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1 Background

It can be argued that the concept of bioengineering began when Alexis Car-
rel and Charles Lindbergh published “The Culture of Organs” in 1938, which
described the equipment and methods which made the in vitro maintenance
of organs possible. The final chapter of the book mentions an ‘ultimate goal’
which suggests increasing the speed of healing wounds. From its conception
in the 1980s to present day, scientists and medical researchers alike have been
investigating the exciting prospects three-dimensional printing offers to the
field of Medicine. Over the course of three decades, advances in this techno-
logy have led to several famous milestones; in the process spawning the term
‘bioprinting’. In contemporary medicine, bioprinting is beginning to play a
role in regenerative medicine and clinical research by providing scientists wi-
th the ability to build tissue-engineering scaffolds, prosthetic limbs and even
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1. Background

It can be argued that the concept of bioengineering began
when Alexis Carrel and Charles Lindbergh published “The

Culture of Organs” in 1938, which described the equipment
and methods which made the in vitro maintenance of organs
possible. The final chapter of the book mentions an ‘ultimate
goal’ which suggests increasing the speed of healing wounds.
From its conception in the 1980s to present day, scientists
and medical researchers alike have been investigating the ex-
citing prospects three-dimensional printing offers to the field
of Medicine. Over the course of three decades, advances in
this technology have led to several famous milestones; in the
process spawning the term ‘bioprinting’. In contemporary
medicine, bioprinting is beginning to play a role in regener-
ative medicine and clinical research by providing scientists
with the ability to build tissue-engineering scaffolds, pros-
thetic limbs and even functioning kidneys. One of the earliest
cases of bioprinting made international headlines in 1999,
when the world’s first 3D printed collagen scaffold was used
for bladder augmentations in dogs. Then in 2009, researchers
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Abstract
Leishmaniasis is a parasitic disease transmitted by sand-flies and is considered one of the most neglected
diseases in the world. It mostly affects the poorest of the poor. People living in poor situations are more
susceptible. Leishmaniasis includes several variants. Cutaneous leishmaniasis (CL) presents as a localized
lesion at the site of the sand-fly bite after a period of several days to months. The nodule then increases
in size and progressively ulcerates. In immunocompetent persons, CL lesions are slowly self-healing but
often form scar tissue. The disfiguring scars can lead to substantial psychological disturbance, social
suffering, and economic losses. Community awareness on the spread and control of disease, reducing
social stigma, vector control, public-private partnership, and substantial surveillance indicators to measure
the exact burden of the disease is needed.
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1. Introduction

Leishmaniasis, a parasitic disease of the genus Leishma-
nia transmitted by a sand-fly vector, is one of the most
neglected diseases in the world, affecting the poorest of the
poor [1]. In low- and middle-income countries, the affected
population lives in poor and susceptible environmental con-
ditions. Leishmaniasis includes several variants: cutaneous
leishmaniasis (CL), mucocutaneous leishmaniasis (MCL),
zoonotic cutaneous leishmaniasis (ZCL), and visceral leish-
maniasis (VL) [2]. Except cutaneous leishmaniasis, other
forms are beyond the scope of this discussion. Cutaneous
leishmaniasis (CL) usually presents as a localised lesion at
the site of the sand-fly bite after a period of several days to
months. The lesion starts as an erythema that gradually de-
velops into a papule and later to a nodule. The nodule then
increases in size and progressively ulcerates. The whole
process generally takes between two and six months. Infec-
tion most often occurs in summer, hence lesions manifest
later during the winter months. In immunocompetent per-

sons, CL lesions are slowly self-healing but they often lead
to scar tissue. As sand-flies most commonly bite the face
or other exposed parts of the body, these disfiguring scars
can have substantial psychological, social and economic
impacts. Lesions affecting the central area of the face are
more severe than on any other site.

2. Epidemiology

2.1 Global profile
In 2019, 90 countries were confirmed to either have en-
demic CL and 3 countries that have had previously reported
cases of CL [3]. As of today, more than 1 billion people
live in areas with endemic leishmaniasis and are at risk of
infection. It is estimated that more than 1 million cases of
CL occur every year in these regions [4].

