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Abstract: The integrated control of East Coast fever (ECF) by early diagnosis and treatment involving
acquired immunity induced by natural infection in Ankole cattle was assessed. A longitudinal study
was carried out in Kiruhura district, southwestern Uganda for six months on 244 Ankole breed of
cattle from 18 herds under natural tick challenge and relaxed tick control measures. Calves aged
three to six months old were recruited and monitored daily by farmers for detection of ECF clinical
symptoms. The reported sick animals were treated using Buparvaquone and treatment outcome
determined. Monthly follow-ups and blood collections were done to monitor ECF status. Blood was
analyzed for Theileria parva parasites by microscopy, DNA by polymerase chain reaction (PCR) and
antibodies by enzyme-linked immunosorbent assay (ELISA). The overall prevalence of ECF clinical
disease within six months period was 30.3% (74). The major symptoms of early clinical ECF disease
were fever and enlarged parotid or prescapular lymph nodes. Clinical cases were categorized as mild,
24% (18) or moderate, 76% (56). There was an overall recovery rate of 100% (74) of the ECF cases
whereby 94.6% (70) recovered promptly and 5.4% (4) recovered slowly. Based on blood analysis,
prevalence of ECF at baseline was 3.7% (9) by microscopy, 31.1% (76) by PCR and 38.1% (93) by
ELISA. A significant increase (p < 0.05) was shown by the increased number of calves with T. parva
specific antibodies in the sera from 38.1% at baseline to 68.8% after six months. High antibody levels
(positive percentage ≥ 50%) were detected in all ECF-treated and recovered calves at the end of six
months. The acquired immunity to ECF was high in treated and recovered cattle, indicating that
natural exposure to infection, accurate early diagnosis and effective treatment enhance development
of immune-protection in indigenous cattle in an endemic area. The prominent early clinical symptoms
for ECF could be exploited in the development of decision support tools for chemotherapy and other
integrated control measures.

Keywords: Theileria parva; early diagnosis and treatment

1. Introduction

Tick-borne diseases such as theilerioses that are endemic in large parts of the tropical
and sub-tropical regions of the developing world are ranked high in terms of their impact on
the livelihood of resource poor cattle farming communities. East Coast fever (ECF), which
is caused by the intracellular protozoan parasite, T. parva, is a devastating tick-borne disease
of cattle in eastern, central and southern Africa. The parasite induces a lymphoproliferative
syndrome, resulting in rapid deaths in susceptible animals. The disease was estimated to
be responsible for US$170 million of economic loss annually [1], and approximately one
million cattle die of ECF each year. It is particularly severe in exotic (Bos taurus) cattle, but
it also causes high mortality in young Ankole or Zebu (Bos indicus) cattle in pastoralist or

Pathogens 2023, 12, 115. https://doi.org/10.3390/pathogens12010115 https://www.mdpi.com/journal/pathogens

https://doi.org/10.3390/pathogens12010115
https://doi.org/10.3390/pathogens12010115
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/pathogens
https://www.mdpi.com
https://orcid.org/0000-0001-9261-7515
https://doi.org/10.3390/pathogens12010115
https://www.mdpi.com/journal/pathogens
https://www.mdpi.com/article/10.3390/pathogens12010115?type=check_update&version=2


Pathogens 2023, 12, 115 2 of 11

extensive farming systems. Currently, ECF is controlled primarily through limiting T. parva
infection with the tick vector, Rhipicephalus appendiculatus, (R. appendiculatus) using chemical
acaricides. However, this method has major drawbacks, including the development of
resistance by ticks, food-safety concerns and environmental contamination resulting from
toxic residues [2].

After nearly a century of acaricide utilization, it is widely believed that acaricides alone
do not provide a sustainable solution to tick- and tick-borne disease (T&TBDs) control [3].
Chemical acaricides, treatment of infected cattle using therapeutic drugs (Buparvaquone
and Parvaquone), grazing management (burning of tick breeding sites and zero-grazing),
and cross-breeding are the primary methods of ECF control [4–6]. However, these methods
are neither very effective nor sustainable. The consistent use of acaricides is generally too
costly for smallholder cattle keepers [4] and is unsustainable because of the increasing drug
resistance in the targeted ticks [7]. Treating sick animals using therapeutic drugs is often
ineffective, as the method has to be done in the early stages of infection [8]. In most cases,
calves that recover from the disease remain stunted, and are carriers of ECF parasites [3].
Besides, ECF treatment drugs are also generally too costly for smallholder farmers [9].

Apparently, a highly effective ‘infection and treatment method’(ITM) live vaccine,
“Muguga Cocktail”, based on the injection of a potentially lethal dose of sporozoites
together with a long-acting dose of tetracycline has long been commercially available for
control of ECF. Despite its efficacy, the ITM has historically been used only on a limited
scale because of logistical and policy constraints. This vaccine, therefore, has not been used
in some countries where the disease is endemic. In Uganda, the vaccine is not officially
registered by National Drug Authority (NDA) although, two veterinary drug pharmacies
have been licensed to import and supply the vaccine and it is used irregularly and at a very
low rate (less than 5%) by private commercial cattle farmers with exotic dairy cattle that
are very productive but very susceptible to ECF. The vaccine is also not cost-effective for
farmers with indigenous cattle breeds (approximately USD 15/animal/dose). Additionally,
the vaccine was developed several decades ago and produced by costly methods that could
not attract manufacturers to target the low resource markets.

