croix. The TEP was 

immediately re-activated and after 3 years of systematic treatment of livestock in dipping vats, 

eradication was completed (Suthern and Combs, 1984; Combs, 1989b; Allred et al., 1990) 

(Popham and Garris, 1991). The last reported R. (Boophilus) microplus tick associated with the 

St. Croix introduction was in 1952 (Combs, 1989b). By 1954, PR was once again declared free 

of the tick (Combs, 1989b). After more than 2 decades, R. (Boophilus) microplus was recognized 

during January 1978 in a slaughterhouse in Mayagüez on the western part of the island. The 

infested cattle were traced back to a farm located in the north-central municipality of Utuado 

(Combs, 1989a; Combs, 1989b). The US federal government immediately implemented a 

quarantine and a third attempt to eradicate R. (Boophilus) microplus was initiated in July 1979 

(Suthern and Combs, 1984). Approximately 40% of the total herds were reported infested with 

the tick (Combs, 1989a; Crom, 1992). During this period, the method of acaricide application 

consisted of spraying the animals rather than using the dipping strategy because the 400 swim-

vats used in the 1950s were in poor condition and reconstruction costs were prohibitive (Crom, 

1992; Pegram et al., 2000). Two areas, northwest and southeast, were selected for eradication 

efforts due to budgetary constraints and political-social conditions. The Northwest region 

contained the majority of dairy farms (Pegram et al., 2000). Two years later, in 1981, the 

proportion of herd infestations increased to approximately 90% (Fox and Leon, 1983; Combs, 

1989b; Pegram et al., 2000). During this time, many economic problems were attributed to 

increased number of BA cases (Combs, 1989b). In April 1985, the first cases of BB were 

reported on the island. The disease was first diagnosed in a dairy herd in Hatillo (de Leon et al., 

1987). However, cases rapidly spread to areas where R. (Boophilus) microplus was previously 
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established. By October of the same year, there were 300 premises under quarantine for BB with 

a total population of 21,044 head of cattle. A total of 118 herds located on 151 premises were 

positive for BB by complement fixation test. Unfortunately, the program received a poor review 

in 1984 and funds were reduced the following year (Combs, 1989b; Crom, 1992; Pegram et al., 

2000). Problems recognized in the review were high turnover rate of employees, reduced 

supplies and equipment, and poor producer compliance (Pegram et al., 2000). Nevertheless, in 

1987, another successful eradication was claimed. The development of a computer database for 

tracking all premises in the TEP was credited with the success (Crom, 1992). 

In 1989, the TEP was suspended for 6 months because of the devastation caused when 

Hurricane Hugo hit the island (Crom, 1992; Bokma, 1996). An alarming number of acute deaths 

diagnosed as BA and BB were reported within the first month of suspension (Bokma, 1996). 

Since 1990, efforts were maintained and the entire island is under an active eradication campaign 

in all 78 municipalities. In 1992, another major outbreak of BA and BB occurred (Crom, 1992). 

This outbreak led to prompt revisions and strengthening of the control measures (Camus and 

Barre, 1995; Bokma, 1996).  A year after the outbreak almost 50% of the herds on the island 

were claimed to be free of R. (Boophilus) microplus and it was projected that the current TEP 

would eliminate BA and BB by 1998 (Crom, 1992). Program inconsistencies and a perceived 

high risk of failure led the US federal government to veto the program in 1995 and withdraw all 

funds (Pegram et al., 2000). Currently, the program is voluntary and efforts focus on livestock 

owners controlling the burden of ticks and tick-borne diseases on their own premises. The PR 

Department of Agriculture (PRDA) subsidizes the cost of acaricides, equipment, laboratory, and 

veterinary and consulting services. The USDA Animal and Plant Inspection Service Veterinary 

Services (APHIS-VS) is no longer involved in the program. 
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The TEP in Puerto Rico was designed to control primarily Rhipicephalus (Boophilus) 

microplus. Initially, it consisted of dipping entire herds in swim-vats with an arsenical acaricide 

(1936 to 1954) at 14-day intervals for 15 consecutive treatments. Later in the program, the 

treatments were reduced to 10 to 12 treatments at 21-day intervals and consisted of 

organophosphates as the main acaricide (1979 to 1984) (Suthern and Combs, 1984; Crom, 1992). 

Coumaphos was used mainly in beef cattle while crotoxyphos (alpha-methylbenzyl 3-

hydroxycrotonate dimethyl phosphate) was employed on dairy farms. After July 1984, 

organophosphates were replaced by formamidines (amitraz) and a third-generation pyrethroid, 

permethrin (Garris and Zimmerman, 1985; Garris and George, 1985; Combs, 1989b; Crom, 

1992). Since then, TACTIK® 12.5% active ingredient emulsifiable concentrate of amitraz 

(Intervet Inc., Milsboro, DE Canada) has been used as the primary acaricide. The most common 

strategies to treat infested premises in the beginning of the TEP included the block treatment 

system and island-wide approach. In the block treatment system, all infested premises in a 

certain geographical region or block were treated at the same time until all were free of R. 

(Boophilus) microplus. The island-wide approach consisted of treating any single infested 

premises at different times independently of the geographic region (Crom, 1992). 

During the 1980s, funds for the TEP in PR came from 3 main sources: USDA-APHIS-VS, 

PRDA, and the USDA Food and Nutrition Service’s Nutrition Assistance Plan (Food Stamp 

Program) (Combs, 1989b). Approximately US $11 million were spent yearly on the program 

from 1984 to 1988. The USDA-APHIS-VS contributed US $2 million, PRDA US $1 million, 

and Food Stamp Program US $8 million (Combs, 1989a; Combs, 1989b). Forty-four million 

dollars were spent in only 4 years (1984-1988) and a reduction in tick infestations were not 

observed (Combs, 1989a). Lack of success was attributed to illegal cattle movements across 
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quarantine lines between infested and non-infested premises, lack of quarantine enforcement, 

and feeding of grass containing ticks (Suthern and Combs, 1984; Combs, 1989b). Most farms 

had limited pasture that did not allow for removal of cattle from areas for extended periods of 

time. Moreover, large numbers of producers kept non-lactating pre-parturient cows and heifers 

outside treatment zones at different premises than the milking cows (Suthern and Combs, 1984). 

Stray animals were also a concern because they can carry ticks between premises (Suthern and 

Combs, 1984). Other social and ecological impediments included reluctance of farmers to accept 

the program and heavy rainfall in treatment areas (Pegram et al., 2000). 

Puerto Rico and the importance of the dairy industry 

Puerto Rico is centered in the Caribbean basin (18°15’ N, 66°30’ W). It is the smallest and 

the most eastern island of the Greater Antilles, east of Hispaniola and northwest of the Virgin 

Islands. It is bounded on the north by the Atlantic Ocean and south by the Caribbean Sea. Puerto 

Rico consists of a main island, which is almost rectangular in shape, with a length of 180 km, 

and a width of 65 km. It encompasses an area of 8,870 square kilometers of which 4% is 

dedicated to agricultural purposes. Six adjacent islets surround the main island; Mona, Monito, 

and Desecheo, which are uninhabited and serve as wildlife reserves; Caja de Muertos; which is a 

recreational area; and Vieques and Culebra which are inhabited and are considered 

municipalities. (Figure 2-1) In 1898, after the Spanish-American War, Puerto Rico was ceded to 

the US. As a commonwealth associated with the United States, Puerto Rico does not have any 

first-order administrative divisions (i.e. states), as defined by the U.S. Government, but there are 

78 second-order municipalities. (Figure 1-1) Each municipality has a mayor and a municipal 

legislature. Popularly-elected governors have served since 1948. The human population of PR is 

approximately 3.9 million with an average annual population growth rate of 0.4% percent in 

2006. It is the most densely populated island in the world with approximately 430 people per 
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square kilometer, a ratio higher than within any of the 50 states in the US. Puerto Rico is under 

US customs jurisdiction and borders are open between the island and the US, allowing 

movement of people, animals, and merchandise (NOAA-NCDC, 1982; CIA, 2007).  

The topography of PR is very rugged, except along the coast, and consists of 3 main 

physiographic regions: the mountainous interior, the coastal lowlands, and the karst area. The 

mountainous interior is formed by a major mountain range or cordillera, which extends across 

the interior of the island from Mayagüez to Aibonito, and transects the island from east to west. 

(Figure 2-2) The coastal lowlands extend 13 to 19 km (8 to 12 mi) inward in the north and 3 to 

13 km (2 to 8 mi) in the south (NOAA-NCDC, 1982). A series of smaller valleys lie 

perpendicular near the west and east coasts. The karst region is located in the north. This area 

consists of formations of rugged volcanic rock dissolved by water. This limestone region has 

numerous ‘mogotes’ or haystack hills (approximately 20% of PR), sinkholes, caves, and 

limestone cliffs. The karst belt extends from Aguadilla, in the west, to a minor haystack hill 

formation in Loíza, just east of San Juan. The climate is tropical marine with regular 

temperatures of 26.7 °C (80°F). In the interior, at higher elevations, the temperature fluctuates 

between 22.8 to 25.6°C (73 to 78°F). Mean temperatures in PR have very small range between 

the warmest and coldest months. For example, in San Juan the temperature in the warmest month 

is 27.1°C (80.8°F) whereas in January and February it is 23.9°C (75.1°F). These small annual 

temperature ranges are due to 2 main factors. First, PR is an island surrounded by waters whose 

temperature changes are minimal from the warmest to the coolest season, 28.1°C (82.5°F) in 

September to 26.6°C (77.9°F) in February. Second, it is also due to the small difference in the 

energy received form the sun from season to season because of the distance from the Equator, 

which is approximately 1,770 km (1,100 miles) north. The difference between the length of the 
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longest day (13 hours 13 min) and the shortest day (11 hours and 2 min) is approximately two 

hours (NOAA-NCDC, 1982). 

The majority of PR’s rainfall is orographic in nature. Moisture laden air from the ocean is 

carried by the trade winds inland and forced to ascend over the mountains, cooling the air, thus 

causing condensation and rainfall (NOAA-NCDC, 1982). The northern half of the island 

receives more rainfall and has larger rivers than the drier southern half. The distribution of 

rainfall over the year does not show an absolute wet-dry season relationship, but only a relatively 

dry season and relatively wet season. The length of the dry season varies by location in the 

island. In the northern region of the island, the dry season is generally shorter (February – April) 

whereas in the southern region, the dry season begins in December. In both regions of the island, 

the dry season ends with the onset of the wet season in May, but there is usually a transitional 

period of approximately 1 month between these seasons (NOAA-NCDC, 1982). However, the 

dry season is not always from December to April nor is the wet season from May to November. 

Some of the heaviest rainfalls have occurred during the dry season. In general, the driest month 

is either February or March. May is the rainiest month in the northern region and September or 

October the rainiest month in the south (NOAA-NCDC, 1982). The relative humidity (RH) is 

approximately 80% over the course of the year. The highest RHs are generally found during the 

night (>90%) when temperatures are the lowest. During the day, RH ranges from 60% to 70%. 

As temperature increases, the RH decreases, reaching its lowest point at the time of maximum 

temperatures. 
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Besides these 3 major physiographic regions, different classification schemes exist for 

major land resource areas (MLRAs) in Puerto Rico14. One approach is based on a scientific 

classification by the USDA Natural Resources Conservation Service (NRCS) and can be 

summarized into 5 general soil types: humid coastal plains, semiarid coastal plains, humid 

mountains and valleys, and semiarid mountains and valleys. The humid coastal plains have 

rolling hill topography and an average annual precipitation of 1600 mm (63 in) and annual 

temperature of 25°C (77°F). Pasture-based commercial dairy farms comprise most of this area. 

Native and improved tropical grasses cover approximately 50% of the land, whereas 17% of the 

acreage is used for a variety of crops. Urban development is significant, especially around the 

large metropolitan regions. The semiarid coastal plains have alluvial flat terrains with an average 

annual precipitation of 900 mm (35 in) and average annual temperature of 26°C (78.8°F). More 

than 50% of this area is comprised of native and improved grasses, which are mainly used for 

feeding in beef cattle and racehorses. The humid mountains and valleys have irregular 

topography with elevations of 500 to 600 m and average annual precipitation of 2100 mm (83 in) 

and annual temperature of 24°C (75.2°F). Approximately 70% of this area is comprised of native 

and improved grasses, 10% is comprised of coffee plantations, and 7% is covered by forests. The 

remainder is used for food crops including plaintains, bananas, and yams. Lastly, the semiarid 

mountains and valleys have flooded-alluvial plains and an average annual precipitation of 1150 

mm (45 in) and average annual temperature of 26°C (78.8°F). Approximately 60% is comprised 

of native grasses and 35% is covered by forest (NRCS-USDA, 2007). 

                                                 
14 MLRAs are geographically associated land resource units, usually encompassing several thousand acres, 
characterized by a particular pattern of soils, geology, climate, water resources, and land use. A unit can be a 
continuous area or several separate nearby areas (NRCS-USDA, 2007). 
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Another classification by the US Department of Commerce, National Oceanic, and 

Atmospheric Administration-National Climatic Data Center (NOAA-NCDC) groups the island's 

regions according to the relative homogeneity of the zone by precipitation and temperature 

(Guttman and Quayle, 1996)(Stephens, 2007, personnal communication) 15. This approach 

results in a similar pattern as the one presented by the USDA-NRCS, except for 2 additional 

subdivisions. These are the north coastal region, northern slopes region, south coastal region, 

southern slopes region, eastern interior region, and western interior region. 

Lastly, a third classification scheme includes the Holdridge system of ecological life zones 

by Ewel and Whitmore (1973) and subsequently expanded by Helmer et al. (2002) using 

satellite-image based mapping of forest type and landcover of PR. The Holdridge system divides 

PR into 6 life zones16: subtropical dry forest (13.8% of total area), subtropical moist forest 

(60.5%), subtropical wet forest (2.6 %), subtropical rain forest (0.1%), subtropical lower 

montane wet forest (1.2%), and subtropical lower montane rain forest (0.1%). The subtropical 

dry forest is the driest of the 6 zones with a mean annual precipitation range of 600 to 1000 mm 

(23.6 to 39.4 in). Most of the vegetation consists of grasses, cacti, thorny legumes, and trees with 

small and succulent leaves. Fires are common during the dry season. The subtropical moist forest 

zone is the largest zone in PR with a mean annual precipitation of 1000 to 2200 mm (39.4 to 86.6 

in) and mean temperatures of 18 to 24°C (64.4 to 75.2°F). This is the most deforested zone partly 

because of intensive agricultural activity and urbanization. Both native and improved pastures 

form the dominant landscape in this zone. The subtropical wet forest zone occupies much of the 
                                                 
15 Scott E. Stephens, Meteorologist, Customer Services/Climate Monitoring NOAA’s National Climatic Data 
Center, 151 Patton Avenue, Asheville, NC 28801-5001, V: 828-271-4800 F: 828-271-4876, E-Mail: 
Scott.Stephens@noaa.gov, http://www.ncdc.noaa.gov/monitoring 
16 Life zones are mapped according to broad bioclimatic units, each of which encompasses a variety of soils, 
vegetation, microclimates and land use patterns. Each life zone lies within a latitudinal region, an altitudinal belt, 
and a humidity province. The variables used to delineate any given life zone are mean annual precipitation and mean 
annual temperature (Ewel and Whitmore, 1973). 
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highest parts of the mountains. This zone has mean annual precipitation ranges of 2000 to 4000 

mm (78.7 to 157.5 in). Because of the abundant moisture, most of the vegetation consists of 

epiphytic ferns, bromeliads, and orchids. Most of this life zone, particularly in the western 

portion of the island is covered by coffee plantations. The subtropical rain forest zone, the 

subtropical lower montane wet forest zone, and the subtropical lower montane rain forest zone 

are the wettest of the life zones, occupying a small area in PR. These 3 zones are mostly located 

in the ‘Luquillo’ mountains in the eastern part of the island, particularly in ‘El Yunque’ National 

Forest (formerly known as the Caribbean National Forest), the only tropical rainforest in the US. 

Most of the vegetation in the subtropical rain forest zone consists of palm trees and epiphytes. 

The subtropical lower montane wet forest zone is comprised of the Colorado forest type, named 

for the common ‘palo colorado’ or swamp cyrilla (Cyrilla racemiflora L.), and the cloud-forest 

type (elfin woodland, montane thicket, or dwarf forest). The vegetation is characterized by short 

(<7 m tall) gnarled trees with high basal area, small diameter, slow growth rates, and many 

epiphytes. The subtropical lower montane rain forest zone is found only in a narrow band on the 

windward slopes of the Luquillo Mountains immediately above the subtropical rain forest. The 

mean annual temperature is approximately 18.6°C (65.5°F), annual precipitation is 4533 mm 

(178.5 in), and mean relative humidity is 98.5%. The vegetation is similar to that of lower 

montane wet forest, except for greater abundance of epiphytes, palms, and fern trees (Ewel and 

Whitmore, 1973). 

Helmer et al. (2002) used Landsat TM imagery data from 1991 to 1992 to develop a 

detailed map of PR’s forest types and landcover. The vegetation classification system used in 

this scheme required adaptations from different sources including the Ewel and Whitmore life 

zones. The resulting map has 31 different landcover classes. Approximately 41.6% of the land is 
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covered by closed forests (the majority was classified as tropical broad-leaf evergreen forest) 

from which only 5% is under protection, 36.7% is covered by pastures and grasslands, 5.9% by 

agriculture, 2.4% by coffee plantations, and 10.5% by urban and developed landcover (Helmer et 

al., 2002). As previously observed, these classification schemes coincide with similar descriptive 

patterns for the various zones in the island. 

Despite the fact that manufacturing (petrochemicals, pharmaceuticals and technology) 

accounts for a gross domestic product (GDP) of US $36,555.8 millions, 42.3% in 2006 (total 

GDP US $86,481.0) (Planning Board of the Commonwealth of Puerto Rico, 2003), agriculture is 

still an important industrial sector for local economies. Agriculture contributed US $805.6 

millions or 1% of GDP in FY 2005 to 2006 17. Production systems on the island vary according 

to agricultural region. The Agricultural Extension Service, established in Puerto Rico in 1934 

through an agreement between the United States Department of Agriculture and the University 

of Puerto Rico, has established 8 agricultural regions in PR. This subdivision is based on the 

number of producers and corresponding agricultural commodities produced in each region. 

These regions include Arecibo, Caguas, Lajas, Lares, Mayagüez, Naranjito, Ponce, and Utuado 

(Ralat, 2004, personnal communication)18 (Figure 2-3). 

The dairy industry, mainly located in the region of Arecibo, has been the most important 

agricultural industry in Puerto Rico since 1948 (Molina-Fernandez, 2001). In 2006, the dairy 

industry contributed 25.6 % (US $184.8 million) of the GDP in agriculture followed by poultry 

(US $89.4 millions, 12.4% GDP), and plantains (US $67.5 millions, 9.4% GDP) (PRDA-ASO, 

2006). Producer returns in 2004 averaged $23.90 per hundredweight ($0.516 per quart) whereas 

                                                 
17 FY: Fiscal Year from July 1, 2005 to June 30, 2006. 
 
18 Johnny Ralat, Office for the Agricultural Economic Development of Puerto Rico, Department of Agriculture, 
Commonwealth of Puerto Rico, 2004. 
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returns in the US averaged $16.13 per hundredweight. Three percent of the labor force or 39,000 

jobs are dedicated to agriculture. From these, 25,000 are related to the production, manufacture, 

and sale of milk and milk by-products (ORIL-PRDA, 2006). The average price of ½ gallon of 

milk was US $2.17 (1 liter US $1.05) during 2005 to 2006. 

In Puerto Rico, there are approximately 281,371 cattle. The dairy industry includes 

153,097 of these animals of which 88,322 are lactating and dry cows (NASS-USDA, 2004; 

PRDA-ASO, 2006). Most cows are located within 353 commercial dairy farms operating in PR 

as of September 30, 2006. The majority of these farms, 61.8% (218 farms), are located in the 

agricultural region of Arecibo, 15.3% (54) in Caguas, and 22.9% (81) in Mayagüez. 

During FY 2005 to 2006, dairy herds in PR produced 329 million liters (709 million 

pounds) of milk. Production per cow averaged 3,850 liters (8,277 pounds). Some of the dairy 

cattle in PR have been imported from the US and the most common breed is Holstein. However, 

crossbreeding programs with other breeds including Jersey and Brown Swiss are common. In 

2005, the average herd size was 243 cows with an average daily milk production per cow of 

approximately 16 L. The common dairy ration in PR consists of pelleted feed (concentrates) and 

tropical grasses. During FY 2005 to 2006 concentrates represented 47% of the production costs 

to the producer. Pelleted feed ingredients include grain by-products, molasses, vitamins, and 

mineral supplements imported from US continental sources. The most common grasses are 

bermuda grass (Cynodon dactylon), guinea grass (Panicum maximum), and pangola grass 

(Digitaria decumbens). The soils in PR do not provide the optimum environment for legumes to 

grow and therefore most legumes, especially alfalfa, are imported from the US. 

Demand for milk and milk by-products by the population of PR increases almost daily. To 

sustain this need, it is important to maintain and improve the efficiency of this industry. Fresh 
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milk is not imported onto the island, the entire commodity must be produced locally for national 

consumption. Puerto Rico is one of most densely populated places in the world (~4 million 

inhabitants in 9,104 km2) with a high demand for milk, and therefore the dairy industry should be 

provided with the resources necessary to maintain a continuous and efficient production system. 

Importance of the Bovine Anaplasmosis and Babesiosis-Tick-Cattle-Ecological System and 
Its Implications in Epidemiological Studies 

Epidemiological studies of BA and BB require focusing on the disease process as a system 

rather than considering A. marginale and Babesia spp. as the sole cause of disease (Melendez, 

1998). This system should evaluate how all contributing factors affect the presence and level of 

disease. Environmental factors are composed of multiple variables that have their own scales of 

space and time, where higher-level factors constrain and control the lower-level factors to 

various degrees. Conversely, lower-level factors should provide details that may explain the 

behavior observed at higher-level factors (Turner et al., 2001). When using this hierarchical 

concept, the investigator should always consider at least 3 levels in any study, the level of 

interest, one above, and one below (Turner et al., 2001). 

Studies of BA and BB should not ignore this hierarchical perspective (Figure 2-4). 

Anaplasma marginale and Babesia spp. are the lowest point of the system; they depend on the R. 

(Boophilus) ticks and cattle for persistence (Arellano-Sota, 1992; Guglielmone, 1995; Melendez, 

1998). Second, they are preceded by R. (Boophilus) ticks, which depend upon the distribution of 

cattle (and other hosts) to complete their parasitic lifecycle. Third, cattle must be present to 

support both diseases and the tick vector, but their presence is independent of either (Arellano-

Sota, 1992). Fourth, farm management factors and ecological and geographical conditions 

influence the organisms, the host, and the lifecycle of R. (Boophilus) ticks. A disturbance of any 

of these factors at any level may influence the dynamics of the system (Melendez, 1998). 
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Conventional methods of disease control that include the regular dipping of cattle to 

control the tick vectors plus chemotherapy and vaccination to decrease the incidence of clinical 

disease are based on data from studies in temperate regions and such results might not be 

applicable to tropical and subtropical areas (Wagner et al., 2002). Therefore, studies of BA and 

BB in tropical enzootic areas should collect information concerning the biology of the diseases, 

potential carrier hosts, risk factors associated with the transmission of A. marginale and Babesia 

spp., and geographic locations and local climatic conditions suitable for the presence of BA, BB, 

and tick vectors (Richey and Palmer, 1990; Alonso et al., 1992; George et al., 2002). This 

information is necessary to develop sustainable tick and tick-borne disease control programs in 

cattle operations (McCluskey, 2002; Jongejan and Uilenberg, 2004). 

Defining the Bovine Anaplasmosis and Babesiosis-Tick-Cattle-Ecological System 

The components of the Bovine Anaplasmosis and Babesiosis-Tick-Cattle-Ecological 

System have a complex interrelationship that keeps the system viable and ensures the 

propagation of the disease agents and tick (Alonso et al., 1992). This complex relationship is 

what determines where and when disease will occur (McCluskey, 2002). Alonso et al. (1992) 

defined the interrelationship for BB only as a ‘closed system’, where hosts other than cattle and 

vectors other than ticks are not considered. However, if BA is included within the system, the 

investigator must overcome 3 major constraints of this approach. First, A. marginale, Babesia 

spp., and R. (Boophilus) microplus can survive in association with other domestic animals and 

wildlife hosts (Ristic, 1968; Ristic, 1977). Second, this approach only considers the distribution 

of Babesia spp. related to the tick vector, excluding the more complex methods of transmission 

described for A. marginale. As mentioned previously, mechanical transmission of A. marginale 

by biting flies and blood-infected fomites is commonly assumed to be important in the 

epidemiology of BA in some areas of the US. However, the scientific literature is inconclusive 



 

86 

and further investigations are required to completely elucidate their role in the transmission of A. 

marginale (Scoles et al., 2005). Third, local management procedures and ecological conditions 

may have important differences among regions, and their role in the system should not be 

ignored. Therefore, all parameters involved in the transmission of A. marginale and Babesia spp. 

should be studied collectively, to allow correct inferences about the disease processes. 

Key Factors of the Epidemiology A. marginale and Babesia spp. 

Anaplasma marginale and B. bovis (B. bigemina) share many important epidemiological 

similarities along the pathway of disease. The diseases are co-endemic in tropical and subtropical 

regions and share a similar seasonal pattern. Both are intraerythrocytic parasites that can be 

transmitted by ixodid ticks, especially R. (Boophilus) microplus at a very low level of 

parasitemia. They have similar incubation periods of approximately 3 to 4 weeks and similar 

clinical presentations that include the potential for survivors to become carriers. Lastly, 

resistance can be acquired at a young age by passive transfer of antibodies from colostrum 

(Alonso et al., 1992). 

Conversely, these organisms also have striking differences in their pathway of disease. 

Anaplasma marginale is susceptible to antibiotic therapy whereas few effective drugs are 

available to control infection with Babesia spp. Trans-ovarian transmission in the tick vector is 

not well documented for A. marginale whereas it is important in the epidemiology of Babesia 

spp. infections. Infection with A. marginale persists for the life of the animal, with cycles of 

rickettsemia occurring every 14 days whereas infection with Babesia spp. is not lifelong. The 

protozoa can survive up to 6 months in the host, and then disappear leaving a sterile immunity 

persisting for another 6 months. Subsequently, immunity is lost and the animal may become 

infected again. Lastly, transplacental infection of cattle has been described for A. marginale but 

not for Babesia spp. 
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Examples of A. marginale and Babesia spp. and Their Influence on the System 

Pathogenic effects due to infection with Babesia spp. have been observed in certain ticks. 

Rhipicephalus (Boophilus) ticks infected with high numbers of B. bovis or B. bigemina may have 

shorter duration of oviposition, higher mortality of infected females, decreased egg production, 

reduced egg hatching proportion, and reduced larval survival (Samish and Rehacek, 1999; 

Howell et al., 2007). The severity of these effects is directly related to the degree of parasitemia 

and to the susceptibility of the tick for certain Babesia strains. High levels of B. bigemina 

parasitemias may result in up to 98% mortality in female ticks (Hodgson, 1992; Samish and 

Rehacek, 1999). Conversely, A. marginale infection appears to have no detrimental effects on 

ticks (Kocan, 1995). Nevertheless, a study by Cen-Aguilar et al. (1998) did not find significant 

differences among 3 groups (including uninfected) of ticks infected at different levels of Babesia 

spp. organisms under field conditions in Yucatán, Mexico. The author suggested that an adaptive 

tolerance of Babesia spp. might develop in naturally infected R. (Boophilus) microplus (Cen-

Aguilar et al., 1998). Furthermore, (Oliveira et al., 2005) found that Babesia spp. infection was 

more frequent in ticks and eggs collected from calves compared to cows but the hatching rate 

was lower in samples from calves. 

Examples of Arthropod Factors and Their Influence on the System 

Understanding arthropod breeding cycles and habitats is imperative for the development of 

control strategies (McCluskey, 2002). Vector competence and vectorial capacity are major 

factors in the risk of transmission of A. marginale and Babesia spp. Vector competence includes 

feeding frequency and timing, vector mobility or flight ranges, and vector adaptability to biotic 

(animal) and abiotic (environment) conditions (including application of insecticides) (Harwood, 

1981; McCluskey, 2002). Under natural conditions, mortality proportions in the parasitic phase 

ranges between 2 to 7% in the larval stage and 20 to 40% in the adult stage. In a study by Nunez 
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et al. (1972) that experimentally infested cattle with 20,000 larvae, only 3,176 engorged females 

were collected suggesting a mortality proportion of 60%. For example, a large percentage (74 to 

90%) of larvae that attach to susceptible cattle do not complete their cycle. The majority of 

mortality occurs during the first 24 hours after fixation on the host. If larvae have not attached 

and feed within the first few hours after climbing onto a host, the unattached larvae will die from 

the host’s body heat (Roberts, 1971). Fluid (blood) uptake is sufficient to prevent desiccation of 

the majority of the attached larvae (Roberts, 1968a; Roberts, 1968b; Koudstaal et al., 1978). 

Moreover, death seems more rapid in the skin of the host during atmospheric conditions of low 

humidity (~30%) and high temperatures (32ºC) (Roberts, 1971). 

