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PREFACE

Dracunculiasis (guinea worm disease, Medina worm,
dracontiasis) is one of the oldest parasitic diseases
known to man. Since biblical times, this disease has
caused human suffering and has impeded economic development in rural areas of Africa, India, and the Middle
East. It is only recently, however, that it has been the
subject of sustained research or control efforts.
Dracunculiasis owes its neglect largely to the fact that
it does not kill, but temporarily disables inhabitants
of remote rural areas. The elimination of this crippling
disease will result in a dramatic improvement in the
health, agricultural productivity, and general well-being
of millions of affected people living in endemic areas
of the developing world.
Fortunately, international awareness of dracunculiasis has increased in the last few years, stemming from
initiation of an eradication program in India and the
advent of the International Drinking Water Supply and
Sanitation Decade (IDWSSD). The steering committee for
the Decade has endorsed the idea of using dracunculiasis
control as an indicator of the Decade's impact on health
in endemic regions. In May 1981, the World Health Assembly adopted a resolution on the IDWSSD which mentioned
dracunculiasis in the following context:
The Decade presents an opportunity to eliminate
dracunculiasis . . . as a public health problem
in affected areas, where the prevalence of the
disease could serve as a uniquely visible and
measurable indicator of progress for the Decade.
(WHA Resolution 34.25, May 22, 1981)

INTERNATIONAL WORKSHOP
In 1982, in response to expressions of interest from
international and domestic agencies, the National
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Research Council's Board on Science and Technology for
International Development (BOSTID), in collaboration with
the World Health Organization, convened an international
Workshop on Opportunities for Control of Dracunculiasis.*
This workshop was organized by the BOSTID advisory committee on health, biomedical research, and development
and was held June 16-19, 1982, in Washington, D.C.
Financial support from the Office of the Science Advisor,
U.S. Agency for International Development, made the workshop possible.
The papers contained in this volume were prepared by
participants in the workshop, and were either presented
at the gathering or served as background documents for
its deliberations. They describe the following aspects
of dracunculiasis: parasite life cycle and clinicopathology, epidemiology, control methods, control programs, and social and economic aspects of the disease.
Each paper was edited by a consultant to BOSTID.
A bibliography that lists the known literature on
dracunculiasis is being published simultaneously with
this collection of papers. It was kindly furnished by
Dr. Ralph Muller, director of the Commonwealth Institute
of Parasitology, Great Britain.
Approximately 30 experts in parasitic diseases, vector biology, epidemiology, communicable disease control,
health education, and sanitary engineering took part in
the dracunculiasis workshop. Participants included two
WHO staff members from Geneva and one from the WHO
regional office in Brazzaville, Congo Republic, a representative from the Organisation Centrale contre les
Grandes Endgmies (OCCGE) based in the Ivory Coast, and
nationals from Ghana, India, Nigeria, France, Togo, Great
Britain, and the United States.
At the workshop, these participants were asked to:
o

Review current knowledge of dracunculiasis—its
epidemiology, surveillance, control, and economic
impact

o

Assess the economic, social, and administrative
feasibility of mounting dracunculiasis control
efforts in conjunction with primary health care
and water and sanitation projects

*See: National Research Council, 1983. Opportunities
for Control of Dracunculiasis: Report of a Workshop.
National Academy Press, Washington, D.C.
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o

Review alternative methods for control, with
special emphasis on their cost-effectiveness

o

Identify basic, field, and operational research
needed to develop, implement, and evaluate control activities.

The published Report of the Workshop and these
Contributed Papers have accomplished these objectives.
They demonstrate the basis for the broader objective of
eliminating dracunculiasis as a public health problem,
through intensified campaigns in endemic areas. This
objective can be achieved, just as health organizations
and governments worked together during the past decade
to achieve a world free of smallpox. In every age, our
concepts of health grows broader. In every age, we
uncover a formerly unrecognized form of oppression that
can be prevented. Now is the time to dedicate our energies toward the liberation of mankind from the suffering
caused by dracunculiasis, thereby contributing to nobler
and more fulfilling lives for all.

