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SUMMARY

Dracunculiasis (Guinea Worm Disease) is a chronic
disease that is primarily found in the arid and poor
areas of our planet where water supply systems con-
sist of open wells. This parasitic disease is transmit-
ted to humans not only through the consumption of
water contaminated with crustaceans harbouring lar-
vae of Dracunculus medinensis, but also through the
ingestion of paratenic (frogs) or transport hosts (fish).
The natural progression of the disease is caused by
adult worms invading connective tissues, leading to
blistering and ulceration of the extremities, approx-
imately one year after infection. In 1986, the Guinea
Worm Eradication Program (GWEP) was launched
and since then, the incidence of the disease has been

B INTRODUCTION

As recently observed during the COVID-19
pandemic, scientists study diseases with the
ideal goal of finding a cure or a vaccine and to
achieve the complete eradication of the pathogen.
The World Health Organization (WHO) declared
the global eradication of smallpox a success in
1980 after the last known case in 1977. A second
infectious pathogen was targeted for eradication:
Dracunculus medinensis (or guinea worm), a nem-

Corresponding author
Omar Simonetti
E-mail: omarsimonetti89@gmail.com

reduced by over 99%. Indeed, the most recent global
report from 2022 shows only 13 cases of human dra-
cunculiasis worldwide, the lowest annual incidence
ever reported. The new found knowledge of potential
animal reservoirs and the recent discovery of possible
edible paratenic hosts could pose challenges to the
future eradication of this debilitating disease. There-
fore, attempts to eradicate this parasitosis should not
be postponed. Intensive research is needed in this ne-
glected area of medicine, now that the goal is within
reach.

Keywords: Guinea worm disease, dracunculiasis, tropi-
cal medicine, hygiene, parasitoses.

atode that causes dracunculiasis in humans. Guin-
ea worm disease (GWD) is a chronic neglected
disease that has almost been eradicated for dec-
ades without definitive results [1]. Although in-
fection control programmes have been highly ef-
fective in reducing the number of human cases,
some countries are experiencing increasing num-
bers of D. medinensis infections in animals. There
is preliminary evidence that alternative routes of
infection (e.g. consumption of fish) may facilitate
the transmission of Dracunculus spp. to definitive
hosts [2, 3].

The aim of the present work is to briefly review
the state of the art on dracunculiasis knowledge
and clarify the factors contributing to dracunculia-
sis persistence in endemic areas.
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B HISTORICAL NOTES

Despite some unlikely hypotheses that dracuncu-
liasis was described in the Old Testament, it is very
probable that the parasitosis was endemic in Egypt
and especially in the Blue Nile area [4]. Apart from
the, albeit uncertain, testimony of the Ebers papy-
rus (c. 1550 BC), in the area of Deir el-Medina and
Amarna there were widespread water supply sys-
tems consisting of open wells, present since the
Paleolithic [5, 6]. These wells provided an ideal
pabulum for the development of both cyclopids
and anthropogenic water contamination [4, 5].

In the ancient West, dracunculiasis was completely
unknown, thanks largely to the use of closed wells
and aqueducts for irrigation, already present since
at least the Minoan period. The few medical de-
scriptions of this disease in the classical era are
based on indirect evidence: only Rufus of Ephesus,
a physician who lived at the time of the Emperor
Trajan, reported observing the disease in Egypt
and noting its spread via water. The other medical
authors, including Galen, limit themselves to de-
scribing the disease with reference to Rufus. Even
the Arabic medical authors show that they did not
know the disease directly, so the medieval Western
medical world treated the subject in an abstract
way. So much so that, in the Renaissance, the dis-
ease was assimilated and identified with subcuta-
neous parasitoses in cattle and horses [7].

Instead, for obvious reasons, the disease was re-
searched in colonial times, even though it always
remained amongst the rare “exotic” diseases and
thus of marginal interest to Western medicine. We
would like to remind that the “traditional” thera-
py reported not only from antiquity but also by
the doctors of the colonial period almost always
consisted of tying a small weight to the parasite
(after its spontaneous external presentation or af-
ter a skin incision) and not by progressive curling
in a stick. This, and the fact that the disease was
unknown in the West, seems to rule out once and
for all that the snake of Asclepius’ rod, the symbol
of the god and indeed of Asclepius’ doctors, could
be a Dracunculus, as it is reported sometimes [7].

