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INTRODUCTION

Human protozoal pathogens cause both symptomatic and
asymptomatic infections and at some time affect nearly all
humans. The significant worldwide impact of diseases resulting
from these pathogens is reflected in the long-standing search
for antiprotozoal chemotherapy, much of which pre-dates the
modern antibiotic era. However, despite the proliferation of
antibacterial compounds over the last several decades, many
would argue that development of effective treatments for pro-
tozoal infections has lagged, being hampered not only by the
complexity of protozoan life cycles and host-parasite-drug in-
teractions but also by a low economic incentive to develop new
agents. Fortunately, in the 1990s, increased global travel and
immigration, as well as heightened awareness of antiprotozoal
drug resistance and acute and recrudescent protozoal infec-
tions in immunosuppressed hosts, have led to renewed interest
in antiprotozoal therapy.
In this review, which is written primarily for nonclinician

readers, we have attempted to summarize past and present
therapies for common human protozoal infections, as well as
promising agents for the future. We have also included brief
discussions of pharmacologic mechanisms of action, mecha-
nisms of antiprotozoal drug resistance, and common drug tox-
icities. For specific antiprotozoal treatment guidelines, includ-
ing adult and pediatric doses, the reader is referred to a
standard pharmacy reference such as the The Medical Letter
(7). For information regarding the availability of nonlicensed
antiprotozoal drugs, the reader is referred to the CDC Drug
Service, Centers for Disease Control and Prevention, Atlanta,
GA 30333. In addition, nonclinician readers should appreciate
that clinical management of patients with protozoal infections
often requires diagnostic acumen and judgment in determining
appropriate candidates for treatment, as well as adjunct phar-
macologic and supportive measures that are beyond the scope
of this discussion.

DISEASES CAUSED BY INTESTINAL PATHOGENS

Amebiasis

Entamoeba histolytica is estimated to infect more than 10%
of the world’s population, primarily in the tropics and regions
with poor sanitation. Approximately 10% of those infected will
become clinically symptomatic, resulting in an annual toll of 50
million to 100 million cases of invasive colitis and liver abscess
and up to 100,000 deaths. Drugs currently used for therapy of
amebiasis are iodoquinol, paromomycin, diloxanide furoate,
and nitroimidazoles such as metronidazole and tinidazole.
History of chemotherapy. In 1822, Pelletier and Magendie

first isolated emetine from ipecac, the Brazil root. After Ved-
der showed that emetine killed amebae in vitro, successful
treatment of humans with both intestinal and hepatic amebi-
asis by injections of emetine salts was reported in 1912. Many
other treatments followed, including chloroquine (in 1948),
dehydroemetine (in 1959), tetracyclines, erythromycin, and
toxic arsenical compounds (69). More recently, the therapy of
amebiasis has been simplified by the introduction of diloxanide
furoate (in 1956), paromomycin (in 1959), iodoquinol, and,

since 1966, the nitroimidazoles, which are particularly safe and
effective in treating invasive forms of infection (122).
Mechanisms of drug action. Iodoquinol (Yodoxin), a halo-

genated hydroxyquinoline formerly known as diiodohydroxy-
quin, chelates ferrous ions that are essential for amebic
metabolism (69). Diloxanide furoate (Furamide), a directly
amebicidal acetanilide, is structurally related to chloramphen-
icol and may act similarly by inhibiting protein synthesis. Em-
etine, an alkaloid derived from ipecac, inhibits protein synthe-
sis by affecting movement of ribosomes along mRNA. It is
currently believed that metronidazole (Flagyl) affects electron
transport and that chemically reactive reduced forms of met-
ronidazole are cytotoxic to parasites (69). Paromomycin (Hu-
matin) is a poorly absorbed aminoglycoside antibiotic whose
mechanism of action is unknown.
Current treatment. Agents used to treat amebiasis are di-

vided into tissue amebicides and luminal amebicides. Tissue
amebicides such as metronidazole, tinidazole, and emetine kill
amebae in host tissues and organs, whereas the poorly ab-
sorbed luminal amebicides are active only in the intestinal
lumen. The luminal agents currently used are iodoquinol,
diloxanide furoate, and paromomycin.
Although many physicians and public health authorities

question the need to treat asymptomatic E. histolytica cyst
passers, the drugs currently available for this indication are
iodoquinol and paromomycin, since diloxanide furoate is not
licensed in the United States. A course of treatment with
iodoquinol is 20 days as opposed to 7 days for the more ex-
pensive agent paromomycin (147, 155) and 10 days for dilox-
anide furoate (178). Diloxanide furoate offers no apparent
advantage over the two available agents (90).
Chemotherapy of invasive amebiasis, presenting either as

dysentery or as extraintestinal abscess, consists of metronid-
azole or tinidazole, followed by a luminal amebicide such as
iodoquinol or paromomycin. There is no evidence that adding
emetine to metronidazole therapy improves the outcome (15).
Metronidazole resistance of E. histolytica is a theoretical con-
cern which is sometimes mentioned anecdotally in clinical case
reports but has not yet been rigorously proven (27, 125).
Drug toxicity. The toxicity of iodoquinol is associated mainly

with its iodine component; there have been some reports of
neuropathy and blindness after prolonged administration.
Diloxanide furoate and paromomycin may cause flatulence
and diarrhea. Emetine is a toxic agent associated with cardiac
arrythmia, gastrointestinal toxicity, local reactions at injection
sites, and neuromuscular reactions. The side effects of metro-
nidazole include nausea, metallic taste, dizziness, intestinal
and vaginal yeast overgrowth, and a disulfiramlike reaction
(rapid onset of flushing, tachycardia, thirst, nausea, vomiting,
hypotension, and blurred vision) when taken concurrently with
alcohol. Metronidazole is also potentially carcinogenic, al-
though it has never been conclusively linked to the develop-
ment of human malignancy.
Drugs on the horizon. Azithromycin, a newly licensed mac-

rolide antibiotic, has shown in vitro activity against E. histo-
lytica and has the advantage of enhanced tissue penetration,
long half-life, oral administration, and low toxicity (125).
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Giardiasis

Giardia lamblia was first recognized by Van Leeuwenhoek in
the 1600s and by Vilem Lambl in the 1800s. Although some
carriers of G. lamblia remain asymptomatic, the organism
causes diarrhea worldwide in residents of and travelers to
regions with fecally contaminated food and water. In the
United States, this protozoan is the most commonly identified
intestinal parasite, accounting for 90 waterborne outbreaks of
diarrhea between 1964 and 1984 (33). Person-to-person trans-
mission of giardiasis may also occur and has been associated
most notably with day care centers, custodial institutions, and
oral sexual activity. Drugs used for treatment of giardiasis are
quinacrine, furazolidone, paromomycin, nitroimidazoles, and,
most recently, the benzimidazoles.
History of chemotherapy. Historically, giardiasis has been

treated with mercury, carbon tetrachloride, arsenicals, and bis-
muth. In the 1930s, quinacrine (Atabrine) became the first
truly effective therapy for giardiasis, as well as the leading
antimalarial agent used during World War II. Furazolidone
and metronidazole were subsequently shown to eradicate G.
lamblia, along with two other nitroimidazoles, tinidazole and
ornidazole (the last two drugs are not currently licensed in the
United States). However, many clinicians believe that an ideal
drug for G. lamblia is still lacking, since quinacrine and met-
ronidazole have frequent side effects and metronidazole and
furazolidone are carcinogenic in animals.
Mechanisms of drug action. Quinacrine is an acridine dye

