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Background: The causes of acute febrile illness (AFI) in Latin America are diverse and their complexity
increases as the proportion of fever due to malaria decreases, as malaria control measures and new
pathogens emerge in the region. In this context, it is important to shed light on the gaps in the epide-
miological characteristics and the geographic range for many AFI aetiologies.
Objectives: To review studies on community-acquired fever aetiology other than malaria in Latin
America, and to highlight knowledge gaps and challenges needing further investigation.
Sources: PubMed from 2012 to April 2018.
Content: We found 17 eligible studies describing 13 539 patients. The median number of pathogens
tested per individual was 3.5 (range 2e17). A causative pathogen could be determined for 6661 (49.2%)
individuals. The most frequently reported pathogen during the study periods was dengue virus (DENV)
(14 studies), followed by chikungunya virus (nine studies) and Zika virus (seven studies). Among the
studies reporting concurrent infections, 296 individuals (2.2%) were found to have co-infections. In-
hospital mortality was reported in eight (47%) studies, ranging between 0% and 18%.
Implications: DENV fever is the febrile illness most frequently reported, reflecting its importance, while
chikungunya and zika viruses present increasing trends since their emergence in the region. Studies with
systematic and harmonized approaches for detection of multiple pathogens are needed and would
probably reveal a higher burden of neglected pathogens such as Rickettsia spp. and arenaviruses. The lack
of point-of-care tests and harmonized approach limits the care provided by health professionals and the
efficacy of surveillance for AFI in the region. J. Moreira, Clin Microbiol Infect 2018;24:827
© 2018 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

Fever is a common reason for seeking healthcare in Latin
America associated with substantial morbidity and mortality [1]. A
typical feature of many infectious and non-infectious diseases, the
aetiological diagnosis of fever poses a considerable challenge for
health professionals and surveillance systems, especially when
confirmatory tests are not available at point-of-care [2]. Environ-
mental conditions, socio-economic factors and availability of vac-
cines are some of the factors influencing the incidence and
aetiology of infectious febrile illness in the region.

In tropical areas in the American continent (i.e. Amazon basin),
the predominant cause of fever has historically been malaria;
however, significant progress towards malaria control during the
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last decades has resulted in decreased incidence [3], along with a
higher proportion of patients with acute febrile illness (AFI) that do
not present malaria [4]. The progression from malaria to non-
malaria febrile illness (NMFI) has shaped the fever epidemiology
landscape and exposed new challenges for management and con-
trol in the region [5]. Hence, identifying the causes of NMFI is of
paramount importance for improving patient care, for more effi-
cient surveillance systems that include detection of emerging
pathogens, and to guide implementation of diagnostic and pre-
ventive tools.

Arthropod-borne viruses, also known as arboviruses, represent
one of the predominant aetiological agents responsible for human
febrile illness in Latin America [6], where high temperatures, hu-
midity and poor sanitation contribute to the proliferation of
transmitting mosquitoes. Among these, dengue virus (DENV) has
recently shown an expanding geographic range, moving from ur-
ban to rural areas, with efforts to control Aedes aegypti being largely
unsuccessful [7]. The recent introduction into Latin America of zika
blished by Elsevier Ltd. All rights reserved.
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virus (ZIKV) and chikungunya virus (CHIKV), which share many
epidemiological and clinical features with DENV, highlights the lack
of preparedness of local health systems to promptly and accurately
ascertain the aetiology of AFI, resulting in inadequate management
of and delayed responses to epidemics.

In this review, we summarize evidence about the aetiologies of
community-acquired AFI in Latin America focusing on causes other
than malaria, and highlight the important gaps in current knowl-
edge that should be addressed to improve our understanding of AFI
in the region.

Sources and selection criteria

We searched PubMed using medical subject headings and key-
words such as ‘non-malaria febrile illness’, ‘acute febrile illness’,
‘acute undifferentiated febrile illness’ and other terms relevant to
our review. For this report, we identified studies published in any
language from 2012 to 1 April 2018. Reference lists of included
studies were cross-checked to identify additional relevant studies.
An additional search was performed in LILACS but did not reveal
additional publications.

