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Abstract

Background: Acute febrile iliness (AFI) represent a significant health challenge in the Peruvian Amazon basin population
due to their diverse etiologies and the unavailability of specific on-site diagnostic methods, resulting in underreporting of
cases. In Peru, one of the most endemic regions to dengue and leptospirosis is Madre de Dios, a region also endemic to
emergent bacterial etiologic agents of AFl, such as bartonellosis and rickettsiosis, whose prevalence is usually underreported.
We aimed to molecularly identify the presence of Leptospira spp., Bartonella bacilliformis, and Rickettsia spp. by Polymerase
Chain Reaction in serum samples from patients with AFl from Puerto Maldonado-Madre de Dios in Peru.

Methods: Serum samples from patients with acute febrile illness were analyzed by real-time PCR for detecting the presence
of Bartonella bacilliformis, Leptospira spp. and Rickettsia spp.

Results: Bartonella bacilliformis was the most prevalent bacteria identified in 21.6% (30/139) of the samples, followed by
Leptospira spp. in 11.5% (16/139) and Rickettsia spp. in 6.5% (9/139) of the samples. No co-infections were observed between
these bacteria. The most frequent symptoms associated with fever among all groups, were headaches, myalgias, and
arthralgias. We found no statistically significant differences in the clinical presentation between patients infected with
each bacterium.

Conclusions: In a previous study, we shown the presence of dengue, chikungunya, Zika and oropouche virus. We
were able to identify these pathogens in 29.5% of all the samples, with chikungunya and OROV as the most frequently
found in 94 and 8.6% of all the samples, respectively. In this study we show that B. bacilliformis (21.6%), Leptospira spp.
(11.5%) and Rickettsia spp. (6.5%) accounted for the main etiologies of AFl in samples from Puerto Maldonado-Madre
de Dios, Pert. Our analysis of their clinical presentation, further shows the importance of implementing more sensitive
and specific on-site diagnostic tools in the national surveillance programs.This study confirms that the un-specificity of
signs and symptoms is not only associated with arboviral infections, but also with the clinical presentation of endemic
bacterial infections.
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Introduction

Acute febrile illness (AFI) is one of the most common
syndromes in the tropics and subtropics associated with
different viral, parasites and bacterial etiologies [1, 2].
The clinical presentation of these infections shares many
symptoms and are, therefore, non-specific to the etio-
logic agent [3]. This poses a diagnostic challenge among
on-site rural clinicians that lack specific diagnostic tools
which in turn has led to under-reporting of these etio-
logical agents in low to middle-income countries in
South America [1, 4, 5].

In recent years, Peru has experienced a resurgence of
arthropod-borne arboviral diseases such as dengue, chi-
kungunya, Zika, and oropouche, as well as leptospirosis
and rickettsiosis [6—10]. Previous reports have shown
that dengue and leptospirosis are the most common
causes of AFI in Peru [5]. However, in the Peruvian
Amazon basin, dengue virus has been reported to ac-
count for the etiology of 6-26% of patients with AFI and
other co-circulating pathogens are hypothesized to have
higher prevalence but have low laboratory confirmation
rates [4, 5]. There is evidence of the presence of Orientia
spp., the etiological agent of scrub typhus, as a probable
cause of AFI in the Peruvian Amazon. Although this has
not been confirmed by molecular methods, the sero-
logical evidence and the multiple possible vectors sug-
gest the presence of this pathogen in tropical areas of
Peru [11].

Madre de Dios is located in the southern region of
Peru, within the Amazon Basin. It is the third most en-
demic region to dengue fever; as well as for other circu-
lating arboviruses including chikungunya and oropouche
virus [6, 7]. Furthermore, the introduction of novel zika
virus infections in this region was described in 2017,
according to national epidemiologic reports [12-16].
Madre de Dios is also the most endemic region in Peru
for leptospirosis, with a total of 1001 cases reported dur-
ing 2016 [17]. Rickettsial diseases are also neglected
infections and a potential cause of AFI that remains
under-reported due to the empirical protocol treatment
and limited access to diagnostic tools in isolated local-
ities within the Peruvian Amazon Basin [10, 18].

Bartonella bacilliformis is the etiological agent of
Carrion's disease, another common, widespread cause of
acute febrile illness endemic to at least 14 territories of
Peru, including Madre de Dios [19]. The endemicity of
this infection is mostly restricted to areas of the Andean
valleys in Peru, however, following the initial identifica-
tion of Carrion’s disease in Madre de Dios during 2014,
a pattern of increasing yearly prevalence has been
observed and this etiology has become an important
cause of AFI [20-23]. Moreover, co-infections between
B. bacilliformis and Leptospira spp. have demonstrated
an increase in the clinical severity of the disease [24].
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In a previous study [25], we aimed to molecularly
detect the presence of dengue, chikungunya, Zika and
oropouche virus among patients with AFI in Madre de
Dios. We were able to identify these pathogens in 29.5%
of all the samples, with chikungunya and OROV as the
most frequently found in 9.4% and 8.6% of all the
samples, respectively. We hypothesized that this low
detection rate was due to the implication of other etio-
logical agents responsible for AFI among these patients.