It is known that effective and rational treatment of ECF requires early and accurate
diagnosis. Apart from acaricide application, the second line of ECF control is diagnosis and
treatment of infected animals. For treatment to be effective, diagnosis must be done early
when parasites are still few and this requires sensitive and specific diagnostic techniques.
However, diagnosis of ECF in the field to date depends mainly on the detection of parasites
in Giemsa-stained blood smears, which may not be a true indicator of clinical ECF. This is
particularly common in ECF-endemic areas in which the detection of parasites not only
indicates an active infection but may also indicate either a slow proliferation of macro-
schizont-infected lymphocyte or a carrier state of the animal [10]. Thus, diagnosis of ECF
cases in such areas may be confusing, unrealistic, and even not practical. Animals which
recover from ECF have a long-lasting protection against virulent homologous challenge
and the level of protection is not related to the severity of the initial reaction. In an ECF
endemic area with indigenous cattle breeds, the maternally inherited antibodies decay
at around three months of age. Thus, weaning at three to four months exposes calves
to infection when they co-graze with the dams, when they are highly susceptible to ECF.
This results in high mortality which decreases when the antibody levels increase after
exposure to infection. This study assessed impact of early diagnosis and early treatment in
the integrated control of East Coast fever (ECF) involving acquired immunity induced by
natural infection in Ankole cattle.

2. Materials and Methods
2.1. Study Sites and Animals

The study was conducted in two sub-counties (Sanga and Kikatsi) in Kiruhura District
in south-western Uganda (Figure 1). Eighteen (18) cattle farms were purposively selected
based on the extensive animal management practices with or without paddocks and history
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of occurrence of T&TBDs. Nine (9) farms were selected from each of the two study sub-
counties. Each of the selected farms had a minimum of 100 cattle to be able to select at least
13 calves for the study. The study period included a wet and dry season (August, 2020
to January, 2021). Animals used were the Ankole breed of cattle (3–6 months old; males
and females). At the beginning of the study, 244 calves were recruited and ear-tagged
for subsequent identification purposes. The calves from each study farm were randomly
selected with the consent of the animal owners. A large number of animals (244) were
recruited into the study to determine ECF prevalence, efficiency of early diagnosis and early
treatment of ECF and also cater for animals that could not be followed up for consecutive
six months due to non-compliance by farmers, animal deaths or loss.

Figure 1. Location Map of the Study Areas. To the left is the map of Uganda with location of Kiruhura
district and to the right is an extract of the map of Kiruhura district indicating Sanga and Kikatsi
sub-counties study locations. The maps were obtained courtesy of Uganda Bureau of Statistics and
then modified.

2.2. Study Design

Prior to the commencement of the study, district local council (LC) leaders including
the District Veterinary Officer (DVO) and farmers with Ankole cattle that are kept under
extensive management systems were informed about the study to assess the ECF early
diagnosis and early treatment performance and its benefits. It was a longitudinal and case
study design whereby the Ankole breed of cattle calves (3–6 months old) that were recruited
in the study were monitored daily by the farmers for clinical ECF case detection and further
assessed for treatment outcome. Questionnaires were administered to assess farmer and
farm characteristics in relation to farm management and ECF control by chemotherapy, tick
control using acaricides and/or other approaches. Farmers were trained by the study team
members and assigned to monitor the study calves for clinical symptoms of ECF throughout
the study period. The calves that were tentatively diagnosed as ECF-positive based on
clinical symptoms were reported to the field veterinary officers who confirmed that they are
ECF clinical cases and immediately treated them using the curative drug, Buparvaquone
(ButalexR). The treated ECF sick animals were further monitored by the farmers and
field veterinary officers over 10 days to evaluate the treatment outcome. Recovered cattle
were also assessed further for 14 days post-recovery for incidence of re-occurrence of
ECF disease.

Cattle were monitored and sampled at monthly intervals by the study team members
to determine the ECF clinical status, parasitemia, antibodies and parasite DNA. Three
to four milliliters (3–4 mL) of blood was collected from the jugular vein of each animal
into EDTA vacutainer tubes for genomic DNA extraction, thin blood smear preparation
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and packed cell volume (PCV) determination. Similarly, blood was also collected in
plain vacutainer tubes for sera recovery for the subsequent T. parva antibody detection by
ELISA [11,12]. The blood was screened parasitologically by microscopy and molecularly
by PCR for T. parva infections once a month for six consecutive months. Additionally,
serological analysis for T. parva antibody detection was assessed twice during the study
(baseline and end of six months).

