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Abstract. Visceral leishmaniasis (VL) is a tropical disease endemic to Brazil. The clinical manifestations of the
infection range from asymptomatic to severe. In VL, changes in lipid metabolism, such as hypocholesterolemia and
hypertriglyceridemia, occur that are believed to be related to its progression and severity. This study investigated the
associations between serum levels of cholesterol, triglycerides, and lipoproteins (high-density lipoprotein, low-density
lipoprotein, and very low-density lipoprotein) with clinical and hematological parameters that predict severity in a case
series of 83 VL patients. Severely ill patients had higher mean serum triglyceride levels than non-severely ill patients.
There was a significant positive correlation between disease severity score and serum triglyceride levels, very low-
density lipoprotein, international normalized ratio for prothrombin time test, total bilirubin, and age. An inverse correlation
was detected between the disease severity score and mean platelet and neutrophil counts. Hypertriglyceridemia can be
a prognostic indicator of severity in patients diagnosed with VL.

INTRODUCTION

Visceral leishmaniasis (VL) is a chronic protozoan disease
endemic to Brazil that is lethal if untreated. Disorders of lipid
metabolism in patients with VL have been reported since
the 1980s.1 Studies have described hypocholesterolemia, alter-
ation of lipoproteins, and hypertriglyceridemia in VL patients.2–5

Mohapatra et al.3 and Lal et al.4 suggested using hypertriglycer-
idemia as a possible diagnostic and prognostic factor for the
disease, but the first study included only nine patients and the
second study, despite including a good number of patients,
based its severity criteria on only the anemia and parasite load
determined on a microscopic examination. None of these fac-
tors correlated the lipid profile with disease severity score.
Regarding the interaction of Leishmania with the host’s

lipid metabolism and evidence of the use of lipids by the par-
asite in the disease’s infection, maintenance, and progres-
sion,5,6 it is important to evaluate the biochemical changes
and their association with disease severity in a larger sample
of patients. The severity classification scores of LV patients
are heterogeneous.7,8 Considering that the definition of
severity in an early and practical way using accessible and
low-cost laboratory tests influences therapeutic decisions
and indicates the need for early hospitalization with a conse-
quential reduction in morbidity and mortality, we aimed to
associate the lipid changes in VL patients with more objec-
tive parameters of disease severity to improve the prediction
of clinical outcomes in these patients.

MATERIALS AND METHODS

Study design/sample. This cross-sectional analytical
study included 83 patients with a confirmed diagnosis of VL

who were admitted to the University Hospital of the Federal
University of Sergipe between 2012 and 2019. The inclusion
criteria were confirmed diagnosis of VL by compatible symp-
toms/signs and a positive rK39 rapid test and/or direct visu-
alization of amastigote forms of the parasite in bone marrow
aspirate and/or bone marrow positive culture (gold stan-
dard). The exclusion criteria were the history of any other
chronic disease (kidney or liver disease, cancer, HIV/AIDS,
immunodeficiencies, hypothyroidism, or hyperthyroidism);
alcoholism or use of illicit drugs, hypersensitivity to drugs
used to treat VL, immunosuppressive drug treatment, cur-
rent pregnancy, or previous diagnosis or treatment of
dyslipidemia.

Procedures. The study was approved by the Ethics Com-
mittee of the University Hospital of the Universidade Federal
de Sergipe. Before admission, written informed consent was
obtained from the patients/guardians of patients under 18
years of age. Serum total cholesterol (TC), high-density lipo-
protein (HDL), low-density lipoprotein (LDL), very low-
density lipoprotein (VLDL), and triglycerides were measured
after a 12-hour fast using the automated calorimetric enzy-
matic method but before VL treatment was started. The
samples were processed using a Wiener apparatus and are
expressed as milligrams per deciliter. Low-density lipopro-
tein values were estimated using the Friedewald equation:
LDL (mg/dL) 5 TC (mg/dL) 2 HDL (mg/dL) 2 triglycerides.
Other examinations performed during follow-up, such as
blood counts, hepatic enzyme levels, and coagulation test
results (international normalized ratio [INR] for prothrombin
time test), bilirubin as well as clinical follow-up to ascertain
clinical complications and disease evolution were annotated
from the patients’ medical records. The classification of
severity adopted to evaluate these patients was published
by Sampaio et al.9 and included dyspnea (1 point), associ-
ated infections (1 point), neutrophil count ,500/mm3

