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b Universidad de Córdoba, Instituto de Investigaciones Biológicas del Trópico, Montería, Córdoba, Colombia
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A B S T R A C T

Introduction: Acute undifferentiated febrile illnesses are fevers lasting less than fourteen days without an evident 
focus of infection on the initial physical examination or with inconclusive laboratory tests.
Objective: Carry out epidemiological surveillance of the etiology of acute undifferentiated febrile syndrome in the 
Meta department.
Methods: A descriptive, prospective cross-sectional study was carried out between February 2021 and June 2023 
in a first-level hospital in the department of Meta, Colombia. All enrolled patients underwent routine hematology 
and blood biochemistry examinations. RT-qPCR was performed for Dengue and serology for laboratory diagnoses 
using ELISA and MAT for Hantavirus and Leptospirosis, respectively. A descriptive and bivariate analysis was 
performed using SPSS vr 23.0.
Results: Of the study’s total of one hundred patients, 14 % showed antibodies against hantavirus IgG, of which 
two were seroconverted. In addition, a risk factor OR = 8.3 (CI = 1.8–38.4) for Hantavirus was found in those 
patients who had contact with farm animals. Regarding leptospirosis, 3 % of the sera agglutinated with titers 
greater than 1:400, resulting in a primary infection; 11 % of the sera presented agglutination with titers no 
greater than 1:200 as exposure to leptospirosis. The bivariate analysis showed an OR = 2.4; CI = 0.75–7.4 with 
water recreational activities in the last 30 days before the onset of symptoms.
Conclusions: Our study demonstrates the importance of Hantavirus, Dengue, and leptospirosis as a cause of acute 
undifferentiated febrile illnesses. Coinfections are frequent in one of the tropical areas of Colombia, so it is 
crucial to establish a more precise diagnosis.

1. Introduction

During the last two decades in tropical countries, acute undifferen
tiated febrile illnesses (AUFI) have increased, caused mainly by 
emerging or re-emerging pathogens [1]. AUFI is a fever lasting less than 
fourteen days without an obvious source of infection on the initial 
physical examination or with inconclusive laboratory tests. AUFI can be 
a self-limiting disease but can progress to severity and be potentially 
lethal [2]. Different factors contribute to the appearance of these dis
eases, such as climate change, forced displacement, tourism, migration, 

urbanization, and unplanned human activities. The above affects wild
life, which can cause high morbidity and mortality in humans and ani
mals, leading to a significant economic burden in developing countries 
[1,3–6].

There are approximately 60 etiologies that are part of the AUFI, 
which have a similar clinical presentation. Furthermore, diagnostic tests 
are scarce, so the diagnosis is based on the patient’s clinical history and 
the endemicity of the agents in each region [2,7,8]. As a tropical 
country, Colombia is endemic in many tropical diseases, which for de
cades has had a high prevalence of dengue and malaria cases. However, 
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there is serological and molecular evidence of the circulation of other 
etiological agents that produce clinical symptoms like Dengue, en
cephalitis, yellow fever, malaria, brucellosis, rickettsiosis, leptospirosis, 
lymphocytic choriomeningitis, Mayaro fever, Oropuche, and hantavi
ruses among others [1,2,9–14]. Despite efforts to develop clinical al
gorithms that allow healthcare personnel to make the possible 
etiological diagnosis, about 40 % of cases remain undiagnosed. There
fore, making a clinical diagnosis without laboratory confirmation is 
almost impossible [2,7].

Hantavirus fever is an underdiagnosed disease and is little known by 
healthcare personnel. It sometimes presents as a mild illness with fever, 
myalgia, arthralgia, and other characteristic symptoms of nonspecific 
acute febrile syndrome [10]. The first serological evidence of hantavirus 
circulation in Colombia was reported in 2004 in the department of 
Córdoba [15,16]. In 2016, hantavirus infection was diagnosed through 
seroconversion in three patients with febrile syndrome in the depart
ment of Meta [9]. A coinfection of Hantavirus and malaria was recently 
reported in the department of Córdoba [12].

