
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



lable at ScienceDirect

J Infect Chemother 26 (2020) 1324e1327
Contents lists avai
Journal of Infection and Chemotherapy

journal homepage: http: / /www.elsevier .com/locate/ j ic
Case Report
Monitoring of viral load by RT-PCR caused decision making to
continue ECMO therapy for a patient with COVID-19*

Ippei Sakamaki a, *, Yoshitomo Morinaga b, Hideki Tani b, Yusuke Takegoshi a,
Yasutaka Fukui a, Hitoshi Kawasuji a, Akitoshi Ueno a, Yuki Miyajima a,
Masahiro Wakasugi c, Toshiomi Kawagishi c, Hroyuki Kuwano c, Tomoya Hatano c,
Tadaki Shibuya c, Hiroshi Okudera c, Yoshihiro Yamamoto a

a Department of Clinical Infectious Diseases, Toyama University Hospital, Toyama, Japan
b Department of Microbiology, Graduate School of Medicine and Pharmaceutical Sciences, University of Toyama, Toyama, Japan
c Department of Emergency and Disaster Medicine, University of Toyama, Toyama, Japan
a r t i c l e i n f o

Article history:
Received 30 June 2020
Received in revised form
8 August 2020
Accepted 19 August 2020
Available online 20 August 2020

Keywords:
Coronavirus disease 2019 (COVID-19)
Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)
Reverse transcription-polymerase chain
reaction (RT-PCR)
Extracorporeal membranous oxygenation
(ECMO)
* All authors meet the ICMJE authorship criteria.
* Corresponding author. Department of Clinical

University Hospital, 2630 Sugitani, Toyama City, Toya
E-mail address: sakamaki@med.u-toyama.ac.jp (I.

https://doi.org/10.1016/j.jiac.2020.08.014
1341-321X/© 2020 Japanese Society of Chemotherapy an
a b s t r a c t

Most patients with coronavirus disease 2019 (COVID-19) have just only mild symptoms, but about 5% are
very severe. Although extracorporeal membranous oxygenation (ECMO) is sometimes used in critically
patients with COVID-19, ECMO is only an adjunct, not the main treatment. If the patient's condition
deteriorates and it is determined to be irreversible, it is necessary to decide to stop ECMO.

A 54-year-old man was admitted on day 6 of onset with a chief complaint of high fever and cough.
Computed tomography (CT) showed a ground glass opacity in both lungs, and reverse transcription-
polymerase chain reaction (RT-PCR) diagnosed COVID-19. He was admitted to the hospital and started
to receive oxygen and favipiravir. After that, his respiratory condition deteriorated, and he was intubated
and ventilated on day 9 of onset, and ECMO was introduced on day 12. Two days after the introduction of
ECMO, C-reactive protein (CRP) increased, chest X-p showed no improvement in pneumonia, and PaO2/
FiO2 decreased again. As D-dimer rose and found a blood clot in the ECMO circuit, we had to decide
whether to replace the circuit and continue with ECMO or stop ECMO. At this time, the viral load by RT-
PCR was drastically reduced to about 1/1750. We decided to continue ECMO therapy and replaced the
circuit. The patient's respiratory status subsequently improved and ECMO was stopped on day 21 of
onset.

In conclusion, viral load measurement by RT-PCR may be one of the indicators for promoting the
treatment of severe COVID-19 patients.

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

From the end of 2019, coronavirus disease 2019 (COVID-19)
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) spread to the world. Most patients with COVID-19 have just
only mild symptoms, but about 5% are critical [1,2]. There are
several reports of using extracorporeal membranous oxygenation
(ECMO) in severe cases. In an early report from China, 4 out of 138
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(2.9%) inpatients needed ECMO [3]. Another group reported that 3%
of patients received ECMO [4]. Other teams in China reported that
11.5% of COVID-19 cases in the intensive care unit (ICU) received
ECMO as rescue therapy [5].

