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Diarrhea is a multifactorial symptom of infectious agents, nutritional and environmental factors. Alt-
hough many prevention and treatment strategies have been developed to prevent diarrhea, diarrhea
is still one of the most common problems in ruminants. Cryptosporidiosis, coccidiosis and giardiasis
in newborns and young ruminants are important protozoer diseases causing diarrhea. Although the

symptomatic treatment of neonatal diarrhea is similar, there are differences in the etiologic treatment.
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In this review, antiprotozoal drugs used in the treatment of cryptosporidiosis, coccidiosis and giardiasis

INTRODUCTION

Diarrhea that is caused by infectious or non-infectious factors
and is characterized by the removal of large amounts of fae-
ces frequently and watery consistency is a crucial symptom in
animals (1). As it is common all over the world, it is one of
the main problems for not only cattle and sheep but also goat
breeding in our country (2). Diarrhea is mostly observerd in
calves, lambs and kids through the neonatal period. There are
many infectious (bacterial, viral, parasitic, protozoan, fungal)
and non-infectious (alimenteric, toxic, allergic, etc.) reasons in
the etiology of diarrhea (1, 3). Cryptosporidiosis, coccidiosis
and giardiasis that cause diarrhea are critical protozoan disea-
ses f%r newborns. These protozoer diseases cause diarrhea by
themselves and/or as mixed infections (4-6). These factors
lead to diarrhea by causing abnormal motility, hypersecretion,
changes in ion transport and permeability disorders in the in-
testinal mucosa (1). Metabolic changes owing to neonatal di-
arrhea and symptomatic treatment ot diarrhea are similar, but
even so there are differences in etiologic treatment. Despite
chemotherapeutic advances, neonatal diarrhea is still progres-
sing with high morbidity and mortality. Furthermore, growth
retardation and high treatment costs due to diarrhea cause gre-
at losses in the national economy (3, 7).

Cryptosporidiosis Treatment

Cryptosporidinm parvum (C. parvum) is an intracellular protozo-
an parasite that causes gastrointestinal disease and diarrhea.
Cryptosporidiosis is a vital neonatal infection in calves, lambs
and kids with high morbidity (8). The epidemics of diarrhea
caused by cryptosporidiosis are encountered in many count-
ries. Deaths caused by cryptosporidiosis, which is an impor-
tant reason of neonatal diarrhea in our country, cause serious
economic losses (9).

Bu makaleye atifta bulunmak icin/ To cite this article:

The main problem of cryptosporidiosis is the lack of a ef-
ficient method or drug for disease prevention and treatment
(10). Because oocysts are resistant to environmental conditi-
ons and most of the disinfectants (11). More than 200 active
substances have been tested against cryptosporidiosis to date
(12). Although some of these substances tested have shown
promising etfects for the treatment of the disease, none of
these drugs have completely eliminated the disease or fully got
the clinical findings under control. Clinical and parasitologi-
cal responses to tl%e treatment of the disease vary depending
on the immune system of animals, duration of antiprotozoer
treatment and the use of other drugs in treatment (10). The
drugs used in treatment are shown in Table 1.

Paromomycin, an aminoglycoside derivative, is one of the ap-
propriate antibiotics so as to take C. parvum infections under
control. Paromomycin shows antiprotozoer effect against the
substance by being absorbed in small amounts along therest-
rictive a ica?] membrane that binds extra cytoplasmic parasites.
(10). When paromomycin is used prophylactically at 100 mg/
kg 1n calves and kids for 11 days, it not only reduces the oocyst
excretion in the faeces but also shortens the oocyst excretion
period (13, 14). However, oocyst excretions can be observed in
animals once again right after the use of the drugs is prophy-
lactically over (15). When paromomycin is therapeutically used
in lambs at different doses and on different days
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Table 1 Drugs used in cryptosporidiosis, doses, application times and routes of administration

Drugs Dosage/Application time Administration route
Treatment 100 mg/kg, once a day, 3-5 days
Paromomycin By adding into drinking water or milk
Prophylactic 100 mg/kg, once a day, 11 days
Treatment 0.1 mg/kg, once a day, 7 days
Halofuginone Oral
Prophylactic 0.1 mg/kg, once a day, during 7 days after birth
Azithromycin Treatment 1500 mg/day, 7 days Oral
Decoquinate Treatment 2.5 mg/kg, once a day, 21 days Oral
Calves; 60 ml, twice a day, 4 days.
Treatment
Lambs and kids; 10 ml, 4 days, twice a day.
Organic acids Calves; 60 ml/day, 7 days, once a day, during 7 days | By adding into the milk or by directly drinking
Activated charcoal after birth. the solution.
Prophylactic
Lambs and kids; 10 ml/day, 7 days, once a day, during
7 days after birth.