2.3. Clinical Diagnosis and Treatment of East Coast Fever Cases

A calf was suspected to be an ECF clinical case based on the following symptoms:
enlargement of superficial lymph nodes (particularly the parotid and/or pre-scapular),
high body (rectal) temperature/fever (≥39.5 ◦C), dullness and respiratory distress [13].
Participating farmers were trained to identify and record these symptoms as soon as
they were observed and to immediately inform the field veterinary officers. Animals
that were confirmed to have ECF by the veterinary officer were treated using Bupar-
vaquone (Butalexâ, Pitman-Moore). The drug was administered intramuscularly in the
neck region at a dose rate of 2.5 mg/kg body weight (as per manufacturer’s recommen-
dations) and repeated at the same dosage after 48 h. Treated animals were monitored for
24 days to assess treatment outcome or re-occurrence of disease. The severity of the disease
at the time of treatment was categorized based on the criteria set for ECF clinical reac-
tions (mild, moderate or severe) [13]. Responses to treatment were recorded according to
Matovelo et al. [13] as prompt/rapid, slow/sluggish, or dead. A “prompt” response was
recorded when animal showed marked clinical improvement by reduction of rectal temper-
ature by 1 ◦C within 48 h after the first dose of treatment. A “slow” or “sluggish” response
was recorded when treated animals did not show a marked clinical improvement (decrease
in body temperature of <1 ◦C) within 48 h post-initial treatment. The category “dead” could
have been used if the animal died within the 24 days follow-up period with detection of
T. parva parasites in either lymphocytes or erythrocytes and DNA by PCR plus the lesions
suggestive of ECF at post-mortem.

2.4. Hematocrit/Packed Cell Volume (PCV) Analysis

The hematocrit or PCV determines the percentage of red blood cells (RBCs) in whole
blood. Hematocrit determinations were manually performed by the microhematocrit
method. The capillary tube was filled to the level of two-thirds to three-quarters full with
well-mixed, EDTA venous blood. One end of the tube was sealed with plasticine. The filled
tube was placed in the microhematocrit centrifuge, with the plugged end away from the
center of the centrifuge. Centrifugation was done at a preset speed of 10,000 revolutions
per minute (rpm) for 5 min. The tube was placed in the manual microhematocrit reader
and read by following the manufacturer’s instructions on the microhematocrit reading
device. When hematocrit determinations were below normal (<24%), medical conditions
such as anemia and leukemia may be present. Above-normal (>48% in cattle) hematocrit
determinations indicate medical conditions like dehydration.

2.5. Parasitological Analysis by Microscopy

Thin blood smears were prepared using a thin drop of well mixed EDTA blood and
left to air dry at room temperature. The smears were fixed in absolute methanol for
5 min, air-dried, placed in 10% Giemsa’s stain for 30 min, the stain washed off using tap
water and left to air-dry. In total, 200 fields of each smear were examined at 1000× magnifi-
cation using a light microscope. Smears were assessed for piroplasm parasitemia. They
were scored as either negative or positive and expressed in percentages for expression of
disease prevalence.

2.6. Blood Sample Storage and Preparation for Molecular Analysis

Whole blood samples for molecular analysis were transported on ice in a cool box from
the field and stored at −20 ◦C in the Molecular Biology Laboratory (MOBILA), COVAB,
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Makerere University to ensure DNA preservation. They were subsequently used for DNA
extraction and molecular analysis in the same laboratory.

2.7. Genomic DNA Extraction from Whole Blood

Blood was processed for DNA extraction as described by Conrad et al., [14]. Briefly,
200 µL of thawed blood was washed three times in 0.5 mL phosphate buffered saline
(PBS) (pH 7.4) in a 1.5 mL Eppendorf tube by centrifugation at 16000 g for 5 min. The cell
pellet was re-suspended in 100 µL of lysis mixture (10 mM Tris-HCl, pH 8.0), 50 mM KCl,
0.5% Tween 20, 100 µg/mL of proteinase K) followed by overnight incubation at 56 ◦C.
The mixture was then boiled for 10 min to inactivate proteinase K and centrifuged for
5 min. The supernatant (50 µL) containing DNA was aliquoted into clean tube and stored
at −20 ◦C until use.

2.8. The p104 Gene-Based PCR Screening of T. parva-Infections

The extracted genomic DNA was used for T. parva parasite detection. Nested PCR for
an invariable region of the p104 gene (nPCRp104) was used to screen blood samples for pres-
ence of T. parva DNA as described by Odongo et al. [15]. The method generates a 496 bp frag-
ment using forward and reverse primers IL3231 (5′-ATTTAAGGAACCTGACGTGACTGC-
3′) and IL755 (5′-TAAGATGCCGACTATTAATGACACC-3′), respectively [16], in the first re-
action. The secondary PCR uses forward and reverse primers 5′-GGCCAAGGTCTCCTTCA
GATTACG-3′ and 5′-gTGGGTGTGTTTCCTCGTCATCTGC-3′, respectively to amplify a
277 bp internal fragment located between bases 2784 and 3061 of the p104 gene. Five
microliters (5 µL) of genomic DNA template was used in the primary PCR while 1 µL of
template (product of the primary PCR) was used for the secondary PCR. The amplification
was carried out in a 25 µL reaction volume containing 1× DreamTaq Green PCR master
mix (Thermo Scientific), 50 ng of each of the specific primers (Eurofins). The cycling condi-
tions were initial denaturation at 95 ◦C for 5 min, followed by 35 cycles of denaturation at
95 ◦C for 1 min, annealing at 58 ◦C for 1 min and extension at 72 ◦C for 1 min then a final
extension at 72 ◦C for 7 min before cooling at 4 ◦C. For the secondary PCR, the mixture
components and cycling conditions were similar as the primary PCR except the annealing
temperature was 55 ◦C for 1 min and 30 cycles were performed. Five microliters of the PCR
products were separated on 2% agarose gels in Tris-acetate–EDTA (TAE) buffer containing
0.5 µg/mL ethidium bromide. The DNA bands were visualized in an UV light box and
photographed. The PCR thermocycler used throughout the study was the GenAmp® while
the BIORAD power pacTM was used for agarose gel electrophoresis. Double distilled
water was used as a negative control whereas T. parva (Muguga strain from International
Livestock Research Institute (ILRI), Kenya) was used as positive control.