As a branch of our previous research, this study aims to
molecularly identify endemic bacterial etiologies of AFI
including Leptospira spp, Rickettsia spp, and Bartonella
bacilliformis in the serum samples of patients from our
previous study in Madre de Dios and to describe their
clinical and epidemiological characteristics.

Materials and methods

Place of study

This is a consecutive cross-sectional study that was
conducted in Puerto Maldonado between January and
March of 2016 within nine primary health care centers
in coordination with the “Regional Directive of Health
in Madre de Dios.” Puerto Maldonado is the capital of
Madre de Dios, located in the Amazon rainforest at
308 meters above sea level. Patients that fulfilled the in-
clusion criteria were recruited for the molecular detec-
tion of Bartonella bacilliformis, Leptospira spp. and
Rickettsia spp.

Study subjects
The inclusion criteria were patients who presented to In-
ternal Medicine-Pediatrics outpatient health centers with
acute febrile illness, defined as an axillary temperature
greater than or equal to 38°C within at least 7 days prior
to consultation without an identifiable source of infection.
The following signs and symptoms were assessed and
recorded by the attending physician in a standardized
questionnaire: headache, muscle pain, joint pain, loss of
appetite, retro-ocular pain, nausea, vomiting, chills, dizzi-
ness, rash, sore throat, photophobia, abdominal pain,
cough, pallor, diarrhea, conjunctival injection, rhinorrhea,
shortness of breath, dysuria, fatigue, jaundice and seizures.
Exclusion criteria were patients who had received
treatment before the consult, patients with an incom-
plete record of their medical information and patients
with an identifiable source of infection, such upper or
lower respiratory tract infections, urinary tract infec-
tions, among others.

Ethics statement

This study has been approved by two independent Ethics
Committees from Universidad Peruana de Ciencias
Aplicadas and Hospital Regional de Cajamarca. A writ-
ten informed consent was signed before enrollment; for
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participants under 18 years old the informed consent was
signed by their respective guardians before enrollment.

Samples

A total of 139 patients were sampled and blood was col-
lected by using Vacuette® TUBE Serum Separator Clot
Activator (Vacuette, Greiner Bio-One, Kremsmiinster,
Austria). After collection, all the samples were stored at
-80°C and transported to Lima (Peru) under standard-
ized frozen conditions to perform molecular assays. In a
previous study [25], in these samples we detect the pres-
ence of dengue, chikungunya, Zika and oropouche.

DNA extraction

DNA extraction was performed following the instructions
of a commercial extraction kit (High Pure Kit Preparation
template, Roche Applied Science, Mannheim, Germany)
using 200 ul of the collected samples. Bacterial DNA
obtained after extraction was eluted in 100 pl of nuclease-
free water and then processed or stored at -20°C until use.

PCR amplification

Real-time PCR assay detection of Bartonella bacilliformis,
Leptospira spp. and Rickettsia spp.

The PCR was performed using specific primers and
probe for species-specific gene of Bartonella bacillifor-
mis [26], gene PanR8 of Rickettsia spp. [27] and gene
LipL32 of Leptospira spp. [28] as previously described.
Each reaction contained 5 pl of template DNA and 15 pl
of PCR master mix (FastStar PCR Master, Roche Diag-
nostic, Germany) including 1 pl (10 pM) each of forward
and reverse primers and 1.2 pl (10 pM) Tagman probe.
The qPCR conditions were 95°C for 2 minutes, 55 cycles
of 3 seconds at 95°C, 30 seconds at 55°C and 10 seconds
at 72°C.

For B. bacilliformis, the collection strain (CIP 57.19,
NCTC 12135) was used as the positive control, and the
positive control for Leptospira spp. and Rickettsia spp.
were used strains of Leptospira noguchii and Rickettsia
typhi provided by the microbiology laboratory of Insti-
tute of Nutritional Research in Lima, Peru. A PCR reac-
tion without template DNA was used as the negative
control in all the cases. As an internal control, a PCR
targeting the gene encoding human beta-globin was
included in each PCR series to rule out the possibility of
PCR inhibition caused by inhibitory molecules still
present in the sample after extraction and purification of
the DNA.

Data analysis

Qualitative variables were reported as frequencies and
percentages. All analyses were processed with the IBM
Statistical Package for the Social Sciences (SPSS) software
version 21.0 (SPSS, Chicago, IL, USA). The confidence
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interval to the 95% was estimated for each frequency or
odds, and two frequencies or odds were compared with
the odds ratio. Chi-square test (|?) was used to estimate
differences statistical (p 8 0.05). Pearson correlation was
used to determined statistical association.

Results

Demographic characteristics

A total of 139 samples from patients with acute febrile
illness (AFI) from Puerto Maldonado-Madre de Dios
were included and molecularly analyzed in this study.
Figure 1 shows the etiological detection distribution and
demonstrates the significantly higher frequency of Barto-
nella bacilliformis (21.6%, p<0.05) and Leptospira spp.
(11.5%, p<0.05) as etiologic agents of AFI with odds of
0.275 (CI95%: 0.184-0.411) and 0.130 (CI95%: 0.077-
0.218), respectively. Additionally, Rickettsia spp. was the
less frequent bacterial etiologic agent identified in 6.5%
(p>0.05) of all cases with odds of 0.069 (CI95%: 0.032-
0.134). Thus, these three bacterial etiological agents to-
gether were responsible for 40% of the cases of AFI in
the population studied.