Myron G. Schultz
Workshop Chairman
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OVERVIEW

OPPORTUNITIES FOR CONTROL OF DRACUNCULIASIS:
TRANSMISSION AND EPIDEMIOLOGY
Donald W. Belcher
University of Washington School of Medicine
Seattle, Washington, USA

Dracunculiasis (also known as guinea worm disease or
dracontiasis) is a parasitic disease that develops in
humans who drink water containing a macroscopic crustacean (Cyclops, a water flea) that has been infected by
the larvae of Dracunculus medinensls. This disease is
scattered throughout the rural communities of India and
Pakistan,1- the Middle East,2 and parts of Africa,3 -7
where it is estimated that 10-48 million cases occur
annually, affecting 1-6 percent of the total rural
population."
The actual number of dracunculiasis cases occurring
per year is unknown because official statistics grossly
underestimate the extent of the problem. Dracunculiasis
is not a notifiable disease in endemic areas. Because
most patients are from rural areas, they are likely to
have poor access to clinics and to prefer traditional
treatment methods.
Diagnosis of dracunculiasis is made on the basis of
a unique clinical presentation—a long, string-like worm
protruding from a shallow skin ulcer, usually found on
the lower leg. This condition is well known to residents
of endemic areas, and information about its occurrence
can be collected in retrospective surveys. Cryptic forms
of the disease are less readily identified in surveys,'
and microscopic examination for larvae is impractical
under field conditions.
In endemic areas, dracunculiasis is a major health
problem because it incapacitates many farmers,-* with
periods of total disability usually ranging from 6 weeks
to 3 months.^ Because the peak case rates often coincide with the major agricultural activities of clearing
land and planting or harvesting, this disease is a major
cause of agricultural work loss in many areas.
Since dracunculiasis is transmitted entirely by contaminated drinking water, the disease can be completely
eliminated by the provision of safe water supplies. Its
control or elimination will be an indicator of progress
- 1 -

- 2 for the International Drinking Water Supply and Sanitation Decade of the 1980s. 8

TRANSMISSION CYCLE AND POTENTIAL FOR ERADICATION
Humans become infected with this disease when they
drink, unfiltered water containing cyclops infected with
D. medlnensls larvae. After ingestion, the cyclops are
digested and killed by gastric juices in the stomach and
the larvae are freed to penetrate the intestinal wall.
The male and female worms mate about 3 months after
ingestion. The male worms then die at about 6 months of
age and are absorbed or encysted. The gravid female
worms live in the connective tissue. At about 8 months,
the female worms usually move down to the lower limbs.
Ten to 14 months after initial infection, the female
worm, ready to emerge and reproduce, secretes a toxic
substance that eventually produces a painful ulcer. When
the ulcer through which the gravid female is protruding
is exposed to water, the larvae are released, thus
renewing the entire cycle.
Dracunculiasls occurs in areas where surface water
temperatures are above 19°C, a requirement for complete
development of the larvae in the cyclops. Because
Dracunculus larvae do not possess a boring apparatus,
only large predatory cyclops strains that can Ingest
larvae become infected. These types, which occur in West
Africa, the Middle East, and India, propagate best in
stagnant surface water. Thus, communities that depend
on ponds, cisterns (Iran), and stepwells (India) for
drinking water have the greatest risk of infection.
Water becomes contaminated when individuals with guinea
worm infections wade in to obtain water or bathe their
ulcers to relieve pain.
Infection with Dracunculus does not confer Immunity,
and there Is no effective treatment or prophylaxis.10»11
Resldents In endemic areas are reinfected year after
year. Case rates show a marked seasonal recurrence
because of the availability of water with infected
cyclops and because the female worm requires approximately 1 year to mature and release larvae in the water
that will lead to the following year's infection.5
Because the transmission of dracunculiasls Is well
understood, the cycle may be Interrupted at several
points, making the disease Itself potentially eradicable.
Several features of the disease are helpful in Its control. First, endemic foci are well demarcated and control efforts can be directed at specific geographic sites
rather than a large geographic area. Second, infection
of humans with contaminated drinking water often occurs