2.9. Serological Analysis by ELISA

Detection of serum antibodies to T. parva was carried out using ELISA as described
by Katende et al. [12]. Antibody levels to T. parva were determined at two time points at
baseline and end of the study. Serum samples were assayed for antibodies to T. parva by
ELISA using recombinant polymorphic immunodominant molecule (PIM) as the antigen.
The test was done at ILRI, Kenya. The Optical density (OD) readings for test sera were
expressed as percentage positivity (PP) and calculated by OD (test serum)/OD (positive
(+ve) control serum)× 100 and PP≥ 20% was considered as positive for T. parva antibodies.

2.10. Data Analysis

Data included farmer and farm characteristics obtained by questionnaire survey,
Farmers’ and field veterinary officers’ records indicated ECF symptoms (swollen superficial
lymph nodes, high rectal temperature/fever, dullness and respiratory distress/labored
breathing) and treatment outcomes. Laboratory records indicated presence or absence of
T. parva infections by PCR and antibody titers were determined by ELISA. Data were
analyzed by STATISTIX 7 computer software using descriptive statistics. The percentages
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of ECF occurrence that were detected by each method were analyzed. Confirmation
of positive clinical ECF cases was based on parasitological and molecular analyses by
microscopy and PCR, respectively. The recovery rates of treated animals were determined.
Efficacy of the study strategy for ECF control was determined and its relevance as an
alternative and farmer-friendly method of immunizing cattle was assessed.

3. Results

This section has been divided by subheadings. It provides a concise and precise
description of the experimental results, their interpretation, as well as the experimental
conclusions that can be drawn.

3.1. Farmer and Farm Characteristics

This study involved a total of 18 households/farms from two sub counties of Sanga (9)
and Kikatsi (9) in Kiruhura district. The percentage of households with cattle, goats, sheep
and poultry were 100%, 50%, 17% and 39%, respectively. The farmers’ socio-demographic
data and farm characteristics are shown in Table 1.

Table 1. Farmer socio-demographic data and farm characteristics.

Demographic Characteristics Category Frequency (%)

Age (years) <40 17.6
40–59 58.8
>59 23.5

Marital status Married 88.9
Not-married 11.1

Education level Non-formal 11.1
Primary 38.9

Secondary 11.1
Tertiary 38.9

Occupation Employed 5.6
Livestock 94.4

Cattle keeping period (years) 5–10 11.1
10–20 50.0
>20 38.9

Cattle system management Semi-intensive 17.9
Extensive 82.4

3.2. Symptoms and Responses to East Coast Fever Treatment

The number of calves that were diagnosed as ECF clinical cases based on farmer-
recognizable symptoms within six months study period was 74 (30.3%). The presentations
of symptoms varied from one animal to another, ranging from mild to moderate reactions
(Table 2). Febrile reaction (high rectal temperature) and lymph node enlargement were
the prominent clinical signs in early ECF cases. The other known signs of dullness and/or
respiratory distress were not reported by the farmers; however, dullness was observed
by the field Veterinary Officers in a few animals (seven) prior to treatment. None of the
observed and reported clinical cases showed severe signs. The treatment outcomes were
based on fever/rectal temperature assessment. There was an overall recovery rate of 100%
(74), whereby 70 (94.6%) showed rapid or prompt response to treatment and four (5.4%)
showed slow/sluggish recovery. Of all animals, 18 (100%) with mild clinical symptoms
recovered promptly and the majority 52 (92.9%) of moderate clinical disease category also
showed prompt recovery (Table 2).
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Table 2. Response to ECF treatment in relation to clinical category before treatment.

ECF Clinical
Category

Response to Anti-Theilerial Treatment
Total (%)

Prompt/Rapid Slow/Sluggish

Mild 18 (100%) 0 (0%) 18 (24.3%)
Moderate 52 (92.9%) 4 (7.1%) 56 (75.7%)
Total (%) 70 (94.6%) 4 (5.4%) 74 (100)

3.3. Hematocrit (Packed Cell Volume) Analysis

Packed cell volume (PCV) readings below 24% are considered as indicators of anemia
in cattle. All the PCV values obtained during the six months monitoring study period were
in the 28–40% range which is within the normal range (24–46%) for cattle.

3.4. Prevalence of East Coast Fever Based on Laboratory Analyses

Thin blood smears from a total of 244 cattle at baseline that were examined for the
presence of T. parva parasites using a light microscope identified nine (3.7%) animals as
positive for ECF infection (Table 3) All positive results were obtained in blood samples
from ECF symptomatic calves. However, during the six months follow-up period, more
calves (94) showed parasites in blood and these included both ECF symptomatic (74) and
asymptomatic (20). Out of the 94 cumulative (6 months period) microscopically detected
cases, 51 (54.3%) were T. parva mono-infections, while 43 (45.7%) samples were T. parva and
Anaplasma marginale mixed infections.

Table 3. East Coast Fever prevalence and comparative analysis of microscopy, PCR and ELISA results
at baseline.

