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みちのくウイルス塾 本日の講演内容 

•  SARS	
• MERS	

• COVID-19 

����� 新規ウイルス感染症 
SARS流行の発見 
•  2002年11月：中国南部（広東省）の奇病（肺
炎）	

•  2003年2月：ベトナムハノイにおける呼吸器感
染症様疾患の院内流行（French	Hospital）	

•  2003年3月：Severe	Acute	Respiratory	
Syndrome（SARS，重症急性呼吸器症候群）の
命名（WHO）	

•  2003年5月：SARSに関する論文発表（N	Engl	J	
Med） 



Global	spread	of	SARS�



SARS-outbreak identified after the last SARS-
outbrak in 2002/2003	

• September 2003: 	Laboratory-associated SARS-
outbreak in Singapore (1)	
• December 2003: 	Laboratory-associated SARS-
outbreak in Taiwan (1)	
• December 2003-January 2004:	SARS-outbreak in 
Guandong province, China (4)	
• April 2004: Laboratory-associated outbreak in 
Beijing and Anhui province (9 patients, 1 died)	
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 Middle East respiratory syndrome 
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obtained from the patient’s spouse as part of the patient 
treatment contract.

We did diagnostic RT-PCR and indirect immuno-
fl uorescence, following WHO recom mendations.7,9 For 
serum neutralisation tests, we grew Vero B4 cells to 
subconfl uence in 24-well plates. Pre-incubation reactions 
contained 25 plaque-forming units of MERS-CoV (EMC 
strain) in 100 µL of medium, mixed one-to-one with 
serum samples from the patient prediluted in medium. 
The starting dilution was a tenth. After 1 h incubation at 
37°C, each well was infected for 1 h at 37°C with the total 
200 µL pre-incubation reaction. Supernatants were 
removed and overlaid with Avicell resin as described by 
Herzog and colleagues.10 Assays were terminated and 
stained after 3 days. We defi ned neutralisation titres as 
the serum dilution reducing the number of plaques in 
four parallel wells in summary by greater than 90%. 
Antibodies were tested by immunofl uorescence assay.7

All clinical materials stored in the ward and laboratories 
were gathered and submitted for virological diagnostic 
tests. From the time of laboratory diagnosis, respiratory, 
faecal, and urine samples were obtained. We designed 
two diff erent sets of primers generating overlapping 
amplicons (available on request). The fi rst set consisted 
of 70 amplicons, 386–800 bp in length, with all primers 
containing two strong Watson-Crick bps at their 3� ends, 
so as to bind the template with high affi  nity. The second 
set consisted of 68 amplicons, 415–761 bp in length, with 
primers that had no more than two strong bps in their 
fi ve 3� terminal nucleotides and no strong pairings in 
the two 3� positions. This method of primer design can 
decrease sensitivity, but it prevents mispriming within 
the product, which can improve the success of 

amplifi cation. After RT-PCR, we sequenced all fragments 
on a Roche 454 Junior instrument (Roche, Penzberg, 
Germany) and assembled in Geneious (version 6.1.2). 
Virus quantifi cation was done with standard calibration 
curves that were based on quantifi ed in-vitro transcribed 
RNA for the upE target gene.9

We constructed a maximum likelihood tree of the fi ve 
available complete MERS-CoV genomes with PhyML11 
and the GTR+Gamma model of molecular evolution; 
we assessed phylogenetic support with 1000 bootstrap 
replicates. We inferred a timescale by linear regression 
of genetic divergence from the root against time of 
collection of the samples. The root was placed such that 
the correlation coeffi  cient was maximised. A 
phylogenetic tree based on all available MERS-CoV 
sequences was calculated with PhyML11 on a 
concatenated 4012 bp dataset with the HKY substitution 
model. Reduction of the dataset was determined by the 
small number of sequence fragments that could be 
retrieved from a stored clinical sample containing a 
small amount of the virus, derived from a patient treated 
in Essen, Germany. 

Role of the funding source
The sponsors of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding authors had full 
access to all the data in the study and fi nal responsibility 
to submit for publication.

Results
On March 8 (day 0), the patient—a 73-year-old man 
from Abu Dhabi, United Arab Emirates—abruptly 
developed fl u-like symptoms, with fever and 
non-productive cough. He was admitted to Mafraq 
hospital (Abu Dhabi) on day 2 (fi gure 1), and was 
diagnosed with pneumonia. He was intubated on day 9 
because of progressive hypoxia and acute respiratory 
distress syndrome (fraction of inspired oxygen 60%; 
positive end-expiratory pressure 10 cm H2O). The 
patient had received intensive antimicrobial treatment 
with meropenem, levofl oxacin, vancomycin, 
caspofungin, aciclovir, and oseltamivir during his stay 
in an intensive care unit in Abu Dhabi, without major 
improvement in his pulmonary function. The patient 
was transferred to Klinikum Schwabing (Munich, 
Germany) on March 19, 2013 (fi gure 1). 

