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Considerable progress has been made towards three
key objectives in tropical infectious diseases in recent
years: a clearer understanding of basic microbiology,
pathogenesis, and host defence; expanded epidemiol-
ogy; and new approaches to overall clinical manage-
ment. However, problems have also emerged. Develop-
ment of vaccines has been slow or non-existent, the
efficacy of conventional treatment has fallen, HIV has
affected the course of some diseases,1 the cost of some
new drugs has prohibited their use, and drug develop-
ment for tropical diseases has fallen.2 Inadequate
vector control; poor nutrition, sanitation, and drinking
water; civil war; and bare bones health budgets
continue to present obstacles to preventing and
controlling epidemics.2 3

This report highlights the current state of and
recent advances made in diagnosis, treatment, and pre-
vention in five tropical infections: African trypano-
somiasis, leishmaniasis, lymphatic filariasis, malaria,
and schistosomiasis. We have focused on these diseases
because of their high level morbidity or mortality.2

Although we have discussed only clinical management,
experimental work in research laboratories continues
to drive these clinical advances.4

Methods
This article is based on the hands-on clinical and labo-
ratory research knowledge of the authors, who are
experts in the diseases discussed. HWM wrote the sec-
tion on leishmaniasis, JP the section on African
trypanosomiasis, TBN the section on lymphatic filaria-
sis, SLH the section on malaria, and AAFM the section
on schistosomiasis. Personal knowledge was supple-
mented by review of relevant recent literature.

African trypanosomiasis
Tsetse flies (Glossina sp) transmit Trypanosoma brucei
gambiense (in west and central Africa) and T b
rhodesiense (in east and southern Africa). In Gambian
infection, a long asymptomatic stage gives way to a
subacute febrile illness followed by late stage chronic
meningoencephalitis; the Rhodesian form progresses
more rapidly. Although T b rhodesiense trypanosomiasis
is currently quiescent, with several hundred cases
reported annually, Gambian infection has surged in
central Africa5: over 27 000 cases were reported in
Congo in 1998 and epidemics in Angola, southern

Sudan, and Uganda bring the current total for Africa to
nearly 100 000 new infections a year. The relentless
spread of disease in central Africa contrasts with the
remarkable recent success of control programmes in
South American trypanosomiasis (Chagas’ disease).6

In early stage Gambian infection, daily pentami-
dine injections for seven days produce pronounced
drug accumulation, modest cerebrospinal fluid pen-
etration,7 and a cure rate of 93%; a World Health
Organisation trial is planned to compare three versus
seven days of treatment. In “early-late stage” disease
(cerebrospinal fluid white blood count 6-20/mm3), a 10
day pentamidine course has produced conflicting
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results; short course intravenous melarsoprol remains
preferable in such patients. A new, more rational,8

melarsoprol regimen (2.16 mg/kg/day for 10 days) is
being tested; toxicity seems similar to that of previous
regimens that included drug free intervals. Although
more experience is needed, this 10 day regimen short-
ens hospital stay and reduces total dose and cost by
one third.

In late stage Gambian trypanosomiasis, a 14 day
regimen of intravenous eflornithine has been shown to
be superior to seven days of treatment (97% v 86%
cure).9 Eflornithine fails more frequently in Uganda.
For relapses, seven days’ treatment with eflornithine is
as effective as 14 days.9 However, this drug is
overpriced, and its future availability is unclear. Patients
coinfected with HIV may respond less well to
eflornithine.

Control of African trypanosomiasis relies on iden-
tifying and treating the largely asymptomatic human
reservoir. Large scale use of the card agglutination test
for trypanosomiasis, a serological assay which doubles
case finding sensitivity, would improve disease control
if such programmes could be sustained. Diagnostic
advances such as the quantitative buffy coat technique10

are little use in clinical practice. Clinical research
priorities include improvement of existing drugs and
evaluation of combination treatments. No vaccine is
under development.