derivative which is thought to intercalate into parasite DNA.
Metronidazole creates toxic radicals which interfere with DNA
replication, and the benzimidazoles affect microtubule forma-
tion by targeting b-tubulin (39). The mechanisms of action of
furazolidone, a nitrofuran, and paromomycin, a luminally act-
ing aminoglycoside antibiotic, are not known.
Current treatment.Quinacrine was the first effective therapy

for giardiasis, achieving cure rates of 95% (179); however, its
side effects reduce patient compliance, thereby reducing its
overall efficacy. Although still not approved in the United
States for treatment of giardiasis, metronidazole is also 85 to
95% effective (78, 180), and the related compounds tinidazole
and ornidazole are effective in single doses, thus simplifying
therapy (107, 153). Occasional resistance to metronidazole
may be mediated by decreased activity of parasite ferrodoxin
reductase, resulting in a failure to produce toxic intermediates
(165). Furazolidone (Furoxone) is the only agent used to treat
giardiasis that is available in a pediatric liquid suspension; the
cure rate in children following a 10-day course with this for-
mulation is 92% (102). For treatment of pregnant women with
giardiasis, paromomycin has been found safe and effective
(71).
Drug toxicity. Compared with other drugs used to treat

intestinal protozoa, quinacrine has many side effects, including
fever, nausea, vomiting, dizziness, yellow skin discoloration,
exacerbation of psoriasis, and psychosis. Metronidazole causes
nausea, metallic taste and a disulfiram reaction when taken
with alcohol. Furazolidone is associated with nausea, dark
urine, diarrhea, mild hemolysis in glucose-6-phosphate dehy-
drogenase (G6PD)-deficient individuals, and disulfiram reac-
tion; because the drug inhibits monoamine oxidase, patients
treated with it must also avoid foods rich in tyramine. Both
metronidazole and furazolidone are potentially carcinogenic,
although neither drug has been conclusively associated with
the development of human malignancies.
Drugs on the horizon. Mebendazole, an antihelmintic benz-

imidazole introduced in 1971, had a 95% cure rate for giardi-
asis in one uncontrolled study (3) but no efficacy in another

small series (37). A recent trial comparing a single dose and a
5-day course of the more bioavailable related compound, al-
bendazole, found 75 and 97% cure rates, respectively, and
minimal side effects (57).

Cryptosporidiosis

Cryptosporidium parvum is a zoonotic coccidian parasite that
infects the epithelial cells lining the human digestive tract and
causes diarrhea. Cryptosporidiosis is acquired by ingestion of
oocysts in contaminated water, by contact with infected ani-
mals, and by person-to-person transmission. The true inci-
dence of cryptosporidiosis is unknown, but recent estimates
suggest that the organism is a major cause of diarrhea world-
wide, causing 250 to 500 million infections annually in Asia,
Africa, and Latin America (34). In the immunocompetent
host, illness is self-limited; however, in patients with advanced
immunosuppression, infection may result in a prolonged, life-
threatening cholera-like diarrhea. In Africa and Haiti, up to
50% of patients with AIDS have symptomatic cryptosporidi-
osis (123), and recent surveys in Baltimore and at the National
Institutes of Health have found C. parvum infection in 15% of
U.S. AIDS patients with diarrhea (75, 149). Although more
than 90 drugs have been tried, there is currently no known
effective therapy for human cryptosporidiosis.
History of chemotherapy. Some of the therapies recently

investigated for treatment of cryptosporidiosis include azithro-
mycin, bovine colostrum, bovine dialyzable leukocyte extract,
chloroquine, diclazuril, eflornithine, metronidazole, paromo-
mycin, pentamidine, pyrimethamine, spiramycin, and tri-
methoprim-sulfamethoxazole. The macrolides and diclazuril, a
benzeneacetonitrile derivative, have been shown to be active
against related coccidians that infect animals. However, the
relationship between host mucosal immunity and successful
eradication of C. parvum, either spontaneously or pharmaco-
logically, is still poorly understood. In the absence of curative
therapy, drugs used for symptomatic treatment of severe diar-
rhea due to C. parvum include opiates, diphenoxylate, loper-
amide, and somatostatin analogs such as octreotide acetate.
Mechanisms of drug action. The macrolide antibiotics spi-

ramycin and azithromycin target the 50S subunit of the bacte-
rial ribosome, but their specific action on C. parvum is un-
known (117). The action of paromomycin is also unknown but
may affect ribosomal function (88). Bovine dialyzable leuko-
cyte extract, which is prepared from lymph nodes of calves
immunized with cryptosporidia, is thought to augment cell-
mediated immune response in humans (93). Hyperimmune
bovine colostrum contains high titers of anti-cryptosporidium
antibodies (bovine immunoglobulin G), which may neutralize
intestinal organisms (104).
Current treatment. Spiramycin was the first drug believed to

be effective for the treatment of cryptosporidiosis (40, 121);
however, subsequent studies have not corroborated this effi-
cacy (116, 176). Some clinical benefit has also been observed
with paromomycin (12, 43), eflornithine (a-difluoromethylor-
nithine) (134), hyperimmune bovine colostrum (104, 118, 164),
and oral bovine dialyzable extract (93).
Drugs on the horizon. Because azithromycin (with and with-

out paromomycin) has shown promise in treating immunosup-
pressed rats with cryptosporidiosis (41, 128, 129), a human trial
is under way. Letrazuril, a congener of diclazuril with en-
hanced bioavailability (116), is also undergoing clinical trial.
Other drugs with in vitro activity against C. parvum are sulfa-
methoxine (130) and lytic peptides (13).
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Microsporidiosis

Microspora are spore-forming intracellular protozoa that
cause disease in all five classes of vertebrates, including mam-
mals. The earliest human microsporidial infections due to En-
cephalitozoon cuniculi, Nosema conori, Pleistophora spp., and
Nosema corneum were reported in patients with normal im-
mune function or cellular immunodeficiency not related to
human immunodeficiency virus coinfection (172). Two new
genera and species of microspora, Enterocytozoon bieneusi and
Septata intestinalis, have been identified in intestinal biopsy
specimens obtained from CD41 lymphocyte-depleted AIDS
patients with intractable diarrhea similar to that caused by
cryptosporidiosis. Rare cases of ocular, respiratory, biliary, he-
patic, peritoneal, myositic, renal, and disseminated microspo-
ridian infection have also been reported in AIDS patients.
Although there is still no definitive therapy for microsporidi-
osis, fumagillin blocks replication of Encephalitozoon cuniculi
in cell culture (145) and clinical reports have described a par-
tial decrease in diarrhea in a small number of AIDS patients
with intestinal microsporidiosis treated with metronidazole
(23, 108) and octreotide (146). The most promising current
therapy for human microsporidiosis due to Enterocytozoon bie-
neusi and Septata intestinalis is albendazole, a drug that was
recently associated with resolution of diarrhea in 9 of 18
treated AIDS patients and that produced concurrent ultra-
structural changes in the parasite in vivo and in vitro (24).
(Coinfection with cryptosporidia was found in several nonre-
sponders.) A double-blind placebo-controlled crossover trial of
albendazole for intestinal microsporidiosis is under way in two
European centers.

