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SUMMARY
Background: Acute undifferentiated febrile illness (AUFI) Results: In Apartad6 a confirmed etiology was found in
is one of the leading causes of illness in tropical regions. 60% of subjects, DENV (25%) being the most frequent,

Although malaria is the most important cause, other ~ followed by leptospirosis (16.7%), malaria (10%), CO-
pathogens such as Dengue (DENV), Leptospira and re- VID-19 (8.3%), spotted fever group (SFG) rickettsiosis
cently, Coronavirus Disease 2019 (COVID-19) have (6.7%) and Chikungunya (1.7%). In Villeta, a specific
gained importance. In Colombia, few studies aimed to ~  etiology was confirmed in 55.4% of patients, of which
identify the etiology of AUFIL. Most of them performedin ~ SFG rickettsiosis (39.3%) was the most frequent, fol-
Apartad¢ and Villeta municipalities, identifying the ac- lowed by leptospirosis (21.4%), DENV (3.6%) and ma-

tive circulation of several pathogens. Thus, we conduct- laria (1.8%). No cases due to Mayaro, Yellow Fever,
ed a cross-sectional study in these municipalities to char- ~ Oropouche and Venezuelan Equine Encephalitis virus-
acterize the etiologies of AUFI during COVID-19 pan-  es were detected.

demic. Conclusion: We confirm the relevance of dengue fever,
Methods: An active surveillance was conducted be- leptospirosis, SFG rickettsiosis, COVID-19 and malaria

tween September and December 2021 in local hospitals as causes of AUFI in the municipality of Apartad6, and
of Apartad¢ and Villeta municipalities. Febrile patients ~ highlight the great importance of SFG rickettsiosis as
were enrolled after voluntarily agreeing to participate the main cause of AUFI in the municipality of Villeta.
in the study. Ten different etiologies were evaluated

through direct, serological, molecular and rapid diag- Keywords: Arbovirus, COVID-19, Leptospira, Malaria,
nostic methods. Rickettsia.
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B INTRODUCTION

Acute undifferentiated febrile illness (AUFI)
is a term used to define a fever of less than
two weeks (fourteen days) of duration without any
evident focus of infection on initial physical exami-
nation or in basic laboratory tests [1, 2]. However,
some authors used the term AUFI to designate fe-
brile cases of up to seven days, while febrile cases
lasting 7 to 28 days or lasting more than 28 days
are designated as “fever of intermediate duration”
or “chronic febrile illness,” respectively [3, 4]. Fur-
thermore, AUFI has been referred to using differ-
ent names depending on the authors and the geo-
graphical region. Some of the most used names
are “acute febrile illness”, “acute fever of un-

a7 a7

known origin”, “short-term febrile illness”, “acute

7]

undifferentiated fever”, “undifferentiated tropical
febrile illness”, “tropical fever” and “acute febrile
syndrome” highlighting the difficulties in identi-
fying a specific etiology for these short lived fe-
brile illnesses in the tropics [5-10].

Although AUFI can be a self-limited or a short-
term illness, it can also develop into a more severe,
potentially lethal disease that requires prompt
recognition. Early identification of specific causes
of AUFI may help to initiate specific therapy or
referral to a higher-level health center to avoid
fatal outcomes or chronic complications [11, 12].
Nevertheless, managing AUFI still represents a
great challenge due to the wide range of etiolo-
gies that present with fever and nonspecific signs
and symptoms, the limited diagnostic resources
in endemic regions, and the lack of epidemiologi-
cal surveillance worldwide [11, 12]. Despite the
efforts to develop clinical algorithms that allow
healthcare personnel to narrow down the poten-
tial etiological diagnosis, making accurate clinical
diagnosis without laboratory confirmation re-
mains challenging [13].

In Latin America and the Caribbean, AUFI is one
of the leading causes of medical consultation in
tropical and subtropical resource-limited regions
and is often associated with high morbidity and
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mortality [9]. Malaria is still considered an im-
portant cause of AUFI in most of these regions
despite the progress towards its elimination. In
approximately 21 countries in the region, malaria
remains endemic with approximately 120 million
people at risk of infection [14]. Currently, it is be-
lieved that the principal cause of AUFI are arbo-
viral infections, including Dengue virus (DENV),
which represents the most common etiology of fe-
brile illness in the tropics, followed by Chikungu-
nya virus (CHIKV) and Zika virus (ZIKV), at least
during their emergence in 2013 and 2015, respec-
tively [15]. Other etiologies, such as leptospirosis,
are also considered important due to their wide-
spread geographical distribution [9, 16]. Coro-
navirus Disease 2019 (COVID-19), the disease
caused by the pandemic Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2), has also
been linked as an etiology of AUFI in the tropics
[17, 18]. However, there are several other etiolo-
gies of AUFI that are not commonly monitored
by local surveillance systems such as rickettsiosis
and other arboviral diseases (e.g., Mayaro fever,
Oropouche fever) [19]. Therefore, little is known
about their local epidemiology, and some of them
are totally unknown to healthcare personnel [20].
Colombia is the second most diverse country on
the planet with a wide range of altitudes and tem-
peratures. Due to its proximity to the Equator, the
climate in Colombia is mainly tropical and iso-
thermal, with only rainy and dry seasons and lim-
ited weather variation throughout the year [21].
However, climate changes due to global warming
is also impacting Colombia, leading to unusual
temperatures [21, 22]. At least 85% of the coun-
try is composed of tropical and subtropical ar-
eas, which provide ideal ecosystems for multiple
pathogens causing AUFI [23]. Currently, there are
very few studies conducted in Colombia aimed at
identifying the etiology of AUFI [8, 24-26]. While
DENYV represented the main etiology of this syn-
drome in several regions, Leptospira spp. was
found to be one of the most frequent etiologies of
AUFI, even more common than DENV in some
other regions [25].