2.2 Regional profile
Different species of leishmaniasis are prevalent across
South Asia. Anthroponotic species are found in Sri Lanka,
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Nepal, India, Afghanistan and Iran [5]. So far, no cases
of CL have been reported in Nepal, Bhutan, Bangladesh
and the Maldives [6]. New cases have been reported in the
different regions of Iran recently with highest incidence in
Kerman province in South-eastern region [7]. Similarly,
on the border areas of Afghanistan, several cases of CL
have been reported [8]. There are underreporting issues but
according to WHO observations, Afghanistan has about
38,407 cases, Iran has 15,485 cases, and Sri Lanka has
2,189 cases of CL as of 2018 [9].

2.3 Country profile
According to the WHO’s 2018 profile for Pakistan, there
are an estimated 19,361 active cases of CL and the inci-
dence rate is 0.33/10,000 population [10]. The disease is
believed to have been imported from Afghanistan. Several
outbreaks have been observed in Afghanistan, especially
in refugee settlements along the border, that also included
northwest Pakistan during and after the Afghan war. After
the war, millions of refugees with their luggage migrated
into Pakistan. Their luggage comprised of carpets, sheets
and other furniture that may serve as a contributing cause
of disease spread here in Pakistan [11][12]. In Pakistan,
CL is endemic to the northern areas, Sindh, Southern Pun-
jab and Balochistan. Balochistan province exhibits most
cases in capital city, Quetta, and areas surrounding it. CL is
mostly associated with poverty and underprivileged areas
with limited access to health care.

3. Addressing the issue

Cutaneous leishmaniasis is often neglected, affecting popu-
lation health indicators, especially social stigma and quality
of life index [13]. CL should be considered in patients who
have a history of living in CL-endemic areas or recent
travel to such areas one to six months prior to scar develop-
ment [14]. Although the morbidity associated with CL is
not that significant, and the disease may not turn out to be
lethal, the disfigurement and social stigma is a major cause
of psychological disorders [15][16]. CL can occur in any
age but is more common in children and young individuals
[17].

4. CL impact on gender

CL is detrimental for women and young girls in poor, un-
derprivileged and illiterate societies. Studies have been
conducted in Afghanistan, Pakistan, Syria and Iran that
demonstrate serious social consequences of CL for young
women [13]. They are involved in households, working in
open areas, taking care of cattle, handling waste and clean-
ing muddy areas [18][19]. Affected young girls are left
unmarried or separated from their partner after marriage
[18]. Some do not even consider sharing a meal with them
[17]. Pregnant women are victimised, separated from their

children and also prevented from breastfeeding babies due
to the perception of disease being transferred via breast-
feeding or physical contact [20]. It adds to their depression
and they are socially isolated from everyone leading to sui-
cidal tendencies or mental breakdown. The fear of being
the “cursed” one is incorporated into their minds for the
rest of their lives. Young children affected by CL only
become aware of their disfigurement in adolescence. They
are often bullied, seriously enfeebling their mental health.
Indeed, perception of the body, more precisely the self-
perceived beauty of the face, is a major factor influencing
self-awareness not only in women but in males as well
[21]. A young boy quoted, “I had to postpone my marriage
because of the lesion on my nose. I can no longer go out in
public and play sports with my friends. They make fun of
my disfigured face [22].” CL has been termed as ‘beauty
scar’ in many communities. People hide themselves to
avoid harsh comments.

5. Community not seeking medical care

Community knowledge about disease severity is lacking.
In the rural areas of Pakistan, CL is known as ‘kal dana’,
which means “one-year lesion”. Hence, sufferers often
wait for 6 months to 1 year rather than seeking medical
care, unless the scar grows and causes disfigurement. Many
people in the area who actually want to seek medical care
are often deterred by others claiming that treatment is of
no use and that the lesion will heal itself. What they fail to
acknowledge is that, if left untreated, lesions may be super-
infected and cause extreme disfigurement, with physical,
mental, social, and psychological consequences. In many
instances, women do not seek medical care during hospital
hours due to their housework demands [23].