Eligibility criteria

We included observational studies enrolling individuals
suffering from AFI in Latin America that were evaluated for at least
two febrile diseases using laboratory-confirmed case definitions.
For this review, Latin Americawas defined as the group of countries
or territories that are situated south of the USA, thus including the
Caribbean (see Fig. 1). We excluded studies conducted in other
geographical areas; studies focused on a single aetiology of fever
(e.g. outbreaks, seroepidemiology surveys; case reports/case se-
ries); studies of healthcare-associated infections, commentaries/
editorials and those published before 2012. The complete search
strategy is described in the Supplementary material (Appendix S1).

Study selection and data extraction

Two authors screened the title and abstracts. One author
extracted the data, which were verified by a second author. The
following variables were then extracted from each included paper
Fig. 1. Location of studies i
and entered into a piloted extraction form: first author, year of
publication, geographical location of the healthcare facility, study
time dates and duration, study inclusion criteria, study size, age
range, diagnostic techniques evaluated for each infection, timing of
the sample collection, number of patients tested for each infection
and those who were positive, co-infections, and in-hospital mor-
tality rate.

The frequency of pathogens was recorded as zero if the study
individually tested for them, but no pathogens were detected or
when specific testing was not recorded. Next, we compared the
frequency of pathogen isolation considering when the study was
published. We categorized 2015 articles as the threshold, as after
that CHIKV and ZIKV were introduced in the region.
Results

We found 17 eligible publications describing 13 539 patients
[8e24]. Table 1 summarizes characteristics of the included
studies. All except one study (in Spanish) were published in En-
glish. Ten (58.8%) were published before 2015 and seven (41%)
from 2015 onwards. All studies were conducted between 2007
and 2016 and published between 2012 and 2018. Three (17.64%)
were multicentre, and none included a healthy control group. The
median number of pathogens sought in each study was 3.5 (range
2e17). The countries where the studies took place were mostly
Colombia (n ¼ 4), Brazil (n ¼ 4) and Peru (n ¼ 2), whereas studies
conducted in the Caribbean were scarce. The study size ranged
from 30 to 8996 participants, and the average duration of study
enrolment was 11.35 (range:2e36) months. Seven (41.17%) were
conducted for 1 year or longer. Each study site was mapped, and
data related to study size were included (Fig. 1). Most studies
enrolled febrile patients without age limits (91%) and were per-
formed in urban settings (58.8%). Six (35.2%) studies were con-
ducted in outpatient units, three (17.6%) in inpatient units, and
seven (41.1%) evaluated both settings.

Of the 17 studies included, ten (58.8%) reported collection of
paired acute-phase and convalescent-phase samples, whereas in
seven (41.2%) only acute-phase was included. The inclusion criteria
differed substantially between the studies, and a precise and
harmonized definition of AFI was not provided.
ncluded in the review.



Table 1
Acute Febrile Illness studies evaluating more than one pathogen in Latin America, 2007-2016

[Reference] design Study location/type of
healthcare type/[setting]

Study time Inpatient/outpatient Inclusion criteria N Age group Diagnostic tests
conducted

Pathogens detected (%)

Caribe
[24] [prospective] Bridgetown, Barbados

[tertiary hospital/urban]
2009e2011 Inpatient Febrile children admitted

to hospital with negative
testing for DENV

272 Children [<15 years] DENV/Hantavirus
serology

Hantavirus (14)
DENV (0)
Undetermined (86)

[16] [prospective] Trinidad and Tobago
[primary health clinic]

2013e2014 Outpatient Febrile (axillary
temperature of �38�C) or
history of fever <7 days
without an identifiable
focus of infection

158 Adult [18e88 years] DENV/CHIKV serology
DENV/CHIKV RT-PCR

CHIKV(19)
DENV (66)
Undetermined (29)

[8] [prospective] Willemstad, Curacao
[tertiary hospital/urban]

2008e2009 Both [55.6% were
admitted]

Febrile patients (rectal
temperature � 38.5� C)
presenting at ED

403 Adult [18e80 years] Bacterial cultures
DENV serology

Klebsiela pneumoniae (92)
DENV (3.72)
Parasite/fungi (1.98)

[11] [prospective] Ponce, Puerto Rico
[tertiary hospital/urban]
Guayama, Puerto Rico
[hospital/urban]