Two of the main endemic regions for AUFI in
Colombia are the municipalities of Apartado, de-
partment of Antioquia, and Villeta, department of
Cundinamarca, in which previous studies have
found active circulation of Leptospira, DENV and
other pathogens [24, 25, 27, 28]. Nonetheless, in
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recent years, climate change, increased migration
of international refugees, and the COVID-19 pan-
demic may have impacted the etiology of AUFI
in these regions as described elsewhere. There-
fore, we conducted a cross-sectional study from
September to December 2021 in the Apartad6 and
Villeta municipalities to characterize the etiolo-
gies of AUFL

B PATIENTS AND METHODS

Study area

The present study was performed in the munici-
palities of Apartadé and Villeta (Figure 1), two
recognized endemic regions for AUFI [24, 25].
Apartado (7°52°40” N, 76°37°44” W) is the most
developed municipality located in the northwest-
ern region of the department of Antioquia, in an
area commonly known as “Uraba antioquefio”,
at 336 km from Medellin city (the capital of the
department of Antioquia). Apartadé municipal-
ity comprises 57 villages distributed in a total
area of 600 Km? at an elevation of 25 meters above
sea level (masl). The annual mean temperature
ranges between 24-32°C and the relative humid-
ity between 86-90%. The predominant economic
activities in this municipality, are agriculture,
mainly banana industry, followed by the produc-
tion of cocoa, corn, rice, and cassava (https://
www.apartado-antioquia.gov.co). According to

the 2018 national population and housing census
of the “National Administrative Department of
Statistics - Departamento Administrativo Nacional de
Estadistica” (DANE), Apartad6 has a total popu-
lation of 113,462 inhabitants, of which 91,811 live
in the urban area, 13,999 live in suburban settle-
ments and 8,259 live in rural areas (https://www.
dane.gov.co).

Villeta (5°00°46” N, 74°28723” W), is a municipality
located in Cundinamarca department in the prov-
ince of Gualiv4, at 84 km from Bogota D.C. (the
capital of Colombia). Villeta municipality compris-
es 22 villages distributed in a total area of 140 Km?
at an elevation of 850 masl. The annual mean tem-
perature is 26°C and the relative humidity ranges
between 80%-97%. Eco-tourism and agriculture are
the predominant economic activities of the region,
with sugarcane and “panela” production being
the main economic activity in rural areas (www.
villeta-cundinamarca.gov.co). According to the
2018 national population and housing census of
the DANE, Villeta has a total population of 25,957
inhabitants, of which 17,751 live in the urban area,
743 live in suburban settlements and 7,463 live in
rural areas (https://www.dane.gov.co).

Ethical aspects

The study protocol, the informed consent, and
assent were approved by the ethics committee of
Pontificia Universidad Javeriana and the Bioeth-
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Map with the location

of the municipalities where
patient recruitment was done
in the present study.

The municipalities of Apartado,
Antioquia department,

and Villeta, Cundinamarca
department, are marked

with red.
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ics Committee of the Medical School at the Uni-
versity of Antioquia. Each of the recruited adult
voluntarily signed the written informed consent
before any study procedure was performed. For
subjects less than 6-years-old and those in critical
condition, signed informed consent was obtained
from the parents or the legal guardians. In the
case of subjects older than 6-years but younger
than 18-years, an informed assent was obtained
from the participant and the parents or legal
guardians provided a written informed consent.
All signed informed consent forms were kept in
locked cabinets, and were not available to anyone
but the principal investigators. The information
obtained was deidentified by assigning a numeric
code to each subject included in the study. The
study procedures, management, conservation of
biological specimens, and technical-administra-
tive procedures adhere to health research regula-
tions as stated in resolution 8430 of the Ministry
of Health of Colombia from 1993 and declaration
of Helsinki for ethical and medical research in hu-
man subjects.

Patients, samples, and data collection

The present study was part of a larger multisite,
multi-country study of AUFI that used a common
protocol backbone and data collection system.
Results from the other studied sites and any ag-
gregate results from the network will be reported
later.

We conducted active surveillance between Sep-
tember and December of year 2021 in “Antonio
Roldan Betancur” Hospital in Apartadé munici-
pality and “Salazar de Villeta” Hospital in Vil-
leta municipality to determine the etiology of
AUFI Patients were enrolled in the study after
being evaluated in the emergency department
for a febrile illness with no-specific focus of in-
fection or diagnosis. Whole blood, serum, urine,
and oropharyngeal swab samples were collected
on enrollment (acute phase sample) and only se-
rum was collected 15 to 30 days after the onset of
symptoms (convalescent phase sample). Samples
from Apartadé municipality were sent and stored
in the “Laboratorio Centauro” of the “Univer-
sidad de Antioquia” in Medellin. Samples from
Villeta municipality were sent and stored in the
“Laboratorio de Bacteriologia Especial” of the
“Pontificia Universidad Javeriana” in Bogota D.C.
Clinical, demographic, and epidemiological data

were also collected from each subject during the
clinical evaluation and were entered in the Re-
search Electronic Data Capture (REDCap) plat-
form [29, 30].

Inclusion and exclusion criteria
Male and female patients older than 2-years who
were evaluated in the emergency departments for
an AUFI (without a clear source) of less than four-
teen days of evolution were eligible for inclusion
in the study. Fever, defined as a temperature >37.8
°C, should have been documented by the subject
or by the health personnel before inclusion.

Exclusion criteria included:

1) subjects of less than 2-years-old,

2) subjects in which an identifiable source of in-
fection was evident (e.g. otitis media, sinus-
itis, purulent pharyngitis, skin and soft tissue
infection, urinary tract infection, pneumonia,
dental abscess, osteomyelitis) to the healthcare
provider, and

3) subjects who did not agree to voluntarily par-
ticipate in the study or did not sign the in-
formed consent.

Diagnostic methods

A total of ten different etiologies were evaluated
through direct, serological, molecular and rapid
diagnostic methods. These included SARS-CoV-2,
malaria, DENV, CHIKV, Mayaro virus (MAYV),
Yellow Fever virus (YFV), Oropouche virus
(OROV), Venezuelan Equine Encephalitis virus
(VEEV), Leptospira spp. and Spotted Fever Group
(SFG) Rickettsia spp.

