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Abstract

Scrub typhus is an infectious disease caused by Orientia tsutsugamushi, a bacterium within the
family Rickettsiaceae. The clinical symptoms are usually acute and are characterized by fever,
eschar formation or ulceration, local or generalized lymphadenopathy, and rash. Because of the
extensive damage to small blood vessels throughout the body, scrub typhus can involve multiple
systems and organs, causing damage to the respiratory, digestive, and nervous systems and
inducing kidney and liver dysfunction. Death can occur in severe cases. We herein report two
cases of scrub typhus with liver damage and intracranial infection. Among patients with scrub
typhus, the risk of death is significantly higher in those who develop liver injury and intracranial
infection. However, there are few reports on the treatment of patients with liver injury and
intracranial infection caused by scrub typhus, and relevant treatment experience is thus lacking.
Our clinical case report helps to fill the knowledge gap in this area.
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occurring epidemic predominantly emerges
in jungle environments.'? It is mainly
transmitted through the bite of chiggers
(larval mites), resulting in a diverse and
complex array of clinical manifestations
often accompanied by various comorbid-
ities.*> These manifestations often lead to
multi-organ damage with the characteristic
presence of an eschar. Scrub typhus is
widely endemic in the Asia-Pacific region,
with a prominent distribution in China’s
southeastern coastal areas.®” About 1 mil-
lion individuals worldwide are affected by
this disease every year, making it a serious
threat to human health.®

The mortality rate of liver injury com-
bined with intracranial infection in patients
with scrub typhus is high, and there is a lack
of consensus on relevant treatment. We
herein report two cases of liver injury com-
bined with intracranial infection and their
successful treatment. We expect the infor-
mation in this case report to be helpful in
clinical practice.

Case report

Case |

A 70-year-old man was admitted to the hos-
pital with a 1-week history of fever and
5-day history of abdominal pain. The
patient’s fever was recurrent, with a maxi-
mum body temperature of 39°C. He took
antipyretic medication, which helped to
control the fever. Five days before presen-
tation, the patient developed tolerable pain
throughout his whole abdomen, loose
stools, and an incomplete feeling of defeca-
tion. He had no vomiting, mucopurulent or
bloody stools, back pain, urinary frequency
or urgency, urinary pain, hematuria, or
other symptoms.

Initial testing for mnovel coronavirus
yielded negative results. Upon examination,
the patient showed clear consciousness,
pharyngeal hyperemia, and no tonsillar

swelling. A round skin lesion measuring
approximately 1.0 x 1.0cm and surrounded
by a red halo was observed in the right
axilla. Abdominal assessment revealed a
flat and soft abdomen with no abdominal
muscle tension, tenderness, rebound tender-
ness, or mass. No liver, spleen, or subcostal
abnormalities were palpated. Abdominal
percussion produced a resonant sound,
and bowel sounds were detected at a rate
of four times per minute. Pathological
signs were absent, and no neck rigidity
was noted. No superficial lymph nodes
were palpable. No other abnormalities
were found during the physical examina-
tion. Laboratory testing revealed a white
blood cell count of 10.98 x 10°/L (reference
range, 4-10 x 10°/L), procalcitonin (PCT)
concentration of 14.36ng/mL (reference
range, 0-0.05ng/mL), amylase concentration
of 103.1U/L (reference range, 39-117 U/L),
and lipase concentration of 106.9 U/L (refer-
ence range, 0-60 U/L). Liver function testing
revealed an alanine aminotransferase concen-
tration of 97 U/L (reference range, 9-50 U/L),
aspartate aminotransferase concentration of
56 U/L (reference range, 1540U/L), and
total bilirubin concentration of 63.4 pumol/L
(reference range, 2-20.4 pmol/L). Additionally,
the blood creatinine concentration was
148 mg/L (reference range, 59—-104 umol/L)
and platelet count was 73 x 10°/L (reference
range, 100-300 x 10°/L). Abdominal com-
puted tomography showed no pancreatic
swelling or peripancreatic exudation.
Leptospira and adenovirus antibodies were
negative. Overall, these test results excluded
acute pancreatitis, Leptospira infection, and
adenovirus infection. The PCT index was
significantly increased, however, and we
considered that the possibility of bacterial
infection was high, particularly considering
the presence of multiple organ dysfunction
and an eschar in the right axilla (Figure 1).
Based on the patient’s history of pastoral
work before the onset of illness, scrub
typhus was considered a possible diagnosis.
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A treatment regimen of doxycycline at
100 mg twice daily was initiated. By the
second day, the patient’s condition had
deteriorated, leading to gradual loss of con-
sciousness and limb convulsions. As a
result, the patient was transferred to the
intensive care unit, intubated, and provided
respiratory support. A cerebrospinal fluid
(CSF) sample obtained via lumbar punc-
ture exhibited a pale yellow color with sig-
nificantly elevated trace protein levels
(Table 1). CSF and blood cultures revealed
no pathogenic bacteria. Metagenomic next-
generation sequencing (mNGS) identified
26 sequences of Orientia scrub typhus in
the blood and CSF, confirming the diagno-
sis of scrub typhus. Liver injury and intra-
cranial infection were also evident.