DISEASES CAUSED BY INTRAERYTHROCYTIC
PATHOGENS

Malaria

Every year, an estimated 120 million clinical cases of malaria
occur worldwide, resulting in more than 1 million deaths. Hu-
man malaria is caused by four Plasmodium species: P. falcipa-
rum, P. vivax, P. ovale, and P. malariae, with P. falciparum
accounting for the majority of deaths. In the United States,
approximately 1,000 cases of malaria are reported annually to
the Centers for Disease Control and Prevention, divided be-
tween returning U.S. travelers and non-U.S. citizens. Between
1980 and 1992, there were 45 reported cases of fatal malaria
infection in U.S. civilians, of which 44 (98%) were due to P.
falciparum and 36 (82%) were acquired in sub-Saharan Africa
(28).
Drugs currently available in the United States for prevention

or treatment of malaria are chloroquine, quinine, quinidine,
tetracycline, pyrimethamine-sulfadoxine (Fansidar), and me-
floquine (Lariam). The single most important issue in drug
therapy for malaria is single- and multidrug resistance in P.
falciparum, a growing problem worldwide since the 1960s.
Since the 1980s, there has also been evidence for sporadic drug
resistance in P. vivax.
History of chemotherapy. The modern era of malaria che-

motherapy began in the 17th century, when the Countess of
Chinchon, wife of a Spanish viceroy in Peru, miraculously
recovered from a severe attack of malaria after taking a rem-
edy made from Peruvian tree bark. In 1749, Linnaeus named
the tree cinchona to honor the Countess, and in 1820, Caven-
tou and Pelletier isolated the alkaloid quinine from cinchona
bark. In 1891, Guttman and Ehrlich discovered that methylene
blue had antimalarial activity. Subsequently, many related

compounds were synthesized in Germany, resulting in the in-
troduction of quinacrine in 1932. In World War II, quinacrine
(Atabrine) was the standard antimalarial agent used by the
Allied forces in Asia and the South Pacific. Chloroquine was
synthesized in the 1930s and later replaced quinacrine as the
drug of choice for the prevention and treatment of malaria. In
response to growing chloroquine resistance first noted in the
1960s, quinine has now been reintroduced into widespread use.
Other antimalarial drugs currently used worldwide are progua-
nil (Paludrine), which is not licensed in the United States,
tetracyclines, and sulfonamides. The newest agents are meflo-
quine (Lariam) and halofantrine (Halfan), both developed by
the U.S. Army, and artemisinin compounds extracted from the
traditional medicinal herb qinghaosu, which has been used for
febrile illnesses in China since 341 AD and was rediscovered in
1971 to have antimalarial activity (62).
Mechanisms of drug action. Antimalarial agents are divided

into sporonticides, gametocides, and schizonticides. The schi-
zonticides are further divided into blood schizonticides and
tissues schizonticides. Blood schizonticides such as quinine,
chloroquine, and mefloquine will by themselves treat infection
due to P. falciparum and P. malariae, whereas a tissue schizon-
ticide such as primaquine must be added to achieve radical
cure in infections due to P. vivax and P. ovale, which involve
both the bloodstream and the liver.
Quinine, the earliest antimalarial drug, is rapidly active

against asexual erythrocytic stages of all Plasmodium species
that infect humans. It is also gametocidal for all species except
P. falciparum. Quinine was once thought to kill malaria para-
sites by intercalation into parasite DNA, thus inhibiting DNA
and RNA synthesis. Now it is believed that its mechanism of
action is similar to that of chloroquine (see below). Quinidine,
an antiarrythmic drug, is the dextrarotary optical isomer of
quinine. Because parenteral quinine is no longer available in
the United States and quinidine is two- to threefold more
active than quinine, intravenous quinidine is often used to treat
patients with severe or complicated infection due to P. falci-
parum (95, 175).
Plasmodia derive essential amino acids from the degradation

of host erythrocyte hemoglobin. Since ferritoprotoporphyrins
(hemoglobin degradation products) are toxic to membranes,
the parasite sequesters these products as hemazoin (malarial
pigment). It is currently believed that both chloroquine and
quinine act by forming a complex with ferritoprotoporphyrin
IX, preventing hemazoin sequestration and resulting in cell
lysis (50, 135). Chloroquine may also alkalinize malaria food
vacuoles, resulting in inhibition of parasite digestive enzymes
and decreased parasite growth (73). Resistance to chloroquine
in P. falciparum occurs by means of accelerated drug efflux,
since resistant strains expel chloroquine up to 50 times faster
than susceptible strains do (72).
Mefloquine, a synthetic quinolinemethanol which, like qui-

nine, is active against asexual erythrocytic stages of all Plasmo-
dium species, binds strongly to erythrocyte membranes. Al-
though its precise antimalarial action is unknown, mefloquine
is active against chloroquine-resistant strains, with the excep-
tion of certain mefloquine-resistant strains of P. falciparum
now identified in Southeast Asia (106).
The mechanisms of action of other antimalarial drugs in-

clude inhibition of protein synthesis by effects on ribosomal
subunits (tetracycline) and the inhibition of folate metabolism
(pyrimethamine and sulfonamides). Resistance to antifolate
drugs has been linked to specific point mutations in the para-
site dihydrofolate reductase-thymidylate synthetase enzyme
(56). Halofantrine, a 9-phenanthrenemethanol, is thought to
bind to ferritoprotoporphyrin IX like chloroquine but may also
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affect mitochondria (5). Artemisinin derivatives are sesquiter-
penes which are very rapidly acting schizonticides that react
with heme, causing free-radical damage to parasite membranes
(94). Primaquine, used only as adjunct therapy for radical cure
of infections due to latent liver stages of P. vivax and P. ovale,
is an 8-aminoquinoline derivative of methylene blue whose
mechanism of action is unknown.
Current treatment. P. falciparum malaria in U.S. travelers

and foreign expatriates is a potentially lethal infection, which
should be considered a true medical emergency. Consequently,
patients must be counselled to obtain prompt medical care if
they become ill during or after visiting an area where malaria
is endemic, and physicians must perform appropriate diagnos-
tic workup on all travelers and foreign expatriates with a his-
tory of exposure to malaria and a compatible clinical syn-
drome. In selecting treatment, the precise identification of the
infecting Plasmodium species and a knowledge of current geo-
graphic patterns of drug resistance are critical.
The current treatment of choice for malaria due to P. vivax,

P. ovale, and P. malariae is chloroquine, which can be admin-
istered orally or parenterally. A subsequent course of oral
primaquine is recommended for patients with infection due to
P. vivax and P. ovale to prevent recrudescence by exoerythro-
cytic parasites in the liver. A relatively primaquine-resistant
form of P. vivax (also known as the Chesson strain) has been
present in Asia for several decades (31), and, more recently,
chloroquine-resistant P. vivax has been reported in Indonesia
(19, 133) and Brazil (47).
Because chloroquine-resistant P. falciparum is now present

in every continent affected by malaria, almost all patients di-
agnosed with P. falciparum in the United States are treated
with drugs other than chloroquine. Standard treatment in pa-
tients who are not critically ill is oral quinine combined with
another drug such as tetracycline (32), clindamycin (97, 142),
or pyrimethamine-sulfadoxine (Fansidar), since quinine alone
may fail to achieve radical cure in patients infected with strains
of P. falciparum that are partially quinine resistant (now
present in Africa and Asia). In Eastern Thailand, where mul-
tidrug resistance is well established, quinine-tetracycline is su-
perior to quinine-Fansidar (126). Mefloquine is also used for
treatment of chloroquine-resistant P. falciparum (58), although
the cure rate when using mefloquine combined with sulfa-
pyrimethamine at a focus of extreme P. falciparum resistance
at the Thai-Burmese border decreased from 98% in 1985 to
71% in 1990 (106).
Additional drugs for treatment of P. falciparum, although