Table 1 shows AFI frequencies distributed by ages,
with most patients positive to at least one of the etio-
logic agents being between 20 to 44 years old. However,
the exhaustive analysis of frequency distributions by age
and etiological agents (Fig. 2) shows that all distributions
by ages correspond to Gaussian models. Patients
infected with Bartonella bacilliformis showed a wide
symmetric distribution centered in the range of 20-44
years, similar to the total population with AFI. However,
the patients infected with Leptospira spp. and Rickettsia
spp. showed significantly different characteristics in their
distributions (|>, p<0.05) in comparison to the total
population with AFL. The distribution was wide and cen-
tered between the ranges of 20-44 and 45-59 years old,
indicating that adults were the most affected when
infected with Leptospira spp. Meanwhile, when Rickett-
sia spp. was responsible for AFI, the distribution was
narrower and centered in the group of young people, be-
tween 5-19 and 20-44 years old (Fig. 2). Finally, the
distribution of AFI bacterial etiology by sex did not show
any significant differences. Only a slight tendency of a
greater distribution of Leptospira in males can be ob-
served with a frequency of 62.5% (CI95%: 38.6-81.5)
(Table 1).

Clinical presentation

In this study, the most frequent symptom among all
positive patients was a headache in 79.9% of all cases,
followed by myalgias and arthralgias with 69% and 64%,
respectively. The clinical presentation in patients posi-
tive for Bartonella bacilliformis, Leptospira spp. and
Rickettsia spp., was similar. In patients infected with B.
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Other etiologies
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Rickettsia spp.
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Fig. 1 Frequency of Bartonella bacilliformis, Leptospira spp. and Rickettsia
spp. as etiological agents of AFl in Puerto Maldonado, Madre de
Dios, Peru

bacilliformis, headaches were present in 73.3%, followed
by myalgias and arthralgias in 60% of samples. Similarly,
patients positive for Leptospira spp, had headaches
(87.5%), myalgias (68.8%) and arthralgias (62.5%) as their
most common symptoms (Table 2).

Discussion
Acute febrile illness (AFI) is a common infectious syn-
drome in the Peruvian Amazon basin, caused by vari-
ous bacterial and viral pathogens. In recent years,
cyclic weather phenomena such as El Nifio-Southern
Oscillation have been implicated in the increasing
incidence and resurgence of some neglected infections
responsible for AFI in Peru [6-8, 19, 26]. However,
due to the lack of sensitive and specific on-site diag-
nostic methods, most of these pathogens remain
poorly characterized during outbreaks, leading to an
underestimation of the real disease burden [27].
During this study, we were able to collect and analyze
the clinical presentation of patients with AFI caused by
three different bacterial etiologies. As shown in Fig. 3a,
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the frequency of symptoms of patients infected with
Bartonella bacilliformis, Leptospira spp. and Rickettsia
spp., were ordered in a descending frequency and com-
pared with the signs and symptoms of all patients with
AFI that includes those positive to arboviruses from our
previous study. The analysis of the matrices shows that
the frequency distributions were statistically different
(x% p<0.05). In the case of patients with AFI caused by
Bartonella bacilliformis and Leptospira spp, a bimodal
distribution of symptoms was observed in comparison to
the unimodal matrix of total number patients with AFI;
whereas the matrix of the AFI caused by Rickettsia spp.
shows a unimodal array characterized by very low
frequencies (Fig. 3a).

However, the correlation observed between the
frequencies of the signs and symptoms for the total
number of patients with AFI and those infected with
Bartonella bacilliformis and Leptospira spp. were very
positive. Their association was 98.7% and 99.1% respect-
ively; and in the case of AFI caused by Rickettsia spp. e,
it was positive but with a low correlation of 82.2% (Fig.
3b). These results highlight the great challenge clinicians
face when making an etiological diagnosis without
specific diagnostic tools among patients living in regions
endemic to both bacterial and viral etiologies of AFL

Madre de Dios is endemic to dengue virus, oropouche
virus, malaria and leptospirosis [6, 7, 10-13, 17]. Other
bacterial pathogens such as Rickettsia spp. and B. bacilli-
formis have been implicated as etiological causes of AFI;
however, few reports describe the burden these entities
account for in this region [10, 19, 20]. Recently a
meta-analysis [29] describes in Colombia the presence of
Leptospira and Rickettsia, with frequencies in the ranges
of 14-27% and 2-6% respectively. In our previous study,
we identified the presence of arboviruses including
dengue, chikungunya, Zika, and oropouche, in 139 pa-
tients with AFI from Puerto Maldonado in Madre de

Table 1 Demographics in patients with Bartonella bacilliformis, Leptospira spp. and Rickettsia spp. from Puerto Maldonado- Madre de

