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Abstract

Aim: To evaluate the presentation patterns of visceral leishmaniasis (VL) as a cause of fever of unknown origin (FUO) and compare
them with other FUO etiologies.

Materials and methods: This prospective observational study was conducted at the Clinic for Infectious Diseases and Febrile Condi-
tions in Skopje, Republic of North Macedonia, from 2019 to 2025. We included ninety-four immunocompetent patients, aged 14 or over
who met the FUO criteria by Durack and Street and had a definitive etiology subsequently established. Based on the final diagnosis,
patients were categorized into those with VL and those with alternative FUO etiologies. Demographic, clinical, and laboratory data from
standardized investigations were compared between the groups using appropriate statistical tests.

Results: Sixty-six percent of participants were male, and their median age was 49 years (IQR 36-65). Infectious diseases were respon-
sible for 52.1% of all FUO cases, followed by noninfectious inflammatory disorders (20.2%), miscellaneous causes (17%), and malignan-
cies (10.6%). VL was the leading single diagnosis, identified in 17% of the total cohort. Compared with non-VL FUO cases, VL patients
more often presented with weight loss, diaphoresis, and splenomegaly (all p<0.001), hepatomegaly (p=0.002), and higher febrile peaks
(p=0.026). Hematologic abnormalities were more pronounced in VL, with lower hemoglobin, hematocrit, leukocyte, and platelet counts
(all p<0.006), as well as lower albumin (p=0.029) and higher globulin levels (p=0.001).

Conclusion: Visceral leishmaniasis can be an important yet underrecognized cause of FUO in endemic regions. Greater clinical aware-
ness and early diagnostic testing are essential to prevent delays and inappropriate treatment.
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Introduction

Fever of unknown origin (FUO) is a clinical syndrome
first described over 60 years ago. In 1961, Robert G. Pe-
tersdorf and Paul B. Beeson defined it as an illness lasting
more than three weeks, with a fever exceeding 38.3°C on
several occasions, and a diagnosis that remains undeter-
mined after one week of inpatient diagnostic evaluation.!!!
Thirty years later, David T. Durack and Alan C. Street pro-
posed two significant modifications: first, distinguishing
classical FUO from three other forms — nosocomial, neu-
tropenic, and HIV-associated FUO; and second, enabling
outpatient management of patients.?) In 1997, De Kleijn
and colleagues refined the FUO definition by incorporating
standardized investigations to improve diagnostic accuracy
and comparability across studies.®) They further empha-
sized the importance of identifying potentially diagnostic
clues (PDCs) in guiding the diagnostic evaluation of FUO
patients.’) The endemic diseases present in a given country
or region strongly influence the etiologic spectrum of FUO.
Depending on the setting, infections such as tuberculosis,
malaria, b diagnosis.[*!

Visceral leishmaniasis (VL) is a neglected vector-borne
parasitic disease caused by parasites of the Leishmania don-
ovani complex, which are transmitted by the bite of infected
female sandflies.”) It is estimated that 50,000 to 90,000 cases
of VL occur annually worldwide, though the true burden is
likely higher. Approximately 90% of the global VL burden is
concentrated in Eastern Africa, South Asia, and Brazil.l®) VL
is also endemic in parts of the Mediterranean basin, includ-
ing North Macedonia, where the estimated incidence ranges
from 0.42 to 0.53 cases per 100,000 population.” The clinical
spectrum of VL ranges from asymptomatic infection to a se-
vere, life-threatening disease if left untreated.!®! The incuba-
tion period is usually two to eight months but can range from
a few weeks to several years. Symptoms typically develop
subacutely with gradual onset of malaise, weight loss, hepa-
tosplenomegaly, and prolonged fever—often intermittent or
remittent in pattern.®!

Despite its recognition as part of the differential diagno-
sis of FUOU), the role of VL remains underrecognized and
poorly characterized in the literature.

