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Using a large, passive, febrile surveillance program in Ig-
uitos, Peru, we retrospectively tested human blood speci-
mens for scrub typhus group orientiae by ELISA, immu-
nofluorescence assay, and PCR. Of 1,124 participants, 60
(5.3%) were seropositive, and 1 showed evidence of recent
active infection. Our serologic data indicate that scrub ty-
phus is present in the Peruvian Amazon.

Infections with scrub typhus group orientiae (STGO) are
a common and widespread cause of fever in Asia, the
western Pacific, and northern Australia (the tsutsugamushi
triangle). The causative pathogen, Orientia tsutsugamushi,
is transmitted by the larval stage of trombiculid mites of
the genus Leptobromidium (chiggers). Clinical manifesta-
tions can be mild and unspecific, but complications include
jaundice, meningoencephalitis, myocarditis, and interstitial
pneumonia leading to acute respiratory distress syndrome
and renal failure (7).

Epidemiologic studies in Southeast Asia have iden-
tified rickettsial illness (especially scrub typhus and mu-
rine typhus) as leading causes of treatable undifferentiat-
ed febrile illness, although they are often misdiagnosed
as malaria, dengue, or typhoid fever (2). The causative
agent of scrub typhus was not believed to exist outside
the tsutsugamushi triangle until Orientia spp. were iden-
tified by serologic and molecular methods in febrile pa-
tients from the Middle East (3) and Chile (4). Recently,
more autochthonous cases of scrub typhus were reported
from Chiloé Island in southern Chile, suggesting ende-
micity in the area (5). Therefore, we conducted a study
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to obtain serologic evidence of scrub typhus in the Pe-
ruvian Amazon.

The Study

This study was conducted in Iquitos, which is located in the
Amazon forest in the Department of Loreto in northeast-
ern Peru, where ongoing epidemiologic studies on febrile
illness and rickettsial disease (6,7) have been conducted.
STGO testing was nested in an ongoing febrile surveillance
study (NMRCD.2010.0010), which was approved by the
US Naval Medical Research Unit No. 6 Institutional Re-
view Board (Lima, Peru). The current study protocol was
approved by the US Naval Medical Research Unit No. 6
Institutional Review Board in compliance with all appli-
cable federal regulations governing the protection of hu-
man subjects.

Febrile surveillance was conducted in 12 health facil-
ities (3 hospitals and 9 outpatient clinics; 2 of the 12 were
military facilities) distributed across 4 districts of Iquitos.
Febrile patients who fulfilled the inclusion criteria (ax-
illary temperature >37.5°C, duration of illness <5 days,
and age >5 years) were asked to participate in the study.
An acute-phase blood sample was collected at the time of
enrollment, and a convalescent-phase blood sample was
obtained 10-30 days later. These samples had already
been used for detection of other pathogens (mainly den-
gue virus and other arboviruses), and results and testing
methods have been reported (8).

We retrospectively screened convalescent-phase blood
samples obtained from participants enrolled during 2013
by using an STGO-specific IgG ELISA. We screened
convalescent-phase samples for IgG against a mixture of
whole-cell antigen preparations from Karp, Kato, and Gil-
liam strains of O. tsutsugamushi in an STGO-specific IgG
ELISA as described (9-11). For convalescent-phase sam-
ples with net absorbance >0.500 at a 1:100 serum dilution,
we subsequently assessed STGO IgG ELISA titer (range
1:100-1:6,400) with their paired acute-phase samples side-
by-side to determine their endpoint titers. We considered
samples with a net total absorbance >1.000 for serum dilu-
tions 1:100, 1:400, 1:1,600, and 1:6,400 titer positive. We
classified samples with a seroconversion or a >4-fold in-
crease in IgG titer between acute-phase and convalescent-
phase blood samples and minimum titer of 1:400 in the
convalescent-phase sample as indicative of active rickett-
sial infection (/7).
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DISPATCHES

Samples with evidence of active infection were then
confirmed by immunofluorescence assay (IFA) with the
Orientia MIF IgG Kit (Fuller Laboratories, Fullerton, CA,
USA) and Karp, Kato, Gilliam, and Boryong strains of O.
tsutsugamushi according to the manufacturer’s instructions.
We further tested acute-phase samples with evidence for ac-
tive infection by PCR to identify the causative pathogen.

We extracted DNA from whole blood samples by
using QIAmp DNA Mini Kits (QIAGEN, Valencia, CA,
USA) following the manufacturer’s instructions except that
a final elution volume of 100 pL was used. Samples were
stored at —80°C. We assessed DNA samples from persons
with evidence for recent active disease by using a quantita-
tive PCR specific for the O. tsutsugamuchi 47-kD antigen
gene as reported (/2).