Dios, Peru
AFI Total Bartonella bacilliformis Leptospira spp. Rickettsia spp.
N=139 (%) N=30 (%)  Cl95% (%) OR N=16 (%)  C195% (%) OR N=9 (%) Cl95% (%) OR
Age (years)
0-4 6 43 1 33 06-16.7 0764 0 0 0.0-194 0000 O 0 0.0-29.9 0.000
5-19 30 216 5 167 73-336 0727 2 125 35-360 0519 2 222 63-547 1.038
20-44 81 583 20 66.7 488-80.8 1432 9 562  332-769 0.921 7 778  453-93.7 2.506
45-59 16 n5 2 6.7 1.9-213 0549 5 312 14.2-556 3494 0 0 0.0-299 0.000
260 6 43 2 6.7 1.9-213 1583 0 0 0.0-194 0000 O 0 0.0-299 0.000
Gender
Female 63 453 14 46.7  30.2-639 1056 6 375 185-614 0724 5 556  26.7-81.1 1.508
Male 76 547 16 533  36.1-69.8 0947 10 625 386-815 2011 4 444 189-733 0.663
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Fig. 2 Distribution of AFI frequency with and without diagnosis of the
etiological agent in the population of Puerto Maldonado-Madre de Dios,
Peru. Ordered by age ranges, the curves are the Gauss models fitted
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Dios [25, 29]. We were able to identify at least one of
these viruses in 29.5% (41/139) of cases. In the present
study, we have analyzed the same samples to identify
Bartonella bacilliformis, Leptospira spp. and Rickettsia
spp molecularly. Interestingly, we were not able to
detect co-infections between the identified viruses
from our previous study and the bacterial pathogens
identified in this study. Furthermore, we were able to
identify B. bacilliformis in 21.6% (30/139) of samples,
Leptospira spp. in 11.5% (16/139) and Rickettsia spp.
in 6.5% (9/139) cases, without any co-infections
between these bacteria.

Bartonella bacilliformis is endemic to many regions in
Peru and its neighboring countries [30]. The on-site
diagnosis of this infection is mainly based on the clinical
suspicion and extensive use of peripheral blood smears
given the intraerythrocytic nature of the bacteria. How-
ever, the sensitivity of this method has been reported to
be low, between 24%-36% [31, 32], in comparison to mo-
lecular methods with reported sensitivity and specificity
of 100% [33]. In contrast to the national reports that
found 2 positive cases in 2016 in Madre de Dios [34], we

Table 2 Clinical symptoms in patients with positive diagnostic for Bartonella bacilliformis, Leptospira spp. and Rickettsia spp. from

Puerto Maldonado-Madre de Dios, Peru

Signs and symptoms  AFI Total Bartonella bacilliformis Leptospira spp. Rickettsia spp.
N=139 % N=30 % C195% (%) OR N=16 % C195% (%) OR N=9 % C195% (%) OR

Headaches m 799 22 733 556-858 0694 14 875 640-965 1766 3 333 121-646 0126
Myalgia 96 691 18 60.0 423-754 0672 11 688 444-858 0985 2 222 63-547 0.128
Arthralgia 89 640 18 60.0 423-754 0843 10 625 386-815 0936 1 111 20-435 0.070
Loss of appetite 48 345 7 233 118-409 0577 5 312 142-556 0862 O 0 0.0-29.9 0.000
Retroocular pain 48 345 9 300 16.7-479 0812 6 375 185-614 1138 0 00 00-299 0.000
Nausea 40 288 10 333 19.2-512 1238 4 250 10.2-495 0825 0 00 00-299 0.000
Chills 22 158 7 233 118-409 1619 2 125 35-360 0760 0 00 00-299 0.000
Vomits 1 79 2 6.7 1.9-213 0831 2 125 35-360 1662 0 00 00-299 0.000
Dizziness 10 72 2 6.7 1.9-213 0921 1 6.2 1.1-283 0860 O 00 00-299 0.000
Rash 10 722 67 19-213 0921 1 62 1.1-283 0860 0 00 00-299 0.000
Sorethroat 9 65 3 100 3.5-256 1.605 2 125 35-360 2064 0 00 00-299 0.000
Photophobia 9 65 3 100 3.5-256 1605 1 6.2 1.1-283 0963 0 00 00-299 0.000
Abdominal pain 8 58 1 33 06-167 0565 2 125 35-360 2340 1 1.1 20-435 2.047
Cough 6 43 2 6.7 1.9-213 1583 1 6.2 1.1-283 1478 0 00 00-299 0.000
Pallor 5 36 2 6.7 1.9-213 1914 0 00 00-194 0.000 O 00 00-299 0.000
Diarrhea 5 36 2 67 19-213 1914 1 62 1.1-283 1787 0 00 00-299 0.000
Conjunctival injection 5 36 2 6.7 1.9-213 1914 1 6.2 1.1-283 1.787 0 00 00-299 0.000
Rhinorrhea 4 29 1 33 06-167 1164 0 00 00-194 0.000 O 00 00-299 0.000
Shortness of breath 3 22 0 00 00-114 0000 0 00 00-194 0000 0 00 00-299 0.000
Dysuria 2 14 1 33  06-167 2362 0 00 00-194 0.000 0 00 00-299 0.000
Fatigue 2 14 0 00 00-114 0.000 O 00 00-194 0.000 O 00 00-299 0.000
Jaundice 2 4 1 33 06-167 2362 0 00 00-194 0000 0 00 00-299 0.000
Seizures 1 0.7 1 33 06-167 4759 0 00 00-194 0.000 0 00 00-299 0.000
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molecular identified Bartonella bacillliformis in 30 pa-
tients (21.6%) with acute febrile illness during our study
3-month study period. This contrasting frequency may
be due to the molecular method employed and high-
lights the importance of implementing these tools to en-
hance national surveillance programs.