not currently available in the United States, are halofantrine
and several artemisinin compounds. In early clinical trials,
halofantrine produced cure rates of 83 to 100%, with most
failures attributed to inadequate drug levels due to poor ab-
sorption (25). Compared with quinine, halofantrine has the
advantage of a more convenient dosing schedule and better
taste, but, like mefloquine, it is expensive. Preliminary data
suggest that resistance to mefloquine and halofantrine may be
linked (25).
In studies conducted overseas, artemisinin compounds have

produced rapid parasite clearance and therapeutic responses
in patients with malaria, although late recrudescence of para-
sitemia has been noted in up to 85% of patients treated for P.
falciparum and 31% of patients treated for P. vivax infection
with the oral drug, artemisinin (62). When given to comatose
patients with cerebral malaria, artemisinin suppositories were
equal in efficacy to intravenous artesunate and intravenous
quinine, although neither artemisinin compound was superior
to quinine in reducing the duration of coma or the mortality
rate (61). At the Thai-Burmese border, treatment of multi-

drug-resistant P. falciparum infection with a 3-day course of
oral artesunate combined with mefloquine was 98% effective at
28-day follow-up compared with 69% after treatment with
high-dose mefloquine alone (101). Comparative trials of dif-
ferent oral and parenteral compounds in the artemisinin class
(artemisinin, artesunate, artemether, arteether, and artelinic
acid) have not yet been conducted.
In the United States, treatment of severe infection due to P.

falciparum consists of intravenous quinidine administered in a
cardiac-monitored unit, followed by oral tetracycline or clin-
damycin. Some authors recommend the use of exchange trans-
fusion in nonimmune expatriates with parasitemias exceeding
15% (95); however, survival without exchange transfusion has
been reported in parasitemias exceeding 50% (87). In addition
to antimalarial agents, specific therapies and supportive mea-
sures for hypoglycemia, pulmonary edema, renal failure, sei-
zures, and coma may be required for the management of se-
vere and complicated malaria (182). Corticosteroids have no
proven benefit in P. falciparum-infected patients with cerebral
malaria (63, 171).
Prophylaxis. Like treatment, the selection of antimalarial

chemoprophylaxis is based upon regional patterns of antima-
larial drug resistance, which must be regularly monitored. Up-
dated recommendations for malaria chemoprophylaxis may be
obtained 24 h a day by calling a travel information line at the
Centers for Disease Control and Prevention (404-332-4555). A
standard reference for malaria prophylaxis is published yearly
by the Centers for Disease Control and Prevention (28).
Currently, weekly chloroquine remains an effective regimen

for prophylaxis in Central America, Mexico, and the Middle
East. In most other regions, where chloroquine-resistant strains
of P. falciparum are present, preferred preventive regimens
include weekly mefloquine (79, 80), daily doxycycline (109,
110), or weekly chloroquine plus daily proguanil. The last reg-
imen is more effective than chloroquine alone in Africa but has
been ineffective in Papua New Guinea and Thailand (28).
Because chloroquine and mefloquine are purely blood schi-

zonticides, they are considered suppressive prophylactic agents.
Causal prophylactic agents have tissue schizonticidal activity;
examples include doxycycline and primaquine. Following long-
term exposure in malarious areas where P. vivax or P. ovale are
present, a 2-week course of primaquine as terminal prophylaxis
is recommended to eradicate any remaining liver stages of the
parasite. However, primaquine should not be prescribed until
laboratory testing has verified that G6PD levels are normal.
In patients who are either unwilling or unable to take stan-

dard chemoprophylaxis or those who will have limited access to
medical care, a single course of medication for self-treatment
of malaria is often provided. Self-treatment is indicated when
travelers experience a febrile illness consistent with malaria
and are unable to reach medical care within 24 h. In this
setting, the drug of choice is Fansidar, unless there is a history
of intolerance to sulfonamides. The routine weekly use of
Fansidar as a preventive regimen was discontinued in the 1980s
following reports of an excessive number of severe cutaneous
allergic reactions caused by the long-acting sulfadoxine com-
ponent of the drug (96). Mefloquine should not be used for
self-treatment because of its high frequency of side effects
when administered in full treatment dosage. Halofantrine
should also not be used for self-treatment because of poten-
tially serious electrocardiographic changes (6). Self-treatment
for possible malaria is a temporary measure which must always
be followed by professional medical evaluation.
Drug toxicity. In comparison with most other antimalarial

agents, quinine is toxic. Side effects include bitter taste, hyper-
sensitivity reactions, tinnitus, decreased hearing, visual distur-
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bance, nausea, abdominal pain, and tremors. Overdose can
result in coma, cardiac toxicity, and death. Chloroquine causes
nausea, diarrhea, dizziness, blurred vision, pruritus, and exac-
erbation of psoriasis. Primaquine may also cause nausea and
abdominal cramps, as well as hemolysis in G6PD-deficient
individuals. Side effects of mefloquine include nausea, brady-
cardia, depression, dysphoria, hallucinations, and psychosis;
the drug is currently contraindicated in patients with a history
of seizure, psychosis, or cardiac arrythmia or a requirement for
fine motor coordination (for example, airline pilots). Sulfon-
amides cause allergic skin reactions, and tetracyclines produce
discoloration of teeth in children, photosensitivity, and yeast
overgrowth. Halofantrine has caused electrocardiographic ab-
normalities, including life-threatening ventricular arrythmia
and prolongation of the Q-T interval in patients with preexist-
ing conduction disorders, recent or concurrent mefloquine
therapy, and thiamine deficiency (6). Primaquine and tetracy-
cline are contraindicated in pregnancy; the manufacturer of
mefloquine also advises against conception during and 6
months following use of the drug, although teratogenicity has
not been proven.

Babesiosis

Babesiosis is an intraerythrocytic protozoan infection of
mammals and is transmitted to humans by ticks. Serious and
sometimes fatal infections due to Babesia divergens and Babesia
bovis were first described in splenectomized patients in Europe
in 1956; this was followed in the 1960s by reports of somewhat
milder clinical disease due to Babesia microti acquired in the
northeastern United States. In the ensuing three decades, hun-
dreds of human infections have been acquired through infec-
tive tick bites in coastal New England and eastern Long Island,
as well as sporadic cases in Wisconsin and California, and
transmission of babesiosis by blood products has also occurred
(119). Although seroepidemiologic studies suggest that many
infections due to B. microti in the United States are either
asymptomatic or subclinical, severe and even life-threatening
infections characterized by malaria-like fevers, hyperpara-
sitemia, and hemolytic anemia are seen in asplenic, immuno-
compromised, and elderly patients. The current therapy for
symptomatic babesiosis is quinine and clindamycin, sometimes
supplemented with exchange transfusion.
History of chemotherapy and current treatment. In 1909,

