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Abstract. Rickettsia and Leptospira spp. are under-recognized causes of acute febrile disease worldwide. Rickettsia
species are often placed into the spotted fever group rickettsiae (SFGR) and typhus group rickettsiae (TGR).We explored
the antibody prevalence among humans for these two groups of rickettsiae in four regions of Peru (Lima, Cusco, Puerto
Maldonado, and Tumbes) and for Leptospira spp. in Puerto Maldonado and Tumbes. We also assessed risk factors for
seropositivity and collected serum samples and ectoparasites from peri-domestic animals from households in sites with
high human seroprevalence. In total, we tested 2,165 human sera for antibodies (IgG) against SFGR and TGR by ELISA
and for antibodies against Leptospira by amicroscopic agglutination test. Overall, human antibody prevalence across the
four siteswas 10.6% for SFGR (ranging from6.2% to 14.0%, highest in Tumbes) and 3.3% for TGR (ranging from2.6% to
6.4%, highest in Puerto Maldonado). Factors associated with seroreactivity against SFGR were male gender, older age,
contact with backyard birds, and working in agriculture or with livestock. However, exposure to any kind of animal within
the household decreased the odds ratio by half. Age was the only variable associated with higher TGR seroprevalence.
The prevalence of Leptospira was 11.3% in Puerto Maldonado and 5.8% in Tumbes, with a borderline association with
keeping animals in the household. We tested animal sera for Leptospira and conducted polymerase chain reaction (PCR)
to detect Rickettsia species among ectoparasites collected from domestic animals in 63 households of seropositive
participants and controls. We did not find any association between animal infection and human serostatus.

INTRODUCTION

Rickettsial diseases are caused by infection with one of
several obligate intracellular bacteria from the genus, Rick-
ettsia. The Rickettsia species are arranged into two disease-
associated groups, the spotted fever group Rickettsia (SFGR)
and typhus fever group,1 one non–disease-associated group
that includes the ancestral group of rickettsiae which includes
Rickettsia belli and Rickettsia canadensis,2 and last, a transi-
tional group which includes Rickettsia felis and R. felis–like
organisms (RFLOs).3,4 The geographical distribution of the
agents is tightly related to the distribution of its arthropod
hosts, which can be ticks, mites, fleas, and lice.3,5

Rickettsioses usually develop between 1 and 2 weeks after
exposures to the agent. The most common symptoms are
fever,malaise, headache, rash, nausea, and vomiting. In some
cases, there may be an eschar at the site of the vector bite.1

However, their clinical features are related to their geographic
location.2

In South America, several species of the SFGR have been
identified in recent decades besides Rickettsia rickettsii, such
as Rickettsia parkeri, R. felis, Rickettsia massiliae,2,6–8 and a
new Rickettsia agent that has been identified in northern Peru
and proposed as Candidatus Rickettsia andeanae.9,10 The
typhus group rickettsiae (TGR) includingRickettsia prowazekii
andRickettsia typhi has also been identified in South America,
the former being responsible for epidemic typhus in Cusco,
Peru,8 and the latter responsible for murine typhus in the
Amazon Basin.4,11,12 Likewise, the presence of antibodies to
SFGR has been confirmed in different human populations in
Peru13–16 and in pets, establishing its endemicity.17 Several

of these studies have shown the presence of rickettsial in-
fections in the region, ranging from ∼1% to more than 40%
seroprevalence. However, there are still gaps in the knowl-
edge of rickettsial diseases in the Americas, such as evalu-
ating the role of amplifier hosts and their specific influence in
the ecology of Rickettsia species or targeted studies oriented
to certain species, such as R. typhi.6

Leptospira spp. are a ubiquitous group of spirochetes, with
a worldwide distribution and a wide variety of vertebrate
hosts. These agents are taxonomically organized by genetic
determinants18,19; however, classically they are organized in
serogroups and serovars according to antigenic determi-
nants. The genus Leptospira is harbored in a wide variety of
mammals, including domestic species and wildlife.19,20 Like-
wise, different species may maintain several serovars
depending on their geographic location.21

The zoonosis caused by Leptospira spp., leptospirosis, can
manifest with a multitude of flu-like symptoms including
fever, headache, and malaise, with more severe disease in-
volving the organs, particularly the liver and kidney, as well as
potential pulmonary involvement and hemorrhage.19,22 Lep-
tospirosis used to be considered an occupational disease,
especially among military populations, who are exposed
through contact with contaminated water in their working
environments.20,21 However, with the increase in the use of
personal protective equipment, the burden of disease has
shifted to the general population, especially in tropical areas
where seroprevalence can sometimes be up to 30%.23–25

Recent decades have not only seen a rise in cases in in-
dustrialized countries, mainly tourists returning from endemic
areas,25 but also from local transmission in some urban
centers.23,24,26

Leptospirosis is also endemic in Peru.27,28 Studies have
shown that cities in the Amazon Basin have relatively high
seroprevalence and periodic outbreaks of symptomatic
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cases.29 Likewise, the disease is also found in other areas of
Peru,9 with more than a third of febrile cases in endemic areas
potentially due to Leptospira spp.30

