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Background: Severe fever with thrombocytopenia syndrome (SFTS) is an infectious dis-
ease caused by a bunyaviridae virus. Its main clinical manifestation is fever with thrombo-
cytopenia, which may be accompanied by other clinical symptoms. Here, we report a patient
diagnosed with SFTS using metagenomic next-generation sequencing (mNGS).

Case Presentation: A 56-year-old female patient was hospitalized with intermittent
diarrhea and fever. She visited a local clinic for treatment, but instead of improving, the
symptoms progressed to unconsciousness.

Diagnosis: Using mNGS, we isolated the bunyaviridae virus and several other pathogens
from the patient’s blood samples to confirm the diagnosis.

Interventions: The patient was treated with symptomatic and supportive therapy, including
intravenous human y-globulin (20 g/d), platelet transfusion, platelet elevation (subcutaneous
injection of recombinant human thrombopoietin, 15,000 IU), white blood cell elevation
(subcutaneous injection of recombinant human granulocyte colony-stimulating factor, 200
ug, qd); and antibiotic (cefoperazone sodium and tazobactam sodium, 2 g, q8h), antiviral
(ganciclovir, 250 mg, q12h), and antifungal therapy (voriconazole for injection, 0.2 g, q12h).
After ten days of treatment, the patient’s condition gradually improved.

Conclusion: Compared to traditional detection methods, mNGS has many advantages. It
can quickly identify the pathogen when the patient’s clinical manifestations are complex and
difficult to diagnose, resulting in the formulation of an effective treatment.

Keywords: severe fever with thrombocytopenia syndrome, metagenomic next-generation
sequencing, bunyaviridae virus

Background
Severe fever with thrombocytopenia syndrome (SFTS) is an infectious disease character-
ized by decreases in white blood cells and platelets. The pathogenic virus is the severe
fever with thrombocytopenia syndrome bunyavirus (SFTSV). Since 2006, a tick-borne
disease named Human granulocytic anaplasmosis (HGA) has been reported in some rural
areas in China. The SFTSV was first isolated from the blood in HGA patient in 2009."
Japan and South Korea have reported similar SFTS cases.*”

The incubation period of SFTS is unclear and may be 1-2 weeks. Its clinical
manifestations are complex, and the lesions can involve organs and tissues of multiple

systems, which can cause misdiagnoses and affect patient prognosis. The main clinical
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manifestations are fever, with body temperatures often greater
than 38°C. The affected patient can have a continuous high
fever reaching more than 40°C. Physical examinations often
find that the neck, groin, and other superficial lymph nodes are
enlarged and tender.

A few critical cases have been reported; patients may
die from shock, respiratory failure, or disseminated intra-
vascular coagulation. The severity and prognosis of SFTS
are related to viral replication and the host immune
response. The vast majority of patients have a good prog-
nosis, but patients with prior basic diseases, psychoneuro-
sis symptoms, bleeding tendencies, hyponatremia, and
who are elderly may have poor prognosis.

SFTS is often misdiagnosed as hemorrhagic fever with
renal syndrome or human granulocytic anaplasmosis.”*
Patients come mainly from mountainous and hilly areas.
Healthy people can become infected with the SFTSV after
being bitten by a tick, and the disease can occur after contact
with a patient’s blood or bodily fluids if protective measures are
not taken. Aerosols can also cause human-to-human
transmission.”’ The diagnosis of SFTS requires one of the
following conditions: SFTSV is isolated from a patient’s sam-
ple, SFTSV RNA is detected in the patient’s blood or serum, or
SFTSV-specific antibodies are detected in the patient’s serum.®

Metagenomic next-generation sequencing (mNGS), also
known as high-throughput or large-scale parallel sequencing,
can independently sequence thousands to billions of DNA or
RNA fragments simultaneously. It can detect pathogenic
microorganisms in various body fluids and is valuable in the

diagnosis of infectious diseases.” !

mNGS may overcome the
limitations of current diagnostic tests by directly detecting all
pathogens in clinical samples regardless of microorganism
type (ie, virus, bacteria, fungi, or parasite). It may even be
applied to the discovery of new pathogens. Compared to tradi-
tional methods, such as microbial culturing, nucleic acid
amplification, serological pathogen antibody detection, and
polymerase chain reactions (PCRs) for specific pathogens,
mNGS has many advantages in pathogen detection.
Traditional PCR detection requires the pre-design of primers
based on the sequence information of known pathogens, while
mNGS can perform unbiased sequencing of all nucleic acid
sequences in clinical samples. Notably, mNGS was used to
quickly detect the SARS-CoV-2 coronavirus in patient alveolar
lavage fluid and to sequence its entire genome.'> When
patients are infected with multiple pathogens, mNGS can
detect all pathogens, thereby allowing time for doctors to
make a clear diagnosis. Furthermore, mNGS can detect differ-

ences between animal-derived and human-derived pathogens

and explore the origins of zoonotic diseases."® Etiological
diagnosis is crucial in the diagnosis of infectious diseases.
Critically ill patients often have severe infections, and many
of them do not know the source of their infection. This lack of
information makes it difficult for physicians to quickly estab-
lish a treatment for the patient. When appropriate, the use of
mNGS can allow us to discover new or unexpected pathogens
and quantitatively detect any portion of their genomes.

