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Abstract: Scrub typhus is a vector-borne infectious disease caused by Orientia tsutsugamushi. Accurate and timely diagnosis at the
early infection stage could save the patients’ lives. Traditional technologies were limited to rapidly and successfully detecting Orientia
tsutsugamushi due to poor specificity, especially in the condition of atypical symptoms. The technology of Metagenomic next-
generation sequencing (mNGS) is amenable to finding the real pathogen because it holds potential as a diagnostic platform for
unbiased pathogen identification and precision medicine. Herein, we reported two clinical case reports relative to the Orientia
tsutsugamushi infection diagnosed by mNGS. We hope these two cases will improve clinical diagnosis.
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Introduction

Scrub typhus, a kind of zoonotic bacterial infection, is becoming a threat to public health,' which usually occurs to field
operators, especially those living in remote and rural areas.” Scrub typhus is caused by Orientia tsutsugamushi that is
a kind of bacteria of gram-negative coccobacillus,’ the latent period is usually 5 to 14 days after exposure, main clinical
manifestations of scrub typhus may be associated with high fever, rash, eschar, headache, vomiting, and other non-
specific symptoms.* Among these clinical symptoms, fever is the most common symptom.® An eschar is considered
a unique diagnostic clue.® According to previous literature, depending on the geographical area and study, eschar was
found in 1% and 97% of patients,” therefore, it is difficult to diagnose those patients without eschar. The mNGS, also
known as unbiased NGS or clinical metagenomics, is a technology where all the nucleic acid (DNA or RNA) of
a specimen is sequenced in parallel. mNGS uses high-throughput sequencing of nucleic acids extracted from biological
samples, and uses bioinformatics for comparison and analysis to obtain information on the types and abundance of
microorganisms contained in the samples, the detection comprehensively covered more than 16,000 different pathogens.
In this study, We reported two cases of scrub typhus detected by mNGS in detail.

Methods

The negative quality control we used in mNGS was the human genome, and the reference was the plant-derived
Arabidopsis thaliana genome. The source of clinical sample used was collected from the peripheral venous blood of
the two patients.
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Case Presentation |

The patient, a 57-year-old male, a rural resident occupying in farming, had 2 years of history of hypertension and gout,
was delivered to the Department of Nephrology due to high urinary creatinine increase (1221.75 umol/L). His vital signs
are as follows, BP: 143/83mmHg, RR:18 bpm, HR: 90 bpm, while frequent urination (4 to 5 times a day) and weight loss
of 4 kilograms in a month, no abnormal status in other systems, no eschar. Laboratory blood tests demonstrated white
blood cell count: 5.05x10°/L, hemoglobin concentration: 82g/L, platelet count: 215x10°/L, C reactive protein (CRP):
38.9mg/L, Creatine kinase (CK): 54U/L, creatine kinase isoenzyme MB: 11.7U/L, urine routine urine protein ++, urine
albumin ++, 24 hours total urine albumin: 353.1mg/24h, stool routine occult blood test +, transferrin + (immune method).
He was initially diagnosed with chronic kidney disease stage 5 with anemia, chronic nephritis syndrome, gouty arthritis,
and hypertension grade 3.

The patient developed chills and fever during the hemodialysis process on the 6th day of hospitalization. The highest
body temperature was 37.5°C. After the patient returned to the ward, he developed obvious chills at the bedside. At that
time, the body temperature was measured at 39.5°C. The infection related to the dialysis catheter was suspected. After
assessment of PCT, blood culture, and other indicators, the hemodialysis catheter was removed temporarily, and bacterial
and fungal cultures were performed. The patient has a persistent high fever, up to 40°C, and the body temperature did not
drop even after being given physical cooling such as alcohol and ice, or an oral drug such as ibuprofen. Besides, it still
does not work either using cefoperazone sodium/sulbactam sodium injection (1500mg intravenous infusion ql2h) or
vancomycin injection (500mg intravenous infusion q3d).

Fortunately, we received an mNGS report from the laboratory, which demonstrated Orientia tsutsugamushi in
peripheral blood (Figure 1). Simultaneously, a comprehensive skin examination was performed where there was no
obvious eschar or lymphadenopathy. The previous anti-infective regimen was discontinued and changed to 100mg
doxycycline tablets orally ql12h and moxifloxacin tablets 400mg orally qd. After five days of changing antibiotic
treatment, the patient’s symptoms abated (Figure 2). Considering that the anti-infection is effective, we continued
suggesting the patient keep the current anti-infective regimen after his discharge. Finally, the patient recovered unevent-
fully after anti-infective therapy.

Case Presentation 2
The patient, a 76-year-old female with a medical history of high pressure, was bitten by an unknown insect while
applying pesticides in a farmyard 11 days ago and the bitten wound was not treated thereafter. One week ago, she
developed symptoms of recurrent low-grade fever and aching limbs and then visited the Second People’s Hospital of
Huadu District. However, the symptoms did not abate, then she was delivered to Guangdong Provincial People’s Hospital
for further treatment.

