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We present 10 patients with Rickettsia typhi infection in whom 
next-generation sequencing of microbial cell-free deoxyribonu-
cleic acid (mcfDNA) was used as a diagnostic tool. Rickettsia 
typhi mcfDNA was detected in all cases and was more rapid and 
specific than rickettsial serology. Rickettsia typhi mcfDNA im-
pacted antibiotic management in 50% of patients.

Keywords.   clinical characteristics; murine typhus; next-
generation sequencing; Rickettsia typhi.

Murine or flea-borne typhus—a bacterial disease caused by 
Rickettsia typhi most prevalent in tropical and subtropical en-
vironments—is carried by mammals and transferred to hu-
mans primarily by abrasion of feces from rat fleas (Xenopsylla 
cheopis) and cat fleas (Ctenocephalides felis) into bite wounds 
[1]. Although murine typhus peaked in the United States in 
the 1940s, subtropical regions of the United States, especially 
California and Texas, remain endemic regions with a growing 
number of annual cases. In Texas, cases quadrupled between 
2008 and 2018 [2]; the incidence is highest on the coast and in 
the south but expanding inland and northward with metropol-
itan areas becoming foci of increasing transmission [1–3]. The 
diagnosis of murine typhus represents a challenge to clinicians 
given a diverse range of presentations from mild constitutional 
and gastrointestinal symptoms to severe sepsis-like physiology 
with multiorgan involvement [4, 5]. The diagnostic work-up of 
R typhi often includes imaging studies and extensive laboratory 

evaluation, which can lead to increased patient care costs [6] 
and delays in timely management. Given the prolonged time to 
diagnosis by serological testing, doxycycline is generally started 
empirically while awaiting confirmatory testing [7]. In recent 
years, next generation sequencing (NGS) of microbial cell-free 
deoxyribonucleic acid (mcfDNA) has been utilized as a send-
out test at Baylor St. Luke’s Medical Center (BSLMC), where 
this retrospective case series was conducted. The Karius test 
(Redwood City, CA) used in this study is a validated, College 
of American Pathologists-accredited, Clinical Laboratory 
Improvement Amendments-certified open-ended tool that de-
tects and quantifies the plasma concentration of mcfDNA of 
>1000 pathogens enabling the rapid, noninvasive diagnosis of 
infectious diseases [8]. The aim of the following case series is to 
correlate the mcfDNA NGS signal with the clinical features of 
murine typhus and to characterize its role in the diagnosis of R 
typhi infection and in tailoring antibiotic management.

METHODS

Our study was performed at BSLMC, a quaternary academic 
medical center, between May 2017 and May 2020. Patients with 
R typhi detected by mcfDNA NGS were reviewed. All mcfDNA 
NGS tests were ordered by infectious diseases attendings. 
Patients were included in the study if the R typhi mcfDNA 
concentration met the commercial threshold or if the serology 
and clinical manifestations were consistent with murine ty-
phus based on discussion with an infectious disease physician 
(M.A.). A previously described cohort of 684 healthy adults was 
interrogated for R typhi mcfDNA as a means of negative control 
[8]. A chart review of BSLMC patient records was conducted. 
All mcfDNA NGS tests were sent to Karius; serology samples 
were sent to Quest Diagnostics (San Juan Capistrano, CA). This 
study was approved by Baylor College of Medicine Institutional 
Review Board.

Patient Consent Statement

This work was a retrospective chart review approved by the 
Baylor College of Medicine Institutional Review Board. Because 
of the nature of the study, consent was not required. No identifi-
able patient information is included in this manuscript.

RESULTS

Ten patients with R typhi detected by mcfDNA NGS were in-
cluded (Table 1); no R typhi mcfDNA NGS reads were detected 
in the 684-subject healthy cohort (specificity 100%). Median 
age was 38.5 years (19–75 years); 7 patients were female. Eight 
patients presented in summer months (May–August). The 
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median clinical turnaround time (the time between ordering 
and result reporting) for mcfDNA NGS was 3 days (interquar-
tile range [IQR], 2.5–3.5). The median laboratory turnaround 
time for mcfDNA NGS (the time between sample receipt by the 
laboratory and result reporting) was 1 day (IQR, 1–2).

Rickettsia typhi serology results were available in 9 patients 
and were positive with variable titers. Rocky Mountain spotted 
fever serologies were positive in 5 of 9 patients (specificity 
44%). Rickettsia typhi mcfDNA NGS and serology was 100% 
concordant. The median clinical turnaround time for serology 
was 3  days (IQR, 3–5.5), and the median laboratory turna-
round time was 2 days (IQR, 2–3). The median time between 
symptom onset and collection of mcfDNA was 11.5 days (IQR, 
8.75–15.75), whereas the median time between hospitalization 
and collection of mcfDNA was 4 days (IQR, 2.5–6.25 days). The 
median duration of antibiotic treatment before the collection of 
mcfDNA was 7.5 days (IQR, 3.75–12.25).

