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Abstract. Flea-borne typhus (FBT), although usually perceived as a self-resolving febrile illness, actually encom-
passes a wide spectrum of disease severity, including fulminant sepsis with multi-organ failure. In endemic Texas and
California, the incidence of FBT has more than doubled over the last decade. Clinicians remain unfamiliar with severe
septic presentations of FBT when considering the etiologies of acute undifferentiated febrile syndromes. The diagnostic
challenges of FBT include the nonspecific and variable nature of both history and physical examination and the lack of
diagnostic testing that can provide clinically relevant information early in the course of infection. These barriers perpetuate
misdiagnoses in critically ill patients and lead to delay in initiating appropriate antibiotics, which may contribute to
preventable morbidity and mortality. This case series describes the clinical and diagnostic trajectories of three patients
who developed FBT-associated multi-organ dysfunction. These patients achieved resolution of infection after receiving
doxycycline in the context of a high clinical suspicion. Patients residing in FBT-endemic areas presenting with a febrile
illness of unknown etiology with a suggestive constellation of hyponatremia, elevated transaminase levels, and throm-
bocytopenia should be suspected of having FBT. Clinicians should proceed to serologic testing with early doxycycline
therapy for potential rickettsiosis. Familiarizing clinicians with the presentation of rickettsiosis-associated septic syn-
dromes and its early and appropriate antibiotic treatment can provide lifesaving care and reduce health-care costs
through prevention of the morbidity associated with FBT.

INTRODUCTION

Flea-borne typhus (FBT) is an infection caused by Rickettsia
typhi and Rickettsia felis typically presenting as a nonspecific
febrile illness without significant complica‘[ions.1 However,
FBT actually encompasses a wide spectrum of disease se-
verity, with its most severe presentation culminating in multi-
organ failure requiring intensive care management.2 In the
United States, FBT disproportionately affects Texas, Cal-
ifornia, and Hawaii.! Texas and California are presently ex-
periencing a resurgence with the reported incidence more
than doubling over the last decade, making recognition of this
disease increasingly important among clinicians serving these
endemic areas.®>® Still, FBT remains unrecognized and
underreported.’?> We report three cases of FBT (one con-
firmed and two probable) from South Texas in 2015-2016
manifesting as sepsis with multi-organ failure.

CASE REPORTS

Case 1. A 53-year-old Hispanic male with a history of al-
cohol abuse presented with a 1-week history of nausea,
vomiting, and diarrhea. Examination revealed a truncal mac-
ulopapular rash. He was found to have hyponatremia, elevated
transaminase levels, acute kidney injury, and thrombocyto-
penia (Table 1). The lipase level was within normal limits. An
abdominal ultrasound demonstrated no evidence of liver cir-
rhosis or cholecystitis. A viral hepatitis panel was negative.
The patient was started on piperacillin-tazobactam, vanco-
mycin, and doxycycline. On hospital day (HD) 3, he developed
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melena and hypotension, warranting transfer to the intensive
care unit (ICU). The hypotension resolved with 4 L of normal
saline. His course was complicated by pancreatitis, a pete-
chial rash, and hemorrhagic conjunctivitis. A repeat ultra-
sound revealed a bulky pancreas with diffusely decreased
parenchymal echogenicity. On HD 5, he developed acute
cognitive dysfunction, with facial weakness and dysarthria. A
head CT and MRI revealed no acute findings. Neurologic
symptoms resolved by HD 8. A biopsy of the rash demon-
strated endothelial injury suggestive of rickettsial infection
(Figure 1). Blood, urine, and skin biopsy tissue culture were
without growth. A rickettsial serologic panel was initially
positive for only R. rickettsii IgM at 1:128, suggestive of Rocky
Mountain spotted fever (RMSF). With continued doxycycline
therapy, the patient improved and was transferred from
the ICU to general medicine care on HD 9. Convalescent se-
rum titers 1 month later demonstrated a 4-fold increase in
R. rickettsii IgM and IgG titers to 1:1,024, as well as serocon-
version to R. typhi, with IgM 1:1,024 and IgG 1:2,048.