2012e2015 Both [24.9% hospitalized] AFI (�38 C [oral] or� 38.5
C [axillary] or reported a
history of fever �7 days
duration)

8996 Children & Adult DENV/CHIKV/FLUA/B/
AdV/HRSV/HMPV/PIV/
HRV/HCoV/Coxiella
burnetii/Rickettsia
rickettsia/R. typhi/
Ehrlichia chaffensis/EV RT-
PCR
DENV/CHIKV/Lepto/
Burkholderia
pseudomallei/Rickettsia
spp./Ehrlichia spp./Coxiella
spp. serology

CHIKV(18.2)
FLUA/B (11.9)
DENV (10.8)
Respiratory viruses (10.3)
EV (0.9)
Lepto (0.1)
Melioidosis (0.02)

[18] [prospective] Ponce, Puerto Rico
[tertiary hospital/urban]

2009 Both [19% admitted] Surveillance of AFI: All
ages; fever (�38� C) or
history of fever <7 days,
without an identified
source

284 Children & Adult [6
monthse82 years]

Influenza RT-PCR
Influenza RDT
DENV RT-PCR
DENV serology
Lepto serology
EV PCR
Blood Culture
Urine Culture

FLUA (80)
DENV(18.6)
Lepto (0.58)
EV (1.74)
E coli (0.58)
S saprophyticus (0.58)

Central & South America
[10] [prospective] Cordoba, Colombia

[tertiary hospital/urban]
2012e2013 Inpatient UTFI (fever without a

focus of infection)
admitted to ED

100 Children & Adult [1
e79 years]

DENV serology
Lepto MAT
Hantavirus serology
Rickettsia serology
Brucellosis antigen
Malaria smear
HAV/HBV serology

Lepto (27)
DENV(26)
Hanta (4)
Malaria (4)
Rickett (2)
HAV (1)
Brucellosis (1)
HBV (0)

[19] [prospective] Multicenter, Nicaragua
[health facilities/
hospitals/urban/rural]

2015e2016 Both [68.9% hospitalized] AFI (within 7 days of
illness onset) suspected
of arboviruses

346 Adult [>15 years] ZIKV/CHIKV/DENV RT-
PCR

ZIKV (13.6)
CHIKV (26.3)
DENV (15.6)
Undetermined (24)

[20] [retrospective] Mato Grosso, Brazil
[urban]

2011e2012 NR AFI (<5 days) and
suspected of DENV

604 Children & Adult [10
e59 years]

MAYV/Aura virus/East/
West/Venezuelan equine
encephalitis virus/DENV
RT-PCR

MAYV (2.5)
DENV (1.98)

[17] [cross-sectional] Campo Grande, MS, Brazil
[primary health clinic/
urban]

2016 Both [9 admitted] Suspicion of arboviral
infections and <7 days of
illness

134 Adult [>15 years] DENV/CHIKV/ZIKV
serology
DENV/CHIKV/ZIKV/MAYV
RT-PCR

Undetermined (20.8)
ZIKV(28.3)
DENV(26.8)
CHIKV (38)
MAYV (0)

(continued on next page)
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Table 1 (continued )

[Reference] design Study location/type of
healthcare type/[setting]

Study time Inpatient/outpatient Inclusion criteria N Age group Diagnostic tests
conducted

Pathogens detected (%)

[31] [prospective] L�eon, Nicaragua [tertiary
Hospital/rural/urban]

2008e2009 Both Febrile (�38.5� C)
patients � 1 month old

825 Children & Adult
[�1 month old]

Rickettsia serology
Rickettsia RT-PCR
Q Fever serology
Q fever RT-PCR

Rickett (4.54)
Q fever (1.87)
Undetermined (95.4%)

[23] [prospective] Recife, Brazil [health
clinic/urban]

2015e2016 Both Age � 5 years; fever or
history of fever �72 h;
undifferentiated fever;
non-severe illness

263 Children & Adult [6
e67 years]

ZIKV/CHIKV/DENV
serology
ZIKV/CHIKV/DENV RT-
PCR
DENV/ZIKV PRNT

DENV(0.38)
ZIKV (15.9)
CHIKV (52)
Undetermined (68.4)

[21] [cross-sectional] Puerto Maldonado, Peru
[primary health care
units/urban/rural]