On the other hand, leptospirosis is an acute septicemic febrile disease 
transmitted by direct or indirect contact with rodents and other animals 
and affects humans and animals. Leptospirosis has been underestimated 
compared to other febrile diseases, such as Dengue, masking its true 
incidence [13,17]. In humans, signs and symptoms of leptospirosis range 
from subclinical infection to severe manifestations beginning with a 
septicemic phase followed by a severe presentation with vascular, he
patic, renal, pulmonary, and skeletal muscle injury, or Weil syndrome 
[18].

Both hantavirus fever and leptospirosis can be transmitted by ro
dents, which allows infection by these agents to be present enzootically 
in rodents or domestic animals. This could increase the risk of coinfec
tion in humans and make diagnosis difficult, which allows notification 
to entities in charge of public health [17]. In developing countries, 
laboratory diagnosis resources are insufficient; epidemiological sur
veillance is scarce in these endemic regions, so the incidence of 

etiologies and the diagnosis of fatal cases are unknown [13].
This study aimed to carry out epidemiological surveillance of the 

etiology of acute undifferentiated febrile syndrome in the department of 
Meta.

2. Methods

2.1. Study design, location, samples, patients, inclusion, and exclusion 
criteria

A descriptive, prospective cross-sectional study was conducted be
tween February 2021 and June 2023. The study was conducted in the 
main hospital of the department of Meta, located in the capital of Vil
lavicencio. The department is in the East of Colombia, and it is char
acterized by a tropical climate with an average temperature of 24 ◦C, a 
humidity of 95 %, and an altitude of 467 m above sea level (Fig. 1). 
Paired serum samples were obtained; in the acute phase, they were 
taken in the first five days of the appearance of symptoms. Convalescent 
phase sera were obtained between 15 and 20 days after the appearance 
of symptoms. The definition of cases of acute febrile syndromes was 
taken according to the guidelines of the CDC and the Ministry of Health 
of Colombia [19]. The inclusion criteria were fever, myalgia, arthralgia, 
headache, asthenia, chills, jaundice, dyspnea, and rash. Patients with 
malaria, upper urinary tract infections, bronchitis, otitis media, tuber
culosis, and diarrhea as primary symptoms were excluded from the 
study, as were patients with autoimmune diseases and chronic liver 
disease.

2.2. Epidemiological, clinical, and laboratory data information

Sociodemographic data were obtained from the patients, including 
age, sex, geographic origin, travel outside the city of residence, date of 
admission, date of onset of prodrome, symptoms, clinical findings, and 
ownership of domestic animals at home. At admission, all patients 

Fig. 1. Map of Colombia and location of department of Meta.
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underwent routine hematology and blood biochemistry examinations, 
such as blood cell count, prothrombin time, platelet number, blood 
glucose, and liver biochemical profile. According to the clinical pre
sentation, some patients underwent clinical studies such as X-rays, 
electrocardiograms, and pulse oximetry.

2.3. Serological and molecular diagnosis

The serological detection of Hantavirus was carried out using an 
ELISA Anti-Hantavirus pool 2 America (Euroinmun, Ref EI 278h-9601- 
2-G), is designed with a high specificity due to the quality of the re
combinant antigen used. The manufacturers have standardized the kit, 
including subjects with different infectious diseases [20], and none 
showed a cross-reaction with the recombinant hantavirus antigen. The 
ELISA kit also includes a negative control of human origin, which is 
instrumental in establishing a defined cut-off. Samples with a ratio of 
≥1.1 were considered as seropositive, those with a ratio of ≥0.8 to <1.1 
were regarded as borderline, and those with a ratio of <0.8 were 
considered as negative. The ELISA kit detects IgG antibodies against the 
Andes and sin Nombre virus (SNV) virus (New world). The serological 
detection of Leptospira spp was carried out with the MAT micro
agglutination technique, using 16 serovars of Leptospira (L. interrogans: 
Autumnalis, Australis/Bratislava, Canicola, Icterohaemor
rhagiae/Copenhageni, Grippotyphosa, Hardjoprajitno, Hebdomadis, 
Djasiman, Pomona, Pyrogenes/Zanoni. L. borgpetersenii:/Ballum, 
Mini/Sari, Tarassovi. L. weilii: Celledoni, L. weilii/Javanica/Coxi/Cox; 
and L. noguchii/Panama). Confirmed cases of acute leptospirosis were 
based on micro-agglutination testing (MAT) criteria. Titers >1:400 were 
considered positive; those patients with a four-fold or more significant 
increase in MAT titers between acute and convalescent-phase samples 
were confirmed [13,19,21]. A negative control consisting of the antigen 
and PBS diluent was included to verify that there was no autoaggluti
nation. Because the department of Meta is an endemic area for Dengue, 
an RT-qPCR for DENV was performed, which amplified the regions of 
the NS1 gene [22,23]. RNA was extracted from sera using the Magnetic 
Beads Viral RNA Extraction Kit (Bioland Scientific).