Case 2. A 52-year-old Asian male presented with a wors-
ening bitemporal headache and nonproductive cough over
the previous 12 days. On arrival in the emergency department,
he was afebrile and tachycardic, with a normal blood pressure
and an examination notable for bilateral crackles. Laboratory
findings revealed hyponatremia, elevated transaminase lev-
els, hypoalbuminemia, acute kidney injury, bandemia, and
thrombocytopenia (Table 1). Ahead CT and alumbar puncture
were unremarkable. Chest X-ray on presentation demon-
strated patchy airspace in the right medial lung base. A right
upper quadrant ultrasound suggested acute liver injury
(Figure 2). Cefepime, vancomycin, and metronidazole were
initiated. During the course of his first HD, he became febrile
and hypotensive, requiring vasopressor therapy, and he de-
veloped respiratory distress, requiring bi-level positive airway
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Ficure 1. Case 1: Punch biopsy of skin from the abdomen showing
perivascular inflammation (arrows), destruction of vessel wall (tri-
angle), and an intravascular thrombus (star) (hematoxylin and eosin
stained section, x400 magnification). This figure appears in color at
www.ajtmh.org.

pressure ventilation with oxygen supplementation. The pa-
tient was transferred to the ICU. Vasopressors were weaned
off 12 hours later. Echocardiography revealed right ventricular
volume overload (Figure 3A). A chest CT 2 days after pre-
sentation demonstrated bilateral pleural effusions, bilateral
peribronchovascular opacities with interlobular septal thick-
ening most compatible with pulmonary edema, and an en-
larged right atrium (Figure 3B). Azithromycin and doxycycline
were added to his antibiotic regimen and arickettsial serologic
panel was ordered. A ventilation/perfusion scan was incon-
sistent with pulmonary embolism. After aggressive diuretic
therapy, he was transitioned to oxygen via high-flow nasal
cannula and weaned to room air over the next 4 days. Blood,
acid-fast bacilli (AFB) and fungal blood isolators, cerebrospi-
nal fluid, and urine cultures all returned without growth. An

Left Liver Long

Ficure 2. Case 2: Right upper quadrant ultrasound with “starry
sky” appearance, consistent with acute liver injury (echogenic portal
triads and venous walls with hypo-echoic, edematous liver paren-
chyma). This pattern has not only been most commonly reported in
viral hepatitis but has also been observed in heart failure, and other
infectious, inflammatory, and neoplastic conditions of the liver.2°

HIV-1/2 serologic test and an HIV-RNA polymerase chain re-
action (PCR) assay were negative. A nasopharyngeal re-
spiratory pathogen PCR panel (Biofire, Salt Lake City, UT;
detects 17 viral and three bacterial targets) was negative. A
Legionella urine antigen test was negative. Histoplasma and
Coccidioides serologic tests were negative. Serologic tests
returned positive for R. typhi, IgM 1:128 and IgG < 1:64. Rocky
Mountain spotted fever serologic tests were negative. He
continued to clinically improve while narrowing his antibiotic
therapy to doxycycline alone and was transferred from the ICU
on HD 6.

Case 3. A 32-year-old Hispanic female presented with a
1-week history of burning midepigastric pain, headache,
subjective fevers, and right flank pain. The flank pain was
accompanied by dark urine, dyspnea, chills, and fatigue. She
was febrile, tachycardic, and had a mild erythematous rash on
her arms and chest. Faint crackles were auscultated at the
bilateral lung bases. Initial laboratory results demonstrated
elevated transaminases, alkaline phosphatase levels, and
bandemia. She developed hemodynamic instability with her
blood pressure decreasing to 76/40 mm Hg, which responded
to an intravenous fluid bolus. CT of the abdomen was un-
remarkable. Chest X-rays (Figure 4) revealed a worsening left
lower lobe opacity with pleural effusion. A CT angiogram of the
chest found no evidence of pulmonary embolism, demon-
strating diffuse bilateral interstitial edema and a left lower lobe
infilirate associated with atelectasis and small pleural effusion.
She was started on azithromycin and ceftriaxone and admit-
ted to the ICU with a presumptive diagnosis of sepsis sec-
ondary to community-acquired pneumonia. On HD 2, the
patient experienced hypoxemia with minimal exertion. A chest
X-ray showed worsening bilateral pulmonary effusions and
pulmonary edema. Furosemide was administered. Neverthe-
less, she subsequently required mechanical ventilation.
Bronchoscopy with bronchoalveolar lavage of the left lower
lobe was performed and showed < 10,000 colony-forming
units of usual respiratory flora and Candida sp., with AFB stain
and culture negative. Blood cultures were negative. Urinalysis
and urine culture were inconsistent with a urinary tract in-
fection. An HIV-1/2 serologic test and serum Cryptococcus
antigen assay were negative. A nasopharyngeal respiratory
pathogen PCR panel (Biofire, as aforementioned) was nega-
tive. A Legionella urinary antigen assay was negative. Histo-
plasma, Coccidioides, and Borrelia burgdorferi serologic tests
were negative. Because of increasing leukocytosis and lack of
improvement on ceftriaxone and azithromycin, antibiotic
coverage was broadened on HD 4 to ceftriaxone, vancomycin,
and doxycycline, and a rickettsial serologic panel was sent.
The patient improved and was extubated on HD 5. After 7 days
of hospitalization, she experienced resolution of all symptoms
and was discharged on cefpodoxime and doxycycline. Sero-
logic results returned after discharge and were negative for
RMSF and positive for R. typhi IgM 1:128 with IgG < 1:64.

