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PVM has been demonstrated in the gut stages of 1. felis and I rivolta in the cat intestine (Beyer etal.,

2002; Ferguson et al., 1980; Pelster, 1973). However, the details of formation and structure of the

Lsospora PVM remains poorly known.
2.6:  Life Cycle in Isospora

Much of the life cycle has been described in the section Commonalities among Enteric

Coccidia, but some specific aspects of the genus Isospora should be noted. The genus Isospora has

been known to infect numerous species, but the life cycle has been only extensively worked out in

mammalian Lsospora parasites, particularly 7. felis. The asexual stages in most coccidia are believed to
occupy new cells at each stage, but that is not the case in L. felis. I felis seem rather unremarkable, at

first, as it undergoes three rounds of asexual reproduction followed by the typical gagmetogeny and

formation of oocysts. However, it is the last two asexual stages of I. fe/is that are exceptional, since

the second and third rounds of asexual reproduction have a combined round of division (Hammond
and Long, 1973; Kheyisin, 1972; Long, 1982).

The first generation of merozoites arise from a round of merogony in the typical way, but the
second and third rounds take place in the same cell. The second generation meront undergoes
division forming 2-10 fusiform second generation merozoites. The second generation merozoites do
not leave the cell, but instead become ovoid and multinucleate. These multinucelate forms are
considered the third generation meronts and each eventually forms up to 6 banana shaped
merozoites. These two stages share the same host cell and parasitophorous vacuole (Hammond and

Long, 1973; Kheyisin, 1972; Long, 1982)
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Some Isospora species are known to have tissue cysts that are found outside the intestinal

mucosa in the definitive host. These extraintestinal stages have been described in the canine and

feline Lsospora species and in I belli in humans. It is unclear if the extraintestinal stages are the

product of the sporozoites or if merozoites leave the intestine. Whatever the case, the zoites leave
the intestine and travel in the lymphatic system. Some invade mesenteric lymph nodes while others
will invade more distant lymph nodes or organs like the spleen or liver. The extraintestinal cysts
seem to be located in macrophages and usually appear as single zoites, but larger numbers in single
extraintestinal cells have been reported, therefore multiplication in these distant sites cannot be
ruled out. Tissue cysts are frequently found in paratenic hosts, with the mesenteric lymph nodes
being most often infected, but spleen, liver and skeletal muscle are also reported sites of infection and
no reproduction in paratenic hosts has been confirmed. Mice, rats, hamsters, dogs, cats, cattle, sheep

and camels have been reported as paratenic hosts for various Isospora species (Lindsay et al., 1997).
To date no information is available as to the presence or absence of extraintestinal stages in L.
amphiboluri infections, and no paratenic hosts, if any, are reported.

2.7:  Diagnostic Tests for Coccidia

There are numerous tests that have been developed to screen for enteric parasites. Recent
developments even include the development of molecular techniques to detect coccidia in feces
(Salant et al., 2007). To date molecular techniques are not available to detect all species of coccidia,
but molecular techniques have been developed to detect some species of Isospora (Johnson et al,,
2008; ten Hove et al., 2008). The development of a PCR assay for a specific coccidian species can be

complex and expensive, and is not widely available to most veterinarians, hobbyist or farmers.
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Sending samples out for analysis can also be expensive and time consuming, even if a molecular test
exists for the specific species in question. Because of these complications, visualization of the oocysts
in feces is still the most widespread and quickest method of assessing an animal's infection status.

The most common visualization methods used to detect coccidia are direct saline smear and
floatation, and each method has distinct advantages and disadvantages. Overall performance of each
test is also critical to account for as each method of detection is better suited to detect certain
parasites. This is especially true of floatation methods, which vary greatly in their usefulness due to
the characteristic properties of the solution used as the diluent (Nolan, 2003).

Direct saline smears involve little preparatory time and can be quite inexpensive. The
general technique is to take a small sample of the fecal mass and smear it on a glass slide with the
addition of a small amount of saline. The advantages to this method are: 1) it is quickly prepared,
2)there is no distortion of parasites if isotonic saline is used as diluent, 3) it is the only way to see live
trophozoites if the diluent is isotonic saline and 4) it is useful for examining feces of small birds and
reptiles where platyhelminths are common. The disadvantages to this method are: 1) it is easy to
miss parasites if the concentration of organisms is too low or if too much debris or fat is present, and
2) and it may take a long time to examine the sample (Nolan, 2003).

