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was clinically useful

Takatomo Hirouchi a, Shinichiro Ota a, *, Dai Mashima b, Ryuichi Boku c, Yuto Yoshida a,
Koki Iwata c, Kanako Shinada a, Takashi Matsumoto c, Miwa Morikawa a, Takashi Sato a,
Masahiro Shinoda a, Kenichi Kamachi c, Masaharu Shinkai a

a Department of Respiratory Medicine, Tokyo Shinagawa Hospital, Japan
b Department of Laboratory Testing, Tokyo Shinagawa Hospital, Japan
c Department of Emergency Medicine, Tokyo Shinagawa Hospital, Japan
a r t i c l e i n f o

Article history:
Received 21 August 2020
Received in revised form
6 October 2020
Accepted 8 October 2020
Available online 10 October 2020

Keywords:
Favipiravir
COVID-19
Viremia
Loop-mediated isothermal amplification
(LAMP)
* Corresponding author. Department of Respiratory
Hospital, 6-3-22, Higashi-ooi, Shinagawa-ku, Tokyo, 1

E-mail address: shin.ohta0915@gmail.com (S. Ota)

https://doi.org/10.1016/j.jiac.2020.10.011
1341-321X/© 2020 Japanese Society of Chemotherapy an
a b s t r a c t

A 49-year-old Japanese male was managed by mechanical ventilation due to coronavirus disease 2019
(COVID-19) pneumonia. Favipiravir as an antiviral therapy, and anti-inflammatory treatment were
administered. SARS-CoV-2 RNA was detected in serum by the loop-mediated isothermal amplification
(LAMP) method on Day 9; favipiravir treatment was continued. On Day 13, negative serum RNA was
confirmed, followed by mechanical ventilation was removed. On Day 23, LAMP negative was confirmed
in nasopharynx, after that the patient discharged on Day 27. We could treat successfully for severe
COVID-19 pneumonia based on the LAMP method. We consider this method will be useful in COVID-19
treatment.

© 2020 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
1. Introduction

Coronavirus disease 2019 (COVID-19), which is caused by SARS-
CoV-2, is suspected to have occurred in Wuhan City China in
December 2019 [1] and has rapidly spread to around the world [2].
In Japan, the number of infected people increased throughout the
months of March until April mainly in urban areas. Currently, there
are no established effective treatments for COVID-19, and many
medical institutions have been conducting clinical trials and clinical
researches to develop treatments against this disease. We per-
formed antiviral treatment with favipiravir and anti-inflammatory
treatment mainly with steroids for a severe COVID-19 pneumonia
case that required intubation and mechanical ventilation. During
the treatment course, we detected serum SARS-CoV-2 RNA using
Loop-Mediated Isothermal Amplification (LAMP) method [3,4] and
assessed the disease conditions and determined treatment
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strategies based on the information (hereafter, the detection of
SARS-CoV-2 RNA with LAMP method is expressed as LAMP). The
LAMP method is a quick and simple compared with the RT-qPCR
method, and serum LAMP can be applied to evaluate the disease
conditions. We report this case because it may be useful for treat-
ment of COVID-19 in the future.
2. Case presentation

A 49-year-old Japanese male visited our outpatient department
for chief complains of fever, cough, malaise and arthralgia that
developed 3 days before the visit. Blood test findings showed ele-
vations of CRP and LDH, and a chest CT showed patchy ground-glass
opacities in all fields of both lungs. COVID-19 pneumonia was
suspected because the patient was engaged in extracorporeal
membrane oxygenation (ECMO) management for COVID-19 pa-
tients as a medical engineer several days before onset of the
symptoms, and the patient was hospitalized. There was no past
medical history or a travel history. As history of life, the patient was
a never smoker, and he was drinking 350e700 ml/day of beer 3
ous Diseases. Published by Elsevier Ltd. All rights reserved.
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Table 1
Blood test data on admission are shown.

