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Objective: To estimate milk yield losses in Theileria annulata (T. annulata) carrier cows by a
trial which was made in two cattle farms in the north of Tunisia.
Methods: Eight non-infected cows were randomly and equally divided into two groups: the
treated and control groups. Eight T. annulata carrier cows were also randomly and equally
divided into two groups: the treated and control groups.
Results: There was a negative correlation between milk yield and parasitemia in both treated
(r = -0.495, P = 0.037) and control carrier cows (r = -0.662, P = 0.003). Average adjusted
lactation curve showed that milk yield in treated carrier cows was higher than that in control
carrier cows. Daily milk yield losses due to T. annulata infection have been estimated at 0.77
kg per of each T. annulata carrier cow.
Conclusions: Since T. annulata infection induces a small but persistent decrease of milk yield
in T. annulata carrier cows, further studies are needed in a larger animal group to confirm and
improve this estimation.
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1. Introduction

these losses at 386 L/lactation period in carrier zebu-taurine
crossbred cows[4]. Considering the prevalence of the carrier state

Tropical theileriosis [Theileria annulata (T. annulata) infection]

in lactating cows from enzootic regions for tropical theileriosis[5],

is a protozoan disease transmitted by tick species belonging to

the estimation of the financial losses due to this infection state is an

the genus Hyalomma. In enzootic countries, T. annulata caused

important step toward an accurate analysis of the financial impact

important losses, such as mortality, weight losses, abortions, milk

of tropical theileriosis and to rank this infection among other animal

yield losses, and control costs[1,2]. The impact of the carrier state of

health problems[6]. To our knowledge, the present study is the first

T. annulata infection on milk production was shown in a field study

in Africa to evaluate milk losses of T. annulata carrier cows (Bos

in 1991 by Singh[3]. It is estimated that the milk losses caused by

taurus) by using a protocol based on injection of theilericidal drugs.

the asymptomatic infection (carrier state) in zebu-taurine crossbred
cows treated with buparvaquone at a daily average of 1.4 L, i.e.

2. Materials and methods

126 L over a period of 90 days[3]. Minjauw and McLeod estimated
The present trial was carried out from February to April 2009. Bos
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taurus cows in two farms were in sub-humid regions, cows were
milked twice a day. The first was enzootic instability for tropical
theileriosis in El Khetmine village (Gouvernorate of Bizerte, North
of Tunisia). It had a small herd of 17 taurine crossbred cows with
a mean daily milk yield of 10.6 kg. Eleven of these cows had
already presented clinical episodes of tropical theileriosis during the
summer season of 2008. The cows were lodged in a building which
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was favourable for the hibernation of tick nymphs and for females

observed and predicted yields before and after the buparvaquone

to lay eggs. The second was Holstein-Frisian crossbred cattle farm

injection. Predicted yields to a 305-day period were derived from

located in Sidi Thabet (Gouvernorate of Ariana, North Tunisia)

fitting the Wood function to milk data points recorded during the

which was free of both ticks and tropical theileriosis. The mean daily

trial period[9,10]. Adjusted lactation curves should show the evolution

milk yield in this farm was 10.7 kg.

(increase or decrease) of milk production following the treatment.

During the first visit (Day 0), all the cows were clinically examined
to detect health troubles, their udders were examined for clinical

Milk yield losses were calculated by comparing yields recorded
between treated and control animals during two periods.

mastitis and the California mastitis test was performed to check sub-

In order to decrease the heterogeneity, the milk yields were log

clinical mastitis. Cows were drenched with fenbendazole (Vermicur®

transformed. The comparison of means of milk yield from Day 1

2.5%, Médivet) at the conventional dose of 7.5 mg/kg.

to Day 12 after buparvaquone injection was performed by using

In order to determine the status of the cows for tropical theileriosis,

the student’s t test with a cut-off value of 0.05 following One-way

5 mL of blood were collected in vacutainer tubes for serum extraction,

ANOVA where groups of cows (T0B0, T0B1, T1B0, and T1B1) were

and in vacutainer ethylene diamine tetraacetic acid tubes for blood

levels of the explanatory variable. Similar analysis was conducted

smears and DNA extraction. In order to monitor the intensity of T.

for parasitemia. The correlation between parasitemia and milk yield

annulata infection, Giemsa-stained blood smears were examined under

was also computed (SPSS 13 for Windows).

the microscope with the 100× immersion objective. Hemopathogens
were screened for each animal in 100 microscope fields per slide. In

3. Results

order to confirm T. annulata infection, an indirect fluorescent antibody
test was performed[7]. DNA was extracted from blood samples and a

Before treatments, parasitemia was relatively high (maximum

PCR was run using the Tams primers[8]. Only cows with positive blood

value: 20 parasites/100 fields in both control and treated animals).

smears, indirect fluorescent antibody test, and PCR were included in the

After buparvaquone injection, the parasitemia decreased in treated

trial. A total number of 8 cows from the infected farm were exclusively

animals and remained fluctuant in control cows (Figure 1).

positive to T. annulata and 8 cows from the non-infected farm were
each composed of 4 animals, as follows:
Group 1: infected by T. annulata, treated with buparvaquone
(T1B1).
Group 2: infected by T. annulata, not treated with buparvaquone
(T1B0).
Group 3: not infected by T. annulata, treated with buparvaquone
(T0B1).
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10
8
6
4
2
0
-15 -10

-5

Group 4: not infected by T. annulata, not treated with
buparvaquone (T0B0).
At Day 0, four carrier cows from the infected farm and 4 from
the non-infected farm received a single intramuscular injection

T1B1

0
5 10
15 20 25
Days after buparvaquone injection

30

35

40

45

T1B0

Figure 1. Mean parasitaemia in cows infected with T. annulata and treated
with buparvaquone (T1B1) and infected control cows (T1B0).

of buparvaquone (Teldex®, Médivet) at the conventional dose of

Before buparvaquone injection, milk yield was slightly fluctuating.