Number of Positive Samples Microscopy PCR ELISA

ECF prevalence 9 (3.7%) 76 (31.1%) 93 (38.1%)
Concordant

9 samples Positive Positive Positive
Discordant

67 samples Negative Positive Positive
17 samples Negative Negative Positive

NB: All the positive samples by microscopy were also positive by PCR and ELISA. Similarly, all positive samples
by PCR were positive by ELISA.

At baseline, nPCR analysis for T. parva p104 gene revealed 76 (31.1%) positive samples
for parasite DNA (Table 3). All the samples that were positive by microscopy were also
positive by PCR. The latter was approximately 10 times more sensitive than microscopy.
More T. parva positive samples, 157 (64.3%) were detected by nPCR at the end of the
six-month study period.

The ELISA findings at baseline revealed 93 (38.1%) positive sera for T. parva antibodies
(Table 3). All the positive samples by either microscopy or PCR were also positive by ELISA
with some samples that were parasite negative by microscopy and PCR being positive by
ELISA. The prevalence of ECF by PCR and ELISA were in the same range but significantly
higher than microscopy data. At the end of the six months follow up period, all the treated
and recovered cattle 74 (100%) showed high levels of antibodies (PP > 50%). At end of
study, the sero-prevalence was approximately double (68.8%), which was significantly
higher (p < 0.05) than that at baseline (38.1%) (Table 3).

3.5. East Coast Fever Re-Occurrence and Mortality

Calves (74) that recovered from ECF showed resistance to subsequent field disease
challenge as none of ECF-treated cattle had a second disease episode at different time points
and no fatal cases were recorded during the 6-month follow-up study period.
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4. Discussion

The effectiveness of early treatment of natural ECF cases as a method of protecting
cattle against the disease was determined by exploring the efficiency of early detection
by farmer-recognizable symptoms and immediate treatment. The integrated control of
ECF by early diagnosis and treatment involving acquired immunity induced by natural
infection in Ankole cattle showed good ECF control management. All the diagnosed ECF
cases recovered after treatment with the anti-theilerial drug Buparvaquine, which indicated
that in endemic areas, the diagnosis of ECF based on symptoms can be a reliable diagnostic
marker. Appropriate recovery from clinical disease leads to ECF carrier status which
could be contributing to attaining and improving endemic stability in endemic areas in
indigenous cattle breeds that are less susceptible to ECF. Early diagnosis and early treatment
resulted into direct protection among the treated calves. Consequently, implementation of
early diagnosis and early treatment of ECF is essential to keep the disease under control.
However, the curative drug (Buparvaquine) is very expensive, which makes farmers opt
for cheap drugs such as Oxytetracycline, which are less effective.

All the cattle 74 (100%) that were symptomatically diagnosed as ECF cases recovered
after treatment with the anti-theilerial drug, Buparvaquine. Results from ECF treatment
outcome analysis revealed that chemotherapy using early ECF symptomatic detection by
farmers prevented deaths due to ECF. Early treatment leads to recovery from ECF but the
animal attains a carrier status which elicits the immune system to produce antibodies that
are protective. The recovery of all the early detected ECF cases suggests that in endemic
areas, the diagnosis of ECF based on clinical symptoms can be a reliable diagnostic tool.
A key feature of infections with Theileria parasites on the other hand is their ability to
establish persistent infections in the face of immune responses that control the infection.
In the case of T. parva and T. annulata, persistent infections (referred to as the carrier state)
are usually not detectable microscopically but can be revealed by PCR assays and can be
transmitted by ticks [16].

Anemia, which is best measured by PCV, is one of the key-indicators of poor health
status of an individual. The PCV values within the normal range (24–48%) detected in ECF
infected cases in this study can be explained by the fact that ECF does not cause anemia
in its pathogenesis and furthermore, it can be explained by the abundant pasture land for
the available herds at the time of the study which provided good nutrition to boost the
animal’s immune system.

Blood samples were analyzed for comparative ECF diagnosis using microscopy, PCR
and ELISA. Microscopy was used because it is the standard practical method for ECF
diagnosis but it has the disadvantages of poor sensitivity and specificity, especially during
low parasitemia. However, it is often difficult to distinguish between parasite species. This
study also revealed that blood smear examination is not useful in the diagnosis of ECF at
early stages and should not be used as a sole means of defining ECF case in the absence
of clinical data. Failure to detect parasites in some ECF cases, which had symptoms, may
be viewed as a source of error in diagnosing ECF, especially in early stages of the disease,
when parasites are still within the lymph nodes and/or only a few red blood cells (RBCs)
are infected. In this respect, use of alternative methods with higher sensitivity, like PCR,
may improve the detection of such parasites, especially when screening a high number of
samples [17]. However, the progressive increase of piroplasm parasitemia at the end of the
six months study follow-up period indicated the role of blood smears in defining carrier
status of animals, which is particularly common in endemically stable areas where most
recovered animals become carriers of parasites and reveal parasites in blood even without
clinical disease [3,18].

The PCR was able to detect T. parva DNA in all the 74 (100%) symptomatic ECF
cases. This molecular method is recognized as the most sensitive and specific method
of all diagnostic tests for ECF that are currently available [15]. However, nPCR has the
disadvantage of being time-consuming and having many steps in the diagnostic procedure.
Furthermore, it is expensive because of complex equipment needed to run the PCR assay.
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These disadvantages prevent the implementation of nPCR as an alternative diagnostic
test in poor countries and remote areas where ECF is mainly distributed. Thus, the use of
alternative methods with higher sensitivity, like Loop Mediated Isothermal Amplification
(LAMP), may improve the detection of parasites, especially when screening a large number
of samples [15,18].