trypan blue was the first compound used successfully to treat
bovine babesiosis; it was followed by quinoline and aromatic
diamidine derivatives such as diminazene and pentamidine.
When the first 14 human cases of B. microti infection were
diagnosed in the United States, almost all were treated with
oral chloroquine phosphate, resulting in symptomatic improve-
ment but no apparent change in the degree or duration of
parasitemia (137). An immunocompetent patient who failed to
defervesce after treatment with chloroquine then received in-
tramuscular diminazene, a regimen that cleared the para-
sitemia (assessed by an in vivo hamster assay) but resulted in
severe ascending polyneuritis (138). Other patients with babe-
siosis who were treated with pentamidine isethionate have
demonstrated clinical improvement and decreased parasitemia
but no true eradication of parasites in the hamster assay (45),
with the exception of one otherwise healthy patient in France,
whose B. divergens infection responded promptly to a combi-
nation of pentamidine and cotrimoxazole (124).
The current regimen of choice for clinically symptomatic

babesiosis in the United States is quinine plus clindamycin, a
treatment supported by animal studies and isolated clinical
cases that suggest a low likelihood of recurrent parasitemia

following treatment with this synergistic combination of drugs
(136, 177). However, some immunosuppressed individuals with
asplenia, concurrent corticosteroid treatment, and/or human
immunodeficiency virus infection have failed to respond to
these agents alone (66, 85, 150), instead requiring exchange
transfusion to physically clear peripheral parasites. For pa-
tients with babesiosis and progressively declining immune
function, long-term maintenance with quinine, clindamycin, or
tetracycline is sometimes necessary to prevent relapse follow-
ing treatment of the acute infection.
Drugs on the horizon. Azithromycin, a newly licensed mac-

rolide antibiotic, has suppressed B. microti parasitemia in a
hamster model of infection when used both singly and in com-
bination with quinine (174). In the same report, the authors
relate anecdotal reports of human immunodeficiency virus-
infected patients with babesiosis that was successfully treated
with quinine and azithromycin (174).

DISEASES CAUSED BY OTHER BLOOD
AND TISSUE PATHOGENS

African Trypanosomiasis

Human African trypanosomiasis (sleeping sickness) is a sys-
temic and central nervous system (CNS) infection caused by
two geographically distinct subspecies of trypanosomes: T. bru-
cei gambiense (West Africa) and T. brucei rhodesiense (East
Africa). The infection is transmitted by tsetse flies and cur-
rently occurs in 36 African countries between latitudes 148N
and 298S, placing at least 50 million people at risk and resulting
in 25,000 new cases every year. Although West African disease
is more indolent than East African disease, both infections are
ultimately fatal if untreated. Drugs currently used to treat
African trypanosomiasis are suramin, pentamidine, melarso-
prol, eflornithine, and, experimentally, diminazene and nifur-
timox.
History of chemotherapy. Arsenic, a cornerstone of treat-

ment for human trypanosomiasis affecting the CNS, was first
used by the famous missionary-explorer David Livingstone to
treat the analogous disease in horses (nagana) in 1847 or 1848.
Arsenicals were later synthesized for human use by Ehrlich and
gradually modified to decrease toxicity; by the end of World
War II, melarsoprol B, a trivalent arsenical currently in use,
was introduced. Suramin, a sulfated naphthylamine, and pen-
tamidine, an aromatic diamidine, are both effective only
against the bloodstream stages of T. brucei; they were intro-
duced in 1920 and 1939, respectively. Eflornithine, the only
new drug developed and approved for African trypanosomiasis
in 40 years, was first used for Gambian sleeping sickness in the
mid-1980s (167).
Mechanisms of drug action. Organic arsenicals interfere

with protein sulfhydryl groups found in enzymes of carbohy-
drate metabolism; therefore, it is thought that the primary
action of melarsoprol is to disrupt parasite glycolysis. Selectiv-
ity has been attributed to preferential binding affinity to para-
site pyruvate kinase, greater dependence of the trypomastigote
on glycolysis to generate ATP, and higher concentration of the
drug in trypomastigotes as opposed to mammalian cells (55).
The antitrypanosomal actions of suramin and pentamidine are
not fully known, but suramin appears to inhibit enzymes in-
volved in NADH oxidation and pentamidine is a potent inhib-
itor of nucleic acid biosynthesis (55). Eflornithine is a specific,
irreversible inhibitor of ornithine decarboxylase, an enzyme
required for parasite polyamine synthesis (148).
Current treatment. Prior to the initiation of antitrypanoso-

mal therapy, it is crucial to determine whether CNS invasion
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has occurred. This is accomplished by means of a baseline
neurologic examination and cerebrospinal fluid analysis. If
there is no indication of CNS involvement, either suramin or
pentamidine may be used, although cure rates with pentami-
dine are lower, especially in infections due to T. brucei rho-
desiense (20). Suramin must be freshly constituted and admin-
istered by slow intravenous injection; the usual adult regimen
following a test dose is five individual doses of 1 g each (20).
Pentamidine is given intramuscularly or intravenously daily or
on alternating days until 10 doses have been administered (20).
Diminazene aceturate (Berenil) has also been successful in
treatment of early hematolymphatic cases of trypanosomiasis
in East Africa (1), but the compound is manufactured for
veterinary use only and is not currently recommended for
therapy of infected humans.
Melarsoprol crosses the blood-brain barrier and is therefore

effective in all stages of trypanosomiasis, but its use has been
restricted by severe toxicity, which can include fatal reactive
encephalopathy. For this reason, melarsoprol is never used as
first-line therapy for non-CNS disease, although it may be
indicated for use in relapsing hematolymphatic disease which
follows treatment with suramin or pentamidine. Melarsoprol
remains the drug of choice for treating late-stage CNS disease
due to T. brucei rhodesiense. Because it is insoluble in water,
melarsoprol must be mixed in propylene glycol for administra-
tion; it is given as a daily intravenous injection in 3-day cycles
which are repeated at weekly intervals (20). To minimize CNS
toxicity, the dose of melarsoprol is sometimes adjusted down-
ward when particularly high cell counts or protein concentra-
tions are present in cerebrospinal fluid (132).
Eflornithine has been highly effective (.90%) in several

trials of late-stage (CNS) disease due to T. brucei gambiense
(38, 98, 113, 156), but it appears to be ineffective in infections
due to T. brucei rhodesiense because of the high percentage of
naturally resistant parasites (17). Its usefulness in Africa is also
limited by its relatively high cost and the logistics of drug
administration (intravenous dosing every 6 h for the first 2
weeks of treatment, followed by several weeks of oral therapy).
However, eflornithine has been effective in treating some pa-
tients with West African trypanosomiasis who have failed to
respond to initial therapy with melarsoprol (relapse occurs in
up to 17% of T. brucei gambiense CNS infections) (112). Ni-
furtimox, an orally administered nitrofuran given at 15 to 30
mg/kg/day for 1 to 2 months, has also produced 31 to 80% cure
rates in patients with West African trypanosomiasis who have
relapsed after melarsoprol therapy (100, 114, 115).
Drug toxicity. Suramin produces an immediate, idiosyncratic

reaction in 1 in 2,000 to 1 in 4,500 recipients, which sometimes
leads to cardiovascular collapse and death. More common
adverse effects include nephrotoxicity, hemolytic anemia, rash,
agranulocytosis, peripheral neuropathy, optic atrophy, and ad-
renal insufficiency. Patients receiving suramin should be mon-
itored for proteinuria.
Pentamidine is associated with hypoglycemia, nephrotoxic-

ity, orthostatic hypotension and sterile abscess at the site of
intramuscular injection.
Melarsoprol is most feared for posttreatment reactive en-