Leptospirosis is a widespread, underreported and, preva-
lent zoonotic disease with no reliable global incidence
data. A model made by the World Health Organization’s
(WHO) about the burden of the disease estimated that
there were 873 000 cases worldwide annually with 48 600
deaths [35]. In Peru, the incidence of leptospirosis is
approximately 2 000 cases annually. In 2016, 2 063 cases
of leptospirosis were reported, and nearly 50% (n=1002)
corresponded to patients from Madre de Dios [36].

In the present study, we were able to identify 16
(11,5%) cases of Leptospira spp. infection from 139
samples of patients with AFI. The clinical course of
leptospirosis is variable and most cases are self-limited
or subclinical, while less frequent cases are severe and
potentially fatal [37]. The most common symptoms
found in this group were headaches (87,5%), myalgias
(68,8%), and arthralgias (62,5%) that corresponds the
clinical presentation of mild leptospirosis. This presen-
tation may be to the fact that all the studied samples
came from outpatient health care centers. Furthermore,
a case-control study found that risk factors for the de-
velopment of severe leptospirosis included a delay of
more than 2 days following the start of symptoms in
the initiation of antibiotic therapy [38], highlighting the
importance of accurate and timely diagnosis of this
emergent bacterial disease.

In our study, we were able to detect 9 cases (6.5%) of
Rickettsia spp. via real-time PCR. This is a fairly high
frequency considering that Rickettsia spp. is an intracel-
lular organism and some studies report a low sensitivity
using molecular methods [39]. It is important to con-
sider the results of some serological studies that suggest
a high level of transmission of spotted fever group rick-
ettsiae (SFGR) and of the Tifus group rickettsiae (TGR)
in the Peruvian Amazon, 46.3% and 10.3% respectively.
More studies identifying Rickettsia species are needed to
assess their role in the AFI and quantify the impact of
the associated disease burden [40, 41]. Our findings also
show that the clinical presentation of this infection is
non-specific when compared to patients with AFI, fol-
lowing a pattern reported in previous studies [42, 43].
Surprisingly, no co-infections were identified in patients
infected with Rickettsia spp.

The main limitation of this study is our inability estab-
lish causality between the identified bacteria and the
clinical presentation. However, due to the similar symp-
toms registered across all groups, we can still conclude
that molecular diagnostic tests should be mandatory for
the etiological diagnosis of AFI. Finally, as we only stud-
ied cases in the outpatient setting, more severe cases
that required hospitalization might not have been
included in our analysis.

Conclusion

Our study series have shown that arboviruses (29.5%), B.
bacilliformis (21.6%), Leptospira spp. (11.5%) and Rick-
ettsia spp. (6.5%) accounted for the main etiologies of
AFL Our analysis of their clinical presentation, further
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shows the importance of implementing more sensitive
and specific on-site diagnostic tools in the national sur-
veillance programs, as this study confirms that the
un-specificity of signs symptoms is not only associated
with arboviral infections [25], but also with the clinical
presentation of endemic bacterial infections.

Abbreviations
AFI: Acute febrile illnesses; bp: Base pairs; DNA: Deoxyribonucleic acid;
PCR: Polymerase chain reaction

Acknowledgements
We thank the health personnel of the Direccion Regional de Salud Madre de
Dios (DIRESA-Madre de Dios), Madre de Dios, Peru.

Funding

This work was supported by Cienciativa of CONCYTEC Peru, under the contract
N°® 193-2015-FONDECYT and contract N° 164-2016-FONDECYT. The funders
had no role in study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Availability of data and materials

Abstraction format used in the study and dataset are available and accesible
from corresponding author upon request in the link: https://figshare.com/
articles/_Emerging_and_Reemerging

Authors’ contributions

JdVM, FRA, KDM, and LJdV designed the study protocol. FRA, KDM, FVA, MAAL
performed the PCR for pathogens. LJdV. MAAL and JdVM was responsible for
obtaining funding and laboratory work supervision. WS, PW, CM was
responsible for the clinical assessment, samples collection and database
completion. LJDV, DL and CP was responsible of data analysis and tables
elaboration. FRA, KDM, LJdV DL and JdVM, drafted the manuscript. All authors
critically revised the manuscript for intellectual content. All authors read and
approved the final manuscript.

Ethics approval and consent to participate

This study has been approved by two independent Ethics Committees from
Universidad Peruana de Ciencias Aplicadas and Hospital Regional de Cajamarca.
A written informed consent was signed before enrollment; for participants
under 18 years old the informed consent was signed by their respective
guardians before enroliment.

Consent for publication
Not Applicable.

