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Case Report: Fulminant Murine Typhus Presenting with Status Epilepticus and Multi-Organ
Failure: an Autopsy Case and a Review of the Neurologic Presentations of Murine Typhus
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Abstract. Murine typhus (MT) is an important cause of febrile illness in endemic areas, and there is an epidemiologic
resurgence of this infection currently transpiring in Texas and California. Fatal cases and severe neurological compli-
cations are rare. A fatal case of MT in a middle-aged man is reported with a course culminating in multi-organ failure and
refractory status epilepticus. An autopsy revealed hemorrhagic pneumonia, acute tubular necrosis, and ischemic ne-
crosis in the liver, adrenals, and brain. We have also reviewed the neurologic complications of MT.

Murine typhus (MT) is a flea-borne infection caused by
Rickettsia typhi.1 It is typically a nonspecific febrile illness
without complications. Fever, headache, rash, chills, malaise,
myalgias, and anorexia are the most common presenting
signs and symptoms. Elevated transaminase levels, hypona-
tremia, thrombocytopenia, and anemia are commonly asso-
ciated laboratory abnormalities.2,3 A systematic review found
26.1% of patients had complications of organ failure or re-
quired hospitalization; however, intensive care unit admission
and death were rare.3 Three thousand and forty-eight con-
firmed or probable cases of MT were reported in Texas from
1985 to 2015, with 11 fatalities.4 However, the specific causes
of death were not detailed for these 11 fatal cases. If progress
is to be made in preventing complications and death during
the course of MT, a better understanding of the pathogenesis
of severe illness for this infection is necessary. Herein, we
report a case of a middle-aged male with MT who presented
with septic shock, renal failure, and status epilepticus, who
suffered a fatal course. An autopsywasobtained. The findings
were comparedwith other published autopsy cases ofMTand
with other neurologic presentations of MT (NPMT).

CASE

The patient was a 46-year-old Caucasian man from sub-
urban San Antonio (TX) with a history of alcohol abuse and
cranioplasty after an accident at 12 years of age. He arrived by
ambulance after he was found convulsing on the floor of his
home. According to his mother with whom he lived, he had
been in his usual state of health the day prior presentation. He
had not traveled recently and had no known exposure to fleas,
ticks, rodents, cats, or other animals.
On arrival, he was convulsing, hypoxemic (oxygen satura-

tion as low as 40%), hypotensive (78/40 mm Hg), and tachy-
cardic (137 bpm). Examination revealed central cyanosis,
horizontal nystagmus, rhythmic jerking of all four extremities,
and coarse breath sounds. There was no fever, rash, eschar,
nor obvious insect bites. The patient was immediately

intubated and placed on mechanical ventilation. Initial labo-
ratory investigations showed severe acidosis with elevated
lactic acid and depressed bicarbonate levels; severe acute
kidney injurywith high levels of potassium, phosphorus, blood
urea nitrogen, and creatinine; modest effects on the liver, with
elevated aspartate transaminase, alanine transaminase, alka-
line phosphatase, bilirubin, and ammonia; and evidence of
significant endothelial damagewith severely lowalbumin. There
was severe thrombocytopenia, moderate anemia, and leuko-
cytosis with 80% neutrophils. Lactate dehydrogenase was
moderately elevated (see Table 1). The glucose and creatinine
kinase levels and prothrombin time were within normal limits.
Blood cultures obtained on days 1, 2, and 5 and were all neg-
ative. A urine screen of drugs of abuse was negative. Serum
alcohol, acetaminophen, salicylate, and ethylene glycol levels
were undetectable. An human immunodefiency virus-1/2 se-
rologic test and RNA polymerase chain reaction were negative.
Computed tomography of the head, chest, abdomen, and
pelvis showed only splenomegaly and bibasilar atelectasis.
Septic shock and suspected meningoencephalitis were

managed with fluid resuscitation and antimicrobial coverage
with vancomycin, cefepime, metronidazole, ampicillin, and
acyclovir. An electroencephalogram (EEG) was consistent
with nonconvulsive status epilepticus. Epileptic activity
remained evident by EEG despite midazolam boluses and
infusion, phenytoin, lacosamide, levetiracetam, and continu-
ous ketamine infusion. The patient was, therefore, placed in a
pentobarbital-induced coma.
A lumbar puncture was performed on day 3. The opening

pressure was 17 cm H2O, and cerebrospinal fluid (CSF)
studies revealed a lymphocytic pleocytosis (66 nucleated
cells/mm3, 46% lymphocytes), elevated protein (170 mg/dL;
reference range < 45 mg/dL), and a normal CSF glucose.
Aerobic, anaerobic, fungal, and acid-fast bacilli cultures of the
CSFwere negative, as were serologic tests for West Nile virus
and a CSF meningitis/encephalitis polymerase chain reaction
panel (FilmArray; Biofire, Salt Lake City, UT). By day 3, the
international normalized ratio had increased to 1.8 and the
fibrinogen level dropped to 142 mg/dL (reference range
152–145mg/dL). The white blood cell count increased to 22.5
K/mm3 and the hemoglobin fell to 9.0mg/dL.Doxycyclinewas
initiated for suspected rickettsial infection. A serum indirect
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fluorescent antibody serologic test for MT was sent and
returned reactive for Rickettsia typhi (immunglobulin M
[IgM] 1:4,096; immunoglobulin G [IgG] 1:256). Rocky
Mountain spotted fever (RMSF) serology was performed
and was also reactive (IgM 1:256; IgG 1:64), titers being 4-
fold lower than that for MT.
Renal replacement therapywas started on day 4 because of