It is not easy to judge the ECMO indication. In addition to
making decisions about each patient's indications, we must
consider the appropriate allocation of socially limited medical
resources.

Although there are some guidelines, it is difficult to select the
patients and the timing of ECMO initiation and to manage moni-
toring and weaning of ECMO. The most difficult thing is the deci-
sion to discontinue ECMO if we could not save the patient.
Guideline of Surviving Sepsis Campaign said that ECMO should only
ous Diseases. Published by Elsevier Ltd. All rights reserved.
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be considered in carefully selected patients with COVID-19 and
severe acute respiratory distress syndrome (ARDS) [6]. Guideline of
the World Health Organization (WHO) reported that ECMO should
be offered only in expert centers with enough cases to maintain
expertise [7].

The quantitative data like bacterial load in the culture have
contributed to manage patients with active infectious diseases. For
diagnosis of COVID-19, reverse transcription-polymerase chain re-
action (RT-PCR) is widely used as a diagnostic method; however,
only a small part of physicians can use the quantitative data
because the results are usually reported as qualitative data. The
viral loads can be an index for understanding the condition of the
patient with COVID-19.

Here we present a COVID-19 case that we decided to continue
ECMO using the viral load by RT-PCR as an index.

2. Case report

The case was a 54-years-old man who had a cough and high
fever of 39� or higher on day 0. On day 1, he met a primary care
doctor and started to take 500 mg/day azithromycin. But his
symptom did not improve.

He came to our hospital on day 6. On physical examination,
his vital signs were as follows: blood pressure, 102/78 mmHg;
pulse, 96/min; respiratory rate, 32/min; oxygen saturation, 92%
on room air; body temperature, 39.2 �C; and Glasgow Coma Scale
(GCS), 15. White blood count (WBC) was 2650/mL (Neutro 72.4%,
Lymph 23.4%), C-reactive protein (CRP) was 3.12 mg/mL. D-dimer
was 1.3 mg/mL (normal range < 1 mg/mL). His computed tomog-
raphy (CT) images showed ground glass opacity on both lungs
(Fig. 1). RT-PCR test of the nasal specimen showed the positive
result of SARS-CoV-2.

He admitted to the ICU and received non-invasive ventilation.
Also, he started to take an anti-viral agent, Favipiravir. But,
because his respiratory condition was worse sharply on day 9, he
needed intubation and invasive mechanical ventilation. The
respiratory status worsened further and bilateral pneumonia on
the chest X-ray also worsened (Fig. 2). ECMO was introduced on
Fig. 1. CT images on admission (day 6 from onset). Computed tomogra
day 12. Furthermore, his renal function worsened, continuous
hemodiafiltration (CHDF) was also introduced on day 13. His
condition did not improve immediately after the ECMO intro-
duction. PaO2/FiO2 had increased temporally but decreased again
(Fig. 3). CRP increased to 32.42 mg/dL. There was a coagulation
abnormality. Clots were found in the circuit of ECMO, and D-
dimer increased to over 30 mg/mL. Thus, we had to decide
whether to make a circuit switch and continue ECMO, or stop
ECMO. At that time, the RT-PCR test of nasopharyngeal swab
samples still showed positive. However, the viral load decreased
from 8.33 � 104 copies/mL (day 6) to 4.80 � 10 copies/mL (day 14).
Viral road decreased to about 1/1750 compared to that on
admission. We decided to continue the ECMO therapy and
replace the circuit of the ECMO (day 15). After that, the patient's
condition improved and pneumonia improved on chest X-ray
(Fig. 2). ECMO and CHDF were terminated on day 21. RT-PCR of
nasal specimen showed a negative result (Fig. 3).

Favipiravir was administered 3600 mg/day on day 6 and 1600
mg/day from day 7 to day 19 for a total of 14 days. A respirator was
not needed on day 24 and the patients moved to the general ward
from ICU on day 29.