Leishmaniasis
Irrespective of geography or clinical form (cutaneous,
mucosal, or visceral (kala-azar)), all leishmania infec-
tions, which are transmitted by phlebotomine sandflies,
produce initial (and probably lifelong) parasitisation of
tissue macrophages. Many cutaneous lesions self heal,
and most visceral infections are actually subclinical,
attesting to the power of T cell dependent, multi-
cytokine induced macrophage activation. This same
response may also cause inflammatory mucosal
destruction. Despite initial immunological or pharma-
cological control, remote relapses of intracellular leish-
manial infections are well recognised. Kala-azar also
behaves like an opportunistic infection in immunosup-
pressed patients such as transplant recipients and
those with advanced HIV disease. Most cases of HIV
related kala-azar have so far been reported in southern
Europe along the Mediterranean basin. Depletion of
CD4 cells induced by HIV can alter any clinical aspect
of kala-azar, including the response to treatment and
propensity for relapse.11

Diagnosis in leishmaniasis depends on microscopic
detection of amastigotes in smears of tissue aspirates or
biopsy samples (fig 1). Sometimes the parasite can be
cultured in microscopy negative samples. In American
cutaneous infection, species identification may help to
predict response to treatment and risk of developing
mucosal disease. Parasite DNA can also be reliably
detected in tissue aspirates and peripheral blood by
polymerase chain reaction analysis. Immunochroma-
tographic strip testing of blood from a finger prick for
leishmanial (K39) antibody, which has been shown to
be an accurate and rapid diagnostic method in India,12

is now being tested elsewhere.
Despite its toxicity and the need for prolonged

treatment, pentavalent antimony remains first line

treatment for all forms of leishmaniasis worldwide
(table 1).13 The important exception is kala-azar in
India, which accounts for half of the world’s cases.
Resistance to antimony is now widespread in Bihar
state (where 90% of Indian cases occur), and antimony
should be abandoned in that region.

Mucosal disease continues to be difficult to treat.13

Preliminary work in Brazil, however, suggests that
therapeutic vaccination with multiple recombinant
leishmanial antigens may induce responses in drug
refractory mucosal disease (S Reed, personal commu-
nication). If cutaneous infection requires treatment,
parenteral antimony is most reliable; intralesional
injections, topical paramomycin, and oral imidazoles
have produced conflicting results.13 Topical application
of S-nitroso-N-acetylpenicillamine, a nitric oxide
donor, is a new treatment based on the leishmanicidal
effects of macrophage derived nitric oxide.14 In
kala-azar, highly active treatment regimens include
conventional amphotericin B, injectible paramomycin
(aminosidine), short courses (5-10 days) of a lipid
formulation of amphotericin B, and oral milte-
fosine.13 15 The cost of these new treatments will deter-
mine their usefulness worldwide.

Vaccine development is under way, and a killed
promastigote plus BCG preparation is being tested in
cutaneous leishmaniasis in Iran and Ecuador and in
epidemic visceral infection in Sudan.16

Lymphatic filariasis
Up to 130 million people worldwide may be infected
with one of the three lymph dwelling filariae, Wuchere-
ria bancrofti, Brugia malayi, and B timori. In lymphatic
filariasis, infective larvae are inoculated by mosquitoes;
adult worms are found in lymph nodes or adjacent
lymphatics, and offspring (microfilariae) circulate in
the blood, often only at night.

The variable clinical manifestations of lymphatic
filariasis include subclinical microfilaraemia or asymp-
tomatic carriage of adult worms, acute adenolym-
phangitis, and lymphatic obstruction (for example,
hydrocoele, or elephantiasis). The pathogenesis of
adenolymphangitis and obstruction is complex and
includes immune mediated inflammatory processes;
secondary bacterial infection superimposed on lym-
phatic dysfunction is an important contributing
factor.17

Fig 1 Giemsa-stained splenic aspirate smear, showing numerous
intracellular Leishmania donovani amastigotes within a parasitised
splenic macrophage (arrows) from a patient with kala-azar
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In brugian filariasis, diagnosis rests on microscopic
detection of the parasite, most commonly the
microfilariae. In bancroftian filariasis, detection of
circulating antigen by enzyme linked immunosorbent
assay (ELISA) or rapid immunochromatographic test-
ing has replaced microscopy.18 Filarial DNA can also be
detected by polymerase chain reaction. Ultrasonogra-
phy identifies adult worms in situ (commonly seen in
scrotal lymphatics as the “filaria dance sign”19);
lymphoscintigraphy helps to define the nature and
extent of lymphatic damage or dysfunction.