Rickettsia and Leptospira infections are relatively common,
but often under-recognized causes of acute febrile disease in
tropical areas.14,31 Despite the growing body of evidence re-
garding the impact of rickettisae and Leptospira among hu-
man populations, there is still scarce information about the
burden of the disease at the household and community levels,
and little is known regarding the changing epidemiological
patterns for Leptospira.20,31 Previously well-described risk
factors of exposure may not be clearly defined in current
changing environments26 and are needed to target effective
prevention strategies.22,27,32 Therefore, we explored the
prevalence of exposure and risk factors associated with hu-
man rickettsial infections in four ecologically distinct regions
ofPeru (Lima,Cusco,PuertoMaldonado, andTumbes) and for
Leptospira in the wet regions (Puerto Maldonado and
Tumbes).

METHODS

Study sites. The four study sites where the human samples
were collected in the first tier of this study have very distinct
climatic and ecological characteristics. Therefore, Tumbes,

located in thenorthern coast ofPeru, is semiarid andhaswarm
weather with an average temperature of 25�C. The rainy
season extends from December through April (average pre-
cipitation: 250 mm) and is located at 36 m above sea level
(masl).33,34 Puerto Maldonado also has a similar rainy season,
but extending from October, it is located in the tropical rain-
forest. The average temperature is 30�C, precipitation ranges
from 1,500 to 2,860 mm, and the altitude is 139 masl.34,35 The
Cusco site was located in the Andean forest—moist Andes. It
has an average temperature of 13�C, average rainfall of
800 mm, and at 3,244 masl.34 Finally, Lima, the capital city, is
located in the coastal desert with an average temperature of
19�C, rainfall of 15 mm, and at 141 masl.34

Study design. This study was a cross-sectional design
nested within an ongoing influenza longitudinal cohort study,
conducted by researchers from the Naval Medical Research
Unit No. 6 (NAMRU-6), Lima, Peru. The influenza cohort study
enrolled a total of 8,000 individuals of all ages, 2,000 individ-
uals in eachof four sites. The siteswere located inSanJacinto,
Tumbes; Puerto Maldonado, Madre de Dios; Pampas de San
Juan de Lurigancho, Lima; and San Jeronimo, Cusco36

(Figure 1). All enrolled participants were healthy and asked to
provide a blood sample after giving their consent to evaluate
influenza and other diseases’ seroprevalence. Paired serum
samples were obtained from participants in July 2011 and

FIGURE 1. Locationof sites andbrief summary of influenza cohort studywhere thepresent studywasnested. This figure appears in color atwww.
ajtmh.org.
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January 2012, separated by 6 months. Participants were
asked if their samples could be stored for future use, specifi-
cally for testing for other relevant infectious diseases.
The activities for this cross-sectional studywere arranged in

two components: a human serosurvey analysis and an animal
sample collection. These components were tiered, so the re-
sults of the human serosurvey would guide the animal data
collection. In the site where we found the highest seropreva-
lence to the diseases under study, we returned to collect ad-
ditional samples and data from animals in these areas. This
componentwasdesignedusing case andcontrol households,
according to the serological findings of the human compo-
nent. This design was adopted to contrast potential risk fac-
tors between these households.
Data collection. Human serosurvey. Within the influenza

cohort study, human blood specimens were collected fol-
lowing standard venipuncture techniques. Samples were
taken at the home of the participants and kept in portable ice
chests at 4�C until the end of the visits (within 4 hours) when
they were taken to the laboratory for centrifugation and stor-
age. Centrifugation was performed at 3,000 rpm, 4�C for 10
minutes and storage was in an ultralow (−70�C) freezer.
Samples were shipped to NAMRU-6’s central laboratory in
Lima, where they were stored in ultralow freezers until testing.
We selected a random sample of sera specimens from the

last serum collection (January 2012) from each site of the
cohort, whose participants had agreed for future use of their
samples. These samples were tested for antibodies (IgG)
against TGR and SFGR. Only the samples from Tumbes and
Madre deDioswere tested for Leptospira, as these are thewet
areas of Peru where leptospirosis is known to be endemic, but
there is very little documented transmission in the dry areas
of Cusco and Lima.
We aimed to test at least 630 human sera samples from

each of the sites to estimate the prevalencewith a precision of
4%, 80% power, and 95% confidence. These samples were
selected randomly from the stored sera of the influenza cohort
study.
Testing was performed at the NAMRU-6 laboratory in

