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Searching and Finding the Hidden Treasure:
A Retrospective Analysis of Rickettsial Disease Among
Dutch International Travelers
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Background. Rickettsial disease (RD) is a prevalent and underestimated cause of febrile illness worldwide, especially in the
absence of an inoculation eschar. We attempted to quantify this underestimation at our clinic, by investigating past cases of febrile
illness in travelers who had tested negative for leptospirosis, a disease that can initially present similarly to non-eschar RD, and which
we routinely consider when other important causes of unspecified febrile illness have tested negative.

Methods. We performed a retrospective analysis in febrile returned travelers from Asia, Africa, or the Americas between 2010 and
2017, who had tested negative for leptospirosis. Serologic immunofluorescence assays were performed for Orientia tsutsugamushi (scrub
typhus), typhus group, and spotted fever group RD. We performed a medical records review of all patients who tested positive. In case of
a fitting medical history, cases were deemed either confirmed (based on convalescent serology) or suspected (based on single serology).

Results. Among 97 patients, convalescent serology was available in 16 (16.5%) patients, and a single serology in 81 (83.5%) pa-
tients. RD was the likely diagnosis in 8 of 16 (50.0%) patients with convalescent serology, and in 8 of 81 (9.9%) with single serology.
Of the 16 confirmed/suspected cases, 11 (69%) had been missed and 7 (44%) had not received adequate empiric antibiotic therapy.

Conclusions. 'This study shows that non-eschar RD is an important and poorly recognized cause of illness in travelers, even in a
specialized travel clinic. A lower threshold to test and treat for RD is warranted in returning travelers with febrile illness.
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Rickettsial diseases (RD) are zoonotic infections, transmitted
to humans by predominantly arthropod vectors [1], although
leeches and mosquitoes have also been described as vectors [2, 3].
The disease may be mild to life-threatening [4], especially when
treatment is delayed [5, 6]. Substantial morbidity is reported
worldwide in autochthonous populations, as well as in travelers
[7-15]. RD generally presents as an indifferent acute febrile ill-
ness, with nonspecific accompanying symptoms such as nausea,
vomiting, lymphadenopathy, headache, skin rash, and, some-
times, an inoculation eschar. The prevalence of the latter varies
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widely per specific RD [16]: from 0% in patients with murine
typhus (caused by Rickettsia typhi), to 30%-90% in patients
with African tick bite fever (caused by Rickettsia africae) [11].
Clinically, the symptomatology of RD is often similar to other
acute febrile illnesses such as malaria, dengue fever, and leptospi-
rosis [17], especially if an eschar is absent at presentation.

The disease is caused by intracellular bacteria of the
Rickettsiaceae family, ordered into 2 genera: Orientia (con-
sisting of Orientia tsutsugamushi, causing scrub typhus) and
Rickettsia [18]. The Rickettsia genus is divided in 4 biogroups:
(1) the spotted fever group (SFG), which, among others, in-
cludes Rickettsia conorii (causing Mediterranean spotted
fever [MSF]), R. africae (causing African tick bite fever),
and Rickettsia rickettsii (causing Rocky Mountain spotted
fever); (2) the typhus group (TG), which comprises R. typhi
and Rickettsia prowazekii, causing endemic and epidemic
typhus, respectively; (3) a translational group, including
Rickettsia felis, Rickettsia australis, and Rickettsia akari; and
(4) a nonpathogenic group [18, 19]. Rickettsial organisms
have been identified on all continents except Antarctica [20].
Rickettsia typhi and R. felis and are distributed globally; SFG
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RD has been reported on all continents; and scrub typhus
(cause by O. tsutsugamushi) is traditionally prevalent in the
tropical Pacific triangle, but there are recent reports from
South America and sub-Saharan Africa [20].

Currently, the cornerstone of diagnosis is still the indirect
detection of Rickettsia-specific antibodies in patient sera by
serologic methods, such as immunofluorescence or Western
blotting. Because antibodies are detected at a later stage after
infection, typically 15 days or more [21-23], these methods
have limited clinical impact in the acute stage of disease, when
most initial diagnostic testing is done [5]. Additionally, there is
cross-reactivity between species [24]. For a specific diagnosis
in the acute phase of illness, molecular detection methods are
preferred [25-28], but these are not widely available. Also, re-
ported diagnostic accuracy of the different tests varies consider-
ably, also based on the specimen type (eg, whole blood, serum),
and reference tests are suboptimal, with differences in applied
techniques and targets [29].