B THE GUINEA WORM CLASSIFICATION
AND ITS LIFE CYCLE

Dracunculus is a genus of nematode parasites in
the family Dracunculidae, belonging to the order

Callamanida. Among the Dracunculus species, the
most relevant is D. medinensis, also known as
Guinea worm. Dracunculidae are obligate para-
sites that usually settle in tissues and serous cavi-
ties of mammals, fish, reptiles, amphibians or
birds. Adult female worms can grow up to 100 cm
in length.

People usually become infected by drinking un-
filtered water from ponds or other stagnant water
sources contaminated with copepods containing
Guinea worm larvae. These small crustaceans
represent the intermediate host where immature
larvae develop to the infective third stage larvae
(L3) [8]. Recently, a food-borne route of transmis-
sion has been hypothesized after the demonstra-
tion of the existence of paratenic hosts, specifical-
ly frogs, transport hosts, such as fish, and animal
reservoirs, mainly dogs but also cats and baboons
[9, 10]. Guinea worm larvae can be released into
the human or animal digestive tract, after inges-
tion of raw or undercooked aquatic animals,
namely the paratenic or transport hosts, that
might bear infected copepods. Therefore, instead
of being exclusively a water-borne anthropono-
sis, dracunculiasis would also be a food-borne
zoonosis [11].

L3 larvae penetrate the stomach and intestinal
wall of the host and migrate to the abdominal and
retroperitoneal connective tissues, where they de-
velop into the adult stage and mate. About a year
later, the female is ready to release her larvae. It
then migrates under the skin, usually in the distal
extremities and, when fully gravid, induces a
painful swelling and ulcerative lesion. Indeed,
when they are about to emerge to the surface,
some larvae are released into the subdermis
through a tear at the anterior end. The host’s reac-
tion leads to the formation of a burning, painful
blister, which bursts open after a few days and
forms a flat ulcer. Subsequently, there is a pro-
nounced inflammatory reaction against the cuticle
of the entire worm, which prevents its removal.
The bacteriologically sterile blister fluid contains
larvae surrounded mainly by polymorphonuclear
neutrophils with macrophages, lymphocytes and
eosinophils [12].

The release of larvae into the environment can oc-
cur several times during different events. The co-
pepod intermediate host may swallow these lar-
vae, which then develop into the infective form,
and the cycle begins again [13].
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B CLINICAL MANIFESTATIONS

Clinical manifestations of D. medinensis infection
appear approximately one year after infection
when fecund adult female worms appear near the
surface of the skin (Figure 1). The initial presenta-
tion is a painful papule that enlarges over hours to
days to form a blister that allows a portion of the
worm to emerge from the skin. The blister may be
accompanied by local erythema, urticaria, fever,
nausea and pruritus [14]. The lesion then resolves
quickly. Female worms sometimes burst in the tis-
sues, resulting in a very large pus-filled abscess
and severe cellulitis [15].

Complications can include secondary bacterial in-
fections leading to sepsis, local abscesses and pyo-
genic arthritis. This is a possible expected articular
complication of dracunculiasis. However, a previ-
ous examination of knee joint invasion by the
adult female, showed live guinea-worm larvae in
one case and dead ones in the other three cases. A
less frequent intra-articular reaction would be ex-
pected in the absence of microfilariae. This second
scenario could be due to the toxin released by the
adult worms causing the arthritic lesion regardless
of its actual location [16].