The patient had been diagnosed with multiple myeloma 
in 2008, and had received several lines of treatment in 
the previous few years, such as high-dose chemotherapy 
with autologous stem-cell transplantation in 2009. At 
relapse of his multiple myeloma in November, 2012, he 
was given lenalidomide plus dexamethasone. Relatives 
reported that the patient owned camels, and had taken 
care of a diseased animal shortly before onset of 
symptoms. No animal samples, or further details about 
potential sources or exposures could be retrieved. 
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Figure 1: Disease and treatment
(A) Chronology. Frontal (B) and horizontal (C) CT scans done on day 12 of disease, showing intense 
basally-pronounced congestions indicative of atypical pneumonia and acute respiratory distress syndrome. 
MERS-CoV=Middle East respiratory syndrome coronavirus.
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u Drosten, C,  et al. Clinical features and virological 
analysis of a case of Middle East respiratory syndrome 
coronavirus infection. Lancet Infect Dis 13:745, 2013�
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obtained from the patient’s spouse as part of the patient 
treatment contract.

We did diagnostic RT-PCR and indirect immuno-
fl uorescence, following WHO recom mendations.7,9 For 
serum neutralisation tests, we grew Vero B4 cells to 
subconfl uence in 24-well plates. Pre-incubation reactions 
contained 25 plaque-forming units of MERS-CoV (EMC 
strain) in 100 µL of medium, mixed one-to-one with 
serum samples from the patient prediluted in medium. 
The starting dilution was a tenth. After 1 h incubation at 
37°C, each well was infected for 1 h at 37°C with the total 
200 µL pre-incubation reaction. Supernatants were 
removed and overlaid with Avicell resin as described by 
Herzog and colleagues.10 Assays were terminated and 
stained after 3 days. We defi ned neutralisation titres as 
the serum dilution reducing the number of plaques in 
four parallel wells in summary by greater than 90%. 
Antibodies were tested by immunofl uorescence assay.7

All clinical materials stored in the ward and laboratories 
were gathered and submitted for virological diagnostic 
tests. From the time of laboratory diagnosis, respiratory, 
faecal, and urine samples were obtained. We designed 
two diff erent sets of primers generating overlapping 
amplicons (available on request). The fi rst set consisted 
of 70 amplicons, 386–800 bp in length, with all primers 
containing two strong Watson-Crick bps at their 3� ends, 
so as to bind the template with high affi  nity. The second 
set consisted of 68 amplicons, 415–761 bp in length, with 
primers that had no more than two strong bps in their 
fi ve 3� terminal nucleotides and no strong pairings in 
the two 3� positions. This method of primer design can 
decrease sensitivity, but it prevents mispriming within 
the product, which can improve the success of 

amplifi cation. After RT-PCR, we sequenced all fragments 
on a Roche 454 Junior instrument (Roche, Penzberg, 
Germany) and assembled in Geneious (version 6.1.2). 
Virus quantifi cation was done with standard calibration 
curves that were based on quantifi ed in-vitro transcribed 
RNA for the upE target gene.9

We constructed a maximum likelihood tree of the fi ve 
available complete MERS-CoV genomes with PhyML11 
and the GTR+Gamma model of molecular evolution; 
we assessed phylogenetic support with 1000 bootstrap 
replicates. We inferred a timescale by linear regression 
of genetic divergence from the root against time of 
collection of the samples. The root was placed such that 
the correlation coeffi  cient was maximised. A 
phylogenetic tree based on all available MERS-CoV 
sequences was calculated with PhyML11 on a 
concatenated 4012 bp dataset with the HKY substitution 
model. Reduction of the dataset was determined by the 
small number of sequence fragments that could be 
retrieved from a stored clinical sample containing a 
small amount of the virus, derived from a patient treated 
in Essen, Germany. 

Role of the funding source
The sponsors of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding authors had full 
access to all the data in the study and fi nal responsibility 
to submit for publication.

Results
On March 8 (day 0), the patient—a 73-year-old man 
from Abu Dhabi, United Arab Emirates—abruptly 
developed fl u-like symptoms, with fever and 
non-productive cough. He was admitted to Mafraq 
hospital (Abu Dhabi) on day 2 (fi gure 1), and was 
diagnosed with pneumonia. He was intubated on day 9 
because of progressive hypoxia and acute respiratory 
distress syndrome (fraction of inspired oxygen 60%; 
positive end-expiratory pressure 10 cm H2O). The 
patient had received intensive antimicrobial treatment 
with meropenem, levofl oxacin, vancomycin, 
caspofungin, aciclovir, and oseltamivir during his stay 
in an intensive care unit in Abu Dhabi, without major 
improvement in his pulmonary function. The patient 
was transferred to Klinikum Schwabing (Munich, 
Germany) on March 19, 2013 (fi gure 1). 

