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Abstract
Background:Cutaneous Leishmaniasis (CL) can have varying outcomes in individuals due to differences in
vulnerability and severity, which can be influenced by malnutrition. Vitamin D is known to play a role in the
immune system, but its specific impact on cutaneous leishmaniasis is not well understood and previous research
have provided contradictory results. This study aimed to investigate the levels of serum Vitamin D in patients with
cutaneous leishmaniasis and assess its relationship with the disease pattern.
Method: A cross-sectional study at Nefas Mewcha Hospital, conducted from April to July 2022. Patients
suspected of CL, aged 18 and above evaluated by dermatologists and eligible for the criteria underwent skin slit
tests. Consented, diagnosed and positive, all were included for the study. Completing a structured questionnaire for
demographic data. Anthropometric measurements calculated body mass index (BMI). Serum samples (5 ml) were
collected, stored at -80°C until processing, and analyzed for vitamin D using a MAGLIMI 800 analyzer. Statistical
analysis declared when p<0.05.
Results: The study showed that 11/48(23%) of CL patients were underweight (BMI: <18.5). Additionally, 24/33
(72.7%) of CL patients had low serum vitamin D levels (<30ng/ml). While notable differences were observed
between normal BMI and obese groups (27.4&22.5ng/ml) respectively. Severe vitamin D deficiency was
associated with the chronicity of CL, with patients experiencing symptoms for less than 6 months showing higher
deficiency levels of vitamin D compared to those with a longer duration of CL illness (p<0.05). Furthermore,
patients with larger CL lesion sizes and female patients were found to have higher vitamin D deficiency compared
to their counterparts. The proportion of Vitamin D measurement was lower in mucosal CL type compared to
localized CL type but in the mean value, no difference was seen between the two forms.
Conclusion: Vitamin D deficiency is prevalent among CL patients. This deficiency may play a role in the
disease's onset and progression, highlighting the need to incorporate in treatment plans alongside anti-
leishmaniasis medications. Further research, including larger case-control studies, is essential to better understand
this relationship. [Ethiop. J. Health Dev. 2024; 38(1): 00-00]
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Introduction deaths, with young children accounting for 50% of
Cutaneous Leishmaniasis (CL) is a range of diseases these fatalities (5).
caused by protozoan parasites known as Leishmania.
While exposure and infection by Leishmania Overall, malnutrition can have a significant impact
parasite are common, the development of disease on the immune system by compromising the
depends on various factors such as Leishmania functionality of key immune cells such as B
species, inoculation site, parasite dose, and lymphocytes, macrophages, and Kupffer cells. This
individual host factors, including nutritional status, can result in a weakened immune response and
genetics, immunity, age, and overall health(1). The increased vulnerability to infections and other health
disease can manifest from asymptomatic to mucosal complications (6, 7, 8, 9).Vitamin D functions as
and systemic involvement, and treatment may not both a hormone and a vitamin. It is produced as a
always completely cure the disease (1). prohormone when UV light activates 7-
dehydrocholesterol in the skin. Its structure is
Malnutrition contributes to the wvulnerability and similar to steroid hormones such as estradiol,
severity of leishmaniasis; For example, low cortisol, and aldosterone (10).
micronutrient levels in patients with visceral
leishmaniasis can lead to poor treatment outcomes Vitamin D has been found to play a crucial role in
(2, 3). Malnutrition, either due to the lack of protein the immune system, as evidenced by the presence of
and energy or deficiencies in essential nutrients, is a Vitamin D Receptors (VDR) in various immune
widespread issue affecting millions of people (4). cells such as macrophages, dendritic cells, T
Every year, malnutrition is responsible for 300,000 lymphocytes, and B cells (11).The VDR is
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plentifully expressed in various cells, such as CD4+,
CD8+, T-lymphocytes, neutrophils, and
macrophages (12).

The presence of VDR and Vitamin D activating
enzymes on the nuclei of B and T cells demonstrates
Vitamin D's effect on these immune cells (13). A
deficiency in vitamin D in T cells leads to decreased
production of IL-12, which is necessary for cell
proliferation. This ultimately results in reduced
levels of important molecules like IL-2 and IFN-y,
affecting recruitment and proliferation processes
(14).