(1 point), jaundice (2 points), bleeding mucous membranes
(2 points), and platelet count , 50,000/mm3 (3 points).9 The
presence of one criterion indicates greater severity. Each
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sample was categorized according to severity into one of
two groups: severe (score . 1) or nonsevere (score , 1).
Scoring$ 1 point gives the case greater severity and a score
$ 3 points is the best predictor of death, with a combination
of high sensitivity (88.7%), specificity (78.5%), predictive
negative value (78.5%), and area under the receiver operat-
ing characteristic curve (89.5%).9 Based on these data, we
categorized VL cases into three groups: critically ill ($ 3
points), moderate severity (1–2 points), and nonsevere (score
, 1) according to their association with lipid profile.

Statistical analysis. R Core Team 2019 and Graph Pad
Prisma v9 software were used. Associations were tested
using Fisher’s exact test and Pearson’s x2 test. Differences
in measures of central tendency were tested using Student’s
t-test or the Mann–Whitney U test for independent samples.
Analysis of variance or the Kruskal–Wallis test was used to
analyze the three groups. Multiple comparisons were per-
formed using Dunn’s test. Cohen’s D test was used to stan-
dardize the magnitude of the effect, which is considered
small at 0.2–0.3, medium at 0.4–0.7, and large at $0.8. The
correlations between the severity score based on clinical
and laboratory parameters with other relevant clinical data
were done by the Spearman correlation test. The signifi-
cance level (a) was set at 5% (P, 0.05).

RESULTS

Of the 83 patients, 54 (65.1%) were male; the patient age
range was 4 months to 58 years (mean, 18.8616.8 years).
The mean serum levels of TC, HDL, and LDL
(110.8631.2mg/dL, 10.065.8mg/dL, and 54.86 30.2mg/
dL, respectively) were lower than the reference values for
each age group, while the mean serum levels of triglyceride
and VLDL (243.26114.8mg/dL and 49.3627.4mg/dL,

respectively) were higher than the reference values for each
age group (Table 1).
Among the patients, 47 (56.6%) were categorized as hav-

ing severe disease and 36 (43.4%) were categorized as hav-
ing nonsevere disease. The severe group had a higher mean
age (24.0 versus 12.1 years; P50.004), lower median plate-
let count (90,918.1 versus 122,9472.2 cells/mm3; P50.005),
lower median neutrophil count (834.7 versus 1,114.8 cells/
mm3; P50.02), and higher median bilirubin level (2.37 ver-
sus 0.61mg/dL; P, 0.001) than the nonsevere group.
The frequency of clinical complications, such as mucosal

bleeding, associated infections, jaundice, dyspnea, and
edema, was significantly higher in patients with severe dis-
ease. The edema variable, which was not included in the
severity criteria used to classify these patients, occurred at a
higher frequency among the most severe patients in our
sample (P50.004). The median triglyceride level of the
severe group was higher than that of the nonsevere group
(270.8 versus 207.2mg/dL; P50.011).
When we categorized the sample into three groups by dis-

ease severity, the mean serum triglyceride levels increased
as disease severity increased ($3 points: 281.66141.0mg/
dL) compared with the moderate severity group (1–2 points:
264.96131.4mg/dL) and the mild group (,1 point:
207.2671.1mg/dL) (P50.045). To rule out the effect of age
differences between the severe and nonsevere groups in the
lipid profile, we divided the sample by age into #19 years
and .19 years since this is the division of reference values
for serum lipid levels in the general population. We found
significantly higher mean values of triglycerides in patients
#19 years old (264.36120.4mg/dL) than in patients aged
.19 years old (215.76100.3mg/dL); P50.026; D50.433).
Additionally, hypertriglyceridemia, regardless of group cate-
gorization, was directly correlated with disease severity
score (Figure 1A). There were also direct correlations