- 3 at a specific time of year, particularly during the
middle or late dry season. This peak in case rates Is
related to a lack of alternative water sources during the
dry season, consumption of large quantities of contaminated surface water, and denser concentrations of infected
cyclops. Finally, because of the pain and disability
caused by dracunculiasis, victims and their communities
are most willing to cooperate with programs designed to
eliminate this problem.
In Ghana, dracunculiasis transmission has been interrupted both by piping safe water and by treating surface
ponds with the larvicide temephos (Abate). A recent
history of health services in Ghana 1 ^ describes
dracunculiasis as being commonplace in Accra, the capital
city, until piped water was made available in the early
1900s. By 1930, the dracunculiasis cycle had been interrupted In several rural villages because of the introduction of safe water. In northern Ghana, however, dracunculiasis remains a major public health problem. la
1955, there were an estimated 100,000 annual cases out
of a population of 800,000, and in the early 1970s, dracunculiasis transmission was finally interrupted in one
village when the drinking water pond was treated with
Abate. 6

CONTROL STRATEGIES
Control strategies for dracunculiasis must consider:
o
o
o
o
o

The geographical areas most affected
The transmission season in the different endemic
areas
The population groups at greatest risk of acquiring dracunculiasis
The reliability of the available information and
any means of improving baseline and monitoring
(i.e., surveillance) information
The research needed to answer behavioral, epidemiologic, and operational questions.
Geographic Distribution

West Africa, Ethiopia, the Nile Valley, Saudi Arabia,
Iran and the Middle East, and Pakistan and India are
endemic areas for dracunculiasis because water supplies
are poor, the appropriate cyclops species are present,
and the water temperature is above 19°C. Previous foci
in the West Indies and northeastern South America are no
longer active because of improved economic conditions

- 4and better water supplies.1 In some communities where
dracunculiasis had not occurred previously, travelers or
immigrants from endemic areas are introducing the
disease.^

Seasonality
Water sources in tropical areas vary with the season.
During the rainy season, which lasts 2-3 months, surface
ponds fill and overflow into small streams. Villagers
collect roof water in barrels and water pots. During the
dry season, however, these sources are expended and shallow surface ponds are used. By the end of the dry
season, the volume of pond water becomes quite low, so
that the density of cyclops is increased. Seasonal rains
interrupt the transmission of dracunculiasis because the
increased water volume and turbidity act to reduce the
density of cyclops. Rainfall characteristics are important indicators of the likely transmission periods.5
In areas where wells or cisterns are used, cyclops tend
to persist in larger numbers and transmission periods may
be longer.
The natural or artificial ponds used as sources of
drinking water in the savannah areas of Africa and in the
Sind Desert area of Pakistan also provide centers for
transmission. In areas with an average rainfall of less
than 65 cm concentrated into 3-4 months of the year
(e.g., Chad, northern Ghana, Niger, northern Nigeria,
Senegal, Sudan, Uganda, Upper Volta), water is obtained
from safe bored wells for most of the year when the ponds
are dry. Thus the maximum incidence of infection occurs
during and after the end of the rainy season, particularly when water levels become low in the ponds. Infection is markedly seasonal in these areas, and patent
guinea worm disease is confined to less than 5 months of
the year, peaking during the harvesting season at the end
of the rains. In savannah areas of Africa with an annual
rainfall of more than 150 cm, as in southern Ghana, the
Ivory Coast, southern Nigeria, and Togo, ponds contain
water all year round and infection may be apparent in
humans for up to 8 months of the year. Even here, however, most cases of dracunculiasis occur in the latter
half of the dry season and extend to the main planting
season after the early rains. There are few cases during
the rainy season because there is considerable surface
water.
When drawwells are used as the only source of water,
transmission of guinea worm is not commonly found. Stepwells, however, which provide the main source of drinking
water in many rural areas of India, are ideally suited

- 5 for Dracunculus transmission. The steps that lead down
into the water permit immersion of the affected limbs of
those dipping a water container into the well. These
areas of India have a transmission pattern similar to
that found in the humid areas of West Africa. Peak
transmission occurs toward the end of the dry season
before the major rains in June or July.
In southern Iran where large covered cisterns are
used, the water rarely dries up completely. Dracunculiasis occurs principally when the cisterns are half
full, and it is absent for the 2 months before the rains
begin. There is little transmission of dracunculiasis
during the rainy season when the cisterns are full.
While field studies should be conducted to characterize
local transmission patterns,^ information about overall rainfall patterns and usual water sources during the
dry season can be used to time drinking water treatment
programs.