We used the GeneFinder™ COVID-19 Plus Real
Amp kit for SARS-CoV-2 (ELITechGroup, France)
for detection of SARS-CoV-2 viral genome in oro-
pharyngeal swab samples processed in the “Institu-
to Colombiano de Medicina Tropical” in Apartadé
municipality and the “Universidad de Los Andes”
in Bogota D.C.

We performed thick smear microscopy and the
SD BIOLINE assay for Malaria Ag Pf/Pv rapid
diagnostic test (RDT) (Standard Diagnostic Inc.,
Korea) to screen whole blood samples for malaria
at each hospital. We tested positive samples with
a malaria nested PCR (nPCR) using the primers
rPLU1 and rPLUS in the first screening step for
genus detection, and rPLU3 and rPLU4 in the sec-
ond round for species identification as previously
described [31].
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We used the SD BIOLINE™ Dengue Duo rapid
test (Standard Diagnostic Inc., Korea) for detec-
tion of DENV NGS1 antigen and IgG/IgM antibod-
ies on acute phase serum samples at each hospital.
Two trioplex real time PCR tests for the detection
of arbovirus designed and validated at the Uni-
versity of Texas Medical Branch (Fernandez D et
al, manuscript in preparation) were used in serum
samples obtained during the acute phase of the
illness. The first trioplex assays used primers and
probes targeting a fragment of the following mo-
lecular targets: DENV 3’ noncoding region, MAYV
structural polyprotein, and CHIKV non-structural
polyprotein; and the second targeted a fragment of
the following molecular targets: YFV 5" noncoding
region, OROV 5’ end of the S-segment, and VEEV
non-structural polyprotein. The primers and
probes sequences for DENV, YFV and OROV have
already been published [32,33]. However, informa-
tion regarding the assays for other viruses used
in the trioplex PCR assays will be published else-
where and are available to scientists upon request.
We used the Panbio™ Leptospira ELISA (In-
verness Medical Innovations, Queensland, Aus-
tralia) to detect Leptospira IgM on serum samples.
We also performed a PCR targeting a 317-base pair
fragment of the 16s YTRNA gene of Leptospira spp.
using the primers F165 (GGCGCGTCTITAAA-
CATGCAAG) and R16S (GAGCAAGATTCTTA-
ACTGCTGCC) [34] on serum and urine samples.
Positive serum samples by either of these meth-
ods, were further analyzed by microscopic agglu-
tination test (MAT) using nine different Leptospira
serovars (Autumnalis, Ballum, Bratislava, Canic-
ola, Grippotyphosa, Hardjo, Icterohaemorrhagiae,
Pomona, Tarassovi).

We performed an indirect immunofluorescence
assay (IFA) in acute and convalescent phase se-
rum samples to detect SFG Rickettsia IgG antibod-
ies using the Rickettsia Screen IFA IgG Antibody
Kit (Fuller Laboratories, CA, USA).

Definitions of confirmed infections

Definitions for confirmed cases for all the patho-
gens tested follow the criteria established by the
National Institute of Health of Colombia (INS)
(www.ins.gov.co) and the Center for Disease Con-
trol and Prevention (CDC) from the United States
of America (www.cdc.gov).

A confirmed case of COVID-19 was defined as
the detection of SARS-CoV-2 RNA in qRT-PCR

of oropharyngeal secretions. A malaria case was
confirmed by the presence of blood parasites
consistent with Plasmodium spp. on thick blood
smears and/or the detection of P. falciparum/P.
vivax antigens on an RDT, and/or the detection
of Plasmodium DNA on a nPCR performed on a
sample collected during the acute phase of AUFIL.
A DENV infection was confirmed by the detec-
tion of IgM antibodies against DENV along with
the detection of DENV NS1 antigen, the detection
of IgG antibodies against DENV along with the
detection of DENV NS1 antigen, and/or detec-
tion of viral RNA through qRT-PCR in a serum
sample collected during the acute phase. MAYYV,
CHIKYV, YFV, OROV and VEEV infections were
all confirmed by detection of viral RNA through
gqRT-PCR performed on a serum sample collected
during the acute phase of the illness. Leptospiro-
sis was confirmed by detection of IgM antibod-
ies against Leptospira in acute and/or convales-
cent serum samples and/or detection of bacterial
DNA through PCR and confirmation by sequenc-
ing. Serovar identification was performed by
documenting a fourfold increase in one or more
serovar specific antibody titers using MAT on se-
rum samples. Rickettsia infections were confirmed
by a fourfold increase in IgG antibody titers be-
tween acute and convalescent serum samples
through IFA; following expert recommendations,
clinical compatible cases in which at least one of
the samples had IgG antibody titers 21:256 were
also considered positive [35].

Statistical analysis

Frequency tables were made for demographic,
epidemiological, etiological, and clinical cat-
egorical variables. We used means + standard
deviations (+5SD) and medians with interquartile
ranges (IQR) to summarize variables with nor-
mal and non-normal distributions, respectively.
Pearson’s chi-squared test to compare propor-
tions was used to find statistical associations
between clinical manifestations and each identi-
fied etiology. We used the Fisher’s exact test to
compare proportions for variables with a value
<5 in any of the boxes of the contingency table.
A probability (P) value <0.05 was considered as
statistically significant. Analyses of all variables
were performed with the STATA 17.0 statistical
software (StataCorp LLC, College Station, Texas)
for Windows.
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B RESULTS

Study population characteristics

A total of 116 subjects were recruited between Sep-
tember 14" and December 21 of 2021, 60 (51.7%)
were recruited in the municipality of Apartado

Table 1 - Demographic and epidemiological charac-
teristics of recruited febrile patients in Apartadd and
Villeta municipalities.