Different tick species and vectors have different vectorial capacity for A. marginale and 

Babesia spp. The ability of the tick vector to acquire A. marginale from a persistently infected 

animal is influenced by the level of rickettsemia during feeding, and not all fed ticks will become 

infected. However, tick infection rates with A. marginale in enzootics areas can reach 100% 

(Dallwitz, 1987). Vectorial capacity in hematophagous insects is measured by the proportion of 

fed flies that carry A. marginale infected blood on their mouthparts and the number of A. 

marginale infective units maintained in a viable state before feeding on a second host (Scoles et 

al., 2005). 

Examples of Cattle Factors and Their Influence on the System 

Bos indicus cattle have shown lower levels of parasitemias for B. bovis and B. bigemina 

when compared to B. taurus. (Guglielmone et al., 1989; Aguirre et al., 1994) In addition, the 

percentage of R. (Boophilus) microplus engorged females infected with Babesia spp. varied from 

0 to 5% in B. indicus herds and 18 to 40% in B. taurus herds. (Guglielmone et al., 1989) A study 

in Australia reported that only 0.04% to 0.05% of tick larvae collected from a grazing paddock 

occupied by European breeds (B. taurus) were infected with B. bovis whereas larvae collected 
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from the same pasture but occupied by Zebu x European cattle (B. indicus x B. taurus) failed to 

demonstrate the presence of B. bovis. (Mahoney et al., 1981) In addition, a study by Mahoney 

and Mirre (1971) documented that R. (Boophilus) microplus infections with B. bigemina (0.23%) 

are higher than B. bovis (0.04%) (Mahoney and Mirre, 1971). Therefore, transmission of B. 

bigemina infections are more likely to develop in those herds where both Babesia species are 

present (Bock et al., 2004). 

Cattle behavior is an important factor in the propagation of R. (Boophilus) microplus. 

Cattle do not remain passive to attacks of insect vectors (McCluskey, 2002). They protect 

themselves by tail switching, ear flapping, skin twitching, immersion in water, coating with mud, 

or crowding together. In addition, cattle have the ability to detect and avoid areas of high larval 

density on pastures. Vision appeared to be important in detecting heavily contaminated foci or 

big clumps of dark brown larvae at the tip of the grass (Sutherst et al., 1986). Studies by Tate 

(1941) and Koudstaal et al. (1978), demonstrated that cattle inoculated with larvae immediately 

became irritated and began scratching and licking themselves resulting in the removal of a 

considerable number of larvae. Animals that actively scratch within the first 24 hours maintain a 

lower number of larvae than those that do not (Koudstaal et al., 1978). Conversely, the nymphs 

are primarily affected by host resistance. It is speculated that they can be removed by grooming 

due to higher levels of histamine resulting from the immune response to salivary gland secretions 

(Doube and Kemp, 1979). 

Examples of Farm Management Factors and Their Influence on the System 

The interactions among R. (Boophilus), A. marginale, Babesia spp. and cattle can result in 

different outcomes due to differences in animal husbandry practices. In endemic areas, control of 

the vector and disease are more difficult and more costly. The disease can be controlled by 

eradicating R. (Boophilus) or by keeping the numbers low to avoid high occurrence of outbreaks 
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(de Waal and Combrink, 2006). For this strategy to succeed an extremely intensive acaricide 

program is essential. However, this strategy carries high risks as regards to the development of 

acaricide resistance and disruption of endemic stability (Jonsson et al., 2000; Mekonnen et al., 

2002). Outbreaks of BB in dairy cattle have been associated with excessive tick control including 

in Australia where the intensive use of acaricides and pasture spelling brought about enzootic 

instability (Sing et al., 1983; Guglielmone, 1994; Guglielmone, 1995).  

In most cases, acaricide resistance depends upon the active ingredient, length of time that 

the acaricide has been used on the premises, and inappropriate use of acaricide (Nunez et al., 

1982). Factors related to inappropriate use of acaricides include inadequate time of application, 

insufficient contact time (i.e. heavy rains after applications), incomplete coverage of the animal, 

and reduced concentration of the active ingredient (Nunez et al., 1982). For example, amitraz has 

been used for over 30 years in the control of R. (Boophilus) microplus. Its use is common in 

Australia, Latin America and southern Africa (Jonsson and Hope, 2007). It is currently the main 

acaricide available in Puerto Rico for spray application to dairy cows. Not surprisingly, acaricide 

resistance has been reported (Jonsson and Hope, 2007). The first reports were from Australia in 

1980 and today there is an estimated resistance prevalence of 11% (11% tick survival). 

Conversely, amitraz resistance in Mexico was not identified until 2001 but a faster development 

has been observed since its introduction in 1986 with an estimated resistance of 19% (Jonsson 

and Hope, 2007).  

Large numbers of B. taurus breeds are imported into tropical and subtropical countries to 

improve local livestock industries. Unfortunately, this practice has led to outbreaks of BB, death 

of animals, and devastating economic losses (Callow, 1977; Bock et al., 2004).  
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Examples of Environmental Factors and Their Influence on the System 

Environmental factors have a great influence on the non-parasitic phase of R. (Boophilus) 

microplus, tick infestation rates on cattle, and babesial infection rates for cattle and ticks 

(Guglielmone, 1995; Jongejan and Uilenberg, 2004). Climate influences the longevity of larvae, 

number of annual generations of R. (Boophilus) microplus, and host seeking-finding activity 

(Utech et al., 1983). In suitable conditions, heavy rains, tall grass stems (which provide plentiful 

shade) and high temperatures may shorten the development period and the non-parasitic phase 

can be less than 3 weeks. Conversely, cold weather and poor rains can diminish grass quantity 

and reduce the chances that gravid females and larvae will find shady sites. Furthermore, larvae 

that spend 2 to 4 weeks on the ground before infesting cattle are more likely to spread babesiosis 

than newly hatched larvae. It appears that babesia need a dormant period within the non-parasitic 

larvae to complete development. Cool weather (~14ºC) enhances this development. 

Transovarian transmission of Babesia spp. is also affected by climatic factors (Riek, 1964; 

Dalgliesh and Steward, 1982). In one study, different temperatures influenced the development 

of Babesia spp. in R. (Boophilus) microplus whereas A. marginale development was not affected 

(Dalgliesh and Stewart, 1979). In another study, exposure of larvae at 14ºC over 65 days 

increased infection with B. bovis but not B. bigemina. However, these larvae were not infective 

after 76 days at same incubation temperature (Dalgliesh and Steward, 1982). 

The Importance of Reliable Diagnostics for Identification of A. marginale, B. bovis, and     
B. bigemina infections 

Diagnostic methods for BA and BB should be able to accurately estimate the prevalence of 

infection in any geographic location including persistently infected cattle (carriers). As 

mentioned previously, persistently infected cattle serve as a reservoir for the spread of A. 

marginale, B. bovis, and B. bigemina. Therefore, their detection is important for surveillance and 
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eradication programs. However, all current methods have limitations in specificity (Sp), 

sensitivity (Se), or reproducibility (Goff et al., 2006a). 

Microscopic Detection 

Direct peripheral blood smears stained with Giemsa stain are the most commonly used 

technique in developing countries for identifying anaplasma and babesia infections. This test is 

easy to perform and inexpensive. However, this technique is most sensitive during the acute form 

of BA when parasitemia levels of erythrocytes can reach 0.1 to 0.2 % (Eriks et al., 1989). During 

the persistent form of BA, parasites are seldom detected with this technique because of the 

extremely low percentage of infected erythrocytes and hence the method is inappropriate. This 

technique is also labor-intensive and is tedious for large numbers of samples. 

In B. bovis infections, the best results are obtained from making thick blood smears of 

capillary blood obtained, after pricking the tip of the tail or margin of an ear (Bock et al., 2004). 

Thick smears are 10 times more sensitive than thin smears because babesia-infected erythrocytes 

are more tightly packed together. Analytic Se has been estimated as 1 parasite per 1,000,000 

erythrocytes (Bose et al., 1995). The detection limit for thin smears ranges from 10-5 to 10-6 or 1 

parasite per 105 to 106 erythrocytes whereas thick smears can detect parasitemias as low as 1 

parasite in 107 erythrocytes. Therefore, thick smears are more useful for the detection of low 

levels of B. bovis (Bose et al., 1995). Smears made from blood collected from major veins may 

contain 20 times fewer B. bovis organisms than capillary blood (Callow et al., 1993). This 

problem does not occur in B. bigemina infections because the parasites are not sequestered but 

are evenly distributed throughout the circulation (Bock et al., 2004). Differentiating between B. 

bovis and B. bigemina can be very difficult (Bose et al., 1995). Staining of thick smears with 

acridine orange is faster and the detection limit is approximately 10-7. However, this technique 
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requires a fluorescent microscope for examination and differentiation between Babesia spp. is 

generally not possible as in Giemsa-stained smears (Bose et al., 1995). 

Polymerase Chain Reaction-Based Techniques (PCR) 

Polymerase Chain Reaction-based techniques (PCR) have also been used to identify 

anaplasma and babesia infections. This technique detects DNA of the parasite and therefore 

recognizes current infection of the animal. Moreover, the relative intensity of the DNA amplicon 

correlates with the numbers of parasites and thus the level of parasitemia (Wirth et al., 1986; 

Barbet et al., 1987). In BA, PCR can identify 30 infected erythrocytes per ml of blood, which is 

equivalent to a parasitism of approximately 0.00001% (10-7). This is well below the typical level 

in carriers (Torioni de Echaide et al., 1998). However, when PCR techniques are used 

diagnostically for detection of A. marginale infection, a nested reaction is necessary to identify 

low-level carriers. Nested PCR is more technically demanding and imposes significant quality 

control problems for routine use. Amplified DNA products can be aerosolized and readily 

contaminate staff, laboratory equipment, and reagents subsequently producing false-positive test 

results (Bose et al., 1995). Non-specific amplification of closely related DNA sequences could 

also reduce the overall specificity of the test. Therefore, additional steps such as restriction 

enzyme analysis, southern hybridization, or sequencing are needed to confirm the positive 

amplification. Relative to microscopic techniques, PCR is expensive and restricted to well-

equipped laboratories with facilities for molecular biology (Bose et al., 1995). 

Polymerase chain reaction assays are analytically sensitive for detecting infections and 

differentiating between B. bovis and B. bigemina in carrier cattle. Detection levels as low as 3 

parasitized erythrocytes in 20 ul of packed red blood cells (RBCs) has been reported. The 

detection limit is approximately 10-8 to 10-9 (Bose et al., 1995). Polymerase chain reaction assays 

are a good choice if the investigator considers it important to differentiate B. bovis, which is 
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claimed to be more pathogenic, from B. bigemina. However, PCR assays generally do not lend 

themselves well to large-scale testing and are unlikely to replace serological tests as the method 

of choice for epidemiological studies. Polymerase chain reaction assays are useful as 

confirmatory tests and in some cases for regulatory testing. 

Recently, a quantitative PCR assay (qPCR) based on the amplification of the cytochrome b 

gene (a mitochondrial gene) rather than the standard techniques targeting the 18S rRNA gene, 

has been developed and is estimated to have high diagnostic Se and Sp (Buling et al., 2007). In 

addition, this is the first assay reported to quantify B. bovis and B. bigemina DNA in mammalian 

blood. Validation of this assay was based on 40 cows and 80 horses from Spain either suspected 

of suffering from babesiosis or exposed to ticks (tick species were not described). The tick-

exposed animals were identified by standard PCR and sequencing of the amplicon. The limit of 

detection was estimated as 1,000 copies of the target DNA. However, the minimum parasite load 

was not determined but the authors estimated it to be in the range of 2 to 5 x 10-6. The detection 

limit is not as high as other PCR-techniques, but the risk of contamination following PCR 

amplification is considerable reduced because the reaction is carried out in closed system rather 

than an open system as in standard PCR. Closed systems are relatively faster and consume less 

reagents (Lohret and Kelly, 2004). 

Serological Tests 

The accuracy (diagnostic Se and Sp) of serological tests for BA varies based on assay and 

laboratory. Sensitivities vary from 20% for complement fixation tests to 100% for the 

competitive ELISA (cELISA) in detecting carrier animals. The small numbers of known positive 

and negative animals for these studies results in a large amount of statistical uncertainty. An 

exception is the new MSP-5 cELISA (VMRD, Pullman, Washington) for diagnosis of BA. This 

test has been extensively validated using positive and negative animals as defined by nested PCR 
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(nPCR) relative accuracy. Serological tests for diagnosing infection with Babesia spp. 

(especially B. bigemina) are not considered as sensitive and specific as tests for anaplasmosis 

(Bose et al., 1995). However, recent advances in cELISA development for B. bovis and B. 

bigemina infections could prove to be promising (Molloy et al., 1998a; Molloy et al., 1998b). 

Complement fixation test (CF) 

The complement fixation test (CF) primarily detects IgM antibodies, which are produced 

during acute infections. Therefore, the Se of the test is lowest for persistently infected animals 

(Bose et al., 1995). False positives have been reported and are considered to be due to the 

presence of normal bovine erythrocyte stroma in the CF antigen (Bradway et al., 2001). Another 

disadvantage of the CF test, is that it is highly complex and difficult to perform (Bradway et al., 

2001). The antigen employed in the CF for BA is a crude mixture of A. marginale and 

erythrocyte proteins. This CF test is still widely used in the field to detect animals infected with 

A. marginale. Gonzalez et al. (1978) estimated a Se of 79% and Sp of 100% of the CF for 82 A. 

marginale-infected cattle and 48 non-infected cattle. Conversely, Bradway et al. (2001) 

evaluated the sera of 150 infected cattle and 82 non-infected cattle reporting Se and Sp values of 

20% (95% CI 14 to 26%) and 98% (95% CI 95 to 100%), respectively.  

Rapid card agglutination test (CAT) 

The rapid card agglutination test (CAT) is a common diagnostic method for BA used in the 

US. The CAT antigen is a suspension of intact A. marginale parasites, which have been 

separated from erythrocytes by lysis in a French pressure cell and stained with fast green dye 

(Amerault and Roby, 1968; Amerault and Roby, 1977; Wright, 1990). After mixing standard 

quantities of antigen and serum or plasma on a test area of the card, the card is tilted to and from 

and the degree of agglutination visibly assessed after a set time (Wright, 1990). Gonzalez et al. 

(1978) estimated a Se of 84% and Sp of 98% when evaluated in 82 A. marginale-infected cattle 
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and 48 non-infected cattle. In a more recent study, the CAT was compared to the ELISA within 

208 sera from Anaplasma free herds, 86 experimentally infected cattle, and 757 sera from cattle 

in areas endemic for A. marginale. The Se and Sp of the CAT in this study were 98% (95% CI of 

95.5 – 99.6) and 98.6 % (95% CI of 88.0 – 99.9), respectively (Molloy et al., 1999). Based on 

these results, the CAT could be considered the test of choice. In addition, this method is easily 

performed in the laboratory or field and results are obtained within 10 minutes. However, it is 

sensitive to variations in test conditions, particularly temperature. For optimal results, the 

temperature should be between 19 to 30ºC (65 to 85ºF) (Amerault and Roby, 1968). Results are 

also subjective, labor intensive, and not easily automated (Molloy et al., 1999). 

Indirect fluorescent antibody test (IFAT) 

The indirect fluorescent antibody test (IFAT) is the most widely accepted technique for the 

serological diagnosis of B. bovis and B. bigemina infections (Bose et al., 1995). The antigen is 

derived from B. bovis or B. bigemina in vitro cultures of erythrocytes at parasitemia levels of 

approximately 8%. Infected erythrocytes are fixed to a microscope slide where reaction with 

sample serum is performed. Recognition of antibody in the sample serum is accomplished by 

addition of an enzyme conjugate, usually anti-bovine IgG antibody labeled with fluorescein 

isothiocyanate at 1:80 dilution, and examination with a fluorescent microscope. (Torioni de 

Echaide et al., 1995). Unlike other tests, IFAT are not standardized. Different serum or conjugate 

dilutions in IFAT among studies have shown markedly different results on Se and Sp values. 

Johnston et al. (1973) evaluated the IFAT for antibodies to B. bovis by using a 2-fold dilution of 

the test serum on 290 unexposed animals from non-endemic areas of Australia and 98 exposed 

animals suffering from acute and persistent infections. The Se and Sp were reported as 99% and 

96%, respectively (Johnston et al., 1973). Conversely, Hadani et al. (1983) evaluated the IFAT 

for B. bovis on brain smears stratified by sex and age. Se ranged from 76.5% to 100% and Sp 
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ranged from 30.8% to 66.7%. The pooled values for Se and Sp were 85.9% and 46.6%, 

respectively. Cattle in this study (n=213) originated from abattoirs in the northwest region of 

Argentina and all serum samples were tested at a dilution of 1:60 with a conjugate dilution of 

1:80 (Hadani et al., 1982; Hadani et al., 1983). Conversely, a study by Torioni de Echaide et al. 

(1995) using the same dilution for serum and conjugate reported a Se range of 92.8% to 100% 

for B. bovis. Most studies report kappa agreement values ≥ 90% between the IFAT and an 

indirect ELISA test for B. bovis infections (Torioni de Echaide et al., 1995; Molloy et al., 1998a). 

The IFA for detection of antibodies against B. bigemina, have been reported to have poor 

specificity. (OIE, 2004) Serological cross-reactions with B. bovis make differentiation between 

these 2 species difficult, particularly in regions where the 2 parasites coexist. The IFAT is the 

test of choice if the goal of the investigator is to establish a prevalence of Babesia spp., 

considering that both species may pose similar risks for disease and species differentiation is not 

important for regulation and control measures. 

In BA, the test is performed as for Babesia spp. except that A. marginale-infected blood is 

used for preparation of antigen smears, at approximately 5 to 10% parasitemias. The Se of IFAT 

for A. marginale persistently infected cattle is reported to be 97% (Gonzalez et al., 1978). The 

IFAT does not require high technical skills. However, it has the disadvantages of being labor 

intensive and causing extensive operator fatigue. Usually, no more than 70 to 90 samples per day 

should be examined. In addition, results are subjective and depend upon the experience of the 

operator. An important issue is background or non-specific fluorescence, which can cause 

sample misclassifications at different serum titrations (Duzgun et al., 1988; Jongejan et al., 

1988).  
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Enzyme-linked immunosorbent assays (ELISA) 

A competitive ELISA for BA has been developed, extensively validated, and 

commercialized for the detection of antibodies specific for Anaplasma in bovine serum19 

(Knowles et al., 1996; Torioni de Echaide et al., 1998; Reyna-Bello et al., 1998). The assay 

utilizes a recombinant E. coli expressed MSP-5 (rMSP-5) protein, which contains an epitope that 

is defined by the monoclonal antibody, ANAF16C1. This ELISA kit uses an avidin alkaline 

phosphatase/p-nitrophenyl phosphate detection system (Palmer et al., 1994). As discussed 

previously, MSP-5 is highly conserved among most Anaplasma species (Knowles et al., 1996). 

Positive and negative A. marginale-infection status was determined in 235 randomly selected 

cattle using a nested PCR (nPCR) coupled with msp5 sequence analysis and hybridization 

(Torioni de Echaide et al., 1998). At a cutoff point of 28% inhibition, the rMSP5 cELISA had a 

relative Se of 96% (95% CI of 91 to 98%) and a Sp of 95% (95% CI of 88 to 98%). The validity 

of the assay for identifying cattle infected with BA has been tested for 12 strains of A. marginale; 

Florida, Washington-Clarkston, Washington-Okanogan, South Idaho, Virginia, North Texas, 

Missouri, Mississippi, Africa (Zimbabwe), Hawaii, Canada, Israel, and Venezuela (Visser et al., 

1992; Palmer et al., 1994; Knowles et al., 1996). This assay is highly accurate and is therefore 

recommended as the test of choice for epidemiologic studies, eradication programs, and 

international movement of animal regulation (Palmer and McElwain, 1995).  

An indirect ELISA kit for B. bovis has been developed and validated in Mexico, Cuba and 

Brazil20 (Waltisbuhl et al., 1987; Bose et al., 1990; Torioni de Echaide et al., 1995; 

FAO/IAEA/SIDA, 1997; Molloy et al., 1998a). Originally, the antigen consisted of an 

                                                 
19 Anaplasma Antibody Test Kit, cELISA – VMRD, Inc. PO Box 502 Pullman, WA 99163 U.S.A. USDA Product 
Code 5002.20.  
 
20 Manual for Babesiosis Indirect ELISA Kit, Bench Protocol Version - BBO 2.1, by the Joint Food Animal 
Organization - International Atomic Energy Agency (FAO-IAEA) Program, Vienna (1993). 
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oxyhemoglobin-free distilled lysate of B. bovis infected erythrocytes but it was further modified 

using a recombinant antigen that reacts to a monoclonal antibody designated as W11C5. This 

ELISA kit use horseradish peroxidase as the enzyme conjugate (Waltisbuhl et al., 1987; Bose et 

al., 1990). The test was validated in Australia using 158 experimentally infected cattle and 318 

B. bovis free cattle and Se and Sp were estimated as 100% (95% CI of 97.7 to 100%) and 99.4% 

(95% CI of 97.5 to 99.0%), respectively (Molloy et al., 1998a). In Africa, validation was based 

on 328 sera from B. bovis free herds in Kenya and South Africa and Sp was estimated as 99.7%. 

Another study in Argentina estimated Se and Sp as 98% (95% CI of 96 to 99%) and 95% (95% 

CI of 93 to 97%), respectively. In this study, the test was evaluated using 500 sera from known 

infected animals and 500 sera from regions of Argentina free of the tick vector (Torioni de 

Echaide et al., 1995; Molloy et al., 1998a). Cross-reactions in sera from B. bigemina and A. 

marginale infected animals were reported in 6% and 8% of the cattle, respectively (Waltisbuhl et 

al., 1987; Torioni de Echaide et al., 1995). 

Recently, 2 cELISAs have been developed and validated for the detection of antibodies 

specific for B. bovis. Both techniques utilize a recombinant rhoptry-associated protein 1 (rRAP-

1) antigen (Boonchit et al., 2002; Goff et al., 2003; Boonchit et al., 2004; Goff et al., 2006a). The 

first one was developed by Boonchit et al. (2002) who employed the full-length rRAP-1 as the 

antigen. However, this assay had problems with cross-reactions in sera from B. bigemina-

infected cattle and subsequently modified using more specific recombinant antigens from the C-

terminus of rRAP-1 (rCT1, rCT2, and rCT3). An evaluation was performed on sera from 14 B. 

bovis-infected cattle, 12 B. bigemina-infected cattle and 30 non-infected cattle. At cut-off values 

of 0.140 and 0.136 (OD at wavelength of 450 nm) both, the Se and Sp of this cELISA with rCT1 

and rCT2 were reported as 100%. Conversely, the assay based on rCT3 had Se and Sp of 92.8% 
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and 100%, respectively, at a cut-off value of 0.133 (Boonchit et al., 2004). However, sera from 

cattle in other geographic regions were not evaluated. 

The second B. bovis cELISA employs a B-cell epitope within the C terminus of rRAP-1 

(Goff et al., 2003). This antigen reacts with the monoclonal antibody, BABB75A4. Initial 

validation were based on 227 randomly selected samples from the US, 135 samples from 

experimentally infected cattle in the US, and 131 samples from Argentina (1), Bolivia (20), PR 

(38), and Morocco (72). Specificity was reported as 98.7% (95% CI of 98.75 – 100%). Further 

validation within 135 sera from known positive animals and 141 sera from known negative 

animals estimated a Se and Sp of 100% and 91%, respectively. The known positive sera were 

from experimentally infected animals (n=119) and animals from an endemic region of PR 

(n=16). These samples were determined to be positive by a B. bovis-specific nPCR and 

confirmed by sequence analysis. The known negative sera were from the northwest US. This 

assay has good reproducibility with agreement between four laboratories in different countries 

estimated between 88% and 94% with kappa values all above 0.721 (Goff et al., 2006a). 

Conversely, attempts to develop a reliable ELISA for detection of B. bigemina infections 

have not been as successful. ELISAs for detecting B. bigemina infections have poor specificity. 

In a study by eI Ghaysh et al. (1996), the presence of bovine fibrinogen contributed to more 

positive ELISA results than the presence of B. bigemina specific antibodies. In addition, cross-

reactivity with antibodies specific for B. bovis complicate diagnosis in regions where the 2 

parasites coexist (el Ghaysh et al., 1996). 

A cELISA for detection of antibodies against B. bigemina in cattle has been developed in 

Australia (Molloy et al., 1998b). This assay uses a 58-kDa B. bigemina merozoite protein as the 

                                                 
21 Concordance among laboratories was established using Cohen’s kappa values, Hartley’s test for homogeneity and 
one-way analysis of variance of ODs among the four laboratories (Goff et al., 2006a). 
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antigen. Two monoclonal antibodies have been developed (B9 and D6) against independent 

epitopes of the protein (Molloy et al., 1998b). This antigen was chosen because it is conserved 

among geographically diverse isolates of B. bigemina including Mexico (3 isolates), Texas, 

Puerto Rico, St. Croix, and Costa Rica (Figueroa et al., 1990). This assay was evaluated in 70 

known positive sera from experimentally infected cattle and 166 antibody negative sera collected 

from non-endemic areas of Australia. Using a cut-off of 30% inhibition, the Se and Sp of this test 

was reported as 95.7% (95% CI of 87.2 – 98.9%) and 97.0% (95% CI of 92.7 and 98.9 %), 

respectively. The test is recommended for areas where B. bovis and A. marginale have 

overlapping distributions with B. bigemina because false-positive reactions do not occur in the 

presence of antibodies to B. bovis and A. marginale (Molloy et al., 1998b). Nevertheless, further 

validation is required to assess performance in the field (Molloy et al., 1998b). 

Recently, Boonchit et al. (2006) evaluated the potential of a full-length B. bigemina RAP-1 

and a truncated C-terminal RAP-1 for use in an indirect ELISA for B.bigemina. The assay was 

evaluated using sera from 14 B. bovis-infected cattle, 13 B. bigemina-infected cattle, and 30 non-

infected cattle. The cut-off value at a wavelength of 415 nm was set as the mean OD of the 30 

negative bovine sera plus 3 standard deviations. This resulted in cut-off values of 0.12 and 0.11 

for the full rRAP-1 and the truncated C-terminal RAP-1, respectively. High levels of cross-

reactivity between B. bigemina and B. bovis were found with the full version of RAP-1 whereas 

the truncated C-terminal RAP-1 was more specific for sera from B. bigemina-infected cattle. All 

sera from B. bovis-infected cattle and non-infected cattle were below the cut-off value whereas 

all sera from B. bigemina infected cattle were above the cut-off. This technique offers some 

advantages over other assays because it uses recombinant antigen rather than antigen from live 

animals (Boonchit et al., 2006). This makes it less expensive and highly reproducible (Bose et 
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al., 1995). In summary, ELISA techniques are objective and have a higher capacity to test a large 

number of samples in a short time compared to IFAT. ELISA allows for better standardization 

because results are computed automatically unlike the reliance of IFAT on a technician to read 

the slides microscopically. For this reason, ELISA is considered a useful technique for screening 

large numbers of samples. 
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Figure 2-1. The 78 municipalities of PR; each municipality has a mayor and a municipal legislature. Six adjacent islets surround the 

big island; Mona, Monito, Desecheo, Caja de Muertos, Vieques and Isla de Culebra.  
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Figure 2-2. A central mountain range extends across the interior of Puerto Rico from east to west. Another set of high altitude terrain is 
located in the northeast area near the coast and corresponds to the tropical rainforest known as “El Yunque”. 
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Figure 2-3. The 8 agricultural regions of PR based on the number of producers and corresponding agricultural commodities in that 

region. Common commodities include milk, dairy replacement heifers, hay (Arecibo); broiler chickens (Ponce); coffee, 
plantains, bananas, sugar, livestock (Lares); and “recao” and peppers (Caguas).
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Figure 2-4. Proposed hierarchical structure for the study of the epidemiology of bovine 

anaplasmosis and babesiosis. Adapted from Turner M.G. et al., 2001.  

 

 

GEOGRAPHIC LOCATION OF THE REGION 
 

(Tropical, Sub-tropical, Temperate) 

ECOLOGICAL CONDITIONS WITHIN A 
REGION 

 
(Seasonality, Landscape, Elevation, Temperature, Rainfall, 

Relative Humidity) 

FARM MANAGEMENT 
 

(Nutrition, Use of Vaccines, Use of Acaricides, 
Chemotherapy, Origin of replacement animals, 

Animal Movements)

CATTLE 
(Other hosts) 

(Breed, Age, Immune Status) 

TICK 
(Other vectors) 

(Stage, Species) 

 
BOVINE ANAPLASMOSIS 

BOVINE BABESIOSIS 

A. marginale B. bovis B. bigemina Components 
(explanation) 

Level of 
Interest 

Constraints 



 

107 

CHAPTER 3 
STUDY 1: SEROPREVALENCE AND MANAGEMENT FACTORS ASSOCIATED WITH 

Anaplasma marginale IN COMMERCIAL DAIRY FARMS OF PUERTO RICO 

Introduction 

Bovine anaplasmosis (BA) is a hemoparasitic disease of great importance in cattle 

production systems in the tropical and subtropical regions of the world (Kocan et al., 2003), 

including the island of Puerto Rico (PR) (van Volkenberg, 1939; Crom, 1992; Bokma, 1996). 

The disease is caused by the rickettsiae, Anaplasma marginale (Order Rickettsiales, Family 

Anaplasmataceae) (Dumler et al., 2001; Kocan et al., 2004) and the only recognized vector in PR 

is the one-host tick, Rhipicephalus (Boophilus) microplus (Tate, 1941; de Leon et al., 1987; 

Crom, 1992; Bokma, 1996). The disease is characterized by severe anemia and jaundice without 

hemoglobinemia and hemoglobinuria (Richey and Palmer, 1990). Other clinical signs include 

weight loss, decreased milk production, abortions, hyperexitability (due to cerebral anoxia), and 

sudden death (Richey and Palmer, 1990). Recovered animals become persistently infected with 

A. marginale for life (French et al., 1998) and serve as a reservoir for the maintenance of A. 

marginale within a herd (Richey and Palmer, 1990; Kocan et al., 1992; French et al., 1999).  