Population Groups at High Risk
In southern Ghana, the peak infection rates of aduLt
male farmers probably result from their heavy seasonal
farming activities and their increased consumption of
contaminated water.3 in communities that use a common
source of water, females are infected as often as males.
Infants and toddlers are rarely infected because they are
breast-fed.

Information Requirements
Available reports do not give a clear picture of the
extent of dracunculiasis. A review of the reports published over the past 10 years about dracunculiasis
revealed over 40 that dealt with case reports or drug
trials, six special studies largely involving investigation of a specific area for just a 1-year period, and
only one article that showed an effort to develop a continuing, periodic surveillance to provide accurate baseline data about dracunculiasis.^ Official statistics
based on ambulatory diagnostic registers or hospitalization information markedly underreport the actual incidence of dracunculiasis. In one population survey, less
than 1 percent of villagers experiencing dracunculiasis
attended a clinic for treatment.3 Although dracunculiasis tends to occur in rural areas that lack protected
water supplies, underreporting also persists even when
numerous cases occur in communities adjacent to large
cities.

- 6 Several factors may make surveillance difficult, such
as a lack of established surveillance policy or procedures or Inadequate resources to initiate and maintain a
surveillance program. -* A standardized data base is
also important to allow comparison between different
regions of a country.1-**
The potential users of surveillance Information
should help plan the information requirements, which may
require coordination between the various government
ministries Involved. A helpful classification of the
level of surveillance feasible In a given setting and the
appropriate activities has been described In a monograph
published by the World Health Organization.15
In October 1979, a program to eradicate dracunculiasis in India was initiated with the collection of baseline data. Questionnaires were sent to directors of
health services in all states and union territories to
determine the extent of this infection. The first estimate tentatively identified 726 villages or hamlets comprising a population of 1.8 million. To confirm this
information, paramedical survey workers then visited each
village in the endemic states and union territories,
where they found the disease to be more extensively distributed than the questionnaires had indicated. More
than 7,500 villages or hamlets with a population of 5.9
million were revealed to be affected by dracunculiasis.
India is planning to take several steps in this program to eradicate dracunculiasis, including: (1) continued, semiannual monitoring of all affected areas;
(2) surveying water sources to determine priorities for
providing improvements; (3) educating communities about
the hazards of unsafe water sources, mode of transmission
of dracunculiasis, and personal hygiene necessary to prevent and control the disease; and (4) training health
officers and distributing an operational manual on eradication of guinea worm disease. With this strategy it
Is hoped that this disease can be eliminated in India by
December 1985. 17

Research Agenda
The answers to a number of questions would allow the
educational, operational, and surveillance components of
a dracunculiasis control program to become more effective. At the Individual or community level, research Is
needed to clarify the relationships among water-related
behavior,1° perceptions about causation and personal
susceptibility,l^ and exposure risk™ to dracunculiasis transmission. Such information will facilitate the
design of health education programs that enable residents