Callao, where samples were stored. The results from serology
were analyzed to guide the subsequent animal and ectopar-
asite collections. The population with more antibodies was
considered for site selection for further animal and vector
studies.
Household information. Household information was gath-

ered through the influenza cohort study. These data included
household facilities such as sewage, running water, waste
collection practices, age, gender, and occupation of all
members of the household. Data about the household mem-
bers and characteristics of the housing facilities were updated
yearly and were used for analysis.
Animal sample selection. Based on the highest human

seroprevalence evaluation, one site was selected to work with
each pathogen in domestic and peri-domestic animals of
positive households along with a number of control house-
holds from seronegative participants: Rickettsia, Leptospira,
or both. A positive household was defined as having at least
one of the members’ seropositive for either of the pathogens.
Hence, we had households that were positive for Leptospira
only, positive for Rickettsia only, or positive for both patho-
gens. Negative households were defined as having all mem-
berswho tested seronegative for all agents.With this design, a

household positive for Leptospira could act as a control for a
household positive for Rickettsia, and vice versa; and house-
holds negative for both pathogenswere controls for either.We
aimed to assign a control household for each household that
was considered positive for any of the agents under study.
Hence, we selected a total of 65 households for each agent
under study: 47 control households and 18 case households
for Leptospira, and 32 control households and 33 case
households for Rickettsia (Table 1).
Animal sera and ectoparasite collection. In August 2014, we

invited members from selected households to allow the par-
ticipation with their domestic or backyard animals in this
component. Samples obtained consisted of 1) blood, 2) urine
when available, 3) ectoparasites from backyard and domestic
animals (i.e., dogs, cats, guinea pigs, backyard birds, and
pigs), and 4) rodents captured in and around the household.
To collect rodents, we set up and baited five live traps (one
Tomahawk and four Sherman) inside the house and five (same
ratio) in the outdoor areas of the premises for five consecutive
nights, aiming for a total of 50 trap nights per house. To sample
domestic animals, we worked to obtain samples from all in-
dividuals if the total population was 10 or less. If not, a random
sample of four individuals from each species was chosen.
Two trained veterinarians and experienced field-workers

organized in two teams to enroll the households and collect
the specimens. Standard venipuncture procedureswere used
to obtain blood samples. Domestic animals were properly
restrained with a muzzle and the help of the owner to maintain
the animal as calm as possible and released after the pro-
cedure was completed. Blood samples were kept in portable
ice chests at 4�Cuntil the endof the visits (within 4hours)when
they were taken to the laboratory for centrifugation and stor-
age.While restrained, domestic animalswere also combed for
ectoparasites.
Live traps were checked each morning and closed during

the day until these were baited at sundown and activated.
The teams collected trapped rodents and took them to the
laboratory facilities. The animals were sedated and humanely
euthanized for blood draw, to obtain morphological mea-
surements and ectoparasites, and to preserve the carcasses
for further identification performed by the Natural History
Museum (NHM) of the Universidad Nacional Mayor de San
Marcos. Carcasses were kept in formalin and transported to
the NHM for identification confirmation.
Blood samples were centrifuged at 3,000 rpm, 4�C, for 10

minutes and serawere stored in an ultralow (−70�C) freezer. All
collected fleas,mites, lice, and tickswere also stored at−70�C
for later identification using entomological keys.37,38 All sam-
ples were shipped to NAMRU-6’s central laboratory in Lima
in liquid nitrogen, where they were processed.

TABLE 1
Case and control households for animal sampling

Leptospira*

Rickettsia Case household Control household Total

Case household 10 23 33
Control household 8 24 32
Total 18 47 65
*Serovars tested for microscopic agglutination tests: australis, autumnalis, ballum,

bataviae, bratislava, canicola, celledoni, copenhageni, cynopteri, djaseman, georgia,
grippotyphosa, icterohaemorrhagiae, javanica, panama, tarassovi, wolffi, mankarso,
pomona, harjdo, pyrogenes, varillal, and shermani.
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Laboratory analysis. Human and animal samples were
screened by microscopic agglutination test (MAT) for Lep-
tospira using present guidelines from the WHO and the In-
ternational Leptospirosis Society.22 Samples were tested
against 24 serovars for the MATs, listed in Table 1. Samples
were considered positive if they reacted at a dilution of 1:100.
Human sera were screened for IgG antibodies against TGR
andSFGRusingELISA todistinguishbetween the twogroups.
The test hast been published elsewhere and validated in dif-
ferent contexts.17,39–41

Ectoparasites were identified by morphological keys,37,38

andwashed and pooled by individual animal hosts, species of
ectoparasite, and life stageof ectoparasite. Pools consistedof
only two to five ectoparasites. Individual ectoparasites were
divided in half for DNA extraction and molecular analysis and
to attempt culture in the future if required. Individual ecto-
parasite halves were disrupted mechanically using Kontes
Pellet Pestle (Thermo Fisher Scientific, Waltham, MA) in 100
μL of PrepMan Ultra Sample Preparation Reagent (Applied
Biosystems, Waltham, MA) as previously described.17 The
triturated halve samples were subsequently pooled as de-
scribed earlier. Pooled ectoparasite DNA preparations were
subsequently screened for the presence of Rickettsia species
DNA by the quantitative real-time PCR (qPCR) assay,
Rick17b, that targets the conservedRickettsia 17-kDa antigen
genus-specificgene.39 Becauseof a previousRickettsia study
in which it was found that a high-prevalence Rickettsia
asembonensis (Rasem) existedwithin the ectoparasites,42 our
downstream workflow consisted of testing the individual tick
(or flea)-half DNA preparations from the Rick17b-positive
pools with the species-specific qPCR for Rasem that tar-
gets a portion of the variable ompB gene.42,43 Rickettsia
asembonensis-negative sampleswere subsequently screened
by twoadditionalmethods:1) theRfelGqPCRassay that targets
a sequence fragment of the ompB gene which is shared by
multiple Rickettsia strains grouped into the R. felis and RFLO
genetic group6,42 and 2) a nested PCR that can differentiate
between SFGR and TGR using the 17-kD gene.6,7 Sera from
domestic animals could not be tested for Rickettsia antibodies
because of lack of resources. Therefore, we grouped the host
animals as positive (at least one ectoparasite positive) or neg-
ative (no detection of the pathogen in the ectoparasites) based
on the status of the ectoparasites for data analysis.
Data analysis. Antibody prevalence against Rickettsia and