Case Presentation

On May 1, 2021, a 56-year-old female patient was hospi-
talized with intermittent diarrhea lasting for 6 d and fever
lasting for 3 d. Six days earlier, the patient had unpro-
voked diarrhea with vomiting and fatigue, after which she
visited a local clinic. The doctor’s treatment plan was
unclear, but the patient still had diarrhea. Three days
later, the patient developed fever where the highest tem-
perature was 39.4°C. The patient visited another local
hospital and was diagnosed with infectious diarrhea. The
physicians there prescribed antibiotics and antivirals, pro-
tected the stomach, and treated the symptoms, but the
patient’s symptoms remained unabated. The patient subse-
quently developed shock, cognitive decline, and abdom-
inal pain. After treatment at the local hospital, she was
transported to Renmin Hospital of Wuhan University. The
patient had fever of unknown origin, so she was admitted
to the intensive isolation ward.

Except for unexplained diarrhea and fever, the patient
also had hypertension, hyperthyroidism, and type 2 dia-
betes mellitus.

On admission, she had a body temperature of 37.6 °C,
heart rate of 95/min, respiratory rate of 24/min, and blood
pressure of 111/77 mmHg. Heart and breathing sounds
were generally normal; she had no swelling of the super-
ficial lymph nodes. The laboratory tests indicated throm-
bocytopenia (platelet: 32x10%/L) and leukocytopenia
(WBC: 2.87 x 10°/L). The lymphocyte ratio (34.30%)
and lactate dehydrogenase levels were normal. However,
alanine aminotransferase (64 IU/L), aspartate aminotrans-
ferase (140 IU/L), procalcitonin (0.45 ng/mL), creatine
kinase-MB (9.15 ng/mL) and TnI-Ultra (0.367 ng/mL)
levels were elevated.

After admission, the treatment plan was antibiotics (cefo-
perazone sodium and tazobactam sodium, 2 g, q8h; ganciclo-
vir, 250 mg, q12h), recombinant human thrombopoietin (TPO,
15,000 IU, subcutaneous injection), recombinant human gran-
ulocyte colony-stimulating factor (200 ug, subcutaneous injec-
tion), nutritional support, and organ protection treatment.
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However, the patient’s condition gradually deteriorated.
She developed disturbances in consciousness, mixed apha-
sia, and could not answer questions. On physical examina-
tion, she had equally large bilateral pupils (3.5 mm), obvious
stiff-neck, and bilateral positive Kernig symptoms. We con-
tinued to improve our inspection. The Widal reaction was
negative, and the echocardiogram, electroencephalogram,
and chest X-rays showed no abnormalities. The brain mag-
netic resonance imaging, magnetic resonance venography,
and diffusion weighted imaging displayed abnormal signal
in the centrum semiovale and parietal and occipital lobes,
indicating possible inflammatory lesions (Figure 1). The
neurologist recommended a lumbar puncture, but it was
refused by the patient’s family due to her low platelet
count and consequent high risk of bleeding.

At this point, the patient’s diagnosis remained unclear.
We followed up on her medical history. Before the onset of
her symptoms, she had traveled to a mountainous area to
pick tea leaves and may have been bitten by ticks. Tick
bites had been reported in the local area. Therefore, com-
bined with the patient’s clinical manifestations and bio-
chemical results, we suspected that she had SFTS.

We took blood and sputum samples for pathogenic
microorganism culturing. As SFTS is an infectious dis-
ease, we also sent the blood sample to the Center for
Disease Control and Prevention (CDC) of Hubei province.