(100 mg/kg, 3 per day, 200 mg/kg, 2 per days), it diminis-
hes the oocyst excretion and severity of clinical findings (16).
When all these data are taken into consideration, paromomy-
cin can be applied in both prophylaxis and treatment of cryp-
tosporidiosis.

Halofuginone lactate, a derivative of quinazolinone, is an effe-
ctive antiprotozoal agent against lactate eimeria, theileria and
cryptosporidia (17). Halofuginone shows a cryptosgoridios—
tatic effect on sporozoite and merozoite stages of C. parvum
(18). Halofuginone lactate is frequently used in the grop laxis
and treatment of cryptosporidiozis in calves, lambs and kids
(18-21). In the study cond%cted over calves, animals in the tre-
atment group were treated with halofuginone lactate at a dose
of 0.1-0.12 mg/kg for 7 days (18, 20, 21). In these studies,
the use of halofuginone lactate in reducing oocyst excretion
is an appropriate treatment option whereas the etficacy of the
active substance in the treatment of diarrhea is controversial.
In the studies, because reoccurrence of oocyst excretion of
some animals after treatment indicates that halofuginone can-
not completely prevent the life cycle of parasite. In addition to
this, halofuginone lactate treatment alleviates the clinical fin-
dings regarding to cryptosporidiosis and decreases mortality
rates in calves }1 0, 22). Prophylactically use of halofu]jginone
lactate (0.1 mg/kg) in calves during the first 7 days following
birth significantly reduces the oocyst excretion rate in animals
(22). The use of the active substance in small ruminants at the
indicated dose and time decreases the oocyst excretion in the
facces (10). In general, halofuginone lactate can be effectively
used in both prophylaxis and treatment of cryptosporidiosis
(at a dose of 0.1 mg/kg for 7 days) (19-22).

Decoquinate is an antiprotozoer substance that can be used in
the treatment of cryptosporidiosis and toxoplasmosis, espe-
cially in coccidiosis (23). It has been reported that the use of
decoquinate in experimentally infected calves (2.5 mg/kg, for
21 days from birth) may be effective in treatment (10). Howe-
ver, in another study where decoquinat was used at a dose of 2
mg/kg twice a day fyor 28 days from birth, it was stated that the
active substance had no effect on oocyst excretion or clinical
findings (24). In a comparative study conducted about efficacy
of halofufinone (0.1 mg/kg) and decoquinate (2-5 mg/kg), it
was found that halofuginone significantly reduced the excreti-
on of oocysts compared to decoquinate (25).

Nitazoxanide is a nitratiazole benzamide derivative antiparasi-
tic agent effective against most helminths, bacteria and proto-
zoa. The antiprotozoer effect of nitazoxanide is different from
its antibactertal effect. The antiprotozoer effect on C. parvum is
thought to be similar to its effect on Neospora caninum (IN. Cani-
num). After taking nitazoxanide by an oral way, it turns into an
active metabolite tizoxanide by being hydrolyzed (10). In vitro,
it was determined that nitazoxanide inhibited N. caninum pro-
tein disulfide isomerase enzyme and restrained the metabolic
activity of the parasite in N. caninum (26). Nitazoxanide is app-
lied for the treatment of cryptosporidiosis in AIDS patients
along with anti-retroviral therapy in humans. There is little in-
formation about its effect against cryptosporidiosis in animals
(10). In a study where nitazoxanide was used for treatment and
Erczlphylaxis in calves (twice a day by adding 15 mg/kg milk to

ody weight), it was reported that the active substance had no
effect on oocyst excretion (27). In another study, however, it
was reported that when nitazoxanide was used in calves (1.5 g,
twice a day, 5 days), the oocyst excretion period was shortened
and fecal consistency arranged (28).