Leptospira species among human participants was estimated

using binomial exact methods. We used χ2 test with the
Bonferroni correction to compare the seroprevalence of anti-
bodies against Rickettsia and Leptospira infections among
study sites. Disease risk modeling was performed with a
multilevel logistic regression, accounting for correlation
among participants within households and for clustering
within the sites. The outcome variables of antibodies reactive
against Leptospira or Rickettsia species were assessed for
exposure variables such as location and occupation, con-
trolling for age and gender. The variables included in the
initial multivariate model were at least marginally significant
(P < 0.10) in the bivariate analysis and those maintained in the
final multivariate model were site, gender, age, occupation,
and other significant variables (P < 0.05).
Among the study animals, we estimated the prevalence of

pathogen-positive ectoparasites for each species that
provided a sample with the binomial exact methods. We
compared the mean number of animals, ectoparasites, and
the proportion of pathogen-positive ectoparasites between
case and control households using t-test or χ2, respectively.
All analysis was performed using Stata 14 (StataCorp,
College Station, TX) using a statistical significance cutoff of
P < 0.05.

RESULTS

Human seroprevalence to Rickettsia and Leptospira
among study sites. We randomly collected 2,165 serum
samples from participants of the ongoing influenza cohort
study at each of the four study sites in Peru. Our goal was to
obtain at least 600 samples from each study site, but several
participants had not provided consent for future use testing of
their samples and, therefore, we had different sample sizes in
each site: 538 for Cusco, 583 in Lima, 353 in Puerto Maldo-
nado, and 691 in Tumbes. A larger proportion of participants
(58.2%) across all sites were female; participants were 28
years old on average and were mostly students (Table 2).
Overall antibody prevalence across the four sites was 10.6%
forSFGRand3.3%for TGR (Table3). Theantibodyprevalence
to Leptospira was 11.3% in Puerto Maldonado and 5.8% in
Tumbes (Table 3). A few participants (0.7%) had antibody
evidence of previous infection with SFGR and TGR. Similarly,
only 1.8% of participants were seropositive for SFGR and
Leptospira and 0.3% had evidence of past infection with TGR
and Leptospira.

TABLE 2
General demographic information by site

Site Lima Tumbes Cusco Puerto Maldonado All sites

Population N (%) 583 26.9 691 31.9 538 24.8 353 16.3 2,165 100.0
Gender Female 359 61.6 365 52.8 333 61.9 204 57.8 1,261 58.2

Male 224 38.4 326 47.2 205 38.1 149 42.2 904 41.8
Age (years) Mean 28.2 NA 29.6 NA 27.2 NA 29.0 NA 28.5 NA

SD 17.9 NA 20.6 NA 17.3 NA 19.1 NA 18.9 NA
Occupation Unemployed* 28 4.8 36 5.2 30 5.6 18 5.1 112 5.2

White collar† 117 20.1 40 5.8 121 22.5 72 20.4 350 16.2
Blue collar‡ 109 18.7 77 11.2 53 9.9 42 11.9 281 13.0
Housekeeping 126 21.6 200 29.0 96 17.9 73 20.7 495 22.9
Agriculture and farming 4 0.7 99 14.4 4 0.7 6 1.7 113 5.2
Student 199 34.1 237 34.4 232 43.2 142 40.2 810 37.5

Have contact with animals 431 73.9 582 84.2 454 84.4 337 95.5 1804 83.3
NA = not available.
* Retired, younger than 3 years and currently unemployed.
†Health, education, and commerce.
‡Cleaning, factory employees, and transport.
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Leptospira. We evaluated separately each of the following
variables: site, gender, age, occupation, and contact with
animals. In bivariate analysis, the prevalence of Leptospira
infection in Puerto Maldonado was significantly higher than
that in Tumbes (P = 0.001). Consequently, OR of infection was
2.1 (95%CI: 1.3; 3.4) for this site, in contrast to Tumbes as the
reference. Overall seroprevalence in men was 9.3%, com-
paredwithwomenwhohad6.3%.Nonetheless, thedifference
was not statistically significant (P = 0.076). Bivariate analysis
did not show an association with a specific occupation (P =
0.201) at either site. Likewise, seropositivity was not associ-
ated to contact with dogs (0.996), guinea pigs (0.070), pigs
(0.328), or any kind of animal without distinction (0.355). By
contrast, contact with cats (P = 0.023) and animals such as
donkeys, sheep, cows, and rabbits was statistically associ-
ated with seropositivity (P = 0.015).
We examined the presence of antibodies to Leptospirawith