The first studies of BA in PR were reported by van Volkenberg in the late 1930s. Since 

then the disease has been considered endemic on the island (Crom, 1992). An estimated 

economic loss of US $20 million was reported in 1989 in PR, attributable to the presence of BA, 

bovine babesiosis, and R. (Boophilus) microplus, despite an ongoing tick eradication program 

(1936-1995) (Crom, 1992). A recent survey by Cortes et al. (2005) among 261 dairy farmers 

(47,401 milking cows) in PR reported an estimated loss of US $6.7 million in 2000 due to these 

diseases and R. (Boophilus) microplus infestation. An annual loss of US $7,155 was estimated 

per farm for tick control or US $29 per cow per year (Cortes et al., 2005).  
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Cattle operations, especially commercial dairy farms, are the most economically important 

agricultural sector in PR. The dairy industry produced US $184.8 million (25.6%) of the gross 

domestic product in agriculture in 2006 (PRDA-ASO, 2006). Approximately 25,000 jobs are 

related to the production, manufacture, and sale of milk and milk by-products (ORIL-PRDA, 

2006). The island has an estimated cattle population of 281,371 of which 153,097 (54%) belong 

to the dairy industry with 63,181 lactating cows (Planning Board of the Commonwealth of 

Puerto Rico, 2003; NASS-USDA, 2004). Most lactating cows are raised within 353 commercial 

dairy farms operating in PR as of 2006. From 2005-06, these dairy farms produced 329 million 

liters (709 million pounds) of milk with an average production of 3,850 liters (8,277 pounds) per 

cow (NASS-USDA and PRDA-ASO, 2005).  

Although tick-borne hemoparasitic diseases have been reported to cause considerable 

morbidity and mortality to cattle in PR, the epidemiology of BA in PR has not been thoroughly 

investigated. Successful management of BA depends on adequate knowledge concerning 

seroprevalence estimates for A. marginale, risk factors associated with the transmission of BA, 

and geographic locations and local climatic conditions suitable for the distribution of BA and 

possible vectors (Richey and Palmer, 1990; Alonso et al., 1992). The transmission of A. 

marginale is not determined exclusively by the distribution of the tick vector. In some regions of 

Latin America, the geographical distribution of BA is more widespread than R. (Boophilus) spp. 

indicating the existence of other vectors or different modes of transmission (Anziani, 1979; 

Alonso et al., 1992). Mechanical transmission of A. marginale by biting flies and blood-

contaminated fomites is considered to be important in the epidemiology of BA in areas of 

Central and South America, Africa, and the US (Ewing, 1981; Foil, 1989; Morley and Hugh-

Jones, 1989; Scoles et al., 2005).   
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Several factors such as type of livestock, herd size, interaction with wildlife, ecological and 

socio-economic factors may play important roles in the epidemiology of BA, and their role in the 

system should not be ignored (Alonso et al., 1992). Therefore, all parameters involved in the 

transmission of A. marginale should be studied collectively, to allow correct inferences about the 

disease processes. 

The objectives of the present study were (1) to determine the seroprevalence of A. 

marginale in adult lactating dairy cattle in the 4 different climatological zones of PR, and (2) to 

assess the associations of geographical and farm management factors on the seroprevalence of A. 

marginale in commercial dairy farms of PR. 

Materials and Methods 

Study Area 

Puerto Rico is centered in the Caribbean basin between the coordinates 17°45’ N and 

18°30’ N, and its longitude ranges from 65°45’ W to 67º15’ W. It is the smallest and easternmost 

island of the Greater Antilles, east of Haiti and Dominican Republic and northwest of the Virgin 

Islands. It is bounded on the north by the Atlantic Ocean and on the south by the Caribbean Sea. 

It encompasses an area of 8,870 km2 from which 41.6% is closed forests, 36.7% pastures and 

grasslands, 5.9% crop agriculture land, 2.4% coffee plantations, and 10.5% urban and developed 

landcover (Helmer et al., 2002). Elevations range from sea level to 1338 m. The climate is 

predominantly tropical maritime. Average temperatures in PR have very small range between the 

warmest and coldest months, but decrease markedly with increasing elevation (NOAA-NCDC, 

1982). In the high mountainous interior, the temperature fluctuates between 22.8-25.6°C (73- 

78°F). The northern half receives more rainfall and has larger rivers than the drier southern half. 

The distribution of rainfall follows a relative wet-dry seasonal pattern. The relative humidity 

(RH) is approximately 80% over the course of the year with the highest RHs generally found at 
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night (>90%) when temperatures are the lowest. During the day, RH ranges from 60% to 70% 

(NOAA-NCDC, 1982).  

Puerto Rico is classified into 4 main climatological zones according to soil type, 

vegetation, agricultural development, precipitation and temperature indices: humid coastal plains 

(north coastal region, NC), semiarid coastal plains (south coastal region, SC), humid mountains 

and valleys (western interior, WI), and semiarid mountains and valleys (eastern interior, EI). The 

NC zone has rolling hill topography and an average annual precipitation of 1600 mm (63 in) and 

an average annual temperature of 25°C (77°F). Pastured-based commercial dairy farms are 

common in this area. Native and improved tropical grasses cover approximately 50% of the land, 

whereas 17% of the acreage is used for a variety of crops. This is the most deforested zone partly 

because of intensive agricultural activities and urban development. Both native and improved 

pastures form the dominant landscape in this zone. The SC zone has alluvial flat terrains and is 

the driest of the 4 zones with an average annual precipitation of 900 mm (35 in) and an average 

annual temperature of 26°C (78.8°F). More than 50% of this area is comprised of native and 

improved grasses, which are mainly used for feeding beef cattle and racehorses. The remainder 

of the landscape consists of cacti, thorny legumes, and trees with small and succulent leaves. 

Fires are common during the dry season. The WI zone has irregular topography with elevations 

of 500-600 m and an average annual precipitation of 2100 mm (83 in) and an average annual 

temperature of 24°C (75.2°F). Approximately 70% of this area is native and improved grasses, 

10% coffee plantations, and 7% forest. The remainder is used for food crops including plantains, 

bananas, and yams. Because of the abundant moisture, most of the original landscape consists of 

epiphytic ferns, bromeliads, and orchids. Lastly, the EI zone is comprised of very steep flooded-

alluvial plains and has an average annual precipitation of 1150 mm (45 in) and an average annual 
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temperature of 26°C (78.8°F). Approximately 60% is native grasses and 35% is covered by 

forest (Ewel and Whitmore, 1973; Guttman and Quayle, 1996; NRCS-USDA, 2007). 

The NC zone contains 62% of the dairy herds that have 68% of the adult lactating cattle 

population in PR. The predominant dairy production system is semi-intensive, which is based on 

concentrates and year-round grazing on improved pastures including African bermuda grass 

(Cynodon nlemfuensis var. robustus), pangola grass (Digitaria eriantha), and guinea grass 

(Urochloa maxima). Concentrates typically consist of grain by-products, molasses, vitamins, and 

mineral supplements imported from continental US sources. Most dairy replacement heifers are 

raised in PR using crossbreeding programs with Holstein-Friesian, Jersey, and Brown Swiss, but 

some purebred Holstein-Friesians are imported from the US.   

Study Design and Sample Size Methodology 

A cross-sectional study with a multi-stage design was carried out over 18 months between 

August 23, 2005 and December 4, 2006. The reference population for this study was adult 

lactating cows (>2 years of age) from commercial dairy farms. Commercial dairy farms were 

defined as those farms having an active license in the 2004 Annual Inventory for Grade A dairies 

list provided by the Office for the Regulation of the Dairy Industry of Puerto Rico (La oficina de 

la reglamentación de la industria lechera de Puerto Rico, ORIL) and the State Veterinarian from 

the Department of Agriculture, Commonwealth of Puerto Rico, in conjunction with the United 

States Department of Agriculture (USDA).  

The sample size for the number of farms was calculated assuming a total population of 362 

farms, an expected herd seroprevalence of 50% (the seroprevalence was unknown), a confidence 

level of 95%, and an acceptable margin of error of 10% with available software (Win Episcope 

2.0, Easter Bush, Roslin; Zaragoza, Spain; Utrecht and Wageningen, Netherlands). To calculate 

the proportional distribution of farms to be sampled, the total number of farms in PR was 
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stratified by climatological zone and farm size. Farm size was divided into approximately 3 

equal groups using percentiles of the total number of farms (small, 36-109 animals; medium, 

110-196; and large, 197-1000). An estimated percentage was obtained by dividing the total 

number of farms within each stratum (e.g. WI-small) by the overall total number of farms 

(n=362). Each percentage was then multiplied by the necessary sample size. Study farms were 

randomly selected from all farms within each of the 12 strata. The sample size was estimated to 

be 76 farms and within each climatological zone was NC=51, WI=13, EI=8, and SC=4 (Table 3-

1). Location of farms within each climatological zone is presented in Figure 3-1.  

The sample size per herd was calculated using the number of lactating cows listed in the 

most recent (≤ 1 month) Dairy Herd Improvement Association (DHIA, Verona, WI) records of 

each farm visited. Number of animals per farm in this study ranged from 12 to 850 adult 

lactating cows. The minimum sample size to detect disease was estimated assuming an expected 

prevalence of at least 8% at 95% level of confidence (Survey Toolbox, version 1.0 beta, 

Wentworth Falls, NSW, Australia). Calculations were not adjusted for imperfect sensitivity and 

specificity of the diagnostic test. Cows were chosen by either simple random selection (n=53 

farms) using ear tag identification numbers from DHIA records (random number generator from 

Microsoft®Office Excel, 2003) or systematically sampled through the chute based on the 

lactating herd size and the target number of samples in the herd (n=23 farms). 

Questionnaire Development and Administration 

A questionnaire (Appendix A) was administered to dairy owners and managers of 

participating farms from August 16, 2005 to November 29, 2006. The questionnaire consisted of 

80 questions on 8 pages (printed on both sides). The questionnaire included both open and closed 

questions with directions to either mark those answers that applied, choose yes or no, or provide 

a free text response. When applicable, data that pertained to the preceding 12-month period were 
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collected. Dairy owners and managers answered questions about type of facilities, common farm 

husbandry practices, past and recent experiences with ticks and use of acaricides, past and recent 

experiences with BA, experience with treatment protocols and vaccines, knowledge of disease 

diagnosis, and experiences with flies and fly control methods (Table 3-2). The questionnaire was 

first written in English and then translated into Spanish (Appendix B). The English version was 

pre-tested on 5 faculty members and 6 veterinary students from the Food Animal and 

Reproduction Medicine Service at the University of Florida, College of Veterinary Medicine. 

The Spanish version was pre-tested at a 3-hr group discussion with 13 dairy farmers from the 

ORIL Executive Board 1 month before the first interview. Information concerning management 

factors was obtained before the seroprevalence of the farms was determined.  

Each participating farm was visited twice. For the first visit, dairy owners (or managers) 

were contacted by phone 1 week in advanced of the expected visit to set up an appointment. 

During this visit, a brief summary of the study, an administrative order from the ORIL, and a 

consent form (including the purposes of the survey, the procedures for participating in the study, 

and an assurance of confidentiality) were provided with the interviewer-administered 

questionnaire. The dairy owner (or manager) provided the most recent DHIA list of the lactating 

cows, returned the signed consent form, and set up the appointment for the second visit. All 

interviews were conducted in Spanish by the first author. To standardize the interview process, 

the investigator was trained to ask all participants the same questions in the same manner. The 

questions with dichotomous response options that were not answered were classified as no 

response. XY-coordinates from each participating dairy farm were collected using the milking 

parlor of the farm as the point of reference by a global positioning system (GPS) (Garmin eTrex 

Legend®, Garmin International Inc., Olathe, KS, USA).  
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Sample Collection 

All procedures were approved by the Institutional Animal Care and Use Committee 

(IACUC # D806 and #E151) at the University of Florida. A blood sample (~10 ml) was collected 

from each selected animal (n=2,414) during the second visit. Selected cows were either grouped 

by the farmers immediately after milking or were bled individually after leaving the milking 

parlor. Samples were collected aseptically via coccygeal venipuncture into 10-ml uncoated red 

top tubes (Vacutainer, Fisher Scientific, Pittsburgh, PA, USA) using disposable needles. Samples 

were labeled and transported on ice to the laboratory facilities at the Agricultural Experiment 

Station, University of Puerto Rico (Mayagüez Campus). In the laboratory, serum samples were 

centrifuged at 3700 rpm for 15 min at room temperature, serum separated, and frozen in 1 ml 

aliquots at -25° C (-13 °F) until analyzed. Samples were transported to the State Veterinary 

Diagnostic Laboratory Dr. Gabriel González-Calderón located in Dorado, Puerto Rico for 

serological testing. All tests were performed by a trained technician and the first author. 

Serological Testing 

Sera were tested for antibodies against A. marginale using a commercially available MSP-

5 competitive ELISA (cELISA) (Anaplasma Antibody Test Kit, cELISA, Catalog No. 282-5, 

VMRD, Inc., Pullman, WA, USA). Test procedures were performed according to guidelines 

provided by the manufacturer. Briefly, 96-well flat-bottom plates coated with recombinant MSP-

5 were incubated with the sample sera for 1 hour at room temperature (21-25º C, 70-77º F) and 

washed 2 times with a wash solution. Then, monoclonal antibody ANAF16C1 conjugated to 

horseradish peroxidase was added to each well and incubated for an additional 20 minutes at 

room temperature. After incubation, slides were washed 4 times and o-phenylenediamine 

dihydrochloride was added to the plates and incubated for an additional 20 minutes. A stop 

solution was added before the plate was read. An ELISA microplate reader ELX800 (BIOTEK 
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Instruments Inc., Winooski, Vermont, USA) and a computer software program IDEXX xChek 

3.2TM Software (IDEXX Laboratories, Inc., Westbrook, Maine, USA) were used to measure and 

record optical density (OD) at 650 nm. Three known negative controls were included on each 

plate to determine the mean OD of the negative controls (ranged from 0.40 to 2.10). Percent 

inhibition (% I) was calculated as 100- [(Sample OD x 100) / (Mean Negative Control OD x 

100)]. Two known positive controls were also included on each plate. A cutoff of 30% inhibition 

for the MSP-5 cELISA was used to classify samples (Torioni de Echaide et al., 1998; Molloy et 

al., 1999). Samples with <30% inhibition were considered negative, and samples with greater 

than or equal to 30% inhibition were considered positive. The MSP-5 cELISA has been reported 

to have a Se of 96% (95% CI of 91 to 98%) and a Sp of 95% (95% CI of 88 to 98%) at this 

cutoff (Torioni de Echaide et al., 1998). 

Statistical Analyses     

The overall and stratified animal seroprevalence by each climatological zone in PR was 

calculated as the proportion of animals positive on the MSP-5 cELISA divided by the total 

number of cows tested, weighted by the proportion of the total cattle population in each 

climatological zone (STATA 10.0 for Windows, StataCorp LP, College Station, TX, USA). 

Student t tests using Tukey’s adjustment for multiple pairwise comparisons were used to 

compare the mean prevalences among the 4 climatological zones and 3 farm sizes. 

The coordinates and survey data for each farm were loaded into a geo-database (ArcGIS 

9.1TM, ESRI, Redlands, CA, USA) for mapping and cluster analyses. To standardize the GIS 

analyses, all data were collected under the same projection parameters, North American Datum 

1983 (NAD83) and a coordinate system corresponding to Universal Transverse Mercator (UTM) 

Zone 19 North. Spatial autocorrelation of the observed seroprevalence was estimated using 

Moran’s I (ArcGIS 9.1TM). 
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The associations between the explanatory variables collected via the questionnaire and 

outcome response variable (seroprevalence to A. marginale) were estimated using logistic 

regression (SPSS 14.0 for Windows©, SPSS Inc. Headquarters, Chicago, IL, USA). The unit of 

analysis for assessing risk factors was the farm. The outcome variable was dichotomized using a 

natural break in the distribution of the observed herd seroprevalence for A. marginale (Figure 3-

2). The break was set at the boundary where a relatively large change in the distribution 

occurred. Those herds with a seroprevalence ≥40% were considered high prevalence and those 

farms with a seroprevalence ≤39.9% were considered low prevalence. Variables that were 

significantly associated with high/low seroprevalence at a Wald P value ≤ 0.20 in a bivariable 

screening model were retained for further evaluation in multivariable models. A backward 

stepwise multivariable logistic regression model was built starting with a complete model 

containing all main effects identified in the screening models and terms were removed one-by-

one based on likelihood ratio tests. The main effect terms remaining in the model were evaluated 

for effect modification by adding all possible 2-way interactions between main effects 

individually and testing for significance using Wald tests. The fit of the final multivariable model 

was assessed using the Hosmer-Lemeshow test. Statistical significance was assessed at the 5% 

level. 

Continuous independent variables in logistic models were evaluated for linearity in the 

log-odds. These variables were categorized to provide an indication of how the risk of the 

outcome changes with the variable and have better specification of the functional form of the 

equation (Cheung and Smith, 1981; Hosmer and Lemeshow, 2000). Initial categorization was 

performed either by using 3 or more natural breaks of the data or by equally dividing the data in 
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quartiles. If the continuous independent variables were not linear in the log-odds, they were 

retained as categorical variables.  

The response (seroprevalence to A. marginale) was also analyzed as a continuous 

dependent variable and the associations between the explanatory variables and the response were 

estimated using linear regression. The associations of β coefficients to the response were 

compared to the odds ratio of the variables that were significantly associated with high/low 

seroprevalence at a Wald P value ≤ 0.20 in the bivariable logistic regression analyses. 

Results 

Descriptive 

The number of randomly selected farms sampled was 76 and 2 additional farms 

volunteered to be in the study, one in the SC zone and one in the EI zone. An average of 32 cows 

was selected per farm for a total sample size of 2,414 from the 76 farms and 61 additional 

sampled cows from the 2 volunteer farms. The 2 volunteer farms were not included in the 

analyses for prevalence, but were included for the logistic regression analyses of risk factors. 

Premises size ranged from 16 to 600 cuerdas (6 to 236 ha), with an average of 150 cuerdas 

(59 ha). One cuerda is equivalent to 0.97 acres. Stocking density ranged from <1 to 11 animals 

per cuerda with an average of 4 animals per cuerda. The time elapsed between the beginning of 

the interview to the end averaged 50 min (range 20 min to 95 min) among dairy owners and 

managers and the average time between the first and second visit was 7 days (range 0 d to 75 d).  

Forty (51.3%) of the sampled farms had semi-confined facilities where cattle spent 

approximately 12 hours in open pasture grazing and 12 hours under a metal roof with concrete 

floors (“ranchón”); 31 (39.7%) had 24 hours open pasture grazing as the main source of feed; 4 

(5.1%) had dry lots for their cattle; and 3 (3.9%) had free-stalls. The herds were comprised of 

92.3% Holsteins and Holstein crosses; and 7.6% Jersey and Brown Swiss breeds and their 
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crosses. Fifty-five (70.5%) of the farms were equipped with operational irrigation systems. Most 

pastures were irrigated with water from oxidation lagoons. Only 2 (2.6%) of the farmers reported 

the presence of deer on their premises, whereas 7 (9.0%) reported the presence of monkeys and 

18 (23.1%) reported seeing green iguanas in the surroundings of their premises.  

Seventy-three (93.6%) of the farmers used amitraz as the primary acaricide for tick control. 

Fifty-nine (75.6%) of the dairy farmers applied amitraz every 20 to 30 days; 12 (15.4%) every 7 

to 14 days; and 7 (9.0%) every 40 to 60 days.  

Twenty-two (28.2%) of the dairy farmers did not utilize any methods for fly control in the 

farms. Thirty-two (41.0%) of the farmers used eprinomectin (Eprinex Pour-On®, Merial); 63 

(81.0%) used ivermectin (Ivomec®, Merial); 22 (28.2%) used methomyl (Z)-9-tricosene (Golden 

Malrin Fly Bait with Muscamone®, Wellmark International); 20 (25.6%) used 1% piperonyl 

butoxide (P.B.O) and 1% permethrin (KattleGuard™, Dairy Solutions, Inc.); 11 (14.1%) used 5% 

piperonyl butoxide (P.B.O) and 5% permethrin (ULTRA BOSS Pour-On®, Schering-Plough); 9 

(11.5%) used 11% permethrin (Atroban® EC Insecticide, Schering-Plough); and 5 (6.4%) used 

dust bags containing coumaphos (Co-Ral®, Bayer Animal Health). The use of these fly control 

methods was not exclusive and most farmers used more than 1 method. 

Fifty-six (71.8%) of the dairy farmers in this survey participated in the certification 

program titled: “Guidelines for use and application of insecticides” from the Puerto Rico 

Department of Agriculture (PRDA), represented by Agricultural Services and Development 

Administration (ASDA) whereas 22 (28.2%) did not have the certification or were not aware of 

the program.  

Seroprevalence 

The MSP-5 cELISA for A. marginale antibodies was positive for 743 of 2,414 (30.8%) 

sampled adult lactating cows (Table 3-3). Animal seroprevalence within farms ranged from 2.8 
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to 100.0% (Figure 3-3). The overall animal seroprevalence of antibodies against A. marginale 

was 27.4% (95% CI = 25.3-29.5). The NC zone had the lowest seroprevalence of the 4 zones, 

25.8% (95% CI = 23.3-28.2) followed by the WI zone 28.1% (95% CI = 22.4-33.9) and the EI 

zone 31.6% (95% CI = 24.4-38.9). The SC had the highest seroprevalence for A. marginale of 

the 4 zones, 40.6% (95% CI = 30.9-50.3). However, no statistically significant differences at the 

5% level were found among the 4 climatological zones and the 3 sizes of farms. Spatial analysis 

for A. marginale seroprevalence did not suggest any global spatial autocorrelation (I = -0.03; Z 

score = -0.4; P value = 0.34). 

Risk Factors 

Twenty farms had high animal-level seroprevalence for A. marginale (≥40%) and 58 had 

low seroprevalence (≤39.9%). During the initial bivariable screening, 21 management factors 

were found to be significantly associated with high A. marginale seropositivity at P ≤ 0.20 

(Table 3-4). The final multivariable logistic regression model (Table 3-5) demonstrated that 

pasture grazing as the main source to feed cattle (OR= 6.4, 95% CI=1.3-33), observed monkeys 

on the premises (OR= 14, 95% CI=1.4-137), use of 11% permethrin (Atroban®), (OR= 14, 95% 

CI=1.9-98), farmers who attended an acaricide certification program (OR= 0.17, 95% CI=0.04-

0.72), and lack of fly control methods (OR= 5.7, 95% CI=1.3-25) had a significant association 

with high BA seropositivity. Other variables included in the final model were use of irrigation 

systems and application of amitraz at 14-day intervals. Although these had a significant 

likelihood test and were retained in the model, they were not significant based on the Wald test. 

No other main effects or 2-way interaction terms were significant. The Hosmer-Lemeshow 

goodness-of-fit test demonstrated that the model was a good fit to the data (Chi = 2.346, df = 7, 

P-value = 0.938). Logistic regression analyses identified the same model with and without the 

two volunteer farms. The β coefficients in the linear regression had the same  
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direction of association as the odds ratios for all variables associated with high/low 

seroprevalence at a Wald P value ≤ 0.20 in the bivariable logistic regression analyses (Table 3-

6). 

Discussion 

The present study is the first in PR to assess the overall seroprevalence for A. marginale 

and identify farm management factors significantly associated with high seropositivity. The 

study sample was limited to adult lactating cattle from commercial dairy farms. Therefore, 

inferences about the present study might not represent other cattle populations. Serological 

results indicated that A. marginale is common and widely distributed in PR. Overall 

seroprevalence for A. marginale in PR was within the lower range documented for other islands 

in the Caribbean region (1 to 71%) (Camus and Montenegro-James, 1994). Spatial distribution 

was not clustered at the scale of the entire island suggesting limited influence by geographic 

predictors. Therefore, management factors appear to be of primary importance in the 

epidemiology of BA on the island.  

In contrast to Swai et al.(2005a) and Swai et al. (2005b), we found a strong and significant 

association between pasture grazing and high seropositivity for A. marginale on dairy farms in 

PR (OR=6.4). Similarly, Rubaire-Akiiki et al. (2004), found higher risk for tick infestation and 

increased seroprevalence for A. marginale in herds using pasture grazing than those herds with 

partial or no access to pasture grazing. Pasture grazing may increase the spread of ticks among 

herds, particularly in high stocking density areas. 

Those dairy farms where monkeys were observed on the premises had higher odds of high 

seropositivity for A. marginale (OR=14). The presence of monkeys might be confounded by 

some other ecological or management factors that were not adequately measured by the 

questionnaire. However, transmission of infectious agents between wildlife and domestic 
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livestock has been documented, particularly in areas where free-ranging wildlife and livestock 

share common grazing grounds (Chomel et al., 1994; Bengis et al., 2002). Wildlife are 

commonly considered vectors, reservoirs, or primary targets of infectious diseases (Trainer, 

1970). Two introduced species of non-human primates, rhesus macaques (Macaca mulatta) and 

patas monkeys (Erythrocebus patas) have well established colonies primarily in the south-west 

region of PR (Jensen et al., 2004). From 1990 to 1993, the macaques population consisted of 45 

to 85 individuals and the patas population of more than 120 individuals (Gonzalez-Martinez, 

2004). Today, it is estimated that more than 1,000 individuals free-range the area 

(Commonwealth of Puerto Rico, 2007). These species were originally imported to a facility 

located on 2 cays off the southwest coast PR in the 1960s and 1970s with support from the 

National Institutes of Health (NIH) and the Food and Drug Administration (FDA). These 

facilities were administered by the Caribbean Primate Research Center of the University of 

Puerto Rico-Medical Sciences Campus from 1970 until its closure in 1982. Monkeys began 

migrating from the cays onto the mainland soon after the initial stocking of animals but 

intensified from 1974 to 1981 (Gonzalez-Martinez, 1998; Gonzalez-Martinez, 2004). After 30 

years, these monkeys have become a public nuisance to farmers and public health officials of the 

area (Jensen et al., 2004) and efforts to trap and remove them have been unsuccessful (Wikipedia 

contributors, 2007). Patas appear to live commensally with cattle in the area. They have been 

observed foraging for dung beetles (Carabidae) in and under dry cow manure on pastures on a 

daily basis (Gonzalez-Martinez, 1998). Results of the present study raises concerns about the 

influence of these monkeys on the seropositivity of A. marginale in cattle and further serologic 

studies in monkeys and livestock should be considered. No natural infections of Anaplasma spp. 

in rhesus and patas monkeys have been documented in the literature. However, under laboratory 
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conditions rhesus monkeys can be infected with Anaplasma spp., which raises speculations of 

rhesus being reservoirs for Anaplasma spp. (Foley et al., 1999; Munderloh et al., 2004). 

The use of 11% permethrin (Atroban®) was positively associated with high seroprevalence 

of A. marginale (OR=14). Possible reasons for this effect may include the effectiveness and the 

price of the product. If this product is less expensive, the chances are that the farmer may select it 

over other more effective products. In addition, the use of Atroban® or any other products might 

be influenced by the time treatment interval and methods for application. 

Lack of a fly control program was associated with a high seroprevalence for A. marginale 

(OR=5.7). Many hematophagous insects have been incriminated as the major route of infection. 

Tabanids, including horse flies (Tabanus spp.) and deer flies (Chrysops spp.), stable flies 

(Stomoxys calcitrans), horn flies (Hematobia irritans), and mosquitoes of the genus Psorophora 

have been implicated as mechanical vectors for transmission of A. marginale (Ristic, 1968; 

Ristic, 1977; Ewing, 1981; Potgieter et al., 1981; Hawkins et al., 1982; Foil, 1989). In the US, 

tabanids are the most common hematophagous insects suspected to be vectors of A. marginale 

(Morley and Hugh-Jones, 1989). Chrysops variegata has been the only species of tabanids 

described in Puerto Rico (PR) and in the 1930s it was only present in low numbers (van 

Volkenberg, 1939). In Cuba, tabanids and mosquitoes including Psorophora confinnis, 

Mansonia titillans, and Culex nigripalpus are considered to play an important role in the 

transmission of A. marginale in the region (Postoian et al., 1977; Alonso et al., 1992). No studies 

could be identified that described the current status of tabanid species in PR. Therefore, further 

studies on the species of hematophagous insects affecting commercial dairy farms and their role 

in the transmission of A. marginale in Puerto Rico are warranted.   
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Farmers certified in the use of insecticides were less likely to have high seroprevalence for 

A. marginale (OR=0.17). Participation in this program was required from 2003-2004 to obtain a 

license to use trademarks belonging to the PRDA, including amitraz at no cost or subsidized 

from designated farmers’ centers (PRDA-ASDA, 2007). Farmers spent 2 half days (08:00-12:00 

hours) in seminars on the use of insecticides and were required to pass a final exam. After this 

time, the use of amitraz was no longer restricted and participation in the seminars was no longer 

required. Since then, farmers were able to obtain amitraz by simply showing picture 

identification (Maldonado-Somera, 2007, personal communication).  