- 7 to avoid water contamination or use field water treatment
techniques. The current level of dracunculiasis awareness is another issue. For example, less than 5 percent
of western Nigerian farmers described dracunculiasis as
a problem related to contaminated drinking water.21
Health education activities could also be directed more
effectively if it were known who is transmitting dracunculiasis (i.e., affected resident adults or children,
travelers, or recent immigrants).
The popular concept of community self-help, particularly in rural areas, may be oversimplified and may
divert program attention away from administrative and
political realities.22 For example, information about
the impact of dracunculiasis on agricultural productivity
and crop losses would encourage governments to make dracunculiasis control a higher priority and would assist
the responsible ministries in setting program goals.
Pilot program research is needed to clarify which
control approach will yield the greatest health benefits. 23. Epidemiologic information about the location
of endemic foci and the seasonality of transmission are
basic requirements for allocating overall program
resources to achieve efficient coverage and timing objectives. For example, the addition of an organophosphorus
larvicide effective against cyclops (temephos at a concentration of 0.5-1.0 mg/liter) to pond water at 4-week
intervals during the transmission season can interrupt
the dracunculiasis cycle.5 Potential disease areas
(i.e., drinking water sources and water-related behavior
make the community at risk) should also be identified and
monitored periodically to recognize newly introduced
dracunculiasis.
More effective information systems are clearly needed
to provide ongoing epidemiologic information as a basis
for planning and periodically monitoring the results of
dracunculiasis programs. The available patient-related
statistics are inaccurate because affected persons rarely
seek care at clinics. Furthermore, official statistics
based on passive data collection often show unexplained
rate variations or missing data.24 Continuing data
collection to determine disease trends, outbreaks, and
control program impact requires significant administrative, manpower, and other resources, as well as community
cooperation in providing information. Based upon the
setting and available resources, different intensities
of surveillance and related resource requirements can be
planned.^ The promising two-phase data collection
program used in India and just described is yielding
valuable information.^ If baseline data about current
dracunculiasis transmission areas were available, control
program resources could be applied more efficiently.
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PARASITE LIFE CYCLE AND CLINICO-PATHOLOGY

LIFE CYCLE OF DRACUNCULUS MEDINENSIS

Ralph Muller
Commonwealth Iastitute of Parasitology
St. Albans, Herts, England

The seemingly rather bizarre life cycle of the guinea
worm, Dracunculus medinensis, is actually very well
adapted for transmission of a parasite that utilizes an
aquatic Intermediate host and that occurs principally in
arid or semiarid environments.
The mature female worm is about 70 cm long and 0.2 cm
wide and lives in the subcutaneous connective tissue of
the human host. When ready to emerge, the anterior end
of the worm provokes the formation of a painful burning
blister in the human skin. The blister bursts, usually
after immersion of the affected portion of the body in
water, and the worm is exposed in a shallow ulcer. Following rupture, numerous first-stage larvae are forcibly
expelled Into the water in a milky stream by the contraction of the muscles of the worm and of the host.
Estimates of the number of larvae contained in the uterus
of a single worm range from 1.4 to 3 million. Not all
of the larvae are released at once, and the anterior
portion of the worm becomes flaccid and dries up after
removal from the water. When the host enters water
again, more larvae are released through the broken end
of the worm; this process can be repeated a number of
times.
Few studies have been undertaken to ascertain how
many times larvae can be released and over what period
of time. In a study of five patients in Nigeria, this
author found that an average of 0.5 million larvae were
released upon first immersion in water, and that no larvae were expelled for more than a 2-week period thereafter. In an experimental infection in a rhesus monkey,
about 104,000 larvae were released upon first emergence;
26,000 three days later; 10,000 the next day; and only
1,000 a week later.
The period of release of larvae could be important
in controlling transmission of the disease. For
instance, various benzimidazole drugs reportedly reduce
inflammation as well as the time required for complete
- 13 -