TABLE 1
Clinical and laboratory characteristics of VL patients by severity score

Severity score*

Demographic and clinical data Severe ($ 1), N 5 47 Nonsevere (, 1), N 5 36 P value D

Age (years, mean6SD) 24.06 17.9 12.1612.4 0.004‡ 0.749
Female sex n (%) 31 (66.0) 23 (63.9) 0.845§ 0.326
Male sex n (%) 16 (34.0) 13 (36.1) 0.119‡ 0.055
Spleen size (cm) 8.86 5.7 7.163.8 0.913‡ 20.088
Liver size (cm) 4.56 3.6 4.362.6 0.317‡
Hemoglobin (g/dL, mean) 8.06 1.9 8.161.1
Platelet count (cells/mm3) (mean6SD) 90,918.16 49,421.4 122,947.2642,695.7 0.005‡ 20.687
Neutrophil count (cells/mm3) (mean6SD) 834.76 579.3 1114.86608.4 0.020‡ 20.473
INR (mean6SD) 1.486 0.80 1.2460.15 0.275‡ 0.384
Total bilirubin 2.376 4.84 0.6160.34 < 0.001‡ 0.474
Mucous bleeds, n (%) 14 (29.8) 0 (0) < 0.001†
Jaundice, n (%) 12 (25.5) 0 (0) 0.001†
Dyspnea, n (%) 10 (21.3) 0 (0) 0.003†
Associated infections, n (%) 26 (55.3) 0 (0) < 0.001†
Edema, n (%) 12 (26.1) 1 (2.8) 0.004†
Total cholesterol (mg/dL, mean6SD) 114.06 30.1 106.6631.6 0.295
HDL (mg/dL, mean6SD) 9.86 6.3 10.067.5 0.383
LDL (mg/dL, mean6SD) 54.46 31.8 55.2628.4 0.794
VLDL (mg/dL, mean6SD) 54.86 31.5 40.0615.0 0.096
Triglycerides (mg/dL, mean6SD) 270.86 132.6 207.2671.1 0.011 0.577

n5 absolute frequency;%5 percentage relative frequency; HDL5 high-density lipoprotein; LDL5 low-density lipoprotein; VL5 visceral leishmaniasis; VLDL5 very low-density lipoprotein.
* This score uses the following parameters: dyspnea (1 point), associated infections (1 point), neutrophil count , 500/mm3 (1 point), jaundice (2 points), bleeding mucous membranes (2 points),

and platelet count, 50,000/mm3 (3 points) (Sampaio et al.9).
† Fisher’s exact test.
‡Mann–WhitneyU test.
§ Pearson’s x2 test; D, Cohen effect size.
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between disease severity score and VLDL level (Figure 1B),
INR (Figure 1C), total bilirubin level (Figure 1D), and age
(Figure 1E). There were inverse correlations between disease
severity score and platelet count (Figure 1F) and neutrophil
count (Figure 1G). There were no correlations between dis-
ease severity and serum levels of TC, HDL, and LDL, spleen
size, liver size, hemoglobin values, or sex.

DISCUSSION

We observed that VL patients had low TC, HDL, and LDL
levels and increased VLDL and triglyceride levels compared
with the reference values for the general population accord-
ing to age groups. Using an objective criterion that classifies
patients by severity score,9 this study clearly showed a cor-
relation between high triglyceride levels and VL severity as
hypothesized by Lal et al.4 Although the mean age of the
patients classified as having severe disease was higher than
that of those with nonsevere disease, triglyceride levels were
higher in patients younger than 19 years, indicating that age
is not a confounding variable for this association. Further-
more, the mean6SD of the lipid profile from normal individ-
uals, in a previous study performed in Sergipe State in
children and adolescent (1263.9 y) shown a mean 6SD of
total cholesterol 1586 30.4mg/dL, HDL 47.5610.5mg/dL,
LDL 91.4625.4mg/dL and triglycerides 92.1648.8mg/dL.10