Complete Blood Cell Count

White Blood Cells 6000/mL
Neutrophils 74.3%
Lymphocytes 20.8%
Monocytes 4.7%
Eosinophils 0.2%
Red Blood Cells 5.46 � 106/mL
Hematocrit 49.5%
Hemoglobin 16.7 g/dL
Coagulation
PT-INR 1.03
FBG 453 mg/dL
FDP <0.25mg/mL
D-D 0.1 pg/mL
Biochemistry
T-Bil 0.55 mg/dL
AST 31 U/L
ALT 40 U/L
LDH 231 U/L
Alb 4.2 g/dL
BUN 16.4 mg/dL
Crea 1.12 mg/dL
HbA1c 6.0%
CRP 1.39 mg/dL
sIL-2R 445 U/mL
KL-6 172 U/mL
SP-A 24.1 ng/mL
SP-D 18.4 ng/mL
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days/week. Height was 170.9 cm, weight was 76.5 kg, and BMI was
26.2. Vital signs on admissionwere as follows; consciousness: clear,
body temperature: 38.4 �C, blood pressure: 117/81 mmHg, pulse
rate: 91/min, respiratory rate: 20/min, and SpO2: 96% (ambient air).
Breath sounds were clear on chest auscultationwithout asymmetry
and adventitious sound. No other special physical findings were
found.

A chest X-ray showed an increased density in the right lower
lung field. A chest CT images showed peripheral dominant ground
glass opacities (GGO) in both upper lobes and left lower lobe. In
addition, an extensive GGO was observed in the right lower lobe
(Fig. 1). Blood test findings showed increases in inflammatory
response and LDH (Table 1). On admission, respiratory status was
stable (SpO2: 96%); however, fever of 38 �C or higher persisted after
onset. Therefore, conventional doses of peramivir, ceftriaxone
(CTRX), and intravenous azithromycin (AZM) were started.

Methylprednisolone (mPSL) (80mg/day) was started with
reference of the acute respiratory distress syndrome (ARDS)
treatment guidelines. In spite of these medication, respiratory
status worsened and oxygen supplement was required on day 2. On
day 3, SARS-CoV-2 specific RNAwas detected from nasopharyngeal
sample by LAMP method [3e5] using Loopamp® SARS-CoV-2 RT-
LAMP reaction kit (LMP403, Eiken Chemical Co. Ltd., Tokyo, Japan)
and the real-time turbidimeter LoopampEXIA® (Eiken Chemical Co.
Ltd., Tokyo, Japan). Compassionate use of favipiravir (Avigan®,
3,600mg for the first day and 1600mg for the following days)
started with written consent of the patient.

On Day 4, mPSL was increased to 250 mg since respiratory state
further worsened. On Day 6, the oxygen demand was further
increased, and a rapid worsening of the shadow was observed on a
chest CT (Fig. 2). Then, the patient was transferred to the high care
unit (HCU) to start assisted respiratory therapy with the nasal high-
flow cannula (NHFC). On Day 7, progression of respiratory failure
was determined because controlling inflammatory response was
difficult, blood gas analysis (5 L/min was supplied through oxygen
mask) showed pH 7.451, PaO2 68.4 Torr, and PaCO2 35.9 Torr, and
respiratory rate increased; therefore, tracheal intubation and me-
chanical ventilation management were started (Fig. 3). While anti-
inflammatory treatment with mPSL was continued, another anti-
inflammatory treatment with 400 mg of intravenous tocilizumab
(Actemra®), an anti-IL-6 receptor antibody, was added. As fever and
increased level of inflammatory markers persisted regardless of
Fig. 1. Imaging findings on admission. No abnormal findings were observed on chest X-ray
were observed (b). A relatively extensive GGO was observed in the right lower lobe (c).
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those anti-inflammatory therapies, 200 mg/day of intravenous
remdesivir (Veklury®), which was added to the National Health
Insurance drug price list as the first COVID-19 drug in Japan, was
started on Day 8 to enhance antiviral treatment. However, renal
dysfunction and electrolytes abnormal (hyperkalemia) were found
on Day 9, and remdesivir was discontinued after administration for
only one day because those events were determined to be adverse
event of remdesivir. OnDay 9, LAMPwas performed in nasopharynx
and serum samples to understand the disease conditions and
determine if antiviral therapy should be continued. The results
showed that viral RNA was positive in both samples (Fig. 4 and
Fig. 5). As shown in Fig. 5, the periods of time to detect turbidity after
run was faster in the nasopharynx samples than in serum samples,
suggesting that a copy number of viral genomes was higher in
(a). On chest CT, the right upper lobe dominant patchy Ground Glass Opacities (GGO)