A lack of vitamin D can worsen the disease
progression of leishmaniasis in dogs (15). The
amount of vitamin D, vitamin C, zinc, and iron in
the body can determine the features and severity of
the disease. These micronutrients have been shown
to inhibit the growth and development of both
amastigotes and promastigote stages of Leishmania
parasites (16).

Several studies have demonstrated that vitamin D
plays a role in enhancing the antimicrobial activity
of cells by promoting the expression of
antimicrobial peptides and cathelicidin (17). Study
using mice infected by L. mexicana, treatment with
vitamin D resulted in a reduction of lesion size and a
decrease of pro-inflammatory cytokine (18). Low
vitamin D level correlates with the increase in the
occurrence of hepatitis, AIDS, influenza, and Covid-
19 (19). However, the role of vitamin D in CL is not
well demonstrated in human subjects, and the
dilemma remains unclear.

On the other hand, different research findings
showed a low amount of vitamin D benefit for the
reduction of disease severity. Repeated contact of
macrophage with vitamin D inhibits the production
of NO and IFN-y as well as the production of
arginase (20). In animal models of L. mexicana
infected mice, vitamin D deficiency was laso shown
to prevent disease progression (21). Vitamin D is
known to help with the growth and proliferation of
Th2 and T-regulatory immune responses which
promote CL progression (22).

There are controversial findings and very limited
data on the level and role of vitamin D in CL
pathogenesis and in the development of different
clinical forms of CL.Therefore, this study aimed to
determine serum vitamin D levels in CL patients
with different clinical manifestations and chronicity.
The finding of this research could give an in-depth
understanding of the relationship between vitamin D
and CL that might be used for improvement of
treatment modality for CL patients.

Method and Materials

Study Design, area, and period

A cross-sectional study was conducted at the
Leishmaniasis Treatment Center (LTC) in Nefas
Mewcha Hospital from April to July 2022. Nefas

Mewcha Hospital is located in Lay Gayint District,
South Gondar Administrative Zone. The altitude of
this district varies from 1,500 to 3,100 meters above
sea level. The annual rainfall is erratically
distributed and varies from 400 to 1,100 millimeters.
Based on the 2007 national census conducted by the
Central Statistical Agency of Ethiopia (CSA), this
district has a total population of 206,499. With an
area of 1,522.43 square kilometers (587.81 sq mi),
Lay Gayint has a population density of 135.64
people per square kilometer, with coordinates of
12°00'N 38°20'E. The district has nine health
centers, 43 health posts, and one primary hospital
providing healthcare services.

The LTC in Nefas Mewcha Hospital was established
in 2019 and primarily serves CL patients in Lay
Gayint district as well as those coming from districts
such as Tach Gayint, Semada, and Mekeat. The vast
majority of the district's population (over 95%)
resides in rural areas.

Study population

The study population included all patients who
received medical treatment at Nefas Mewcha
Hospital between April 2022 and July 2022 G.C.

Sample size

All confirmed cases of CL during the study period
at Nefas Mewcha Hospital were included in the
study through purposive sampling.

Sampling procedure

Patients with skin lesions or dermatological
complaints were screened and referred to a
dermatology clinic for assessment. Those suspected
for CL were sent for skin slit microscopy. Patients
with positive results for amastigotes of the parasite
were included in a study on serum vitamin D level.

Study outcome

The study could give an insight into the correlation
between serum vitamin D levels and disease
progression in patients with CL to better understand
the potential impact of vitamin D on the
manifestation of the disease.

Inclusion and Exclusion Criteria

The study participants were selected based on age;
only those above 18 years old who consented to
participate and tested positive for CL were included.
Individuals under 18 years of age, those with known
comorbidities and patients who could not provide
sufficient samples were excluded.

Recruitment, diagnosis, and treatment of CL
cases

Patients with signs and symptoms of skin disease
were triaged at the hospital and sent to the
dermatology clinic for assessment. For Those with
suspected CL, skin slit was made and samples were
collected and underwent microscopic examination of
smears stained with Giemsa for 10 minutes (23). In
confirmed cases, treatment with Sodium
Stibogluconate (SSG) at 20 mg/kg/day was
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administered for 28 days according to Ethiopian
Ministry of Health guidelines. Treatment included
both systemic and intralesional injections. The
diagnostic and therapeutic procedures followed the
Standard ~ Operating  Procedures (SOPs) for
Leishmaniasis (24).

