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Abstract
Up until now, there is much debate about the role of asymptomatic patients and pauci-
symptomatic patients in severe acute respiratory syndrome novel coronavirus 2 (SARS-
CoV-2) transmission, and little is known about the kinetics of viral ribonucleic acid
(RNA) shedding in these populations. This article aims to describe key features and the
nature of asymptomatic and pauci-symptomatic SARS-CoV-2 infected patients. The
cohort consisted of six participants, three pairs, which were infected with SARS-CoV-2
during February 2020 on board the Diamond Princess. Of the six confirmed (reverse tran-
scription polymerase chain reaction [RT-PCR]) cases, four were initially diagnosed in Japan
and two upon their arrival to Israel. Duration of infection was between four days and up to 26
days. Of the six patients, three were completely asymptomatic and the others were pauci-
symptomatic. All five patients in whom a computerized tomography (CT) scan was per-
formed had lung pathology. In one patient, infectivity was tested using cell culture and a
cytopathic effect was demonstrated. A serology test was performed in three of the patients
and all three had a positive immunoglobulin G (IgG) four to eight weeks after disease onset.
This case series demonstrates that asymptomatic and pauci-symptomatic patients may play a
role in infection transmission by demonstrating probable transmission among asymptomatic
spouses and by demonstrating a viable virus via a cell culture. Additionally, asymptomatic
and pauci-symptomatic patients can have lung pathology and developing IgG antibodies.
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Introduction
There is much debate regarding the nature, significance, and role in coronavirus disease
2019 (COVID-19) transmission of asymptomatic and pauci-symptomatic patients. The
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article presents a case series of six among 15 Israeli passengers on
the Diamond Princess who were infected with severe acute respi-
ratory syndrome novel coronavirus 2 (SARS-CoV-2) and were all
either completely asymptomatic or pauci-symptomatic during the
period of observation until recovery.

Case Presentations
Six of the 15 Israeli citizens on the Diamond Princess tested pos-
itive for SARS-CoV-2 by reverse transcription polymerase chain
reaction (RT-PCR) of the SARS-CoV-2 Envelope (E) gene;
nasopharyngeal and oropharyngeal swabs were obtained. Four of
the patients were diagnosed while on board the ship and two addi-
tional citizens were diagnosed upon their arrival in Israel. They
were quarantined for 14 days in a designated quarantine facility
at the Sheba Medical Center (Ramat Gan, Israel) and followed
to determine whether they developed COVID-19 disease during
hospitalization in Israel. During hospitalization, RT-PCR tests
were performed every three to four days. A summary of all six cases
is shown in Table 1.

Case 1
A 71-year-old man with non-insulin dependent diabetes
(NIDDM) was positive on board the ship (Case One). He was
admitted on February 15, 2020 in Japan with low-grade fever
and his chest computerized tomography (CT) scan demonstrated
peripheral and bronchovascular consolidative nodules. Intravenous
quinolone was started. His course of disease was uneventful with
fever resolution within a few days. He was discharged after two
negative PCR tests on March 5, 2020. Serology performed in
Israel on April 8, 2020 was positive for SARS-CoV-2 immuno-
globulin G (IgG) antibodies.

Case 2
A 67-year-old woman, wife of Case One, was positive on the same
day as her husband. She also had NIDDM. She was completely
asymptomatic during the whole time of her hospitalization. She
received oral quinolones for a few days. Her chest CT scan revealed
consolidative and ground glass peripheral nodules. She was fol-
lowed for three weeks until two negative PCR tests were reported
onMarch 10, 2020. Serology performed on April 8, 2020 was pos-
itive for SARS-CoV-2 IgG antibodies.

Case 3
A 74-year-old woman was admitted to a hospital in Japan on
February 17, 2020 following a positive PCR test. She denied
any particular symptom, but upon specific questioning she recalled
having a cough for two weeks prior to the positive test. A chest CT
scan performed on admission showed peripheral nodular opacities
with the reversed halo sign. Four days after admission, a repeated
PCR was negative. She was discharged on February 25, 2020 fol-
lowing an additional negative PCR test.