Given that the disease may be caused by atypical patho-

gens, the low detection rate of conventional detection

A

methods, and the patient’s critical condition, we proceeded
with mNGS. Two days later, Aspergillus flavus/A. oryzae and
SFTSV were detected in the blood mNGS, and A. flavus/
A. oryzae and Epstein-Barr virus were detected in the sputum
mNGS. We ultimately established a diagnosis of SFTS and
reported it to the CDC. In addition, before the onset of illness,
the patient was consuming soaked black fungus long term
and so the possibility of aflatoxin poisoning was considered.
After platelet-boosting therapy (TPO, 15,000 IU) and platelet
transfusion, her platelet count increased. In combination with
antibiotics (cefoperazone sodium and tazobactam sodium, 2
g, q8h; ganciclovir, 250 mg, q12h; voriconazole for injection,
0.2 g, q12h), we also gave the patient human y-globulin (20 g,
qd) infusions to strengthen her immunity.

On the fifth day after admission, the patient gradu-
ally regained consciousness and was able to intermit-
tently vocalize. While her blood and sputum culture
results were negative, based on her medical history
and the mNGS results, her diagnosis was clear. With
her
patient’s temperature returned to normal and by day

treatment, condition gradually improved. The
10, she could properly communicate with doctors. The
results from the laboratory examination indicated normal
platelet counts (149 x 10°/L). All indicators returned to
normal except for mild anemia (Figure 2). Accordingly,
the patient was transferred out of the intensive care unit,
recovered, and was ultimately discharged from the hos-

pital on day 18.

B

Figure | Brain magnetic resonance imaging (MRI) The red arrows in Figure | indicate the possible location of the lesion. (A) left parietal lobe and occipital lobe. (B) left

centrum semiovale abnormal signal, considering the possibility of inflammation.
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Discussion and Conclusions

Here, we describe the case of a 56-year-old woman suffer-
ing from SFTS. Using mNGS, we were able to quickly
diagnose the disease and develop an effective treatment
plan, ultimately saving her life.

When the patient is in critical condition and infected with
rare pathogens, routine blood or sputum culture may fail to
detect the pathogen. In this case, via the use of mNGS, we
found co-infection with multiple pathogens. This information
allowed us to create an etiological treatment. Due to the timely
and correct treatment, the patient’s condition gradually
improved, and she eventually recovered. mNGS is already
being used in clinical practice to help doctors identify disease
pathogens. However, no reports have yet been published
regarding its use in diagnosing SFTS. Previously, a 63-year-
old Japanese woman was diagnosed with SFTS based on
a positive serum test for SFTSV RNA and the changes of
electroencephalogram (EEG)."* Another 62-year-old pre-
viously healthy woman diagnosed as having SFTS by real-
time reverse transcription polymerase chain reaction.'® Here,
we report for the first time a case of serologically negative
SFTS diagnosed via mNGS.

This case demonstrates the advantage of mNGS in the
diagnosis of unexplained infections, especially for those that
are severe. Timely diagnosis can help quickly develop an
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effective treatment. However, some doubts persist regarding
the present case. On one hand, the patient’s fever, diarrhea, and
other clinical manifestations could be caused by SFTS. On the
other, several other pathogens can cause similar clinical man-
ifestations. A. flavus produces aflatoxins, which can give rise to
nausea, vomiting, diarrhea, and even intracranial infections. If
we had found other pathogens in the cerebrospinal fluid, we
could have located the patient’s source of infection. Her family
refused a lumbar puncture; thus, we collected blood samples
for the mNGS tests. Even if other pathogens were detected, we
still cannot confirm if the results are due to the patient’s own
infection or to contaminated blood samples. The patient’s
medical history is needed, a disadvantage of mNGS.
However, combined with the patient’s characteristics and
examination results, we can make a definite diagnosis of
SFTS. While there is no specific treatment for SFTS, sympto-
matic treatment is mainly used. In that case, we use platelet-
boosting therapy, platelet transfusion, several antibiotics and
human y-globulin to treat patients. Thrombopoietin is often
used to treat thrombocytopenia, but a new therapy has recently
been reported to boost patients’ platelets. In a retrospective
multicenter study, eltrombopag is thought to increase platelet
counts. Moreover, platelets can be elevated in early stage of
treatment without the need for a combination of other drugs.

Although further studies are needed to assess the long-term

144

Figure 2 Clinical course: Horizontal axis represents the days after admission. Ordinate of each graph: Temperature (°C), WBC (10*9/L), Platelet (10*9/L). Dashed line
represents the trend. The patient’s body temperature fluctuates up and down, but generally decreases until the body temperature returns to normal. With platelet
transfusions and leukocyte promoting therapy, the patient’s platelet levels and white blood cell count increased.
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efficacy of eltrombopag, it may play a key role in a quick
therapy.'®

SFTS is a rare clinical disease that in many cases
cannot be detected and diagnosed early. When the diag-
nosis is unclear, symptomatic treatment would only delay
the treatment. After the rapid diagnosis of SFTS by
mNGS, the early and accurate treatment saved the
patient’s life. Pediatric patients with SFTS have less
vague subjective complaints and sometimes the clinical
course is not obvious. At this time, the application of
mNGS is very important for the early diagnosis of SFTS
in children.'"” mNGS not only has a fast detection speed,
but it can also detect the simultaneous infection of multi-
ple pathogens. In addition to the timely treatment of
patients, mNGS can also reduce average hospital stay
and patient mortality. With the continuous improvement
of mNGS technology, its clinical application is increasing.