Because of the unspecific clinical presentation of RD and dif-
ficulties in laboratory diagnostics in the early phase of disease,
patients may be undiagnosed or misdiagnosed. In a previous
study based on reported literature, we estimated that the diag-
nosis of RD was missed in 66.5% of patients with scrub typhus,
and in 57.9% of patients with MSF in autochthonous popu-
lations [16]. However, these percentages applied to patients
who presented with or without an inoculation eschar. Among
patients in whom an inoculation eschar was absent, RD was
missed in 87.0% of patients with scrub typhus and 81.6% of pa-
tients with MSE

In travelers, this proportion could even be higher due a low
index of suspicion by physicians in areas that are not endemic
for the disease. This underestimation is of growing concern,
given the expansion of international travel to endemic regions
such as Asia and Africa, resulting in increased numbers of im-
ported infections such as RD [30].

We hypothesize that in the absence of an inoculation es-
char, the diagnosis of RD is missed in a substantial propor-
tion of returned travelers presenting with acute febrile illness.
Our hospital houses the Dutch Leptospirosis Reference Center
(NRL), which means that testing for leptospirosis can be easily
performed upon clinical suspicion. The disease is usually con-
sidered when diagnostic routine testing for other important
causes of unspecified febrile illness turns out negative (ie, ma-
laria, typhoid fever, dengue, chikungunya, and Zika virus in-
fection), even in the absence of evident exposure to fresh water,
as this is often difficult to ascertain in retrospect. Therefore,
and because leptospirosis and RD can have clinical similar-
ities at initial presentation, we hypothesized that missed diag-
noses of RD would likely be found among patients who had
presented with unspecified febrile illness and who had tested
negative for leptospirosis. Finding these missed diagnoses
would provide us a rough indication of the underdiagnosis

of non-eschar RD at our travel clinic. In this study, we ret-
rospectively assessed sera of a group of leptospirosis-negative
returned travelers for the presence of antibodies to SFG and
TG rickettsioses and O. tsutsugamushi.

METHODS

This retrospective cohort study was performed as a collabora-
tion of the NRL and the Center for Tropical and Travel Medicine,
both part of the Amsterdam University Medical Center (UMC).
We selected samples from adult (aged > 18 years) travelers, in
whom leptospirosis had been clinically suspected but had tested
negative. All had presented at the Center of Tropical Medicine
and Travel Medicine of the Amsterdam UMC between January
2010 and July 2017, and had recently returned from Africa, the
Americas, or Asia, and had an available stored serum sample.

Laboratory Diagnostics

Diagnostic tests were performed in December 2015 and June
2017 at the NRL. Serum samples had been stored at —20°C. If
available, convalescent samples were tested. All samples were
tested with several immunofluorescence assays (IFAs). Two dif-
ferent kits were used:

1. The Rickettsia Screen IFA Antibody Kit, immunoglobulin G
(IgG) and immunoglobulin M (IgM) (Fuller Laboratories,
Fullerton, California), using R. conorii and R. typhi substrate
antigens. A positive result was defined as a titer > 1:128 (IgG)
or >1:64 (IgM), a >4-fold titer rise between acute and con-
valescent samples, or seroconversion.

2. Orientia tsutsugamushi IFA Antibody Kit, IgG and IgM
(Fuller Laboratories), using the Boryong, Gilliam, Karp,
and Kato antigen strains of O. tsutsugamushi. A positive re-
sult was defined as a titer >1:128 (IgG) or >1:64 (IgM), a
>4-fold titer-rise between acute and convalescent samples,
or seroconversion.

Cutoff titers were determined based on the low prevalence of
RD in the research population, as the occurrence of autochtho-
nous infections in the Netherlands is rare [31]. The IFAs were
performed by 2 trained individuals (S. G. d. V. and H. v. d. L.).
In case of positivity or doubt, both interpreted all sample results
independently. For a subset of samples, further dilutions were
prepared once the sample was positive.

Medical Records Review

The medical records of all patients who tested positive for
RD were reviewed. Epidemiological and clinical data were ex-
tracted, including travel history, reason for travel, tick expo-
sure during travel, whether or not the differential diagnosis
had included RD, whether or not the patient had initially
been tested for RD, the final clinical diagnosis, whether or not
the patient had received treatment with antirickettsial drugs,
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and the follow-up. Countries of exposure were grouped.
Tetracyclines, macrolides, and fluoroquinolones were con-
sidered as effective treatments for RD. Finally, all clinical data
of patients with positive laboratory tests were reviewed by 2
clinicians (S. G. d. V. and A. G.), to assess whether RD was in-
deed the most likely diagnosis.