refractory acidosis and anuria. Despite this the patient de-
veloped progressive multi-organ dysfunction with increasing
lactic acidosis, hypoxemia, and vasopressor requirements.
Because of the progressive deterioration of his condition, the
patient was transitioned to comfort care and he died on day 6
of hospitalization.
At the time of autopsy, there was a petechial rash of both

legs, acute gangrene of the toe tips of both feet, and multiple
cutaneous ecchymoses and scleral hemorrhages. Gross ex-
amination of the internal organs revealed hemorrhagic pneu-
monia, splenomegaly (290 g), cerebral edema, and mild
cerebellar tonsillar herniation. Microscopic examination
revealed multifocal small-vessel thromboses in the lungs,
skin, and kidneys; with acute tubular necrosis, cutaneous

vasculitis consisting of mononuclear cell inflammation, and
small-vessel thrombosis (Figure 1A). The liver showed Stage
3/4 steatohepatitis and zone three hypoxic/ischemic necrosis.
The adrenal glands also displayed hypoxic/ischemic necrosis
affecting most of the cortex. There was extensive hypoxic/
ischemic necrosis of neurons in the “watershed” zone of
the bilateral cerebral hemispheres and hippocampus, and
scattered foci of perivascular mononuclear cell infiltrates
(Figure 1B).

DISCUSSION

Fatalities are rare in MT. Even in the era before antibiotics
andmodern critical care, themortality rate ofMTwas less than
4%, with the principal causes of death being pneumonia,
nephritis, myocarditis, and “apoplexy” (altered conscious-
ness).5 The present case fatality rate in Texas is 0.4%.4 Nev-
ertheless, the number of cases and the geographic range of
MThave increased in Texas andCalifornia in thepast decade,6,7

so it is increasingly important to recognize this infection to
institute timely and appropriate antibiotic treatment, thereby,
decreasing the risk of complications and death.
Four other autopsy cases ofMT have been reported. Binford

and Ecker reported three cases in which they ascribed the
cause of death tomyocarditis; thebrainwas examined in two of
the cases,withminimal changes.8Walker and others described
a case of an elderly woman who died of MT due to pneumonia,
encephalitis, and renal failure9; they observed diffuse alveolar
damage,multifocalwhitematter petechiae, andperivasculitis in
the spinal cord and kidneys.
The patient described herein had an extremely rapid pro-

gression to multi-organ failure and death. With the brain in-
volvement, pneumonitis, renal failure, and gangrene, this
infection behaved like one of the life-threatening rickettsioses,
that is, RMSF, epidemic typhus, or scrub typhus. The host
factors for more severe rickettsial infection include: age > 40
years old; male gender; underlying liver disease, alcoholism,
or chronic lung disease; African origin; and glucose-6-
phosphate dehydrogenase (G-6-PD) deficiency.10–12 How-
ever, even considering the usual course of RMSF, this patient
had a particularly rapid progression of multi-organ dysfunction.

TABLE 1
Abnormal laboratory findings of the case patient on admission

Analyte Units Value Reference range

Venous pH – 7.04 7.31–7.41
Lactic acid mmol/L 9.0 0.5–2.2
Sodium mmol/L 131 135–145
Potassium mmol/L 6.1 3.5–5.1
Bicarbonate mmol/L 14 20–29
Blood urea nitrogen mg/dL 142 7–25
Creatinine mg/dL 11 0.6–1.3
Aspartate transaminase U/L 76 < 36
Alanine transaminase U/L 58 < 58
Alkaline phosphatase U/L 281 45–117
Total bilirubin mg/dL 2.9 0.2–1.2
Albumin g/dL 1.9 3.2–5.0
Ammonia μmol/L 167 45–117
Phosphorus mg/dL 7.7 2.4–4.6
Lactate dehydrogenase U/L 406 92–240
White blood cell count K/mm3 19.6 3.4–10.4
Hemoglobin g/dL 11.2 12.8–17.1
Platelet count K/mm3 31 140–377
International normalized ratio – 1.3 1.0

FIGURE 1. (A) Dermis with small-vessel thrombosis (hematoxylin and eosin, ×200). (B) Neuronal necrosis (open triangles) with focal perivascular
mononuclear cell infiltrate (glial or typhus nodule [open arrow]) (hematoxylin and eosin, ×200). This figure appears in color at www.ajtmh.org.
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“Fulminant” RMSF has been described in patients with G-6-PD
deficiency; this results in death within 5 days after the onset
as compared with 8–15 days in most fatal cases of RMSF.13