Aim

The goal of this study was to evaluate the clinical and lab-
oratory characteristics of patients with VL presenting as
FUO and to compare them with those of patients with oth-
er FUO etiologies.

Materials and methods
Study design and population

his prospective observational study was conducted at the
University Clinic for Infectious Diseases and Febrile Con-

ditions in Skopje, Republic of North Macedonia, from 2019
to 2025. We enrolled 94 consecutive immunocompetent
patients, aged 14 years or older, who met the criteria for
FUO as defined by Durack and Street.[?! We excluded pa-
tients in whom no final diagnosis was reached; those with
HIV-associated, nosocomial, neutropenic, or FUO occur-
ring in other immunocompromised hosts; and patients un-
der 14 years of age or who declined to participate or receive
care at our center.

Diagnostic approach and data collection

At the time of enrollment, a detailed medical history and
physical examination were conducted to document de-
mographic characteristics and presenting clinical features.
Throughout hospitalization, patients were systematically
re-examined and interviewed to monitor the evolution of
existing findings and the development of new clinical man-
ifestations. After the initial clinical assessment, all patients
underwent standardized diagnostic investigations, includ-
ing erythrocyte sedimentation rate, complete blood count
with differential, serum urea and creatinine, liver enzymes
[alanine aminotransferase (ALT) and aspartate amino-
transferase (AST)], cholestatic enzymes [alkaline phos-
phatase (ALP) and gamma-glutamyl transferase (GGT)],
lactate dehydrogenase (LDH), creatine kinase (CK), total
serum protein, albumin, globulin, ferritin, C-reactive pro-
tein (CRP), and procalcitonin. Chest radiography, abdomi-
nal ultrasonography, electrocardiography, two sets of blood
cultures, urine culture, and HIV testing were performed
in all patients. When clinically indicated, further targeted
investigations were conducted based on the presence of po-
tentially diagnostic clues (PDCs), including microbiologi-
cal, biochemical, radiologic, invasive, and histopathologic
examinations to confirm the diagnosis. Patients were fol-
lowed prospectively until a final diagnosis was established.
A summary of the participant selection and diagnostic ap-
proach is presented in Fig. 1.

Categorization and comparative
analysis

Following the establishment of a final diagnosis, patients
were categorized into four etiological groups: infectious
diseases, noninfectious inflammatory disorders (NIIDs),
malignancies, and miscellaneous conditions. For compar-
ative analysis, we separated patients into two subgroups:
(1) those with visceral leishmaniasis and (2) those with all
other FUO etiologies. Clinical and laboratory data from
standardized investigations were then analyzed between
these groups. Statistical analysis was performed using
SPSS version 25.0 (IBM Corp., 2017). The distribution of
continuous variables was assessed with the Shapiro-Wilk
test. Continuous variables were presented as mean + stan-
dard deviation or median with interquartile range (IQR),
as appropriate. Group comparisons were performed using
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Figure 1. Flowchart of patient selection and diagnostic approach used in all participants.

the independent samples #-test or Mann-Whitney U test
for continuous variables and the chi-square test or Fisher’s
exact test for categorical variables. A two-tailed p-value
<0.05 was considered statistically significant.

Ethical approval

The study was approved by the Ethics Committee for Re-
search Involving Humans at the Medical Faculty in Skopje
(approval no. 03-2031/18), and written informed consent
was obtained from all participants. The research was con-
ducted in accordance with the principles of the Declaration
of Helsinki.[1)

Results

The study included 94 patients with FUO, of whom 62
(66%) were male and 32 (34%) were female. The median
age was 49 years (IQR 36-65 years). The median maximum
body temperature during hospitalization was 39.0°C (IQR
38.5-40.0°C), and the median duration of fever before di-
agnosis was 29 days (IQR 21-60 days).