The results of this study have provided baseline prevalence information and identified 

some key risk factors that can guide local authorities and policymakers to implement strategic 

control measures to decrease the seroprevalence of A. marginale in PR. However, this is a cross-

sectional design and there are important limitations that must be considered. For example, 

measured variables in the present study might not have had the same value as when cattle 

became seropositive. The findings of this study are also limited to the 18-month period 2005-

2006 when data were collected. High seroprevalence does not necessarily equate to more disease 

and higher economic losses. A different farm seroprevalence cut-off could have yielded different 

results; however, a linear modeling of the seroprevalence rather than high/low dichotomization 

demonstrated similar findings and overall conclusions. Lastly, testing did not attempt to adjust 

prevalence for sensitivity and specificity of the test and might have resulted in misclassification 

of the farms (e.g. high seroprevalence not due to high BA prevalence).  

Conclusions 

Management factors appear to be of primary importance for understanding and control BA 

in PR. We suggest that at the time designers of tick and tick-borne disease control programs in 
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PR implement measures to control BA they should considered the biology of the tick and the 

current knowledge of the epidemiology of BA.  
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Table 3-1.  Population and sample distribution of commercial dairy farms by climatological zone and size of the farm to estimate the 
seroprevalence of Anaplasma marginale in Puerto Rico from August 2005 to December 2006. 

Climatological  zone Farm sizea No. of farms No. of adult lactating cows Percent farm needed Farm sample needed 
North coastal Small 70 5310 19 15
 Medium 82 11916 23 17
 Large 91 28154 25 19
   
Western interior Small  31 2336 9 7
 Medium 24 3556 7 5
 Large 7 1778 2 1
   
Eastern interior Small  9 710 2 2
 Medium 15 2364 4 3
 Large 13 4109 4 3
   
South coastal  Small  10 759 3 2
 Medium 5 684 1 1
 Large 5 1505 1 1
   
Totalb   362 63181 76

a Farm size: Small (36-109), Medium (110-196), Large (197-1000). b Data obtained from the 2004 Annual Inventory for Grade A 
dairies list provided by the Office for the Regulation of the Dairy Industry of Puerto Rico (ORIL) and the State Veterinarian from the 
Department of Agriculture, Commonwealth of Puerto Rico, in conjunction with the United States Department of Agriculture (USDA).  
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Figure 3-1. Geographical distribution of the 76 commercial dairy farms (■) sampled in the 4 climatological zones of Puerto Rico from 

August 2005 to December 2006. NC: North Coastal Zone (n=51); WI: Western Interior Zone (n=13); EI: Eastern Interior 
Zone (n=8); and SC: South Coastal Zone (n=4).  
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Table 3-2.  Explanatory variables included in the questionnaire provided to dairy owners or 
managers for the study of the seroprevalence of Anaplasma marginale in Puerto Rico 
from August 2005 to December 2006. 

Explanatory variables   Categories   
Climatological zone North coastal (NC), western interior (WI), 

eastern interior (EI), and south coastal (SC) 
UTM coordinatesa Easting (x-coordinate) and Northing (y-

coordinate)  
Type of operation Dairy farm with lactating herd onlyb, dairy 

farm with lactating herd and calf-raising, 
dairy farm with lactating herd and heifer-
raising facilities, dairy farm with lactating 
herd, calf, and heifer-raising facilities, mixed 
(beef and dairy) 

Herd size Number of bulls, milking cows, dry cows, 
heifers (1-2 years), and calves (<1 year), total 

Premises (property) sizec Continuous 
Stocking densityd Continuous 
Breed(s) of cows and percent of breed in herd Holstein, Jersey, Brown Swiss, Cross-bred 
Presence of horses in the facilities Yes/no 
Number of horses Continuous 
Presence of sheep in the facilities Yes/no 
Number of sheep Continuous 
Presence of goats in the facilities Yes/no 
Number of goats Continuous 
Presence of pigs in the facilities Yes/no 
Number of pigs Continuous 
Presence of poultry in the facilities Yes/no 
Number of poultry Continuous 
Main type of pasture grown on the farme African bermuda grass (Cynodon nlemfuensis 

var. robustus), guinea grass (Urochloa 
maxima), pangola grass (Digitaria eriantha), 
and bermuda grass (Cynodon dactylon) 

Type of facility Confined, semi-confined, dry-lot, pasture  
grazing 

Observed stray cattle on the premises Yes/no 
Presence of dogs in the facilities Yes/no 
Number of dogs Continuous 
Presence of cats in the facilities Yes/no 
Number of cats Continuous 
Presence of adjacent farms Yes/no 
Number and type of adjacent farms Total, dairy farms, beef farms, heifer farms, 

and crops 
Observed deer on the premises  Yes/no 
Observed monkeys on the premises 
Observed ostriches on the premises 

Yes/no  
Yes/no 
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Table 3-2. Continued 
Explanatory variables Categories   
Observed green iguanas on the premises Yes/no 
Observed mongooses on the premises  Yes/no 
Observed rats on the premises  Yes/no 
Use of irrigation systems Yes/no 
History of flooding  Yes/no 
Own more than one farm Yes/no 
Number of farms owned Continuous 
Origin of replacement heifers Farm-raised, buy from other farm, buy from 

local market, import from the US 
Purchase of animals in last 12 months Yes/no 
Number of animals bought in the last 12 
months 

Continuous 

Use of quarantine area on the premises Yes/no 
Origin of hay, silage, green chop Same farm, other dairy farm, feed store, 

commercial forage farm 
Use of any vaccination protocol Yes/no 
Dehorning Guillotine, paste 
Use of needles Single animal use, multiple animal use 
Use of palpation sleeves  Single animal use, multiple animal use 
Use of veterinary services Yes/no 
Problems with ticks Yes/no 
Use of acaricides Yes/no 
Type of acaricide Amitraz (Taktic®), 11% permethrin 

(Atroban®), 1% piperonyl butoxide and 1% 
permethrin (KattleGuard™), ivermectins 
(Ivomec®), eprinomectin (Eprinex®), use of 
dust bags containing coumaphos (Co-Ral®) 

Amitraz application method Spray races, handspraying 
Personnel in charge of applying amitraz Self, private, government 
Certification programf Yes/no 
Concentration of amitraz for applicationg Continuous 
Volume of amitraz applied to each cowh Continuous 
Time interval between amitraz treatments 7d, 14d, 21d, 30d, 40d, 50d, >60d 
Season of amitraz application Throughout the year, wet season (May- 

November), dry season (December-April) 
History of treatment for BA Yes/no 
Number of suspected BA cases in last 12 
months 

Continuous 

Number of suspected BA cases diagnosed by 
laboratory means 

Continuous 

Number of suspected BA cases that died 
during the last 12 months 

Continuous 

Group of cattle most affected by BA 
 

Bulls, lactating cows, dry cows, heifers, 
calves 
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Table 3-2. Continued 
Explanatory variables Categories   
Origin of BA affected animals  Raised on-farm, bought in PR, imported from 

US 
Treatment protocol for BA clinical cases Only short-acting tetracycline (100mg/ml),  

only long-acting tetracycline (200mg/ml), 
combination of short and long-acting 
tetracycline 

Use of BA vaccine Yes/no 
Years since last BA vaccine Continuous 
Use of fly control Yes/no 

a Universal Transverse Mercator. b A herd with only lactating and dry cows on-farm. c Number 
of cuerdas (1 cuerda = 0.97 acres = 0.4 ha). d Total number of animals divided by total number 
of cuerdas. e Scientific names were obtained from the USDA NRCS Plant Database. Available 
at: http://plants.usda.gov, accessed 25 September 2007. f Certification program of the Puerto 
Rico Department of Agriculture, agricultural extension service titled “Guidelines for use and 
application of insecticides”. g Number of cans (760 ml) per gallons (3.8 L) of water. h Number of 
gallons divided by total number of cows sprayed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://plants.usda.gov/


 

130 

0

2

4

6

8

10

12

14

16

18

20

10 20 30 40 50 60 70 80 90 >90

Prevalence (%)

C
ou

nt

 
Figure 3-2. Distribution of herd seroprevalence for A. marginale in commercial dairy farms of 

Puerto Rico from August 2005 to December 2006. 
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Table 3-3. Overall animal seroprevalence and seroprevalence by climatological zone and farm size for Anaplasma marginale in 
commercial dairy farms of Puerto Rico from August 2005 to December 2006. 

Category No. of farms No. of cattle sampled No. seropositive Prevalencea SEb 95% CIc 
North coastal  51 1646 466 25.8 1.2 23.3-28.2
Western interior    13 390 122 28.1 2.9 22.4-33.9
Eastern interior 8 253 105 31.6 3.7 24.4-38.9
South coastal 4 125 50 40.6 4.9 30.9-50.3
  
Large 24 837 215 25.1 1.6 21.9-28.2
Medium 23 759 205 26.7 1.7 23.3-30.1
Small  29 818 215 38.1 1.7 34.6-41.5
  
Overall 76 2414 743 27.4 1.1 25.3-29.5

a Weighted by sampling fractions for climatological zone and size of the farm (%). b SE = standard error (%). c CI = confidence 
interval (%).                      
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Figure 3-3. Proportional distribution of animal seroprevalence by farm for A. marginale in 78 commercial dairy farms of Puerto Rico 

from August 2005 to December 2006. Farms with higher animal seroprevalence are denoted by larger circles. 
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Table 3-4. Crude (unadjusted) risk factor analysis for predicting high herd seroprevalence (≥40%) of Anaplasma marginale in 78 
commercial dairy farms in Puerto Rico from August 2005 through December 2006.  

95% CIa 
Exposure variable Comparison 

No. of farms 
exposed Odds ratio Lower Upper Wald P value 

Easting (x-coordinate) Continuous - 0.99 0.99 1.00 0.373
Northing (y-coordinate) Continuous - 0.97 0.93 1.01 0.089
Total number of animals in the herd Continuous - 0.99 0.99 1.00 0.025
Guinea grass in major grazing areas 
of the farm 

Otherwise 16 0.15 0.02 1.23 0.077

Pasture grazing Otherwise (confined, semi-
confined, dry lot) 

31 2.32 0.83 6.53 0.110

Presence of cats in the facilities No cats in the facilities 45 0.28 0.10 0.82 0.020
Presence of adjacent beef farms No adjacent beef farms 15 3.37 1.03 11.00 0.045
Observed monkeys on the premises Monkeys not observed on 

the premises 
7 9.33 1.65 52.96 0.012

Observed rats on the premises Rats not observed on the 
premises 

55 0.39 0.13 1.13 0.083

Use of irrigation systems No irrigation systems 55 0.39 0.13 1.13 0.083
Own more than one farm Otherwise 53 0.47 0.16 1.33 0.155
Percent replacement heifers bought 
from another farm 

Continuous - 4.63 0.72 29.78 0.107

Use of any vaccination protocol No vaccination protocol 35 0.43 0.15 1.27 0.126
Use of guillotine for dehorning Paste exclusively 52 0.48 0.17 1.37 0.168
Use of a single sleeve for multiple 
animals  

Use of a single sleeve per 
animal 

34 2.46 0.87 6.95 0.091

Use of 11% permethrin (Atroban®) Otherwise 9 2.65 0.64 11.06 0.181
Spray race for application of amitraz Handspraying for 

application of amitraz 
30 0.44 0.14 1.37 0.157

Participated in certification program Did not participate in 
certification program 

56 0.26 0.09 0.77 0.015

14 d time interval between amitraz 
treatments 

7 d, 21d, 30d, 40d, 50d, 
>60d time interval between 
amitraz treatments  

11 2.89 0.77 10.80 0.115
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Table 3-4. Continued   
95% CIa 

Exposure variable Comparison 
No. of farms 

exposed Odds ratio Lower Upper Wald P value 
Use of 1% piperonyl butoxide and 
1% permethrin (KattleGuard™) 

Otherwise 
 

20 0.25 0.05 1.18 0.079 

No fly control methods Use of fly control methods 22 2.83 0.97 8.30 0.058
a CI = confidence interval. 
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Table 3-5.  Multivariable logistic regression analysis for predicting high herd seroprevalence (≥40%) of Anaplasma marginale in 78 
commercial dairy farms in Puerto Rico from August 2005 through December 2006.  

95% CIa 
Exposure variable Comparison 

No. of farms 
exposed Odds ratio Lower Upper Wald P value 

Pasture grazing Confined, semi-confined, 
dry lot 

31 6.42 1.26 32.67 0.025

Observed monkeys on the premises Monkeys not observed on 
the premises 

7 13.72 1.37 137.21 0.026

Use of irrigation systems No irrigation systems 55 0.25 0.06 1.09 0.065
Use of 11% permethrin (Atroban®) Otherwise 9 13.59 1.89 97.66 0.010
Participated in certification program Did not participate in 

certification program 
56 0.17 0.04 0.72 0.016

No fly control methods Use of fly control methods 22 5.71 1.33 24.51 0.019
14 d time interval between amitraz 
treatments 

7 d, 21d, 30d, 40d, 50d, 
>60d time interval between 
amitraz treatments 

11 5.09 0.75 34.73 0.097

a CI = confidence interval. 
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Table 3-6. Crude (unadjusted) general linear analysis for predicting herd seroprevalence of Anaplasma marginale in 78 commercial 
dairy farms in Puerto Rico from August 2005 through December 2006.  

95% CIa 
Exposure variable Comparison Coefficient (β)  Lower Upper P value 
Easting (x-coordinate) Continuous -0.009 -0.036 0.019 0.545
Northing (y-coordinate) Continuous -.0.259 -0.604 0.085 0.137
Total number of animals in the herd Continuous -0.030 -0.049 -0.011 0.002
Guinea grass in major grazing areas 
of the farm 

Otherwise -14.437 -25.200 -3.674 0.009

Pasture grazing Confined, semi-confined, dry lot 7.256 -1.883 16.395 0.118
Presence of cats in the facilities No cats in the facilities -10.285 -19.180 -1.389 0.024
Presence of adjacent beef farms No adjacent beef farms 2.898 0.434 5.363 0.022
Observed monkeys on the premises Monkeys not observed on the premises 19.914 4.675 35.153 0.011
Observed rats on the premises Rats not observed on the premises -9.053 -18.804 0.699 0.068
Use of irrigation systems No irrigation systems -6.547 -16.402 3.309 0.190
Own more than one farm Otherwise -4.974 -14.648 4.699 0.309
Percent replacement heifers bought 
from another farm 

Continuous 13.586 -4.244 31.417 0.133

Use of any vaccination protocol No vaccination protocol -8.032 -16.985 0.921 0.078
Use of guillotine for dehorning Paste exclusively -3.588 -13.388 6.213 0.468
Use of a single sleeve for multiple 
animals  

Use of a single sleeve per animal 5.135 -3.956 14.227 0.264

Use of 11% permethrin (Atroban®) Otherwise 2.113 -12.106 16.332 0.768
Spray race for application of amitraz Handspraying for application of amitraz -10.044 -19.064 -0.945 0.031
Participated in certification program Did not participate in certification 

program 
-9.221 -19.100 0.658 0.067

14 d time interval between amitraz 
treatments 

7 d, 21d, 30d, 40d, 50d, >60d time 
interval between amitraz treatments  

5.177 -7.829 18.183 0.430

Use of 1% piperonyl butoxide and 
1% permethrin (KattleGuard™) 

Otherwise 
 

-14.361 -24.240 -4.482 0.005

No fly control methods Use of fly control methods 15.870 6.442 25.298 0.001
a CI = confidence interval.
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CHAPTER 4 
STUDY 2: SEROPREVALENCE AND MANAGEMENT FACTORS ASSOCIATED WITH 

Babesia bovis  IN COMMERCIAL DAIRY FARMS OF PUERTO RICO 

Introduction 

As in many tropical and subtropical countries, cattle operations in Puerto Rico (PR) are 

affected by the economic burden of tick-borne hemoparasitic diseases caused by protozoan 

organisms of the genus Babesia (Phylum Apicomplexa, Order Piroplasmida, Family Babesiidae), 

particularly Babesia bovis and Babesia bigemina (de Leon et al., 1987). The disease is 

commonly characterized by outbreaks of sudden death that may be accompanied by clinical 

signs including hemoglobinuria, anemia, and jaundice (Wagner et al., 2002).  

The first cases of bovine babesiosis (BB) in PR were reported in April 1985 (Combs, 

1989). By October of the same year, 118 herds were found to be seropositive for Babesia spp. by 

the complement fixation test. Babesia spp. are considered endemic in most parts of the island, 

especially those areas where the tropical cattle tick, Rhipicephalus (Boophilus) microplus, is 

established (de Leon et al., 1987). An estimated economic loss of US $20 million was reported in 

1989 in PR, attributable to the presence of bovine anaplasmosis, BB, and R. (Boophilus) 

microplus, despite an ongoing tick eradication program (1936-1995) (Crom, 1992). A recent 

survey by Cortes et al. (2005) among 261 dairy farmers (47,401 milking cows) in PR reported an 

estimated loss of US $6.7 million in 2000 due to these diseases and the tropical cattle tick 

infestation. A yearly amount of US $7,155 was estimated per farm for tick control or US $29 per 

cow per year (Cortes et al., 2005).  

Cattle operations, especially commercial dairy farms, are the most economically important 

agricultural sector in PR. The dairy industry produced US $184.8 million (25.6%) of the gross 

domestic product in agriculture in 2006 (PRDA-ASO, 2006). Approximately 25,000 jobs are 

related to the production, manufacture, and sale of milk and milk by-products (ORIL-PRDA, 
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2006). The island has an estimated cattle population of 281,371 of which 153,097 (54%) belong 

to the dairy industry with 63,181 lactating cows (Planning Board of the Commonwealth of 

Puerto Rico, 2003; NASS-USDA, 2004). Most lactating cows are raised within 353 commercial 

dairy farms operating in PR as of 2006. From 2005-06, these dairy farms produced 329 million 

liters (709 million pounds) of milk with an average production of 3,850 liters (8,277 pounds) per 

cow (NASS-USDA and PRDA-ASO, 2005).  

Although tick-borne hemoparasitic diseases have been reported to cause considerable 

morbidity and mortality to cattle in PR, the epidemiology of BB in PR has not been thoroughly 

investigated. Successful management of BB depends on adequate knowledge concerning 

seroprevalence estimates for Babesia spp., risk factors associated with the transmission of BB, 

and geographic locations and local climatic conditions suitable for the distribution of BB and the 

tick vectors (Alonso et al., 1992; George et al., 2002). Several factors such as type of livestock, 

herd size, interaction with wildlife, ecological and socio-economic factors may play important 

roles in the epidemiology of BB (Melendez, 1998). This information forms the basis for 

sustainable tick and tick-borne disease control programs in cattle operations.  

The objectives of the present study were (1) to determine the seroprevalence of B. bovis in 

adult lactating dairy cattle in the 4 different climatological zones of PR, (2) to assess the 

associations of geographical and farm management factors on the seroprevalence of B. bovis in 

commercial dairy farms in PR, and (3) to document the species of ticks infesting cattle within 

commercial dairy farms in PR. 

Materials and Methods 

Study Area 

Puerto Rico is centered in the Caribbean basin between the coordinates 17°45’ N and 

18°30’ N, and its longitude ranges from 65°45’ W to 67º15’ W. It is the smallest and easternmost 
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island of the Greater Antilles, east of Haiti and Dominican Republic and northwest of the Virgin 

Islands. It is bounded on the north by the Atlantic Ocean and on the south by the Caribbean Sea. 

It encompasses an area of 8,870 km2 from which 41.6% is closed forests, 36.7% pastures and 

grasslands, 5.9% crop agriculture land, 2.4% coffee plantations, and 10.5% urban and developed 

landcover (Helmer et al., 2002). Elevations range from sea level to 1338 m. The climate is 

predominantly tropical maritime. Average temperatures in PR have very small range between the 

warmest and coldest months, but decrease markedly with increasing elevation (NOAA-NCDC, 

1982). In the high mountainous interior, the temperature fluctuates between 22.8-25.6°C (73- 

78°F). The northern half receives more rainfall and has larger rivers than the drier southern half. 

The distribution of rainfall follows a relative wet-dry seasonal pattern. The relative humidity 

(RH) is approximately 80% over the course of the year with the highest RHs generally found at 

night (>90%) when temperatures are the lowest. During the day, RH ranges from 60% to 70% 

(NOAA-NCDC, 1982).  

Puerto Rico is classified into 4 main climatological zones according to soil type, 

vegetation, agricultural development, precipitation and temperature indices: humid coastal plains 

(north coastal region, NC), semiarid coastal plains (south coastal region, SC), humid mountains 

and valleys (western interior, WI), and semiarid mountains and valleys (eastern interior, EI). The 

NC zone has rolling hill topography and an average annual precipitation of 1600 mm (63 in) and 

an average annual temperature of 25°C (77°F). Pastured-based commercial dairy farms are 

common in this area. Native and improved tropical grasses cover approximately 50% of the land, 

whereas 17% of the acreage is used for a variety of crops. This is the most deforested zone partly 

because of intensive agricultural activities and urban development. Both native and improved 

pastures form the dominant landscape in this zone. The SC zone has alluvial flat terrains and is 
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the driest of the 4 zones with an average annual precipitation of 900 mm (35 in) and an average 

annual temperature of 26°C (78.8°F). More than 50% of this area is comprised of native and 

improved grasses, which are mainly used for feeding beef cattle and racehorses. The remainder 

of the landscape consists of cacti, thorny legumes, and trees with small and succulent leaves. 

Fires are common during the dry season. The WI zone has irregular topography with elevations 

of 500-600 m and an average annual precipitation of 2100 mm (83 in) and an average annual 

temperature of 24°C (75.2°F). Approximately 70% of this area is native and improved grasses, 

10% coffee plantations, and 7% forest. The remainder is used for food crops including plantains, 

bananas, and yams. Because of the abundant moisture, most of the original landscape consists of 

epiphytic ferns, bromeliads, and orchids. Lastly, the EI zone is comprised of very steep flooded-

alluvial plains and has an average annual precipitation of 1150 mm (45 in) and an average annual 

temperature of 26°C (78.8°F). Approximately 60% is native grasses and 35% is covered by 

forest (Ewel and Whitmore, 1973; Guttman and Quayle, 1996; NRCS-USDA, 2007). 

The NC zone contains 62% of the dairy herds in PR that have 68% of the adult lactating 

cattle population. The predominant dairy production system is semi-intensive, which is based on 

concentrates and year-round grazing on improved pastures including African bermuda grass 

(Cynodon nlemfuensis var. robustus), pangola grass (Digitaria eriantha), and guinea grass 

(Urochloa maxima). Concentrates typically consist of grain by-products, molasses, vitamins, and 

mineral supplements imported from continental US sources. Most dairy replacement heifers are 

raised in PR using crossbreeding programs with Holstein-Friesian, Jersey, and Brown Swiss, but 

some purebred Holstein-Friesian are imported from the US.   

Study Design and Sample Size Methodology 

A cross-sectional study with a multi-stage design was carried out over 18 months between 

August 23, 2005 and December 4, 2006. The reference population for this study was adult 
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lactating cows (>2 years of age) from commercial dairy farms. Commercial dairy farms were 

defined as those farms having an active license in the 2004 Annual Inventory for Grade A dairies 

list provided by the Office for the Regulation of the Dairy Industry of Puerto Rico (La oficina de 

la reglamentación de la industria lechera de Puerto Rico, ORIL) and the State Veterinarian from 

the Department of Agriculture, Commonwealth of Puerto Rico, in conjunction with the United 

States Department of Agriculture (USDA).  

The sample size for the number of farms was calculated assuming a total population of 362 

farms, an expected herd seroprevalence of 50% (the seroprevalence was unknown), a confidence 

level of 95%, and an acceptable margin of error of 10% with available software (Win Episcope 

2.0, Easter Bush, Roslin; Zaragoza, Spain; Utrecht and Wageningen, Netherlands). To calculate 

the proportional distribution of farms to be sampled, the total number of farms in PR was 

stratified by climatological zone and farm size. Farm size was divided into approximately 3 

equal groups using percentiles of the total number of farms (small, 36-109 animals; medium, 

110-196; and large, 197-1000). An estimated percentage was obtained by dividing the total 

number of farms within each stratum (e.g. WI-small) by the overall total number of farms 

(n=362). Each percentage was then multiplied by the necessary sample size. Study farms were 

randomly selected from all farms within each of the 12 strata. The sample size was estimated to 

be 76 farms and within each climatological zone was NC=51, WI=13, EI=8, and SC=4 (Table 4-

1). Location of farms within each climatological zone is presented in Figure 4-1.  

The sample size per herd was calculated using the number of lactating cows listed in the 

most recent (≤ 1 month) Dairy Herd Improvement Association (DHIA, Verona, WI) records of 

each farm visited. Number of animals per farm in this study ranged from 12 to 850 adult 

lactating cows. The minimum sample size to detect disease was estimated assuming an expected 
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prevalence of at least 8% at 95% level of confidence (Survey Toolbox, version 1.0 beta, 

Wentworth Falls, NSW, Australia). Calculations were not adjusted for imperfect sensitivity and 

specificity of the diagnostic test. Cows were chosen by either simple random selection (n=53 

farms) using ear tag identification numbers from DHIA records (random number generator from 

Microsoft® Office Excel, 2003) or systematically sampled through the chute based on the 

lactating herd size and the target number of samples in the herd (n=23 farms). 

Questionnaire Development and Administration  

A questionnaire (Appendix A) was administered to dairy owners and managers of 

participating farms from August 16, 2005 to November 29, 2006. The questionnaire consisted of 

80 questions on 8 pages (printed on both sides). The questionnaire included both open and closed 

questions with directions to either mark those answers that applied, choose yes or no, or provide 

a free text response. When applicable, data that pertained to the preceding 12-month period were 

collected. Dairy owners and managers answered questions about type of facilities, common farm 

husbandry practices, past and recent experiences with ticks and use of acaricides, past and recent 

experiences with BB, and knowledge of disease diagnosis (Table 4-2). The questionnaire was 

first written in English and then translated into Spanish (Appendix B). The English version was 

pre-tested on 5 faculty members and 6 veterinary students from the Department of Food Animal 

Medicine at the University of Florida, College of Veterinary Medicine. The Spanish version was 

pre-tested at a 3-hr group discussion with 13 dairy farmers from the ORIL Executive Board 1 

month before the first interview. Information concerning management factors was obtained 

before the seroprevalence of the farms was determined.  

Each participating farm was visited twice. For the first visit, dairy owners (or managers) 

were contacted by phone 1 week in advanced of the expected visit to set up an appointment. 

During this visit, a brief summary of the study, an administrative order from the ORIL, and a 
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consent form (including the purposes of the survey, the procedures for participating in the study, 

and an assurance of confidentiality) were provided with the interviewer-administered 

questionnaire. The dairy owner (or manager) provided the most recent DHIA list of the lactating 

cows, returned the signed consent form, and set up the appointment for the second visit. All 

interviews were conducted in Spanish by the first author. To standardize the interview process, 

the investigator was trained to ask all participants the same questions in the same manner. The 

questions with dichotomous response options that were not answered were classified as no 

response. XY-coordinates from each participating dairy farm were collected using the milking 

parlor of the farm as the point of reference by a global positioning system (GPS) (Garmin eTrex 

Legend®, Garmin International Inc., Olathe, KS, USA).  

Sample Collection 

All procedures were approved by the Institutional Animal Care and Use Committee 

(IACUC # D806 and #E151) at the University of Florida. A blood sample (~10 ml) was collected 

from each selected animal (n=2,414) during the second visit. Selected cows either were grouped 

by the farmers immediately after milking or were bled individually after leaving the milking 

parlor. Samples were collected aseptically via coccygeal venipuncture into 10-ml uncoated red 

top tubes (Vacutainer, Fisher Scientific, Pittsburgh, PA, USA) using disposable needles. Samples 

were labeled and transported on ice to the laboratory facilities at the Agricultural Experiment 

Station, University of Puerto Rico (Mayagüez Campus). In the laboratory, serum samples were 

centrifuged at 3700 rpm for 15 min at room temperature, serum separated, and frozen in 1 ml 

aliquots at -25° C (-13 °F) until analyzed. Samples were sent to the Department of the Veterinary 

Pathobiology at Texas A&M University (Texas, USA) for serological testing. 

All sampled animals were examined for the presence of ticks. If observed, ticks were 

removed from the tail-head and flanks, but other parts of the body were also examined. The ticks 
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from each farm were placed in separate labeled glass vials containing 70% alcohol and were 

subsequently counted. All ticks were examined under a dissecting microscope and categorized 

into species, sex, and feeding status (unfed, semi-engorged, and fully engorged) according to 

identification keys by Keirans and Litwak (1989). A sub-sample was sent for verification to Dr. 

Lance Durden, Assistant Professor, Department of Biology, Georgia Southern University 

(Statesboro, GA, USA). 

Serological Testing 

Sera were tested for antibodies against B. bovis using an indirect fluorescent antibody test 

(IFAT). The test was conducted as initially described by Todorovic and Long (1976) with minor 

modifications. Briefly, the antigen slides were prepared from in vitro cultures of B. bovis at 3-5% 

parasitemia levels. Cultures from 12 individual wells of a 25-well culture plate were pooled and 

centrifuged at 1000 xg for 10 min. The culture pellets were re-suspended in cold phosphate 

buffered saline (PBS) buffered to a pH of 7.2, centrifuged, and re-suspended again in an equal 

volume of PBS containing 1% purified egg albumin to produce a packed cell volume of 20-30%.  

Ten μl of the red blood cell suspension was placed on individual clean frosted-end 

microscope slides and evenly distributed thick films were prepared. Slides with the antigen were 

dried and placed smear-down on 1-inch masking tape and kept at -20˚ C until use. Before use, 

slides were removed from the freezer and allowed to warm at room temperature for 10 minutes. 