The data for the antibody response were presented as percentage positivity (PP)
whereby values ≥ 20% are considered as positive for ECF. The antibody response, however,
is merely an indication that the animal has recognized the presence of T. parva antigens either
during the immunization or from field tick/parasite challenge. There was a significant
increase (p < 0.05) in numbers of animals that were positive by ELISA from 38.1% at baseline
to 68.8% after 6 months of follow-up period and the antibody levels were detected in all the
treated and recovered animals 74 (100%). The anti T. parva antibody responses generated
were due to exposure to field parasites as none of the study animals had been vaccinated
using ITM. Some of the sera from clinically healthy cattle showed sero-conversion to
T. parva antigens indicating the prevalence and endemicity of ECF in the study area. The
majority of study animals in all farms indicated an increase in the antibodies generated
during the six-month follow-up period. The fact that all ECF clinically detected cattle were
reported to have high antibody titers (PP ≥ 50%) at the end of the study suggests that
treatment and recovery was an effective method of protecting cattle by sero-conversion.
Similarly, some study animals that were also not clinically detected were sero-positive
at the end of the study indicating a carrier status and disease endemicity in the study
area. Similar studies in Tanzania showed the increased antibody levels in the treated and
recovered Zebu calves [13].

Correlation between occurrence of specific antibodies to T. parva and degree of resis-
tance to ECF have been previously described [19]. Similarly, other studies on the immunol-
ogy of T. parva infections and the application of molecular tools led to the conclusion that
sera of recovered animals neutralize sporozoites of various isolates [20]. The ELISA has
been estimated to have a sensitivity of 99% and a specificity of 94% and 98% [11]. It is
also known that cattle that recover from ECF either naturally or after treatment acquire
resistance against subsequent similar parasite challenges. The protection that is induced
is life-long, provided a constant parasite challenge occurs through repeated tick feeding.
However, the acquired protection is not passed on to the calves in the colostrum. Thus,
calves borne by immune cows are fully susceptible to ECF and this was the target age group
for this study and clinical ECF was observed in the calves. Treatment by anti-theilerial
drugs is therefore essential in the management and control of ECF in endemic areas in
young calves that co-graze with the dams post-weaning. The absence of disease recurrences
and ECF mortalities in calves during the follow-up period in the present study is clearly
indicative of treatment efficacy and protective immunity. We, therefore, confirm the value
of ECF clinically made diagnosis and recommend that early diagnosis and early treatment
should be considered as an integral approach for the routine management of ECF since it is
feasible and can serve as an alternative method to the currently used ITM for immunization
against ECF in endemic areas.

The early diagnosis and early treatment will be particularly effective for extensively
managed herds where ITM has not been routinely used. The early diagnosis and early
treatment approach should focus on young calves that require a small quantity (dose) of
curative drugs and the costs attributable to delivery of the ITM are not incurred. The
approach will also offer the benefits of use of local T. parva strains by the natural tick
infections, thereby eliminating the risk of introducing new strains from a live vaccine. The
approach does not require cold chain facilities, unlike the ITM and thus better potential
for adaptability in resource poor cattle farming communities with local cattle breeds in
ECF endemic areas. The findings indicate that early diagnosis and early treatment should
be integrated in the management of ECF for prompt recovery. The suggested alternative
decision to ITM was natural infection and anti-theilerial treatment as a better economic
option where vaccine costs are increased or with enhanced efficacy of the treatment to a level
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where no deaths occur [21]. This is contrary to our findings where the treatment efficacy
of 100% was achieved in early natural infection and treatment intervention. Additionally,
the treatment costs were low (estimated at $8 per calf) based on lower dosage which
corresponds with the small animal body size.

Generally, none of the available control methods on their own will result in effective
control of ECF. An integrated approach will always be required. If the disease becomes
contained in given areas, eradication can be considered. However, this will be extremely
difficult for areas where the vector tick (R. appendiculatus) is well established and where
surveillance and diagnosis are inadequate. There is therefore an urgent need for an inte-
grated control approach using the various prevailing methods. The core of early diagnosis
and early treatment of ECF, which was assessed in this study, is to allow infected and
recovered animals to develop protective immunity. This study simulated the only available
ITM of ECF vaccination. Cattle were infected by sporozoites naturally under field condi-
tions by the ticks, then early ECF disease diagnosis was done based on clinical symptoms
and controlled by early treatment using the curative drug, Buparvaquone (ButalexR). The
animals that recovered were protected from the subsequent homologous challenges and
the immunity was continuously boosted by the vector ticks as they were naturally feeding
on the cattle.

However, negative control animals were not used in this study of early diagnosis
and disease treatment of T. parva since the animals belonged to the farmers who had an
economic value attachment to their animals. The negative control group can be used in
future studies ensuring the study animals strictly belong to the research team and are not
owned by the farmers.

5. Conclusions

Early diagnosis and early treatment should be integrated in the routine management
of ECF for prompt recovery with Buparvaquine in local cattle breeds in endemic areas. This
will help farmers to reduce on calf mortality and acaricide application frequency in the
indigenous cattle if it is integrated in the routine T&TBDs control program.