In formulating our treatment plan, we
considered the need to penetrate the
blood-brain barrier and the potential
toxic effects of certain medications on the
liver. Therefore, we initiated treatment with
moxifloxacin, which is characterized by

Figure I. Right axillary skin lesion, 0.8 x 0.6 cm
(Case ).

slightly better blood—brain barrier penetra-
tion and less liver damage than other med-
ications, at a dosage of 0.4 g once daily. On
hospitalization day (HOD) 5, the patient’s
fever subsided and his limb convulsions
were controlled. On HOD 7, the patient
regained consciousness, although without
limb movement. Pain stimulation elicited
responses. On HOD 9, the tracheal tube
was removed, and the patient was able to
perform coordinated actions such as leg lift-
ing and fist clenching. Subsequent CSF
analysis indicated a significantly reduced
total cell count, white blood cell count,
and trace protein concentration (Table 1).
Brain magnetic resonance imaging (MRI)
revealed no abnormalities. Upon discharge
on HOD 19, the patient’s limb muscle
strength had largely returned to normal.

Case 2

An 83-year-old male farmer had a history
of engaging in farmland and outdoor activ-
ities before the onset of his illness. He was
admitted to the hospital because of an
8-day history of fever and abdominal
pain. The patient had fever, chills, and
occasional coughing with production of
small amounts of phlegm and white sticky
sputum. During this period, he additionally
developed abdominal pain and vomiting of
stomach contents, but no lower back pain,
diarrhea, or bloody stools. He also experi-
enced a headache, mainly on the top of the

Table I. Cerebrospinal fluid examination results (Case I).

Normal value/
reference range

Day 2 of illness Day 9 of illness

Color Colorless
Total cell count, x 10%/L 0-8
White blood cell count, x 10°/L 0-8
Pandy’s test Negative
Trace protein, mg/dL 843
Chlorine, mmol/L 120-132
Glucose 3.6-4.5

Faint yellow Clear
109 9

88 9
Positive Positive
287.2 11.2
123 134

2.5 6.23
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head, although the duration was unclear.
The patient had taken painkillers on his
own, but the effect was unsatisfactory. His
symptoms progressively worsened, and he
presented to our hospital for treatment.
On admission, he showed confusion,
fever, and diffusely flushed skin across the
entire body. His skin had a slightly yellow
color and showed scattered red congestive
rashes over the whole body. Conjunctival
congestion and edema were also observed.
Abdominal examination revealed an
and a
suspected.

increased abdominal wall tone,
Murphy

positive sign  was

Figure 2. Circular black scab with a diameter of
approximately | cm on the right scrotum (Case 2).

Table 2. Laboratory test results (Case 2).

The patient exhibited tenderness in the left
abdomen but had no rebound tenderness.
Bowel sounds were not audible, although
abdominal ultrasound indicated bowel
movements. No superficial lymph nodes
were palpable. A round black scab with a
diameter of approximately 1cm was seen
on the right scrotum, raising suspicion of
an eschar (Figure 2). Laboratory tests
showed multi-organ insufficiency (Table 2).

Computed tomography examination of
the chest and abdomen revealed consolida-
tion of dorsal strips in both lungs, sugges-
tive of pulmonary inflammation. The
gallbladder was enlarged and the gallbladder
wall was blurred, indicating cholecystitis. No
pancreatic enlargement or peripancreatic
exudation was present. The patient’s blood
amylase concentration was slightly high, but
the lipase index was not high (Table 2). We
ruled out acute pancreatitis based on the lab-
oratory and computed tomography findings.
Initially, the patient received empirical
treatment  comprising  doxycycline  at
100 mg twice daily combined with merope-
nem at 1 g three times daily to control infec-
tion. His urine output was 30 to 50 mL/hour,
and he showed a positive balance of intake
and output. Arterial blood gas analysis