Fig. 2. CT imaging findings after admission. Consolidation and GGOs increased in all lung fields on Day 6, with a decrease in volume (upper image). On disease Day 26, consolidation
and GGOs were mostly decreased while they were partially remained. The area of increased linear shadows with collapse was observed (lower image).
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nasopharynx samples than in serum samples. Nevertheless, the
patient was considered to have viremia in addition to pneumonia,
and favipiravir was continued because continuous antiviral therapy
was determined to be necessary. Following the discontinuation of
remdesivir, the renal function and electrolytes abnormal rapidly
recovered.mPSL 250mg/daywas continued fromDay4 toDay12 for
anti-inflammatory treatment; however, new infiltrative shadows
were observed in the right lower lungfield on chest X-ray onDay 13.
Of note, viral RNA was not detected in serum by LAMP, suggesting
that the patient was free from viremia. Therefore, although the
nasopharyngeal LAMP on the same day was positive (Fig. 4), the
dose of mPSL increased to 500 mg/day to enhance anti-
inflammatory treatment. Interestingly, Fig. 4 showed that the time
taken for positive detection in LAMP assay was continuously
reduced according to the administration of favipiravir (from 12 min
at day 3e19 min at day 13). According to the results, we predicted
that the viral load continuously reduced in the nasopharynx along
with medications. On Day 15, improvement of the shadow was
observed, and weaning from mechanical ventilation was achieved.
Thereafter, no exacerbation of respiratory status was observed, and
the dose of mPSL was gradually decreased. On Day 19, the patient
was transferred to a general ward, and the dose of mPSL was
Fig. 3. Body temperature during hospitalization, PaO2/FiO2 ratio (P/F ratio) during mec
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gradually decreased to 40 mg/day by Day 22, and then, it was
switched to oral prednisolone. Nasopharyngeal LAMP was negative
on Day 22, and both nasopharynx and serum LAMPs became
negative onDay 23 (Fig. 4). Improvement of the shadowon the chest
CTwas confirmed on Day 26 (Fig. 2), and the patient was discharged
on Day 27. The patient is currently managed and followed-up on an
outpatient basis. This Patient providedwritten informed consent for
publishing this case report and the accompanying images. The
present case report also was approved by the ethics committee of
Tokyo Shinagawa Hospital (approval no. 20-A-06).

3. Discussion

The definitive diagnosis of COVID-19 is currently made by the
RT-qPCR method using samples collected mainly from the naso-
pharynx, but also from blood, sputum, bronchoalveolar lavage fluid
(BALF), etc [6]. It can be used for diagnosis and monitoring the
course of antiviral treatment in quantitative assays [7,8]. The
detection of SARS-CoV in serum RNA indicates viremia [9],
although it has been reported that the RNA detection rate vary
depending on the time elapsed from onset [6e10]. Detection of
viral RNA in sera is also clinically significance in COVID-19, which is
hanical ventilation, and changes in blood test data are shown. N/P: nasopharynx.



Fig. 4. The used drugs, nasopharyngeal swab samples and serum LAMP results during hospitalization are shown. AZM: azithromycin, CAM: clarithromycin, MEPM: meropenem,
CTRX: ceftriaxone, SBT/ABPC: Sulbactam/Ampicillin, rhTM: recombinant human soluble thrombomodulin, mPSL: methylprednisolone, PSL: prednisolone, TCZ: Tocilizumab. * The
time taken for positive detection in LAMP assay.
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caused by SARS-CoV-2. Although the problem of serum samples is
low detection rate of 41% in RT-PCR method (when the detection
rate in the airway samples is 100%), the rate of detectionwas higher
in patients with severe disease than in patients with mild disease
[10]. Thus SARS-Cov-2 viral detection in serum appears to be useful
for monitoring the course of antiviral treatment.

On the contrary, the viral load of nasopharynx was reported not
to associate with clinical progression in SARS-CoV [7], and there is
no report that the detection of PCR in the nasopharyngeal samples
is correlated with the severity in COVID-19, and it has only a
diagnostic value. The sensitivity of the nasopharyngeal samples
vary depending on the collection method and the procedure,
whereas serum sample is easy to handle, blood sampling is easy,
and the results are less affected by procedure. Serum may be a
relatively stable sample in assessing disease conditions over time.
Risk of exposure to health care providers is also lower compared to
the nasopharyngeal samples.