Floatation methods consist of four basic types: sucrose floatation, table salt (NaCl)
floatation, Epsom salt (MgSOy) floatation and zinc sulfate (ZnSQOj) salt floatation. Sucrose and the
former two salt floatations are roughly similar in their advantages and disadvantages. Their
advantages are: 1) they float the most common helminth ova and coccidian oocysts, 2) the solutions
are inexpensive, and 3) there is little debris floated to obscure the view of the parasites. Their

disadvantages are: 1) they will not float platyhelminth (trematode) ova and pseudophyllidian
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tapeworm ova, 2) they cause distortion of Giardia cysts, 3) they can be time consuming if

centrifugation is not performed, and 4) they are not suited to analysis of fatty stools. Zinc sulfate
solutions offer the following advantages: 1) the technique floats most helminth eggs, 2) it is regarded

as the best method for protozoan cysts, especially Giardia, and 3) there is little debris floated to

obscure the view of parasites. The disadvantages of zinc sulfate are: 1) the technique will not float
some trematode or pseudophyllidian tapeworm ova, 2) it is not suitable for fatty stools, and 3) zinc
sulfate is expensive (Nolan, 2003).

In the case of coccidia, the favored method of visualization is sucrose floatation. It has the
advantage of having a slower rate of crystallization, enabling the sample to be examined for longer
periods of time, and it does not distort helminth eggs or oocysts, unlike most salt based solutions. In
addition, fecal floatation using sucrose solution (specifically a version of Sheather's solution)
together with centrifugation is considered the gold standard in veterinary parasitiology (Broussard,
2003).

Sheather's solution is made using standard table sugar (sucrose, C12H,,011) and water; however,
various modifications exist on the formula. The most common modifications include the addition of
cither phenol or formalin to inhibit bacteria and mold growth (Fayer, 1997). Formalin tinctured
solutions are commercially available, but have the disadvantage of killing the ova and oocysts, though it
does inhibit bacteria and mold growth effectively. Phenol is less damaging to the parasite and still has the
advantage of inhibiting bacteria and mold growth.

2.8:  Treatment of Coccidiosis
The history of coccidiosis treatment began in 1939 when Levine discovered that

sulfanilamide (a sulfonamide) would cure eimeriosis in poultry. Due to the expense of sulfonamides,
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widespread treatment was not available to most in the poultry industry until after World War II. In
the 1940's and 1950's the changes in the chemical industry allowed more cost effective production of
sulfonamides. This brought about the advent of widespread use of sulfonamides in the poultry
industry, with an emphasis on preventive medicine; however, the emphasis in preventive medicine
was largely a poultry industry phenomenon. Control of coccidia in other livestock was centered on
treatment of clinically sick animals. Many derivatives of the basic structure of the sulfonamides have
been developed due to the continuing race between the chemical industry and the development of
resistance by the organisms that the chemicals target (Long, 1982). Currently, there are several
sulfonamides available, but one of the most widely used in reptiles is sulfadimethoxine
(sulphadimethoxine).

Sulfadimethoxine, like other sulfonamides, is structurally related to para-amino benzoic acid
(PABA). PABA is critical in the formation of folate (folic acid, vitamin B9) and forms part of the
structural backbone (figure 2.4) along with pteridine and glutamate residues (Murray, 1996). Folate
is important to the cell because it is required for the manufacture of ribose nucleic acid (RNA) and
deoxyribose nucleic acid (DNA). Sulfonamides competitively inhibit the dihydropterate synthase
step in the formation of folate. The result is an interference with metabolism, protein synthesis and
growth of the coccidian parasites (Boothe, 2001). These effects are not evident in the host since
vertebrates lack dihydropterate synthase and must ingest folate in its fully manufactured form from
other life forms such as plants and animal prey (Murray, 1996). This mode of action has rendered
sulfonomides effective against coccidia, but there are several disadvantages to using these
compounds. The greatest disadvantage is the necessity for careful monitoring of hydration since

sulfonamides are excreted through the kidneys. Sulfadimethoxine is acetylated in the liver of
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mammals to acetylsulfadimethoxine, which is excreted through the kidneys and may crystallize in
animals with concentrated urine. This crystalluria can cause hemorrhaging (hematuria) and urinary
tract obstruction. In canids, the drug is not effectively acetylated and can pass intact into the urine.
In most mammals, there is a long half life owing to both sulfadimethoxine's tendency to bind serum
proteins and because of reabsorption through the kidneys (Maddison et al., 2008). The mechanisms
by which reptiles expel sulfadimethoxine have not been extensively researched, but Vree et al. (Vree

etal., 1989a; Vree et al,, 1989b) described its transformation in the Testudine, Trachemys scripta
elegans (then classified in the genus Pseudemys). Their findings were, "after an oral dose of 350 mg of
sulphadimethoxine, the turtle Pseudemys scripta elegans O-dealkylates sulphadimethoxine at the 2-

and 6-position at 38% and 19% respectively, the 2-position being favoured. Acetylation of
sulphadimethoxine and its hydroxy metabolites occurs for 57.4%." Vree et al. further estimated the
half life of sulfadimethoxine to be approximately100 hours. Some reports suggest that the
sulfonamides are nephrotoxic and may affect the hemopoietic system. Other complications that
have been reported include: drug fever, urticaria, hypersensitivity reactions, polyarthritis, retinitis,
and hepatitis (Boothe, 2001). The final disadvantage is parasite drug resistance. Numerous
sulfonomides have been discarded and new ones continuously have to be found in order to
compensate for parasite resistance (Long, 1982).