Day of illness
Test Reference range | 3 6 9 16
WBC count, x 10°/L 4-10 10.19 8.6 6 8.32 7.6
PLT count, x 10°/L 100-300 97 52 86 236 276
ALT, U/L 9-50 110 124 634 214 149
AST, U/L 1540 175 206 409 65 48
TB, pmol/L 2-20.4 52.7 106.3 733 41.9 344
PCT, ng/mL 0-0.05 5.31 2.46 0.77 0.43 0.54
IL-6, pg/mL 0-7 433 46.5 14.22 10.73 1.6
Cr, umol/L 59-104 417 238 362 341 292
Amylase, U/L 39-117 136.3 296
Lipase, U/L 0-60 15.4 243

WABC, white blood cell; PLT, platelet; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TB, total bilirubin;

PCT, procalcitonin; IL-6, interleukin-6; Cr, creatinine.
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indicated metabolic acidosis, and severe
infection and acute renal insufficiency were
evident. Therefore, continuous venovenous
hemofiltration was performed six times.
The patient’s urine output returned to 100
to 150mL/hour. Dynamic monitoring
showed a gradual decrease in the blood cre-
atinine concentration, and arterial blood gas
analysis showed that the metabolic acidosis
had been corrected.

On HOD 2, blood mNGS identified 67
sequences of Orientia scrub typhus. With
the diagnosis confirmed, the anti-infection
regimen was adjusted to doxycycline at
100mg twice daily and moxifloxacin at
0.4g once daily to control infection.
Despite numerous blood and bronchoal-
veolar lavage fluid cultures, no pathogenic
bacteria were detected. Antibodies against
both epidemic hemorrhagic fever virus and
Leptospira were negative; thus, epidemic
hemorrhagic fever and leptospirosis were
ruled out. Antibodies against adenovirus
were also negative, and the patient had
not undergone measles-related tests. He
did not have a typical epidemic blood his-
tory or high white blood cell count, but he
had a high PCT concentration (Table 2).
Based on our clinical judgment, he had a
low possibility of adenovirus infection or
measles.

On HOD 3, the patient became uncon-
scious. A lumbar puncture was conducted on
HOD 6, with consent from his family mem-
bers. The puncture revealed a significant

increase in both the total CSF cell count
and leukocyte count along with an elevated
CSF microprotein concentration (Table 3).
One sequence of Orientia scrub typhus was
identified in the CSF through mNGS. No
pathogenic bacteria were found in CSF cul-
ture. On HOD 10, ventilator assistance was
discontinued. Enhanced brain MRI sug-
gested meningitis as evidenced by local
thickening and enhancement of the menin-
ges (Figure 3). On HOD 15, the patient
regained consciousness but showed weak-
ness in the limbs, with grade 2 muscle
strength and low muscle tension. On HOD
16, mNGS examination yielded no evidence
of Orientia scrub typhus in the blood, bron-
choalveolar lavage fluid, or CSF. A review
of the CSF showed significant reductions in
the total cell count, leukocyte count, and
trace protein concentration (Table 3). On
HOD 39, the patient was discharged from
the hospital. At the time of discharge, he
was conscious and able to eat, experienced
occasional coughing, and showed grade 3
limb muscle strength with normal muscle
tone. One week after discharge, the patient’s
condition had considerably improved; he
was able to walk a distance of 4 to 5m
using crutches, and his cough had signifi-
cantly subsided.

The patients’ families provided informed
written consent for all treatments described
in this case report, and both the patients
and their families provided written
approval for publication of the report.

Table 3. Cerebrospinal fluid examination results (Case 2).

Normal value/
reference range

Day 7 of illness Day 26 of illness

Color Colorless
Total cell count, x 10°/L 0-8
White blood cell count, x 10%/L 0-8
Pandy’s test Negative
Trace protein, mg/dL 8-43
Chlorine, mmol/L 120-132
Glucose, mmol/L 3.64.5

Yellow Transparent

40 31

35 23

Positive Weakly positive
386.8 71.1

17 135

333 431
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Figure 3. Brain magnetic resonance imaging results on day |10 of hospitalization (Case 2)

The reporting of this study was approved by
the ethics committee of our hospital
(Zhongshan City People’s Hospital Clinical
Research and Animal Experiment Ethics
Committee) and conformed to the
Declaration of Helsinki. The reporting of
this study conforms to the CARE guidelines.’