DISCUSSION

Flea-borne typhus has often been regarded as a self-limited
infection, with a 4% and a 0.6% mortality among untreated
and treated adult cases, respectively.®” This case series de-
scribes the clinical trajectories of three patients with FBT-
associated multi-organ failure. In endemic areas, clinicians
may not recognize the septic presentations of FBT when
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Ficure 3. Case 2: (A) Echocardiogram exhibiting “D sign” of the interventricular septum from right ventricular volume overload. (B) Comput-
erized tomography of the chest demonstrating right atrial enlargement and a right pleural effusion. This figure appears in color at www.ajtmh.org.

considering the potential etiologies of acute undifferentiated
febrile illness. Early recognition of FBT before decompensa-
tion remains a challenge because of the nonspecific nature of
its presentaton.” Because of its myriad presentations, FBT is
often mistaken for other conditions. In one series from Texas, a
rickettsiosis was initially suspected in only 11% of the pa-
tients.® The classic clinical triad of fever, headache, and rash
for the recognition of FBT is only observed in one-third of
patients.”®'% Rash may be absent in 52% of cases.'® About
75% of patients do not recall flea exposure.’'° Risk stratifi-
cationin FBT is difficult because even patients who are healthy
at baseline can suffer fulminant organ dysfunction.’-1°

The underlying pathophysiology of R. typhi-induced sepsis
is endothelial dysfunction and vasculitis, presenting with
distinct diagnostic findings. About 80% of adult patients with
FBT present with hypoalbuminemia and elevated levels of
transaminases and lactate dehydrogenase; thrombocytope-
nia, increased alkaline phosphatase levels, and hyponatremia
occurin 40-50%.'° Although the diagnosis of FBT by PCR has
been described, there are no widely available tests for the
diagnosis in the acute phase.!" The indirect fluorescent anti-
body (IFA) serologic assay remains the gold standard for di-
agnosis of rickettsioses; however, diagnosis is delayed by the
window period of up to 2 weeks of illness before serologic
reactivity'? and by the need to send specimens to a reference

laboratory. In a compatible clinical case, FBT is confirmed by
the IFA method by a 4-fold rise in serum antibody titer to ty-
phus group antigen. A probable diagnosis of FBT is defined as
a clinically compatible case with supportive laboratory results
(a single IFA titer of 128 or greater while having a lower titer to
spotted fever group (R. rickettsii) antigen than to typhus group
antigen).® Only about half of FBT patients tested during the
first 6 days of illness will have diagnostic titers, but most pa-
tients will have diagnostic titers after 2 weeks of iliness.'® The
definitive diagnosis of FBT is usually made retrospectively,
based on acute and convalescent titers obtained after the
initial presentation.”’* Because convalescent titers are not
available for cases 2 and 3, these cases are considered
probable FBT.

In this context of initial uncertainty regarding a FBT di-
agnosis, the evaluation of the septic patient with imaging and
microbiologic testing may favor an alternative etiology. Con-
versely, laboratory studies may disclose findings associated
with FBT while ruling out other etiologies. As the course pro-
gressed in all three of these cases, evidence of common
bacterial causes of sepsis was absent. This series illustrates
the necessity for clinicians in FBT-endemic areas to quickly
consider a diagnosis of FBT when more common etiologies of
multi-organ dysfunction are not supported by diagnostic
testing.