After removal of masking tape, 3 rows of 11 squares each (3-4 mm in width) were drawn using 

fingernail polish contained in a tuberculin syringe fitted with a blunt 22-G needle. Nail polish 

was allowed to dry before testing was performed.  

Sample sera were thawed and diluted 1:80 with cold PBS. Seven μl of diluted sample sera 

were added to each square on the slide and incubated for 60 min at 37˚ C in a moist chamber. 

One known weak positive control, one known negative control sera, and one PBS control were 
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included on each slide. After incubation, smears were washed by spraying the slides with cold 

PBS using a wash bottle. The wash step was performed 3 times. After washing, smears were 

allowed to partially dry. Ten μl of a commercial Protein G conjugated with fluorescein 

isothiocyanate (Sigma-Aldrich, ST. Louis, MO, USA) diluted 1:300 with cold PBS was added to 

each square and incubated for 60 min at 37˚ C in a moist chamber. After incubation, slides were 

washed as done previously and allowed to dry. Slides were examined using an epi-fluorescence 

microscope (Olympus America Inc., Center Valley, PA, USA) with 100X oil-immersion 

objective. Results for serum samples were reported as positive or negative.  

Statistical Analyses     

The overall and stratified animal seroprevalence by each climatological zone in PR was 

calculated as the proportion of animals positive on the IFAT divided by the total number of cows 

tested, weighted by the proportion of the total cattle population in each climatological zone 

(STATA 10.0 for Windows, StataCorp LP, College Station, TX, USA). Student t tests using 

Tukey’s adjustment for multiple pairwise comparisons were used to compare the mean 

prevalences among the 4 climatological zones and 3 farm sizes. 

The coordinates and survey data for each farm were loaded into a geo-database (ArcGIS 

9.1TM, ESRI, Redlands, CA, USA) for mapping and cluster analyses. To standardize the GIS 

analyses, all data were collected under the same projection parameters, North American Datum 

1983 (NAD83) and a coordinate system corresponding to Universal Transverse Mercator (UTM) 

Zone 19 North. Spatial autocorrelation of the observed seroprevalence was estimated using 

Moran’s I (ArcGIS 9.1TM). 

The associations between the explanatory variables collected via the questionnaire and 

outcome response variable (seroprevalence to B. bovis) were estimated using logistic regression 

(SPSS 14.0 for Windows©, SPSS Inc. Headquarters, Chicago, IL, USA). The unit of analysis for 
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assessing risk factors was the farm. The outcome variable was dichotomized using a natural 

break in the distribution of the observed herd seroprevalence for B. bovis (Figure 4-2). The break 

was set at the boundary where a relatively large change in the distribution occurred. Those herds 

with a seroprevalence ≥25% were considered high prevalence and those farms with a 

seroprevalence ≤24.9% were considered low prevalence. Variables that were significantly 

associated with high/low seroprevalence at a Wald P value ≤ 0.20 in a bivariable screening 

model were retained for further evaluation in multivariable models. A backward stepwise 

multivariable logistic regression model was built starting with a complete model containing all 

main effects identified in the screening models and terms were removed one-by-one based on 

likelihood ratio tests. The main effect terms remaining in the model were evaluated for effect 

modification by adding all possible 2-way interactions between main effects individually and 

testing for significance using Wald tests. The fit of the final multivariable model was assessed 

using the Hosmer-Lemeshow test. Statistical significance was assessed at the 5% level. 

Continuous independent variables in logistic models were evaluated for linearity in the 

log-odds. These variables were categorized to provide an indication of how the risk of the 

outcome changes with the variable and have better specification of the functional form of the 

equation (Cheung and Smith, 1981; Hosmer and Lemeshow, 2000). Initial categorization was 

performed either by using 3 or more natural breaks of the data or by equally dividing the data in 

quartiles. If the continuous independent variables were not linear in the log-odds, they were 

retained as categorical variables.  

The response (seroprevalence to B. bovis) was also analyzed as a continuous dependent 

variable and the associations between the explanatory variables and the response were estimated 

using linear regression. The associations of β coefficients to the response were compared to the 
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odds ratio of the variables that were significantly associated with high/low seroprevalence at a 

Wald P value ≤ 0.20 in the bivariable logistic regression analyses. 

Results 

Descriptive 

The number of randomly selected farms sampled was 76 and 2 additional farms 

volunteered to be in the study, one in the SC zone and one in the EI zone. An average of 32 cows 

was selected per farm for a total sample size of 2,414 from the 76 farms and 61 additional 

sampled cows from the 2 volunteer farms. The 2 volunteer farms were not included in the 

analyses for prevalence, but were included for the logistic regression analyses of risk factors.  

The time elapsed between the beginning of the interview to the end averaged 50 min 

(range 20 min to 95 min) among dairy owners and managers and the average time between the 

first and second visit was 7 days (range 0 d to 75 d). Ticks were collected from animals on 7 

(9%) of the 78 participating commercial dairy farms. The only ticks recognized infesting cattle 

(n=87) were R. (Boophilus) microplus. Cattle were found to have nymphs (n=12), unfed females 

(n=5), engorged females (n=52), and males (n=18).  

Eighteen (23.1%) of the sampled farms were commercial dairies with only lactating and 

dry cows on the premises; 14 (17.9%) were commercial dairy farms with calf raising facilities in 

addition to lactating and dry cows; 6 (7.7%) were commercial dairy farms with heifer raising 

facilities in addition to lactating and dry cows; and 40 (51.3%) were commercial dairy farms 

with calf and heifer raising facilities in addition to lactating and dry cows. The herds were 

comprised of 92.3% Holsteins and Holstein crosses; and 7.6% Jersey and Brown Swiss breeds 

and their crosses.  

Although 74 (94.9%) of the farmers had well-constructed fences surrounding their 

premises, 19 (24.4%) of the farmers reported that stray cattle had entered their premises on 
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limited occasions and 8 (10.8%) reported frequent incursions. Eleven (14%) of the farmers had 

more than 4 adjacent neighbors with cattle and 53 (67.9%) of the farmers owned more than one 

farm. 

Seventy-three (93.6%) of the farmers used amitraz as the primary acaricide for tick control. 

Amitraz was applied either by a re-circulating spray race (38.5%) or by handspraying (61.5%). 

The typical spray race consisted of an approximately 6m long and 1m wide tunnel with masonry 

sidewalls and a concrete floor. A spray pipe system spanning 3 to 3.5m of the tunnel has 25 to 30 

nozzles placed in the walls, ceiling and floor, and discharges amitraz at a high pressure. Cattle 

are exposed to a dense spray as they pass through the tunnel. The discharged amitraz collects on 

the floor and a draining race leads to a sump where a pump is used for re-circulation. Fifty-nine 

(75.6%) of the farmers applied amitraz every 20-30 days whereas 12 (15.4%) applied amitraz 

every 7-14 days and 7 (9.0%) applied the acaricide every 40 days. Within the 73 farmers that 

used amitraz, 68 (93.2%) applied amitraz year-round and 5 (6.8%) applied it either in the dry or 

rainy season alone. Amitraz application was provided either by the same owner (61.5%), a 

private contractor (6.4%), or the government services (32.1%).  

Seroprevalence 

The IFAT for B. bovis antibodies was positive for 619 of 2,414 (25.6%) sampled adult 

lactating cows (Table 4-3). Animal seroprevalence within farms ranged from 0 to 54.1%; only 2 

farms were seronegative for the organism (Figure 4-3). The overall animal seroprevalence of 

antibodies against B. bovis was 25.5% (95% CI = 23.4-27.6). The EI zone had the lowest 

seroprevalence of the 4 zones, 19.0% (95% CI = 13.3-24.7) followed by the NC zone 25.3% 

(95% CI = 22.8-27.8). Conversely, the SC and WI zones had the highest seroprevalence for B. 

bovis, 29.0% (95% CI = 19.8-38.1) and 31.8% (95% CI = 25.4-38.2), respectively. However, no 

statistically significant differences at the 5% level were found among the 4 climatological zones 
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and the 3 sizes of farms. Spatial analysis for B. bovis seroprevalence did not suggest any global 

spatial autocorrelation (I = -0.02; Z score = -0.1; P value = 0.46). 

Risk Factors 

Thirty-four farms had high animal-level seroprevalence for B.bovis (≥25%) and 44 had low 

seroprevalence (≤24.9%). During the initial bivariable screening, 15 management factors were 

found to be significantly associated with high B. bovis seropositivity at P ≤ 0.20 (Table 4-4). The 

final multivariable logistic regression model (Table 4-5) demonstrated that farms located in the 

north coastal region (OR= 0.21, 95% CI=0.05-0.86), dairy farms with calf raising facilities (OR= 

16, 95% CI=3.0-86), having more than 4 neighbors with cattle (OR= 17, 95% CI=1.6-176), same 

producer owing more than 1 farm (OR= 7.3, 95% CI=1.7-32), and use of government services to 

apply amitraz on cattle (OR= 5.5, 95% CI=1.5-20) had a significant association with high BB 

seropositivity. No other main effects or 2-way interaction terms were significant. The Hosmer-

Lemeshow goodness-of-fit test demonstrated that the model was a reasonably good fit to the data 

(Chi = 2.590, df = 7, P-value = 0.920). Logistic regression analyses identified the same model 

with and without the 2 volunteer farms. The β coefficients in the linear regression had the same 

direction of association as the odds ratios for all but 1 variable associated with high/low 

seroprevalence at a Wald P value ≤ 0.20 in the bivariable logistic regression analyses (Table 4-

6). 

Discussion 

The present study is the first in PR to assess the overall seroprevalence for B. bovis and 

identify farm management factors significantly associated with high seropositivity. The study 

sample was limited to adult lactating cattle from commercial dairy farms. Therefore, inferences 

about the present study might not represent other cattle populations.  
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The number of ticks observed on animals was lower than expected with only 7 of the 78 

participating commercial dairy farms having animals infested with R. (Boophilus) microplus. 

The apparent reduced population of ticks on the farms can result from intensive use of acaricide 

treatments that might keep the number of ticks at very low levels. Nevertheless, farmers that 

interrupt the amitraz treatments for 30 to 60 days have anecdotally reported an increase in tick 

numbers.   

Serological results indicated that B. bovis is common and widely distributed in PR. Overall 

seroprevalence for B. bovis in PR was within the lower range documented for other islands in the 

Caribbean region (22 to 69%) (Camus and Montenegro-James, 1994). This might be explained 

by the low numbers of R. (Boophilus) microplus observed in sampled dairies. The frequent use 

of amitraz may maintain low tick populations on the premises (Sutherst et al., 1979). Spatial 

distribution was not clustered at the scale of the entire island suggesting limited influence by 

geographic predictors. Therefore, management factors appear to be of primary importance in the 

epidemiology of BB on the island.  

In the present study, 2 dominant factors were associated with increased odds of high 

seropositivity for B. bovis: farm having more than 4 neighboring premises with cattle (OR= 17) 

and a farm having calf-raising facilities (OR=16). The association of a farm having more than 4 

neighboring premises may be explained in part by inadequate tick control measures by neighbors 

and the possible spread of infected ticks, which can be a contributing cause of high seropositivity 

(Callow and Dalgliesh, 1980; Bock et al., 2004). In addition, the high number of neighbors in a 

limited space may increase the stocking density in the area increasing the probability of R. 

(Boophilus) microplus tick larvae meeting a susceptible animal (Solorio-Rivera et al., 1999). 

Most dairy farmers in PR do not apply amitraz to 4 month and older calves raised in groups or 
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colonies (Torrado and Cordero, 2007, personal communication). These calves may be exposed to 

tick infestations, increasing the risk of B. bovis infection (Perez et al., 1996). Therefore, this 

particular group could serve as a constant source of infection on certain farms (Howell et al., 

2007). 

Owning more than 1 farm was also associated with increased odds of having high 

seropositivity (OR=7.3). Most dairy farmers in PR split their herds in 2 groups. At the main dairy 

facility, they only have the milking cows whereas dry cows and replacement heifers are usually 

kept in premises away from the dairy (Suthern and Combs, 1984). Movement of cattle among 

these different premises is very common in dairy farmers that owned more than one farm 

(Torrado, 2007, personal communication). Some of these premises are geographically close to 

the main facilities but in many situations these premises are located a moderate distance from the 

dairy (e.g. different municipality). As heifers or dry cows freshen, the dairy farmer immediately 

moves these groups between premises. Therefore, cattle can be moved from high seropositive 

areas to low seropositive areas. 

 Dairy farms located in the NC zone had decreased odds of having high seropositivity for 

B. bovis when compared to farms located in the WI, EI, and SC zones (OR= 0.21). It is possible 

that this association is related to spatial or unmeasured management factors. Although Moran’s I 

suggested that the spatial pattern for B. bovis was neither clustered nor dispersed, it is a global 

indicator of spatial autocorrelation and finer local differences might not be detected. Therefore, 

local clusters may have been missed.  

The positive association between the use of government services for amitraz application 

with high seroprevalence farms (OR= 5.5) may suggest a general misuse of the acaricide and 

reduced efficacy. Previously and during the study period, the policy on tick control methods 
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from the Division of Crop Protection and Tick Control (División de protección de cultivos y 

control de garrapatas) of the PR Department of Agriculture consisted of providing dairy farmers 

with the acaricide (amitraz) and assisting with the mixing and application of amitraz every 30 

days by handspraying (PRDA-ASDA, 2007). Factors limiting the effectiveness of this service 

may include the timing and frequency of amitraz treatments and the method of preparing and 

applying the amitraz (Jonsson, 1997; George et al., 2004). The 30-day interval is based on the 

duration of the parasitic phase of R. (Boophilus) microplus (approximately 25 days) (Tate, 1941) 

and the duration of the residual acaricide activity (approximately 1 week) (Smith et al., 2000). If 

the treatment intervals are longer than the parasitic cycle of the tick, then it might not interrupt 

the cycle and prevent the tick on the host from reaching the stage of engorged female, drop to the 

ground, lay eggs, and consequently development into larvae. Larvae are responsible for 

producing new re-infestations. Incorrect amitraz concentrations will reduce the dose of the active 

ingredient. This reduced dose may not be sufficient to kill most ticks, allowing a larger 

percentage of ticks to continue with the parasitic lifecycle and develop amitraz resistance 

(Georghiou and Taylor, 1977; Sutherst and Comins, 1979; George et al., 2004). One of the key 

points with spraying equipment is that application is only as thorough as the operator. Operators 

tend to inadequately apply acaricides, particularly in areas that are difficult to reach including the 

abdomen, axillary regions, and inside of the ears (Jonsson, 1997). Failure to completely cover the 

animal with acaricide minimizes the quality of tick control programs (George et al., 2004).  

The results of this study have provided baseline prevalence information and identified 

some key risk factors that can guide local authorities and policymakers to implement strategic 

control measures to decrease the seroprevalence of B. bovis in PR. However, this is a cross-

sectional design and there are important limitations that must be considered. For example, 
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measured variables in the present study might not have had the same value as when cattle 

became seropositive. The findings of this study are also limited to the 18-month period 2005-

2006 when data were collected. High seroprevalence does not necessarily equate to more disease 

and higher economic losses. A different farm seroprevalence cut-off could have yielded different 

results; however, a linear modeling of the seroprevalence rather than high/low dichotomization 

demonstrated similar findings and overall conclusions. Lastly, testing did not attempt to adjust 

prevalence for sensitivity and specificity of the test and might have resulted in misclassification 

of the prevalence (e.g. high seroprevalence not due to high BB prevalence). Unlike other tests, 

IFAT is not standardized. Different serum or conjugate dilutions in IFAT among studies have 

shown markedly different Se and Sp values. Johnston et al. (1973) evaluated the IFAT for 

antibodies to B. bovis by using a 2-fold dilution of the test serum on 290 unexposed animals from 

non-endemic areas of Australia and 98 exposed animals suffering from acute and persistent 

infections. The Se and Sp were reported as 99% and 96%, respectively (Johnston et al., 1973). 

Conversely, Hadani et al. (1983) evaluated the IFAT for B. bovis on brain smears stratified by 

sex and age. Se ranged from 76.5% to 100% and Sp ranged from 30.8% to 66.7%. The pooled 

values for Se and Sp were 85.9% and 46.6%, respectively. Cattle in this study (n=213) originated 

from abattoirs in the northwest region of Argentina and all serum samples were tested at a 

dilution of 1:60 with a conjugate dilution of 1:80 (Hadani et al., 1982; Hadani et al., 1983). 

Conversely, a study by Torioni de Echaide et al. (1995) using the same dilution for serum and 

conjugate reported a Se range of 92.8 % to 100% for B. bovis. 

Conclusions 

Management factors appear to be of primary importance for understanding BB in PR. We 

suggest that at the time designers of tick and tick-borne disease control programs in PR 
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implement measures to control BB they should considered the biology of the tick and the current 

knowledge of the epidemiology of BB.  
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Table 4-1.  Population and sample distribution of commercial dairy farms by climatological zone and size of the farm to estimate the 
seroprevalence of Babesia bovis in Puerto Rico from August 2005 to December 2006.  

Climatological  zone Farm sizea No. of farms No. of adult lactating cows Percent farm needed Farm sample needed 
North coastal Small 70 5310 19 15
 Medium 82 11916 23 17
 Large 91 28154 25 19
   
Western interior Small  31 2336 9 7
 Medium 24 3556 7 5
 Large 7 1778 2 1
   
Eastern interior Small  9 710 2 2
 Medium 15 2364 4 3
 Large 13 4109 4 3
   
South coastal  Small  10 759 3 2
 Medium 5 684 1 1
 Large 5 1505 1 1
   
Totalb   362 63181 76

a Farm size: Small (36-109), Medium (110-196), Large (197-1000). b Data obtained from the 2004 Annual Inventory for Grade A 
dairies list provided by the Office for the Regulation of the Dairy Industry of Puerto Rico (ORIL) and the State Veterinarian from the 
Department of Agriculture, Commonwealth of Puerto Rico, in conjunction with the United States Department of Agriculture (USDA).  
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Figure 4-1. Geographical distribution of the 76 commercial dairy farms (■) sampled in the 4 climatological zones of Puerto Rico from 

August 2005 to December 2006. NC: North Coastal Zone (n=51); WI: Western Interior Zone (n=13); EI: Eastern Interior 
Zone (n=8); and SC: South Coastal Zone (n=4).  
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Table 4-2. Explanatory variables included in the questionnaire provided to dairy owners or 
managers for the study of the seroprevalence of Babesia bovis in Puerto Rico from 
August 2005 to December 2006. 

Explanatory variables   Categories   
Climatological zone North coastal (NC), western interior (WI), 

eastern interior (EI), and south coastal (SC) 
UTM coordinatesa Easting (x-coordinate) and Northing (y-

coordinate)  
Type of operation Dairy farm with lactating herd onlyb, dairy 

farm with lactating herd and calf-raising, 
dairy farm with lactating herd and heifer-
raising facilities, dairy farm with lactating 
herd, calf, and heifer-raising facilities, mixed 
(beef and dairy) 

Herd size Number of bulls, milking cows, dry cows, 
heifers (1-2 years), and calves (<1 year), total 

Premises (property) sizec Continuous 
Stocking densityd Continuous 
Breed(s) of cows and percent of breed in herd Holstein, Jersey, Brown Swiss, Cross-bred 
Presence of horses in the facilities Yes/no 
Number of horses Continuous 
Presence of sheep in the facilities Yes/no 
Number of sheep Continuous 
Presence of goats in the facilities Yes/no 
Number of goats Continuous 
Presence of pigs in the facilities Yes/no 
Number of pigs Continuous 
Presence of poultry in the facilities Yes/no 
Number of poultry Continuous 
Main type of pasture grown on the farme African bermuda grass (Cynodon nlemfuensis 

var. robustus), guinea grass (Urochloa 
maxima), pangola grass (Digitaria eriantha), 
and bermuda grass (Cynodon dactylon) 

Type of facility Confined, semi-confined, dry-lot, pasture  
grazing 

Observed stray cattle on the premises Yes/no 
Presence of dogs in the facilities Yes/no 
Number of dogs Continuous 
Presence of cats in the facilities Yes/no 
Number of cats Continuous 
Presence of adjacent farms Yes/no 
Number and type of adjacent farms Total, dairy farms, beef farms, heifer farms, 

and crops 
Observed deer on the premises  Yes/no 
Observed monkeys on the premises 
Observed ostriches on the premises 

Yes/no  
Yes/no 
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Table 4-2. Continued 
Explanatory variables Categories   
Observed green iguanas on the premises Yes/no 
Observed mongooses on the premises  Yes/no 
Observed rats on the premises  Yes/no 
Use of irrigation systems Yes/no 
History of flooding  Yes/no 
Own more than one farm Yes/no 
Number of farms owned Continuous 
Origin of replacement heifers Farm-raised, buy from other farm, buy from 

local market, import from the US 
Purchase of animals in last 12 months Yes/no 
Number of animals bought in the last 12 
months 

Continuous 

Use of quarantine area on the premises Yes/no 
Origin of hay, silage, green chop Same farm, other dairy farm, feed store, 

commercial forage farm 
Use of any vaccination protocol Yes/no 
Dehorning Guillotine, paste 
Use of needles Single animal use, multiple animal use 
Use of palpation sleeves  Single animal use, multiple animal use 
Use of veterinary services Yes/no 
Problems with ticks Yes/no 
Use of acaricides Yes/no 
Type of acaricide Amitraz (Taktic®), 11% permethrin 

(Atroban®), 1% piperonyl butoxide and 1% 
permethrin (KattleGuard™), ivermectins 
(Ivomec®), eprinomectin (Eprinex®), use of 
dust bags with coumaphos (Co-Ral®) 

Amitraz application method Spray races, handspraying 
Personnel in charge of applying amitraz Self, private, government 
Certification Programf Yes/no 
Concentration of amitraz for applicationg Continuous 
Volume of amitraz applied to each cowh Continuous 
Time interval between amitraz treatments 7d, 14d, 21d, 30d, 40d, 50d, >60d 
Season of amitraz application Throughout the year, wet season (May- 

November), dry season (December-April) 
History of treatment for BB Yes/no 
Number of suspected BB cases in last 12 
months 

Continuous 

Number of suspected BB cases diagnosed by 
laboratory means 

Continuous 

Number of suspected BB cases that died 
during the last 12 months 

Continuous 

Group of cattle most affected by BB 
 

Bulls, lactating cows, dry cows, heifers, 
calves 
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Table 4-2. Continued 
Explanatory variables Categories   
Origin of BB affected animals  Raised on-farm, bought in PR, imported from 

US 
a Universal Transverse Mercator. b A herd with only lactating and dry cows on-farm. c Number of 
cuerdas (1 cuerda = 0.97 acres = 0.4 ha). d Total number of animals divided by total number of 
cuerdas. e Scientific names were obtained from the USDA NRCS Plant Database. Available at: 
http://plants.usda.gov, accessed 25 September 2007. f Certification program of the Puerto Rico 
Department of Agriculture, agricultural extension service titled “Guidelines for use and 
application of acaricides”. g Number of cans (760 ml) per gallons (3.8 L) of water. h Number of 
gallons divided by total number of cows sprayed. 
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Figure 4-2. Distribution of herd seroprevalence for B. bovis in commercial dairy farms of Puerto 
Rico from August 2005 to December 2006. 
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Table 4-3. Overall animal seroprevalence and seroprevalence by climatological zone and farm size for Babesia bovis in commercial 
dairy farms of Puerto Rico from August 2005 to December 2006. 

Category No. of farms No. of cattle sampled No. seropositive Prevalencea SEb 95% CIc 
North coastal  51 1646 419 25.3 1.3 22.8-27.8
Western interior    13 390 98 31.8 3.3 25.4-38.2
Eastern interior 8 253 70 19.0 2.9 13.3-24.7
South coastal 4 125 32 29.0 4.7 19.8-38.1
  
Large 24 837 198 23.9 1.6 20.8-27.1
Medium 23 759 204 28.3 1.8 24.7-31.9
Small  29 818 217 26.1 1.6 23.0-29.2
  
Overall 76 2414 619 25.5 1.1 23.4-27.6

a Weighted by sampling fractions for climatological zone and size of the farm (%). b SE = standard error (%). c CI = confidence 
interval (%).                     
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Figure 4-3. Proportional distribution of animal seroprevalence by farm for B. bovis in 78 commercial dairy farms of Puerto Rico from 
August 2005 to December 2006. Farms with higher animal seroprevalence are denoted by larger circles. 
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Table 4-4. Crude (unadjusted) risk factor analysis for predicting high herd seroprevalence (≥25%) of Babesia bovis in 78 commercial 
dairy farms in Puerto Rico from August 2005 through December 2006.  

95% CIa 
Exposure variable Comparison 

No. of farms 
exposed Odds ratio Lower Upper Wald P value 

NC WI, EI, and SC 51 0.48 0.18 1.23 0.124
Dairy farm with calf-raising 
facilities 

Otherwise 14 6.54 1.65 25.85 0.007

Dairy farm with calf and heifer-
raising facilities 

Otherwise 43 0.45 0.18 1.13 0.088

Guinea grass in major grazing areas 
of the farm 

Otherwise 16 0.36 0.10 1.22 0.101

More than 4 adjacent neighbors 
with cattle 

None to 3 adjacent 
neighbors 

11 17.92 2.16 148.58 0.008

Observed monkeys around the farm Monkeys not observed 7 3.62 0.66 19.95 0.140
Own more than 1 farm Otherwise 53 2.67 0.96 7.45 0.061
Buy hay in feed store Otherwise 9 2.93 0.68 12.70 0.151
Use of any vaccination protocol No use of vaccination 

protocol 
35 2.22 0.89 5.53 0.088

Use of guillotine for dehorning Paste exclusively 52 1.97 0.72 5.35 0.185
Use of a single sleeve per animal Use of a single sleeve for 

multiple animals  
34 0.55 0.22 1.37 0.196

Spray race for application of 
amitraz 

Handspraying for 
application of amitraz 

30 0.39 0.15 1.03 0.059

Government administration of 
amitraz 

Private contractor or same 
producer applying amitraz 

25 2.10 0.80 5.52 0.132 

Use of 1% piperonyl butoxide and 
1% permethrin (KattleGuard™) 

Otherwise 
 

20 0.46 0.16 1.36 0.160 

Use of dust bags with coumaphos 
(Co-Ral®) 

Otherwise 5 5.73 0.61 53.87 0.127

a CI = confidence interval. 
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Table 4-5.  Multivariable logistic regression analysis for predicting high herd seroprevalence (≥25%) of Babesia bovis in 78 
commercial dairy farms in Puerto Rico from August 2005 through December 2006.  

95% CIa 
Exposure variable Comparison 

No. of farms 
exposed Odds ratio Lower Upper Wald P value 

North coastal WI, EI, and SC 51 0.21 0.05 0.86 0.030
Dairy farm with calf-raising 
facilities 

Otherwise 14 15.98 2.96 86.27 0.001

More than 4 adjacent neighbors 
with cattle 

None to 3 adjacent 
neighbors 

11 16.90 1.63 175.85 0.018

Own more than 1 farm Own only one farm 53 7.28 1.67 31.77 0.008
Government administration of 
amitraz 

Private contractor or same 
producer applying amitraz 

25 5.50 1.51 20.00 0.010

a CI = confidence interval 
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 Table 4-6. Crude (unadjusted) general linear analysis for predicting herd seroprevalence of Babesia bovis in 78 commercial dairy 
farms in Puerto Rico from August 2005 through December 2006.  

95% CIa 
Exposure variable Comparison Coefficient (β)  Lower Upper P value 
NC WI, EI, and SC -1.025 -7.159 5.108 0.740
Dairy farm with calf-raising facilities Otherwise 10.527 3.308 17.746 0.005
Dairy farm with calf and heifer-raising 
facilities 

Otherwise -5.111 -10.864 0.643 0.081

Guinea grass in major grazing areas of 
the farm 

Otherwise -2.329 -9.541 4.883 0.522

More than 4 adjacent neighbors 
with cattle 

None to 3 adjacent neighbors 10.347 2.297 18.397 0.012

Observed monkeys around the farm Monkeys not observed 8.804 -1.213 18.821 0.084
Own more than 1 farm Otherwise 7.646 1.637 13.654 0.013
Buy hay in feed store Otherwise 5.621 -3.428 14.670 0.220
Use of any vaccination protocol No use of vaccination protocol 6.095 0.391 11.798 0.037
Use of guillotine for dehorning Paste exclusively -0.258 -6.563 6.046 0.935
Use of a single sleeve per animal Use of a single sleeve for multiple 

animals  
-1.813 -7.687 4.062 0.541

Spray race for application of amitraz Handspraying for application of 
amitraz 

-7.342 -13.105 -1.579 0.013

Government administration of amitraz Private contractor or same 
producer applying amitraz 

3.944 -2.248 10.136 0.208

Use of 1% piperonyl butoxide and 1% 
permethrin (KattleGuard™) 

Otherwise 
 

-2.768 -9.425 3.890 0.410

Use of dust bags with coumaphos (Co-
Ral®) 

Otherwise 10.685 -0.984 22.355 0.072

a CI = confidence interval. 
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CHAPTER 5 
STUDY 3: ASSOCIATION BETWEEN ECOLOGICAL FACTORS AND THE PRESENCE 

OF Rhipicephalus (Boophilus) microplus LARVAE IN PUERTO RICO 

Introduction 

The tropical or southern cattle tick, Rhipicephalus (Boophilus) microplus (Canestrini) 

(Order Parasitiformes, Suborder Ixodida, Family Ixodidae, Subfamily Rhipicephalinae), is one of 

the 3 species of ticks present in Puerto Rico (PR) and it is considered the principal vector of 

Anaplasma marginale, Babesia bovis, and Babesia bigemina (Crom, 1992). The other 2 tick 

species found on domestic animals in PR include the tropical horse tick, Dermacentor 

(Anocentor) nitens, and the brown dog tick, Rhipicephalus sanguineous (van Volkenberg, 1939). 