Infectious diseases were the most common cause of
FUO, identified in 49 patients (52.1%), followed by non-
infectious inflammatory disorders in 19 (20.2%), miscel-

laneous conditions in 16 (17%), and malignancies in 10
(10.6%). The most frequent single diagnosis was visceral
leishmaniasis (VL), identified in 17% of cases, followed by
infective endocarditis (14.9%) and adult-onset Still’s dis-
ease (9.6%). Subacute thyroiditis and habitual hyperther-
mia were present in 6.4% of cases. The full etiological dis-
tribution is presented in Table 1.

Demographics and clinical manifestations of patients
with VL and other FUO etiologies are summarized in Ta-
ble 2. Compared to patients with other FUO causes, those
with VL were significantly more likely to present with
weight loss, diaphoresis, splenomegaly (all p<0.001), and
hepatomegaly (p=0.002). They also had a higher febrile
peak (p=0.026), and male sex was more common in this
group (p=0.046). The frequency of other symptoms, in-
cluding malaise, rigors, and anorexia, did not differ signifi-
cantly between the groups.

The laboratory parameters of patients with VL and
other FUO etiologies are shown in Table 3. Compared
to other FUO patients, those with VL had more pro-
nounced cytopenias, with lower hemoglobin and
erythrocyte levels (both p=0.006), reduced hematocrit
(p=0.004), as well as significantly lower leukocyte and
platelet counts (both p<0.001). Neutrophil percentages
were significantly lower (p<0.001), whereas lymphocyte
percentages were elevated (p<0.001) in the VL group.
Among biochemical parameters, VL patients had higher
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Table 1. Etiological spectrum of FUO

Category Specific diagnosis

Visceral leishmaniasis
Infective endocarditis
Cytomegalovirus infection

) ) Tuberculosis
Infectious diseases (52.1%)

Localized abscesses (splenic, hepatic, perianal)

Primary bacteremia (no identified focus)

Urinary tract infection

Lyme borreliosis, brucellosis, syphilis, rickettsiosis, parvovirus B19

each

Adult-onset Still’s disease

Noninfectious inflammatory Rheumatoid arthritis

disorders (20.2%) Polymyalgia rheumatica

Sarcoidosis, reactive arthritis, familial Mediterranean fever, vasculitis, gout

each

Subacute thyroiditis

Miscellaneous conditions Habitual hyperthermia

(17%) Idiopathic pericarditis

Thrombophlebitis, ulcerative colitis

each

Lymphoma

Malignancies (10.6%) Lung cancer

Prostate, breast, urinary bladder, or kidney cancer, leukemia

1 each

Table 2. Demographics and clinical manifestations in VL and other FUO patients

Clinical manifestation VL group’ Other FUO group” p-value
Male sex (%) 87.5 61.5 0.046"
Age (years median [IQR]) 59.5 (34.3-65.8) 48 (36-65) 0.546 %
Febrile peak (°C, median [IQR]) 39.75 (39-40) 39 (38.5-40) 0.026*
Fever duration (days, median [IQR]) 30 (28-101.3) 28 (21-60) 0.217%
Malaise (%) 68.8 50.0 0.171°F
Rigors (%) 75.0 57.7 0.1971
Anorexia (%) 37.5 17.9 0.082%
Weight loss (%) 75.0 24.4 <0.001°
Diaphoresis (%) 75.0 28.2 <0.001"
Hepatomegaly (%) 62.5 23.1 0.002 f
Splenomegaly (%) 81.3 29.5 <0.001"

“VL: visceral leishmaniasis group (n=16); Other FUO: other causes of fever of unknown origin (n=78). 'p-values calculated using chi-

square or Fisher’s exact test, as appropriate. *p-values calculated using Mann-Whitney U test.

AST (p=0.005), while ALT, ALP, and GGT did not dif-
fer significantly. Bilirubin and creatinine were slightly
higher in VL patients (p=0.008 and p=0.011, respective-
ly), although still within normal ranges. VL patients
also had lower albumin (p=0.029) and higher globu-
lin levels (p=0.001). CRP levels were elevated in both
groups, but the difference was not statistically signif-
icant (p=0.115). The remaining laboratory parameters
demonstrated comparable values between the groups.