B PATHOGENICITY AND HOST-PATHOGEN
INTERACTION

Systemic manifestations of dracunculiasis are
mainly limited to slight fever, urticarial rash

Figure 1 - Adult female worm emerging from the skin
of lower extremities: From The Carter Center, with
permission.

with intense pruritus, nausea, vomiting, diar-
rhea and dizziness. However, there have been
reports of organ involvement cases such as per-
icarditis or central nervous system infections as
well as long term sequelae [17-19]. Indian records
reported a dracunculiasis case fatality rate of
0.1%, which is largely overestimated and mostly
secondary to bacterial overinfections [20, 21].
From a host-pathogen perspective, many as-
pects of Dracunculus “residency” in human
hosts are still unknown. It is certain, however,
that the immune response to Dracunculus spp.
exposure does not prevent further infections. D.
medinensis contains morphine and its active me-
tabolite, morphine 6-glucuronide. Probably al-
kaloids acts as immunosuppressive and antino-
ciceptive signal molecules [22]. White blood
cells have been found to adhere to the Dracuncu-
lus cuticle especially in lesions of long duration
[23]. Dracunculus usually elicits an antibody
response, while, at the same time depressing
IFN-y production [24]. Antibody production is
mainly induced by emerging adult worms rath-
er than ingested infective larvae. During active
infection, most human individuals respond with
high levels of specific IgG1 and IgG4 and with
relatively low levels of specific and total IgE
[25]. It has been reported that individuals with a
patent infection had lover serum IgE compared
with prepatent, postpatent and uninfected indi-
viduals and it has been hypothesized that IgG4
(and possibly IgG1) may block protective im-
mune response by occupying Fc receptors on
effectors cells in the place of protective specific
IgE [25, 26]. Cross reactions with Onchocerca an-
tibodies may occur [27].

Serology is of little use in the disease diagnosis,
which remains mainly clinical [28]. Convention-
al PCR and nematode DNA amplification have
been used to some extent, but the turnaround
time from the sample reception to species confir-
mation can be up to two weeks. Recently, a fast
quantitative polymerase chain reaction (GW
qPCR) test has shown high sensitivity and spec-
ificity in diagnosing suspected adult female
Guinea worm infections in humans and in do-
mestic or wild animals [29]. This approach could
allow faster confirmation of Guinea worm infec-
tions, leading to more rapid interventions while
improving our understanding of infection pat-
terns.
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B ERADICATION PROGRAMS AND INFECTION
CONTROL MEASURES

The Guinea Worm Eradication Program (GWEP)

began in the late 1980s supported by the Carter

Center and endorsed by the World Health Assem-

bly [30]. At the beginning, the deadline was set to

1991, but was subsequently postponed to 2009,

2015, 2020 and 2030. Given the absence of a vac-

cine and effective treatment, the eradication strat-

egy has solely been based on public health meas-

ures [31].

The eradication program effectively reduced 99%

of cases, and is focused on:

1) ensuring access to safe drinking water,

2) active disease surveillance and case contain-
ment (with monetary incentives for reporting
cases),

3) vector control (es. adding chemicals to water,
temephos when applied to unsafe drink-
ing-water sources at monthly intervals is effec-
tive in killing copepods),

4) health education and

5) certification of eradication [32].

Countries that have not recorded dracunculiasis

cases for at least three years can apply to WHO for

certification of eradication (with strict ICTs criteri-
as). A crucial stage of the GWEP is placed on the
certification of the absence of infection in animals.

As a matter of fact, a current problem in some

countries (such as Chad and Central Africa Re-

public) are infected domestic dogs, an active reser-
voir of the diseases [33]. However, today there are

197 dracunculus-free countries, with only 4 coun-

tries remaining endemic [34].

B THE OBSTACLE OF ANIMAL RESERVOIRS
AND EPIDEMIOLOGY OF ANIMAL CASES

The incidence of Dracunculiasis has been reduced
by over 99% thanks to GWEP. One of the most rel-
evant obstacles to GWD eradication is the emer-
gency of a new reservoir of the disease in domestic
dogs [35].

Sporadic Guinea worm infections were first de-
scribed in dogs in Pakistan in 2005 [36]. From 2012,
Dracunculiasis outbreaks in dogs have been re-
ported in Africa. Chad has reported the majority
of cases in dogs until now (833 in 2021, 1508 in
2020; 1935 in 2019). Cases in cats have also been
described. Other countries where local outbreaks

occurred in mammals include Ethiopia and Mali,
where cats and baboons were also infected, and
Angola, Cameroon and South Sudan [31, 37].
Most of these countries are implementing pro-
grams to control the infection in animals. Accord-
ing to the last WHO report on neglected tropical
diseases, in 2021, a 46% reduction in animal infec-
tions was compared to 2020, as well as an addi-
tional 21% reduction in 2022 compared with 2021
[35].