Case 4
A 76-year-old man, husband of Case Three, was repatriated to
Israel after testing negative in Japan. He was otherwise healthy.
The patient was admitted to Chaim-Sheba Medical Center for
quarantine on February 21, 2020. Upon his arrival from Japan,
he tested negative for SARS-CoV-2 and was totally asymptomatic.
On February 24, 2020, the patient tested positive while still being
completely asymptomatic. On day four, he had a single episode of
headache which was relieved with acetaminophen. On days five
and seven, the patient tested negative for SARS-CoV-2 and was

Case Date of Initial Pos Date of Last Pos Duration of
Positive Test

(days)

Symptoms CT Scan Result Serologya

1 2/15/2020 3/5/2020 20b Mild fever Peripheral and
bronchovascular
consolidative
nodules

Positive on
4/8/2020

2 2/15/2020 3/10/2020 25b No symptoms Peripheral nodules Positive on
4/8/2020

3 2/17/2020 2/21/2020 4b Cough for two
weeks prior to
admission from 2/3
until 2/16

Peripheral
reversed halo sign

N/A

4 2/23/2020 2/26/2020 4 No symptoms Minimal lower lobe
ground glass
opacities

N/A

5 2/21/2020 3/17/2020 26 No symptoms that
were attributed to
COVID-19

Was not performed N/A

6 2/29/2020 3/4/2020 4 No symptoms Minimal lower lobe
ground glass
opacities

Positive on
4/28/2020

Goldenfeld © 2021 Prehospital and Disaster Medicine

Table 1. Clinical Characteristics of the Six Patients
Abbreviations: COVID-19, coronavirus disease 2019; CT, computerized tomography; IgG, immunoglobulin G; SARS-CoV-2, severe acute
respiratory syndrome novel coronavirus 2.

a Antibodies were detected using the Anti-SARS-CoV-2 IgG ELISA assay (EUROIMMUN Medizinische Labordiagnostika AG); results
were reported as positive or negative.

bDuration of positive test for patients hospitalized only in Japan was calculated from the first positive test to the date of flight to Israel, or first
negative (out of two consecutive negative tests).
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discharged (Figure 1). A CT scan performed prior to discharge
showed right lower lobe ground glass opacities (Figure 2).

Case 5
A 62-year-old woman with a history of gastro-esophageal reflux,
asthma, hypothyroidism, dyslipidemia, and a previous cerebro-
vascular accident/CVA; medications included Montelukast,
Eltroxin, Aspirin, Omeprazole, Simvastatin, and Relvar inhaler.
The patient was repatriated to Israel after testing negative in

Japan, but tested positive upon her arrival on February 21, 2020
when she was completely asymptomatic. She was hospitalized for
27 days on which she had frequent complaints of emotional stress
and various transient physical complaints including a 48-hour event
of a-typical chest pain without electrocardiogram dynamics and a
single complaint of minor productive cough which she failed to
produce for testing. The patient was never febrile.

The results of her SARS-CoV-2 RT-PCR tests are presented in
Figure 1. The viral load gradually decreased, but from day 17 in
consecutive tests, varying viral loads were detected. Finally, she
had two consecutive negative tests on days 26 and 27 of her
hospitalization.

Nasal and throat swabs sampled on February 25, 2020 showed a
notable cytopathic effect on Vero E6 cell culture.

Case 6
A 69-year-old man, husband of Case Five and brother of Case
Three, with a history of ischemic heart disease, obesity, S/P acute
pericarditis, and prostatectomy, treated with aspirin and atenolol.
He had a positive PCR on board the ship and was admitted on
February 21, 2020 in Japan. He was completely asymptomatic.
On admission in Japan, his chest CT scan demonstrated one
ground glass nodule and one consolidative nodule. On that day,
he had a single episode of low-grade fever of 37.4°C. He was dis-
charged after two negative tests on February 27, 2020. A PCR test
upon his return to Israel on February 28, 2020 (day eight) was pos-
itive and he was admitted to the quarantine department for a total
of six days, during which he was totally asymptomatic. He was dis-
charged after two negative tests were reported on days 12 and 13
since his initial diagnosis. Serology performed on April 28, 2020
was positive for COVID-19 IgG.