Clinical manifestations and laboratory examinations of
central nervous system (CNS) infection include fever,
headache, meningeal irritation, vomiting, convulsions,
and increased white blood cell count and protein levels
in the cerebrospinal fluid. Many new and rare pathogens
have been successfully detected in CNS infections via the
use of mNGS, such as Brucella melitensis, Candida tropi-
calis, and Leptospira santarosai.'® In addition, mNGS
have a high detection rate of pathogenic bacteria in tuber-
culous meningitis patients.'"

Previous reports have demonstrated the advantages of
mNGS application over traditional bacterial methods in
blood samples.'” In terms of diagnostic efficacy, mNGS had
a greater than six-fold higher positivity rate than blood culture
in a 28-day study.”” Chen et al used routine microbiological
tests and mNGS to detect potential pathogens in blood samples
of patients with severe pneumonia. mNGS-positive results
were found in 10 of the blood samples, but only one was
found using conventional blood culture.'® Moreover, blood-
stream infection has been shown to be an important predictor
of poor outcome in patients with severe pneumonia.”' For
severe infections, timely identification of bloodstream infec-
tion guides accurate therapy. Speed of detection is also an
advantage of mNGS. It takes only about 30 h from sample
preparation to the identification report, thereby providing
a promising diagnostic platform for critically ill patients with
blood-borne infections.**

In respiratory infections, pneumonia is a common infec-
tion. In most cases, empirical antibiotic therapy works well.
However, in a few cases, especially in those with severe
infections, finding the source of the infection is essential for

effective treatment. Besides sputum and alveolar lavage fluid,
mNGS can also detect pathogens in lung biopsy specimens,
with potential advantages in terms of speed and sensitivity.
Chen et al used routine microbiological tests and mNGS to
detect potential pathogens in bronchoalveolar lavage fluid
(BALF) from patients with severe pneumonia. In these
patients, the mNGS test demonstrated an 85% (17/20) positive
rate. By contrast, conventional microbiological tests displayed
a 50% (10/20) positive rate. Moreover, mNGS of the BALF
can reveal dynamic alterations in microbial species parameters
after treatment.”> In a retrospective study, Zhang et al used
various human clinical specimens to evaluate mNGS in the
diagnosis of focal infection. The clinical diagnosis coincidence
rate of mNGS (86.30%) was substantially higher than the
culture method (45.21%), which is noteworthy given that
85.00% of patients with culture-negative focal infections
have additional pathogen diagnoses.** Compared to conven-
tional diagnostics, mNGS improved pathogen detection in
BALF from hematopoietic cellular transplant patients.
Finally, one study reported the use of mNGS in the investiga-
tion of putative nosocomial outbreaks.”

Many colorectal cancers are difficult to diagnose at an
early stage because their clinical manifestations are not
obvious. Using mNGS and metabolomic analyses,
researchers found that the microbiome and metabolome
begins to change in the early stages of colorectal cancer,
thereby providing a new direction for its early diagnosis.*®

As a revolutionary technology, mNGS surpasses tradi-
tional detection techniques in many ways. Compared with
traditional pathogen detection methods, mNGS has more
detection types, does not need cultures, is unaffected by anti-
biotics, and can simultaneously identify bacteria, fungi,
viruses, and protozoa in samples. Furthermore, mNGS can
help clinicians quickly diagnose unknown infections, thus
reducing the use of empirical antibiotics and helping to
develop accurate treatment plans. However, mNGS has some
shortcomings. For example, RNA degrades casily, and the
transcription process is complex. Accordingly, it is difficult
to detect RNA viruses using mNGS. Similar problems exist
with testing for drug-resistant genes. Additionally, before
using mNGS, the human host background must be sequenced,
and not all genomes are available. Also, specimens are sus-
ceptible to contamination by environmental species, which
can lead to false results. The cost of testing is another
disadvantage.?” At present, due to sampling standards, testing
costs, testing methods, and other limitations, mNGS cannot

replace traditional microbial testing methods.
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In summary, as a comprehensive direct detection tech-

nology, mNGS is expected to become a first-line clinical

diagnostic technique in the future.
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