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Abstract. Tick-borne diseases (TBDs) are a growing public health threat and are increasingly identified as the causeof
undifferentiated febrile illness. There is a significant gap in our understanding of ticks and their associated pathogens in
Ecuador. An arboviral surveillance study allowed us to explore potential exposure to TBDs in febrile subjects. We tested
plasma samples from 222 febrile subjects for spotted fever group rickettsial (SFGR) antibodies from southern coastal
Ecuador in 2014–2015 via ELISA. Fifty-five (25%) subjects had evidence of anti-SFRG IgG or IgM antibodies. Although
attempts to detect Rickettsia species in plasma by polymerase chain reaction were unsuccessful, these preliminary data
suggest the possibility of endemic SFGR transmission in Ecuador. To better understand the burden and entomological
risk for TBDs in Ecuador, future studies should expand TBD surveillance in humans, document common human-biting
ticks, and measure pathogen carriage rates in questing ticks.

INTRODUCTION

Ticks transmit debilitating and sometimes fatal diseases to
people around the world. The incidence of tick-borne diseases
(TBDs) is increasinggloballybecauseofseveral factors, including
climate change, weak TBD surveillance, and shortages of pre-
vention and education programs.1–4

The spotted fever group Rickettsiae (SFGR) include several
pathogens spread by ticks, fleas, ormites. Clinical manifestations
of SFGR infection include fever, headache, rash, and myalgia.
When leftuntreated,someSFGRinfectionshavecasefatality rates
as high as 10% in North America; however, recent epidemiologic
evidence fromSouthAmerica reports case fatality rates ashighas
55%.2,5 Diagnosis of SFRG infection is challenging, especially in
low-andmiddle-incomecountries (LMICs),whereundifferentiated
febrile illness (UFI) is oneof themost common reasons for seeking
health care and little to nothing is known regarding the eco-
epidemiology of ticks and their pathogens. The current gold
standard for SFGR infection is a ³ 4-fold rise in antirickettsial an-
tibodies inpairedserumsamples.2Withoutpairedserumsamples,
SFGR diagnosis may be achieved through signs and symptoms
with single serology,molecular evidence, and entomological risks
(when known). In areas with constrained public health resources,
such as Ecuador, diagnostic testing of TBDs is often unavailable
becauseof the largenumberofpotentialpathogensthatcauseUFI
and the complexity and cost of available diagnostic assays.6 This
leads to unknown TBD burdens and undertreatment or mis-
treatment of underlying infections. In this study, banked human
plasma samples from an ongoing arboviral disease surveillance
study inMachala, a tropical coastal city in Ecuador,were analyzed
for antibodies to SFGR using an indirect enzyme immunoassay.

METHODS

Machala (population 286,120) is a city in southern coastal
Ecuador and is the capital of El Oro Province (Figure 1A).

Samples used in this study were collected as part of a pre-
viously described arboviral febrile surveillance study from
January 1, 2014 to December 31, 2015.7 Briefly, participants in
that study were older than 6 months, presented to one of our
clinical sites, and were clinically diagnosed with dengue fever
by a Ministry of Health physician.7 Clinical sites were operated
by the Ministry of Health in Machala and consisted of primarily
four sentinel health clinics and the reference hospital for the
province (Hospital Teófilo Dávila, Figure 1B). Clinical staff col-
lected subject information via interviews, including questions
regarding subject demographics, clinical signs and symptoms,
inpatient/outpatient status, self-reported contact with animals,
andself-reported travel outside of the citywithin the lastmonth.
At the timeof clinical evaluation, temperaturewas recordedand
symptomswithin the last 7 days were documented as reported
by the participant. On the day of presentation to the clinic, a
20-mL blood specimen was obtained by venipuncture in an
ethylenediaminetetraacetic acid (EDTA) vacutainer from each
study participant. Plasmawas separated via centrifugation and
aliquoted in multiple tubes and stored at −80�C. Subjects with
more than one aliquot of plasma were selected for use in the
present study (Supplemental Table 1). The study protocol for
sample collection was reviewed and approved by Institutional
Review Boards at SUNY Upstate Medical University, the Hu-
man Research Protection Office of the US Department of De-
fense, the Luis VernazaHospital inGuayaquil, Ecuador, and the
Ecuadorean Ministry of Health.
Subject samples (n = 222) meeting the aforementioned

criteria were screened for the presence of IgG and IgM anti-
bodies to SFGR via a commercially available ELISA (Fuller
Laboratories, Fullerton, CA). The Rickettsia ELISA plates are
coated with lipopolysaccharide (IgG) antigens or outer mem-
brane protein B (IgM). In an attempt to identify rickettsial
species responsible for antibody response in study subjects,
DNA was extracted from IgM-positive plasma samples via
commercial kit (Omega Bio-Tek, Norcross, GA), and gDNA
was tested for the presence of rickettsial DNA by PCR tar-
geting three genes, 17-kDa antigen (htrA), citrate synthase
(gltA), and ompA, as previously described.8 Samples were
also previously tested for dengue infections using commercial
NS1 rapid test, dengue IgM/IgG, and NS1 ELISA (PanBio,
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Abbott Park, IL) and for dengue, chikungunya, and Zika viru-
ses via real-time reverse transcription PCR (rRT-PCR) as
previously described.7 We defined an acute or recent dengue
infection as those subjects with positive results for NS1 rapid
test, NS1 ELISA, IgM ELISA, or rRT-PCR. Acute chikungunya
or Zika infections were defined as those subjects positive by
rRT-PCR.7

Seropositivity for anti-SFGR IgG and IgM was calculated
among 10-year age groups. Relationships between subject
characteristics and anti-SFGR IgM positivity were assessed
using binomial generalized linear models. Subjects with
missing data were excluded from the final analyses. Data
cleaning, analysis, and visualization were performed using R
version 3.2.2 (Vienna, Austria).