Ficure 4. Case 3: (A) Chest X-ray on admission demonstrating left lower infiltrate with left pleural effusion. (B) Chest X-ray on the second hospital
day demonstrating worsening pulmonary edema with bilateral pleural effusion.
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Worst SOFA score
0.5
112
134

N/A
N/A (O5 via nasal
N/A

Patient 3
Transfer to ICU
118

cannula)

Admission
N/A
N/A (O via nasal
cannula)
N/A
151

Worst SOFA score
49

0.21 (Bi-PAP)
233
41

TABLE 2
SOFA scores and indices of organ system dysfunction during hospitalization
Patient 2
Transfer to ICU
49
0.21 (Bi-PAP)
233

N/A
0.35 (BI-PAP)
N/A

Admission

0.21

Worst SOFA score
348

Patient 1
0.32

64

Transfer to ICU
200

N/A
0.21
N/A

Admission
37

PaO,/FiO, ratio

PaO, (mm Hg)
Plt (K/uL)

FiOo

SOFA parameters

Hospital day
SOFA score*
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Complications occur in 28% of cases of adult FBT.? Neu-
rologic, ocular, cardiac, pulmonary, gastrointestinal, renal,
and hematologic manifestations have been described, al-
though septic shock is rarely reported.®'%'8 In a 2008 series
of 33 FBT patients, one-third required ICU admission.* In
another series of 80 patients, three deaths occurred, two of
which were precipitated by progressive shock and multi-
organ failure.® We have reported a fatal case of FBT with a
course complicated by septic shock.'® Risk factors for in-
creased severity of FBT include older age, male gender,
glucose-6-phosphate dehydrogenase deficiency, treatment
with sulfa antibiotics, and African origin."®° Abnormalities
associated with increased severity include petechial rash,
pulmonary dysfunction, neurologic presentation, hypona-
tremia, hypokalemia, hypocalcemia, hypoalbuminemia, leu-
kocytosis, thrombocytopenia, and elevated creatinine. The
patients in this series exhibited abnormalities associated with
increased severity. All displayed severe hypoalbuminemia.
Patients 1 and 2 showed hyponatremia, lactic acidosis,
thrombocytopenia, and coagulopathy. Patient 1 developed
renal failure (creatinine 6.1 mg/dL; dialysis not required, re-
covery after 6 weeks). Uncommon manifestations of FBT
observed in this series include pancreatitis,? gastrointestinal
bleeding, hemorrhagic conjunctivitis, and transient ischemic
attack in patient 1 and the “starry sky” ultrasound appearance
of liver injury and right heart strain in patient 2.2® Heart failure
may have been due to the myocarditis known to occur in
FBT.' All three patients had prominent leukocytosis and
bandemia; the latter is associated with increased mortality.20

The morbidity to individual patients by FBT has costs that
are difficult to quantify, including medical care and lost pro-
ductivity during convalescence. Considering only medical
costs, the amount of resources used is related to the severity
of illness. The All Patient Refined Diagnosis Related Groups
(APR-DRG) that code for the patients’ admissions in this series
were obtained. The estimated hospital costs were calculated
using the associated relative weight of the respective APR-
DRG code.?! This relative weight was multiplied by the state-
determined base rate.?? The average estimated cost for
inpatient care of these patients was $25,235, ranging from
$9,583.40 to $44,601.90. This cost was comparable to the
average cost of severe sepsis ($24,638) in U.S. hospitals.?® In
another recent study, the median medical cost of a case of
FBT was $16,760.>

In this series, each patient required ICU care and organ sup-
port, with one requiring vasopressor therapy and two requiring
positive pressure ventilation. Sequential organ failure assess-
ment (SOFA) scores provide an assessment of prognosis in the
context of sepsis.?® Table 2 provides SOFA scores and the
timelines of organ dysfunction for each patient. Increases in
SOFA scores > 2 during sepsis are associated with an inhospital
mortality > 10%.2° In scrub typhus, SOFA scores correlate with
hospital length of stay and mortality rates.?” The SOFA score of
patient 1 on admission was 7, reached amaximumof14onHD 3
(despite doxycycline on HD 1), and then declined. Patient 2 had a
score of 5 on admission, which increased to 11 by HD 2, despite
doxycycline on HD 1. Patient 3 had a score of 1 on admission,
which increased to 6 by HD 3, but then declined after receiving
doxycycline on HD 4. For a summary of the presentation,
complications, and severity indicators of these patients, see
Table 3. Early initiation of empiric broad-spectrum antibiotics
(“escalation”) is an evidence-based intervention for the reversal