We adopted the LAMP methods to measure viral RNA in serum
samples in addition to nasopharyngeal samples and demonstrated
that a transient detection of viral genomes in serum in a patient
with severe infection with SARS-COV-2. The LAMP is less sensitive
than RT-PCR, however, we overcame the problem by extensive
enrichment of viral genome from samples with use of QIAamp Viral
RNA Mini Kit (QIAGEN) prior to the assay. The viral RNA was first
Fig. 5. Turbidity measurement in the LAMP method on Day 13. Each amplification
curve of the nasopharyngeal and serum samples is shown.
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detected in the nasopharyngeal samples (Fig. 4), followed by a
transient detection in serum samples, as a result of the viremia
(Fig. 5), although viral copy numbers in serum was lower than in
nasopharynx. Later on, the viral RNA was detected in the naso-
pharyngeal sample, but not in the serum sample, indicating the
improvement in clinical state, althoughwith active inflammation in
pneumonia.

Later on viral genomes detected in the nasopharynx sample, but
not in the serum sample. The results show improvement in viremia,
although accompanying active inflammation in pneumonia. Finally,
LAMP was negative in both nasopharyngeal and serum samples,
suggesting improvement in the general conditions including
pneumonia, with confirmation by, and the patient was discharged.
We performed a genetic amplification test rapidly and simply using
the LAMP method, and it was helpful to evaluate the disease con-
ditions of COVID-19 and determine its treatment strategies.

In COVID-19, respiratory organs are especially impaired among
organs leading to ARDS [11]. Cases requiring high flow oxygen such
asNHFC should bemonitored so that intubation canbeperformed at
any time. In the present case, oxygen demand increased in a general
ward, so the patient was transferred to HCU on Day 6 (10 days after
onset) and required intubationonDay7 (next day). Themediandays
from symptom onset to progress to ARDS is considered to be 9e12
days [12], and the median days in the present case was consistent
with the previous reports. While a study reported that longer
duration of steroid treatment prolonged PCR-positive period [10],
and there are negative opinions on the use of steroids for COVID-19
[13], treatment with mPSL was reported to reduce the intubation
period and mortality in ARDS [14], and efficacy of mPSL for ARDS
caused by COVID-19 was reported [15]. The steroid treatment for
COVID-19 has not been established, and the results of future clinical
studies and interventional studies are awaited.

Various antiviral treatments are currently being studied, and
other existing drugs are being interventionally investigated.
Although shortened recovery time in hospitalized COVID-19
pneumonia patients treated with remdesivir was reported, no
significant difference was observed in the hazard ratio of mortality
up to 14 days [16]. While favipiravir is an antiviral agent for novel
influenza virus infections, its antiviral effects against SARS-CoV-2
have been confirmed in vitro [17]. Early treatment effect of favi-
piravir was reported in a combination use with interferon alpha-1b
in China [18], the results of clinical researches and clinical trials are
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also awaited in Japan. In the present case, both favipiravir and
remdesivir were used. Although remdesivir was discontinued due
to adverse reactions of function kidney decreased and electrolytes
abnormality, a 14-day administration of favipiravir was successfully
completed without any adverse reactions, viremia and pneumonia
improved, and favorable outcome was observed.

As of May 27, a total of 66 COVID-19 pneumonia patients have
been treated at our hospital. Among those patients, the actual
respiratory status sometimes differed from images or blood test
data, and we often encountered cases difficult to evaluate accu-
rately the disease conditions. The disease conditions of the present
case was firstly difficult to evaluate due to persistent fever and high
inflammation; however, we successfully treated the case by
continuing antiviral therapy combined with anti-inflammatory
treatment because we considered that the serum LAMP positive
indicated viremia and the difference from the nasopharyngeal
LAMP results reflected the severity of the disease. If interpretation
is difficult in the clinical course, combining LAMP information from
different sample types can be applied to the disease assessment.

4. In conclusion

We detected serum SARS-CoV-2 RNA using the LAMPmethod to
evaluate disease conditions and continued antiviral treatment with
favipiravir, and successfully treated a severe COVID pneumonia
patient requiring mechanical ventilation management. The LAMP
method is a quick and simple compared with the RT-PCR method
and could also be applied to disease evaluation, suggesting the
potential use in COVID-19 treatment in the future.
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