2016 Outpatients AFI (�38 C < 7 days) but
without an identified
focus of fever

139 Children & Adult [0
e45 years]

DENV/OROV/CHIKV/
MAYV/ZIKV RT-PCR

CHIKV (9.35)
OROV (8.63)
DENV (6.47)
ZIKV (5)
Undetermined (70.5)

[12] [prospective] Rio de Janeiro, Brazil
[tertiary hospital/urban]

2015e2016 Inpatients Suspected DENV 30 NR DENV/CHIKV/ZIKV
serology
DENV/CHIKV/ZIKV RT-
PCR

ZIKV (56.6)
CHIKV(3.33)
Undetermined (40%)

[13] [cross-sectional] Villa del Rosario,
Colombia [hospital/
urban/rural]

2015e2016 Outpatient Any age, suspected of
arboviruses and <7 of
fever

157 Children & Adult [0
e50 years]

DENV/CHIKV/ZIKV RT-
PCR

DENV(40)
CHIKV (57)
ZIKV (35)
Undetermined (47.7)

[14] [cross-sectional] Piura, Peru [primary
health clinics/rural]

2016 Outpatient AFI (axillary
temperature � 38� C) and
<7 days

496 Children & Adult [0
e60 years]

DENV/CHIKV/ZIKV RT-
PCR

DENV (34.2)
ZIKV (7.86)
CHIKV (4.6)
Undetermined (53.2)

[15] [prospective] Villeta, Cundinamarca,
Colombia [hospital/
urban/rural]

2011e2013 Outpatient AUFS and suspected of
DENV

104 Children & Adult [10
e60 years]

DENV/Lepto/Rickett/
Anaplasma
/Q fever serology

DENV (16.3)
Lepto (24)
Rickett (5.76)
Q fever (0)
Undetermined (53.8)

[9] [retrospective] Uraba antioqueno,
Colombia [health clinics/
urban/rural]

2007e2008 Outpatients NMFI [malaria smear
negative]; axillary
temperature � 38� C;
<7 days; without an
source of infection; 5
e65 years

220 Children & Adult [10
e40 years]

DENV/Lepto/Rickett/
Hanta/Arena serology

DENV (37.2)
Lepto (14)
Rickett (2.72)
Arenavirus (0.45)
Hantavirus (0)
Undetermined (52.2%)

AdV, adenovirus; AFI, acute febrile illness; AUFS, acute undifferentiated febrile syndrome; CHIKV, chikungunya virus; DENV, dengue virus; EV, enterovirus; FLU A/B, influenza A/B; HAV, hepatitis A virus; HBV, hepatitis B virus;
HCoV, human coronaviruses; HMPV, human metapneumovirus; HRSV, human respiratory syncytial virus; HRV, human rhinovirus; Lepto, Leptospirosis; MAT, microscopic agglutination test; MAYV, mayaro virus; NMFI, non-
malaria febrile illness; NR, not reported; OROV, oropouche virus; PIV, parainfluenza virus; PRNT, plaque reduction neutralization assay; RDT, rapid diagnostic test; Rickett, rickettsioses; RT-PCR, reverse transcriptase polymerase
chain reaction; ZIKV, zika virus.
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Approximately half of the 13 539 people with febrile illness
had at least one pathogen detected (49.2%). The proportion of
detection in each study ranged from 4.5% to 79%. The most
frequently reported pathogen was DENV (n ¼ 14), followed by
CHIKV (n ¼ 9), ZIKV (n ¼ 7), Leptospira spp. (n ¼ 5), Rickettsia spp.
(n ¼ 4) and Hantavirus spp. (n ¼ 3). Fig. 2 shows the frequency of
isolation of each pathogen sought in the studies according to
study periods.

Dengue virus was tested in 16 studies, comprising 12 714 pa-
tients of whom 9873 (77.6%) were tested with both PCR and
serology, 1742 (13.7%) by PCR alone, and 1099 (8.6%) by serology
only. Co-infection was described in 16 studies (13 136 patients),
with 296 individuals (2.2%) found to have a co-infection. Identifi-
cation of the co-infection by molecular detection only occurred in
141 (1%) patients. The most frequent febrile illness among co-
infected participants was DENV (62.5%). Common concurrent
pathogens were CHIKV (30%), followed by ZIKV (19%), Leptospira
spp. (16%), and Oropouche virus (13%) (Fig. 3).