Case Definitions

A “laboratory-confirmed case” was defined as a >4-fold
titer increase, or seroconversion in convalescent samples.
A “laboratory-suspected case” was defined as an IFA-positive
single serum sample, with the earlier mentioned cutoff titers.
A “definitive-confirmed case” was defined as a laboratory-
confirmed case in combination with a compatible clinical
course and no other likely or confirmed diagnosis. A “definitive-
suspected case” was defined as a laboratory-suspected case in
combination with a compatible clinical course and no other
likely or confirmed diagnosis.

Laboratory- and definitive-confirmed and suspected cases
were categorized in 4 groups: SFG rickettsiosis, TG RD, inde-
terminate RD (either SFG or TG, but IFA could not differen-
tiate between the 2), and scrub typhus.

Data Analysis

Data wereanonymized, organized, and analyzed using Microsoft Excel
software (Microsoft Corporation, 2010). Data were de-identified and
not attributable to individual patients. For numerical variables with a
normal distribution, including age and laboratory values, mean and
standard deviation was calculated. For numerical variables with a
nonnormal distribution, including variables about the disease course,
median and interquartile range were calculated.

RESULTS

Figure 1 provides the study flow and main results. In short, 97
patients met the inclusion criteria, of whom 16 (16.5%) had
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a convalescent sample available and 81 (83.5%) only a single
sample. In total, 32 (33%) patients tested IFA positive: 10 of
16 (62.5%) of patients with a convalescent sample (laboratory-
confirmed cases), and 22 of 81 (27.2%) of patients with a single
sample (laboratory-suspected cases).

Medical Records Consolidation

Of the 32 patients who were IFA positive (10 laboratory-confirmed
and 22 laboratory-suspected cases), medical data were extracted.
After medical records review, 2 of 10 laboratory-confirmed cases
were excluded, resulting in 8 of 16 (50%) definitive-confirmed
cases among patients with a convalescent sample, which is 8 of
97 (8.2%) definitive-confirmed cases in the whole cohort. The
2 excluded cases comprised immunocompetent patients: 1 with
polymerase chain reaction (PCR)-proven shigellosis, and 1 with
PCR-proven Epstein-Barr virus infection.

Of the 22 laboratory-suspected cases, 14 were excluded, re-
sulting in 8 of 81 (9.9%) definitive-suspected cases among
patients with a single sample, which is 8 of 97 (8.2%) definitive-
suspected cases in the whole cohort. The 14 excluded patients
comprised 4 with a dengue infection (2 PCR-confirmed, 2 with
positive IgM and dubious IgG); 1 with acute hepatitis A virus
(HAV) infection (anti-HAV IgM positive); 1 with PCR-proven
influenza B infection; 1 with blood smear-positive Plasmodium
falciparum malaria; 1 with a streptococcal infection complicated
by glomerulonephritis; 1 with a recent (IgM positive) Epstein-
Barr virus infection; 1 with lobar pneumonia; 1 with bacterial
cellulitis of the leg; 1 with an autoimmune-mediated encepha-
litis; 1 with a cerebral and retinal vasculitis (although the latter
could have been due to RD); and 1 with relapsing fevers.

In total, we thus identified 16 of 97 (16.5%) patients with
either definitive-confirmed RD (8 patients) or definitive-
suspected RD (8 patients).

Demographics and Lahoratory Findings

Demographic characteristics are depicted in Table 1. Of
the 16 definitive-confirmed/suspected cases, 2 were IFA-
positive for O. tsutsugamushi, 6 for TG RD, and 4 for
SEG RD; in 4 cases, reactivity was indeterminate TG/SFG
(Figure 1). Details of the laboratory findings can be found
in Table 2.

Clinical Findings

Table 3 summarizes general clinical characteristics and labora-
tory findings of the 16 definitive-confirmed/suspected patients.
Table 2 provides a detailed overview of clinical and diagnostic
information of all definitive-confirmed/suspected cases. A total
of 5 patients (31.3%) had initially been diagnosed with RD by
the treating clinician, 4 of them based on diagnostics performed
at the reference laboratory. Of the 16 definitive-confirmed/sus-
pected patients, 9 (56.3%) had received adequate antibiotic
treatment. The course of illness of the 8 who had not received
treatment was not well documented.