11

0.7
hypotension
0.5

No

15
1.0
MAP < 70
0.51

1.1
0.86

15
MAP < 70

15
4.2
1.4

Epinephrine < 0.1
mcg/kg/minutes

15
4.2
1.4

Epinephrine < 0.1
mcg/kg/minutes

2.9
1.4

15
hypotension

No

13
12.4
MAP < 70
5.7

15 14
9
MAP <70 MAP <70
1.74 418
sequential organ failure assessment.

Glasgow Coma
Scale
TBili (mg/dL)
Level of
hypotension
Crt (mg/dL)
= platelet count; SOFA
* Reference 2° (specifically efigure 3) provides representative inhospital mortality rates in sepsis for a given SOFA score. Accordingly, SOFA score > 9 is associated with > 20% mortality; SOFA score > 14 is associated with > 40% mortality.
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TaBLE 3

Summary of clinical characteristics of cases 1-3

Factors necessitating ICU

Hospital day when Clinical and laboratory indicators

Case Key presenting features transfer Complications doxycycline was started Days in ICU of increased severity*
1 Vomiting/diarrhea Hypotension Acute kidney injury 1 7 Bleeding coagulopathy
(suspected)
Fever Melena Coagulopathy CNS abnormalities
Rash Encephalopathy Hepatic dysfunction
Hyponatremia Hypotension Hypoalbuminemia
Acute kidney injury Pancreatitis Hyponatremia
Elevated LFTs Upper gastrointestinal Leukocytosis
bleed (suspected)
Thrombocytopenia Renal dysfunction
Coagulopathy Thrombocytopenia
2 Headache Hypotension Acute kidney injury 1 6 Hepatic dysfunction
Cough Hypoxic respiratory Hypoxic respiratory Hyponatremia
failure failure
Hyponatremia Septic shock Leukocytosis
Acute kidney injury Right heart failure Pulmonary compromise
Hypoalbuminemia Renal dysfunction
Elevated LFTs Thrombocytopenia
Bandemia
Thrombocytopenia
Lung infiltrate
3 Abdominal Hypotension Hypotension 4 6 Delayed diagnosis
Pain Hypoxic respiratory Hypoxic respiratory Hepatic dysfunction
failure failure
Headache Pneumonia Hypoalbuminemia
Fever Leukocytosis
Dyspnea Pulmonary compromise
Chills Thrombocytopenia
Fatigue
Tachycardia
Rash

Hypoalbuminemia
Elevated LFTs
Bandemia

ICU = intensive care unit; LFTs = liver function tests (AST/ALT/alkaline phosphatase). All three patients had minimally abnormal potassium and calcium level when corrected for albumin.
* Based on reference ®—disease severity related to older patient age, hyponatremia, hypokalemia, hypocalcemia, renal dysfunction, hypoalbuminemia, leukocytosis, delayed diagnosis,
thrombocytopenia, bleeding coagulopathy, cardiac arrhythmias, hepatic dysfunction, pulmonary compromise, CNS abnormalities, previous therapy with sulfa-containing antimicrobial agents, and

hemolysis usually associated with glucose-6-phosphate dehydrogenase deficiency.

of the cascade of sepsis and multi-organ dysfunction in critically
ill patients.?2° For the subset of FBT patients that progress to
organ failure, a high index of suspicion and targeted anti-
rickettsial therapy as soon as FBT is suspected may prevent
further decompensation; doxycycline is the preferred drug,
with chloramphenicol, azithromycin, and fluoroquinolones as
second-line agents.'*° Thus, we posit that for patients in FBT-
endemic areas who present with organ dysfunction due to
sepsis of uncertain source, there should be early doxycycline
escalation for potential rickettsiosis pending the results of se-
rologic and other diagnostic testing.
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