Characteristics of patients Apartad Villeta
n % n %
No. of Patients 60 100 56 100
Gender
Male 32 | 533 | 30 | 53.6
Female 28 | 467 | 26 | 464
Age groups
Children (3-12) 19 | 31.7 6 10.7
Adolescents (13-16) 8 13.3 4 7.1
Young Adults (17-29) 15 25 21 | 375
Middle-aged Adults (30-44) 10 | 167 | 12 | 21.5
Old Adults (above 45) 8 13.3 13 | 232
Origin
Urban area 41 | 683 | 47 | 839
Rural area 19 31.7 9 16.1
Exposure history
Domestic animals B5 58.3 37 | 66.1
Dogs 26 | 433 | 27 | 482
Cats 25 | 417 | 21 | 375
Farm animals 14 | 233 6 10.7
Bovines 9 15 2 3.6
Equines 11 18.3 2 3.6
Porcines 3 5 2 3.6
Poultry 2 3.3 5 8.9
Caprines 0 0 1 1.8
Wild animals 34 | 56.6 10 17.9
Rodents 30 50 10 | 179
Bats 7 11.7 0 0
Arthropods 60 100 56 100
Mosquitoes 60 100 56 100
Ticks 10 | 16.7 4 7.1
Fleas 1 1.7 6 10.7
Lice 0 0 2 3.6

and 56 (48.3%) were recruited in the municipality
of Villeta. No deaths were reported in Apartado
municipality, and only one fatal case was report-
ed in the municipality of Villeta.

In Apartad6, 32 (53.3%) patients were male,
the mean age was 24.8 years (+18.7 SD), and 41
(68.3%) lived in an urban area (municipal seat of
the municipality). Most of the recruited patients
were children (31.7%) and young adults (25%).
Contact with different domestic and wild animal
species was reported, with rodents (50%), dogs
(43.3%), and cats (41.7%) being the most common.
All subjects reported contact with different ar-
thropods (Table 1).

In Villeta, 30 (53.6%) were male, the mean age was
31.8 (x17.4), and 47 (83.9%) lived in urban areas.
Most of the patients were young adults (37.5%),
old adults (23.2%) and middle-aged adults
(21.5%). Contact with different animal species was
also reported, with dogs (48.2%) and cats (37.5%)
being the most common. Similarly, all subjects re-
ported contact with different arthropod species.
More information is summarized in Table 1.

Etiology of febrile illness in Apartado

A confirmed etiology was found in 36 (60%) sub-
jects in Apartadé. The most frequent etiology was
DENYV infection detected in 15 (25%) subjects.
The second most frequent etiology was lepto-
spirosis detected in 10 (16.7%) subjects. Malaria
due to Plasmodium vivax was identified in 6 (10%)
subjects. SARS-CoV-2 infection was detected in 5
(8.3%) subjects. SFG rickettsiosis in 4 (6.7%) sub-
jects, and finally, CHIKV infection was detected
in 1 (1.7%) subject. Five subjects had co-infections,
three of them had DENV / Leptospira co-infection,
one had DENV/SFG Rickettsia co-infection, and
one had SFG Rickettsia/P. vivax co-infection. No
cases of MAYV, OROV, VEEV, or YFV were de-
tected. More information regarding the identified
etiologies and the diagnostic results obtained in
the municipality of Apartadé can be observed in
Tables 2 and 3.

Etiology of febrile illness in Villeta

A confirmed etiology was found in 31 (55.4%)
subjects in Villeta. The most frequent etiology was
SFG rickettsiosis detected in 22 (39.3%) subjects.
The second most frequent etiology was leptospi-
rosis detected in 12 (21.4%) subjects. DENV was
detected in 2 (3.6%) subjects, and finally, malaria
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due to P. vivax was identified in 1 (1.8%) subject.
Co-infections were detected in six subjects, all
of whom had SFG Rickettsia/Leptospira co-infec-
tions. More information regarding the identified
etiologies and the diagnostic results obtained in
the municipality of Villeta can be observed in Ta-
bles 4 and 5.

Temporal distribution of cases

A total of 15, 28, 27 and 46 patients were enrolled
during September, October, November and De-
cember, respectively, in both sampling regions.
Considering patient recruitment by sampling
area, in Apartadd, the largest number of patients
were recruited in October (21 patients). DENV

was the most frequent etiology identified in the
region of our study during September (n=5) and
October (n=7). During the last month, in most of
the recruited patients no etiology was identified.
And during November, leptospirosis, COVID-19
and SFG rickettsiosis (n=3) were the most fre-
quent identified etiologies.

In the municipality of Villeta, most of the pa-
tients (n=33) were recruited in December, the re-
maining 23 febrile patients were recruited in the
other three months of the study. During Septem-
ber (n=2), October (n=3), and mainly December
(n=15), SFG rickettsiosis was the most frequently
identified etiology. In November, leptospirosis
(n=3) was identified as the most frequent cause of

Table 2 - Etiology of acute undifferentiated febrile illness in Apartado, Antioquia department.

Dg;’:.;iﬁ?g;;:;d Den§ue LeptosEimsis Maloaria COVIOD—19 Rickseifiosis Chikunogunya eglzlgoiﬁl
characteristics n (%) n (%) " (%) n (%) 1 (%) n (%) diagnosis n (%)