2.4. Analysis of data

Data from medical records, paraclinical examinations, and labora
tory results were analyzed using the SPSS statistical program (version 
23.0). The descriptive and bivariate analysis was carried out, consid
ering the dependent variables. (seropositive or seronegative results to 
Hantavirus and Leptospira) and independent variables such as socio
demographic and epidemiological data of the patients. with a signifi
cance < 0.05 (P value) and a Confidence Interval (CI) of 95 %.

2.5. Ethics

This study was approved by the ethical committee of the Institute of 
Biological Research of Tropics (IIBT), University of Cordoba. A written 
informed consent was obtained from each patient, and in the case of 
pediatric patients, it was obtained from an accompanying family 
member. The study was carried out under principles of the Declaration 
of Helsinki and ethical considerations of research in Colombia, resolu
tion number 008430 of 1993 of the Ministry of Health.

3. Results

A comprehensive study was conducted, including a significant 
number of patients-one hundred in total. There were no differences 
between the gender of the patients; 84 % came from urban areas and 16 
% from rural regions. Fourteen percent of patients had IgG antibodies 
corresponding to the acute and convalescent phases. However, in two of 
these cases, a four-fold increase in IgG titers was observed, which is 
evidence of acute infection and seroconversion in these patients. The 

clinical and epidemiological characteristics of the two patients with 
acute Hantavirus infection are shown in Table 1. The bivariate analysis 
of these one hundred patients is shown in Table 2; a vital risk factor was 
found between the seroprevalence of Hantavirus and contact with ani
mals of the farm with an OR = 8.3 (CI = 1.8–38.4) and origin from an 
urban or rural area with an OR = 4.27 (CI = 1.2–14.3).

Regarding leptospirosis, 3 % of the sera agglutinated with titers 
greater than 1:400 against the serovar L. interrogans: Australis/Bratislava. 
Eleven percent of the sera presented agglutination with titers no greater 
than 1:200 with the serogroups L. interrogans: Australis/Bratislava, L. 
interrogans: santarosai/Batavie, L. interrogans: Canicola/Canicola, L. 
interrogans: Grippotyphosa/Grippotyphosa, L. interrogans: Sejroe/Hardjo/ 
Hardjoprajitno and L. interrogans: Pyrogenes/Zanoni. The bivariate anal
ysis showed a risk factor for Leptospira infection with an OR = 2.4; CI =
0.75–7.4 with water recreational activities in the last 30 days before the 
onset of symptoms. Furthermore, the results were compatible with their 
clinical and epidemiological data (Tables 1 and 2).

The diagnosis of Dengue by RT-qPCR was positive in only 4 % of 
patients; coinfection of Dengue with Hantavirus (ELISA-seroconversion) 
was found in patient number seven.

4. Discussion

Dengue is remarkable since the Department of Meta is endemic for 
this flavivirus, and the frequency of infection was expected to be much 
higher. This could be because the vectors and the etiological agents of 
the acute febrile syndrome are displaced or asymmetrically circulated.

Colombia is an endemic country to Dengue and other emerging and 
re-emerging diseases. However, other etiological agents can cause 
coinfections, such as Hantavirus and leptospirosis. These pathologies are 
essential in acute febrile syndromes in the department of Meta [24].