Research Limitations
Due to lack of symptoms and in order to protect the medical crew,
blood samples were not collected during hospitalization. Thus,
potential important medical data are missing. Another limitation
is the small sample size which decreases the statistical power of
these findings. And last, only three out of six patients were willing
to have an antibody test. That being said, the authors believe that
this case series provides a few research leads that should be fur-
thered explored.

Discussion and Conclusions
While medicine understandably focuses on severe presentation of
disease, to understand COVID-19 epidemiology and guide an
effective public health response, the properties must be understood
of infections that do not produce severe disease but may still con-
tribute to transmission and/or population level immunity.1

Evidence of the presence of asymptomatic SARS-CoV-2 infec-
tions has accumulated in the last few months, and it is now known
that the proportion of asymptomatic patients is not negligible.2

In the case of the Diamond Princess cruise ship, 32% of the
confirmed SARS-CoV-2 infections were reported to be asympto-
matic, and approximately 10% of the cohort was presymptomatic.3

Of the 15 Israeli travelers on the Diamond Princess, six (40%) were
eventually positive for SARS-CoV-2. Of the six patients, three
exhibited no symptoms whatsoever. Two patients were pauci-
symptomatic and a third patient had mild symptoms which could
not be attributed to SARS-CoV-2 infection. While all the patients
were either asymptomatic or pauci-symptomatic, all those for
whom a CT scan was performed exhibited abnormal signs at some
stage, as has been reported in COVID-19 patients.4

Goldenfeld © 2021 Prehospital and Disaster Medicine

Figure 1. Demonstrating the Dynamics of the RT-PCR of
Three Patients During Hospitalization.
Abbreviations: CT, computerized tomography; RT-PCR,
reverse transcription polymerase chain reaction.

Goldenfeld © 2021 Prehospital and Disaster Medicine

Figure 2. Unenhanced Chest CT Scan of a 76-Year-Old
Asymptomatic Man with COVID-19. Note: Coned down
view of the right lower lobe (lung windows) demonstrates min-
imal ground glass opacities (arrows), perhaps the result of the
documented recent viral infection.
Abbreviations: COVID-19, coronavirus disease 2019; CT,
computerized tomography.
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At present, there is much debate on the interpretation of PCR
results of SARS-CoV-2. Sensitivity of the test depends on
swabbing technique, whether oropharyngeal swab or both oro-
pharyngeal and nasopharyngeal swabs are obtained, and the spe-
cific RT-PCR kits used of PCR test results is unclear. In this
study, patient six was initially discharged from Japan following
two negative tests before subsequently testing positive again
upon arrival to Israel. It has been suggested that a positive
PCR test may not reflect the presence of viable virus particles,
and hence may be less significant for the understanding of infec-
tion and transmission.

Here, it is demonstrated that at least for one of the asympto-
matic patients with relatively low but persistent ribonucleic acid
(RNA) shedding, as detected by PCR, viable virus was demon-
strated in culture.

Understanding viral kinetics and shedding versus RNA shed-
ding will help to better control and manage future waves of infec-
tion.1 Studies that are under review suggest that asymptomatic
patients have a faster viral clearance.5 It is yet to be shown whether
resolution of symptoms is associated with clearance of all via-
ble virus.

Furthermore, in almost all cases, an abnormal chest CT was
documented, indicating a pathological process taking place in these
asymptomatic/pauci-symptomatic patients.

A study by Mizumoto, et al6 showed a prevalence of 17.9% of
asymptomatic cases on board the Princess Diamond cruise ship.
They claim that there is still no evidence that asymptomatic
patients play a role in transmission. The article demonstrates that
asymptomatic infections may result in transmission, as suggested
by the fact that the cases described occurred among three couples,
in which it is presumed that one spouse infected the other.
Furthermore, a viable virus was detected from an asymptomatic
patient. This is also supported by the work by Arons, et al7 which
reports transmission from a presymptomatic patient. Moreover,
the current results reflect an infectious process with some element
of pathology, even if it does not lead to overt COVID-19 disease
due to the demonstration of a pathological lung process in the CT
scans. These observations add to accumulating data on the poten-
tial role of asymptomatic patients in transmission of SARS-CoV-2
and the dissemination of the COVID-19 pandemic and the result-
ant benefit of large-scale test trace and isolate programs in the pre-
vention of disease spread.
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