Patients (n=60)* 15 (25) 10 (16.7) 6 (10) 5 (8.3) 4(6.7) 1(1.7) 24 (40)
Male (n=32)’ 8 (25) 9(28.1) 3(9.4) 2 (6.3) 1(3.1) 0(0) 12 (37.5)
Female (n=28)° 7 (25) 1(3.6) 3(10.7) | 3(10.7) 3(10.7) 1(3.6) 12 (42.9)
Children (n=19)" 5 (26) 6 (31.6) 1(5.3) 1(5.3) 1(5.3) 0 (0) 6 (31.6)
Adolescents (n=8) 3(37.5) 0(0) 0 (0) 0(0) 0(0) 1(12.5) 4 (50)
Young adults (n=15)/ 5(33.3) 3 (20) 3 (20) 0(0) 2 (13.3) 0(0) 5(33.7)
Middle-aged Adults (n=10) 1(10) 1(10) 0 (0) 3 (30) 0 (0) 0 (0) 5 (50)
Old adults (n=8)* 1(12.5) 0(0) 2 (25) 1(12.5) 1(12.5) 0(0) 4 (50)
Urban area (n=41)° 15(36.6) | 7(17.1) 1(6.7) 2 (4.9) 2 (4.9) 0 (0) 18 (43.9)
Rural area (n=19)* 0(0) 3(15.8) 5(26.3) 3 (15.8) 2(10.5) 1(5.3) 6 (31.6)
Exposure history
Dogs (n=26)° 7 (26.9) 7 (26.9) 2(77) | 4@154) 3 (11.5) 0 (0) 7 (26.9)
Cats (n=25)° 5 (20) 5 (20) 4 (16) 4 (16) 2(8) 0(0) 7 (28)
Cows (n=9)" 1(11.1) 2222) | 2(222) 0 (0) 1(11.1) 1(11.1) 1(11.1)
Horses (n=11) 1(9.1) 3(27.3) 3 (27.3) 2 (18.2) 0(0) 1(9.1) 1(9.1)
Pigs (n=3)" 1(33.3) 3 (100) 0 (0) 0(0) 0 (0) 0(0) 0(0)
Poultry (n=2)* 1 (50) 1 (50) 0 (0) 0(0) 0(0) 0(0) 1 (50)
Rodents (n=30)' 7 (23.3) 7 (23.3) 4(13.3) 0(0) 2(6.7) 1(3.3) 12 (40)
Bats (n=7) 2 (28.6) 1(14.3) 0 (0) 2 (28.6) 0(0) 0(0) 2 (28.6)
Mosquitoes (n=60)* 15 (25) 10 (16.7) 6 (10) 5 (8.3) 4(6.7) 1(1.6) 24 (40)
Ticks (n=10) 1(10) 5 (50) 1(10) 1(10) 0(0) 0(0) 2 (20)
Fleas (n=1) 0(0) 0(0) 0 (0) 0(0) 0(0) 0(0) 1 (100)

* Five patients had co-infections; | Three patients had co-infections
$ Two patients had co-infections; t One patient had co-infections
0 Four patients had co-infections; SFG Spotted fever group; COVID-19 Coronavirus disease 2019
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Table 3 - Diagnostic tests and positive results for each
etiology of acute undifferentiated febrile iliness iden-
tified in Apartado, Antioquia department.

Diagnostic result (N) Positive tests (N)

Dengue fever (15) PCR (7)

NSI1 antigen + IgG/IgM (3)

NSI antigen + IgG/IgM + PCR (2)

NS1 antigen + IgM + PCR (1)

NS1 antigen + IgM (1)

NS1 antigen + IgG (1)

Leptospirosis (10)* | IgM on acute and convalescent

samples (8)

IgM on convalescent samples (1)

IgM on convalescent samples
+PCR (1)

Malaria (6) Thick blood smear + RDT + PCR (5)

RDT (1)

COVID-19 (5) PCR (5)

SEG rickettsiosis Fourfold increase in IgG (2)

O}

IgG titers 256 in at least one serum
sample (2)

Chikungunya fever
@

PCR (1)

* Three positive patients seroconverted in MAT: one subject had a two-
fold seroconversion to serovar Bratislava (acute sample 1:400, convales-
cent sample 1:800); one subject had twofold seroconversion to serovar
Autumnalis (acute sample <1:100, convalescent sample 1:100).; and one
subject had a fourfold seroconversion to serovars Icterohaemorrhagiae
and Hardjo (acute sample <1:100, convalescent sample 1:400).

tIn two patients a twofold increase in IgG titers (acute serum sample
1:64 and convalescent serum sample 1:128) was found, being consid-
ered only probable cases of SFG rickettsiosis.

COVID-19 Coronavirus disease 2019; IgG Immunoglobulin G; IgM Im-
munoglobulin M; MAT Microscopic agglutination test; NS1 Nonstruc-
tural protein 1; PCR Polymerase chain reaction; RDT Rapid diagnostic
test; SFG Spotted fever group.

AUFIL More information regarding the distribu-
tion of febrile patients and each of the identified
etiologies by months for each sampling site can be
seen in Figure 2.

Clinical signs and symptoms

In addition to fever, six symptoms were present in
more than 50% of the participants, including mal-
aise in 105 (90.5%), headache in 93 (80.2%), chills
in 75 (64.7%), sweats in 66 (56.9%), nausea in 66
(56.9%), and anorexia in 61 (52.6%). Common
signs and symptoms among subjects with only
one identified pathogen are compared in Table 6.
All subjects with leptospirosis or COVID-19 had

malaise. All subjects with malaria or COVID-19
had headache. All subjects with malaria also had
chills and fever.

We found that chills (P=0.022), arthralgia (P=0.012)
and nasal congestion (P=0.014) were significantly
more frequent among subjects with SFG rickett-
siosis. Coluria (P=0.036) was significantly more
frequent in dengue fever cases than among those
negative for DENV. Sweats (P=0.035) were more
common in malaria cases than in non-malarial
cases. No statistically significant differences were
found for clinical manifestations present in pa-
tients with and without leptospirosis and CO-
VID-19. Only one subject had CHIKV infection
precluding any comparison of symptoms and sta-
tistical analysis.

H DISCUSSION

Six etiologies of AUFI were detected among febrile
patients seeking medical attention in two regions
of Colombia between September and December
of 2021. In the Apartadé municipality, dengue
fever (25%) and leptospirosis (16.7%) were the
two most prominent causes of AUFI identified.
A similar study performed over 10 years ago in
three municipalities including Apartadé showed
similar results with DENV as the most common
cause of AUFI (37.3%), followed by leptospirosis
(14.1%) and SFG rickettsiosis (2.7%) [24]. In Vil-
leta municipality, SFG rickettsiosis (39.3%) and
leptospirosis (21.4%) were identified as the two
main causes of AUFIL. A similar study performed
six years ago in the same municipality identified
leptospirosis (24%) as the main cause of AUFI,
followed by dengue fever (16.4%) and SFG rick-
ettsiosis (2.9%) [25]. We did observe geographical
variation during our study. While in the munici-
pality of Apartad6 the main cause of AUFI identi-
fied was dengue fever, in the municipality of Vil-
leta the main cause of AUFI was SFG rickettsiosis.
No cases of MAYV, OROV, YFV or VEEV infec-
tions were detected by the multiplex PCR tests
performed in our study. However, exposure to
MAYV and OROV [36-38] and confirmed OROV
infections [39] have been detected in Colombia.
Transient viremia by these agents might have
been missed and further testing using serology
of paired acute and convalescent serum samples
may help identify subjects with these infections.
Furthermore, an association of clinical variables
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Table 4 - Etiology of acute undifferentiated febrile iliness in Villeta, Cundinamarca department.