Regarding these animal reservoirs, a new route of
transmission has been described which likely ex-
plains recent epidemiological changes in GWD. As
previously reported, this food-borne route is sus-
tained by the ingestion of paratenic (frogs) or
transport (fish) hosts [11]. This is reported also for
other Dracunculus species, such as Dracunculus in-
signis [8]. The increase in dog infections is also
linked to the fishing season. In Chad, GWD rates
in dogs are higher at the end of the hot dry season
and at the beginning of the wet season, when fish-
ing is more intense [38].

No evidence of direct transmission from other
mammals to humans has emerged [39].

B EPIDEMIOLOGY OF HUMAN CASES

In 1986, when the Carter Centre began implement-
ing the global Guinea Worm Eradication Program,
approximately 3.5 million human cases occurred
annually. The Carter Centre and the WHO have
been collecting yearly cases of human GWD since
2005 to 2022; as shown in Figure 2 and Table 1.
Owing to notable differences in the temporal and
spatial distribution of dracunculiasis, we grouped
data into triennial periods, starting from 2005 until
2022, to create more comparable GIS elaborations.
Country data were combined from Carter Centre
database, WHO and Centers for Disease Control
and Prevention fact-sheets.

For representation purposes, we have used a yel-
low-brown colour scale, with lighter tones repre-
senting lower values, while darker tones are used
for higher ones. In total, six classes were created,
with the addition of a white class with values equal
to 0 due to the diachronically recorded differences.
Through ArcGIS Pro 3.0.3, we elaborated six maps
(2005-2007, 2008-2010, 2011-2013, 2014-2016, 2017-
2019, 2020-2022), grouped in a synthetic layout,
showing the significant decline in dracunculiasis
over time, particularly shown in Figure 3:
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Figure 2
GWD yearly cases

since 2005.
30000

25217
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1058542 148 126 22 25 30 28 54 27 15 13
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Year

— in the 2005-2007 period, 45,447 cases were re-

corded, with the highest numbers in Sudan/
South Sudan with 31,966 and Ghana with
11,475, in the sixth class (>10,000 cases), fol-
lowed by Mali with 1,301, in the fifth class;

Table 1 - GWD vyearly cases since 2005 as reported by
the Carter Centre. Imported and exported cases are
included in the count. Gray colour palette shows the
progressive reduction of total cases.

Year Guinea Worm Disease cases
2022 13
2021 15
2020 27
2019 54
2018 28
2017 30
2016 25
2015 22
2014 126
2013 148
2012 542
2011 1058
2010 1797
2009 3190
2008 4619
2007 9585
2006 25217
2005 10674

in the 2008-2010 period 9,587 cases were re-
corded, with the highest numbers, once again,
in Sudan/South Sudan with 8,049, now in the
fifth class, followed by Ghana with 751 cases
and Mali with 660, in the fourth class;

in the 2011-2013 period 1,748 cases were record-
ed, with the highest values still in Sudan/South
Sudan with 1,665, in the fifth class, followed by
asmall group of countries with a few dozen cas-
es, such as, Chad, Mali and Ethiopia respective-
ly with 34, 30 and 19 cases, while no other coun-
tries showed cases of dracunculiasis;

in the 2014-2016 period, “only” 173 cases were
recorded (if compared with the previous peri-
od), with the highest values once again in Su-
dan/South Sudan but which had considerably
decreased to 81 cases (even in the second class),
followed by the same previous small group of
countries, that is to say Mali with 45, Chad
with 38 and Ethiopia with 9, while no other
countries showed cases of dracunculiasis and
with a notable reduction of the differences
among the countries involved;

in the 2017-2019 period, 112 cases were record-
ed, with (a further decrease and) some relevant
changes, since the highest values were for the
first time recorded in Chad with 80, followed
with similar numbers by Ethiopia (with 15)
and Sudan/South Sudan (with 14), and two
other new countries showed isolated cases of
dracunculiasis, that is to say Angola (2) and
Cameroon (1);

in the 2020-2022 period, “only” 55 cases were
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Figure 3 - Temporal variation and spatial distribution of dracunculiasis from 2005 until 2022 on the basis of trien-
nial periods. Authors' elaboration on The Carter Center data and World Bank boundaries.