Author Contributions: Study conceptualization: A.N., Z.N., J.N., A.K., E.M. and G.W.L. Performed
experiment: A.N., ZN., J.N., S.O. and C.T. Data analysis: A.N., Z.N., J.N. and C.T. Wrote manuscript:
A.N., Z.N., J.N., S.O., A.K., C.T., E.M. and G.W.L. All authors have read and agreed to the published
version of the manuscript.

Funding: This study was funded by Government of Uganda under Makerere University Research
and Innovation Fund (MAK-RIF), Grant number: RIF1/COVAB/015.

Institutional Review Board Statement: The study was approved by the Institutional Animal Care
and Use Committee (IACUC) at the College of Veterinary Medicine, Animal Resources and Biosecurity
(COVAB) (SVAR-IACUC/69/2020) and Uganda National Council of Science and Technology (UNSCT)
(UNCST A134ES).

Informed Consent Statement: Written informed consents were obtained from the cattle farmers
prior to commencement of the study.

Data Availability Statement: The datasets used to analyse during current study are available from
the corresponding author on request.

Acknowledgments: Appreciation goes to Fred Kanyike, Central Diagnostic Laboratory (CDL) at
COVAB for the expert technical assistance for microscopic work and Sarah Kaaya for coordinating
the administrative project activities. The authors are also indebted to the cattle farmers for providing
study animals, administrative local council officers and field veterinary staff in Kiruhura district
for facilitating and coordinating the field work. Phil Toye and Gertrude Wekesa of Immunology
Laboratory at ILRI are also acknowledged for doing the ELISA work. The authors also acknowledge,
the Molecular Biology Laboratory (MOBILA), COVAB where the samples were stored and molecular
analysis was done.



Pathogens 2023, 12, 115 11 of 11

Conflicts of Interest: The authors declared no conflict of interests. The funders had no role in
the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results.

References
1. Mukhebi, A.W.; Perry, B.D.; Kruska, R. Estimated economics of theileriosis control in Africa. Prev. Vet. Med. 1992, 12, 73–85.

[CrossRef]
2. George, J.E.; Pound, J.M.; Davey, R.B. Chemical control of ticks on cattle and the resistance of these parasites to acaricides.

Parasitology 2004, 129, S353–S366. [CrossRef] [PubMed]
3. Norval, R.A.I.; Perry, B.D.; Young, A.S. The Epidemiology of Theileriosis in Africa; Academic Press: London, UK, 1992; Volume 9, 272p.
4. Minjauw, B.; McLeod, A. Tick-Borne Diseases and Poverty: The Impact of Ticks and Tick-Borne Diseases on the Livelihoods of Small-Scale

and Marginal Livestock Owners in India and Eastern and Southern Africa; UK Research report; DFID Animal Health Programme;
Centre for Tropical Veterinary Medicine, University of Edinburgh: Edinburgh, UK, 2003; p. 124.

5. McKeever, D.J. Live immunisation against Theileria parva: Containing or spreading the disease? Trends Parasitol. 2007, 23, 565–568.
[CrossRef] [PubMed]

6. Radley, D.; Brown, C.; Burridge, M.; Cunningham, M.; Kirimi, I.; Purnell, R.; Young, A. East coast fever: 1. Chemoprophylactic
immunization of cattle against Theileria parva (Muguga) and five theilerial strains. Vet. Parasitol. 1975, 1, 35–41. [CrossRef]

7. Dolan, T.T. Dogmas and misunderstandings in East Coast fever. Trop. Med. Int. Health 1999, 4, 3–11. [CrossRef] [PubMed]
8. Gachohi, J.; Skilton, R.; Hansen, F.; Ngumi, P.; Kitala, P. Epidemiology of East Coast fever (Theileria parva infection) in Kenya:

Past, present and the future. Parasit. Vectors 2012, 5, 194. [CrossRef] [PubMed]
9. GALVmed. East Coast Fever Infection & Treatment Method. 2015. Available online: https://www.galvmed.org/wp-content/

uploads/2015/02/GALVmed-Position-Paper-on-ECF-Feb-2015.pdf (accessed on 2 September 2022).
10. Martin, S.; Wayne Alan, H.; Meek Willeberg, P. Veterinary Epidemiology: Principles and Methods; Iowa State University Press: Ames,

IA, USA, 1987; Volume 7, pp. 73–75.
11. Katende, J.; Morzaria, S.; Toye, P.; Skilton, R.; Nene, V.; Nkonge, C.; Musoke, A. An enzyme-linked immunosorbent assay for

detection of Theileria parva antibodies in cattle using a recombinant polymorphic immunodominant molecule. Parasitol. Res.
1998, 84, 408–416. [CrossRef] [PubMed]

12. Katende, J.M.; Goddeeris, B.M.; Morzaria, S.P.; Nkonge, C.G.; Musoke, A.J. Identification of a Theileria mutans-specific antigen
for use in an antibody and antigen detection ELISA. Parasite Immunol. 1990, 12, 419–433. [CrossRef] [PubMed]

13. Matovelo, J.A.; Gwakisa, P.S.; Gwamaka, M.; Chilongola, J.; Silayo, R.S.; Mtenga, K.; Maselle, M.; Kambarage, D.M. Induction of
acquired immunity in pastoral zebu cattle against east coast fever after natural infection by early diagnosis and early treatment.
Int. J. Appl. Res. Vet. Med. 2003, 1, 136–142.