During 2013, we enrolled 1,497 participants in the main
study. Of these participants, 1,124 had paired serum sam-
ples. Results of the STGO-specific IgG were positive for 60
(5.3%) of 1,124 convalescent-phase serum samples with a
titer >1:400. One participant had a >4-fold increase in titer
(acute-phase sample titer 1:400, convalescent-phase sample
titer >6,400) and was confirmed by IFA as showing a >4-
fold increase in titer for 3 of 4 strains of O. tsutsugamushi
(Karp, Gilliam, and Boryong) and a 2-fold increase in titer
for the Kato strain. A test result of the acute-phase sample
for Orientia sp. DNA was negative. This case-patient was a
22-year-old soldier stationed in a rural military camp at the
time of illness. He had fever, chills, malaise, muscle pain,
nausea, and vomiting but no rash or jaundice. The patient
had not traveled in the 2 weeks before illness and therefore
could not have contracted the infection elsewhere.

Conclusions

We performed a retrospective systematic analysis for the
presence of scrub typhus in Iquitos, Peru, by testing blood
samples collected prospectively during unspecific acute
febrile illness. Although definitive molecular evidence of
Orientia spp. infection was not found, our serologic evi-
dence strongly suggests the presence of this pathogen in
tropical areas of Peru.

Seroprevalence among febrile illness patients was low,
especially because most patients tested came from urban
rather than rural areas. In addition, our study design could
further underestimate scrub typhus because we only includ-
ed patients with fever for <5 days, whereas the mean time
to signs of scrub typhus has been reported as 8.2 days (/3).
Although the 1 patient with ELISA and IFA evidence of se-
roconversion showed a negative result by PCR, a negative
PCR result during the acute phase of scrub typhus is not un-
common, even when testing is performed on whole blood or
buffy coat samples (/4). In addition, whether the causative
agents of scrub typhus in South America are recognized by
the primer set used in the quantitative PCR is unknown (4).

1390

Cross-reactivity with other Rickettsia spp. does not
seem to be a concern. The Orientia spp. ELISA using the
immunodominant genus-specific, 56-kDa, type-specific an-
tigen (outer membrane protein [Omp]) does not react with
antibodies produced during typhus group rickettsiae (TGR)
and spotted fever group rickettsiae (SFGR) infections be-
cause rickettsiae lack the 56-kDa type-specific antigen. Sim-
ilarly, antibodies produced against Orientia spp. infection
do not react against SFGR and TGR ELISA antigens (lipo-
polysaccharides OmpA and OmpB), because Orientia spp.
do not contain these antigens (/5). As expected, screening
results for SFGR and TGR (7) were negative for the case-
patient we report.

Dengue virus and other arboviruses were excluded (by
PCR or virus isolation) as alternative causes of fever. Fur-
thermore, study participants had probably already received
over-the-counter medications, including antimicrobial
drugs, which would account for false-negative PCR results.
According to the prospectively collected clinical data, a
typical rash was not documented for the case-patient we
report. However, because this surveillance study was not
directed toward scrub typhus features, a small eschar could
have been easily missed.

This study raises many new issues, such as possible
local reservoirs and vectors. The presence of trombiculide
mites in Peru has been reported in other areas (/6), but this
species has not been studied as a local vector for pathogens.
The case-patient we report was in the military and stationed
in a rural camp. Therefore, he was regularly exposed to
typical vegetation that supports the presence of mites. Our
results and those from studies in Chile (4,5) indicate a need
for a more expansive survey for evidence of scrub typhus,
not only in Peru, but throughout South America.

Acknowledgments
We thank Carolina Guevara and Alfredo Huaman for providing
laboratory support.

This study was supported by the Global Emerging Infections
Surveillance Section of the Armed Forces Health Surveillance
Branch, Work Unit # P0413 and 800000.82000.25GB.B0016.

Dr. Kocher is a physician at the Epidemiology, Biostatistics,
and Epidemiology Institute Travel Clinic, Zurich, Switzerland.
Her research interests include infectious diseases, travel
medicine, arboviruses and other causes of acute febrile illnesses
in tropical regions.

References

1. Peter JV, Sudarsan TI, Prakash JA, Varghese GM. Severe scrub
typhus infection: clinical features, diagnostic challenges and
management. World J Crit Care Med. 2015;4:244-50.

2. Mayxay M, Castonguay-Vanier J, Chansamouth V, Dubot-Péres
A, Paris DH, Phetsouvanh R, et al. Causes of non-malarial fever
in Laos: a prospective study. Lancet Glob Health. 2013;1:e46-54.
http://dx.doi.org/10.1016/S2214-109X(13)70008-1

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 23, No. 8, August 2017



3. Izzard L, Fuller A, Blacksell SD, Paris DH, Richards AL,
Aukkanit N, et al. Isolation of a novel Orientia species (O. chuto
sp. nov.) from a patient infected in Dubai. J Clin Microbiol.
2010;48:4404-9. http://dx.doi.org/10.1128/JCM.01526-10

4. Balcells ME, Rabagliati R, Garcia P, Poggi H, Oddo D, Concha M,
et al. Endemic scrub typhus-like illness, Chile. Emerg Infect Dis.
2011;17:1659-63. http://dx.doi.org/10.3201/eid1709.100960

5. Weitzel T, Dittrich S, Lopez J, Phuklia W, Martinez-Valdebenito C,
Velasquez K, et al. Endemic scrub typhus in South America.