In-hospital mortality was reported in eight (47%) studies, and
the mortality upon hospital admission ranged between 0% and 18%
varying according to setting and prevalence of each aetiology.

Discussion

This review of studies published in the last 5 yearsdconducted
between 2007 and 2016ethat focused on the epidemiology of AFI
in Latin America using laboratory-based case definitions showed a
broad range of infectious causes of AFI in the region, with high
variability according to geographical location and time. It is
important to underscore the low number of studies aimed at
screening and describing multiple causes of feverdonly 17 in a 15-
year period. Furthermore, these studies differed largely in the
clinical definitions used and lacked standardization and uniformity
in terms of study design and laboratory approach. This number
reflects an essential gap in the understanding of fever epidemiology
in Latin America and a need for standardized and multicentre
initiatives.
Fig. 2. Aetiology of acute febrile illness in Latin America, 2007e2016. The frequency of ma
2007e2016 is shown for studies conducted after (top panel) or before (bottom panel) 2015
more than one pathogen. DENV, dengue virus; CHIKV, chikungunya virus; FLU A/B, influen
The variability of design and approaches make it difficult to
compare studies. First, the definition of AFI (i.e. the primary in-
clusion criteria) varied substantially, as some of them defined AFI as
fever within the last 7 days and without an identifiable focus of
infection [10,16,18], whereas others included febrile patients
regardless of identifiable focus [8,11]. Similarly, others were more
restricted and enrolled individuals with <72 h history of fever [11].
Second, most studies were conducted in reference hospitals, where
diagnostics tests are more commonly available, contrasting with
the reality of primary healthcare clinics. For these reference cen-
tres, most studies did not describe explicit referral and catchment
area information, making it difficult to infer what occurs at the
community level. Most studies also focused on non-severe febrile
illnesses in the outpatient setting [16,21]. The inclusion of severe
febrile illness such as febrile patients admitted to hospitals could
shed light on the burden caused by morbidity and mortality at
these settings. Third, laboratory test definitions applied for confir-
mation also varied, and assays with different diagnostic accuracy
performance were used. Fourth, scarce fever aetiology studies
aimed to provide a more comprehensive investigation of causes,
focusing instead on groups of pathogens such as arboviruses.

Investigations including a broader number of pathogens per-
formed at diverse settings across Latin America representing its
distinct demography, geography and epidemiology are critically
needed to inform evidence-based public health policies on local
fever epidemiology.

Our regional AFI estimation has limitations. The data provide a
guide to frequency of isolation, and therefore a rough guide of
likelihood of encountering the pathogens, but should not be
confused with prevalence or frequency of infection in view of the
wide variation in standards and sampling used and the broad time-
frame analysed (i.e. some pathogens were introduced after mass
event gatherings in the region such as CHIKV followed by ZIKV in
late 2013 and 2014, respectively). Further, pathogens that are
known to occur but not routinely tested were not evaluated in a
significant proportion of the studies included, so the burden of such
pathogens is probably underestimated.
in pathogens isolated in each febrile illness study conducted in Latin America during
. In some studies, the frequency exceeds 100% because patients were co-infected with
za A/B; Lepto, leptospirosis; rickettsioses; and ZIKV, zika virus.



Fig. 3. Aetiologies of dengue co-infection cases from the included studies. The proportions of other pathogens co-occurring with dengue virus in studies evaluating acute febrile
illness in Latin America, 2007e2016.
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We underscore hereafter selected pathogens associated with
AFI that fit into two categories: (1) those which are known to be
transmitted in Latin America but that are usually neglected and
underdiagnosed and underreported; and (2) those agents for which
transmission characteristics in the region are largely unknown and
that are candidates for emergence in Latin America.

Leptospirosis

Leptospirosis is aworldwide zoonotic disease caused by bacteria
belonging to the genus Leptospira. Apart from the endemic trans-
mission, several epidemic outbreaks in human population have
occurred in Latin America, followingmassive flooding [25e27]. The
most frequent species isolated in Latin America from infected ani-
mals or humans are Leptospira interrogans, Leptospira licerasiae,
Leptospira borgpeteresenii, Leptospira kirschneri and Leptospira
noguchi [26]. Prospective studies enrolling patients with acute
undifferentiated febrile illness found a prevalence ranging from 6%
to 14% [1,9,28].