Competing interests
On behalf of all authors, the corresponding author states that there are no
conflicts of interest or funding related to this study.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details

'School of Medicine. Faculty of Health Sciences. Research and Innovation
Centre of the Faculty of Health Sciences, Universidad Peruana de Ciencias
Aplicadas, Lima, Peru. “Laboratorio de Biologia Molecular. Instituto de
Investigacion Nutricional, Lima, Peru. 3Barcelona Research Center for
Multiscale Science and Engineering, Departament d’Enginyeria Quimica,
EEBE, Universidad Politécnica de Catalunya (UPC), Barcelona Tech, Barcelona,
Spain. “Instituto de Investigacién de Enfermedades Infecciosas, Lima, Peru.
*State Key Laboratory for Infectious Disease Prevention and Control,
Collaborative Innovation Center for Diagnosis and Treatment of Infectious
Diseases, National Institute for Communicable Disease Control and
Prevention, Chinese Center for Disease Control and Prevention, Changping,
Beijing, China. ®Direccién Regional de Salud Madre de Dios (DIRESA-Madre
de Dios), Puerto Maldonado, Madre de Dios, Peru.

Page 7 of 8

Received: 11 May 2018 Accepted: 22 November 2018
Published online: 04 December 2018

References

1. Lorenzi OD, Gregory CJ. Santiago LM Acosta H, Galarza IE, Saint Luke's acute
febrile illness investigation tea, et al. acute febrile illness surveillance in a
tertiary hospital emergency department: comparison of influenza and
dengue virus infections. Am J Trop Med Hyg. 2013,88:472-80.

2. Iroh Tam PY, Obaro SK, Storch G. Challenges in the etiology and diagnosis
of acute febrile illness in children in low- and middle-income countries. J
Pediatric Infect Dis Soc. 2016;5(2):190-205.

3. Capeding M, Chua M, Hadinegoro S, Hussain |, Nallusamy R, Pitisuttithum P,
et al. Dengue and other common causes of acute febrile illness in Asia: an
active surveillance study in children. PLoS Negl Trop Dis. 2013;7(7):.e2331.

4. Forshey BM, Guevara C, Laguna-Torres VA, Cespedes M, Vargas J, Gianella A,
et al. Arboviral etiologies of acute febrile illnesses in Western South
America, 2000-2007. PLoS Negl Trop Dis. 2010;4(8):e787.

5. Forshey BM, Guevara C, Laguna-Torres VA, Cespedes M, Vargas J, Gianella A,
Vallejo E, Madrid C, Aguayo N, Gotuzzo E, Suarez V, Morales AM, Beingolea
L, Reyes N, Perez J, Negrete M, Rocha C, Morrison AC, Russell KL, Blair PJ,
Olson JG, Kochel TJ; NMRCD Febrile Surveillance Working Group. Arboviral
etiologies of acute febrile illnesses in Western South America, 2000-2007.
PLoS Negl Trop Dis. 2010;4(8).e787.

6. Red Nacional de Epidemiologia (RENACE). Casos de Dengue por
Departamentos Peru 2016. [Internet]. Lima, Peru. Direccién General de
Epidemiologfa (DGE). [Accessed on 29 Oct 2016; Cited on November 09,
2016] Available at: http://www.dge.gob.pe/portal/docs/vigilancia/sala/2016/
SEO1/dengue.pdf

7. Red Nacional de Epidemiologia (RENACE) Vigilancia del sindrome febril
en areas de alto riesgo de transmisién de enfermedades infeccionsas
de impacto en salud publica en el Peru. [Internet]. Lima, Peru. Oficina
General de Epidemiologfa (OGE). [Accessed on 09 Nov 2016; Cited on
November 10, 2016] Available at: http://www.dge.gob.pe/publicaciones/
pub_invepi/iepi05.pdf

8. Johnson M, Smith H, Joseph P, Gilman R, Bautista C, Campos K, et al.
Environmental Exposure and Leptospirosis, Peru. Emerg Infect Dis. 2004;
10(6):1016-22.

9. Cespedes M, Ormaeche M, Condori P, Balda L, Glenny M. Prevalencia de
Leptospirosis y Factores de Riesgo en Personas con Antecedentes de Fiebre
en la Provincia de Manu, Madre de Dios, Peru. Rev Peru Med Exp Salud
Publica. 2003,20(4):180-5.

10.  Kocher C, Morrison AC, Leguia M, Loyola S, Castillo R, Galvez H, et al.
Rickettsial disease in the Peruvian Amazon Basin. PLoS Negl Trop Dis. 2016;
10(7):20004843.

11. Kocher C, Jiang J, Morrison AC, Castillo R, Leguia M, Loyola S, et al. Serologic
evidence of scrub typhus in the Peruvian Amazon. Emerg Infect Dis. 2017;
23(8):1389-91.

12. Garcfa M, Merino N, Figueroa D, Marcelo A, Tineo V, Manrique C, et al.
Detection of Oropouche viral circulation in Madre de Dios region, Peru
(December 2015 to January 2016). Rev Peru Med Exp Salud Publica. 2016;
33(2):380-1.

13.  Baisley KJ, Watts DM, Munstermann LE, Wilson ML. Epidemiology of
endemic Oropouche virus transmission in upper Amazonian Peru. Am J
Trop Med Hyg. 1998,59(5):710-6.