cephalopathy, which occurs in 1 to 10% of treated patients,
manifesting with fever, headache, seizures, and coma, with
death occurring in as many as 10% of those affected. One
proposed mechanism for the pathogenesis of posttreatment
reactive encephalopathy is subcurative therapy, leading to per-
sistence of parasites in the CNS (64). Some investigators be-
lieve that corticosteroids may suppress posttreatment reactive
encephalopathy (112), although this remains controversial
(14). Other adverse effects of melarsoprol include phlebitis due

to extravasated propylene glycol, Herxheimer reactions, fever,
chest pain, abdominal pain, and an altered sense of smell.
Eflornithine, in contrast to other antitrypanosomal drugs, is

relatively well tolerated, although mild diarrhea, abdominal
pain, anemia, alopecia, and hearing loss have been reported as
side effects of treatment. Nifurtimox is believed to have direct
central and peripheral neurotoxicity (independent of its effect
on CNS trypanosomes), as well as other constitutional side
effects and precipitation of hemolysis in G6PD-deficient pa-
tients. Chromosomal aberrations have also occurred in chil-
dren treated with nifurtimox for Chagas’ disease (51).
Drugs on the horizon. In an experimental mouse model of

T. brucei infection, combinations of suramin and eflornithine,
melarsoprol and eflornithine, and nifurtimox and melarsoprol
have shown promise; suramin plus eflornithine is now being
evaluated in humans (67). Other antitrypanosomal compounds
with efficacy in the mouse model are the spiroarsoranes (pen-
tavalent arsenicals with less toxicity than trivalent arsenicals)
(81) and some newly synthesized dihydroxybenzamides with
specific inhibitory activity against trypanosomal alternative ox-
idase (52).

American Trypanosomiasis (Chagas’ Disease)

American trypanosomiasis (Chagas’ disease) is caused by
the hemoflagellate Trypanosoma cruzi, a parasite with a large
zoonotic reservoir in South and Central America. The organ-
ism is usually transmitted to humans by blood-sucking triato-
mine (reduvid) bugs that deposit infective feces at the site of a
bite or mucosal surface; however, transmission may also occur
transplacentally or via human blood products. Resulting clin-
ical syndromes include local inflammation at the site of inoc-
ulation, acute myocarditis, encephalitis, and multiorgan infec-
tion. Years to decades following initial infection, complications
involving the heart and the autonomic nervous system occur in
10 to 30% of seropositive individuals. In areas where the dis-
ease is endemic, 10 to 20 million people are currently esti-
mated to be chronically infected with T. cruzi, resulting in
50,000 deaths per year; in the United States, the human res-
ervoir includes 50,000 to 100,000 seropositive immigrants (8).
Two experimental drugs, nifurtimox and benznidazole, are

partially effective in clearing T. cruzi parasitemia during acute
infection. Nifurtimox, benznidazole, and allopurinol have also
been used for late-stage disease, although the efficacy of treat-
ment for chronic infections remains uncertain. Since blood
transfusions constitute an important means of transmission of
T. cruzi in areas where the disease is endemic, chemoprophy-
laxis of blood with crystal (gentian) violet is a common prac-
tice; other means of blood sterilization with amphotericin B or
gamma radiation appear promising on the basis of experimen-
tal work (144).
Mechanisms of action and current treatment. Nifurtimox

(Lampit, Bayer 2502), a 5-nitrofuran first used in 1976, is
thought to cause breaks in parasite DNA, generate superoxide,
and inhibit parasite-specific antioxidant defenses (168). Ben-
znidazole (Radamil, Roche 7-1051), introduced in 1978, is a
2-nitroimidazole, less well studied than nifurtimox, that also
blocks nucleic acid and protein synthesis (168). Both drugs
reduce the duration and clinical severity of acute and congen-
ital T. cruzi infection, but they effect total parasite clearance in
only 50% of treated patients (68). In addition, both drugs are
associated with a marked variation in efficacy according to
geographic region, suggesting that parasite strain differences,
compounded by inducible drug resistance, may be important
factors in treatment outcome (4). During acute infection, ni-
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furtimox and benznidazole are given orally for 3 to 4 months
and 1 to 4 months, respectively.
For patients chronically infected with T. cruzi, treatment is

more controversial. The assessment of treatment outcome is
confounded by naturally low or undetectable parasitemia, vari-
able seroreactivity, and unpredictable clinical progression on a
case-by-case basis. In addition, because the late cardiac and
gastrointestinal sequelae of T. cruzi infection may be autoim-
mune mediated (141), late antiparasitic treatment may not
truly alter the natural history of disease. Despite these facts, in
Latin America, both nifurtimox and benznidazole are used for
chronic T. cruzi infection without benefit of controlled or pro-
spective data. One retrospective study with an average 8-year
follow-up documented a lower frequency of electrocardio-
graphic changes in 131 Argentinian patients treated with benz-
nidazole than was seen in 70 untreated controls (169). In an-
other open study comparing allopurinol (an inhibitor of
hypoxanthine oxidase active against T. cruzi in mammalian cell
culture and experimentally infected mice) (16) with benznid-
azole and nifurtimox, all three agents were found to reduce
parasitemia and induce seronegativity in a group of chronically
infected Argentinian patients; however, no long-term benefits
were attributed by the authors to any specific therapy (46).
Drug toxicity. Nifurtimox and benznidazole are both associ-

ated with significant toxicity, including almost universal gastric
upset, anorexia, and weight loss, as well as a high incidence of
photosensitive skin rashes, peripheral neuritis, and bone mar-
row depression. Nifurtimox also induces hemolysis in G6PD-
deficient individuals. In rabbits exposed to benznidazole and
nifurtimox, invasive lymphomas developed in 42 and 33%,
respectively, as opposed to no tumors in control animals (157,
158); however, no comparable pattern of oncogenesis has been
observed in humans treated with these drugs. Allopurinol is
relatively free of side effects except for allergic skin rashes and
other clinical manifestations of drug hypersensitivity.
Drugs on the horizon. T. cruzi is susceptible to ergosterol

biosynthesis inhibitors such as ketoconazole; however, in mu-
rine models of T. cruzi infection, the levels of ketoconazole
required to prevent mortality and clear parasitemia extrapolate
to levels which, in humans, are likely to interfere with the
production of steroid hormones, particularly testosterone. This
problem has been addressed by combining ketoconazole with a
second ergosterol inhibitor, terbinafine, or, alternatively, the
glutaryl coenzyme A reductase inhibitor mevinolin (Lovasta-
tin) to produce synergistic killing of T. cruzi (86, 166).
Another immunologic strategy to accelerate clearance of T.

cruzi parasitemia is the use of recombinant gamma interferon
(IFN-g) an agent which has reduced the severity of acute
experimental infection in mice (127). To date, two human
patients with acute Chagas’ disease have received IFN-g in
combination with nifurtimox and have recovered (68).