the multivariate logistic regression. The positive MAT test in
study subjects was associated only with the study site loca-
tion (2.4; CI 2.2; 2.7), and the strength of association was

similar to the bivariate analysis. Puerto Maldonado residents
had a higher risk of having positive MAT results (2.3, 95%CI:
1.3; 4.3) than residents at Tumbes in this multivariate analy-
sis (Table 4). The most common serovars from the human
sera participants were icterohemorrhagiae, bratislava, and
mankarso.
Rickettsia. Bivariate analysis for both groups of Rickettsia

species showed a significant difference in the prevalence
among study sites (Table 3). Gender was initially related to the
presence of SFGR antibodies, with males doubling the prev-
alence of females (14.6%and 7.7%,P < 0.001) in the bivariate
analysis. This was not the case for TGR (P = 0.297). Farming
and agriculture activities were clearly associated with SFGR
antibody prevalence, with more than 40% of participants in
this occupation with antibodies (P < 0.001). The presence of
antibodies for TGR also showed a difference in prevalence
among occupations (P = 0.007). Contact with animals was not
significant for the presence of antibodies to SFGR and TGR,
except for having contact with birds and SFGR seroposi-
tive outcome. Likewise, the presence of antibodies for both

TABLE 3
Human seroprevalence of Rickettsia and Leptospira antibodies

Site N

SFGR TGR Leptospira

Prevalence 95% CI Prevalence 95% CI Prevalence 95% CI

Overall* 2,165 10.6 9.3; 11.9 3.2 2.5; 4.1 7.6 6.1; 9.4
Cusco 538 8.7 6.5; 11.4 3.1 1.8; 5.0 NA NA
Lima 583 6.2 4.4; 8.4 2.6 1.4; 4.2 NA NA
Puerto Maldonado 353 13.9 10.4; 17.9 6.2 3.9; 9.3 11.3 8.2; 15.1
Tumbes 691 14.0 11.5; 16.8 2.3 1.3; 3.7 5.8 4.2; 7.8
SFGR = spotted fever group rickettsiae; TGR = typhus group rickettsiae.
*Microscopic agglutination test for leptospirosis was only performed for two sites (N = 1,044).

TABLE 4
Multilevel logistic model for spotted fever group rickettsiae (SFGR), typhus group rickettsiae (TGR), and Leptospira exposure risk factors

SFGR TGR Leptospira

OR 95% CI OR 95% CI OR 95% CI

Region
Cusco Ref Ref – –

Lima 0.7+++ 0.6; 0.8 0.7+++ 0.7; 0.8 – –

Puerto Maldonado 1.5+++ 1.4; 1.6 2.0+++ 1.9; 2.2 2.4+++ 2.2; 2.7
Tumbes 1.0 0.7; 1.3 0.6+++ 0.5; 0.7 Ref

Gender
Female Ref Ref Ref
Male 2.0* 1.0; 4.0 0.7* 0.4; 1.0 1.6 0.7; 3.6

Age
Newborn to 9 years old Ref Ref Ref
10–19 years old 3.5+++ 2.2; 5.5 2.5 0.6; 9.9 2.1+ 1.1; 4.2
20–31 years old 4.0++ 1.3; 11.9 3.5* 0.9; 14.1 2.5* 1.0; 6.3
32–48 years old 8.9++ 1.5; 10.3 5.1+ 1.2; 22.5 2.0 0.6; 7.1
48–85 years old 11.4+++ 3.9; 33.4 11.3++ 2.5; 50.3 1.7 0.7; 4.2

Occupation
Stay at home† Ref Ref Ref
White collar 1.2 0.5; 2.9 0.4 0.05; 2.8 1.9 0.3; 11.1
Blue collar 1.5 0.7; 2.9 0.8 0.1; 4.8 2.5 0.2; 35.3
Housewife 1.2 0.4; 3.6 0.5 0.1; 3.2 1.8 0.1; 22.2
Agriculture/farming 3.1+ 1.1; 8.9 0.8 0.2; 3.5 2.8 0.2; 44.2
Student 0.7 0.3; 1.5 0.5 0.1; 3.1 1.6 0.3; 7.2

Have birds
No Ref – – – –

Yes 2.1+ 1.0; 4.2 – – –

Have any animal
No Ref – – – –

Yes 0.5+++ 0.3; 0.7 – – –
+++P < 0.001; ++P < 0.01; +P < 0.05 and *P < 0.10.
†Unemployed, retired, and infants.
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rickettsia groups showed an increasing trend with age
(P < 0.001, for both outcomes).
After introducing a multilevel logistic regression, some

variables were still associated to the presence of SFGR anti-
bodies (Table 4). These factors were: male gender, age, con-
tact with backyard birds, working in agriculture or with
livestock. However, exposure to any kind of animal within the
household decreased the odds ratio of antibodies to SFGR by
half (Table 4). By contrast, occupationwasnot associatedwith
antibody positivity to TGR, but increasing age still was sig-
nificant for the outcome (Table 4).
Animal testing Rickettsia and Leptospira among study