Q fever

Testing for Coxiella burnetii is infrequently reported among
febrile patients, although it was diagnosed in 24.4% of individuals
with community-acquired pneumonia in French Guyana [29]. A
study in Brazil found nine molecularly confirmed Q fever in-
fections among 272 patients suspected of having DENV infection
(3.3.%), one of them with co-infection with both agents confirmed
[30]. In other Latin American countries, the proportion of fever
attributable to Q fever varied from 2% to 5% [1,31]. Patients with
C. burnetti pneumonia had more severe symptoms at presenta-
tion [29].

Bartonellosis

Bartonellosis or Carrion's disease is caused by Bartonella bacil-
liformis, a bacterium presumed to be transmitted between humans
through the bites of infected female phlebotomine sand flies. The
disease is endemic to arid, high-altitude valleys in the Andes
Mountains of Peru, Ecuador and Colombia [32]. Oroya feverdthe
bacteraemic phasedis associated with high case-fatality rate
(40%e88%) if left untreated [33,34]. There is a lack of point-of-care
diagnostics, and treatment is usually presumptive with marked
gaps in epidemiology. Bartonella bacilliformis bartonellosis repre-
sents the highest reported lethality rate by far for any Bartonella
species.

Rickettsiosis

Rocky Mountain spotted fever, spotted fever group and murine
typhus are associated with significant morbidity and mortality in
the region, in part due to unawareness of the diagnosis among
clinicians and the lack of specificity of the clinical symptoms. It
occurs mainly in rural or sylvatic environments, although domestic
dogs can be implicated in more populated settings [35]. Among the
main species associated with human illness in Latin America are
Rickettsia rickettsia, Rickettsia parkeri, Rickettsia typhi and Rickettsia
massiliae. In surveys of febrile illness, the proportion of rickettsia-
attributed fever varied from 0.9% to 18% [9,15,31,36,37]. The case-
fatality of Rocky Mountain spotted fever ranges between 40% and
95% [38]. More recently, Orientia tsutsugamushi, the agent of scrub
typhus, has been found in Chile and Peru [39e41], and it is likely
that the disease is largely underdiagnosed in other areas of Latin
America as well.

Hantavirus

Hantavirus are emerging viruses transmitted by inhalation of
rodent secretions, and responsible for Hantavirus Pulmonary
Syndrome in Latin America [42]. Patients with confirmed acute
hantavirus infection are mistakenly assumed to have DENV
infection or leptospirosis, due to their similar clinical features
and the endemicity of the latter two diseases in the region [24].
Epidemiological studies have shown noticeable differences in
seroprevalence of antibodies against hantaviruses in humans
ranging from 1% to 13.5%, according to geographical and ethnic
differences [43,44]. Exposure to rural areas and history of peri-
domestic activities are some of the risk factors most reported
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[45]. Studies investigating recent hantavirus infection in febrile
patients found a prevalence that ranges from 0.3% to 14%
[10,24,44,46].

Chagas disease

Although there has been remarkable progress in controlling
transmission of Trypanosoma cruzi in Latin America, it remains an
important public health problem [47,48]. Acute disease is charac-
terized by undifferentiated fever, which can progress to severe
complications, especially myocarditis and encephalitis [49]. A
recent feature of these diseases has been the occurrence of out-
breaks of orally transmitted infectionsdusually through con-
sumption of acai berry and sugar cane juicedin the Amazon region
[49e51]. Surveillance provided by malaria microscopists has been
important in the early recognition of its occurrence and other ac-
tions are needed [52].

Endemic invasive mycosis

Endemic mycoses that are prevalent in Latin America and
frequently present as AFI include Histoplasma capsulatum, Para-
coccidioides brasiliensis and Coccidioides immitis [53]. The areas of
main occurrence of these fungi do not coincide; however, as there
are no point-of-care diagnostics for remote areas, these pathogens
remain largely underdiagnosed and underdetected [54].

Under the radar: pathogens waiting to emerge?