DISCUSSION

In this study, we provided a rough estimate of the extent of
missed diagnoses of RD among ill returning travelers, by
investigating a cohort of patients who had tested negative for
leptospirosis, a disease that can initially present similar to RD,
and which we routinely consider when other important causes
of unspecified febrile illness have tested negative. Among 97
patients, we identified 16 (16.5%) patients with definitive-
confirmed or suspected RD, based on both laboratory and
clinical criteria. Of these 16 patients, 5 (31.3%) had actually
been correctly diagnosed by the treating physician, whereas 11
(68.7%) had been missed. Only 9 (56.3%) patients had received
adequate empirical antibiotic treatment.

Table1. Demographic Characteristics

Demographic Data

Definitive-Confirmed and
Definitive-Suspected

All (N =97) Cases (n = 16)

Male sex
Age, y, mean = SD (range)
Region of travel
Southeast Asia
Sub-Saharan Africa
Latin America/Caribbean
Northern Africa
Rickettsial disease included in differential diagnosis
Initially diagnosed with rickettsiosis

Day postonset of disease at collection of positive
rickettsiosis sample, mean + SD (range)

Hospital admission
Deaths

52 (53.6)
375 + 14.5 (8.56-70.6)

11 (68.8)
44.8 + 14.0 (24.0-68.2)

58 (59.8) (Asia all regions) 9 (66.3)
23 (23.7) (Africa all regions) 3(18.8)
16 (16.5) (Americas) 3(18.8)
1(6.3)
NA 9 (56.0)
NA 4 (25.0)
NA 173 + 76 (1-36)
NA 5 (33.3)
NA 0 (0)

Data are presented as no. (%) unless otherwise indicated.
Abbreviations: NA, not applicable; SD, standard deviation.
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Table 3. Symptoms and Clinical Laboratory Findings of Definitive-
Confirmed and Definitive-Suspected Cases

Finding All (n =16), No. (%)

Symptoms and signs
Fever 13 (81.3)
Headache 12 (75.0)
Myalgia 10 (62.5)
Arthralgia 9 (56.3)
Chills 9 (56.3)
Gastrointestinal symptoms? (> 1) 8 (50.0)
Respiratory symptoms® (> 1) 8 (50.0)
Skin rash 5(31.3)
Lymphadenopathy 2 (12.5)
Symptoms of bleeding® (= 1) 1(6.3)
Urogenital symptoms® (> 1) 1(6.3)
Eschar 0(0.0)

Laboratory abnormalities®
Elevated CRP (> 5 mg/L) 5/12 (41.7)
Elevated ALT (SGPT) (> 45 U/L) 5/16 (31.3)
Elevated AST (SGOT) (> 40 U/L) 4/13 (30.8)
Leukocytosis (> 10.5 x 10%/L) 4/16 (25.0)
Elevated bilirubin (> 17 umol/L) 2/11 (18.2)
Low platelet count (< 150 x 10%L) 2/14 (14.3)
Elevated creatinine (> 110 umol/L) 2/16 (12.5)
Low hemoglobin (male: < 8.5 mmol/L; female: < 1/16 (6.3)
7.5 mmol/L)
Leukocytopenia (< 4.5 x 10%L) 1/16 (6.3)
Hypokalemia (< 3.5 mmol/L) 0/7 (0.0)

All symptoms and laboratory findings were recorded at the day of presentation to the clinic.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP
C-reactive protein; SGOT, serum glutamic-oxaloacetic transaminase; SGPT, serum glutamic
pyruvic transaminase.

#Gastrointestinal symptoms include nausea, vomiting, diarrhea, and abdominal pain.
PRespiratory symptoms include cough, sore throat, hemoptysis, and dyspnea.
°Symptoms of bleeding include hematemesis, melena, and rectal bleeding.
9Urogenital symptoms include dysuria, hematuria, and oliguria.

°Denominators vary as not all clinical symptoms were available for all patients.

Interestingly, the highest proportion (9/16 [50%]) of RD was
found in the group of patients who twice tested negative for lepto-
spirosis in convalescent samples, as opposed to 10% (8/81) in the
group of patients who were only tested once. Obviously, this was
driven by the desire of the clinician to establish a diagnosis in a pa-
tient in whom pathology was highly suspected. To turn this around:
If a patient had tested negative for leptospirosis in single sample
testing, there was a 10% chance that RD was the missed underlying
cause, which increased to 50% in case of a negative convalescent
test, ordered by the treating physician for clinical reasons.

There are no other clinical studies that have tried to estimate
the underdiagnosis of RD in travelers, only the recently pub-
lished finding from our group among autochthonous popula-
tions, that in the absence of an inoculation eschar, 82%-87%
of RD cases were missed [16]. In our setting of a specialized
academic travel clinic, where clinicians are familiar with RD,
we also missed almost 70% of non-eschar RD. Therefore, one
can assume that the underdiagnosis in general clinics is much
higher.