Data Collection and Laboratory Work
Demographic and clinical data

A structured questionnaire was employed to collect
demographic information such as age, sex, and
duration of illness. Additionally, the size of the
lesion was assessed using a calibrated measuring
scale. CL patients were clinically classified based on
the site of the lesion.

Body Mass Index Measurement (BMI)

The patient's BMI can be calculated by dividing
their weight in kilograms by their height in meters
squared [weight/height®]. This calculation will give
the patient's BMI value, which can then be used to
determine their BMI category based on the BMI
classification percentile and cut-off points (25, 26).
This information can be useful in assessing the
client's overall health and risk for certain health
conditions.

Vitamin D analysis

Whole blood samples were collected from a vein
using a 5ml syringe and blue-tip test tube. Negative
pressure was used to collect the blood sample. The
serum vitamin D level was measured using a
MAGLUMI 800 fully automated
chemiluminescence immunoassay analyzer. The
analyzer's photomultiplier detected light produced in
the chemiluminescence reaction within the
wavelength range of 300nm to 650nm. Positive and
negative controls were run daily to ensure the
functionality of the machine and reagents.

Data analysis and quality control.

A second staff member at LTC double-checked the
findings from the laboratory before being

communicated, and the diagnosis of amastigotes was
assisted by referencing atlas pictures. Giemsa stain
was prepared and used to ensure the quality of the
reagent. The solution prepared was kept readily
available at the bench every 6 hours. The laboratory
personnel involved in the study took a one-week
training on microscopic investigation of CL. Data
were entered and analyzed using SPSS (Statistical
Package for Social Science, version 23). Descriptive
analysis of the data was conducted using frequencies
and proportions. The results of the Chi-square
analysis (Fisher ecavt test) were used and considered
statistically significant at p<0.05.

Operational definition:

CL patients with a duration of illness less than 6
months were classified as having acute illness, while
those with a duration of illness of 6 months or more
were classified as having chronic illness.

The serum vitamin D level:
e Between 30-100ng/ml was considered in
the normal range,
e Between 20- 29.9ng/ml was considered
moderately deficient and
e Serum value <20ng/ml was considered
severely deficient.

Results

Socio-demographic profile of CL patients

The study included a total of 48 patients with CL.
The mean age of the patients was 33.96 years, with a
standard deviation of £ 16.7. The median age was 28
years, and the age range was between 18 and 75
years. The largest group of patients (27 out of 48,
56.2%) were between the ages of 18 and 30 years.
Males made up the majority (28 out of 48, 58.3%) of
the patients. The most common occupation among
patients was farming, followed by students, who
accounted for 16 (34%) of the cases (Table 1).

Tablel. Distribution of socio-demographic characteristics of CL patients in Nefas Mewcha

Hospital Leishmaniasis Treatment Center, 2022.

Variables Frequency % P-Value
Age (Year)

18-30 27 56.2

31-60 18 37.5 (0.001)
61+ 3 6.3

Sex

F 20 41.7 (0.248)
M 28 58.3

Occupation

Farmer 29 60.4

Student 16 334

Retired 2 4.2 (0.001)
Daily Laborer 1 2
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The clinical variables of cutaneous leishmaniasis
In the study area, the most common form of CL
among patients was Localized Cutaneous
Leishmaniasis (LCL), accounting for 62.5% of
cases. Mucocutaneous Leishmaniasis (MCL) and
Diffuse Cutaneous Leishmaniasis (DCL) were also

observed in 33.3% and 4.2% of patients,
respectively. The majority of CL cases (75%) had
lesion sizes larger than 4 mm?, and 73% of patients
had been living with the condition for over 6 months
by the time of diagnosis (Table 2).

Table 2. Variables of CL, in Nefas Mewcha Hospital Leishmaniasis Treatment Center, 2022

Variables’ Frequency % (p-Value)
CL-types

LCL 30 62.5

MCL 16 33.3 (0.002)
DCL 2 4.2

Size of the lesion (mm?)