Discussion

Scrub typhus, caused by a bacterium within
the family Rickettsiaceae, leads to wide-
spread small vessel vasculitis due to the
release of toxins. This results in multi-
organ hyperemia, edema, exudation, intersti-
tial inflammation, and cell degeneration.'
The clinical manifestations of the disease
are complex and result in many complica-
tions, potentially affecting multiple systems
of the body. The exact mechanism behind
infection of the central nervous system in
patients with scrub typhus remains unclear.
Some scholars believe that the rickettsial

bacteria enter the human body through the
bite of chiggers, initially multiplying at the
bite site to form an eschar or ulcer. The bac-
teria then enter the bloodstream, causing
rickettsial disease. The toxins released by
the pathogens play a significant role in dis-
ease onset because a substantial quantity of
these toxins can invade the brain parenchy-
ma, causing inflammatory and degenerative
lesions.>!" Another plausible explanation is
that the rickettsial bacteria multiply within
vascular endothelial cells, causing rickettsial
vasculitis. This process increases vascular
permeability, resulting in the extrusion of
intravascular substances with resultant
ischemia, edema, and disruption of brain
tissue metabolism.'?

The clinical manifestations of central
nervous system involvement in scrub
typhus are diverse, with seizures being the
most common. Other manifestations, such
as myoclonus, myelitis, acute disseminated
encephalomyelitis, and nerve palsy, have
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also been reported.’* ' In one study, a dis-
tinct eschar was absent in 30.8% of patients
with scrub typhus-associated meningoen-
cephalitis.'® In patients who lack a typical
eschar, the clinical manifestations are
diverse and nonspecific. Traditional diag-
nostic techniques have limitations that
make clear identification of pathogenic
infections challenging. Hence, misdiagnosis
or delayed diagnosis can easily occur, delay-
ing or preventing optimal treatment.

Both patients described in this report
presented with fever and altered mental
states, with the CSF revealing signs of bac-
terial inflammation. While one patient
showed no abnormality on brain MRI,
the other showed changes indicative of
meningitis. Ultimately, the application of
mNGS led to the identification of Orientia
scrub typhus in both cases. Chen et al.'”
also reported a case of severe scrub typhus
in which infection with Orientia scrub
typhus was detected via blood mNGS on
HOD 6 despite the absence of an eschar.
The accurate diagnosis guided precise
treatment, ultimately yielding satisfactory
results.

Clinically, the manifestations of scrub
typhus can closely resemble those of lepto-
spirosis and certain intracranial infectious
diseases, making differentiation challeng-
ing. The initially prescribed antibiotic treat-
ment might not effectively cover the specific
pathogenic bacteria. Moreover, the issue of
bacterial resistance caused by inappropriate
empirical antibiotic therapy has received
increasing attention. Early identification of
the causative bacteria can not only improve
the success rate of treatment and reduce
mortality rates but can also reduce the
development of bacterial resistance caused
by improper empirical administration of
antibiotics. mNGS technology has the
advantages of higher accuracy, provision
of more information, faster results, and
increased sensitivity compared with tradi-
tional microbial detection methods.'®

7

Multi-organ dysfunction is common
in scrub typhus, with liver damage
19-21

affecting 34% to 87% of patients.
Meningoencephalitis has also been exten-
sively reported,”** with incidence rates
ranging from 14.0% to 23.3%.>?° The
risk of death in patients with concurrent
intracranial infection is also significantly
increased. Chaudhry et al.?’ reported five
patients with scrub typhus, among whom
four had concurrent intracranial infection.
Despite initial treatment with doxycycline,
all patients ultimately died.”’” Few reports
have described the treatment of concurrent
liver injury and intracranial infection in
patients with scrub typhus, and there is cur-
rently no consensus on relevant treatments.
Effective drugs for the clinical treatment of
scrub typhus include doxycycline, tetracy-
cline, chloramphenicol, and macrolide
agents; among these, doxycycline is pre-
ferred. However, for patients with concom-
itant liver injury and meningoencephalitis,
the ability of doxycycline to penetrate the
blood-brain barrier is limited. Very few
drugs that can treat scrub typhus are able
to pass through the blood-brain barrier;
moreover, the effect of such drugs on liver
function must be considered. Clinically,
moxifloxacin has demonstrated good
blood-brain barrier permeability.?®* We
administered a combination of doxycycline
and moxifloxacin to our two patients with
scrub typhus-induced multi-organ dysfunc-
tion and meningoencephalitis. This treat-
ment improved the patients’ central
nervous system symptoms and restored
their liver function, ultimately yielding
favorable treatment outcomes.

Conclusion

In clinical practice, the absence of an eschar
or the presence of an atypical eschar may
pose a challenge to using traditional meth-
ods to diagnose scrub typhus. mNGS can
help doctors identify the causative agent of
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clinical infections. Scrub typhus often leads
to liver injury and intracranial infection.
The combined regimen of doxycycline and
moxifloxacin has shown good efficacy.
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