An estimated economic loss of US $20 million was reported in 1989 in PR due to 

anaplasmosis, babesiosis, and R. (Boophilus) microplus (Crom, 1992). It has been estimated that 

the cattle industry suffers a yearly deficit of 3,602,873 kg (7,926,321 lbs) of meat and 14, 

373,315 L (32, 274,840 lbs) of milk due to these diseases (Soto-Alberti, 1999 unpublished data). 

A recent survey by Cortes et al. (2005) among 261 dairy farmers (47,401 milking cows) reported 

an estimated loss of US $6.7 million in 2000 due to these diseases and the tropical cattle tick. A 

yearly amount of US $7,155 was estimated per farm for tick control or US $29 per cow per year 

(Cortes et al., 2005). 

Rhipicephalus (Boophilus) microplus is a one-host tick where each instar (larvae, nymphs, 

and adults) remain on the same animal (Radunz, 1997). The life cycle of this tropical tick 

consists of a parasitic phase and a non-parasitic phase. In the parasitic phase, R. (Boophilus) 

microplus attaches as a 6-legged larvae to cattle, and undergoes 2 moultings on the host animal 

until it becomes a sexually differentiated 8-legged adult (Radunz, 2003). The complete parasitic 

phase in PR typically requires 18 to 37 days (Tate, 1941). However, the majority of ticks will 

complete engorgement and drop by day 25 (Tate, 1941). 



 

167 

The non-parasitic phase begins when the fully engorged female ticks detach and drop onto 

the ground and ends when larvae develop and find a suitable host (Radunz, 1997). This phase 

consists of 4 main stages: pre-oviposition, oviposition, incubation and hatching of eggs, and 

development of larvae. Approximately 72-89% of the life cycle consists of the non-parasitic 

phase. The effects of temperature, relative humidity, type of vegetation, and seasonality on the 

biology and survival of the non-parasitic phases of R (Boophilus) microplus are well documented 

in the literature (Hitchcock, 1955; Harley, 1966; Utech et al., 1983; Wilson and Sutherst, 1990). 

In PR, the length of this phase ranges from 89 to 251 days (3 to 8.5 months) and depends upon 

location. In areas with 935 mm (36.8 inches) of annual rainfall and 22.5° C (72.5° F) mean 

temperature, the length of the phase is approximately 89 days whereas in areas with 4,358 mm 

(171.6 inches) and 22.5° C (72.5° F) the phase last approximately 251 days (Tate, 1941). 

The larvae are the non-parasitic stage of R. (Boophilus) microplus that infests the cattle 

host and can be subjected to environmental conditions and vegetation stresses for a relatively 

long period of time. Larvae seek suitable hosts by climbing and aggregating at the tip of 

vegetation or other vertical objects, preferentially on the shaded side during the hours of strong 

illumination (Wilkinson, 1953; Arundel and Sutherland, 1988). They either aggregate in a series 

of tightly arranged rows with their legs pulled underneath or by forming a ball that is easily 

transferred to a passing animal (Garris and Popham, 1990). A study by Wilkinson (1953) 

estimated that these aggregations could consist of 70 to 260 larvae. Larvae positioned in rows are 

not active and they remain immobile until disturbed. When cattle or other animals are near, 

larvae adopt a ‘questing’ position. This position consists of waving their first pair of legs in the 

air and moving towards the animal as it passes (Nunez et al., 1982). These aggregations provide 
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a massive and rapid transfer to a passing host (Treverrow, 1980) and provide an excellent 

opportunity for sampling larvae in the field using the tick drag technique.  

Some researchers have documented that many species of ticks are influenced more by 

environmental and vegetation factors than by host availability (Cumming, 1999). However, these 

effects may vary according to the spatial scale at which the study is performed varying within 

countries, regions, and even within a given habitat (Randolph, 2000). Certain factors may be 

associated differently in different scenarios and conclusions cannot be immediately extrapolated 

without considering local conditions. Therefore, these factors must be evaluated and applied to 

the area of interest (Teel, 1984; Panda et al., 1992). Local microclimate depends upon 

topography and the type and amount of vegetation. An understanding of the effects of ecological 

factors and host availability on the tropical cattle tick in PR is essential to establish more 

effective control measures and may have an impact on current tick eradication methods.  

The objectives of the present study were, (1) to identify ecologic factors associated with 

the presence of R. (Boophilus) microplus larvae in PR; and (2) to describe the seasonal pattern of 

R. (Boophilus) microplus larvae.  

Materials and Methods 

Study Area 

Puerto Rico is centered in the Caribbean basin between the coordinates 17°45’ N and 

18°30’ N, and its longitude ranges from 65°45’ W to 67º15’ W. It is the smallest and easternmost 

island of the Greater Antilles, east of Haiti and Dominican Republic and northwest of the Virgin 

Islands. It is bounded on the north by the Atlantic Ocean and on the south by the Caribbean Sea. 

It encompasses an area of 8,870 km2 from which 41.6% is closed forests, 36.7% pastures and 

grasslands, 5.9% crop agriculture land, 2.4% coffee plantations, and 10.5% urban and developed 

landcover (Helmer et al., 2002). Elevations range from sea level to 1338 m. The climate is 
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predominantly tropical maritime. Mean temperatures in PR have a very small range between the 

warmest and coldest months, but decrease markedly with increasing elevation (NOAA-NCDC, 

1982). In the high mountainous interior, the temperature fluctuates between 22.8-25.6°C (73- 

78°F). The northern half receives more rainfall and has larger rivers than the drier southern half. 

The distribution of rainfall follows a relative wet-dry seasonal pattern. The relative humidity 

(RH) is approximately 80% over the course of the year with the highest RHs generally found at 

night (>90%) when temperatures are the lowest. During the day, RH ranges from 60% to 70% 

(NOAA-NCDC, 1982).  

There are 6 ecological life zones in PR based on the Holdridge classification system: the 

subtropical dry forest (df-S, 13.8% of total area), subtropical moist forest (mf-S, 60.5%), 

subtropical wet forest (wf-S, 2.6%), subtropical rain forest (rf-S, 0.1%), subtropical lower 

montane wet forest (wf-LM, 1.2%), and subtropical lower montane rain forest (rf-LM, 0.1%) 

(Ewel and Whitmore, 1973). The subtropical dry forest is the driest of the 6 zones with a mean 

annual precipitation range of 600 to 1000 mm (23.6 to 39.4 in). Most of the vegetation consists 

of grasses, cacti, thorny legumes, and trees with small and succulent leaves. Fires are common 

during the dry season. The subtropical moist forest zone is the largest zone in PR with a mean 

annual precipitation of 1000 to 2200 mm (39.4 to 86.6 in) and mean temperatures of 18 to 24°C 

(64.4 to 75.2°F). This is the most deforested zone partly because of intensive agricultural activity 

and urbanization. Both native and improved pastures form the dominant landscape in this zone. 

The subtropical wet forest zone occupies much of the highest parts of the mountains in PR. This 

zone has mean annual precipitation ranges of 2000 to 4000 mm (78.7 to 157.5 in). Because of the 

abundant moisture, most of the vegetation consists of epiphytic ferns, bromeliads, and orchids. 

Most of this life zone, particularly in the western portion of the island is covered by coffee 
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plantations. The subtropical rain forest zone, the subtropical lower montane wet forest zone, and 

the subtropical lower montane rain forest zone are the wettest of the life zones, occupying a 

small area in PR. These 3 zones are mostly located in the ‘Luquillo’ mountains in the eastern part 

of the island, particularly in ‘El Yunque’ National Forest (formerly known as the Caribbean 

National Forest), the only tropical rainforest in the US. Most of the vegetation in the subtropical 

rain forest zone consists of palm trees and epiphytes. The subtropical lower montane wet forest 

zone is comprised of the Colorado forest type, named for the common ‘palo colorado’ or swamp 

cyrilla (Cyrilla racemiflora L.) and the cloud-forest type (elfin woodland, montane thicket, or 

dwarf forest). The vegetation is characterized by short gnarled trees (<7 m tall) with high basal 

area, small diameter, slow growth rates, and many epiphytes. The subtropical lower montane rain 

forest zone is found only in a narrow band on the windward slopes of the Luquillo Mountains, at 

a higher elevation than the subtropical rain forest. The mean annual temperature is approximately 

18.6°C (65.5°F), annual precipitation is 4533 mm (178.5 in), and mean relative humidity is 

98.5%. The vegetation is similar to that of lower montane wet forest, except for having a greater 

abundance of epiphytes, palms, and fern trees (Ewel and Whitmore, 1973). 

GIS Sampling Methodology  

A GIS-based sampling methodology was developed to determine the number and selection 

of sites for evaluation. Sample size was calculated for a grid polygon shapefile (fishnet) created 

and georeferenced for PR in a GIS software program (ArcGIS 9.1TM, ESRI, Redlands, CA, USA) 

(Figure 5-1). The polygon consisted of 9,010 grid cells each measuring 1-km2. Grid cells along 

the coastal areas included water resulting in a greater total area of grid cells compared to reported 

land area of PR. The sample size to estimate the proportion of tick positive sites was calculated 

using the total number of grid cells assuming a 50% probability of finding the tick larvae at each 

sampled site (presence/absence), a confidence level of 95%, and an acceptable margin of error of 
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10% with available software (Win Episcope 2.0, Easter Bush, Roslin; Zaragoza, Spain; Utrecht 

and Wageningen, Netherlands). The sample size was estimated to be 97. 

Initial data for selection of sample sites were obtained from 25 different raster files 

containing information related to environmental parameters (elevation, average precipitation, and 

average temperature) and animal census data by municipality within PR. To standardize the GIS 

analyses, all raster files were projected to the same datum and coordinate system, North 

American Datum 1983 (NAD83) and Universal Transverse Mercator (UTM) Zone 19 North, 

respectively.  

Data on elevation, average temperature, and average precipitation were obtained from the 

records of 102 meteorological stations located in Puerto Rico. Files were downloaded from the 

Southeast Regional Climate Center website available at http://www.sercc.com/ and manipulated 

in Microsoft Office® Excel 2003. The spreadsheet consisted of 102 rows and 5 columns 

including information on each station’s geographic coordinates, elevation (m), average 

temperature (ºC), and average precipitation (mm). The data pertained to the period from January 

1 to December 31, 2002. A vector shapefile was created from this table in a GIS software 

program (ArcGIS 9.1TM). Consequently, 3 raster files with a continuous surface were created 

from the information on elevation, average temperature, and average precipitation from each of 

the 102 meteorological stations using an inverse distance weighted (IDW) interpolation 

technique within the GIS software program (Figure 5-2).  

Data on livestock and farm inventory per municipality were obtained from the 2002 

Census of Agriculture of Puerto Rico (NASS-USDA, 2004). Files were downloaded in digital 

format and manipulated in Microsoft Office® Excel 2003. The animal census data included farm 

density (number of farms/total area of the municipality), cattle density (number of cattle/total 

http://www.sercc.com/
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area of the municipality), number of farms, number of cattle, number of cow farms, number of 

cows, number of heifer farms, number of heifers, number of bull farms, number of bulls, number 

of dairy farms, number of dairy cattle, number of dairy cows, number of dairy cow farms, 

number of dairy heifers, number of dairy heifer farms, number of beef farms, number of beef 

cattle, number of beef cows, number of beef cow farms, number of beef heifers, and number of 

beef heifer farms. This table consisted of 78 rows corresponding to municipalities and 22 

columns corresponding to each census variable. This table was joined to an attribute table of a 

polygon shapefile of PR using municipality as the unique identifier. Subsequently, 22 raster files 

with continuous surfaces were created from the animal census data using an inverse distance 

weighted (IDW) interpolation technique (Figure 5-3).  

 Data from all raster files were extracted using the grid polygon and tabulated using the 

summarize zones option within a GIS software program (ArcView 3.3©, ESRI, Redlands, CA, 

USA). Each variable was quantified within all grid cells. The final output table contained 9,010 

rows consisting of 2 columns for the XY-coordinates of the centroid of each grid cell, 25 

columns for the 3 environmental parameters and 22 animal census variables.  

Satellite pictures for each site were obtained from Google Earth™ 2007 and used to 

identify key features (e.g. buildings, water bodies) for site identification. A handheld global 

positioning unit (GPS) with an accuracy of 4 m (Garmin eTrex Legend®, Garmin International 

Inc., Olathe, KS, USA) was used to locate the selected sampling sites in the field. Daily records 

for average precipitation corresponding to the dates of collection were obtained from the 

National Climatic Data Center, NOAA-Satellite and Information Center, US Department of 

Commerce website available at http://lwf.ncdc.noaa.gov/oa/ncdc.html. 

http://lwf.ncdc.noaa.gov/oa/ncdc.html


 

173 

Continuous variables were standardized prior to analysis by subtracting the mean and 

dividing by the standard deviation. Principal component analysis (PCA) was used to summarize 

the variability of the 25 continuous variables into 3 components that explained 80% of the 

variability. The resulting table containing the 9,010 georeferenced rows covering PR and the 3 

principal components were partitioned into clusters by using a K-mean multivariate cluster 

analysis (SPSS 14.0 for Windows©, SPSS Inc. Headquarters, Chicago, IL, USA). Clusters were 

grouped by membership and distance from the cluster multivariate center recorded for each row 

(or grid). The number of groups was based on the sample size calculation and the output table of 

these analyses was loaded into GIS software (ArcGIS 9.1TM). 

The 3 components that explained 80% of the variance were a dairy component, a beef 

component, and a component consisting of average precipitation, elevation, and temperature. 

The multivariate cluster analysis consisted of 97 clusters based on these components (Figure 5-

4). The most representative grid cell of the multivariate cluster was used for the sample location 

(based on measured variables and not location). If the most representative site was inaccessible 

then the second best grid cell or point was used as the sampling site. One cluster was excluded 

from sampling because it was comprised exclusively of water and a small flat cay off the east 

coast of the main land. 

Field Sampling  

The procedure used to sample larvae from the field was based on the tick drag technique 

presented by Sonenshine et al. (1966) with minor modifications. The sampling device consisted 

of a sheet of white flannel 1 m long by 1 m wide weighted with 5 reusable split shot lead weights 

(3.61g ± 0.03) at the trailing edge and attached to a 1.2 m wooden pole along the leading edge by 

4 plastic clamps. A 2 m cord was attached to both ends of the pole to form a loop, which was 

used to pull the drag (Figure 5-5). The sampling for larvae was performed by holding the flannel 
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cloth outstretched and walking with it in contact with the ground and vegetation in one direction 

along a 50 m straight walk course at each selected site (Wilkinson, 1961). The drag was held on 

the right side as the investigator walked at a normal pace. The number of paces and timing in the 

50 m walk was similar at all collection sites. At the end of the drag, the flannel cloth was 

examined for larvae and if positive, the entire cloth was folded and placed in a sealed 3.8-liter 

plastic bag for later removal. Each bag was labeled with the site number. A single new sheet of 

flannel was used for each site because disrupted fibers may reduce collection numbers (Teel, 

2005, Personal communication). 

Ticks were collected twice from designated collection sites. The first collection was 

obtained during the peak of the dry season, March 4 to April 1, 2007 and the second collection 

was obtained during the peak of the wet season, August 13 to 26, 2007. In the laboratory, cloths 

were unfolded on white fiberglass pans measuring 121 cm (47 and 5/8 in) in length, 60.6 cm (23 

and 7/8 in) in width, and 10.2 cm (4 in) deep. All larvae found clinging to the cloth were 

counted, removed with forceps, and placed in glass vials containing 70% alcohol for preservation 

prior to identification. Vials were labeled with the date of collection, site number, and number of 

larvae. Ticks were shipped to the University of Florida and identified by the investigator at the 

Department of Entomology. 

Survey Data 

Information on geographic and climatic parameters, major landscape characteristics, type 

of grass, and cattle availability was recorded for each sample site (Table 5-1). Site coordinates 

and elevations were recorded by a handheld global positioning system (GPS) (Garmin eTrex 

Legend®, Garmin International Inc., Olathe, KS, USA). Coordinates were collected under the 

North American Datum 1983 (NAD83) and the coordinate system corresponding to Universal 

Transverse Mercator (UTM) Zone 19 and 20 North. The distance between target and actual 
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sampling site was calculated. Data on wind speed (WS), air temperature (T), wind chill (WC), 

relative humidity (RH), heat index (HI), and dew point temperature (DP) were recorded for each 

site by a handheld anemometer (Kestrel®3000 Pocket Weather Meter, Nielsen-Kellerman, 

Chester, PA). Grass classification was performed using an identification scheme by Mas and 

Garcia-Molinari (1990). All grass samples were cross-referenced with Alexis Zaragoza, 

agronomist and expert in tropical forages (High Quality Silage, Arecibo, PR). 

Tick Identification 

Three larvae were mounted per slide. Specimens were placed on the center of a 75 mm (3 

in) x 25 mm (1 in) glass microscope slide and a clean glass rod was used to place a drop of 

Hoyer’s medium on the larvae. Hoyer’s medium consists of 50 ml of distilled water, 30 g of 

crystalline gum arabic, 200 g of chloral hydrate, and 20 ml of glycerin. A clean pair of angular 

forceps was used to apply an 18 mm, 1 mm thickness cingular coverslip at the opposite edge of 

the droplet of Hoyer’s medium, which was gently lowered onto the larvae. A diamond tipped 

inscriber was used to number the slides. The mounted slides were placed in a drying oven at 

36ºC for approximately a week. After drying, nail polish was used to seal the coverslip. All 

slides were examined under a compound light microscope at 40X and 100X. The tick larvae 

from each site were categorized into species according to identification keys by Clifford et al. 

(1961). Randomly selected slides containing the larvae were sent to Dr. Lance Durden, Assistant 

Professor, Department of Biology Georgia Southern University (Statesboro, GA, USA) for 

confirmation of identification. 

Statistical Analysis 

The proportions of positive sites were estimated and exact 95% confidence intervals (CI) 

were calculated in available software (Epi Info Version 6.04, CDC, Atlanta, GA). Paired t-tests 

were used to compare means between the environmental factors during the dry and rainy 
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seasons. The number of sites where R. (Boophilus) microplus  larvae were recovered between 

seasons was compared using the Fisher sign test. The associations between the explanatory 

variables collected via the survey and outcome response variable presence/absence of R. 

(Boophilus) microplus larvae were estimated using logistic regression. The unit of analysis for 

assessing risk factors was the sampled site. Variables that were significantly associated with 

presence/absence at a Wald P value ≤ 0.20 in a bivariable screening model were further 

evaluated in multivariable models. A backward stepwise multivariable logistic regression model 

was built starting with a complete model containing all main effects identified in the screening 

models and terms were removed one-by-one based on likelihood ratio tests. The main effect 

terms remaining in the model were evaluated for effect modification by adding all possible 2-

way interactions between main effects and individually evaluated using Wald tests. The fit of the 

final model multivariable logistic model was assessed using the Hosmer-Lemeshow test.  

Continuous independent variables in logistic models are assumed linear in the log-odds. 

Therefore, these variables were categorized to evaluate how the risk of the outcome changed 

with the variable. Initial categorization was performed either by using 3 or more natural breaks 

of the data or by equally dividing data into quartiles. If the continuous independent variables 

were not linear in the log-odds then variables were retained as categorical predictors. Analyses 

were performed in commercially available software (SPSS 14.0 for Windows©, SPSS Inc. 

Headquarters, Chicago, IL, USA) and statistical significance was assessed at the 5% level. 

Results 

Descriptive 

Ninety-six sites were sampled and the mean distance between the target and actual 

sampling sites was 0.6 km (range 0.0 km to 5.0 km). An average of 6 sites was visited per day. 

Collection times were from 8:00 to 17:00 hours. Average collection time was 6 minutes per site 
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including collection of survey data. Passing of the tick drag over vegetation was approximately 1 

minute per site. Elevation ranged from 0.30 m to 776.6 m (1 ft to 2,548 ft), with an average of 

184.7 m (606 ft).  

Forty-two of the sites were located on a sloped surface, 48 on a flat surface, and 6 on a 

ridge. Forty-eight were located in grasslands, 45 in areas covered by bushes and shrubs, and 3 in 

forests. Thirty sites had trees on the sampling location. The predominant grasses included guinea 

grass (Urochloa maxima) and broadleaf carpet grass (Axonopus compressus). Thirty-six sites 

were covered by guinea grass, 18 by broadleaf carpet grass, 8 by African bermuda grass 

(Cynodon nlemfuensis var. robustus), 5 by Angleton grass (Dicanthium annulatum), and 29 sites 

contained other grasses including tropical signal grass (Urochloa distachya), Indian goose grass 

(Eleusine indica), and Mexican crown grass or Venezuelan grass (Paspalum fasciculatum). 

Average grass height was 38.1 cm (15 in), minimum 5.1 cm (2 in), and maximum 152.4 cm (60 

in). Thirty-two sites had cattle present at the site with 13 having dairy cattle and 19 beef cattle. 

Sixty-six sites were located in the subtropical moist forest, 16 in the subtropical dry forest, and 

14 in the subtropical wet forest.  

Tick larvae were collected from 24 (25%, 95% CI=0.17-0.35) of the sampled sites during 

the dry season (Table 5-2) and 9 (9.4%, 95% CI=0.04-0.17) during the wet season (Table 5-3). 

Figure 5-6 presents the locations of positive sites in relationship to the 6 ecological zones. 

Difference in the seasonal pattern for presence of R. (Boophilus) microplus was significant  

(P value = 0.031). Significant differences were found in all measured environmental factors 

between the 2 seasons. The average values for the dry season were 3.7 km/h (2.4 mph ± 0.215 

S.E.) for wind speed, 28.4º C (83.2º F ± 0.538) for environmental temperature, 28.6º C (83.4º F ± 

0.439) for wind chill, 19.4º C (66.9º F ± 0.415) for dew point temperature, 57.8% ± 0.937 for 
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relative humidity, 31.3º C (88.3º F± 0.650) for heat index, and 1.36 mm (0.054 in ± 0.006) for 

average precipitation. The average values for the wet season were 2.9 km/h (1.8 mph ± 0.181) 

for wind speed, 30.9º C (87.6º F ± 0.494) for environmental temperature, 30.9º C (87.6º F ± 

0.498) for wind chill, 23.9º C (75.1º F ± 0.343) for dew point temperature, 66.6% ± 0.881 for 

relative humidity, 37.3º C (99.1º F ± 0.907) for heat index, and 6.96 mm (0.274 in ± 0.020) for 

average precipitation. During the dry season 15 sites (16%, 95% CI=0.09-0.24) were identified 

with R. (Boophilus) microplus larvae (n=606) and 9 (9.4%, 95% CI=0.04-0.17) had Dermacentor 

(Anocentor) nitens larvae (n=779) (Figure 5-7). During the wet season 5 sites (5.2%, 95% 

CI=0.02-0.12) were identified with R. (Boophilus) microplus larvae (n=94), and 5 (5.2%, 95% 

CI=0.02-0.12) also had Dermacentor (Anocentor) nitens larvae (n=275). One site had a mixed 

population of both larvae.  

Risk Factors 

During the initial bivariable screening, 7 factors were found to be significant at P ≤ 0.20 

for the dry season and 2 for the wet season (Table 5-4). The final multivariable logistic 

regression model for the dry season (Table 5-5) demonstrated that average wind speed of 4.2 to 

16.1 km/h (2.6 to 10.0 mph) (OR= 0.07, 95% CI=0.01-0.63), more than 25% bushes and shrubs 

on the site (OR= 11, 95% CI=1.6-71), and presence of any cattle (beef or dairy) on the site (OR= 

26, 95% CI=3.4-188) in the dry season were significantly associated with presence of R. 

(Boophilus) microplus larvae. Shade had a significant likelihood ratio test and was retained in the 

model, but it was not significant based on the Wald test. During the wet season, the only risk 

factor significantly associated with the presence of larvae was the presence of only beef cattle on 

the site (OR= 7.0, 95% CI=1.1-46). No other main effects or 2-way interactions terms were 

significant. The Hosmer-Lemeshow goodness-of-fit test demonstrated that the model for the dry 
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season was a reasonably good fit to the data (Chi = 2.814, df=7, P-value = 0.902). The Hosmer-

Lemeshow goodness-of-fit test for the final model in the wet season could not be performed. 

Discussion 

Host availability and environmental factors are thought to be important for the detection of 

tick species. In the present study, the predominant factor associated with the presence of 

Rhipicephalus (Boophilus) microplus larvae during the dry season was the presence of any cattle 

(beef or dairy) on the site (OR=25). A study by Crom and Duncan (1989) in PR found a strong 

association between the presence of any cattle (beef or dairy) on premises and infestation of the 

animals with R. (Boophilus) microplus, suggesting a preference of cattle over sheep, goats, and 

horses. More than 25% bushes and shrubs on the site was also significantly associated with the 

presence of R. (Boophilus) microplus in the dry season (OR=11). Larvae do not feed and can 

easily become desiccated and die at high temperatures (Arundel and Sutherland, 1988). Larvae 

survive by absorbing water vapor through their cuticle or by drinking water droplets from rain or 

dew (Wilkinson, 1953; Hitchcock, 1955; Wilkinson and Wilson, 1959; Arundel and Sutherland, 

1988; Needham and Teel, 1991). The lowest relative humidity at which water vapor uptake is 

possible is 85 to 90% (Bowman and Sauer, 2004). Tall grass and shrub cover may provide these 

humidity levels and prolong larvae survival (Arundel and Sutherland, 1988). Shade is also an 

important factor prolonging the survival of tick larvae (Wilkinson and Wilson, 1959; Cerny and 

de la Cruz, 1971). Data from studies in PR estimated that 10% of hatched larvae survive in grass 

for up to 47 to 70 days whereas larvae in shaded or wooded areas survive for 65 to 72 days 

(Garris and Popham, 1990; Garris et al., 1990). The highest temperatures and lowest relative 

humidities were recorded in open grass plots.  

Average wind speed of 4.2 to 16.1 km/h (2.6 to 10.0 mph) was negatively associated with 

the presence of R. (Boophilus) microplus. Rhipicephalus (Boophilus) microplus larvae may 
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disperse through pastures and on the ground by wind currents for considerable distances 

(Arundel and Sutherland, 1988). When larvae are located at the tips of the grass they can easily 

be carried away by wind for several meters. Once in the new location they climb nearby herbage 

and the process can be repeated. A study by Lewis (1968), documented that winds can carry 

larvae for up to 30 m (100 ft) from the site where engorged females were initially dropped for 

oviposition. In areas where wind currents are low, dispersal of tick larvae is uniform and does 

not extend beyond 5 m (15 ft). Moreover, larvae can reach heights above 3 m (10 ft) in the air 

due to strong winds. There is a possibility that strong wind currents may reduce the number of 

tick larvae aggregations in the pastures by dispersing the larvae through a wider range. This 

condition decreases the opportunities of finding larvae if the tick drag is performed in a single  

50 m by 1 m transect. 

Fewer numbers of sites were positive for R. (Boophilus) microplus larvae during the wet 

season (n=5) and it was not possible to obtain a Hosmer-Lemeshow test. Therefore, the final 

model may not be a good fit for predicting positive locations. However, these results are in 

accordance with previous reports from Cuba, Jamaica, and Costa Rica, which found a negative 

impact of heavy rain showers over the population of tick larvae (Cerny and de la Cruz, 1971; 

Rawlins, 1979; Alvarez et al., 2003). Seasonal rain may influence the environment for short 

periods of time by creating a marginal habitat for tick survival (Sutherst et al., 1983). Larvae can 

be dislodged from vegetation by the physical effects of the rain (Wilkinson and Wilson, 1959). If 

trapped in a water droplet, larvae are too small to break the surface tension of the droplet and can 

drown (Allan, 2007, Personal Communication). This and the limitations of the tick drag may 

explain the limited number of positive sites and reduced tick larvae found per site during the wet 

season when compared to the dry season.  



 

181 

Zimmerman and Garris (1985) found that tick drags were the most efficient method 

available to sample free-living populations of R. (Boophilus) microplus larvae in Puerto Rico. 

However, only 10% of tick larvae were recovered from artificially infested plots (Zimmerman 

and Garris, 1985). The number of small aggregations of larvae and the location of these 

aggregations on plants affects the efficacy of the sampling device. Some of these aggregations 

may not be on the vegetation surface that will have direct contact with the flannel cloth (Garris 

and Popham, 1990). In PR, a study by Garris and Popham (1990) documented that most R. 

(Boophilus) microplus tick larvae aggregated at heights between 2.5 to 85.1 cm (1 to 34 inches). 

In addition, some tick larvae that are picked up by the flannel cloth are subsequently knocked off 

by vegetation as the drag is pulled forward (Wilkinson, 1961; Zimmerman and Garris, 1987). 

Seasonal rain can also interfere with dragging procedures. Wet vegetation markedly decreased 

tick collections as high water content in the flannel cloth may reduce the attachment of larvae 

(Gladney, 1978).  