recorded (about half of the previous period).
Chad remained the highest with 26 cases fol-
lowed by Ethiopia (with 13) and Sudan/South
Sudan (with 10), with some countries reporting
isolated cases.
The most recent report from 2022 included only 13
cases of dracunculiasis worldwide; the lowest an-
nual incidence ever reported (13% decrease from
2021). Of the 21 countries in Africa and Asia that
were affected by dracunculiasis in the 1980s, the
disease is now endemic only in Africa (Figure 3).
As a matter of fact, in 2023 six human cases of
Guinea worm disease were reported in Chad, five
in South Sudan, one in Ethiopia and one in the
Central African Republic [34].
In 2022 the document Abu Dhabi Declaration on the
Eradication of Guinea Worm Disease strengthened
the roadmap to GWD elimination in close consul-
tation with endemic country leaders, national pro-

gram leads, The Carter Center, and the World
Health Organization [40]. After smallpox, Guinea
Worm Disease could become the second human
disease in history to be eradicated, and the first
one to be eradicated without the use of a vaccine
or drugs.

B GUINEA WORM THERAPY

Modern treatment of GWD still relies on the an-
cient technique of a gentle, gradual extraction of
the female parasite emerging from the skin [7].
This is a lengthy process that can take hours or
days. One countermeasure is to squeeze the bump
to free the adult worm from the carrying larvae
making the parasite thinner and easier to remove
[28].

There are no oral anthelmintic or effective drugs
against dracunculiasis in humans. As a matter of
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fact, two previous unpublished field studies pro-
vided no evidence of effective transmission inter-
ruption using ivermectin and topical moxidectin
[41]. Interestingly, a recent clinical trial in laborato-
ry-bred ferrets tested the efficacy of flubendazole
(FBZ), an anthelmintic drug, on GWD in a model
animal system. The authors concluded that FBZ
could be a promising anthelmintic treatment for
GWD. Indeed, the high degree of blockage of the
uterus of the female larva caused by FBZ could
lead to the death of the adult worm [41].
Supportive therapies can be used to reduce oede-
ma, pain, and the risk of wound superinfection [3].
While GWD-specific vaccines are not available,
tetanus vaccination is recommended for patients
with GWD [42]. Nevertheless, research in this field
is still ongoing as shown by recent attempts to de-
sign a multi-epitope vaccine against D.medinensis
using immune-informatics [43].

B CONCLUSIONS

Aparasitic disease historically confined to the sub-
tropical areas of Africa and the Arabian Peninsula,
dracunculiasis has recently been the focus of an
eradication program promoted by the WHO. The
campaign has demonstrated that environmental
actions could achieve the eradication of an infec-
tious disease with a limited geographical distribu-
tion. This contrasts with better-known pro-
grammes to eradicate globally spread pathogens
such as smallpox through vaccination [44].

After decades of study and efforts to eradicate this
interesting water-related human parasitic disease,
there is growing concern about our previous cer-
tainties. Interestingly, in 2020, a young Vietnamese
man who had never travelled to endemic areas of
Africa contracted dracunculiasis. The nematode
was extracted from the lower limbs and 18s DNA
sequence analysis clustered it with the animal-in-
fective Dracunculus insignis and Dracunculus lutrae
[45]. We believe that these new findings on possi-
ble animal reservoirs and the recent discovery of
potential edible paratenic hosts could mine the
future eradication of this debilitating disease. To
expedite the unaccomplished goal of GWD eradi-
cation and avoid future relapses more research is
needed in this neglected field of medicine.
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