14.  Aguilar-Ledn P, Bazalar-Palacios S, Rodriguez-Leyth H. The outbreak of Zika
virus in the Americas: actions and challenges in Perl. Infez Med. 2016;24(2):
172-3.

15.  Levy-Blitchtein S, Del Valle-Mendoza J. Zika virus is arriving at the American
continent. Asian Pac J Trop Med. 2016,9(10):1019-21.

16.  Ministerio de Salud (MINSA). Minsa emite alerta epidemioldgica ante
circulacion del virus Zika en paises de America del Sur. [Internet]. Lima,
Pert. Direccion General de Epidemiologia (DGE). [Accessed on 29 Oct
2016; Cited on November 11, 2016] Available at: http://www.minsa.gob.
pe/?op=51&nota=17016

17. Ministerio de Salud (MINSA). Mapa de Leptospirosis por distritos Perd 2017.
[Internet]. Lima, Perd. Direccion General de Epidemiologia (DGE). [Accessed
on 12 Oct 2017; Cited on October 11, 2016] Available at: http://www.dge.
gob.pe/portal/docs/vigilancia/sala/2017/SE09/leptospirosis.pdf

18. Ramal C, Diaz E, Lopez J. Rickettsiosis, enfermedad emergente en Loreto.
Evidencia sexoldgica de 20 casos. Peru. Rev Peru Med Exp Salud Publica.
2007;24(1):99-100.


https://figshare.com/articles/_Emerging_and_Reemerging
https://figshare.com/articles/_Emerging_and_Reemerging
http://www.dge.gob.pe/portal/docs/vigilancia/sala/2016/SE01/dengue.pdf
http://www.dge.gob.pe/portal/docs/vigilancia/sala/2016/SE01/dengue.pdf
http://www.dge.gob.pe/publicaciones/pub_invepi/iepi05.pdf
http://www.dge.gob.pe/publicaciones/pub_invepi/iepi05.pdf
http://www.minsa.gob.pe/?op=51&nota=17016
http://www.minsa.gob.pe/?op=51&nota=17016
http://www.dge.gob.pe/portal/docs/vigilancia/sala/2017/SE09/leptospirosis.pdf
http://www.dge.gob.pe/portal/docs/vigilancia/sala/2017/SE09/leptospirosis.pdf

Ricapa-Antay et al. BVIC Infectious Diseases

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34,

35.

36.

37.
38.

39.

40.

41.

(2018) 18:618

Del Valle-Mendoza J, Silva-Caso W, Tinco-Valdez C, Pons M, Del Valle L, Ore
V, et al. Diagnosis of Carrion’s disease by direct blood PCR in thin blood
smear negative samples. PLoS One. 2014;9(3):e92283.

Anaya E, Cespedes M, Mostorino R. Bartonellosis en Madre de Dios
[Internet]. Lima, Peru. Repositorio del Instituto Nacional de Salud. [Accessed
on 12 Oct 2017; Cited on October 16, 2017] Available at: http://repositorio.
ins.gob.pe/handle/INS/802

Silva-Caso W, Pons M, Ruiz J, Del Valle-Mendoza J. Antibiotic resistance in
Bartonella bacilliformis clinical isolates from an endemic area of Peru. J Glob
Antimicrob Resist. 2015;3(3):222-3.

Gomes C, Pons M, Del Valle-Mendoza J, Ruiz J. Carrion’s disease: an
eradicable illness? Infect Dis Poverty. 2016;5(1):105.

Gomes C, Martinez-Puchol S, Pons M, Bazan J, Tinco C, Del Valle J.
Evaluation of PCR approaches for detection of Bartonella bacilliformis in
blood samples. PLoS Negl Trop Dis. 2016;10(3):¢0004529.

Huerta A, Salas M, Yarinsueca J, Maguifia C. Carrién’s disease complicated
with severe acute leptospirosis: a case report. Rev Peru Med Exp Salud
Publica. 2014;31(2):380-4.

Alva-Urcia C, Aguilar-Luis M, Palomares-Reyes C, Silva-Caso W, Suarez-Ognio
L, Weilg P, et al. Emerging and reemerging arboviruses: a new threat in
eastern Peru. PLoS One. 2017;12(11):20187897.

Li DM, Liu YY, Du PC, Song XP, Liu QY. Detection of Bartonella
bacilliformis by real-time PCR with TagMan-MGB probe. Microbiol China.
2015;42(2):427-35.

Kato CY, Chung IH, Robinson LK, Austin AL, Dasch GA, Massung RF.
Assessment of real-time PCR assay for detection of rickettsia spp. and rickettsia
rickettsii in banked clinical samples. J Clin Microbiol. 2013;51(1):314-7.
Stoddard RA, Gee JE, Wilkins PP, McCaustland K, Hoffmaster AR. Detection
of pathogenic Leptospira spp. through TagMan polymerase chain reaction
targeting the LipL32 gene. Diagn Microbiol Infect Dis. 2009,64:247-55.
Moreira J, Bressan CS, Brasil P, Siqueira AM. Epidemiology of acute febrile
illness in Latin America. Clin Microbiol Infect. 2018;24(8):827-35.