In the present study, 14 % of the patients showed antibodies against 
Hantavirus (Hantan/Sin Nombre Virus), and two (2 %) showed sero
conversion by ELISA tests. In Colombia, Hantavirus seroprevalence 
studies in rodents have been described [16,25,26]. In humans, the first 
serological evidence of Hantavirus was reported in 2004 in Córdoba and 
2007 in two febrile patients from Uraba near the border with Panama 
[14]. Between 2012 and 2013, Hantavirus infections were reported in 
six patients from the department of Córdoba; two of them had coin
fections with Dengue and Leptospira, and another died [27]. Subse
quently, a case of Hantavirus infection was reported in Monteria, 
Córdoba. This patient presented seroconversion against the Sin Nombre 
virus, with mild respiratory symptoms [28]. In the department of Meta, 
between 2013 and 2014, three febrile patients presented seroconversion 
against Hantavirus using ELISA; all had low platelet counts, and none 
presented respiratory difficulty; two were coinfected with dengue [9].

There are studies in several South American countries where a less 
virulent variant of Hantavirus has been reported, especially in Panama 
[29], close to the area of the present study Mattar et al., with Serological 
diagnosis of hantavirus pulmonary syndrome in a febrile patient in 
Colombia [30]. ii) the antigen used in the ELISA is a mixture of re
combinant antigens of the nucleocapsid protein of the Andes hantavirus 
and Sin Nombre Virus, which guarantee a high specificity. iii) Since 
seroconversion only occurred in two patients, it indirectly confirms the 
specificity of the hantavirus test; otherwise, more seropositive sera 
would have been presented due to possible cross-reactions. Regarding 
the use of PCR, it is known that viremia in patients with Hantavirus 
occurs in the prodrome, so molecular techniques can rarely detect active 
viremia. This is because when patients require medical attention in the 
emergency room, several days have already passed.

The results obtained in the present work are similar to the previously 
mentioned studies; two of our patients presented seroconversion of IgG 
antibodies against Hantavirus using an ELISA test, and one of these 
showed coinfection with Dengue, presenting mild clinical manifesta
tions, with headache, vomiting, and fever. The patient did not present 
findings of thrombocytopenia or renal or respiratory symptoms 
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characteristic of Hantavirus. The findings suggest that the clinical 
characteristics are mild and atypical or that there is the circulation of a 
Hantavirus variant that is less virulent than those circulating in 
Argentina. Chile, Brazil, and USA [10].

Furthermore, considering the bivariate analysis in Table 2, a signif
icant risk factor can be observed between the seroprevalence of 
Hantavirus and contact with farm animals, with an OR = 8.3 (CI =
1.8–38.4) and origin from rural areas, with an OR = 4.27 (CI =
1.2–14.3). In previous studies, the interaction between wild rodents and 
synanthropic rodents was evidenced, which allows the maintenance of 
the enzootic cycle of the virus in rodents that have more significant 
contact with humans and domestic animals in rural areas.

Leptospirosis was reported as the second cause of acute febrile syn
drome in the Colombian Orinoquia. However, it is considered an 
underdiagnosed disease that may be overlapped by dengue [9]. MAT 
remains the gold-standard method; however, its sensitivity depends on 
the serovars evaluated, so it is necessary to include local native strains to 

improve their effectiveness [14,31].
Rodents can transmit leptospirosis and hantaviruses, coexist in the 

same host, and cause human coinfections [10,30]. However, there were 
no cases of coinfection between these two etiological agents in our 
study; 14 % of the patients presented antibodies against Leptospira spp. 
Of these, three patients presented antibody titers >1:400 with clinical 
characteristics compatible with the disease (Table 1).

In Colombia, since 2007, leptospirosis has been declared notifiable; 
however, there is a large number of underreports in many regions, 
mainly due to the difficulty of obtaining paired samples during the 
convalescent phase. There is also no adequate diagnostic equipment, 
and maintaining viable Leptospira serovars requires much time and 
laboratory personnel trained in the MAT technique. Furthermore, in 
endemic areas, the nonspecific symptoms of acute febrile syndrome 
confuse the diagnosis with other tropical diseases, making etiological 
diagnosis difficult [17].