Demographic and epidemiological SFG Rickettsiosis Leptospirosis Dengue Malaria Without etiological
characteristics 1 (%) 1 (%) 1 (%) n (%) diagnosis 1 (%)
Patients (n=56)* 22 (39.3) 12 (21.4) 2 (3.6) 1(1.8) 25 (44.6)
Male (n=30)° 10 (33.3) 9 (30) 0(0) 1(3.3) 15 (50)
Female (n=26)" 12 (46.2) 3 (11.5) 2(7.7) 0(0) 10 (38.5)
Children (n=6)* 1(16.7) 2(33.3) 1(16.7) 0(0) 3 (50)
Adolescents (n=4) 1(25) 1(25) 0(0) 0(0) 2 (50)
Young Adults (n=21) 10 (47.6) 4(19) 0(0) 1(4.8) 9 (42.9)
Middle-aged Adults (n=12) 4 (40) 3(30) 0(0) 0(0) 5 (50)
Old Adults (n=13)* 6 (40) 2(13.3) 1(6.7) 0(0) 6 (40)
Urban area (n=47)/ 17 (36.2) 9(19.1) 1(2.1) 0(0) 23 (48.9)
Rural area (n=9)/ 5 (55.6) 3(33.3) 1(11.1) 1(11.1) 2(22.2)
Exposure history
Dogs (n=27)" 6 (22.2) 3(11.1) 2(7.4) 1(3.7) 16 (59.3)
Cats (n=21)° 10 (47.6) 5(23.8) 1(4.8) 1(4.8) 6 (28.6)
Cows (n=2) 2 (100) 0(0) 0(0) 0(0) 0(0)
Horses (n=2) 2 (100) 0(0) 0(0) 0(0) 0(0)
Pigs (n=2)* 2 (100) 1 (50) 0(0) 0(0) 0(0)
Goats (n=1) 1 (100) 0(0) 0(0) 0(0) 0(0)
Poultry (n=5)" 4 (80) 1(20) 0(0) 0(0) 1(20)
Rodents (n=10)' 6 (60) 4 (40) 0(0) 0(0) 3 (30)
Mosquitoes (n=56)* 22 (39.3) 12 (21.4) 2 (3.6) 1(1.8) 25 (44.6)
Ticks (n=4) 1(25) 1(25) 1(25) 0(0) 1(25)
Fleas (n=6) 3 (50) 0(0) 0(0) 0(0) 3 (50)
Lice (n=2) 1 (50) 0(0) 0(0) 0(0) 1 (50)

*Six patients had co-infections; OFive patients had co-infections; tOne patient had co-infections; | Three patients had co-infections;
$Two patients had co-infections; SFG Spotted fever group.

Table 5 - Diagnostic tests and positive results for each etiology of acute undifferentiated febrile illness identified
in Villeta, Cundinamarca department.

Diagnostic result (N) Positive tests (N)
SFG rickettsiosis (22)* IgG titers 256 in at least one serum sample (15)
Fourfold increase in IgG (7)
Leptospirosis (12)° IgM on convalescent samples + PCR (4)
IgM on convalescent samples (4)
IgM on acute and convalescent samples (3)
PCR (1)
Dengue fever (2) NS1 antigen + PCR (2)
Malaria (1) PCR (1)

*In two patients a twofold increase in IgG titers (acute serum sample 1:64 and convalescent serum sample 1:128) was found, being considered only

probable cases of SFG rickettsiosis.

tThree positive patients seroconverted in MAT: two subjects had a twofold seroconversion against serovar Bratislava (acute sample <1:100, con-
valescent sample 1:100); and one subject had twofold seroconversion to serovar Bratislava (acute sample <1:100, convalescent sample 1:100) and a
fourfold seroconversion to serovar Hardjo (acute sample <1:100, convalescent sample 1:800).
IgG Immunoglobulin G; IgM Immunoglobulin M; MAT Microscopic agglutination test; NS1 Nonstructural protein 1; PCR Polymerase chain reac-

tion; SFG Spotted fever group.
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Figure 2 - Recruited patients and identified etiologies in Apartado and Villeta municipalities during the course of
the study. A) Number of febrile patients recruited in both municipalities per month. B) Identified etiologies per
month in the municipality of Apartado. C) Identified etiologies per month in the municipality of Villeta.

with the different etiologies detected in both re-
gions was carried out, finding that some signs
and symptoms were more frequent for some eti-
ologies, and that some of these clinical variables
showed statistically significant differences; how-
ever due to the small number of samples, it is pos-
sible that the statistical tests may not reflect the
true picture even though the data for both mu-
nicipalities were compiled together for the pres-
ent study.

Dengue fever remains as the most important
cause of AUFI in the Apartadé area due to high
endemicity of the disease [40]. Cases of dengue
fever with warning signs and severe dengue are
diagnosed predominantly among young adults
and children in Apartadé with a high mortality
risk in the latter [41]. Studies performed in the
region have identified several Aedes spp. which
are potential vectors of DENV and other arbovi-
ruses [42]. Although, mosquito control measures
have been implemented to prevent transmission
in the region [43], dengue fever continues to be a
significant problem in Apartad6 as shown by our
results.