RESULTS

Overall study subject characteristics are presented in
Supplemental Table 1. The mean age of study subjects was 25
years, 53% were female and 28% were enrolled through the
hospital. A total of 55 (25%) subjects had evidence of anti-
SFGR antibodies. Thirty-nine (18%) subjects were positive for
anti-SFGR IgG and 17 (8%) subjectswere positive for IgM.One
(< 0.5%) subject was positive for both anti-SFGR IgG and IgM.
Anti-SFGRseropositivity by age group is presented in Figure 2.
IgG positivity was highest among 30- to 39-year olds and IgM
positivity was highest among 10- to 19-year olds. We identified
acute infections for dengue, chikungunya, and Zika virus
among subjects with anti-SFGR IgM seropositivity and report
the prevalence of possible SFGR-arbovirus coinfections
(Supplemental Table 2). Among subjects with a suspected
acute TBD (positive for anti-SFGR IgM and negative for anti-
SFGR IgG, n = 16), 12 (of 17 tested) also had an acute or recent
dengue infection and two (of five tested) had an acute chi-
kungunya infection (Supplemental Table 3). No subjects were
positive for both SFGR and Zika virus, which is consistent with
reported detection of the first Zika cases in Machala in 2016.
Two hundred twelve samples were used for further statis-

tical analyses; 10 samples were excluded because of missing
subject data. Results of this analysis are presented in Table 1.
Subject demographics, travel history, and animal contact
were not associated with anti-SFGR IgM positivity. Subjects
reporting a rash were more likely to be positive for anti-SFGR
IgM (Odds ratio [OR]: 6.5, 95%CI: 1.7–26.0); other symptoms
were not notably associated with anti-SFGR IgM positivity.
Subjects with an acute or recent dengue infection were also
more likely to be positive for anti-SFGR IgM (OR: 7.7, 95%CI:
2.2–35.0).

FIGURE 1. Location of study site. The location of Ecuador (A) relative to other countries in South America, with El Oro Province highlighted in red.
Machala’s location in El Oro Province (B) is highlighted in pink, with the location of each recruiting health center used in this study marked with a
black point. The box in A indicates the relative position of B. This figure appears in color at www.ajtmh.org.

FIGURE 2. Seropositivity by age group. Positivity for anti–spotted
fever group rickettsial (SFGR) IgG or IgM response was calculated for
10-year age groups. Anti-SFGR IgG response was most common
among ages 30–39. Anti-SFGR IgM response was most common
among ages 10–19.
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DISCUSSION

Results from this retrospective analysis of banked febrile
subject samples suggest that TBDsmaybepresent inEcuador.
Although antibodies only indicate past exposure to a microbe,
the presence of IgM response specific to SFGR in febrile sub-
jects suggests recent exposure. This is further supported with
the association between rash symptoms and a positive IgM
response, as rash is commonly reported in SFGR infections.2

Anti-SFGR IgG response can be present for ³ 12 months post
exposure; therefore, without paired samples demonstrating
seroconversion or a 4-fold rise in IgG titers, a positive anti-
SFGR IgG responsecanonlybe interpretedaspast exposure to
an SFGR.9 One significant limitation with SFGR serology is its
inability to differentiate between the rickettsial species. Un-
fortunately, PCR targeting three different rickettsial genes
produced no positive results from our samples; however, this
was not surprising, considering the low sensitivity of this
method on blood samples.10 Despite this, the IgG antibody
data, coupled with findings that IgM-positive febrile subjects
were 6.5 times more likely to have had a rash, provide con-
vincing evidence warranting expanded TBD surveillance in
humans, vectors, and animal hosts in Ecuador. Indeed in the
United States, many of these subjects would fulfill the CDC’s
current surveillance definition for a probable case of spotted
fever rickettsiosis.11 In addition, ongoing vector surveillance
confirms the widespread presence of competent SFGR vec-
tors, including Amblyomma cajennense, Amblyomma ovale,
and Rhipicephalus sanguineus in the province (S. Enrı́quez and
B.Leydet, unpublished). Interestingly, subjects inour studywith
an acute or recent dengue infection were also more likely to be
positive for anti-SFGR IgM than those with an equivocal or
negative result. This result may be explained by some common
exposure to ticks and mosquitos, such as outdoor activity or
location. Indeed, dengue-SFGR coinfections have been re-
ported elsewhere in South America.12 Finally, our IgM results
are limited by a small number of positive subjects (n = 17),
leading to wide CIs on some effect size estimates.
Importantly, untreated SFGR diseases have reported case

fatality rates as high as 55% in areas of South America.5

Spotted fever group rickettsial infections respond well to
certain antibiotics (e.g., doxycycline) if treated early,2 but local
physicians have indicated that SFGRs are not typically con-
sidered during differential diagnosis in this region of Ecuador.

Our findings suggest there is potentially a significant burden of
TBDs in this region that may go undiagnosed and untreated,
despite suitable treatments being readily available and afford-
able in Ecuador. Limited access to diagnostic testing is a sig-
nificant barrier to TBD diagnoses in Ecuador and other LMIC
countries. Currently, no TBD is included in Ecuador’s national
disease surveillance program.13 This study adds to the limited
literatureonTBDs inSouthAmerica.12–17Furtherwork isneeded
to determine carriage of specific TBD agents in tick vectors in
Ecuador. Importantly, these findings highlight the need for sur-
veillance studies to detect TBDs and their vectors, aswell as the
development of novel low-cost diagnostics for various TBDs.
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