N Engl J Med. 2016;375:954-61. http://dx.doi.org/10.1056/
NEJMoal603657

6. Forshey BM, Guevara C, Laguna-Torres VA, Cespedes M,

Vargas J, Gianella A, et al.; NMRCD Febrile Surveillance Working
Group. Arboviral etiologies of acute febrile illnesses in western
South America, 2000-2007. PLoS Negl Trop Dis. 2010;4:¢787.
http://dx.doi.org/10.1371/journal.pntd.0000787

7. Kocher C, Morrison AC, Leguia M, Loyola S, Castillo RM,
Galvez HA, et al. Rickettsial disease in the Peruvian Amazon
Basin. PLoS Negl Trop Dis. 2016;10:¢0004843. http://dx.doi.org/
10.1371/journal.pntd.0004843

8. Halsey ES, Siles C, Guevara C, Vilcarromero S, Jhonston EJ,
Ramal C, et al. Mayaro virus infection, Amazon Basin region,
Peru, 2010-2013. Emerg Infect Dis. 2013;19:1839-42.
http://dx.doi.org/10.3201/eid1911.130777

9. Richards AL, Soeatmadji DW, Widodo MA, Sardjono TW,
Yanuwiadi B, Hernowati TE, et al. Seroepidemiologic evidence
for murine and scrub typhus in Malang, Indonesia. Am J Trop Med
Hyg. 1997;57:91-5. http://dx.doi.org/10.4269/ajtmh.1997.57.91

10. Maina AN, Farris CM, Odhiambo A, Jiang J, Laktabai J,
Armstrong J, et al. Q Fever, Scrub typhus, and rickettsial diseases
in children, Kenya, 2011-2012. Emerg Infect Dis. 2016;22:883—6.
http://dx.doi.org/10.3201/€1d2205.150953

11. Luce-Fedrow A, Mullins K, Kostik AP, St John HK, Jiang J,
Richards AL. Strategies for detecting rickettsiae and diagnosing
rickettsial diseases. Future Microbiol. 2015;10:537—-64.
http://dx.doi.org/10.2217/fmb.14.141

12.  JiangJ, Chan T-C, Temenak JJ, Dasch GA, Ching W-M,

Richards AL. Development of a quantitative real-time polymerase
chain reaction assay specific for Orientia tsutsugamushi. Am J Trop
Med Hyg. 2004;70:351-6.

13. Abhilash KP, Jeevan JA, Mitra S, Paul N, Murugan TP,

Rangaraj A, et al. Acute undifferentiated febrile illness in patients
presenting to a tertiary care hospital in south India: clinical
spectrum and outcome. J Glob Infect Dis. 2016;8:147-54.
http://dx.doi.org/10.4103/0974-777X.192966

14.  Watthanaworawit W, Turner P, Turner C, Tanganuchitcharnchai A,
Richards AL, Bourzac KM, et al. A prospective evaluation of
real-time PCR assays for the detection of Orientia tsutsugamushi
and Rickettsia spp. for early diagnosis of rickettsial infections
during the acute phase of undifferentiated febrile illness.

Am J Trop Med Hyg. 2013;89:308-10. http://dx.doi.org/10.4269/
ajtmh.12-0600

15. Land MV, Ching WM, Dasch GA, Zhang Z, Kelly DJ, Graves SR,
et al. Evaluation of a commercially available recombinant-protein
enzyme-linked immunosorbent assay for detection of antibodies
produced in scrub typhus rickettsial infections. J Clin Microbiol.
2000;38:2701-5.

16.  Gomez-Puerta LA, Olazabal J, Lopez-Urbina MT, Gonzalez AE.
Trombiculiasis caused by chigger mites Eutrombicula (Acari:
Trombiculidae) in Peruvian alpacas. Vet Parasitol. 2012;190:294-6.
http://dx.doi.org/10.1016/j.vetpar.2012.06.012

Address for correspondence: Claudine Kocher, Epidemiology,
Biostatistics, and Epidemiology Institute Travel Clinic, Hirschengraben
84, Zurich 8001, Switzerland; email: ckocher@gmx.net

Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 23, No. 8, August 2017

Scrub Typhus in the Peruvian Amazon

EID SPOTLIGHT TOPIC

Ticks transmit a variety of different patho-
gens including bacteria, protozoa, and viruses,
which can produce serious and even fatal dis-
ease in humans and animals. Tens of thousands
of cases of tickborne disease are reported
each year, including Lyme disease. See the EID
Lyme Disease Spotlight. Lyme disease is the
most well-known tickborne disease. However,
other tickborne illnesses such as Rocky Moun-
tain spotted fever, tularemia, babesiosis, and
ehrlichiosis also contribute to severe morbidity
and more mortality each year.

Symptoms of tickborne disease are highly
variable, but most include sudden onset of
fever, headache, malaise, and sometimes
rash. If left untreated, some of these diseases
can be rapidly fatal.

https://wwwnc.cdc.gov/eid/
page/tick-spotlight
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