6. Unaffordability of medical treatment

When patients decide to seek medical care, they face the
issue of unaffordable medical treatment for CL. Pakistan
is a middle- to low- income country, where 24.3% of the
population lives below the national poverty line (24,25). In
some areas, quack practices are common. There are some
religious beliefs suggesting that disease can be healed if
patients visit spiritual healers every week for about six
months. Unaffordability of medical treatment leads them
to seek care from quacks. They usually have some past
observations about some diseases and their time period.
Uncomplicated CL usually heals between 3-18 months
[26], which is advantageous for quacks. This may not
directly affect the population, but aids to imprint the idea
of seeking quack care instead of medical care.
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7. Environmental and behavioural prac-
tices

People living in rural areas usually live in mud houses
with poor indoor conditions. Such houses are usually over-
crowded. People who are looking after cattle and other
animals are usually at higher risk. All these may act as har-
bour for sand-flies, which has been confirmed by various
studies [19][23]. A study showed that house ceilings made
up of old wood might act as shelter for the sand-fly and
significant CL cases were observed in such houses [27].
Few people in rural areas like using impregnated nets while
sleeping due to its unpleasant smell. Others find it unnec-
essary to use the nets. Many people in CL endemic areas
commonly sleep outside which increases their likelihood
of being bitten by sand-fly or other vectors that have the
potential to cause vector-borne diseases. Sleeping on the
ground is a known risk factor for the disease as it increases
the likelihood of being bitten by the sand-fly, which cannot
fly high and prefers to stay low on the ground [28].

7.1 Governance issues
In Pakistan, there is a designated national level Malaria
Control Programme. Leishmaniasis is included in this pro-
gram as a part of vector-borne diseases. This merits discus-
sion because sand-fly morphology is considerably different
compared to other vectors. Mosquito repellent nets are usu-
ally disbursed for sand-fly control as well, however sand-
flies are only 1-4mm in size compared with mosquitoes
that are about 10mm in size. Sand-flies can therefore easily
pass through the impregnated nets. Public health programs
are mostly focused on other issues and therefore CL is be-
ing neglected at many platforms. Currently, Médecins Sans
Frontières (MSF), a non-profit humanitarian organisation,
is working on leishmaniasis and has set up three leishma-
niasis centres in Quetta. They educate local communities
in catchment areas about the spread and prevention of CL.
The World Health Organization (WHO) is also working on
treating leishmaniasis in Pakistan and provides medicines
to government authorities. In 2002, WHO actively recog-
nised CL as an issue in the country and a joint assessment
mission of the Ministry of Health (MoH) and WHO was
sent to the Northwest Frontier Province. Alarmingly, they
identified 5,000 cases of CL in the area. The disease was
first recognised in refugee camps but quickly spread to
the neighbouring villages. The local community of the
area, due to lack of knowledge about the disease, had no
preparedness against it, propagating the risk of a severe
epidemic. WHO identified an immediate need for almost
15,000 vials of pentavalent antimonial (first-line drugs) to
treat CL cases. This mission also recommended a plan
of action that involved the MoH, United Nations High
Commissioner for Refugees and other Non-Governmental
Organisations (NGOs), to train local health workers, trans-
late CL guidelines into local languages, and strengthen

surveillance and aggressive vector control activities to pre-
vent further transmission [29]. Still there seems to be some
gaps in public-private partnership and coordination.

Another major issue is the high cost of medicines avail-
able on the market. Injection of sodium stibogluconate is
used for the treatment of CL, the retail cost of which is PKR
285 (USD 1.73), while the treatment is quite exhaustive
and may take several weeks. In Pakistan, the out-of-pocket
expenditure on health is 60.24% as of 2017 [30], 24.3% of
the population lives below national poverty line and 2.3%
of the employed population has a purchasing power parity
of PKR 314 (USD 1.90) a day [24]. CL is called a disease
of the poorest, and keeping above the statistics in mind,
it becomes merely impossible for an individual below the
poverty line to access medical treatment for CL.

Another reason for the spread of CL is lack of aware-
ness among the remote populations living in CL endemic
regions. Unavailability of a trained dermatologist in periph-
eral areas makes the diagnosis of CL significantly difficult.
Lack of laboratories to detect CL lesion results in delay
of diagnosis and, thereafter, treatment of the disease. It
is crucial for the readers and researchers to comprehend
that leishmaniasis surveillance is weak and there is lack
of reporting not only in Pakistan but worldwide (30,31,32)
which makes it difficult for both local government and in-
ternational NGOs to formulate necessary guidelines and
policies.