This study provided information concerning the effects of ecological factors on the 

presence of R. (Boophilus) microplus larvae. However, this is a cross-sectional design and there 

are important limitations that must be considered. The findings of this study are limited to a 2-

week period in March and August 2007. Results may have been different during another time-

frame. Lastly, misclassification of sampling sites as tick negative must be considered. The 

distribution of R. (Boophilus) microplus larvae is known to be extremely patchy within the 

environment. Commonly, larvae do not migrate appreciable distances and large concentrations 

are frequently found only where the gravid adult female detached from the host and deposited 

the eggs (Gladney, 1978). Therefore, some locations may have shown negative results in spite of 

being tick positive within the general area. In addition, larvae within the path of the tick drag 
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might also have failed to attach or were subsequently knocked off during the collection 

procedure. This misclassification might have biased point estimates for evaluated risk factors. 

Lastly, high numbers of tick larvae sampled does not necessarily equate to high tick density.  

Conclusions 

Accurate assessments of tick presence are necessary to understand the variation of R. 

(Boophilus) microplus larvae in the environment. The presence of R. (Boophilus) microplus 

larvae in PR is determined by the presence of any cattle (beef or dairy) and the landscape habitat 

conditions. Bushes and shrubs particularly at the boundary between grazing areas and the hay-

stack hills “mogotes” can be cleared and access of cattle to these areas should be controlled. 

However, the practical value of these suggestions should be assessed in further studies.
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Figure 5-1. Grid polygon or ‘fishnet’ of Puerto Rico used for sample size determination and integration of environmental and animal 

census data. Each grid cell was georeferenced and consists of a 1-km2.  
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Figure 5-2. A) Location of the 102 meteorological stations in Puerto Rico, B) Interpolation for elevation (m), C) Interpolation for 

average precipitation (mm), and D) Interpolation for temperature (ºC). 

 
 
 

A B

DC 



 

 

185

 

 
 
Figure 5-3. A) Number of farms per municipality, and B) Number of cattle per municipality. Data were obtained from the 2002 Census 

of Agriculture, National Agriculture Statistics Service, USDA, February 2004. 
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Figure 5-4. The 97 clusters based on environmental factors and multivariate distances. Each cluster represents 3 major components 

that explain 80% of the variability. The components consisted of dairy, beef, and climatologic variables. 
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Figure 5-5. Tick drag device used to sample larvae in Puerto Rico. A) Reusable split shot lead 

weights (3.61g ± 0.03) used at the trailing edge of the flannel cloth. 
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Table 5-1. Explanatory variables included in the field survey to study ecological predictors of R. 
(Boophilus) microplus in Puerto Rico during the dry season (March 4-18, 2007) and 
the wet season (August 16-23, 2007). 

Explanatory variables Measurements 
Duration of collection (mins) Continuous 
UTM coordinatesa (m) Continuous 
Elevation (m) Continuous 
Maximum wind speed (km/h) Continuous 
Average wind speed (km/h) Continuous 
Ambient temperature (ºC) Continuous 
Wind chillb (ºC) Continuous 
Relative humidity (%) Continuous 
Heat indexc (ºC) Continuous 
Dew point temperatured (ºC) Continuous 
Location of plot Ridge, slope, flat 
Steepness of slope Continuous 
Main landcover type  Grassland, bushes and shrubs, forest 
Percent landcover type Continuous 
Ground cover  Herbaceous, litter, soil, rock, crops 
Presence of trees Yes/no 
Grass height (in) Continuous 
Presence of shade Yes/no 
Cloud cover Continuous (0% no clouds, blue sky; 100% sky fully 

covered by clouds) 
Type of grasse Guinea grass (Urochloa maxima), broadleaf carpet 

grass (Axonopus compressus), pangola grass (Digitaria 
eriantha), elephant grass (Pennisetum purpureum), 
tropical signal grass (Urochloa distachya), African 
bermuda grass (Cynodon nlemfuensis var. robustus), 
buffel grass (Pennisetum ciliare), Angleton grass 
(Dicanthium annulatum), Indian goose grass (Eleusine 
indica), Mexican crown grass or Venezuelan grass 
(Paspalum fasciculatum), and pitted beardgrass or 
huracan grass (Bothriochloa pertusa) 

Presence of any cattle (beef or dairy) Yes/no 
Type of cattle present Bos taurus or Zebu (Brahman, Bos indicus) 
Manure on the site without presence 
of any cattle (beef or dairy)  

Yes/no 

Life zone Mf-S, wf-S, df-Sf 
a Universal Transverse Mercator Easting (x-coordinate) and Northing (y-coordinate). b This 
parameter combines the effects of air temperature and wind speed. c This parameter combines the 
effects of relative humidity and air temperature. d This parameter indicates the temperature at 
which the air must be cooled to observed liquid condensation or dew. e Scientific names were 
obtained from the USDA Natural Resources Conservation Service Plant Database. Available at 
http://plants.usda.gov/, accessed 25 September 2007. f Subtropical moist forest (mf-S), 
subtropical wet forest (wf-S), and subtropical dry forest (df-S). 
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Table 5-2.  Identification of Ixodid larvae collected by site during the dry season (March 4-18, 
2007) in Puerto Rico. The larger of 6 or 10% of the larvae collected per site were 
identified. In sites where 6 larvae or less were collected, all the specimens were 
identified. 

Site no. No. of collected larvae No. of identified larvae Genus 
67 1 1 Rhipicephalus microplus 
53 2 2 Rhipicephalus microplus 
85 2 2 Rhipicephalus microplus 
13 3 3 Rhipicephalus microplus 
60 3 3 Rhipicephalus microplus 
12 4 4 Rhipicephalus microplus 
77 4 4 Rhipicephalus microplus 
86 4 4 Rhipicephalus microplus 
63 8 6 Rhipicephalus microplus 
20 13 6 Rhipicephalus microplus 
90 13 6 Rhipicephalus microplus 
21 18 6 Rhipicephalus microplus 
43 29 6 Rhipicephalus microplus 
5 83 8 Rhipicephalus microplus 

28 419 42 Rhipicephalus microplus 
  

44 1 1 Dermacentor nitens 
56 5 5 Dermacentor nitens 
1 6 6 Dermacentor nitens  
3 12 6 Dermacentor nitens 

46 48 6 Dermacentor nitens 
10 54 6 Dermacentor nitens 
59 58 6 Dermacentor nitens 
47 176 18 Dermacentor nitens 
9 419 42 Dermacentor nitens 
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Table 5-3.  Identification of Ixodid larvae collected by site during the wet season (August 13-26, 
2007) in Puerto Rico. The larger of 6 or 10% of the larvae collected per site were 
identified. In sites where 6 larvae or less were collected, all the specimens were 
identified. 

Site no. No. of collected larvae No. of identified larvae Genus 
12 1 1 Rhipicephalus microplus 
73 1 1 Rhipicephalus microplus 
26 10 6 Rhipicephalus microplus 
63 17 6 (2) Rhipicephalus 

microplus and (4) 
Dermacentor nitens 

13 65 8 Rhipicephalus microplus 
  

9 1 1 Dermacentor nitens 
85 22 6 Dermacentor nitens 
60 109 12 Dermacentor nitens 
56 143 16 Dermacentor nitens 
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Figure 5-6. Final geographical distribution of the 96 target sites sampled in the tick survey in Puerto Rico during the dry season 

(March 4-18, 2007) and the wet season (August 13-26, 2007). Each site represents the grid cell with the nearest distance to 
the multivariate cluster center. 
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Figure 5-7. A) Rhipicephalus (Boophilus) microplus, and B) Dermacentor (Anocentor) nitens larvae collected in Puerto Rico during 

the dry season (March 4-18, 2007). 

 
 
 

 

 

 

 

A B
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Table 5-4. Crude (unadjusted) risk factor analysis for predicting the presence of R. (Boophilus) microplus on 96 sites in Puerto Rico 
during the dry and wet seasons in 2007.  

95% CI 
Season Exposure variable Comparison/categories 

No. of sites 
exposed 

Odds 
ratio  Lower Upper 

Wald P 
value 

Dry Average wind speed  
0 = 0.0-1.9 km/h 
1 = 2.1-4.0 km/h 
2 = 4.2-16.1 km/h 
 

32
32
32

referent 
0.37
0.17

0.10
0.03

1.34
0.87

0.065

0.129
0.033

 Slope Flat surface, ridge 42 3.06 0.96 9.79 0.059
 More than 25% bushes 

and shrubs on the site 
Zero to 20% bushes 
and shrubs  

58 5.20 1.10 24.55 0.037

 Grass height  
0 = no grass 
1 = 2.5-25.4 cm 
2 = 27.9-152.4 cm 
 

6
45
45

referent 
0.38
0.16

0.08
0.03

1.93
0.95

0.119

0.244
0.043

 Presence of shade Absence of shade 27 2.67 0.86 8.29 0.090
 Presence of any cattle 

(beef or dairy) on the site 
Absence of cattle on 
the site 

32 3.78 1.21 11.83 0.022

 Mf-sa Otherwise (Wf-S and 
df-S) 

66 3.43 0.72 16.30 0.121

   
Wet Presence of trees at 

sampled site 
Absence of trees at 
sampled site 

19 3.56 0.56 22.50 0.178

 Presence of only beef 
cattle on the site 

Absence of beef cattle 19 7.03 1.09 45.57 0.041

a Subtropical moist forest (mf-S), subtropical wet forest (wf-S), and subtropical dry forest (df-S). 
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Table 5-5.  Multivariable logistic regression for predicting the presence of R. (Boophilus) microplus on 96 sites in Puerto Rico during 
the dry and wet seasons in 2007. 

95% CI 
Season Exposure variable Comparison/categories 

No. of sites 
exposed 

Odds 
ratio Lower Upper 

Wald P 
value 

Dry  Average wind speed  
0 = 0.0-1.9 km/h 
1 = 2.1-4.0 km/h 
2 = 4.2-16.1 km/h 
 

32
32
32

referent
0.40
0.07

0.09
0.01

1.80
0.63

0.050

0.233
0.018

 More than 25% bushes 
and shrubs on the site 

Zero to 20% bushes 
and shrubs  

58 10.64 1.59 71.09 0.015

 Presence of shade Absence of shade 27 5.40 0.95 30.76 0.058
 Presence of any cattle 

(beef or dairy) on the site 
Absence of cattle on 
the site 

32 25.45 3.44 188.16 0.002

   
Wet Presence of only beef 

cattle on the site 
Absence of beef cattle 19 7.03 1.09 45.57 0.041
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APPENDIX A 
SURVEY FOR FARMERS OR MANAGERS IN SELECTED DAIRY FARMS 

 
 For Official Use Only Time started: Time finished: 
 
 Agricultural Region: Questionnaire Id: Interviewer: 
 Municipality:                                     Farm ID: Date: 
 Barrio: 
 GPS UTM Coordinates: Northing _______________, Easting ___________________ 
 Number of Samples: 
 BA serological prevalence:  
 BB serological prevalence: 
 Farm Picture Taken:  YES / NO 
 Main Grazing Area Picture Taken: YES / NO 
 
Section A. Farm demographic information 
Thank you for participating in this survey. In this first set of questions, we will be asking about 
general information of your farm. 
 
1. Which of the following categories best describes the type of operation you own or manage? 

(CIRCLE THE LETTER OF ALL THAT APPLY) 
a. Commercial dairy farm only 
b. Commercial dairy farm with calf-raising facilities 
c. Commercial dairy farm with heifer-raising facilities 
d. Commercial dairy farm with calf and heifer-raising facilities 
e. Mixed (beef and dairy) 
f. Other (please explain) ____________________ 
 

2. Please indicate the total number of animals in the herd: ____________________ 
 
3. Please indicate the number of animals for each category:  

a. Number of Bulls:  ____________________ 
b. Number of Milking and Dry Cows (over two years of age): ____________________ 
c. Number of Heifers (one to two years): ____________________ 
d. Number of Calves (less than one year):  ____________________ 

 
4. Which of the following best describes the size of your farm (size of main grazing area in 

“cuerdas”)? [1 cuerda = 0.39303956 hectares] 
a.  1-50 
b. 51-100 
c. 101-150 
d. 151-200 
e. >200 
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5. What type of dairy cattle do you have on the farm? (CIRCLE THE LETTER OF ALL THAT 
APPLY) If you have more than one breed, please indicate the percentage for each breed in the 
herd. 

Percentage (0-100%) 
a. Holstein-Friesian     _________    
b. Jersey      _________ 
c. Guernsey      _________ 
d. Ayrshire      _________ 
e. Brown Swiss     _________ 
f. Criollo      _________ 
g. Other (please explain) _________  _________ 
 

6. Are there other farm animals on your dairy?  
a. Yes (If Yes, please continue with question 7) 
b. No (If No, skip to question 8) 

 
7. If the answer to question 6 is Yes, what type of farm animals besides cattle do you have? 

(CIRCLE THE LETTER OF ALL THAT APPLY) 
Number of Animals 

a. Pigs    ________________ 
b. Sheep     ________________ 
c. Goats     ________________ 
d. Horses    ________________ 
e. Other (please explain)  ________________ 

 
8. What type of pasture is found in the main grazing areas of the farm? (CIRCLE THE LETTER OF 

ALL THAT APPLY) 
a. Star grass (Cynodon nlemfuensis) 
b. Guinea grass (Panicum maximum) 
c. Pangola grass (Digitaria decumbens) 
d. Bermuda grass (Cynodon dactylon) 
e. Other (please explain) ____________________ 

 
Section B. General Descriptions of Premises and Surrounding Areas 
In this section, we would like to know what are the features that best describe your premises. 
 
9. Which of the following categories best describes the type of housing facilities on your farm? 

a. Tie-stall 
b. Free-stall 
c. Loose housing shed 
d. Dry-lot 
e. Open pasture grazing 
f. Other (please explain): ____________________ 
 

10. Are there fences demarcating the boundaries of your farm? 
a. Yes 
b. No 
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11. Are there loose cattle other than yours on the premises? 
a. Yes 
b. No 
 

12. Are there stray/owned animals other than livestock on the premises? 
a. Yes (If Yes, please continue with question 13) 
b. No (If No, skip to question 14) 

 
13. If answer to question 12 is Yes, what kind of stray/owned animals other than livestock are on 

your farm? 
Number of animals 

a. Dogs only      _______________ 
b. Cats only      _______________ 
c. Other (please explain) _______   _______________ 

 
14. Are there adjacent farms to your farm? 

Number  Use 
a. Yes      ___________  ____________ 
b. No (If No, skip to question 15) 
 

15. Have you ever observed wild deer wandering your premises? 
a. Yes 
b. No 

 
16. Besides deer, are any other wild animals commonly seen wandering your premises? 

a. Mongoose 
b. Rodents 
c. Monkeys 
d. Ostriches 
e. Other (please explain) ____________________ 

 
17. Is the farm equipped with an irrigation system? 

a. Yes 
b. No 
 

18. Do you have flooding problems in your farm?   
a. Yes (If Yes, please continue with question 19) 
b. No (If No, skip to Section C) 
 

19. If your answer in question 18 is Yes, please indicate the main reasons for flooding and the 
main areas where the problem occur on your farm. (For example, the farm becomes easily 
flooded when it rains) 

______________________________________________________________________________
______________________________________________________________________________ 
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Section C. General Farm and Feed Management Practices  
In this section, we would like to know which are the most common management practices used 
in your farm. 
 
20. Do you owned more than one farm? If the answer is Yes, please indicate how many farms 

you owned. 
a. Yes, _____________ 
b. No 

 
21. Which of the following categories best describes the main source of cattle replacement on 

your farm? (CIRCLE THE LETTER OF ALL THAT APPLY) If more than one answer is selected, 
please indicate the approximate percentage (0-100%) for each choice? 

                                                                        Percentage (0-100%) 
a. You raise your own cattle     _____________ 
b. You raise your own cattle in a another of your farms _____________  
c. Buy from another farm     _____________ 
d. Buy from a market     _____________  
e. Imported       _____________  
f. Other (please explain) __________   _____________ 

 
22. Did you purchase any livestock during the last 12 months? 

a. Yes (If Yes, please continue with questions 23 and 24) 
b. No (If No, skip to question 25) 

 
23. If the answer to question 22 is Yes, please indicate the type of animals and number of 

animals purchased: 
Class of animal   Number of animals    
__________________________   _______________________________ 
__________________________   _______________________________ 
 
24. If you purchased animals from a local farm, local market, or directly imported from United 

States in the last 12 months, please indicate the name of the farm, market, or main dealer 
where you made the purchase. ________________ 

 
25. How frequently do you purchase animals? ______________ 
 
26. Do you have a quarantine zone (isolation area within your farm where new animals are 

separately located for a specific amount of time before being introduced to the main herd) on 
your farm?  

a. Yes (If Yes, please continue with question 27) 
b. No (If No, skip to question 28) 

 
27. If the answer to question 26 is Yes, please indicate how long (days) purchased animals are 

kept in this quarantine zone? ____________, where in the farm is this quarantine zone 
located in respect to the existent herd (e.g. distance from main herd area) 
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_________________________________________, and who takes care of this 
animals___________________________________. 

 
28. Do you allow other farmers to use your pastures to graze their animals?  

a. Yes 
b. No 

 
29. Which of the following categories best describes the main source of hay, haylage, or green 

chop fed on your farm?  
a. Grow your own hay, haylage, green chop 
b. Buy hay, haylage, or green chop from another dairy 
c. Buy hay, haylage, or green chop from a commercial feed company 
d. Buy hay, haylage, or green chop from a commercial forage company 
e. Other (please explain) ____________________ 

 
30. If you buy hay from another source, please indicate if it is local or imported: _____________ 
 
31. Are the bulls on your farm shared with other farms for breeding purposes? 

a. Yes 
b. No 
 

32. Is rotational grazing practiced on your farm?  
a. Yes 
b. No 

 
33. Which of the following procedures are performed on the farm? (CIRCLE THE LETTER OF ALL 

THAT APPLY) Please indicate (√) if the equipment is disinfected between animals, after being 
used in all animals, or not disinfected. 

                       Disinfected between     After          Not disinfected 
a. Dehorning               ________________  ________     ____________ 
b. Castration     ________________  ________     ____________ 
c. Vaccinating    ________________  ________     ____________ 
d. Multiple use of needles22  ________________  ________     ____________ 
e. Single use of needles23   ________________  ________     ____________ 
f. Tattooing     ________________  ________     ____________ 
g. Ear tagging   ________________  ________     ____________ 
h. Multiple use of palpation sleeves24________________  ________     ____________ 
i. Single use of palpation sleeves25 ________________   ________     ____________ 
  

                                                 
22 Multiple use of needles:  same needle is used in several cows 
 
23 Single use of needles:  only one needle is used per cow (one time use) 
 
24 Multiple use of palpation sleeves: same sleeve is used in several cows 

25 Single use of palpation sleeves: only one sleeve is used per cow (one time use) 
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34. What disinfectant do you use? _______________ (please include concentration and duration 
of application) 

 
35. How often do you carry out these routine husbandry procedures? 
 
36. Are veterinary services used in the farm? 

a. Yes (If Yes, please continue with question 37) 
b. No (If No, skip to Section D) 

 
37. How often did your veterinarian attend the herd during the last 12 months? 

a. 1 
b. 2 
c. 3 
d. 4 
e. 5 
f. >6 

 
Please indicate main reasons for the visit/s___________________________________________. 
 
Section D. Ticks and Acaricides (type, application method, frequency, and season of 
application) 
In this section, we would like to know about the use of acaricides in your farm. 
 
38. Do you consider having a problem with ticks? 

a. Yes 
b. No 

 
Please indicate what animals are most commonly affected: ______________________________ 
 
39. Are acaricides used in the farm? 

a. Yes (If Yes, please continue with question 40) 
b. No (If No, skip to question 49) 

 
40. Which of the following categories best describes the type of acaricide used in your farm? 

(CIRCLE THE LETTER OF ALL THAT APPLY) 
a. Coumaphos (Co-Ral®) 
b. Crotoxyphos (Cio-Rid®) 
c. Formamidines: Amitraz (Taktic®) 
d. Synthetic pyretroid: Permethrin (Atroban®, Ectiban®, Permethrin®, Insectrin®)  
e. Avermectins: Ivermectin (Ivomec®) 
f. Synthetic pyretroid: Fenvalerate (Ectrin®) 
g. None used 
h. Other (please explain) ____________________  

 
41. Which of the following categories best describes the application method commonly used for 

the application of amitraz? (CIRCLE THE LETTER OF ALL THAT APPLY) 
a. Dipping 
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b. Spray race 
c. Hand spraying 
d. Pour-on 
e. Injecting 
f. Other (please explain) ____________________ 
 

42. Please indicate the name of the equipment use to apply the amitraz: ____________________  
 
43. ¿Who applied the amitraz? 

a. By owner 
b. By private contractor 
c. By use of government personnel 
d. Other (please explain) _______________ 

 
44. Have you participated in the certification program of the Puerto Rico Department of 

Agriculture, agricultural extension service titled “Guidelines for use and application of 
acaricides”? 

a. Yes 
b. No 
c. I was not aware of the program 

 
45. If you have to mix the amitraz for application, which of the following categories best 

describes the concentration (or mixing protocol) of the amitraz currently used? Give an 
approximate ratio of amitraz to water.   

a. ½:1 
b. 1:1 
c. 1:2 
d. 1:3 
e. 1:4 
f. 1:5 
g. Other (please explain) ____________________ 

______________ (pint, oz, lb, gallon) per _________________ gallons of water 
 
46. If spraying is used, what volume do you apply? ___________ 
 
47. Which of the following categories best describes the frequency of amitraz when applied? 

a. Every 7 days 
b. Every 14 days 
c. Every 21 days 
d. Every 30 days 
e. Every 40 days 
f. Every 50 days 
g. More than 60 days 
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48. Which of the following categories best describes the time of the year when the amitraz is 
commonly applied? 

a. Throughout the year 
b. December to March (dry season) 
c. June-November (rainy season) 
d. Other (please explain) ____________________ 
 

49. Which of the following categories best describes the problem you have with ticks?  
a. Not a problem 
b. Minor 
c. Moderate 
d. Serious 

 
Section E. Treatments: type, application method, and frequency 
In this section, we would like to know about drugs you use to treat anaplasmosis or babesiosis on 
your farm. 
 
50. Do you consider having a problem with bovine anaplasmosis in your herd? 

a. Yes (If Yes, please continue with question 51) 
b. No (If No, please continue with question 57) 

 
51. What are the most common clinical signs of bovine anaplasmosis observed in your herd? 

Mention the 3 most commonly observed signs. 
____________________ 
____________________ 
____________________ 
 
52. Do you treat clinical cases of anaplasmosis? 

a. Yes  
b. No  
 

53. Which of the following categories best describes the type of treatment used? (CIRCLE THE 
LETTER OF ALL THAT APPLY) 

a. Short-acting oxytetracycline (50-100mg/ml) 
b. Long-acting oxytetracycline (LA-200, 200mg/ml) “Liquamycin®” 
c. Long-acting oxytetracycline (300 mg/ml) “Tetradure LA-300®” (Merial) 
d. Chlortetracycline in feed (oral) 
e. Other (please explain) ____________________ 

 
54. Please indicate the dose of oxytetracycline offered to the clinically affected animal:  

      ______________________ cc/100lb of ___________________ 

                        cc                       total lbs  

      or _____________________ 
           total cc’s                      
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55. Please indicate the route of oxytetracycline use in the clinically affected animal: 
a. Intravenously (IV) 
b. Intramuscular (IM) 
c. Subcutaneous (SC) 
d. Other (please explain) ____________________ 

 
56. Please indicate how often treatments are applied (days): _____________________ 
 
57. Do you consider having a problem with bovine babesiosis in your herd? 

a. Yes (If Yes, please continue with question 58) 
b. No (If No, skip to Section F) 

 
58. What are the most common clinical signs of bovine babesiosis observe in your herd? 

Mention the 3 most commonly observed signs. 
____________________ 
____________________ 
____________________ 
 
59. Do you treat clinical cases of babesiosis? 

a. Yes  
b. No  

 
60. What do you use to treat bovine babesiosis? 
______________________________________________________________________________
______________________________________________________________________________ 
 
Section F. Vaccines: type, application method, frequency, and season 
In this section, we would like to know about products you use to vaccinate your herd against 
anaplasmosis. 
 
61. Do you vaccinate the herd for anaplasmosis? 

a. Yes (If Yes, please continue with question 62) 
b. No (If No, skip to question 67)  
 

62. What animals do you vaccinate for anaplasmosis? 
a. All animals in the herd 
b. Sick Animals only 
c. Specific age group (please indicate) ____________________ 
d. Other (please explain) ____________________ 

 
63. What type of vaccine is commonly used on your farm? (CIRCLE THE LETTER OF ALL THAT 

APPLY) 
a. Anaplaz® (killed) 
b. AM-VAXTM (killed) 
c. Plazvax (Malincro) 
d. COMBAVAC (modified live) 
e. Other (please explain) ____________________ 
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64. How many doses are administered to each cow? _______________________ 
 
65. How often are the doses applied per cow?  

a. Every two weeks 
b. Every month 
c. Every other month 
d. Other (please explain) ____________________ 

 
66. Which of the following categories best describes the last time you vaccinated your cows 

against anaplasmosis?  
a. Six months 
b. One year 
c. Two years 
d. Three years 
e. More than four years 
f. Other (please explain) ____________________ 
 

67. Do you vaccinate the herd against ticks? 
a. Yes (If Yes, please continue with question 68) 
b. No (If No, skip to Section G)  
 

68. What brand and type of tick vaccine you commonly use? (i.e. GAVAC) 
____________________ 
 
Section G. Clinical cases of bovine anaplasmosis and or babesiosis during last year 
 
69. Please indicate the number of bovine anaplasmosis or babesiosis cases observed during last 

12 months (if not sure please indicate total cases):  
____________________ cases of anaplasmosis 
____________________ cases of babesiosis 
____________________ total cases 
 
70. From cases in question 69, please indicate the number of cases diagnosed by laboratory 

means in the last 12 months: ____________________ 
 
71. Please indicate the number of animals that became affected and survived in the last 12 

months: _______________ 
 
72. Please indicate the number of animals that became affected and died in the last 12 months: 

____________________ 
 
73. Please indicate the age group of the animals that were affected: (CIRCLE THE LETTER OF ALL 

THAT APPLY) 
a. Milking and Dry Cows (over two years of age) 
b. Heifers (one to two years) 
c. Calves (less than one year) 
d. Bulls 
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74. From the affected animals, how many were recently purchased from a source in Puerto Rico 
(other than your farm), imported, or born in the farm. Please indicate the approximate 
number of animals for each category. 

 
Recently Purchased __________ Imported __________         Born in Your Farm __________ 
 
75. Which of the following categories best describes the problem you have with bovine 

anaplasmosis and/ or babesiosis?  
a. Not a problem 
b. Minor 
c. Moderate 
d. Serious  

 
Section H. Flies and Fly Control  
 
76. Do you consider having a problem with flies on your farm? 

a. Yes (If Yes, please continue with question 77) 
b. No (If No, skip to Section I) 

 
77. Please indicate the type of fly control methods (name of product and method) used on your 

farm. _________________________ 
 
78. Which of the following categories best describes the problem you have with flies?  

a. Not a problem 
b. Minor 
c. Moderate 
d. Serious  

 
Thank you for participating in our survey. Your answers will be very helpful as we evaluate the 
need for and feasibility of designing new control programs for bovine anaplasmosis, babesiosis, 
and ticks in Puerto Rico. 
 
Section I. Interviewee address information and assessment of the survey 
We would like to send you the results and general statistics of this survey once it is analyzed. 
Please provide the necessary information. These will be separated from the rest of the survey 
answers and will only be used to contact you with the results obtained from the analyses. 
 
79. Name of the farmer: __________________________________________________________ 
 
80. Farmer’s Address:  ___________________________________________________________ 
 
81. Farm Address:_______________________________________________________________ 
 
82. Phone Numbers:_____________________________________________________________ 
 
83. Fax:  ______________________________________________________________________ 
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84. E-Mail: ____________________________________________________________________ 
 
85. Name of Veterinarian in Charge: ________________________________________________ 
 
86. Name of Person in Charge: ____________________________________________________ 
 
87. Name of Interviewee: _________________________________________________________ 
 
88. Overall, how would you rate this survey in terms of concepts, clarity, and purpose? 

a. Poor 
b. Fair 
c. Good 
d. Excellent 
e. No opinion 

 
89. Please feel free to indicate any additional comments you may have about any of the topics 

covered in this survey. 
______________________________________________________________________________
______________________________________________________________________________ 

 



 

207 

APPENDIX B 
CUESTIONARIO OFICIAL PARA GANADERÍAS PARTICIPANTES EN ESTUDIO SOBRE 

LA EPIDEMIOLOGÍA DE LA ANAPLASMOSIS Y BABESIOSIS BOVINA EN HATOS 
LECHEROS EN PUERTO RICO 

 
 For Official Use Only Time started: Time finished: 
 
 Agricultural Region: Questionnaire Id: Interviewer: 
 Municipality:                                     Farm ID: Date: 
 Barrio: 
 GPS UTM Coordinates: Northing _______________, Easting ___________________ 
 Number of Samples: 
 BA serological prevalence:  
 BB serological prevalence: 
 Farm Picture Taken:  YES / NO 
 Main Grazing Area Picture Taken: YES / NO 
 
Sección A.  Información demográfica de la finca 
Una vez más gracias por participar en esta investigación.  En esta primera sección, le 
preguntaremos información general acerca de su finca. 
 