The second most important cause of AUFI in
Apartad6 and Villeta municipalities was leptospi-
rosis. This zoonotic infectious disease is consid-
ered an important public health problem in sever-
al municipalities of Colombia where fatal cases of
the disease have been reported [27]. Transmission
of leptospirosis in northern Colombia has been
associated with contact with infected animals
and environmental conditions [44]. Domestic and
wild animals may play an important role in the
eco-epidemiology of leptospirosis in these re-
gions [45, 46]. Further studies of the animal hosts
and factors affecting the transmission of leptospi-
rosis in rural areas of Colombia, such as Apartadé
and Villeta municipalities, may help to create pre-
vention measures and limit human contact with
infected animals or their excreta.

Malaria is considered one of the main public
health problems in Colombia as more than 90%
of the country’s territory is highly susceptible to
malaria transmission [47]. In the present study,
malaria was a frequent cause of AUFI in the mu-
nicipality of Apartadé. The Uraba gulf region
together with the Bajo Cauca and Alto Sinti re-
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Table 6 - Clinical characteristics of recruited febrile patients.

Febrile . SFG. . Leptospirosis Dengue Malaria COVID-19
cases rickettsiosis cases cases cases cases
Signs/Symptoms N=116 e N=13+ N=13+ N=6t N=5
N=18t
n % n % n % n % n % n %
Fever 116 100 18 100 13 100 13 100 6 100 5 100
Malaise 105 90.5 16 88.9 13 100 1 84.6 5 83.3 5 100
Headache 93 80.2 12 66.7 12 92 9 69.2 6 100 B 100
Chills 75 64.7* 16 88.9 6 46.2 9 69.2 6 100 0 0
Sweats 66 56.9 1 61.1 8 61.5 9 69.2 6 100* 0 0
Nausea 66 56.9 10 55.6 6 46.2 7 53.8 4 66.7 3 60
Anorexia 61 52.6 7 38.9 7 53.8 8 61.5 2 338 8 60
Myalgia 58 50 8 444 9 69.2 6 46.2 3 50 3 60
Insomnia 48 414 8 44.4 6 46.2 3 23.1 2 363 0 0
Arthralgia 47 40.5% 2 11.1 8 61.5 7 53.8 3 50 3 60
Fatigue 46 39.7 9 50 3 23.1 5 38.5 2 33.3 1 20
Prostration 46 39.7 7 38.9 6 46.2 7 53.8 1 16.7 3 60
Abdominal pain 39 33.6 4 222 5 38.5 7 53.8 3 50 0 0
Vomiting 38 32.8 5 27.8 5 38.5 4 22.2 3 50 1 20
Conjunctival injection 30 25.9 5 27.8 5 38.5 4 222 2 B3 1 20
Retro-ocular pain 30 253 4 222 5 38.5 2 154 1 16.7 2 40
Coluria 29 25 3 16.7 6 46.2 6 46.2* 2 383 0 0
Diarrhea 29 25 6 33.3 4 30.8 0 0 0 0 0 0
Cough 28 24.1 7 38.8 1 7.7 0 0 1 16.7 2 40
Rash 19 16.4 3 16.7 3 23.1 3 23.1 0 0 2 40
Macular 13 11.2 3 16.7 3 23.1 2 15.4 0 0 1 20
Papular 2 1,7 0 0 0 0 1 7.7 0 0 0 0
Petequial 1 0.9 0 0 0 0 0 0 0 0 0 0
Maculopapular 2 1.7 0 0 0 0 0 0 0 0 1 20
Vesiculopustular 1 0.9 0 0 0 0 0 0 0 0 0 0
Dysuria 1 9.5 4 222 1 7.7 2 15.4 0 0 1 20
Odynophagia 11 9.5 1 5.6 1 7.7 0 0 0 1 20
Nasal congestion 9 7.8% 4 22.2 1 7.7 0 0 0 0 0 0
Photophobia 9 7.8 0 0 2 15.4 0 0 0 0 0 0
Pallor 8 6.9 2 11.1 1 7.7 1 7.7 0 0 0 0
Constipation 7 6 0 0 1 7.7 1 7.7 0 0 0 0
Dyspnea 7 6 0 0 0 0 2 154 1 16.7 0 0
Dysphagia 4 34 1 5.6 0 0 0 0 0 0 0 0
Bleeding gums 3 2.6 0 0 0 0 1 7.7 0 0 0 0
Wheezing 2 1.7 1 5.6 1 7.7 0 0 0 0 0 0

*P < 0.05; T Co-infections in which the disease was included were not considered for the analysis;
SFG Spotted fever group; COVID-19 Coronavirus disease 2019.
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gions are recognized as the most malaria endemic
areas in Colombia. Most cases of malaria in the
country are reported from these three regions
and are mainly caused by P. vivax. Children un-
der 5-years-old and pregnant women are more
vulnerable to complicated and fatal forms of the
disease [48, 49]. Transmission of malaria in Co-
lombia is associated with anthropophilic anoph-
eline species such as Anopheles nuneztovari, Anoph-
eles darlingi and Anopheles albimanus that have a
wide distribution in endemic areas. Other Anoph-
eles species such as Anopheles triannulatus may be
also involved in malaria transmission cycle in the
country [50]. Control measures have been effec-
tive to decrease malaria incidence by as much as
72% in some areas. However, problems related to
Plasmodium resistance to antimalaria medications,
urbanization of the disease transmission, and the
presence submicroscopic asymptomatic infected
carriers have hindered malaria eradication efforts
[51]. Thus, despite progress in control, malaria
must be considered in the evaluation of AUFI in
Colombia as shown in our study. Malaria cases
have not been identified in the Villeta municipal-
ity before. The case diagnosed in our study repre-
sents the first detection of malaria due to P. vivax
in this municipality. It has not been possible to
confirm if this case was acquired through autoch-
thonous transmission or was imported because
the patient was lost to follow up. P. vivax can pro-
duce asymptomatic or clinically silent infections
in endemic regions and these patients may pres-
ent with AUFI caused by a different pathogen [52,
53]. Considering that Villeta municipality is not
endemic for malaria this possibility is less likely.