Among the pathogens whose occurrence is believed to be
underestimated are the arboviruses that are usually identified in
the Amazon or the Caribbean, such as Mayaro and Oropouche vi-
ruses [20,21,55,56], for which the recent outbreaks in areas without
previous identification of these agents demonstrate their potential
for expansion. Likewise, West Nile virus is believed to be a likely
cause of epidemics in the near future [57,58].

Implications for clinicians, researchers and policy makers

Due to its clinical and epidemiological importance [7], DENV has
been the most studied AFI aetiology and was the most prevalent
cause of diseases in our review. However, recent studies have
demonstrated displacement of DENV by ZIKV and CHIKV, or a
concurrent circulation of all three arboviruses in the same place
[19,23,59]. From a clinical perspective, there is no clinical algorithm
robust enough to distinguish between these three arboviruses.
Clinical guidelines in Latin America recommend patients to be
managed in the initial phase as DENV, as lack of early intervention
can result in high rates of complications. Point-of-care diagnostics
are of limited value, due to low sensitivity for some of the sero-
types, while serology interpretation is challenged by previous
exposure to DENV and other flaviviruses.

Primary-level clinicians need to (i) be prepared to conduct dif-
ferential diagnosis of AFI on a syndrome-based approach (see
Supplementary material, Table S1); (ii) recognize alarming signs of
severe febrile illness (i.e. neck stiffness, severe abdominal pain,
unconsciousness, or respiratory distress); and (iii) stratify the
mortality risk with prediction scores, such as the quick sequential
organ failure assessment (qSOFA). A positive qSOFA score (�2)
suggests a high risk of poor outcome in patients with suspected
infection [60]. However, studies validating the performance of
qSOFA in resource-poor countries are lacking, and the role of such
scores in Latin American settings should be investigated.

Knowing the local causes of fever and the predictable patterns
of antimicrobial resistance can provide useful local
epidemiological data to inform and validate empirical manage-
ment recommendations. For instance, in a region with a consid-
erable burden of Q fever or rickettsioses, empirical initiation of
tetracycline is recommended because other antimicrobials might
not act on the latter pathogens. Similarly, the empirical antimi-
crobial therapy for Enterobacteriaceae related-bacteraemia will
require a combination of different agents (i.e. piperacillin/tazo-
bactam, ciprofloxacin, meropenem) as the proportion of Gram-
negative bacilli that are extended-spectrum b-lactam-positive is
high in countries such as Brazil, Argentina, Mexico and Chile [61].
Investigation of the impact of different empirical treatment stra-
tegies for a febrile illness that best matches the local epidemiology
and prevents development of antimicrobial resistance merits
further research.

Finally, with the development of a robust fever surveillance
programme, policy makers and other key stakeholders could point
toward the need for development of pharmaceutical therapies for
the treatment of the most common AFI in the region. Those sur-
veillance programmes would also allow for more efficient and
robust disease forecasting systems and detection of emerging
pathogens, assisting health systems to reduce the burden of such
diseases. The development of rapid and inexpensive diagnostic
tools should be given high research priority, particularly those
focused on distinguishing bacterial from non-bacterial causes of
infection (i.e. host biomarkers) [62].

Next steps: putting research into context

Our findings can be used to help guide future research in the
field. We argue that the scientific community should work
together to redefine and harmonize the fever aetiology research
agenda. It is vital that standardized case definitions and laboratory
methods be in place to ensure the generalizability of the study
results. Moreover, the inclusion of a healthy control group (i.e.
afebrile patients) would allow the pathogen-specific attributable
fraction of illness to be calculated. Finally, although expensive and
time-consuming, there is an unmet need to develop multicentre
international studies evaluating fever aetiology in different pa-
tient settings (i.e. hospitalized and ambulatory patients). To
address some of the gaps highlighted here, studies are underway
to better understand the major causes of febrile illness in adults
and children in Sub-Saharan Africa and Latin America (i.e.
NCT03047642).

Conclusions

We identified 17 studies conducted in Latin America during
2007e2016 that focused on fever epidemiology using a laboratory-
based case definition. DENV was the febrile illness most frequently
reported and occurred concurrently with other diseases. The fa-
tality rate for admitted febrile patients was not negligible. Our
current understanding of the fever landscape in Latin America is
incomplete and requires a coordinated response from different
stakeholders.
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