sites. In 65 households we assessed 137 domestic animals
(59 dogs, 37 chickens, 25 ducks, and 16 cats) for the presence
of ectoparasites. We also captured 30 rodents (Rattus rattus
andMusmusculus) during a total of 2,525 trap nights resulting
in 130 sera samples and 432 ectoparasites (46% fleas, 36%
ticks, 18% lice and 1% rodent mites) collected. The most
common species in the ectoparasites were the cat flea, Cte-
nocephalides felis (34.0%), and the brown dog tick, Rhipice-
phalus sanguineus (32.5%) (Table 5). We examined
ectoparasites from 68 individual hosts: 53 dogs, 11 chickens,
two rodents, and two cats. The most parasitized hosts were
dogs. Among all hosts there were approximately nine ecto-
parasites on average, ranging from 1 to 23 per animal.
Leptospira. The overall antibody prevalence to Leptospira

among 130 sera samples from potential hosts was 60% (95%
CI: 51.0; 68.5). We found the highest seroprevalence among
dogs and birds (Table 6). When we examined the case or
control status of the household with the findings from the
animals, we determined that the number of domestic animals
was higher among the case households (2.7 in contrast to 1.2,
P = 0.033). However, we could not find any difference in the
animal host seroprevalence and the household case or control
status.
Among the domestic and wild animals, the most common

serovars identified by MAT were varillal (reactive to 42 sam-
ples), pyrogenes (20), and cynopteri (20). We also assessed
several samples with more than one infection, as was found
before in the human samples.
Rickettsia. The overall prevalence of SFGR in the ectopar-

asites was 49.6% (95% CI: 44.8; 54.5). Fleas had the highest
prevalence, followed by lice and mites and finally ticks
(Table 7). Dogs also had the highest prevalence of infection
(considering the host infected if at least one ectoparasite was
positive to SFGR): 54.9%; 95% CI: 49.7; 60.0, in contrast to
chickens that had 6.7% (95% CI: 1.4; 18.3). The species de-
tected in almost all positive ectoparasite sampleswasRasem.
We also detected four strains characterized as R. felis or

RFLOs that were Rick17b positive and RfelG positive but
negative for the Rasem qPCR assay Rasem.
As the final step, we assessed whether the status of case or

control household was related to the presence of positive
ectoparasites or animal hosts to identify the link of animal or
ectoparasite status and presence ofRickettsia and Leptospira
to the status of human participants. Surprisingly, we found no
association between case and control households with ec-
toparasite positivity.

DISCUSSION

Information regarding Leptospira and Rickettsia burden is
limited in Peru. A few studies have assessed the seropreva-
lence of both pathogens in the past decades. However, there
has been relatively more research conducted on Leptospira.
Therefore, Céspedes et al.27,28 had already reported a higher
incidence of Leptospira infections from patients in Madre de
Dios and a lower incidence in Tumbes. The prevalence of
Leptospira antibodies has shown to vary significantly
throughout Peru. Contrasting the findings of these studies
with the seroprevalence we found in Puerto Maldonado and
Tumbesplaces these results betweenwhat has been reported
in Lima (0.7%) and the higher levels reported for Belen in
Iquitos, Loreto (28.0%).20 Our findings from Puerto Maldo-
nado (11.3%) were more similar to those from areas near
Iquitos (16.5%), but still significantly lower. The peri-urban
areas in Iquitos,where the studywasconducted,were located
above the flood plain in contrast to Belen, which floods sea-
sonally. This may explain the findings related to an analogous
environment and water regime between the peri-urban sites
and Puerto Maldonado and lower findings in sites such as
Tumbes and Lima. In Tumbes, an old study performed on
slaughterhouse workers reported 7.7% (95% CI: 0.9; 25.1)
prevalence in a small sample of this population.44 The most
common serovars reported among slaughterhouse workers
and animals in that study were not similar to our findings. By
contrast, in the study conducted after an outbreak of febrile
illness inPiura, northern coast of Peru, researchers found26%
(95% CI: 19.8; 33.8) human seroprevalence by MAT, signifi-
cantly higher than that in Tumbes and in Puerto Maldonado.
Nonetheless, the bratislava servovar was themost common in
this site and one of themost common in Puerto Maldonado.30

This serovar was also related to a human seroprevalence
studies in the Manu Province in Madre de Dios, reported in
2003, and in 2001 in Coronel Portillo in Ucayali.28,29

Themost commonserovar amonghuman samples fromour
study, icteriohemorrhagiae, was also the most frequent de-
tected in a study among rice farmers in AltoMayo, SanMartı́n,

TABLE 5
Ectoparasites and hosts sampled for Rickettsia

Ectoparasite species

Host

Total (%)Dog (%) Chicken (%) Rodent (%) Cat (%)