Oral diethylcarbamazine kills both macrofilariae
and microfilariae and remains the treatment of choice
in all forms of lymphatic filariasis including subclinical
infection. Repeated courses may be necessary. In
subclinical infection, alternative treatments include
diethylcarbamazine plus oral albendazole or albenda-

zole plus oral ivermectin. Tools to assess infection
status (ultrasonography, circulating antigenaemia) are
allowing more rational use of antifilarial drugs.20 In
adenolymphangitis, antipyretics and analgesics are
recommended along with diethylcarbamazine; antibi-
otics are also useful if secondary infection is likely. For
chronic manifestations of lymphatic filariasis, adjunc-
tive regimens to diethylcarbamazine which emphasise
hygiene and skin care, limb elevation, prophylactic
antibiotics to reduce secondary bacterial infections,
and physiotherapy have gained wide acceptance.
Hydrocoeles can be drained repeatedly or managed
surgically.

Programmes are being established to eliminate
lymphatic filariasis worldwide.21 These efforts will be
similar to the integrated control programmes for
onchocerciasis in Africa and the Americas, which are
based on interrupting transmission. Long term micro-
filarial suppression is envisaged from the use of mass,
annual distribution of single dose combinations of
albendazole plus diethylcarbamazine or ivermectin;
these regimens are known to suppress microfilariae for
over a year. An added benefit of these regimens is their
effect on gastrointestinal helminths.22 Vaccine develop-
ment is in its infancy.

Malaria
Plasmodium falciparum results in the death of more
children each year than any other single infectious
agent, and together with P vivax, P malariae, and P
ovale, infects 300-500 million and kills 1-3 million
people annually. Ninety percent of malaria cases and
deaths are believed to occur in sub-Saharan Africa.23

Fortunately, HIV coinfection has not materially altered
the course of malaria.1 Resistance of P falciparum to
chloroquine, and more recently to pyrimethamine-
sulfadoxine (Fansidar), is now widespread; however,
out of necessity, both drugs are still often used as initial
treatment in Africa. Mortality from severe infection in
rural hospitals also remains substantial, and malaria
looms as a potential health calamity in the tropics.23

Nevertheless clinically useful advances in management
have occurred.

Although diagnosis by microscopic examination of
blood films remains standard, rapid immunochroma-
tographic detection of circulating parasite antigen has
entered clinical practice. These dipstick strip tests are
specific, almost as sensitive as thick blood films, and
simple to perform.24 Polymerase chain reaction testing
for plasmodium antigen is most sensitive but is a
research tool.

Chloroquine resistant P vivax is now being
encountered, and P falciparum continues to develop
resistance to newly introduced drugs. The two most
important groups of drugs for malaria treatment are
still based on quinine or artemisinin (table 1). For
uncomplicated malaria in Thailand caused by multi-
drug resistant P falciparum, mefloquine combined with
artesunate (an artemisinin derivative) provides sus-
tained, high level efficacy. A separate combination,
atovaquone plus proguanil (Malarone), is active against
malaria around the world. In complicated severe
malaria, parenteral administration of artemether and
artesunate is as effective as intravenous quinine or

Table 1 Current and promising treatments in leishmaniasis and malaria*

Disease/stage Recommended treatment Alternative treatments†
Promising new
drugs or treatment

Leishmaniasis

Cutaneous Pentavalent antimony
(intramuscular, intravenous)

Pentavalent antimony
(intralesional)

Miltefosine (oral)

Pentamidine
(intramuscular or
intravenous)

Topical
S-nitroso-N-
acetylpenicillamine

Topical paramomycin

Ketoconazole (oral)

Itraconazole (oral)

Mucosal Pentavalent antimony Pentamidine Immunotherapy

Amphotericin B
(intravenous)

Visceral Pentavalent antimony except
India (where listed
alternatives should be used
in Bihar state)

Amphotericin B Miltefosine

Lipid forms of
amphotericin B
(intravenous)

Aminosidine
(intramuscular)

Malaria‡

Uncomplicated malaria§:

P falciparum:

Chloroquine resistant Mefloquine Fansidar Malarone

Quinine plus Fansidar,
doxycycline or
clindamycin

Halofantrine

Multidrug resistant Mefloquine plus artesunate

Chloroquine sensitive Chloroquine

P vivax:

Chloroquine sensitive Chloroquine plus
primaquine

Mefloquine plus
primaquine

Chloroquine resistant Mefloquine plus primaquine

Severe malaria:

Chloroquine sensitive Chloroquine (parenteral) Quinine or quinidine
(parenteral)

Artemether or
artesunate (oral)¶

Chloroquine resistant Quinine or quindine
(parenteral)

Artemether or
artesunate¶

Chemoprophylaxis (oral)**:

Chloroquine sensitive Chloroquine

Chloroquine resistant Mefloquine Chloroquine plus
proguanil

Malarone¶

Doxycycline Primaquine¶

Tafenaquine¶

*Details of treatment of African trypanosomiasis, lymphatic filariasis, and schistosomiasis, for which there
are no promising new treatments, are available in a table on the BMJ’s website. Further details of updated
treatment schedules are available at www.medletter.com.
†Alternative treatments according to geographical region and aetiological species.
‡P ovale and P malariae infections respond to choloroquine.
§All agents listed are given orally.
¶Not yet licensed for this indication in the United States or many other countries.
**If P vivax or P ovale exposure is presumed, terminal prophylaxis with primaquine is recommended after
screening for glucose 6-phosphate dehydrogenase activity.
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quinidine, active against quinine resistant parasites,
and often easier to use.25

Chemoprophylaxis may soon be advanced if
Malarone, primaquine, or Tafenaquine (a new
8-aminoquinoline) become licensed for this indication.
Malarone or primaquine are taken daily, but
Tafenaquine will probably need to be taken only once
a week. In contrast to current drugs which target the
blood stage of infection (fig 2) these drugs act on the
liver stage so will probably require just a few days of
treatment after departure from a malarious area.26

Insecticide impregnated bednets appreciably
reduce mortality in children in Africa, and major
efforts are under way to widely deploy them in
endemic regions. Despite a firm immunological
rationale (fig 2) and tremendous effort and promise, a
licensed vaccine is not anticipated in the next five
years.27 28 Almost all vaccine trials have had to focus on
only two of the estimated 6000 P falciparum proteins.
Publication of the DNA sequence of chromosomes 229

and 3 of P falciparum has raised hopes that sequencing
of the entire genome will lead to new, clinically useful
directions in vaccine development as well as in
diagnosis, treatment, and overall control of malaria.
The WHO’s new Roll Back Malaria campaign is aimed
at expanding prevention and treatment to substan-
tially reduce morbidity and mortality in the next five to
10 years.30

Schistosomiasis
Human infection with any of the five species of this
trematode can cause serious disease in multiple
organs.31 Attempts to control infection and disease in
many endemic areas have not been uniformly success-
ful, partly because of pressure to develop land for agri-
cultural use and irrigation schemes.

Recent advances in schistosomiasis have recog-
nised both the parasite and the host immunopatho-
logical response in basic pathogenesis and its
regulation. Susceptibility to infection maps to a region
on chromosome 5q31-q33,32 and hepatomegaly corre-
lates with expression of specific class I and II histocom-
patibility antigens. Development of liver fibrosis maps
to chromosome 6q22-q23; this region is linked to the
gene encoding the receptor for the antifibrogenic cyto-
kine, interferon-gamma.33

Accurate and non-invasive ultrasonography has
advanced clinical assessment and gives quantifiable
and specific information on liver fibrosis, associated
portal hypertension and oesophageal varices, and uri-
nary tract disease (Schistosoma haematobium).34 HIV
coinfection has not adversely affected the clinical or
therapeutic response in schistosomiasis; dually
infected individuals may actually pass fewer eggs.1

Progress has been achieved in serological testing
for diagnosis and assessment of disease activity.
Available tests for antibody detection are highly sensi-
tive and specific.35 Tests for schistosome antigen in
serum or urine are also available and offer the added
advantage of close correlation with intensity of
infection and disease activity.