- 14 emergence of worms from an average of 4-6 weeks to 2-3
weeks, a l t h o u g h t h e s e drugs do not appear to a f f e c t the
v i a b i l i t y of t h e contained l a r v a e . 1- The s t u d i e s
d e s c r i b e d above i n d i c a t e t h a t such treatment with drugs
would n o t s i g n i f i c a n t l y reduce the number of l a r v a e
reaching w a t e r .
INFECTION OF CYCLOPS SPECIES
F i r s t - s t a g e l a r v a e a r e 640 urn long by 13.4 urn wide and
have a long p o i n t e d t a i l ; they remain a c t i v e in pond
water for up t o a week. Experiments have shown, however,
t h a t they a r e n o t capable of i n f e c t i n g cyclops for longer
than 5 days a t 24°C. The l a r v a e t h r a s h a c t i v e l y i n the
water s i m i l a r l y to f r e e - l i v i n g a q u a t i c nematodes and a r e
i n g e s t e d by c a r n i v o r o u s s p e c i e s of Cyclops. While s i x
s p e c i e s of Cyclops have been found n a t u r a l l y i n f e c t e d in
various p a r t s of the world,2 c._ l e u c k a r t l and
C. h y a l l n u s a r e important s p e c i e s in a l l endemic a r e a s ,
p a r t i c u l a r l y i n many h a b i t a t s in I n d i a . 3 At l e a s t
another 10 s p e c i e s , however, a r e p o t e n t i a l i n t e r m e d i a t e
h o s t s , and some have been i n f e c t e d e x p e r i m e n t a l l y .
Once i n s i d e a c y c l o p s , the l a r v a e p e n e t r a t e head
f i r s t through t h e gut w a l l to the hemocoel in 1-6 h o u r s ,
depending p r i n c i p a l l y on the t e m p e r a t u r e . The l a r v a e
molt twice i n s i d e the cyclops and can reach the i n f e c t i v e
t h i r d s t a g e in 14 days with a temperature above 21°C.
Below 19°C, they do not appear capable of reaching the
I n f e c t i v e s t a g e a t a l l (Table 1 ) .
TABLE 1. Number of Days Required for D. medlnensls Larvae to Develop
In Cyclops

Authority

Species of
Cyclops

Temp.
(°C)

Fairley & Liston

C^ leuckartl

24

Moorthy (1938) 5

C. leuckartl

32

Onabamlro
(1954)6

C^ nlgerlanus 25-27

Muller (1971) 2

C± leuckartl

First
Molt

Second
Molt

?

Infective
Stage
(Presumed)

?

12-15

5-7

8-12

14-20

5

9

12

21-24

8

12

14

25

6-8

8-10

14a

(1924)*

19

Demonstrated by experimental Infections; animals could not be
Infected at 9 or 12 days.

- 15 Cyclops often ingest many larvae, but this results
in high mortality when the larvae molt. The great majority of naturally infected Cyclops contain only one thirdstage infective larva (in 1951, Onabamiro? found that
12 percent contained two larvae). The third-stage larva
is approximately 450 urn long and 14 urn wide and has a
short bifid tail. All stages of cyclops can be infected,
but the nauplii and copepodid stages are likely to have
become adult by the time they contain infective larvae,
although in some cases inhibition of development has been
reported.
In the laboratory, Sharma and Wattal found that
uninfected female C;_ leuckarti lived for a maximum of
158 days, while Muller found that infected cyclops
lived for less than 50 days.
Cyclops that contain third-stage larvae become sluggish and sink almost to the bottom of a pond or stepwell. ^ This is usually given as a partial explanation
for increased transmission of the disease in the dry
season when water levels are low in endemic areas that
have a high annual rainfall.
Although there have been no studies of the level of
infection necessary in cyclops to maintain transmission,
Moorthy and Sweet found 5 percent infection in
C. leuckarti during the height of the transmission season
in a stepwell in Karnataka State, India. " Onabamiro
has reported a similar figure for C\_ nigerlanus in a pond
Ln southwest Nigeria.' To be meaningful, however, such
studies must differentiate infective larvae in cyclops,
and they must be carried out over a period of time
because of the sporadic nature of larval input into the
water and the high mortality of recently infected
cyclops.