Ctenophalides canis 50 (12) 0 (0) 0 (0) 1 (0) 51 (12)
Ctenocephalides felis 143 (33) 0 (0) 0 (0) 2 (0) 145 (34)
Lice 32 (7) 45 (11) 0 (0) 0 (0) 77 (18)
Mites 0 (0) 0 (0) 4 (1) 0 (0) 4 (1)
Ixodes sp. 11 (3) 0 (0) 0 (0) 0 (0) 11 (3)
Rhipicephalus sanguineus 139 (33) 0 (0) 0 (0) 0 (0) 139 (33)
Total 375 (88) 45 (11) 4 (1) 3 (1) 427
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in 2010, although the seroprevalence among this population
was higher.32 In terms of risk factors, Johnson et al.20 reported
risk factors such as not wearing shoes and living in a flooding
area related to Leptospira infection risk. Similarly, the lack of
protective footwear and handling of rodents were also con-
sidered risk factors among rice farmers in Alto Mayo, San
Martı́n.32 Our study identified an increasing trend of sero-
positive participants with older age like Johnson et al.20

Nonetheless, in thehighgroup identifiedbyAlarcón-Villaverde
et al.,32 age was not a significant risk factor. These differences
are likely due to the populations represented in each of these
studies. The population of rice farmers is by definition a high-
riskgroup,whereasour studyand theonecarriedout in Iquitos
were conducted within the general population; therefore, the
latter results likely portray the expected trend in areas with
circulation of the bacteria but where the occupational expo-
sure is not the main risk factor.
Contact with animals in the occupational setting and within

the household is a known risk factor for Leptospira
infection.16,19 The animal hosts examined in the study had a
high seroprevalence of Leptospira, even among birds. How-
ever, the latter grouphasnotbeen linked to the transmissionof
infection to humans. The seroprevalence in dogs appears to
be higher than that previously reported in other studies, such
as Céspedes et al.28,29 in Ucayali (48.4%; 95%CI: 43.2; 53.6)
and in Manu (66.7%; 95% CI: 46.0; 83.5). In our study, the
most common serovars identified among the hosts in the
households were not the same as those harbored by human
participants. A similar situation was reported by Cespedes in
Coronel Portillo in Ucayali, but Liceras in Tumbes did find the
same serovar among slaughterhouse workers and livestock
under study, the same as Céspedes et al. in Manu, Madre de
Dios.28,29,44 Themost commonserovar identified in our animal
studies was varillal, a serovar that has been associated with
leptospirosis in the area of Iquitos, Loreto.45 Serovar pyro-
genes was reported among dogs by Céspedes et al. in
Ucayali. Although the variety of results between human and
animal samplesmay be due to different reasons, it is likely that
in our study the difference in the periods of sample collection
is the main motive for variation.
Unfortunately, Johnson et al.20 did not report on rodent

collections from the peri-urban sites of Iquitos. Nonetheless,

the rodent point seroprevalence from Belen (10.6%), a flood-
ing area in the city of Iquitos, was higher than the 6.7% we
found in Puerto Maldonado, but still comparable with our
findings (95% CI: 7.0; 15.3 and 0.8; 22.1, respectively). These
outcomes underscore the risk for this infection in Puerto
Maldonado, where prevalence seems to be more similar to
rural areas around the city of Iquitos, probably because of
similar living conditions and exposures. In addition, the evi-
dence suggests that the risk of exposure in this population
does not seem to be related to occupation, but likely takes
place among adolescents and young adults. These exposures
may be related to activities within these groups, such as
bathing or playing barefoot. We should also consider contact
with rodents, as exposed in other studies32 because we are
uncertain of the role rodents may have in maintaining the in-
fection and potential exposure.
Rickettsia surveillance studies are narrowly conducted in

Peru and the region. Two studies conducted previously in
Argentina and Colombia show the range of seroprevalence to
SFGR found in South America. Ripoll et al.46 reported a 4.8%
(95% CI: 1.6; 10.8) seroprevalence to SFGR in Jujuy, Argen-
tina, and Hidalgo et al.47 reported 40.2% (95% CI: 35.1; 45.3)
seroprevalence to SFGR in rural Colombia. Our findings from
Cusco (8.7%) and Lima (6.2%) are somewhat higher to those
from Jujuy, Argentina, but still comparable. However, the
seroprevalence reported from Colombia and in Iquitos
(43.6%), in the Amazon Basin, as reported in 2010 by Forshey
et al.14 is significantly higher than what we found in our four
sites. The latter is closer to the range of the study conducted
recently inMadagascar, where seroprevalencewasmore than
30% for both SFGR and TGR.48 It is, however, still higher than
what was reported previously by Schoeler et al.49 in 2005,
where they showed a prevalence to SFGR among fever pa-
tients from four locations in Peru to be 18%. Similarly, Blair
et al.9 reported human antibody levels to SFGR after an out-
break of febrile illness (11.2%, 95%CI: 6.5; 17.3) comparable
to the findings from Tumbes and Puerto Maldonado. Follow-
ing the seroprevalence study conducted herein, in 2016,
Kocher et al.17 reported an incidence of almost 2% of SFGR
infections among febrile subjects (38/2,054) in Iquitos. Similar
to Puerto Maldonado (13.9%) and Tumbes (14.0%) reported
herein, 14.9% (305/2,054) of the febrile subjects from Iquitos
were seroreactive with titers ³ 400 for antibodies against
SFGR (ALR, unpublished data). Our results confirmed the
previous studies in Peru andSouth America of the presence of
SFGR infections in multiple ecologically distinct locations
throughout the region in suchdiverse areas as rural, suburban,
and urban sites, in the semi-arid tropical coast, the central
desert coast, the highlands, and the rainforest.
In studying the risk factors associated with SFGR infec-