Discussion

In this study, visceral leishmaniasis emerged as a prominent
cause of FUO in immunocompetent adults, accounting for
17% of cases in our cohort. This finding aligns with pre-
vious data from North Macedonia, where infections, and
particularly VL, were also identified as leading FUO etiol-
ogies.['!] To our knowledge, this is the first published study
from the region to specifically examine VL in the context
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Table 3. Laboratory parameters in VL and other FUO patients

VL and FUO in Immunocompetent Adults

Parameter VL group*, Other FUO group*, p-value?
median [IQRT] median [IQRY)

ESR' (mm/h) 86 (52-100) 70 (40-90) 0.228
Hemoglobin (g/L) 99.5 (87.5-112) 114 (101.8-132) 0.006
Erythrocytes (x10%/L) 3570 (3202.5-4090) 4185 (3740-4500) 0.006
Hematocrit (%) 30.5 (27-33.5) 35 (31-39) 0.004
Leukocytes (x10°/L) 2.35(2.03-4.81) 10.4 (7.48-13.93) <0.001
Platelets (x10%/L) 78.5 (51.3-104.3) 311.5 (194-445) <0.001
Neutrophils (%) 57.5 (40.8-66.8) 76 (67-84) <0.001
Lymphocytes (%) 33.5 (25-47.8) 14 (9-22) <0.001
Blood urea (mmol/L) 4.7 (4.1-6.6) 4.4 (3.33-5.48) 0.990
Creatinine (pmol/L) 80 (73-83) 65 (57.3-88.8) 0.011
AST' (U/L) 51 (43-89) 29.5 (18.5-52) 0.005
ALTT (U/L) 32 (15-49) 39 (19.3-68.8) 0.770
ALP' (U/L) 130 (72-182) 100 (65.5-168.8) 0.331
GGT' (U/L) 46 (32-291) 65.5 (35.5-115.8) 0.905
Total bilirubin (umol/L) 15 (10-24) 7 (5-14.5) 0.008
Direct bilirubin (umol/L) 4(3-22) 2(1-4) 0.015
Indirect bilirubin (umol/L) 8 (6-12) 5(4-9.8) 0.114
LDH' (U/L) 394 (253.5-474.5) 304 (178-495) 0.515
CK' (U/L) 39 (21.5-53) 37 (20-57) 0.419
Total protein (g/L) 76 (66-94) 69 (62-73) 0.089
Albumin (g/L) 28 (27-35.5) 35 (30-40) 0.029
Globulin (g/L) 44 (35.5-59) 34 (28-37) 0.001
CRP' (mg/L) 72 (35.5-108.5) 114 (57-214) 0.115

“VL: visceral leishmaniasis group (n=16); Other FUO: other causes of fever of unknown origin (n=78). TALT: alanine aminotransferase;

ALP: alkaline phosphatase; AST: aspartate aminotransferase; CK: creatine kinase; CRP: C-reactive protein; ESR: erythrocyte sedimenta-

tion rate; GGT: gamma-glutamyl transferase; IQR: interquartile range; LDH: lactate dehydrogenase; *p-values calculated using Mann-

Whitney U test.

of FUO and to describe its clinical and laboratory profile
relative to other causes.

Across Europe, VL is rarely reported as a cause of FUO,
usually in the form of isolated case reports or small series.
However, two studies from Turkey documented VL as a
recognized FUO etiology: a nine-year series of 87 FUO
patients identified VL in 5.9% of cases!'?), and a separate
report described 20 cases of VL presenting as FUO.!'*! In
Greece, VL was reported in 3.6% and 3.0% of FUO pa-
tients during two consecutive time periods (1992-2000
and 2001-2007, respectively).['* A large multicenter study
conducted through the ID-IRI platform across 21 coun-
tries—including several European nations, as well as coun-
tries from Asia, Africa, and the Middle East—found VL in
less than 1% of 407 infectious FUO diagnoses.!'! Reports
from India have shown greater variation, with VL account-
ing for 1.5% to 9.4% of FUO cases, depending on the popu-
lation and clinical setting.['*1”) Beyond immunocompetent
adults, VL has also been described as a cause of FUO in

pediatric patients and in those with HIV-associated immu-
nosuppression, where it often presents atypically and com-
plicates the diagnostic workup.[1$19)