Considering that nearly 60 etiologies are part of the AUFI and have 
similar clinical presentations, diagnostic tests to confirm the disease 
represent a real challenge. Furthermore, 40 % of cases of acute febrile 
syndrome are underdiagnosed or never have a definitive diagnosis, 
which represents a challenge for health institutions and government 
institutions [1,2,7,8,14,15,18,32]. One of the limitations of the present 
study was the need for more funds to search for more etiological agents 
and thus try to reduce the percentage of underdiagnosis.

In conclusion, our study demonstrates the importance of Hantavirus, 
Dengue, and leptospirosis as a cause of AUFI. Coinfections are frequent 
in one of the tropical areas of Colombia, so it is crucial to establish a 
more precise diagnosis.
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Table 1 
Clinical and epidemiological findings in patients confirmed by Laboratory with Hantavirus, Dengue virus and Leptospira.

Patient Age/ 
Gender

Area Clinical presentation and Symptoms Paraclinic findings Presuntive Diagnosis Laboratory diagnosis

5 14/M Rural Headache, vomiting and fever Normal Undifferentiated febrile 
syndrome

Hantavirus (ELISA)

7 10/M Urban Vomiting and fever Normal Undifferentiated febrile 
syndrome

Hantavirus (ELISA) Dengue 
(RT-qPCR)

8 10/F Urban Fever, headache, myalgia, arthralgia, Nausea, 
Abdominal pain, diarrhea, retroocular pain, rash,

Thrombocytopenia 
Lymphocytopenia

Dengue Dengue (RT-qPCR)

34 8/M Urban Fever, headache, vomiting, abdominal pain, Leukocytopenia, 
lymphocytopenia 
Hepatomegaly

Dengue Dengue (RT-qPCR

56 13/M Urban Fever, headache, chills, general malaise, myalgia and 
arthralgia

Trombocitopenia 
Linfocitopenia

Dengue Dengue (RT-qPCR

25 63/M Urban Headache, chills, myalgia, arthralgia, dizziness, 
vomiting, abdominal pain, diarrhea and fever

Occult blood in stool Undifferentiated febrile 
syndrome

L. interrogans: Australis/ 
Bratislava. (MAT)

68 26/M Urban Headache, abdominal pain, fever ND Undifferentiated febrile 
syndrome

L. interrogans: Australis/ 
Bratislava. (MAT)

118* 27/F Rural Chills, myalgia, arthralgia, nausea, jaundice, fever High transaminases, Undifferentiated febrile 
syndrome

L. interrogans: Australis/ 
Bratislava. (MAT)

M = male; F = female; *patient with diagnosed with lupus; ND = no done.

Table 2 
Bivariate analysis of the epidemiological characteristics of one hundred patients 
with positive results for Hantavirus and Leptospira.

Leptospira Hantavirus

Sociodemographic data P- 
value

RP (IC) P- 
value

RP (IC)

Age 0,239 0,98 (0,94- 
1,01)

0.445 1.07 (0,89- 
1,28)

Gender
Female 0,488 0,668 

(0,214-2,09)
0,074 0,325 

(0,095-1,12)
Area
Urban 0,787 0,826 

(0,206-3,31)
0,019 0,234 

(0,069-0,78)
Rural 0,787 1,21 (0,302- 

4,84)
0,019 4.27 

(1,2–14,3)
Epidemiological data
Presence of rodents at home 0,15 0,317 (0,06- 

1,51)
0,337 1,76 (0,55- 

5,5))
Contact with rodents NS NS 0,662 1,44 (0,27- 

7,51)
Contact with farm’s animals 0.908 0,87 (0,09- 

7,74)
>0,05 8,3 

(1,8–38,4)
Domestic animals at home 0,377 2,3 

(0,4–9,8)
0,825 1,17 (0,29- 

4,6)
Aquatic recreational activities 

in the last 30 days
0,144 2,4 (0,75- 

7,4)
0,344 0,5 (0,13-2)

Floods in the housing area in 
the last 30 days

0.56 0,53 (0,06- 
4,5)

0,77 1,3 (0,25- 
6,6)
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