8. The way forward

In some regions, CL is referred to as ‘flesh eating disease’
while in other regions, it is referred to as ‘little sister’ for the
fact that CL is a common part of families now. Therefore,
it is of great importance to educate the masses to normalise
stigmatisation related to this disease. Community-based
outreach sessions should be conducted on monthly or quar-
terly basis in disease endemic areas to educate communi-
ties about the risk factors associated with CL and infection
prevention. For any community-focused intervention, in-
volvement of key influencers and elders of that community
is of great prominence and can substantively increase the
likelihood of intervention success.

There is also a mental health policy in Pakistan which
focuses on primary health care of young children, ado-
lescents, men and women. They are given mental health
education through formal sessions, community outreach
and in-patient departments [33, 34]. Educating people
on reducing the stigma about dermatological manifesta-
tions such as CL can be incorporated into such programs.
Women who are not allowed to come out of their houses
to partake in the community sessions can be attended by
lady health workers (LHWs). LHWs educate women of
the community on different health aspects, and they can
also counsel and educate the public at their homes. Cross-
referencing the impact of similar proposed programmes
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tackling other psychological and social burdens can prove
to be beneficial in reducing CL scar stigmatisation.

The use of lemon essential oil is also suggested as a
sand-fly repellent; however its use is debatable. A study
found that people who used such oils without scientific ba-
sis were four times more likely to have CL than those who
did not [23]. As sand-flies cannot fly high, they bite people
who tend to sleep on the ground. Therefore, sleeping on
higher ground or on the first floor if available is favourable
to prevent sand-fly bites.

People from distant areas who want to seek medical
care have to travel long distances which is costly. They
have to endure vehicle, accommodation and medical costs
in the city. There is an urgent need to establish leishmania
centres in disease endemic areas with affordable, sustain-
able, and equitable diagnostic as well as curative services
available to the people. One way to make it possible is by
building a strong synergy between public-private sectors.

Using the One Health approach, health departments
along with other concerned departments like Livestock and
Municipality should devise and implement CL prevention
and control strategies relative to their departmental roles,
for instance rodent control, sanitation and hygiene along
with health education sessions. In areas where availabil-
ity of dermatologists is difficult, LHWs can be trained to
identify CL lesions and offer necessary basic care.

CL treatment should be made simple and affordable.
Currently, medicine is directly injected into the lesion and
duration of treatment takes about 4-8 weeks. There is a dire
need to look for other affordable, less invasive treatment
options. The government should procure it through the
Provincial Medical Store Depot along with other medicines
annually, so that each district gets its fair share of medicines
according to the number of cases, and it should be included
in the annual budget as this disease is now endemic in
Balochistan. A concerted effort at the national, provin-
cial and district levels is needed. Leishmania control pro-
grammes at the provincial level can prove to be useful in
addressing this neglected issue.

Epidemiologists should be posted in every district to
provide evidence-based information by improving surveil-
lance indicators. Recognition of the lack of evidence-based
information on CL epidemiology for better understanding
it and its control is needed as the actual magnitude of CL
and its exact prevalence are still not known. For this pur-
pose, significant research is needed on CL with adequate
funding in the research and development sector to encour-
age researchers to approach CL with innovative ideas and
conduct baseline and extensive studies with donor support.
This will help policy makers and international NGOs to
implement disease-specific programmes.

Insecticide-treated nets and indoor residual spray should
be made available to every household, especially as mosquito
nets are not useful to prevent sand-fly bites. To address this,
nets should be constructed according to the diameter of the

sand-fly. The authors would like to conclude the discussion
with a WHO quote, “Small bite, Big threat” (World Health
Day, 2014).

9. Conclusions

Community-based programmes focused on reducing stigma
in the society and provision of social mobilisers in CL en-
demic areas to educate the public about disease preven-
tion and importance of early treatment can prove to be
useful. Effective mental health service delivery in CL en-
demic areas can be beneficial. The One Health approach
should be used to control the disease risk, incidence and
related stigma, which can also be addressed through ban-
ners, charts, and community sessions. Training of LHWs
should be carried out to help them detect the CL scar at
early stages in CL endemic areas. Affordable treatments
for CL should be ensured while CL related research should
be updated within the existing national malaria control
programme to tackle it more effectively.
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