Azithromycin is a macrolide antibiotic used for immunocom-
promised humans and the treatment of cryptosporidiosis in
animals. Thanks to azithromycin treatment, oocyst excretion
was suppressed in naturally infected calves (1500 mg/day, 7
days) and it was reported to contribute to clinical recovery
(29). However, azithromycin is an expensive active substance
and there are not enough studies to evaluate the efficacy of the
drugs for the disease (%O)

Activated charcoal used along with organic acids obtained by
distillation and putrification %rom tree barks can be used for
the protection and treatment of cryptosporidiosis (30). Whi-
le activated charcoal affects normal flora very few in the in-
testinal system, it contributes to the reduction of the number
of oocyst by adsorbing oocyst of Cryptosporidium spp. On the
contrary, organic acids reduce the number of oocyst by aiming
at replacing disinfectants against C. parvum oocyst. It is also
thought that organic acids have an inhibitory effect on the
development of active substances. It has been reported that
oocyst excretion in animals has reduced by oral administration
of activated charcoal containing organic acids to calves (10 g
solution with milk substitute feed, at intervals of 8 hours for
4 days) experimentally infected with C. parvum (31). In another
study, it was reported that oocyst excretion reduced and cli-
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Table 2 Drugs used in coccidiosis, doses, application time and routes of administration

Drugs Dosage/Application time Administration route
Sulfamethazine Treatment 140 mg/kg, once a day, 3 days. Oral
Sulfaquinoxaline Treatment 60 mg/kg, once a day, 4 days. Oral
. ) First day 55 mg/kg as a half dose in the following days,
Sulfadimethoxin Treatment Oral
once a day, 4 days.
Sulfathiazol Treatment 150 mg/kg, 3-6 days. Oral
Calves; 10 mg/kg, once a day, 5 days.
Treatment
Lambs; 50 mg/kg, once a day, 5 days.
Amprolium Kids; 100 mg/kg, once a day, 4 days. By adding to drinking water
Calves; 5 mg/kg, once a day, 3 weeks. Lambs; 50 mg/kg,
Prophylactic once a day, 3 weeks.
Decoquinate Prophylactic 0.5-1 mg/kg, at least 28 days. By adding to feed
Treatment Calves; 5 mg/kg, single dose.
Toltrazuril Lambs and kids; 20 mg/kg, single dose. Oral
Prophylactic Same as treatment doses.
Diclazuril Prophylactic 1 mg/kg, single dose. Oral

nical findings improved when mixtures (2-3 times a day, 3.75
g/day dose, as a suspension in the milk substitute feed) was
provided to the kids aged 3-17 days (30).

It has been reported that oral bovine serum concentrate used
for passive immunotherapy reduces oocyst excretion in calves
and reduces the severity of clinical symptoms. (5 days at 57 g/
day in added milk replacer, 2 days at 57 g/day by blending with
rehydration liquid). Three potential different mechanisms have
been proposed for the efficacy of bovine serum concentrate
in reducing the severity of cryptosporidiosis. The first possible
mechanism of effects is that immunoglobulins in oral bovine
serum concentrate may cause a decrease in the number of Ea—
rasites over the intestinal system. The second possible mecha-
nism is that growth factors in bovine serum increase the repair
of intestinal cells. The third possible mechanism is that bovine
serum concentrate may reduce the invasion and replication of
the parasite in reducing the severity of infection (32).

Coccidiosis Treatment

Coccidiosis is a protozoal infection caused by coccidia pa-
rasites of the Eimeria genus, leading to diarrhea by affecting
particularly young ruminants (33). gs a result of intracellular
growth and proliferation of the active substances, the dama-
ge in the intestinal cells and mucosa occurs. Mortality, growth
retardation and veterinary expenses are among the economic
damages of the disease to livestock (33, 34).

In a herd, managing economy can be successfully accomp-
lished in coccidiosis after obtaining detailed information and
management principles about the disease. Unless such infor-
mation is observed, systematic treatments ate not appropria-
te. Preventive measures are the key to controlling coccidiosis.
Effective methods for disease prevention involves minimizin,

theme of susceptible young animals with infective oocyst an

administration of coccidiostatic drugs prophylactically injec-
ted to animals during agamous developmental stages of the
parasites. After the oocysts are transferred to the intracellular
form, the effects of drugs on the parasites are limited (33-35).