1-4 12 25

4.1-10 13 27 (0.05)
>10 23 48

Duration of illness

1-6 month 13 27 (0.001)
>6 month 35 73

Body Mass Index (BMI) of CL patients
Among the 48 CL patients, 23% were underweight,
6.3% were overweight, and 70.8% had a normal

BMI. The mean BMI level was 20.2, with a median
of 19.7 and a standard deviation of 2.3 (Figure 1).

50

40

30

20

Values of BMI

10

-10
BMI <18.5 18.5-24 >24

Seriesl 11 34 3

Figure 1. Body Mass Index of CL patients at Nefas Mewcha Hospital, 2022

Serum Vitamin D Level of CL patients

Serum vitamin D analysis was conducted from the
serum of CL patients and it was found that 6(18.2%)
were severely deficient and 18(45.5%) were

moderately deficient. In summary, as per the
standard reference, 24/33 (72.7%) of the CL cases
were all living with vitamin D deficiency (Figure 2).
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m 1-19.9
m 20-29.9
1 230

Figure 2. Serum Vitamin D level (ng/ml) in CL patients in Nefas Mewcha Hospital, 2022

The mean serum Vitamin D levels for CL patients
were calculated in various categories, including age
groups, sex, CL types, and BMI. As age increased,
the mean vitamin D level decreased. However,
statistical relationship between age and Vitamin D
was not seen. Males had higher mean vitamin D
levels compared to females.

Vitamin D levels also varied significantly among
different types of CL groups (p<0.05), with no
difference in the mean value of Vit D, between LCL
and MCL types but in DCL it was higher than the
two forms. While notable difference were obsereved
between normal BMI and obese groups (27.4 &
22.5) respectively (Table3).

Table 3. Mean Serum Vitamin D level with age group, sex, CL type, and BMI of CL patients in
Nefas Mewcha Hospital Leishmaniasis Treatment Center, 2022.

Variable Mean Vit D level (p-Value)
Age Category
18-30 27.2

(0.418)
31-60 25.5
61+ 20
Sex category
F 24
M 8 (0.36)
CL-type
LCL 26.1
MCL 26.2 (0.04)
DCL 325
BMI Category
Undernourished<18.5 26.3
Normal 18.5-24 27.4 (0.69)
Obese >24 225

The majority (77.8%) of CL patients with a lower
BMI (<18.5) had a deficiency in vitamin D
(<30ng/ml). Likewise, 15(68%) of the CL patients
were deficient in vitamin D. Among CL patients
with chronic lesions (>6 months), five (83.3%) had a
severe deficiency in vitamin D levels, compared to
those with acute lesions (<6 months). The MCL type
of the disease was getting more deficient in Vitamin

D than the LCL type (85% Vs 70.5%) respectively.
Although the mean didn't show the difference.
Additionally, more females 11(78.5%) had vitamin
D deficiency than males 13 (68.2%). More acute
cases face a deficiency of Vitamin D in their serum
than chronic ones (90% Vs 65.3%) respectively
(Table 4).
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Table 4. Serum Vitamin D levels of CL patients across different variables

Hospital, 2022

in Nefas Mewcha

Variables Vitamin D level (ng/ml)/Deficiency (p-Value)
Sever (1-19.9) Moderate (20-29.9) Normal (> 30)

Duration of illness

Acute (1-6month) 1(10) 8(80) 1(10)

Chronic(>6month) 5(21.8) 10(43.5) 8 (34.7) (0.04)

CL category

LCL 2(11.7) 10(58.8) 5(29.5)

MCL 4(26.6) 8(53.3) 3(20) (0.40)

DCL 0 0 1(11.2)

Sex

F 5(35.7) 6 (42.8) 3(21.5)

M 1(5.2) 12(63) 6(32) (0.08)

BMI

Under (<18.5) 1(11.2) 6 (66.6) 2(22.2)

Normal (18.5-24) 4(18.) 11(50) 7(32) (0.64)

Obese (>24) 1(50) 0(0) 1 (50)

Lesion size and Serum Vitamin D level

Out of 24 patients with Cutaneous Leishmaniasis,
16 patients with lesion size (>4mm?) had lower
levels of Vitamin D (<30ng/ml) compared to 8

patients with lesion sizes (<4mm?). When the lesion
size increases the proportion of cases having low
vitamin D increased (Table 5).