The currently existing body of evidence on RD in travelers
mainly comprises a multitude of case reports and case series,
of which an overview can be found in a review by Delord and
colleagues [14]. Additionally, a few cohort studies have been
published [9, 10, 32-38]. However, in these studies, patients
were retrospectively identified based on the diagnosis made
by the treating physician, which makes underestimation very
likely, precluding the possibility to estimate underdiagnosis
[9, 10, 32, 33]. Five studies used prospective methods [34-38]
but investigated diagnosed infections, or only RD presenting
with an inoculation eschar, precluding the possibility to assess
underdiagnosis of non-eschar RD.

The results presented here should be interpreted with cau-
tion, as there are several limitations. First, all patients had pre-
sented to a specialized travel clinic in an academic medical
center, with a lower-than-average threshold of suspicion for RD.

Second, the group of patients in our study is not represen-
tative for the overall group of travelers with fever. Because we
were interested in underdiagnosis of RD, and studied a specific
subset of patients who had tested negative for leptospirosis, we
“missed” the typical presentations of RD who had presented
with an eschar. These patients are readily diagnosed at our clinic
based on the clinical presentation, precluding the need for fur-
ther diagnostic testing for leptospirosis or other diseases. The
fact that the diagnostic process for leptospirosis had been ini-
tiated typically implies that more common causes of fever had
already been excluded (eg, malaria, dengue, chikungunya, Zika
virus infection, common bacterial infections). Thus, we studied
a selected group of patients with a higher a priori likelihood of
less common illnesses, such as non-eschar RD. For this study
however, this was intentional, because we expected to find
missed cases of non-eschar RD in this population. Obviously,
an important criterion to test for leptospirosis is exposure to
fresh water, which means that we missed additional cases of
non-eschar RD among patients who were never tested for lep-
tospirosis because they were not exposed to fresh water. It is
possible that this population was tested for RD more frequently.

Third, important limitations apply to the laboratory methods.
The diagnostic process for RD is changing rapidly [29]. Whereas
many reference laboratories are still working with IFA or the
microimmunofluorescence assay as reference standards [20],
molecular detection methods are gaining popularity [29], as
they can diagnose the illness in its early stage. Because of re-
strictions in the type and quality of samples available for this
study, we only used serology-based methods. It is known that
there are many limitations to IFA in general: (1) poor sensitivity
in the acute phase of illness (and thus limited diagnostic value
of single samples); (2) high variation and lack of consensus in
cutoff limits; (3) interreader heterogeneity; and (4) cross-reac-
tivity of IgM with other species and antibody persistence beyond
the acute phase of illness [20, 23, 29, 39]. All of these limitations
apply to this study. For the majority of patients, only a single
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sample was available. Therefore, dynamics in antibody titers
could not be assessed, resulting in unconfirmed or even missed
diagnoses of RD. Also, due to material constraints, not all sam-
ples underwent further diluting; presented dilutions could have
been higher for some samples. Almost certainly, some positive
IgM titers were based on cross-reactivity, or on previous infec-
tions. Although the latter is less likely in the Dutch population,
coinfections with tick-borne Rickettsiae have been described in
the Netherlands [40]. Remarkably, we observed cross-reactivity
between SFG and TG groups in a considerable number of sam-
ples. It is possible that this has been caused by R. felis infections,
a rickettsial illness that has been on the rise globally in the past
years [41].

Finally, the retrospective nature of this study itself introduced
limitations. For example, the clinical information was extracted
from patient files and was often incomplete. Also, though
not expected [42], long-term freezing could have affected the
quality of the serum samples.

The most important message from this study is that even
in a specialized travel clinic where clinicians are familiar with
the diagnosis of RD, this diagnosis is still missed in a substan-
tial proportion of patients, especially when an inoculation
eschar is absent. In retrospect, in our study, 68.7% of the con-
firmed/suspected RD cases had been missed and 43.7% did
not receive adequate (empirical) antibiotic therapy. Although
no deaths occurred in this small group of patients, the hos-
pitalization rate was high (33.3%), which emphasizes the im-
portance of timely recognition and treatment of this disease.
In a nonspecialized clinical setting, the proportion of missed
diagnoses of RD will probably be higher, as we also estimated
earlier [16].

There is a dire need for properly conducted prospective
studies among febrile travelers, to reach a credible estimation
of the burden of this disease as an imported cause of febrile ill-
ness. A lower threshold to test for RD by clinicians is justified,
and RD should be included in the testing algorithm of febrile
illnesses.
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