tions, it was striking that the antibody seroprevalence toSFGR
was significantly higher across all age groups, suggesting
widespread transmission. Other findings such as the apparent
higher risk among males and those employed in agriculture
have been reported before.11,47,49 We also found an associ-
ation with having backyard birds, in contrast to what was
found previously by Forshey et al.14 in Iquitos, Peru. In-
terestingly, we found a decrease by half of the OR of past
infection with the presence of any kind of other animals within
the household. We speculate that this may indicate that ar-
thropod vectors on birds preferred nonhuman hosts when
they were present, thus diminishing exposure to humans.

TABLE 6
Seroprevalence of Leptospira among different hosts

Host N Prevalence 95% CI

Rodent 30 6.7 0.8; 22.1
Bird 37 81.1 64.8; 92.0
Dog 53 83.0 70.2; 91.9
Cat 10 20.0 2.5; 55.6
Overall 130 60.0 51; 58.5

TABLE 7
Prevalence of Rickettsia species among different ectoparasites

Ectoparasites N Prevalence* 95% CI

Fleas 196 95.4 91.5; 97.9
Ticks 150 10.7 6.2; 16.7
Lice or mites 81 11.1 5.2; 20.0
Overall 427 49.6 44.8; 54.5
* This includes 212 Rick17b-positive samples (Rickettsia asembonensis + Rickettsia

felis–like organisms).
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Forshey et al. had proposed zooprophylaxis before to explain
their findings in Iquitos, which showed diminished risk among
bird owners. In their study, they also purport that this variable
could as well be representing higher socioeconomic status
(ornamental birds), which would present a contrasting sce-
nariowithPuertoMaldonado,wheremost animals testedwere
from backyard farming.
We also found a high prevalence of SFGR among fleas of

tested dogs. Although we were unable to test serological
status of the animals for SFGR antibodies, household ani-
mals were severely parasitized. As has been reported in
previous studies,14,17 reservoir or ectoparasite status did not
seem to be related to the human outcomes, despite the
abundance of ectoparasites. In the case of this study, this
was likely due to the difference in periods of data collection.
Nonetheless, it should be noted the proposition stated earlier
regarding vector preference, which would be in line with the
findings by Kocher et al.17 who did not find a relationship
regarding domestic animal status and disease incidence, did
indicate a high burden of disease among domestic animals.
Hence, the links between Rickettia species, host trans-
mission, and disease burden in humans remain to be
determined.
With the exception of Puerto Maldonado, findings from

TGR were lower than those previously reported for human
seroprevalence in sites such as Iquitos, which was esti-
mated at 10.3% (95% CI: 8.6; 12.2)14 or from Andean
communities in Cusco (20.1%; 95% CI: 14.7; 26.4).8

Nonetheless, risk factors for both sites found an associa-
tion with increasing age in all these populations, suggesting
the circulation of the pathogens before. In contrast to the
findings from Iquitos and more in line with the findings from
Cusco,8 we found a marginal association between gender
and risk, placing women in a more vulnerable position.
These findings, along with the increasing seropositive
findings with older age, may be related to the origin of a
large proportion of the population in Puerto Maldonado
fromareas fromCusco.50 It is likely that the older population
in this community have been exposed in the past and cer-
tain dressing customs are maintained by older women.8

Likewise, the role of visiting family or to their native sites
may also be a source of exposure.
An important limitation of the study, as has beenmentioned

already, is the lag in time of human sera collection and animal
samples and arthropod collections. In addition, the selection
of households with an arbitrary definition of case and control
households, assuming all exposure takes place in the
households, should also be considered with caution, espe-
cially because working in farming or agriculture seems to be
related to a higher risk.
Despite the dearth of information and lack of ongoing pro-

spective studies, exposure to Rickettsia, especially SFGR,
and Leptospira appears to be frequent in Peru and has its
unique dissemination patterns and risk factors, molded by
community and population characteristics. For instance, the
location of Lima or the living conditions in this city seem to be
protective for Rickettsia, whereas Tumbes has lower risk for
TGR, and Puerto Maldonado is a magnet of all diseases. The
exposure to these diseases throughout the population groups
appears to bewell defined aswell, posing higher risk for SFGR
among males starting from their teen years. In comparison,
Leptospira species seem to be in contact with the younger

groups in Tumbes and Puerto Maldonado, in striking contrast
to the presence of antibodies to TGR with increasing force of
association with older age. Nonetheless, the finer links and
networks of transmission including environmental and animal
exposures remain to be explored, to devise the transmission
patterns of disease in these sites. This would require more
detailed prospective follow-up to inform patterns of trans-
mission and disease risk.
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