Sanchez Clemente N, Ugarte-Gil CA, Solérzano N, Maguifa C, Pachas P, et
al. Bartonella bacilliformis: a systematic review of the literature to guide the
research agenda for elimination. PLoS Negl Trop Dis. 2012,6:¢1819.

Ellis BA, Rotz LD, Leake JAD, Samalvides F, Bernable J. An outbreak of acute
Bartonellosis (Oroya fever) in the Urubamba region of Peru, 1998. Am J Trop
Med Hyg. 1999,61:344-9.

Pachas P. Enfermedad de Carrion (Bartonelosis) en el Peru. Lima: Ministerio
de Salud, OGE, INS; 2001. http://bvs.minsa.gob.pe/local/ogei/790_ms-
0gel110.pdf

Silva-Caso W, Mazulis F, Weilg C, Aguilar-Luis MA, Sandoval |, Correa-Nuriez
G, Li D, Song X, Liu Q, Del Valle-Mendoza J. Co-infection with Bartonella
bacilliformis and Mycobacterium spp. in a coastal region of Peru. BMC Res
Notes. 2017;10(1):656.

Centro Nacional De Epidemiologla, Prevencion Y Con. Numero de casos de
enfermedad de Carrién, Perti 2013-2018* [Internet]. DGE.GOB.PE. 2018
[cited T May 2018]. Available from: http://www.dge.gob.pe/portal/docs/
vigilancia/sala/2018/SE15/carrion.pdf

Abela-Ridder B, Berthrat E, Durski K. Global burden of Human Leptospirosis
and cross-sectoral interventions for its prevention and control [Internet].
Prince Mahidol Award Conference. 2018 [cited 1 May 2018]. Available from:
http://www.pmaconference.mahidol.ac.th/dmdocuments/2013-PMAC-
Poster-P9-Bernadette%20Abela-Ridder.pdf

Numero de casos de leptospirosis, Perd 2013-2018* [Internet]. DGE.GOB.PE.
2018 [cited 1 May 2018]. Available from: http://www.dge.gob.pe/portal/
docs/vigilancia/sala/2018/SE15/leptospirosis.pdf

Taylor A, Paris D, Newton PA. Systematic review of the mortality from
untreated leptospirosis. PLoS Negl Trop Dis. 2015;9(6):e0003866.

Tubiana S, Mikulski M, Becam J, et al. Risk factors and predictors of severe
leptospirosis in New Caledonia. PLoS Negl Trop Dis. 2013;7:1991.
Luce-Fedrow A, Mullins K, Kostik AP, St John HK, Jiang J, et al. Strategies for
detecting rickettsiae and diagnosing rickettsial diseases. Future Microbiol.
2015;10:537-64.

Forshey B, Stewart A, Morrison A, Galvez H, Rocha C, Astete H, et al.
Epidemiology of spotted fever group and typhus group Rickettsial infection
in the Amazon Basin of Peru. Am J Trop Med Hyg. 2010;82(4):683-90.
Palacios-Salvatierra R, Anaya-Ramirez E, Juscamayta-Lopez J, Caceres-Rey O,
Mendoza-Uribe L, Mosquera-Visaloth P, Conceigao-Silva F. Perfil
epidemiolégico y molecular de Rickettsiosis en localidades de frontera

42.

43.

Page 8 of 8

peruana. Revista Peruana De Medicina Experimental Y Salud PuBlica. 2017;
34(1):76-84.

Farugue L, Zaman R, Gurley E, Massung R, Alamgir A, Galloway R, et al.
Prevalence and clinical presentation of rickettsia, Coxiella, Leptospira,
Bartonella and chikungunya virus infections among hospital-based febrile
patients from December 2008 to November 2009 in Bangladesh. BMC Infect
Dis. 2017,17(1):141.

Blanton L. Rickettsial infections in the tropics and in the traveler. Curr Opin
Infect Dis. 2013,26(5):435-40.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


http://repositorio.ins.gob.pe/handle/INS/802
http://repositorio.ins.gob.pe/handle/INS/802
http://bvs.minsa.gob.pe/local/ogei/790_ms-oge110.pdf
http://bvs.minsa.gob.pe/local/ogei/790_ms-oge110.pdf
http://www.dge.gob.pe/portal/docs/vigilancia/sala/2018/SE15/carrion.pdf
http://www.dge.gob.pe/portal/docs/vigilancia/sala/2018/SE15/carrion.pdf
http://www.pmaconference.mahidol.ac.th/dmdocuments/2013-PMAC-Poster-P9-Bernadette%20Abela-Ridder.pdf
http://www.pmaconference.mahidol.ac.th/dmdocuments/2013-PMAC-Poster-P9-Bernadette%20Abela-Ridder.pdf
http://www.dge.gob.pe/portal/docs/vigilancia/sala/2018/SE15/leptospirosis.pdf
http://www.dge.gob.pe/portal/docs/vigilancia/sala/2018/SE15/leptospirosis.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Place of study
	Study subjects
	Ethics statement
	Samples
	DNA extraction
	PCR amplification
	Real-time PCR assay detection of Bartonella bacilliformis, Leptospira spp. and Rickettsia spp.

	Data analysis

	Results
	Demographic characteristics
	Clinical presentation

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