Anticoccidial drugs have different modes of action on the

endogenous phase of the life cycle of eimeria species (33).
Sulfanomides, amprolium and decoquinate Earasites make an
effective impression in the early stages of life cycle (33, 30).
Toltrazuril and diclazuril are molecules that are effective in all
stages of life cycles of coccidia. These active substances can
be used both in the treatment of the disease and prophylaxis
of the disease (33). The active substances used in coccidiosis
are shown in Table 2.

Sulfanomides are fundamentally effective on the agamous
growth phase of the parasites. Sulfanomides are frequently
carried out in treatment, but still they do not have sutficient
effect on gamonts. However, sulfanomides are effective in
controlling secondary bacterial infections in cases of coccidi-
osis (30). Sulfaquinoxaline, sulfamethazine, sulfadimethoxine
and sulfathiazole are sulfanomide derivatives implemented in
the treatment of coccidiosis. There is a risk of toxication due
to long term use or overdose of sulfanomides (37).

The structures that amprolium targets are meronts. This active
substance has low toxicity and is conducted by adding to drin-
king water of animals throughout 3-5 days (36). Amprolium is
recommended to be used for 10 days in cattle, at 50-62.5 mg/
kg for sheep through 5 days, and at 100 rng/ kg in 4 days f%r

oats. Given that amprolium is an antagonist of vitamin B1,
it should not be used for a long time and vitamin B1 supple-
ments must be implemented. In spite of hygienic measures,
amprolium can be orally used for 3 weeks by adding 5-10 mg/
kg milk or drinking water as long as outbreaks of coccidiosis
cannot be prevented in the herd (37, 38).

Decoquinate is used as anticoccidial drugs that are injected
into the feed in many countries. Long-term use is recommen-
ded as decoquinate coccidia is effective in only initial phases
of the life cycle (36). It was determined that oocyst excretion
decreased when 0.5-1 mg/kg decoquinate was injected to the
rations of experimentally infected calves. Furthermore, It is
reported that decoquinate positively contributes to the growth
rate of calves. As a result, when decoquinate is implemented
by adding 0.5-1 mg/kg dose to the animal feed, it successful-
ly suppresses the formation of oocyst and prevents cases of
coccidiosis (39).

30
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Table 3 Drugs used in giardiasis, doses, application time and routes of administration

Drugs Dosage/Application time Administration route
Treatment 20 mg/kg, once a day, 3 days.
Albendazole ) Calves, 5 mg/kg, once a day, at 27 days interval, 3 Oral
Prophylactic .
times.
Fenbendazole Treatment 10 mg/kg, once a day, 3 days. Oral
Paromomycin Treatment 50-75 mg/kg, once a day, 5 days. Oral
Dimetridazole Treatment Calves; 50 mg/kg, once a day, 5 days. Oral
Calves; 30-400 mg/kg, single dose.
Secnidazole Treatment Oral
Lambs; 10 mg/kg, single dose.

Benzene acetonitrile compounds (toltrazuril, diclazuril) are ef-
fective against all stages of develo;l))ment in the life cycle of
eimeria. These compounds are suitable for both treatment and
prophylactic use (33). The single use of toltrazuril at a dose
of 15 mg/kg decreases oocyst excretion and provides clini-
cal findings improvement in infections caused by Eimeria bovis
(E. bovis) and Eimeria zuernii (E. guernii) for calves (40). It was
reported that coccidiosis could be under control by using a
single dose 1 week before the emregence of expected outb-
reaks. Toltrazuril dose rate that will be implemented to kids
is recommended to be double dose rate approximately rather
than the dose which is going to be conducted to cattle and she-
]ef (33). It was stated that the cases of coccidiosis attached to

. bovis and E. zmernii was prevented thanks to administration
of diclazuril prophylactically at a dose of 1 mg/kg with single
dose (30).

The regular use of anticoccidial drugs in the poultry sector
has provided eimeria species develop resistance to these drugs.
However, it is not certain whether eimeria species will develop
resistance to anticoccidial treatment in cattle or not, it should
be remembered that a potential risk may ocur (30).