The G-6-PD status of this patient was uncertain, but he did
have the former four host risk factors. Although there are no
specific data for MT, scrub typhus patients with cirrhosis
have about 3-x the rates of renal failure and central nervous
system (CNS) involvement, and 9-x the mortality rate com-
pared with those without cirrhosis.14 This patient had grade
3/4 steatohepatitis with splenomegaly suggestive of portal
hypertension (spleen weight = 290 g; usual mean spleen
weight in males is 139 g15), which was likely the primary risk
factor leading to his fulminant course. In cirrhotics, a pre-
existing hyperdynamic state predisposes to the hypoten-
sion, reduced tissue perfusion, and multi-organ failure that
arises from sepsis-driven cytokine storm and nitric oxide
overproduction.16

Acral gangrene has not previously been reported in MT, but
has been observed in RMSF,17 epidemic typhus,18 and scrub
typhus.19 The gangrene is due to hypotension, small-vessel
occlusion secondary to vasculitis, and disseminated in-
travascular coagulation.17 However, vasopressor therapy may
have also contributed to the acral gangrene in this patient.
Clinically significant NPMT are uncommon and usually

manifest in the secondweek of the illness.20 Headache, a very
common symptom in rickettsial infection, does not by itself
indicateCNS invasion.Other neurologic signs and symptoms,
such as altered mental status, meningismus, focal neurolog-
ical deficits, or behavioral changes, revealCNS involvement.21

In an analysis of 1,756 patients with MT, only 69 patients
presentedwith altered consciousness (3.9%), 13 patients had
meningism (0.7%), and three patients each presented with
ataxia or seizures.3 The most thorough assessment of MT
CNS infection derives from a Laotian study of 1,051 patients
admitted with a neurological presentation that received a
lumbar puncture.22 Twenty-eight patients with NPMT were
identified; headache and stiff neck were present in 84% and
69% of patients, respectively, with convulsions in 25%.
Hearing loss and photophobia were absent. Meningitis was
diagnosed in 68% of the NPMT cases and meningitis with
encephalitis was seen in 57%. The average opening pressure
was 17 cm H2O with a range 9–40. The mean CSF leukocyte
count was 10/mm3 (range 0–605), with an average neutrophil
to lymphocyte ratio of 1. Cerebrospinal fluid protein and lac-
tate were elevated in 46% and 33% of NPMT patients, re-
spectively, and CSF glucose levels were depressed in 24%.
The mortality rate in NPMT was 27%, higher than for those
with neurologic presentations of scrub typhus or leptospirosis
(14% and 13%, respectively), but not as high as pyogenic
meningitis (33%). There was no determination of the associ-
ation of mortality with neurologic/CSF characteristics or with
concurrent dysfunction of other organs.22 Neurologic
complications, including meningitis, encephalitis, vertigo,
dizziness, seizure, and coma, were present in five patients
(63%) in the recent Texas series of fatal MT cases4 and are
also more common in elderly MT patients.23 Other studies
of MT have also reported meningitis, encephalitis, or
meningoencephalitis.20,24–36

A hallmark of rickettsial encephalitis is the “typhus nodule”
or “glial nodule,” composed of focal perivascular infiltration of
the neuropil by macrophages and lymphocytes which form in
response to invasion of vascular endothelial cells by the

pathogen.21,37 Such “nodules” have been observed in RMSF,
epidemic typhus, scrub typhus, andMT37; theywere evident in
the brain of this patient (Figure 1B). Perivascular hemorrhage
or microinfarcts in the brain parenchyma and perivascular in-
filtrate of the leptomeninges may also be present in rickettsial
meningoencephalitis,37 but were not seen in this patient. The
intractable seizures observed in this patient were due to the
neuronal necrosis, typhus nodules, and severe metabolic
derangements that were evident on admission. In addition to
the Laotian study, other studies of MT have reported
seizures,20,29,38,39 which were ascribed to hyperpyrexia, in-
tracranial hemorrhage, and hypoglycemia.29

Other CNS manifestations that have been reported in MT in-
clude: hearing loss40,41; encephalitis with white matter infarc-
tions, and intracerebral and subarachnoid hemorrhages42;
cerebellitis with ataxia and tremors43; intracranial hemorrhage29;
hemiparesis10; cranial nerve palsies26,44–46; ataxia38,47; behav-
ioral alterations; and neurocognitive deficits20,31,48 and pseu-
dotumor cerebri.20 Nevertheless, in most MT patients, the CNS
manifestations resolve after the patient defervesces.49 By con-
trast, inRMSF,more thanhalf of thepatientsmayhavepersistent
neurologic deficits more than 1 year after the illness.50 In RMSF,
the vasculitismayextend to all layersof thebloodvessel, leading
to necrosis of the intima and the media, with severe thrombotic
occlusion and microinfarcts,48,50 a finding which typically does
not occur in MT.
Central nervous systemmanifestations associated with MT

are diverse and include severe forms such as the seizures
seen in this patient. The course of MT has the potential to be
attenuated by the institution of early antibiotic therapy. It is
prudent to include MT in the differential diagnosis of patients
with neurologic dysfunction in endemic areas.
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