The vital signs on admission were T: 37°C, BP: 102/68mmHg, RR:18 bpm, HR: 101 bpm. On physical examination,
there was a notable eschar on the anterior chest wall (Figure 3A). Computed tomography (CT) and X-ray of the chest
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Figure 2 A flowchart describing all of the steps leading to the conclusion of Orientia tsutsugamushi.

showed multiple exudations from bilateral lungs (Figure 3B and C). The clinical laboratory results are as follows, CRP:
1584¢g/L, D-dimer: 9650ng/L, Plasma fibrinogen content: 1.36g/L, Activated partial thromboplastin time: 54.5s, total
bilirubin: 57.4pumo/L, Binding bilirubin: 37.4pmol/L, Alanine aminotransferase: 78U/L. Empirical anti-infection (tazo-
bactam-piperacillin) and anti-inflammatory (injectable cefoperazone sodium/sulbactam sodium and moxifloxacin sodium
chloride) treatment was performed. However, the patient still had a fever and the infection index was gradually elevated.
The bronchial luma of the right main bronchus and each of the bronchial segments were unobtrusively examined by
bronchoscopy, and the mucous membranes were severely congested with erosion and secretions, which were rinsed and
collected for etiological mNGS examination. The mNGS results showed the Orientia tsutsugamushi pathogen. The
patient was diagnosed with scrub typhus and received anti-infective treatment with doxycycline. After two-day treatment,
The index of infection began to decline progressively.

However, the patient developed a fever of unknown origin though doxycycline plus moxifloxacin were administered
for 5 days. Fortunately, with the culture result of the broncho alveolar lavage fluid (BALF), the Aspergillus fumigatus,
a kind of fungi, was found (Figure 3D) Voriconic needle was recommended to be given the first dose of 400mg, followed
by 200mg ql2h intravenous drip. After one day of antifungal treatment, the patient’s shortness of breath abated
significantly. Considering the effectiveness of anti-fungal infection, the current anti-infection regimen was recommended
to continue. Unfortunately, on the second day of treatment, the patient developed septic shock accompanied by high
fever, increasing infection indicators (CRP and PCT), and clammy limbs. The patient was in critical condition with
severe lung infection, severe respiratory failure, and poor oxygenation index. At the request of her family, she was
discharged from the hospital.

Discussion

With the development of gene sequencing methods, mNGS technology has played a good role in disease diagnosis. At
present, the laboratory methods for diagnosis of scrub typhus in China are mainly based on serological and molecular
biology experiments, and the proportion of laboratory diagnoses is only 4.7% in the last 11 years.8 Indirect
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Figure 3 Clinical course of the 76-Year-Old Patient with Scrub Typhus. (A) Skin eschar on the anterior chest wall. (B) Result of bedside chest x-ray (CXR), the red circle
demonstrated multiple patchy exudations in bilateral lungs. (C) Chest picture of Computed tomography (CT), the location pointed by the red arrow indicates extensive
interstitial inflammation in the lungs. (D) Individual Aspergillus fumigatus growing on the agar surface after incubation.

immunofluorescence testing (IFA) is the gold standard for diagnosing tsutsugamushi disease,” while it requires trained
testing personnel and specialized equipment.” Enzyme-linked immunosorbent assay showed good sensitivity and
specificity, but it was easily affected by the time and quality of specimen collection.'® Though the Weil-Felix technology
is the cheapest and most readily available serological test, it is less specific and sensitive.!' Molecular diagnostic methods
such as Polymerase chain reaction (PCR) are the most commonly used method for diagnosing tsutsugamushi disease,
However, in the case of diagnosing tsutsugamushi disease without eschar, it is not easy to choose PCR for diagnosis.
Pathogen culturing is difficult and requires professional personnel and experimental centers, which is limited to carry out
on a large scale.'> The mNGS is an open analysis and diagnosis system that can objectively detect nucleic acid sequences
of pathogenic microorganisms in clinical specimens (including viruses, bacteria, fungi, parasites, etc.) directly by high-
throughput sequencing of nucleic acids in clinical samples, and then compare and analyze with the database. At present,
mNGS can detect more than 8000 pathogens, and the detection sequence does not require specific amplification, and is
not affected by the use of antibiotics, with high specificity and sensitivity, especially suitable for the diagnosis of acute
and severe infections. Liu et al reported that mNGS was significantly superior to traditional detection methods such as
Weil-Felix technology, IFA, gPCR, and germiculture in the early diagnosis of scrub typhus.'* More importantly, mNGS
can be exploited as an effective detection method to diagnose rickettsial disease without typical clinical symptoms. Li
et al and Wu et al respectively reported a case in which traditional etiological tests were negative while scrub typhus
without eschar was successfully diagnosed by mNGS.'*!® Liu et al reported a case of scrub typhus with a high D-dimer
level and urinary tract infection as the manifestation of atypical clinical symptoms diagnosed by mNGS, indicating that
mNGS is an effective method to identify atypical clinical manifestations of infection.'® A cohort study by Liu et al
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showed that the sensitivity of mNGS to detect Orientia tsutsugamushi was 100%, much higher than that of fluorescence
quantitative polymerase chain reaction (11.1%). The sensitivity results were consistent with the results of this study,
emphasizing that mNGS could be routinely used for the early diagnosis of infectious diseases, especially for infections
that are difficult to identify by traditional diagnostic methods."? Orientia tsutsugamushi is an obligatory intracellular
bacterium, and once its sequence is detected by mNGS, it should be considered as a possible pathogenic agent.'”

In this case of unknown fever, mNGS could be chosen to find the answer. Of note, as the second case report depicted,
the patient still developed a high fever though the patient was verified as a tsutsugamushi-associated infection via
mNGS. We should conduct further identification based on the patient’s clinical manifestations (pulmonary infection), and
traditional measures such as bronchoscopy, to ultimately determine the final cause of the patient’s fever.

Conclusion

mNGS could play a critical role in the diagnosis of fever caused by clinical unknown origin such as scrub typhus. It’s
important to note that we could not just rely on mNGS to make the final judgment, in some cases, the patient’s clinical
presentation and other clinically assisted diagnostic methods to make a comprehensive judgment should also be
considered.

Ethics and Consent

Patient 1 and Patient 2 both consented to the publication of the case and have signed the consent form. All procedures
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