Leishmaniasis

Every year, according to current World Health Organization
estimates, there are 400,000 new cases of human leishmaniasis
in Asia, Africa, the Mediterranean basin, the Middle East, and
the Americas. The spectrum of clinical syndromes caused by
Leishmania spp. includes local infections of skin, subcutaneous
tissue, and regional lymph nodes (cutaneous leishmaniasis);
metastatic infections of the oronasal mucosa (mucocutaneous
leishmaniasis, or espundia, found primarily in South America);
and disseminated infection involving visceral organs of the
mononuclear phagocyte system (visceral leishmaniasis, or kala
azar). In each case, the syndrome is initiated by the bite of an
infected sandfly which inoculates extracellular (promastigote)

forms of the parasite into the skin of the patient; however,
once introduced into the mammalian host, the parasite prolif-
erates solely as an intracellular amastigote within cells of the
monocyte-macrophage line. Although many cases of cutaneous
leishmaniasis do not require specific treatment and some cases
of visceral leishmaniasis are clinically latent, drug therapy may
be required for any form of the disease. Standard drugs cur-
rently used for leishmaniasis include pentavalent antimony,
pentamidine, amphotericin B, allopurinol, and the ergosterol
inhibitors ketoconazole and itraconazole; in selected cases,
topical therapies and immunotherapy have also been used.
History of chemotherapy and mechanisms of drug action. In

1912, the first case of cutaneous leishmaniasis to be success-
fully treated with tartar emetic (potassium antimony tartrate)
was reported by a young Brazilian physician, G. Vianna. A few
years later, the same compound was used to treat visceral
leishmaniasis in Italy and Asia. Pentavalent antimonials be-
came available in the 1920s, and sodium stibogluconate was
introduced in 1945. At present, the pentavalent antimonials
sodium stibogluconate (Pentostam) and N-methylglucamine
antimonate (Glucantime) remain the mainstays of antileish-
manial therapy; they act by inhibiting parasite glycolysis and
fatty acid oxidation, leading to decreased energy and reducing
equivalents for antioxidant defense within the amastigote.
Other drugs currently used to treat leishmaniasis are pent-

amidine, which may inhibit parasite polyamine synthesis or
interfere with kinetoplast DNA; amphotericin B, which in-
creases membrane permeability of leishmaniae by combining
with ergosterol; allopurinol, a structural analog of hypoxan-
thine which inhibits amastigote metabolism by interfering with
the production of ATP; and the N-substituted imidazoles ke-
toconazole and itraconazole, which interfere with parasite-
specific demethylation of sterols (168).
Current treatment of cutaneous leishmaniasis. The treat-

ment of cutaneous leishmaniasis is often subdivided according
to the geographic origin of the infecting parasite. In general,
lesions of Old World cutaneous leishmaniasis, which are
caused by L. tropica, L. major, and L. aethiopica, are unlikely to
require specific therapy, often healing spontaneously over
weeks to months. However, in patients with large or multiple
lesions or in patients with lesions in functionally or cosmeti-
cally sensitive areas, pentavalent antimonial agents are usually
effective when given parenterally at a dose of 10 to 20 mg of
antimony per kg per day for 2 to 4 weeks. Intralesional sodium
stibogluconate and local heat therapy have also been used with
some success, although controlled trials are lacking. The orally
administered imidazoles, ketoconazole and itraconazole, have
been promising in limited human studies (2, 173). Diffuse cu-
taneous leishmaniasis, a syndrome unique to Ethiopia and
Kenya which results from the absence of specific cell-mediated
immunity to leishmanial antigens, is often refractory to treat-
ment with antimony and may require prolonged weekly injec-
tions of pentamidine for clinical regression or cure.
New World cutaneous leishmaniasis is caused primarily by

parasites of the species L. mexicana and L. braziliensis; infec-
tion by organisms of the latter group may lead to destructive
oral, nasal, or pharyngeal lesions called mucocutaneous leish-
maniasis or espundia. As with Old World cutaneous infections,
antimony is the drug of choice, but recent clinical experience
favors the higher dose of 20 mg/kg/day (60). Some strains of
New World cutaneous leishmaniasis are resistant to antimony
(53); when resistance is clinically or microbiologically sus-
pected, pentamidine (2 mg/kg every other day for four to seven
doses) is often an effective alternative (151, 152). The experi-
ence with imidazoles is more limited and contradictory: in
Central America, ketoconazole cured 16 of 21 patients in-
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fected with L. panamensis and 8 of 9 patients infected with L.
mexicana (103, 140), but 20 patients with L. panamensis infec-
tion acquired in Panama treated with itraconazole had no
better outcome than did nontreated controls (152). Because of
its greater virulence and potential for metastatic spread, most
authors recommend that L. braziliensis infection be treated
only with parenteral antimony or pentamidine or, in the case of
clinical relapse, amphotericin B.
Current treatment of visceral leishmaniasis. As with other

agents of leishmaniasis, the first line of treatment for infections
due to the visceralizing species L. donovani and L. chagasi is
pentavalent antimony. Because of increasing antimony resis-
tance, the minimum course for a typical case is 20 mg of
antimony per kg per day for $20 days (181); in India, where
resistance occurs in at least 10% of all cases, a regimen of 20
mg of antimony per kg per day for $40 days is currently
recommended (159). The addition of allopurinol to antimony
has produced variable results in small clinical trials in Kenya,
India, and the Mediterranean, although synergy of the two
drugs has been demonstrated in vitro (36).
Pentamidine is also effective in visceral leishmaniasis when

used at a dose of 4 mg/kg thrice weekly (160). In patients who
previously failed to respond to antimony therapy, a compara-
tive trial of pentamidine (4 mg/kg every other day for $40
days) and amphotericin B (0.5 mg/kg/day for 2 weeks) resulted
in 77 and 98% cure rates, respectively (99). Most recently, an
Indian trial evaluating amphotericin B (total dose, 20 mg/kg)
as a first-line drug for visceral leishmaniasis found a 6-month
cure rate of 100% in 75 patients (162).
Because T-cell suppression leads to reduced levels of inter-

leukin-2 and IFN-g in patients with visceral leishmaniasis, re-
combinant IFN-g has been added to pentavalent antimony in
small clinical trials in Brazil and Kenya (18, 154). These early
studies suggest that the addition of IFN-g may cure patients
previously unresponsive to multiple courses of antimony alone
and that the addition of IFN-g may also accelerate the clear-
ance of splenic parasites in first-time-treated patients. The
major drawback of immunotherapy is expense. IFN has been
unsuccessful in treating visceral leishmaniasis in one patient
coinfected with the human immunodeficiency virus (82).
Drug toxicity. The major toxicity associated with pentavalent

antimony is cardiac, often manifesting with acute electrocar-
diographic changes and arrythmia directly related to the cu-
mulative dose of drug administered. Other side effects include
sterile abscesses at sites of intramuscular injection, venous
thrombosis after intravenous administration, renal and hepatic
effects, myalgia, arthralgia, anorexia, vomiting, and headache.
Pentamidine can lead to sterile abscesses, hypoglycemia, neph-
rotoxicity, and orthostatic hypotension. Amphotericin B, a
drug which is administered only intravenously, frequently pro-
duces acute fever, chills, phlebitis, and hypotension during its
infusion, as well as hypokalemia, hypomagnasemia, and cumu-
lative dose-related nephrotoxicity. The major adverse effects of
allopurinol are skin rash and hypersensitivity reactions. The
orally administered imidazoles produce nausea, vomiting, hep-
atotoxicity, and, in the case of ketoconazole specifically, de-
creased testosterone levels leading to male gynecomastia and
diminished libido.
Drugs on the horizon. Ketoconazole has been used in iso-

lated cases of visceral leishmaniasis with variable success (36),
including in some patients with antimony- and pentamidine-
resistant infections (170). Aminosidine, also known as paro-
momycin, is an aminoglycoside with significant antileishmanial
activity in vitro and in animal models; use of the drug either
singly or in combination with antimony has yielded favorable
results in patients with L. donovani infections acquired in Ken-

ya, India, the Sudan, and the Mediterranean region (36, 143,
161). Liposomal amphotericin B was successful in treating
visceral leishmaniasis in two human immunodeficiency virus-
positive Spanish patients (163). A final drug in the early stages
of clinical evaluation for treatment of visceral leishmaniasis is
the oral 8-aminoquinolone, WR 6026 (36).