2.5 mg/kg. The 8 control cows (4 from each farm) received no

There was no difference between milk yield in control and treated

treatment and were monitored in the same way as the treated group

cows in both infected and non-infected groups (P > 0.05) (Figure

(parasitemia and milk yield estimation).

2). From Day 15 post-treatment, milk yield was constantly higher in

The parasitemia has been monitored at Day -15 and 0, then daily

the treated group as compared to the control group (Figure 2). Milk

during 15 days and each two days during an additional period of

yield in control cows presented slight fluctuations. Average adjusted

one month. In order to confirm the absence of infection during the

lactation curves showed that data points collected during the trial

whole survey in cows from the non-infected farm, the parasitemia

period, corresponding to the declining phase of a typical lactation

was performed up to Day 45 post-treatment. Milk yield was assessed

curve for most of the sampled cows[9,10], resulted in increasing

individually at the evening milking by using scales with a precision

yields in treated cows as compared to control cows (Figure 3).

of 100 g. Since the interval between the two milking is roughly 12

Groups of cows accounted for roughly 42% of variation of milk

h, we have considered that the milking of the evening representsed

yield (coefficient of determination = 0.42). This increase in milk

half of the daily milk yield. The production was then converted to

yield detected by the Wood function mirrored an increase in the

litres (1 L of milk weighs 1.032 kg). Milk yield was recorded daily

effective yield following the treatment of cows even though cows

in the four groups 15 days before and after buparvaquone injection.

were supposed to have their production declining (they were in the

After this time period, milk yield was recorded every two days

phase following the peak of lactation). Because of the short period of

during 30 days. The evolution of milk yield was illustrated by using

milk monitoring in the present study and since the recorded yields were
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Figure 2. Mean milk yield of control and buparvaquone-treated cows in T. annulata infected and T. annulata non-infected farms.
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Figure 3. Adjusted lactation curves for buparvaquone treated and control T. annulata carrier cows.

carried out in the decreasing period of the lactation curve, the curves

farmers accepting the protocol since buparvaquone was associated with

did not show the three phases of typical curves (increasing period,

a withdrawal period for the milk and to recruit cows with the same

peak and decreasing lactation curve). Relative variation of milk yield

characteristics (animals exclusively infected by T. annulata, same milk

in treated cows (11.63%) was higher than that in control cows (4.84%)

production level, same lactation stage, etc.). The cows were monitored

(P < 0.05). The relative difference in milk yield was 6.79% with a

for 45 days before buparvaquone injection and their lactation curves

mean daily loss per cow estimated at 0.77 kg. There was a significantly

were adjusted by the Wood function to detect milk yield evolution

negative correlation between milk yield and parasitemia in both treated

before and after the buparvaquone injection for several reasons: daily

(r = -0.495, P = 0.037) and control carrier cows (r = -0.662, P = 0.003).

high fluctuation of both milk yield and parasitemia (interference of
several factors leading to a dynamic evolution between the host’s

4. Discussion

immune system and the parasite), a base line value and the low number
of included cows.

In Tunisia, M’barek estimated milk yield losses in clinically infected

A significant negative correlation was documented between

cows during the month after treatment at 300 L per cow[11]. The present

parasitaemia and milk yield. The losses due to T. annulata infection

trial was carried out to estimate the milk yield losses due to the carrier

showed a difference of milk yield of 6.79% between treated and control

state by T. annulata in the Tunisian context. To our knowledge, the only

cows. In Tunisia, the mean annual milk yield was estimated by Ben

study that estimated such losses was carried out by Singh in crossbred

Salem and Bouraoui [14] at 4 662 L/305 days (range: 1 900 to 8 170),

taurine-zebu cattle[3], which was more resistant to T. annulata infection

therefore a carrier cow should present in Tunisia a mean annual loss of

than pure taurines[12]. Another difference was that Tunisian cattle were

316.55 L (range: 129.01–569.45).

exposed to the vector tick (Hyalomma scupense) from late June to early

The buparvaquone treatment has been used as a tool to annihilate

August[13], while in India the challenge occurs throughout the year.

the effect of T. annulata on milk yield. The non-infected group was

This difference had a high impact on the host-parasite relationship and

included to identify non-specific effect of buparvaquone on milk

the epidemiological features of the disease.

yield. After buparvaquone injection, the cows presented a parasitemia

The number of cows was low. That was due to the difficulties to find

decrease which reached a mean of 0.667 piroplasms/100 microscope
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fields at Day 15. By Day 45, the parasitaemia regained its initial
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