3. Discussion

If ECMO was introduced for the patient with severe COVID-19
pneumonia and the patient's general condition did not improve,
it is very difficult to judge whether to stop ECMO use or not.
Extracorporeal Life Support Organization (ELSO) guidance docu-
ment said that clinicians should be continuously evaluating when
ECMO no longer provides a benefit and should at that point return
to conventional management [8].

One of the complications of COVID-19 was the venous throm-
botic event [9]. It was reported that 27 out of 54 (50%) non-survivor
showed coagulopathy meanwhile 10 out of 137 (7%) survivor
showed coagulopathy [10]. Another group in New York reported
five cases of large-vessel stroke in patients younger than 50 years
[11]. Coagulopathy may associate with the severity of COVID-19
patients.
phy (CT) images showed typical ground glass opacity on both lungs.



Fig. 2. Serial chest-X-ray of the patient. (A) Day 6; chest-X-ray of the patient on admission. (B) Day 12; after introduction of ECMO. (C) Day 15; After replacement of ECMO. (D) Day
21; after termination of ECMO.

Fig. 3. Clinical course of the patient. Viral loads of nasopharyngeal swab samples were measured by RT-PCR.
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In our case, clots were found in the circuit and the patient's D-
dimer increased to over 30 mg/mL immediately after the intro-
duction of ECMO. PaO2/FiO2 was decreased to less than
100 mmHg and CRP increased to over 30 mg/dL. Coagulopathy
might be due to the placement of the cannulas for ECMO. We
judged that the patient's condition was very severe. We needed
to decide to stop ECMO or to replace the circuit and continue
ECMO. Viral load by RT-PCR of nasal specimen decreased to about
1/1750 at that time, we could decide to continue ECMO and
replaced the circuit.

RT-PCR is now generally used to detect SARS-CoV-2 or confirm
negative for SARS-CoV-2. The result of the RT-PCR test shows
usually just positive or negative, viral load is not shown. One of the
papers about viral load showed that the viral load early after onset
was high, but a sputum sample collected on day 8 post-onset from a
patient who died had a very high viral load [12]. Another report
revealed that viral loads in mild cases decreased, while viral loads
in severe cases did not change or increased [13]. Patients in our
hospital showed that viral loads of symptomatic patients were
higher than those of asymptomatic patients [14]. If the persistently
high viral load in patients with COVID-19 could lead to severe
disease; preparation for invasive ventilation and ECMO therapy
may be necessary.

For determining the severity of COVID-19, it is better to use a
blood sample to accurately measure the viral load. However, it has
been reported that RNAemia was only found in patients with
critical COVID-19 [15]. Nasopharyngeal swab samples are usually
used for initial RT-PCR testing, and we use nasal specimens to see
changes in viral load over time. The viral load of SARS-CoV-2 in
nasopharyngeal swab samples may be a useful marker for assessing
disease severity and prognosis.

Some researchers showed the number of cycles of PCR (Ct
value) as viral load [16e19]. Our results of RT-PCR show the
number of RNA copies/mL, it may be possible to monitor more
detail of viral load. Our methods were as follows. Nasal swab
specimens were pretreated with 500 mL of Sputazyme. After
centrifugation, the supernatant was used for RNA extraction. RNA
solution was obtained from the supernatant by using QIAamp
ViralRNA Mini Kit or Nippongene Isospin RNA Virus according to
the manufactural instructions. The viral loads of SARS-CoV-2 were
quantified based on N2-gene-specific primer-probe set by reverse
transcriptase-quantitative polymerase chain reaction using
THUNDERBIRD Probe One-step qRT-PCR Kit according to the Japan
National Institute of Infectious Diseases protocol [20]. The quality
of quantification was controlled by AcroMetrix COVID-19 RNA
Control.

We should evaluate the clinical advantages of viral loads-guided
monitoring because it can be useful for planning the management
of asymptomatic carriers as well as patients.

In conclusion, viral load measurement by RT-PCR of nasopha-
ryngeal swab samples can be one of the indicators for management
of COVID-19 patients.
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