SARS-CoV-2 as the only cause of AUFI was de-
tected in the municipality of Apartadé. After the
pandemic spread of SARS-CoV-2, COVID-19 has
become an endemic infection worldwide [54]. Al-
though diffuse pneumonia is the most severe pre-
sentation of SARS-CoV-2 [55], studies performed
around the world have shown that COVID-19
may have protean clinical presentations. Atypi-
cal forms of COVID-19 may include AUFI with
no evidence of respiratory symptoms which rep-
resents a great challenge in tropical areas where
other etiologies are circulating [18, 56]. Although,
COVID-19 must be included in the differential di-
agnosis of AUFI, it may not be a prominent cause
depending on the specific transmission condi-
tions (e.g., season of the year, vaccination levels)

in some regions and misdiagnosis can occur [57].
SFG rickettsiosis was the most common cause of
AUFI in Villeta municipality, and it was also iden-
tified as a cause of fever in Apartadé municipality.
A previous study [25] described the presence of
SFG rickettsiosis among subjects presenting with
AUFI between October and March in the munici-
pality of Villeta. However, contrasting with our
study, SFG rickettsiosis was only the third most
common cause of AUFI after leptospirosis and
dengue fever [25]. Differences in inclusion criteria
and season of subject inclusion may explain these
variations in incidence between studies. None-
theless, Villeta is recognized as one of the most
important regions for SFG rickettsiosis due to R.
rickettsii in Colombia. The first cases of SFG rick-
ettsiosis due to R. rickettsii were detected in 1935
by Dr. Luis Patifio Camargo in the town of Tobia,
in the vicinity of Villeta municipality, with a fa-
tality rate of 95% [58]. Two other compatible fatal
cases were later described in nearby areas [59].
After an epidemiological silence of more than 65
years, new fatal cases of SFG rickettsiosis and a
high seropositivity against SFG rickettsiae among
febrile and healthy population were reported in
Villeta municipality [28, 60]. Eco-epidemiological
studies have identified that cases of SFG rickettsi-
osis due to R. rickettsii are probably linked to Am-
blyomma patinoi ticks as vectors of the disease in
the region [61]. Domestic and farm animals such
as dogs and horses are also involved in the trans-
mission cycle of this pathogen [62]. Considering
the high fatality rate of SFG rickettsiosis reported
in Villeta municipality, febrile cases in these areas
must be carefully managed due to the high ende-
micity of R. rickettsii. Other less pathogenic Rick-
ettsia spp. such as Rickettsia amblyommatis or Rick-
ettsia parkeri may also be present as milder cases of
SFG rickettsiosis without fatal outcomes and/or
severe presentations in Villeta municipality [25].
Only one fatal case was described in our study
population. This was a male subject that had
positive DENV IgG antibodies and a titer of 1:64
for SFG rickettsiosis in the acute phase sample.
No convalescent sample was obtained from this
subject. In the Urabd gulf, human circulation of
SFG Rickettsia spp. has been demonstrated by se-
ropositivity rates and detection of incident cases
in different municipalities of Northern Colombia
near Apartadé municipality [63-65]. Circulation
of Rickettsia spp. has also been described in ro-
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dents and ectoparasites [65], and two pathogenic
species, R. rickettsii and R. parkeri, have been asso-
ciated with human cases in the same regions [66,
67]. All the above highlight the importance of SFG
rickettsiosis as a cause of AUFI in Colombia.
Although in the present study a large number
of diagnostic methods have been implemented
to determine the etiology of AUFI, all these tests
have some limitations. Detection of NS1 and anti-
DENV IgM antibodies had a low sensitivity in
secondary infections and during the later stages
of the disease; furthermore, IgM antibodies are
not always detectable in the earliest stages of
the disease [68]. Anti-DENV IgG antibodies can
persist for several years, thus their results must
be interpreted carefully, mainly in secondary in-
fections [68]. Diagnosis of leptospirosis is highly
complex since a single method is not sufficient to
guarantee a definitive diagnosis [69]. Detection
of anti-Leptospira IgM antibodies should be in-
terpreted carefully; although they appear in the
early stages of the disease and have a sensitivity
of 84% during the acute phase of infection, they
can persist for several months raising the ques-
tion whether they identify a current infection [70].
MAT remains as the gold standard method, how-
ever, the sensitivity of this methods depends on
the serovars evaluated, making it necessary to in-
clude local native strains to improve its effective-
ness [69, 70]. Regarding malaria, diagnosis using
thick blood smear and RDTs also has also some
limitations, which have a low sensitivity in those
infections where there is a low parasite density
[71]. A four-fold seroconversion of anti-Rickettsia
antibodies is not always evident, and depends on
the time when the convalescent phase sample is
obtained, requiring at least two or three weeks
for the antibodies to be synthetized and thus be
detected [72]. Molecular methods, such as PCR,
have become very useful diagnostic tools due to
their high sensitivity mainly in the early stages of
the disease; however, they also have some limita-
tions, such as false-negative results due to a low
sample volume with a low concentration of mi-
croorganisms, and false-positive results due to
background DNA contamination from previous
PCR reactions [73].

The present study is part of larger multisite,
multi-country study of AUFI carried on in six
regions from four different countries: Apartadé
and Villeta, Colombia; La Romana, Dominican

Republic; Merida and Molas, Mexico; and Quilla-
bamba, Peru. Although a common protocol back-
bone and data collection system were used in the
studies conducted in these regions, the research
teams and sampling time in each region are dif-
ferent. Furthermore, some additional protocols
may have been incorporated and others avoided,
making each of studies completely individual-
ized from the others. The present study reports
what was found in both regions from Colombia
between September and December 2021.

B CONCLUSIONS

The present study confirms the relevance of den-
gue fever, leptospirosis, SFG rickettsiosis, and
malaria as causes of AUFI in the municipality of
Apartadd, as well as the association of COVID-19
with undifferentiated febrile cases in the tropics.
The great importance of SFG rickettsiosis as the
main cause of fever in the municipality of Villeta
in which a great number of cases may be occur-
ring and are probably being misdiagnosed is of
note. The potential detection of malaria due to P.
vivax in Villeta warrants further studies and in-
creased surveillance. Emerging and re-emerging
arboviruses such as MAYV, OROV, VEEV and
YFV were not detected in both municipalities.
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