Current chemotherapy is much safer and more
effective than previous treatments. Praziquantel, a sin-
gle dose oral drug used in both acute and established
infection, reduces egg counts by over 95% and
produces parasitological cure in about 85%. Oxamni-
quine and metrifonate are alternative oral drugs.
Praziquantel is now recommended for every infected
individual and in selective population, chemotherapy
based, control programmes. The use of one drug on a
massive scale, however, may lead to resistance. One
challenge for the near future, therefore, is to find addi-
tional antischistosomal drugs. Candidate vaccine anti-
gens have been tested in experimental animals; none
is ready for human studies.

We thank Dr Shyam Sundar of Banaras Hindu University, Vara-
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Correction

Hyponatraemic seizures and excessive intake of hypotonic fluids
in young children
In this Lesson of the Week by P Bhalla et al (11 December,
pp 1554-7), parentheses were omitted in the calculation for
the dose of hypertonic saline (p 1557). The calculation
should read: dose of sodium (in mmol/l): 0.6×body weight
(kg)×(desired sodium concentration (125 mmol/l) − actual
sodium concentration).

St Columba’s case book

Was St Columba of Iona a doctor or a saint? St Columba was an
early Christian saint who founded a monastery on Iona, but his
Life, published at the end of the fifth century by Adomnán,
suggests that he was also one of Britain’s early GPs.1 Written a
century after his death, the stories rely heavily on Christian
symbolism as they were based on tales circulating among the
monks and were written by an abbot, about an abbot. However, if
you ignore the miraculous hyperbole, Book II can be read as a
description of early British medicine. Columba seems to have
been a widely respected GP with some knowledge of public
health medicine.

He investigated two epidemics, once by identifying a point
source infection from a well (anyone who drank from the well or
intentionally washed his hands or feet in it was struck down—people
became leprous or half blind or were afflicted) and once by attempting
to treat a possible smallpox outbreak (awful sores of pus on the
bodies of people and on the udders of cattle) with penicillin (bread
dipped in water). Columba can be forgiven for not recognising that
the virus would not respond to penicillin, which in any case was
not discovered for another 13 centuries. He was also unlikely to
have heard of trichinosis, but he knew enough to warn of the
dangers of eating undercooked pork. One impatient farmer did
not wait and slaughtered a pig too soon (he was impatient to have
his first taste of the meat—as soon as a morsel of meat was cooked, he
called for it to taste it), and he died.

Columba was ready to treat whoever showed up at his clinic
and sometimes did house calls. A young woman stumbled on her
way home and broke her hip in two; while Columba does not
reveal the contents of his doctor’s bag (a little pinewood box), the
bone successfully mended. A young man presented with a
chronic nosebleed, which Columba healed by applying pressure
to the nostrils with the thumb and forefinger of his right hand. A
couple came for counselling when a patient complained that his
wife would not sleep with him. She told Columba, “Do not make me
share a bed with Luigne.” Columba successfully recommended a

combination of controlled dieting (fasting) and counselling. On
another occasion, he was called out at night to attend a woman in
labour who was suffering great pains during a difficult childbirth.
Columba chose prayer or “watchful waiting.”

Perhaps Columba’s most interesting intervention came in
cardiology. A middle aged man with type A personality (Broichan’s
heart was hard and unbending) suffered a heart attack, attributed to
a heavy blow from an angel, which left him struggling for breath
and near to death. Columba prescribed the cardiac drug of
choice, perhaps a nitrate (a white rock dipped in water, that floated
miraculously on the water like an apple or a nut). The patient took the
draught and completely recovered. This miracle drug healed
many people and was so effective that it was kept in the royal
treasury until it was used up.

Little acknowledgement of Dr Columba’s contribution to
medicine remains today. A monastery on Iona still exists and is
the destination for many persons seeking spiritual healing. Those
requiring treatment for physical problems must travel by ferry
across the Sound of Iona to Mull or await the Oban ambulance.

Duncan Hunter, assistant professor in community health and
epidemiology, Kingston, Ontario, Canada

1 Adomnán of Iona. Life of St. Columba [translated by Richard Sharpe].
London: Penguin Books, 1995.
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