The range of clinical presentation was broad with wide differ-
ential diagnoses; initial presumptive etiological considerations 
included nonrickettsial diseases in every case (Table 1). Three 
patients required admission to the intensive care unit due to 
septic shock, and 2 others experienced acute respiratory distress 
syndrome and acute kidney injury. One had cardiac arrest and 
combined respiratory/metabolic acidosis requiring extracorpo-
real membrane oxygenation. Hematology was consulted due to 
concern for hemophagocytic lymphohistiocytosis in both pa-
tients; one received bone marrow biopsy demonstrating macro-
phage activation syndrome.

Viral infection was suspected in 7 of 10 patients at presenta-
tion; urinary tract infection was diagnosed in 2 patients. All pa-
tients received viral testing including respiratory panels, hepatitis 
panels, and Epstein-Barr virus testing. Nine of ten patients re-
ceived other antibiotics before or alongside doxycycline, including 
vancomycin, meropenem, rifampin, gentamicin, cefepime, 
amoxicillin, nitrofurantoin, and azithromycin. Doxycycline was 
initiated due to suspicion of rickettsial infection in patients with 
elevated liver enzymes, thrombocytopenia, lack of improvement 
with broad-spectrum antibiotics, and unrevealing viral panels. In 
4 patients, non-tetracycline antibiotics were discontinued before 
confirmatory results due to clinical improvement. Rickettsia typhi 
mcfDNA affected antibiotic management in 5 patients (50%). In 
4 patients, antibiotics were narrowed to doxycycline after R typhi 
mcfDNA detection. One patient’s doxycycline was discontinued 
after clinical improvement but restarted when mcfDNA NGS 
confirmed R typhi infection.

DISCUSSION

Previous research has characterized the heterogeneous pres-
entation of murine typhus in large cohorts of patients [9]. 
Although the frequency of fever, headaches, gastrointestinal 

symptoms, and hyponatremia is consistent with that seen in 
prior studies, respiratory complaints were more common in 
this patient group [9, 10]. Patients experienced complications 
consistent with previous reports of secondary hemophagocytic 
lymphohistiocytosis, which has been reported in severe rickett-
sial disease [4, 5]. The frequency of elevated liver function en-
zymes (aspartate aminotransferase >40, alanine aminotransferase 
>50) was similar to other studies of hospitalized patients (up to 
90%) [10]. In contrast, thrombocytopenia (<150  000/µL) was 
much more common in our patients (80%) than in the literature 
(16.1%–48% of patients) [9, 10].

This study included 2 patients for whom the mcfDNA NGS 
result was below the commercial threshold but were positive for 
Rickettsia sp antibody titers and had a compatible clinical pres-
entation. By comparison, no R typhi mcfDNA NGS reads are 
present in a cohort of 684 asymptomatic control subjects. The 
amount of R typhi mcfDNA seemed to correlate with sepsis-like 
presentation, symptom duration, and pretreatment with anti-
biotics, suggesting that the molecules per microliter may also 
be useful to monitor the course of the infection and response to 
therapy. In 4 patients, mcfDNA NGS also detected Epstein-Barr 
virus, highlighting the commonality of herpes viral reactivation 
in the setting of sepsis syndromes and critical illness; in one pa-
tient, Micrococcus luteus was detected, which was believed to be 
clinically insignificant by the treating team.

All patients in this series presented with a wide differential di-
agnosis; doxycycline was started empirically due to suspicion of 
rickettsial disease along with broad coverage for other possible 
pathogens. Rickettsia typhi mcfDNA NGS results allowed phys-
icians to safely mitigate the burden of unnecessary antibiotics 
in 4 patients and resume doxycycline in another. Although the 
best practice remains to treat suspected murine typhus empir-
ically, mcfDNA NGS may prove useful in securing what can 
be an elusive diagnosis, excluding other competing pathogens 
in the differential diagnosis that would warrant treatment and 
de-escalating antibiotic coverage.

Our findings are limited by a small sample size of 10 patients 
and the selection of patients from a quaternary hospital, a re-
ferral center for severely ill patients from the community re-
quiring escalation of care. Patients included in the study also 
had chronic conditions (systemic lupus erythematosus, ulcer-
ative colitis) that can impact presentation, but their conditions 
were previously well managed and the trends in laboratory 
values were consistent with an acute process. In addition, the 
case series did not include patients for whom rickettsial disease 
was suspected but excluded from the differential after nega-
tive work-up. Cost and limited availability pose challenges of 
mcfDNA NGS as a diagnostic tool in resource-poor murine 
typhus-endemic areas within and outside the United States. 
Future research on this emerging cause of flea-borne illness 
will be needed to better delineate the role of new diagnostic 
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techniques such as mcfDNA NGS in accelerating diagnosis and 
tailoring management.

CONCLUSIONS

Rickettsia typhi is a reemerging cause of febrile illness in the 
United States with a heterogenous range of presentations and se-
verity. The differential diagnosis for the clinical presentation of R 
typhi is broad and most cases are not identified without exhaustive 
laboratory work-up; despite these diagnostic efforts the infection 
is likely underdiagnosed. Empirical treatment with doxycycline 
is recommended; accurate, rapid diagnosis can help narrow an-
tibiotic coverage. Microbial cell-free DNA NGS offers promise as 
a rapid, open-ended diagnostic method for the evaluation of the 
broad array of pathogens implicated in the differential diagnosis 
of systemic syndromic presentations and for securing the specific 
diagnosis of R typhi among the range of etiological possibilities.
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