Table 5. Lesion size and Vit D level in CL patients in Nefas Mewcha Hospital, 2022

Variable Vit D <30ng/ml Vit D >30ng/ml (p-Value)
Lesion size in mm?

1-4 8 (33.3) 1(11.1) (0.302)
4.1-10 6(25) 3(33.3)

>10 10(41) 5 (55.6)

Discussion

A high percentage (72%) of CL patients is found to
have lower serum vitamin D levels. This suggests that
vitamin D deficiency may facilitate the development of
the disease by weakening the immune system and
increasing  vulnerability. Nevertheless, many
individuals and animals infected with Leishmania
remain asymptomatic (27).

A study has shown that serum vitamin D levels are
affected by seasonal variation, with higher levels
observed in summer and lower levels in winter (28).
However, our study, conducted in the summer,
revealed higher rates of deficiency compared to the
previous study. Both studies (28 and ours) found that
as BMI increases, the mean vitamin D levels decrease.
In our study, the mean vitamin D levels were 26.3 in
individuals with normal BMI and 22.5 in obese
individuals.

A previous study found that 50% of children with
Visceral Leishmaniasis (VL.) had vitamin D
deficiency (29). In contrast, our study on CL patients
showed that nearly two-thirds of them had lower levels
of vitamin D, which was higher than the findings in the
study conducted on Iranian (30) CL patients, where
only 23% had low vitamin D levels. In our case, the
deficiency surpasses the VL patients.

The variation in vitamin D deficiency levels could be
attributed to the underlying causes of CL beyond skin
color. In Ethiopia, the majority of CL cases are caused
by L. aethiopica, whereas in Iran, other species are
responsible for causing CL. In a specific region in

Southern Ethiopia, 14.8% of individuals had vitamin D
levels below 30 nmol/L, putting them at risk for
deficiency (31). The discrepancy in findings could be
attributed to the variations in study subjects. In the case
of Southern Ethiopia, the study focused on pregnant
mothers rather than on Leishmania-infected patients.
Therefore, the development of CL is influenced by
factors such as the type of parasite, the immune
response of the host, and nutrition (32, 33). Our study
found that patients with CL suffer from vitamin D
deficiency, which might impact the effectiveness of
microbial treatment and slow down the recovery
process. Specifically, a significantly higher percentage
of patients who had been living with the lesion for over
6 months (62.5%) were found to have vitamin D
deficiency compared to those with a duration of less
than 6 months (37.5%). Previous research also
demonstrated that vitamin D can inhibit the growth of

the Leishmania parasite in macrophages (34),
highlighting the importance of addressing this
deficiency in CL patients.

This suggests that patients with CL who had a

deficiency in serum vitamin D may experience
prolonged symptoms and a higher likelihood of
developing chronic conditions. Vitamin D plays a key
role (35) in enhancing the body's natural immune
response, particularly through the production of
cathelicidin, which acts as an antimicrobial agent.
Additionally, vitamin D is essential for promoting skin
health.

Ethiop. J. Health Dev. 2024; 38(1)
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Our study found that even among patients with normal
BMI, 15 out of 22 (68%) still had hidden hunger
vitamin D. This suggests that BMI may not be a
reliable indicator of vitamin D levels in the body and
should not be used as the sole measure for identifying
hidden hunger in patients with CL. This is consistent
with previous research (35), which has shown a
negative correlation between BMI and 25(0.H.) D3
levels, indicating that as BMI increases, vitamin D
levels decrease.

Our study found that severe serum vitamin D
deficiency (<20 ng/ml) was more common in the MCL
type of disease (66.6%) compared to the LCL type
(33.3%). This is consistent with previous research (36),
which showed that a vitamin D level below 20 ng/mL
can inhibit the synthesis of cathelicidin and defensin
B2, important antimicrobial chemicals for host
protection. This suggests that vitamin D levels may
play a role in the pathogenesis of CL, particularly in
cases with larger lesions like the MCL type.