14. Conrad, P.A.; Iams, K.; Brown, W.C.; Sohanpal, B.; ole-MoiYoi, O.K. DNA probes detect genomic diversity in Theileria parva
stocks. Mol. Biochem. Parasitol. 1987, 25, 213–226. [CrossRef] [PubMed]

15. Odongo, D.O.; Sunter, J.D.; Kiara, H.K.; Skilton, R.A.; Bishop, R.P. A nested PCR assay exhibits enhanced sensitivity for detection
of Theileria parva infections in bovine blood samples from carrier animals. Parasitol. Res. 2010, 106, 357–365. [CrossRef] [PubMed]

16. Skilton, R.A.; Bishop, R.P.; Katende, J.M.; Mwaura, S.; Morzaria, S.P. The persistence of theileria parva infection in cattle
immunized using two stocks which differ in their ability to induce a carrier state: Analysis using a novel blood spot PCR assay.
Parasitology 2002, 124, 265–276. [CrossRef] [PubMed]

17. Ogden, N.; Gwakisa, P.; Swai, E.; French, N.; Fitzpatrick, J.; Kambarage, D.; Bryant, M. Evaluation of PCR to detect Theileria
parva in field-collected tick and bovine samples in Tanzania. Vet. Parasitol. 2003, 112, 177–183. [CrossRef] [PubMed]

18. Moll, G.; Lohding, A.; Young, A.S.; Leitch, B.L. Epidemiology of theileriosis in calves in an endemic area of Kenya. Vet. Parasitol.
1986, 19, 255–273. [CrossRef] [PubMed]

19. McKeever, D.J. Cellular immunity against Theileria parva and its influence on parasite diversity. Res. Vet. Sci. 2001, 70, 77–81.
[CrossRef] [PubMed]

20. Uilenberg, G. Immunization against diseases caused by Theileria parva: A review. Trop. Med. Int. Health 1999, 4, A12–A20.
[CrossRef] [PubMed]

21. Martins, S.B.; Di Giulio, G.; Lynen, G.; Peters, A.; Rushton, J. Assessing the impact of East Coast Fever immunisation by the
infection and treatment method in Tanzanian pastoralist systems. Prev. Vet. Med. 2010, 97, 175–182. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/0167-5877(92)90070-V
http://doi.org/10.1017/S0031182003004682
http://www.ncbi.nlm.nih.gov/pubmed/15938518
http://doi.org/10.1016/j.pt.2007.09.002
http://www.ncbi.nlm.nih.gov/pubmed/17964219
http://doi.org/10.1016/0304-4017(75)90005-9
http://doi.org/10.1046/j.1365-3156.1999.00445.x
http://www.ncbi.nlm.nih.gov/pubmed/10540306
http://doi.org/10.1186/1756-3305-5-194
http://www.ncbi.nlm.nih.gov/pubmed/22958352
https://www.galvmed.org/wp-content/uploads/2015/02/GALVmed-Position-Paper-on-ECF-Feb-2015.pdf
https://www.galvmed.org/wp-content/uploads/2015/02/GALVmed-Position-Paper-on-ECF-Feb-2015.pdf
http://doi.org/10.1007/s004360050419
http://www.ncbi.nlm.nih.gov/pubmed/9610640
http://doi.org/10.1111/j.1365-3024.1990.tb00978.x
http://www.ncbi.nlm.nih.gov/pubmed/1698274
http://doi.org/10.1016/0166-6851(87)90085-5
http://www.ncbi.nlm.nih.gov/pubmed/2892129
http://doi.org/10.1007/s00436-009-1670-z
http://www.ncbi.nlm.nih.gov/pubmed/19902251
http://doi.org/10.1017/S0031182001001196
http://www.ncbi.nlm.nih.gov/pubmed/11922428
http://doi.org/10.1016/S0304-4017(02)00448-X
http://www.ncbi.nlm.nih.gov/pubmed/12591193
http://doi.org/10.1016/0304-4017(86)90073-7
http://www.ncbi.nlm.nih.gov/pubmed/3085323
http://doi.org/10.1053/rvsc.2000.0426
http://www.ncbi.nlm.nih.gov/pubmed/11170857
http://doi.org/10.1046/j.1365-3156.1999.00446.x
http://www.ncbi.nlm.nih.gov/pubmed/10540307
http://doi.org/10.1016/j.prevetmed.2010.09.018
http://www.ncbi.nlm.nih.gov/pubmed/20974501

	Introduction 
	Materials and Methods 
	Study Sites and Animals 
	Study Design 
	Clinical Diagnosis and Treatment of East Coast Fever Cases 
	Hematocrit/Packed Cell Volume (PCV) Analysis 
	Parasitological Analysis by Microscopy 
	Blood Sample Storage and Preparation for Molecular Analysis 
	Genomic DNA Extraction from Whole Blood 
	The p104 Gene-Based PCR Screening of T. parva-Infections 
	Serological Analysis by ELISA 
	Data Analysis 

	Results 
	Farmer and Farm Characteristics 
	Symptoms and Responses to East Coast Fever Treatment 
	Hematocrit (Packed Cell Volume) Analysis 
	Prevalence of East Coast Fever Based on Laboratory Analyses 
	East Coast Fever Re-Occurrence and Mortality 

	Discussion 
	Conclusions 
	References