Toxoplasmosis

Toxoplasma gondii is a worldwide zoonotic pathogen whose
definitive host is the cat. Secondary hosts include humans and
a broad range of herbivorous and carnivorous mammals that
can acquire toxoplasmosis directly by ingestion of fecal oocysts
shed by infected cats or, indirectly, by ingestion of cyst-con-
taining meat. In addition, transmission of T. gondii to humans
can occur by congenital passage of organisms, organ transplan-
tation, blood transfusion, and laboratory accident (self-inocu-
lation) (22). After the acute phase of infection, infected hu-
mans have tissues cysts 10 to 200 mm in diameter, most
frequently located in the myocardium, skeletal muscle, and
CNS. Reactivation of chronic infection from latent cysts occurs
almost exclusively in patients with severe, underlying immuno-
suppression.
In immunocompetent adults, only 10 to 20% of acute Tox-

oplasma infections are symptomatic. However, congenitally in-
fected neonates and immunodeficient hosts with acute or re-
activation disease may have severe multiorgan involvement
affecting the brain, heart, liver, lungs, and eyes. In patients with
AIDS, toxoplasmic encephalitis is one of the most frequent
CNS infections, affecting 3 to 10% of AIDS patients in the
United States and 25 to 50% of AIDS patients in Europe,
Africa, and Haiti; it usually occurs when the CD41 lymphocyte
count falls below 100/mm3 (83). The primary drugs used for
treatment of toxoplasmosis are pyrimethamine, sulfadiazine,
and clindamycin.
History of chemotherapy. In 1955, sulfonamides were first

used alone and in combination with pyrimethamine to treat
experimental murine toxoplasmosis. In subsequent animal
studies, trimethoprim-sulfamethoxazole was shown to be less
effective than pyrimethamine-sulfonamide (54). In the 1980s,
the macrolide antibiotics clindamycin and spiramycin were
commonly used in mild cases of toxoplasmosis. However, with
the increasing number of AIDS- and immunosuppression-re-
lated infections, pyrimethamine in combination with either
sulfadiazine or clindamycin is now the regimen of choice. Al-
though these combinations are considered synergistic, py-
rimethamine as sole therapy compared with pyrimethamine-
sulfadiazine or pyrimethamine-clindamycin has never been
studied in a controlled, prospective fashion. Other drugs re-
cently used for toxoplasmosis are atovaquone, trimetrexate,
dapsone, azithromycin, and clarithromycin.
Mechanisms of drug action. Of the folate antagonists, sul-

fadiazine and dapsone inhibit dihydropteroate synthetase and
pyrimethamine and trimetrexate inhibit dihydrofolate reduc-
tase, thereby killing or inhibiting extracellular forms of T. gon-
dii. Although clindamycin exerts antibacterial effects by inhi-
bition of protein synthesis (74), the mechanism of action of
clindamycin and other macrolides (clarithromycin, azithromy-
cin, and roxithromycin) against T. gondii is unknown. Atova-
quone, a hydroxynaphthoquinone, is thought to interfere with
electron transport and pyrimidine synthesis. With the possible
exception of atovaquone and azithromycin, no antimicrobial
agent has been effective against the tissue cyst form of T. gondii
(11, 65).
Current treatment and prophylaxis. Immunocompetent

hosts with acute acquired toxoplasmosis rarely require treat-
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ment, unless there is evidence of severe visceral organ involve-
ment or a prolonged systemic illness. One notable exception is
infection acutely acquired during pregnancy, when spiramycin
(available from the U.S. Food and Drug Association) in a dose
of 3 g/day appears to reduce fetal infection by 60% (44).
Although a detailed discussion of the treatment of congenital
toxoplasmosis is beyond the scope of this article, there is new
evidence to support the benefits of prolonged treatment with
pyrimethamine, sulfadiazine, and leucovorin during the first
year of life (92). Ocular toxoplasmosis, which is almost invari-
ably the result of reactivation, responds well to a 1-month
course of pyrimethamine and sulfadiazine in approximately
70% of cases (48).
The efficacy of therapy for toxoplasmic encephalitis in HIV-

infected patients, although ultimately palliative rather than
curative, is usually measured by the acute regression of clinical
symptoms and radiographic abnormalities on computed to-
mography or magnetic resonance imaging scans. The regimen
of pyrimethamine-sulfadiazine-leucovorin, which is still the
standard by which all other experimental regimens are judged,
has been associated with clinical improvement in 68 to 95% of
patients (59, 76, 120), but adverse effects of therapy have led to
discontinuation of treatment in up to 40%. For acute therapy,
pyrimethamine-clindamycin is also effective (83), yielding com-
parable clinical results and toxicity to those seen with py-
rimethamine-sulfadiazine (35), although higher rates of re-
lapse occur during secondary prophylaxis (131). In small trials,
trimethoprim-sulfamethoxazole and pyrimethamine-clarithro-
mycin have been clinically beneficial (42, 105), although tri-
methoprim is less effective than pyrimethamine in vitro and in
experimental models (22). Patients treated solely with trime-
trexate as salvage therapy have shown early response followed
by relapse during therapy, suggesting possible drug resistance
(89). In patients intolerant of folate antagonists, atovaquone
has produced clinical response in 66 to 75%, although relapses
have occurred in approximately 50% of patients receiving
maintenance doses following a successful induction course
(70).
In the initial therapeutic trials for toxoplasmosis in AIDS

patients, relapse frequently occurred after therapy was discon-
tinued, so continuous maintenance therapy became necessary.
Pyrimethamine-sulfadiazine, pyrimethamine-clindamycin, and
pyrimethamine-dapsone have all proven effective for long-term
suppression of toxoplasmosis (30, 49, 111). AIDS patients re-
ceiving trimethoprim-sulfamethoxazole for long-term preven-
tion of pneumocystis infection have also been protected
against Toxoplasma encephalitis (26). Clarithromycin and spi-
ramycin have not proven successful for prophylaxis (77, 139).
Drug toxicity. The folate antagonist combinations have fre-

quent adverse effects, including skin rash, nausea, leukopenia,
and thrombocytopenia. To counteract the bone marrow toxic-
ity associated with these agents, folinic acid (leucovorin) is
usually given as an adjunct to therapy. In addition, sulfadiazine
can cause crystalluria and clindamycin predisposes patients to
pseudomembranous colitis (21). Dapsone has been associated
with rash, agranulocytosis, and, in G6PD-deficient individuals,
hemolysis. Atovaquone causes rash, nausea, and diarrhea.
Drugs on the horizon. Pyrimethamine-dapsone is currently

undergoing clinical evaluation as a regimen for patients intol-
erant of or unresponsive to pyrimethamine-sulfadiazine (91).
The newer macrolides azithromycin and roxithromycin are ef-
fective in murine toxoplasmosis (10, 29), as is the folate antag-
onist pitrexin in combination with a sulfonamide (9). Another
experimental agent that appears to interfere with purine sal-
vage pathways of T. gondii is aprinocid (84).
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