1. ¿Cuál de las siguientes categorías mejor describe el tipo de operación que usted tiene o 

maneja? (CIRCULE LA LETRA DE TODAS LAS OPCIONES QUE APLIQUEN) 
a. Ganadería commercial solamente  
b. Ganadería comercial con facilidades de crianza de becerras  
c. Ganadería comercial con facilidades de crianza de novillas 
d. Ganadería comercial con facilidades de crianza de becerras y novillas 
e. Mixto (carne y leche) 
f. Otro (por favor explique) ____________________ 
 

2. Por favor indique el número total de animales en su finca: _______________________ 
 
3. Por favor indique el número de animales dentro de las siguientes categorías:  

a. Número de toros:  __________________ 
b. Número de vacas en ordeño y horras (mayor de 2 años de edad): _______________ 
c. Número de novillas (1 a 2 años de edad): __________________ 
d. Número de becerras (menos de 1 año de edad):  __________________ 

 
4. ¿Cuál de las siguientes opciones mejor describe el tamaño de su finca en cuerdas? [1 cuerda 

= 0.39303956 hectáreas] 
a.  1-50 
b. 51-100 
c. 101-150 
d. 151-200 
e. >200 
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5. ¿Qué raza de ganado lechero usted tiene en su finca? (CIRCULE LA LETRA DE TODAS LAS 
OPCIONES QUE APLIQUEN) Si tiene una mezcla de razas en su finca, por favor indique el 
porcentaje aproximado (0-100%) de cada raza. 

Porcentaje (0-100%) 
a. Holstein-Friesian     _________    
b. Jersey      _________ 
c. Guernsey      _________ 
d. Ayrshire      _________ 
e. Brown Swiss     _________ 
f. Criollo      _________ 
g. Otro (por favor explique) _________  _________ 

 
6. ¿Usted posee en su finca otros animales de granja que no sean vacas?  

a. Sí (Si la respuesta es Sí, por favor continúe con la pregunta 7) 
b. No (Si la respuesta es No, proceda a la pregunta 8) 

 
7. Si la respuesta a la pregunta 6 es Sí, ¿entonces qué clase de animales de granja usted posee 

que no sean vacas? (CIRCULE LA LETRA DE TODAS LAS OPCIONES QUE APLIQUEN) Por favor 
indique el número aproximado de animales de granja para cada categoría seleccionada: 

Número de animales 
a. Cerdos      ________________ 
b. Ovejas       ________________ 
c. Cabras       ________________ 
d. Horses      ________________ 
e. Otro (por favor explique)    ________________ 

 
8. ¿Qué clase de pasto o forraje predomina en las áreas de mayor pastoreo del ganado en su 

finca? (CIRCULE LA LETRA DE TODAS LAS OPCIONES QUE APLIQUEN) 
a. hierba estrella (Cynodon nlemfuensis) 
b. hierba guinea  (Panicum maximum) 
c. hierba pangola (Digitaria decumbens) 
d. hierba bermuda (Cynodon dactylon) 
e. Otro (por favor explique) ____________________ 

 
Sección B. Descripciones generales de las facilidades y áreas alrededor  
En esta sección, estamos interesados en las características que mejor describen sus facilidades. 
  
9. ¿Cuál de las siguientes categorías mejor describe el tipo de facilidades de su finca?  

a. Confinado (“Free-stall”) 
b. Semiconfinado (“Loose housing shed”) 
c. Chiquero en barro con área de comer (“Dry-lot”)  
d. Pastoreo 
e. Otro (por favor explique): ____________________ 
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10. ¿Su finca tiene verjas a su alrededor que demarquen y separen esta de los alrededores?  
a. Sí 
b. No 
 

11. ¿Existe en sus facilidades otro ganado suelto (ejemplo: realengos, invasión) que no sea el 
suyo? 

a. Sí 
b. No 
 

12. ¿Existen otros animales que no sean ganado en sus facilidades?  
a. Si (Si la respuesta es Sí, por favor continúe con la pregunta 13) 
b. No (Si la respuesta es No, proceda a la pregunta 14) 

 
13. Si la contestación a la pregunta 12 es Sí, ¿qué clase de animales que no sea ganado existen en 

su finca? Por favor indique el número de animales por cada categoría seleccionada:  
Número de animales 

a. Perros solamente      ________________ 
b. Gatos solamente      ________________    
c. Otro (por favor explique) _______  ________________ 

 
14. ¿Tiene usted otras fincas adyacentes a su finca? Si la contestación es Sí, por favor indique el 

número de fincas adyacentes y el uso principal de esa/s finca/s: 
   Número       Uso 

a. Sí         __________   __________ 
b. No (Si la respuesta es No, proceda a la pregunta 15) 

 
15. ¿Usted ha observado venados cerca de sus facilidades?  

a. Sí 
b. No 
 

16. ¿Usted ha observado otros animales salvajes además de venados en sus facilidades? 
a. mangostas 
b. roedores 
c. monos 
d. avestruces 
e. Otro (por favor explique) ____________________ 

 
17. ¿Está su finca equipada con sistemas de riego funcionales?  

a. Sí 
b. No 
 

18. ¿Tiene usted problemas de áreas inundables en su finca?  
a. Sí (Si la respuesta es Sí, por favor continúe con la pregunta 19) 
b. No (Si la respuesta es No, proceda a la Sección C) 
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19. Si la respuesta en la pregunta 18 es Sí, por favor indique las áreas donde más frecuentes 
ocurre las inundaciones y las razones principales por las cuales estas áreas son inundables.  

______________________________________________________________________________
______________________________________________________________________________ 
 
Sección C. Prácticas generales del manejo de la finca y la alimentación   
En esta sección, nos interesa conocer cuales son las prácticas de manejo más comúnmente 
utilizadas en su finca. 
 
20. ¿Usted tiene más de una finca? Si la respuesta es Sí, por favor indique cuantas fincas usted 

tiene. 
a. Sí, _____________ 
b. No 

 
21. ¿Cuál de las siguientes categorías mejor describe la mayor fuente de reemplazo de ganado en 

su finca? (CIRCULE LA LETRA DE TODAS LAS OPCIONES QUE APLIQUEN) Si más de una 
respuesta es seleccionada, por favor indique el porcentaje aproximado (0-100%) para cada 
opción. 

                                                                        Porcentaje (0-100%) 
a. Usted cría su propio ganado en la misma finca  _____________ 
b. Usted cría su propio ganado en otra de sus fincas _____________  
c. Compra de otra finca (que no es suya)   _____________ 
d. Compra de un mercado local    _____________  
e. Importado        _____________  
f. Otro (por favor explique) _____________  _____________ 

 
22. ¿Usted ha comprado ganado durante los últimos 12 meses?  

a. Sí (Si la respuesta es Sí, por favor continúe con las preguntas 23 y 24) 
b. No (Si la respuesta es No, proceda a la pregunta 25) 
 

23. Si la respuesta en la pregunta 22 es Sí, por favor indique la clase de animales y el número que 
compró: 

Clase de Animal    Número 
__________________________  _______________________________ 
__________________________  _______________________________ 
 
24. Si usted ha comprado animales de una finca local, un mercado local, o directamente 

importado de los Estados Unidos durante los últimos 12 meses, por favor indique el nombre 
de la finca, mercado o importador principal donde usted hizo su compra.  

____________________________________ 
 
25. ¿Cuán frecuente usted compra animales?  
____________________________________ 
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26. ¿Usted tiene en su finca una zona de cuarentena? (área de aislamiento dónde los animales 
recientemente comprados están separados por un tiempo determinado antes de introducirlos 
al rebaño existente) 

a. Sí (Si la respuesta es Sí, por favor continúe con la pregunta 27) 
b. No (Si la respuesta es No, proceda a la pregunta 28) 

 
27. Si la respuesta en la pregunta 26 es Sí, por favor indique por cuanto tiempo (días) los 

animales recientemente comprados son mantenidos en esta zona __________________, 
dónde en la finca se encuentra esta zona de cuarentena en respecto al rebaño existente 
(ejemplo: la distancia del área de mayor pastoreo) 
_________________________________________, y quién esta a cargo de estos animales 
__________________________________. 

 
28. ¿Usted permite que otros ganaderos utilicen los pastos de su finca para pastorear los animales 

de estos?  
a. Sí 
b. No 
 

29. ¿Cuál de las siguientes categorías mejor describe la mayor fuente de heno, ensilaje o pasto 
chopeado utilizado para alimentar sus animales?  

a. El heno, ensilaje, o pasto chopeado es producido en su propia finca.  
b. El heno, ensilaje, o pasto chopeado es comprado de otra finca.  
c. El heno, ensilaje, o pasto chopeado es comprado de una compañía comercial de 

alimentos. 
d. El heno, ensilaje, o pasto chopeado es comprado de fincas de producción de forraje 

comercial. 
e. Otro (por favor explique) ____________________ 

 
30. Si usted compra el heno de otra fuente, por favor indique si este es local o importado:______ 
 
31. ¿Los toros existentes en su finca son compartidos con otras fincas con el propósito de 

empadronar vacas?  
a. Sí 
b. No 
 

32. ¿El pastoreo rotacional es practicado en su finca?  
a. Sí 
b. No 

 
33. ¿Cuál de los siguientes procedimientos son efectuados en su finca? (CIRCULE LA LETRA DE 

TODAS LAS OPCIONES QUE APLIQUEN) Por favor si la opción aplica, indique (√) si el equipo 
es desinfectado entre animales, luego de terminar con todos los animales, o no son 
desinfectados. 

Entre Luego        No es        
a. Descornar                                ______ ______ ______ 
b. Castración                    ______ ______ ______ 
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c. Vacunación     ______ ______            ______ 
d. Uso multiple de agujas26    ______ ______ ______      
e. Uso sencillo de agujas27     ______ ______ ______ 
f. Tatuaje                      ______ ______ ______ 
g. Identificar la vaca con un número en la oreja    ______ ______ ______ 
h. Uso múltiple de guantes de palpación28         ______ ______ ______ 
i. Uso sencillo de guantes de palpación29  ______ ______ ______ 

 
34. ¿Cuál desinfectante usted utiliza? _______________ (por favor indique la concentración y la 

duración de la aplicación) _____________________  ___________________ 
 
35. ¿Cuán seguido usted lleva a cabo estos procedimientos?  
_______________________________________________ 
 
36. ¿Usted utiliza servicios veterinarios en su finca?  

a. Si (Si la respuesta es Sí, por favor continúe con la pregunta 37) 
b. No (Si la respuesta es No, proceda a la sección D) 

 
37. ¿Cuán seguido su veterinario atendió su finca durante los últimos 12 meses?  

a. 1 
b. 2 
c. 3 
d. 4 
e. 5 
f. >6 

 
Por favor indique las razones principales de la/s visita/s_________________________________. 
 
Sección D. Garrapatas e insecticidas (clase, método de aplicación, frecuencia, y temporada de 
aplicación) 
En esta sección, nos interesa conocer más sobre el uso de insecticidas en su finca.  
 
38. ¿Usted considera haber tenido o tener problemas con garrapatas?  

a. Sí 
b. No 

 
Por favor indique cuáles de los animales son los más afectados: __________________________ 
                                                 
26 Uso múltiple de agujas: la misma aguja es utilizada en varias vacas   
 

27 Uso sencillo de agujas: sólo una aguja es utilizada por vaca (se usa una sola vez)  
 

28 Uso múltiple de guantes de palpación: el mismo guante es utilizado en varias vacas  
 

29 Uso sencillo de guantes de palpación: solo un guante es utilizado por vaca (se usa una sola vez) 
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39. ¿Usted utiliza insecticidas en su finca?  
a. Sí (Si la respuesta es Sí, por favor continúe con la pregunta 40) 
b. No (Si la respuesta es No, proceda con la pregunta 49) 

 
40. ¿Cuál de las siguientes categorías mejor describe la clase de insecticidas utilizados en su 

finca? (CIRCULE LA LETRA DE TODAS LAS OPCIONES QUE APLIQUEN) 
a. Coumaphos (Co-Ral®) 
b. Crotoxyphos (Cio-Rid®) 
c. Formamidines: Amitraz (Taktic®) 
d. Synthetic pyretroid: Permethrin (Atroban®, Ectiban®, Permethrin®, Insectrin®)  
e. Avermectins: Ivermectin (Ivomec®) 
f. Synthetic pyretroid: Fenvalerate (Ectrin®) 
g. No uso  
h. Otro (por favor explique) ____________________  

 
41. ¿Cuál de las siguientes categorías mejor describe el método de aplicación mas comúnmente 

utilizado cuando aplica el amitraz? (CIRCULE LA LETRA DE TODAS LAS OPCIONES QUE 
APLIQUEN) 

a. Sumergir 
b. Baño de vacas - Roceador automático (estacionario) “TÚNEL” 
c. Fumigar - Roceador manual 
d. Pour-on “POSS” 
e. Inyectable 
f. Otro (por favor explique) ____________________ 
 

42. Por favor indique el nombre el equipo utilizado para aplicar el amitraz: _________________  
 
43. ¿Quién se encarga de aplicar el amitraz? 

a. Por cuenta propia 
b. Contrata personal privado 
c. Agente de gobierno 
d. Otro (por favor explique) _______________ 
 

44. ¿Usted ha participado en el programa de  certificación del Departamento de Agricultura de 
Puerto Rico del servicio de extensión agrícola titulado “Guías para el uso y aplicación de 
insecticidas”?  

a. Sí 
b. No 
c. No estaba al tanto del programa 

 
45. Si usted tiene que mezclar el amitraz para aplicarlo, ¿cuál de las siguientes categorías mejor 

describe la concentración (direcciones para la mezcla) del amitraz que usted utiliza 
actualmente? Por favor describa la proporción aproximada de amitraz a agua. 

a. ½:1 
b. 1:1 
c. 1:2 
d. 1:3 
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e. 1:4 
f. 1:5 
g. Otro (por favor explique) ____________________ 

 
______________ (pinta, onza, libras, gallones) por _________________ gallones (dron) of 

agua. 
 
46. Si utiliza baños de vaca o fumiga, indique que volumen es aplicado por vaca.  
__________________________________________ 
 
47. ¿Cuál de las siguientes categorías mejor describe la frecuencia con que usted aplica el 

amitraz?  
a. Cada 7 días 
b. Cada 14 días 
c. Cada 21 días 
d. Cada 30 días 
e. Cada 40 días 
f. Cada 50 días 
g. Más de 60 días 
h. Otro (por favor indique)________ 

 
48. ¿Cuál de las siguientes categorías mejor describe la temporada del año que más comúnmente 

el amitraz es aplicado? 
a. durante todo el año 
b. diciembre a abril (temporada seca) 
c. mayo a noviembre (temporada de lluvia) 
d. Otro (por favor explique) ____________________ 

 
49. ¿Cuál de las siguientes categorías mejor describe el problema que usted ha tenido o tiene con 

garrapatas? 
a. no es  problema 
b. mínimo 
c. moderado 
d. serio 

 
Sección E. Tratamientos: clase, método de aplicación, y frecuencia 
En esta sección, nos interesa conocer acerca de los medicamentos que usted utiliza para tratar la 
anaplasmosis y babesiosis en su finca.  
 
50. ¿Usted considera haber tenido o tener problemas con anaplasmosis bovina en su finca? 

a. Sí (Si la respuesta es Sí, por favor continúe con la pregunta 51) 
b. No (Si la respuesta es No, proceda a la pregunta 57) 
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51. ¿Cuáles son los síntomas más comunes de la anaplasmosis bovina observados en sus 
animales? Mencione los 3 síntomas más comunes.  

____________________ 
____________________ 
____________________ 
 
52. ¿Usted trata o ha tratado los casos de anaplasmosis? 

a. Sí 
b. No  

 
53. ¿Cuál de las siguientes categorías mejor describe la clase de tratamiento que usted utiliza? 

(CIRCULE LA LETRA DE TODAS LAS OPCIONES QUE APLIQUEN) 
a. oxytetracyclina de corta duración (50-100mg/ml) 
b. oxytetracyclina de larga duración (LA-200, 200mg/ml) “Liquamycin®” 
c. oxytetracyclina de larga duración (300 mg/ml) “Tetradure LA-300®” (Merial) 
d. chlortetracyclina en el alimento (oral) 
e. Otro (por favor explique) ____________________ 

 
54. Por favor indique la dosis de oxytetracyclina administrada a los animales afectados:  

      ______________________ cc/100libras de ___________________ 

                        cc                       total lbs  

      ó _____________________ 
           total cc’s 

                        
55. Por favor indique la ruta utilizada para administrar la oxytetracyclina en los animales 

afectados: 
a. Intravenoso (IV) 
b. Intramuscular (IM) 
c. Subcutáneo (SC) 
d. Otro (por favor explique) ____________________ 

 
56. Por favor indique cuán frecuente estos tratamientos son administrados (días): 

_____________________ 
 
57. ¿Usted considera haber tenido o tener problemas con babesiosis bovina en su finca? 

a. Sí (Si la respuesta es Sí, por favor continúe con la pregunta 58) 
b. No (Si la respuesta es No, proceda a la sección F) 

 
58. ¿Cuáles son los síntomas más comunes de la babesiosis bovina observados en sus animales? 

Mencione los 3 síntomas más comunes.  
____________________ 
____________________ 
____________________ 
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59. ¿Usted trata o ha tratado los casos de babesiosis? 
a. Sí  
b. No  

 
60. ¿Qué usted utiliza para tratar animales con babesiosis bovina? 
______________________________________________________________________________
______________________________________________________________________________ 
 
Sección F. Vacunas: clase, métodos de aplicación, frecuencia, y temporada  
En esta sección, nos interesa conocer más sobre los productos que usted utilice para vacunar sus 
animales contra anaplasmosis. 
 
61. ¿Usted vacuna sus animales contra la anaplasmosis?  

a. Sí (Si la respuesta es Sí, por favor continúe con la pregunta 62) 
b. No (Si la respuesta es No, proceda a la pregunta 67)  

 
62. ¿Cuáles son los animales que usted vacuna contra la anaplasmosis? 

a. Todos los animales en la finca 
b. Sólo los animales afectados 
c. Un grupo en específico (por favor indique) ____________________ 
d. Otro (por favor explique) ____________________ 

 
63. ¿Cuál vacuna es la más comúnmente utilizada en su finca? (CIRCULE LA LETRA DE TODAS 

LAS OPCIONES QUE APLIQUEN) 
a. Anaplaz® (killed) 
b. AM-VAXTM (killed) 
c. Plazvax (Malincro) 
d. COMBAVAC (modified live) 
e. Otro (por favor explique) ____________________ 

 
64. ¿Cuántas dosis son administradas por cada vaca? _______________________ 
 
65. ¿Cuántas veces son las dosis aplicadas por vaca?  

a. Cada dos semanas 
b. Cada mes 
c. Un mes sí y otro no 
d. Otro (por favor explique) ____________________ 
 

66. ¿Cuál de las siguientes categorías mejor describe la última vez que usted vacunó sus vacas 
contra la anaplasmosis?   

a. Hace seis meses 
b. Hace un año 
c. Hace dos años 
d. Hace tres años 
e. Hace más de cuatro años  
f. Otro (por favor explique) ____________________ 
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67. ¿Usted vacuna o ha vacunado sus animales en contra de la garrapata?  
a. Sí (Si la respuesta es Sí, por favor continúe con la pregunta 68) 
b. No (Si la respuesta es No, proceda a la sección G)  
 

68. ¿Qué marca o clase de vacuna contra las garrapatas usted utiliza o ha utilizado? (ejemplo: 
GAVAC) 

____________________ 
 
Sección G. Casos clínicos de anaplasmosis  o babesiosis bovina  durante el último año 
 
69. Por favor indique el número animales afectados por anaplasmosis o babesiosis bovina 

durante los últimos  12 meses (si no está seguro por favor indique el número total de casos): 
 
____________________ Casos de anaplasmosis 
____________________ Casos de babesiosis 
____________________ Total de casos 
 
70. De los casos en la pregunta 69, por favor indique el número de casos diagnosticados por 

análisis de laboratorio en los últimos 12 meses: ____________________ 
 
71. Por favor indique el número animales que se afectaron y sobrevivieron en  los últimos 12 

meses: ____________________.  
 
72. Por favor indique el número animales que se afectaron y murieron en los últimos 12 meses: 

____________________. 
 
73. Por favor indique el grupo de animales que fueron afectados: (CIRCULE LA LETRA DE TODAS 

LAS OPCIONES QUE APLIQUEN) 
a. Toros 
b. Vacas en ordeño y horras (mas de 2 años) 
c. Novillas (1 a 2 años) 
d. Becerros (menos de 1 año) 

 
74. De los animales afectados, cuántos fueron recientemente comprados de una fuente en Puerto 

Rico (que no sea su finca), importados, o nacidos y criados en su finca. Por favor indique el 
número aproximado de animales para cada categoría. 

 
Puerto Rico _________  Importados _________  Nacidos y criados en su finca __________ 
 
75. ¿Cuál de las siguientes categorías mejor describe el problema que usted tiene o ha tenido con 

la anaplasmosis o babesiosis bovina?  
a. no es problema 
b. mínimo 
c. moderado 
d. serio  

 
 



 

218 

Sección H. Moscas y control de moscas  
 
76. ¿Usted considera haber tenido o tener problemas con moscas en su finca? 
 

a. Si (Si la respuesta es Sí, por favor continúe con la pregunta 77) 
b. No (Si la respuesta es No, proceda a la sección I) 

 
77. Por favor indique el método de control de moscas (incluyendo nombre del insecticida) que 

usted utiliza en su finca. _________________________ 
 
78. ¿Cuál de las siguientes categorías mejor describe el problema que usted tiene o ha tenido con 

las moscas?  
a. no es problema 
b. mínimo 
c. moderado 
d. serio  

 
Gracias por participar en nuestra investigación.  Sus contestaciones serán de mucha ayuda para 
evaluar las necesidades, diseños y realización de nuevos programas para el control de la 
anaplasmosis, babesiosis, y las garrapatas en Puerto Rico.  Una vez más, quiero recordarle que 
este cuestionario estará bajo estricta confidencialidad y su información personal no será 
divulgada, sólo las estadísticas generales resultantes serán utilizadas para publicaciones 
científicas y la tesis de mi estudio. 
 
Sección I.  Información del entrevistado y evaluación del cuestionario  
Nos interesa enviarles sus resultados y las estadísticas generales de esta investigación una vez 
sea analizada. Por favor proceda a llenar la siguiente información.  Esta forma será separada del 
resto del cuestionario y sólo se utilizará para contactarlo con los resultados finales obtenido de 
los análisis. 
 
79. Nombre del ganadero: ________________________________________________________ 
 
80. Dirección del ganadero:   
______________________________________________________________________________
______________________________________________________________________________ 
 
81. Dirección de la finca:  
______________________________________________________________________________
______________________________________________________________________________ 
 
82. Número de teléfono: _________________________________________________________ 
 
83. Fax: ______________________________________________________________________  
 
84. E-Mail: ____________________________________________________________________ 
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85. Nombre del veterinario a cargo: ________________________________________________ 
 
86. Nombre de la persona encargada:________________________________________________ 
  
87. Nombre del entrevistado: ______________________________________________________ 
 
88. En general, ¿cómo usted cataloga este cuestionario en términos de conceptos, claridad, y 

propósito?  
a. Pobre 
b. Justo 
c. Bueno 
d. Excellente 
e. Sin opinión 

 
89. Por favor siéntese libre de indicar algún comentario adicional que usted tenga respecto a los 

temas presentados en este cuestionario.  
______________________________________________________________________________
______________________________________________________________________________ 
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APPENDIX C 
TICK SURVEY 

Today's Date:  _____________________                                     Collection Site No. or Farm No.________________ 
           

                              Collector’s Name: __________________________ 
 

University of Florida, College of Veterinary Medicine, Large Animal Clinical Sciences 
Spatial Epidemiology of Bovine Anaplasmosis and Babesiosis among Dairy Cattle 

in Puerto Rico®,  
FORM D: TICK SAMPLE COLLECTIONS 

 
Time beginning of collection: Time end of collection: 

 
 
 

Sunrise Time: 
 
 

Sunset Time: Day Length  

Within-site observation 
 
 

Edge observation Vantage observation 

 
GPS MEASUREMENTS (GPS Unit Garmin Etrex Legend) 
 
Units sets at UTM Zone 19 Q (Position Format: UTM UPS, Map Datum: WGS 84, distance: metric, elevation: feet, vertical 
speed: ft/min, depth: metric)  
 
UTM Northing (X):  ____________________ UTM Easting (Y): ______________________ 

  
Accuracy:  _______________________ meters  Number of Satellites: ___________________ 
 
Elevation:  _______________________ feet above sea level   
 
ANEMOMETER MEASUREMENTS 
 
Wind Speed MAX:  _______________mph  Wind Chill30: ______________________F 

  
Wind Speed AVG:  _______________ mph  Relative Humidity: ________________% 
 
Temperature:    _______________ F  Heat Index31: ______________________ 
 
Dew Point Temp32: ___________________F 

                                                 
30 How cold it feels given the combined effects of the actual air temperature and the wind speed. 
 

31 How hot it feels when the effects of relative humidity are combined with the actual air temperature. 
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LANDSCAPE TOPOGRAPHY AND CHARACTERISTICS 
 
Location of Plot (circle one):  Ridge   Slope   Flat 
 
                                                  
Steepness of Slope:  0◦ 
 
 
 
 
 
 
 45◦ 
 
 
                                                                      90◦ 
 
Ground Cover Estimate:  _____________% Herbaceous  _____________% other 
     

_____________% Litter   _____________% crop 
     

_____________% Soil 
     

_____________% Rock 
 
Main landcover type:  grassland      shrubs and bushes   forest  matorral 
 
Trees Present:    Yes No     Where? ________________________________ 
 
Average Grass Height: 
 
Presence of shade:  Yes  No 
 
Canopy cover over the sample site (percentage):   

 
0 % (none) ---------------------------------------------------------------------------------------100% (fully covered by trees) 
 
 
Cloud Cover:  
 
0 % (no clouds, blue sky) --------------------------------------------------------100% (fully covered by clouds, no blue) 
 
 
 
 
 
 
 

                                                                                                                                                             
32 Temperature to which the air must be cooled to observe liquid condensation, or dew, at high RH DP is only a little 
lower than T, at low RH DP is markedly low than T. 
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Type of Grass (See drawings below): 
 

Yerba Guinea/Urochloa maxima/Guinea Grass       
Yerba Alfombra/ Axonopus compressus/Carpet Grass 

 
 
 
 

Yerba Pangola/Digitaria eriantha/Pangola 
grass 

 
Yerba Elefante, Napier Pennisetum 

purpureum/Elephant grass 

http://www.hear.org/starr/hiplants/images/hires/html/starr_020225_9003_axonopus_compressus.htm
http://www.hear.org/starr/hiplants/images/hires/html/starr_020225_9003_axonopus_compressus.htm
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Yerba Signal/Urochloa brizantha/Signal 

grass 

 
Yerba Estrella Cynodon nlemfuensis var. 

robusta/Star Grass 

Yerba “Buffel”/Pennisetum ciliaris/Buffel 
grass 

 
Pajón/Dicanthium annulatum/Angleton grass 
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Pata de gallina/Eleusine indica/Goose grass 
 

 
 
 
 

Yerba venezolana/Paspalum fasciculatum 

 
 

Yerba Huracan/ Bothriochloa pertusa 
 

 
 
 
 
 
 
 
 
 
 
 

http://images.google.com.pr/imgres?imgurl=http://www.rdi.ku.ac.th/troprice_th/html/p124.jpg&imgrefurl=http://www.rdi.ku.ac.th/troprice_th/html/w-eleu-indica.htm&h=270&w=400&sz=21&tbnid=uyxZQ4YvSg4J:&tbnh=81&tbnw=120&hl=es&start=8&prev=/images%3Fq%3Deleusine%2Bindica%26svnum%3D10%26hl%3Des%26lr%3D%26sa%3DN
http://images.google.com.pr/imgres?imgurl=http://www.csdl.tamu.edu/FLORA/taes/tracy/610/infl/bothriochloa_pertusa_i.jpg&imgrefurl=http://www.csdl.tamu.edu/FLORA/ftc/dft/imatxpoa.htm&h=554&w=435&sz=175&tbnid=xZkaTwIOktoJ:&tbnh=130&tbnw=102&hl=es&start=1&prev=/images%3Fq%3Dbothriochloa%2Bpertusa%26svnum%3D10%26hl%3Des%26lr%3D
http://plants.usda.gov/cgi_bin/large_image_rpt.cgi?imageID=bope2_001_ahp.tif
http://images.google.com.pr/imgres?imgurl=http://www.rdi.ku.ac.th/troprice_th/html/p124.jpg&imgrefurl=http://www.rdi.ku.ac.th/troprice_th/html/w-eleu-indica.htm&h=270&w=400&sz=21&tbnid=uyxZQ4YvSg4J:&tbnh=81&tbnw=120&hl=es&start=8&prev=/images%3Fq%3Deleusine%2Bindica%26svnum%3D10%26hl%3Des%26lr%3D%26sa%3DN
http://images.google.com.pr/imgres?imgurl=http://www.csdl.tamu.edu/FLORA/taes/tracy/610/infl/bothriochloa_pertusa_i.jpg&imgrefurl=http://www.csdl.tamu.edu/FLORA/ftc/dft/imatxpoa.htm&h=554&w=435&sz=175&tbnid=xZkaTwIOktoJ:&tbnh=130&tbnw=102&hl=es&start=1&prev=/images%3Fq%3Dbothriochloa%2Bpertusa%26svnum%3D10%26hl%3Des%26lr%3D
http://plants.usda.gov/cgi_bin/large_image_rpt.cgi?imageID=bope2_001_ahp.tif
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GENERAL DIAGRAM OF SAMPLE SITE (include landmarks, north arrow, scale bar, and yourself) 
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TICK NUMBER AND SPECIES 
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