Giardiasis Treatment

Giardiasis is an important infection arose from Giardia intestina-
lis (G. intestinalis), which is an intestinal protozoan with flagella,
causing diarrhea, weight loss and lethargy in farm anima%s (8,
11, 39). It is one of the most common parasites causing loss
of yield in ruminants. Most mammals are susceptible to infec-
tions caused by G. zntestinalis (11).

Many active substances are known to be effective against giar-
dia. However, no drug has been licensed to use in the giardiasis
treatment for ruminants nowadays (41). The active substances
used in giardiasis are shown in Table 3.

Nitroimidozols such as metronidazole, tinidazole, quinacrine
or furazolidine are extensively used in the treatment of giardi-
asis for humans. In veterinary medical science, metroni%azole
and secnidazole are used in pet animals, calves and lambs (39,
42). It has been reported that the administration of a single
dose of secnidazole, a nitroimidazole derivative in lambs and
calves, significantly reduces cyst excretion (42, 43). Volpato et
al. reported that secnidazole, which was administered as a sing-
le dose (400 mg/kg) in calves, treated giardiasis and that dru
continued the efficiency for 30 days (43). Besides, Toros an
Ural reported that secnidazole administered at a single dose of
30 mg/kg in calves resets cyst excretion (44).

Benzimidazoles, extensive-spectrum antihelmentics, are ot-
her compounds used in the treatment of giardiasis. Benzimi-

dazoles have a high safety margin and selective toxicity (41).
In vitro studies, it has been reported that benzimidazoles are
more effective on giardiasis than metronidazole and tinidazole
(41,45,40). Benzimidazoles affect tubulin polymerization, an
important component of cell skeletal structures of giardia
trophozoites. In this way, all functional activities of the tubuli-
ne structures such as median line and ventral disc are limited.
In conclusion, benzimidazoles cE)t(avent trophozoites from at-
taching to intestinal mucosa and colonization (14). Fenbenda-
zole and albendazole reduce cyst excretion in calves (41,47,48).
Fenbendazol, provides regeneration in the clinical appearance
of the disease by reducing the duration and peak level of cyst
excretion (41,49). The doses of benzimidazoles required tor
iardiasis treatment are higher than those used in antihelmint-
ic treatment (41). When albendazole is used 20 mg/kg for
3 days and fenbendazole is used at 10 mg/kg for 3 days, it is
uite effective to eliminate the infection (39, 42, 50). Since the
uration of treatment is more important than the doses in the
prophylaxis of the disease, it is recommended that benzimida-
zoles be administered in small doses and at frequent intervals
in the studies (47, 49).

Paromomycin Cryptosporidium yﬁp., regarded as effective against
protozoan parasites such as a broad-spectrum, is an aminogl-
ycoside derivative antibiotic (10). Paromomycin, by being atta-
ched to the small subunit of tfRNA, inhibits protein synthesis
which has a direct effect on giardia (41). The active substances
showing poor absorption from the gastro-intestinal system is
well tolgerated by caﬁfes (15). In experimentally infected cal-
ves (50-75 mg/kg/day for 5 days) it was determined that pa-
romomycin reduces cyst excretion effectively (41). In a study
examining the efficacy of albendazole and paromomycin on
the disease in lambs with giardiasis, it was stated that paro-
momycin implemented at a dose of 100 mg/kg/day for 3 days
was more eftective than albendazole (50).

Drugs used in the treatment of giardiasis are effective against
giardia, but cyst excretions can be observed in animals within
2-3 weeks after treatment. Since giardia cysts can survive up to
1 week in faeces and up to 7 weeks in soil, the action time of
most active substances may be insufficient to protect animals
from re-infections (14). The studies emphasize the importance
of establishing a combined control program that includes clea-
ning, disinfection and treatment protocols of animals in order
to minimize re-infections after treatment (11, 41).

CONCLUSION

The complete treatment depending on the cause in diarrhea
which causes great harm to the economy of our country is the
most important factor affecting the success of treatment. It is
required to be performed at appropriate dose and time throu-
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¢h appropriate drug selection in order to eliminate not only
the infection but the risks of re-infection as well. This study,
which we think that it will be the current reference guide for
veterinary practioner, will also provide positive contributions
to the protection of herd health.
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