HUMAN INGESTION
When cyclops containing infective larvae are ingested in
drinking water, they are killed in the stomach of the
host. The contained larvae are activated and, in experimentally infected cats, freed larvae can be found in the
lumen of the duodenum 4 hours after infection. Larvae
are killed in 18 hours, however, by 0.05 percent HC1
(maximum stomach acidity is about 0.22 percent HC1).
This can be contrasted to Trlchlnella, a nematode whose
larvae are ingested in meat, which can withstand 0.2
percent acid pepsin for 24 hours. This may mean that
Dracunculus larvae must pass through the stomach quickly.
High gastric acidity has also been given as a possible
explanation for the disease resistance often found in
some people using a contaminated water source, although

- 16 this has not been borne out by clinical Investigations. 1 1 ' 1 2
In experimental animals, larvae penetrate the
duodenal wall by 13 hours after infection, are found
migrating along the abdominal mesenteries by up to 12
days, and are present in the abdominal and thoracic
muscle planes at about 15 days. The larvae do not grow
during this period,!3 but there is probably a molt
between 15 and 21 days. The developing worms then
migrate to the connective tissues of the axillary and
inguinal regions, and mating occurs between 80 and 100
days after Infection (R. Muller, unpublished data). 1 ^' 1 ^
The males usually then move deeper between the muscle
fasciae, die after about 6 months, become encysted, and
sometimes calcify. The females move down to the extremities, usually to the lower legs, between 8 and 10 months
after Infection. The uterus is filled with developing
eggs by 8 months and with first-stage larvae by 10
months. The gut becomes flattened and nonfunctional, and
the whole worm Is filled by the uterus containing larvae.
The female worms become potent between 10 and 14
months after Infection (in 1971, this author reported a
mean of 340 days in nine experimentally infected rhesus
monkeys), 2 although occasionally adult female worms
have been reported from young babies. A number of female
worms never reach the surface, becoming encysted and
eventually calcified or they are absorbed. All such
worms that this author has examined from monkeys have
been unfertilized. Sita Devi and colleagues found that
29 percent of supposedly uninfected villagers from an
endemic area showed the presence of worms in a roentgenogram. 12 In the older literature, it has sometimes been
reported that female worms can occasionally survive in
the body for 2 years but there is no good evidence for
this.

ROLE OF RESERVOIR HOSTS
The role of reservoir hosts in the transmission of
D. medinensls has not been clearly established.
Infection has been reported from a wide range of mammals
from many parts of the world, 2 but It is not always
clear whether the worms belong to the same species (for
Instance, the widespread parasite of wild carnivores In
North America has been named IK_ Ins ignis, although there
is little to distinguish It from IK_ medinensls) or whether the occasional animal cases reported in endemic areas,
usually from dogs, are just isolated accidental infections from a human source.

- 17 While there Is no evidence that dracuncullasls is a
zoonotic infection or has ever been transmitted from an
animal to man (apart, presumably, from the occasional
human cases reported from the United States), the possibility that infection could be reintroduced into an area
from which it has been eliminated provides additional
support for the need to provide safe water supplies as
the most satisfactory method of control or eradication.
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CLINICAL AND THERAPEUTIC ASPECTS
OF DRACUNCULUS MEDINENSIS
Herbert M. Gllles
Liverpool School of Tropical Medicine
Liverpool, England

CLINICAL PICTURE
Dracuncullasls (guinea worm disease) rarely occurs
in humans before the age of four, after which the incidence steadily increases, to become highest In the young
adult. The Incidence is seasonal in many areas,
especially in India. Infection with a single worm Is
usual, but multiple infection is not uncommon. There is
no racial or other immunity, and reinfection Is frequent,
even in the already infected subjects.
The mature female worm Is usually present in the
connective tissues of the human limbs and trunk. In
90 percent of all cases, It most commonly presents Itself
on the surface of the body in the feet, ankles, and lower
limbs, but it may also emerge from the trunk (especially
the back in water carriers) and arms—rarely the head and
neck. It has also been reported in the orbit. The worm
may often be visible or palpable for Its whole length in
the subcutaneous tissue.
The worm does not give rise to clinical signs until
near the point of discharge of larvae. The active stage
of the Infection is accompanied by both general and local
signs and symptoms. A few hours before the appearance
of the worm at the surface of the skin, some local erythema and tenderness may develop over the area in which
the pointing will occur. In some cases there may be
general effects, sometimes severe in nature, but for the
majority the local lesion tends to develop without any
general reaction.
In severe cases there may be generalized pruritus,
sometimes accompanied by scattered urticaria. There may
also be nausea, vomiting, and watery diarrhea. In some
cases dyspnea may appear and lead to attacks resembling
asthma. These general reactions vary greatly In intensity and incidence from patient to patient and locality
to locality. They subside as a rule by the time the
local lesion has ruptured and the ejection of larvae has
commenced.
- 19 -