Another study in adults (42.02617.38y) show a mean6
SD of total cholesterol 193.39643.62mg/dL, HDL 48.806
11.24mg/dL, LDL 118.35636.75mg/dL, and triglycerides
131.28682.21mg/dl.11 These data clearly show that the
lipid profile of the patients from the present study is not a
trend from the normal population from the same state of
Brazil, independently of the age. Importantly, the present
findings confirm that these patients classified as severe
present a higher frequency of disease complications such
as mucosal bleeding, associated infections, lower platelet
and neutrophil counts, and edema.
Ghosh et al.5 showed the ability of Leishmania to alter cho-

lesterol metabolism through the cleavage of the enzyme
DICER1 mediated by the metalloprotease GP63 and leading
to an increase in parasitemia in the liver and reduced serum
cholesterol levels. Therefore, in patients with VL, the reduc-
tion in HDL and LDL lipoproteins may be because of seques-
tration and degradation of these lipoproteins in the spleen
and liver, which are organs that have high concentrations of
Leishmania.6,12 Other hypotheses to explain the reduction
of HDL in serum include cytokine release during the acute
phase response of the disease, which would have an
inhibitory effect on lecithin cholesterol acyltransferase.13

Furthermore, hypergammaglobulinemia and elevated serum
b2-microglobulin levels described in VL patients6,14 can
affect cholesterol metabolism via the formation of immune
complexes between HDL and antibodies, which would
accelerate lipoprotein degradation, or the impairment of lipo-
protein lipase activity, which is responsible for breaking
down lipoproteins in the plasma so that the tissue can
absorb its components, mainly cholesterol.12

Importantly, hypertriglyceridemia was present in these VL
patients and a good marker of disease severity. Hypertrigly-
ceridemia is important for the growth of the parasite in vitro
and has a strong correlation with greater parasitic burden in
VL patients.4 The increase in triglycerides can be explained

by the increase in VLDL production and reduction in its con-
version to LDL by affecting the activities of lipoprotein lipase
and liver lipase in VL patients.6,15,16 Additionally, reducing
the conversion of VLDL to LDL significantly decreases its
serum levels.14 The hepatic synthesis of fatty acids can also
be increased by the release of inflammatory cytokines dem-
onstrated to occur in VL, thus increasing VLDL and triglycer-
ide levels.17 Therefore, it is possible that these disturbances
in lipid metabolism are a consequence of the infection. Dis-
turbances in lipid metabolism have been described in coro-
navirus disease 2019, which presents a similar cytokine
storm.18 Although, due to the cross-sectional nature of this
study design, it is not possible to distinguish whether meta-
bolic dysregulation predisposed to, or was caused by, or
was exacerbated by VL. However, there is an association
between VL disease severity and lipid dysregulation. This
information can improve the prediction of clinical outcomes
in these patients.
Conversely, metabolic diseases have been considered to

increase one’s susceptibility to infections, especially diabe-
tes and obesity.19,20 Diabetes mellitus has also been associ-
ated with a more severe clinical presentation and worse
response to therapy of cutaneous leishmaniasis (CL),21 and
a case report showed an association between diabetes and
VL.22 Sernaglia et al.23 demonstrated that diet-induced obe-
sity promotes systemic inflammation and increases suscep-
tibility to murine visceral leishmaniasis. However, obesity is
an inflammatory disease, and studies are needed to verify
whether disturbances in lipid metabolism alone increase the
risk or affect the clinical outcome of these infectious
diseases.
In conclusion, this study demonstrated a significant asso-

ciation between hypertriglyceridemia and disease severity in
a large sample of VL patients using an objective score that
includes clinical and laboratory aspects.9 Serum triglyceride
levels were significantly higher in patients with severe VL
than in those with nonsevere disease. Additionally, the sub-
division of critically ill patients considered at higher risk of
mortality revealed that this group had higher triglyceride lev-
els. Furthermore, it has been demonstrated that VL severity
correlates positively with serum triglyceride, VLDL, and bili-
rubin levels as well as INR and correlates negatively with
platelet and neutrophil counts. Therefore, the present find-
ings suggest that triglyceridemia may assist in the initial eval-
uation of patients with a clinical condition compatible with
VL who live in endemic disease areas. Hypertriglyceridemia
higher than 250mg/dL can be a predictor of severity in
patients with a confirmed diagnosis of VL or be included in
the severity score.
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