These findings demonstrate that, while rare, VL is still a
clinically relevant FUO etiology in endemic areas. In our
cohort, the proportion of VL among FUO cases was no-
tably higher than that reported in most European series,
even though human leishmaniasis has been documented in
at least 14 Furopean countries between 2005 and 2020. 7!
Nevertheless, VL presenting specifically as FUO remains
uncommon in European literature. Possible reasons for its
higher prevalence in our study include delayed recognition
due to its nonspecific clinical presentation and broad dif-
ferential diagnosis, limited familiarity of healthcare pro-
viders with the disease, and restricted access to diagnostic
tools in peripheral hospitals.

Patients with VL in our cohort displayed a distinctive
profile compared to those with other FUO etiologies. Male
sex was significantly more common among patients diag-
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nosed with visceral leishmaniasis, consistent with patterns
reported in endemic regions. For example, data from East-
ern Africa show that approximately two-thirds of VL cases
occur in males, suggesting a clear male predominance in
disease burden.?") Several factors may contribute to this
disparity, including biological influences, such as sex hor-
mone-modulated immune responses, and sociocultural or
occupational factors that result in greater exposure of men
to sandfly vectors.!?!!

VL patients more frequently presented with weight loss,
diaphoresis, hepatomegaly, and splenomegaly—findings
consistent with earlier reports.(?2! The higher febrile peaks
may reflect systemic inflammation driven by sustained
parasite proliferation and elevated cytokines such as IL-6
and TNF-a, which contribute to fever and other system-
ic symptoms in active VL.[?*} Hematologic abnormalities
were another hallmark, with previous studies reporting
anemia in 85%-92%, leukopenia in 83%-85%, and throm-
bocytopenia in over 70% of patients.?#2! In line with these
observations, VL patients in our cohort exhibited more
pronounced cytopenias compared to other FUO cases. Hy-
pergammaglobulinemia and hypoalbuminemia were also
evident in our VL group, as described in other studies.!?>2!

Our findings confirm that visceral leishmaniasis can be
an important and often underrecognized cause of FUO in
endemic regions. It may present with subtle and nonspecif-
ic findings, as seen in our cohort, where six patients were
diagnosed through bone marrow biopsy for suspected he-
matologic malignancy (unpublished data). The remaining
cases were treated with empirical antibiotics by general
practitioners or other specialists for suspected bacterial
infections; as the disease progressed and initial therapies
failed, they were referred to our clinic and were later di-
agnosed using indirect immunofluorescence serology
(unpublished data). These findings highlight the need for
greater clinical awareness and a high index of suspicion to
avoid diagnostic delays and inappropriate treatment, espe-
cially in regions where VL is endemic but frequently over-
looked. Given the relatively high prevalence of VL among
FUO cases in the Republic of North Macedonia, early con-
sideration and prompt testing for VL should be incorpo-
rated into the initial FUO workup, even in the absence of
typical clinical signs.

Strengths and limitations

A key strength of our study is that it addresses an under-
explored area: VL as a cause of FUO in immunocompe-
tent adults, a topic for which reports remain scarce. The
prospective design and systematic evaluation of patients
using standardized criteria allowed us to reliably describe
the clinical and laboratory profile of VL compared to other
FUO causes in an endemic setting.

Limitations include the fact that it was a single-center
study, so the findings might not fully apply to other places
or populations. Additionally, the relatively small number of

VL cases, although reflecting its frequency in the popula-
tion, reduced the statistical power for more detailed analy-
ses and subgroup comparisons.
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