Other anticoccidials from other drug classes have been developed and used with success. In
poultry, the use of ionophores (monensin and lasalocid especially) as a feed additive and control for
coccidia is commonplace. The ionophore biochemical mode of action against coccidia is not clearly

understood. This class of drug is known to modify the movement of sodium, potassium and calcium
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Figure 2.4: Molecular structure of the key players in anitcoccidial drugs.

A: Structure of folate (folic acid, vitamin B9) showing components used in its synthesis.

B: Structure of Benzenesulfonamide,4-amino-N-(2,6-dimethoxy-4-pyrimidinyl)-N1-(2,6

Dimethoxy-4-pyrimidinyl) sulfanilamide [122-11-2] commonly known as Sulfadimethoxine

(Sulphadimethoxine).

C: Molecular structure of 1,3,5-Triazine-2,4,6(1H,3H,5H)-trione, 1-methyl-3-[ 3-methyl-4-[4-
[(trifluoromethyl) sulfonyl] phenoxy]phenyl]-(9CI) known commercially as Ponazuril.
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ions across biologic membranes; however, the killing effect is not consistent among coccidian life
stages. Some studies have revealed that the mechanism of coccidia control may be due to the
ionophores immediately killing free merozites with little or no effect on the other free life stages.
These experiments demonstrated no effect on the intracellular phases of the parasites. The merozites
were immediately affected and quickly showed morphologic changes visible with electron
microscopy. The changes involved variable degrees of vacuolation of the cytoplasm, loss of motility,
swollen endoplasmic reticulum, swollen mitochondria, and enlarged perinuclear space. The
merozites incubated in higher concentrations began to disintegrate as the micronemes, rhoptries and
golgi bodies were destroyed; rupture of the pellicle followed quickly after organelle changes
(Mehlhorn et al., 1983).

In recent years, an interest in homeopathic remedies has given rise to the use of probiotics
and homeopathic plant extracts. Probiotics and plant extracts are among the least expensive and
easily most readily available therapeutic modalities to use since no prescription is needed to acquire
them and they are relatively easy to administer.

Probiotic agents are naturally occurring organisms (usually bacteria) that are used to
colonize the gut and effectively out compete pathogens by a variety of means. Some may simply
crowd out pathogens, while others may produce chemicals that inhibit pathogen binding, physiology

or penetration. P. acidilactici has been used in the poultry industry with some success. Its
mechanism of action is unclear, but Lee (Lee et al., 2007b) hypothesized, "P. acidilactici, may

interfere with the pathogen infection sites, produce antimicrobial peptides, or induce host immune

responses, thus enhancing its resistance to enteric pathogens like Eimeria." Broilers infected with E,
th h git t to ent thogens like E;
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acervulina and given P. acidilactici experienced increased weight gain and decreased oocyst shedding;

however, broilers infected with E. renella did not experience significant weight gain or reduction in

oocyst numbers (Lee et al., 2007a; Lee et al., 2007b).
Among homeopathic plant extract remedies, oregano oil has been demonstrated to have
some effect in treating coccidia. Giannenas et al. (Giannenas et al., 2003) treated broilers with

oregano essential oil and found that it exerted an anticoccidial effect against E. zenella but was not as

effective as the ionophore lasalocid. The mechanism of action of oregano oil has yet to be examined.

In equine medicine, the coccidian Sarcocystis neurona has caused neurologic disease for some

time. Little effective treatment has been available until the development of the triazinone drugs
toltrazuril and its metabolite ponazuril (figure 2.4). The active toltrazuril metabolite, ponazuril, has

been marketed and approved for use in horses as a treatment for Sarcocystis neurona. The

pharmacokinetics of ponazuril has been worked out in horses. Furr and Kennedy administered
ponazuril at Smg/kg for 28 consecutive days. Ponazuril reached a steady state concentration within
7 days and rapidly cleared the body within 5 days of cessation of treatment (Furr and Kennedy,
2001). The triazinones were first examined in the 1980's as promising anticoccidial drugs.
Triazinones cause microscopic alterations in all developmental stages of coccidia. In the treated
organisms the endoplasmic reticulum, perinuclear space and mitochondria swell, and nuclear
division is impaired. Merozoites and microgametes formed under exposure to triazinones appear to
lose their ability to penetrate cells. The wall forming bodies of the macrogametes are altered; wall
forming bodies I are still able to form the outer oocyst wall, but the wall forming bodies II are

destroyed, resulting in an inability to form the inner oocyst wall (Mehlhorn et al., 1984). The drug
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