- 20 The adult female worm secretes a toxic substance
which causes a local inflammatory lesion infiltrated with
eosinophils, monocytes, and polymorphonuclear leucocytes.
The patient usually complains of deep-seated, stinging
pain in the site in which the worm is reaching the surface. A papule or group of papules (which later
coalesce) forms rapidly and enlarges over the course of
1 or 2 days, becoming slowly more indurated. The central
region becomes raised and eventually forms a vesicle that
soon ruptures, leaving a superficial ulcer large enough
to admit a probe. The head of the worm is often visible
within this ulcer.
If the ulcerated lesion is douched with water, a drop
of milky fluid wells up in a few seconds. After an
interval of about an hour, further douching will have the
same effect. This fluid contains a myriad of active
larvae ejected from the uterus of the worm in response
to the stimulus of water.
Discharge of larvae will continue intermittently
whenever the affected part is exposed to water until the
worm has discharged its full load of larvae, which may
take up to 3 weeks. The tissues about the presenting
head of the worm become indurated, edematous, reddened,
and very tender. These reactions, which may involve wide
areas around the worm, are probably allergic. Even in
the absence of secondary infection, walking may be very
difficult and the patient is compelled to give up work.
In the case not complicated by secondary infection,
the local lesion will heal completely about 4-6 weeks
after its appearance. Secondary infection is, however,
the rule and may lead to serious and unpleasant complications.
It is possible that the mature female never reaches
the surface of the body and is absorbed without a marked
reaction on the part of the host; or calcification of the
worm may occur and be detected on radiological examination.-'- It is, however, often the case that a secondary
infection develops and leads to abscess formation so that
the first indication of the infection may be the discovery of fragments of the worm in the abscess contents.
Such secondary Infections may involve deep structures,
including tendons, the periosteum, and bones, and may be
accompanied by severe or even fatal septicemia.
In some areas, a large proportion of patients (in
parts of India, over 20 percent) suffer from joint
lesions perhaps caused in some instances by a toxin
liberated from the worm. These lesions vary from painful
reddened swellings to advanced pyogenic infections followed by fixation and deformity. The majority of such
lesions occur in the ankles and knees. The aspirated
fluid is usually brownish in color and contains pus cells

- 21 and fragments of the worm; in the wall of the cavity a
foreign body giant cell reaction is usual. In some cases
the aspirated fluid is sterile, and at arthrotomy the
entire adult worm is seen in the joint.2 A coiled-up
worm has also been observed in an abscess cavity in the
pericardium, causing constrictive pericarditis.
Changes in joints are believed to occur occasionally
without secondary infection.
An eosinophilia may occur in the early stages of
infection prior to the liberation of the embryos or with
damage to the parasite. Paraplegia as well as quadriplegia due to an extradural abscess have also been
described, >->>° a s well as scrotal, vesical, and renal
lesions.

TREATMENT
The patient should rest if possible with the affected
part elevated. The local lesion must be kept as clean
as possible and the secondary infection treated using
conventional methods. A tetanus toxoid injection should
be given when indicated.
Niridazole, administered 25 mg/kg daily for 10 days,
was found effective in a Nigerian study,? but Kulkarni
and Nagalotimath, in 160 randomly selected patients in
India," and Belcher and colleagues,9 failed to show
any beneficial effect using metronidazole or thiabendazole. Gaitonde and associates have assessed the comparative efficacy of levamisole, bitoscanate, and mebendaz o l e . ^ Unfortunately, none of the drugs seemed to
have any effect on developing worms, while only mebendazole at a dosage of 100 mg twice a day for 7 days
resulted in significant symptomatic improvement. The
possible mode of action of a number of drugs on dracunculiasis has been reviewed by Muller. -'-
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