A substantial number of patients with LCL (70%) and
MCL (80%) in our study exhibited lesion sizes
exceeding 4mm?. Conversely, a different study (30) did
not show a connection between serum levels of vitamin
D, disease severity, and healing duration in individuals
with  mucosal leishmaniasis. Having a minimum
25(0H)-D level of 32 ng/ml is essential for supporting
immune response and physiological function (32).
Vitamin D plays a direct role in supporting the function
of monocytes, so having insufficient levels may
adversely affect monocyte activity (33).

The interaction between vitamin D and its receptors on
immune cells has been found to enhance innate
immunity (37) by promoting the production of
cathelicidin, an antimicrobial peptide. This process also
aids in the differentiation of innate cells. Failure to
effectively control and eliminate parasites can result in
the development of extensive lesions and the
progression to a more severe form of disease.

Our research found that individuals with lesions larger
than 4mm? had lower levels of vitamin D compared to
those with smaller lesions. Specifically, 66% of
individuals with larger lesions had vitamin D
deficiency, while only 33.3% of those with smaller
lesions were deficient. This suggests a correlation
between vitamin D levels and the severity of the
disease. Additionally, patients with multiple lesions
also had lower vitamin D levels compared to those with
a single lesion, supporting our findings (38). In an
animal model study, it was observed that lower levels
of vitamin D were linked to the progression of the
disease. The dog exhibiting severe clinical symptoms
had a vitamin D level of 19.6 ng/ml, while the non-
infected and asymptomatic groups had levels of 31.8
ng/ml and 29.6 ng/ml, respectively (27).

A population-based study conducted in various
countries, including Ethiopia, indicated that there is a
significant need for attention to vitamin D levels, with
hypovitaminosis being common in over 50% of the

population in tropical regions (39). In Europe, 17.7%
of the population had vitamin D deficiency in the
Winter, while 8.3% had a deficiency in the summer
(40). In Ethiopia, a study conducted in a sunlight area
in the southern part of the country found that vitamin D
deficiency was 14.8% among participants with levels
below 30 nmol/L(41). This suggests that the high
deficiency seen in leishmaniasis patients in our study
may be linked to the progression of the disease.

In our study, we observed a difference in the mean
serum level of vitamin D between female and male CL
patients. The mean serum vitamin D level was found to
be lower in females compared to males. This
discrepancy may be attributed to the fact that more
females tend to stay indoors, thus reducing their
exposure to sunlight, which is essential for the
conversion of precursor vitamin D into its active form.
While the body can obtain vitamin D from food
sources (20%), the majority (80%) is produced in the
skin with the help of sunlight. However, the amount of
vitamin D produced in the skin can vary seasonally
(40).

Underweight was a significant issue in this study, with
11 out of 48 (23%) of the CL patients having a BMI
<18.5, indicating malnourishment. Poverty may be a
contributing factor to this finding. A different study on
nutritional status of VL patients found that 48 out of
109 (44%) were malnourished (42), which is more
serious than the CL form of the disease. The World
Health Organization has recognized that the risk of
leishmaniasis is exacerbated by poverty, inadequate
housing conditions, and nutritional deficiencies (43).

Conclusion

In this study, CL patients are in a serious problem of
malnutrition which is explained by energy-protein
deficiency and starvation of hidden hunger like vitamin
D. All these conditions might lead to complicated,
serious, and chronic form of clinical features of CL.
This fact, deficiency of vitamin D, can be explained by
developing MCL form of the disease, larger lesion size,
and extended time for living with the disease that might
give a clue for considering vitamin D beyond
antimicrobial treatment. These clinical forms may
influence the daily activity of the patients and later
negatively influence the productivity of those
citizens.So, considering CL treatment with vitamin D
might be the focus for the future case management
approach that benefits the system and the patient at
large. A study using a larger sample size to control the
case and controls is quite important to conduct an in-
depth analysis that helps to see clearly, the association
between vitamin D and CL.

Ethical considerations and consent

The study was done on the acceptance and approval of
Amhara Public Health Institute. The hospital managers
and clinical staff were aware of the study. Informed
consent was taken from participants of the study
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