The patient had been diagnosed with multiple myeloma 
in 2008, and had received several lines of treatment in 
the previous few years, such as high-dose chemotherapy 
with autologous stem-cell transplantation in 2009. At 
relapse of his multiple myeloma in November, 2012, he 
was given lenalidomide plus dexamethasone. Relatives 
reported that the patient owned camels, and had taken 
care of a diseased animal shortly before onset of 
symptoms. No animal samples, or further details about 
potential sources or exposures could be retrieved. 
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Figure 1: Disease and treatment
(A) Chronology. Frontal (B) and horizontal (C) CT scans done on day 12 of disease, showing intense 
basally-pronounced congestions indicative of atypical pneumonia and acute respiratory distress syndrome. 
MERS-CoV=Middle East respiratory syndrome coronavirus.

高い致死率	

Drosten, C,  et al. Clinical features and virological analysis 
of a case of Middle East respiratory syndrome coronavirus 
infection. Lancet Infect Dis 13:745, 2013 �

MERSの特徴（2）：院内感染�
Hospital Outbreak of MERS Coronavirus
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tients undergoing hemodialysis, not allowing pa-
tients with suspected MERS-CoV infection into the 
dialysis unit, enhancing environmental cleaning, 
and excluding visitors and nonessential staff. In 
the 8 days after implementation of precautions, 
illness developed in six patients: MERS-CoV in-
fection was confirmed in one patient (Patient P) 
and was classified as probable in five patients; no 
additional confirmed cases occurred from May 1 
to May 23.

ICU
Between April 9 and April 26, Patients A, C, D, 
and E were treated with continuous positive air-
way pressure and received nebulized medications; 
six cardiac arrests occurred among these four pa-
tients. MERS-CoV infection developed in two addi-
tional patients (Patients J and Q, both with con-
firmed cases) who were present in the same ICU 
during this time. Infection-control measures sim-
ilar to those in the hemodialysis unit were imple-
mented throughout the hospital on April 26. No 
further confirmed cases occurred in the ICU.

Medical Ward
One patient undergoing hemodialysis (Patient H) 
who had confirmed infection was admitted to a 
medical ward (Fig. 2) on April 21. Patient N, who 
was separated from Patient H by two rooms, be-
came ill on April 25, and Patient U, who was 
separated from Patient H by three rooms, be-
came ill on April 28.

Illness in Staff Members at Hospital A
One of the 124 health care worker contacts of 
patients with confirmed MERS-CoV infection re-
ported a 48-hour history of febrile illness without 
respiratory symptoms beginning on May 5; test-
ing for MERS-CoV was not performed. On May 8, 
MERS-CoV infection developed in a nurse admin-
istrator (Patient R), who was not known to have 
been exposed to any patients identified as having 
MERS-CoV infection. She was in the ICU during 
two simultaneous cardiac resuscitations on April 
15 and had face-to-face contact on May 5 with 
the febrile health care worker described above. 
No other potential exposures were identified.
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tifiers (see Fig. S2 in the Supplementary Appendix).
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 Figure 3 Ecology and transmission of MERS-CoV MERS-CoV might have originally spread from bats to camels and other, as yet 
unidentified, intermediate hosts. The virus has circulated in camel populations in Africa and the Arabian peninsula for at least 20 y... 

The Lancet, 2015, http://dx.doi.org/10.1016/S0140-6736(15)60454-8 
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COVID-19 

• 新規コロナウイルス	

• 中国・湖北省が源	

• 動物由来コロナウイルス
（SARS-CoV）に性質が類似	

• ヒト-ヒト感染	

• 世界的流行 

SARS-coronavirus-2（SARS-CoV-2） 
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COVID-19，SARS-CoV-2伝播性 
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COVID-19ワクチン開発 

• 組換えウイルスCOVID-19ワクチン	
u Chimpanzee	Adenovirus	vector	
u VSV	vector		
u 痘瘡ワクチンベクター	
u 他	

• Messenger	RNAワクチン	
• 成分ワクチン	
• DNAワクチン	
• 不活化ワクチン	
• 生ワクチン 



ワクチンとCOVID-19 
• CCOVID-19は単なる呼吸器感染症ではなく，全
身感染症：ワクチンにより抗SARS-CoV-2免疫
（中和抗体，細胞性免疫）を誘導できれば発症
予防，軽症化の効果は期待される．	

• 感染予防（感染しない）効果は期待できない
（COVID-19ワクチンに限らず，あらゆるワクチ
ンの特徴）．	

• ただし，ワクチン接種者が感染源になるリスク
は低減される．	

• 広くワクチン接種が行われれば，根絶も可能
（国際連携）	

MERS，SARS，COVID-19の特徴の比較�
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Examination of the thorax revealed bilateral pleural effu-
sions but no pericardial effusion. A bilateral, multilobar crazy-
paving pattern was observed in the lungs, defined by ground-
glass opacity and intralobular and perilobular reticulations
(Fig. 1). Approximately 85% of lung parenchyma was affect-
ed. The subpleural parenchyma was slightly consolidated, but
the anterior portion of each lung field was spared. The trachea
and bronchi were filled with liquid. The oesophagus presented
with global and marked distension with undetermined
spongiform contents. A few centimetre-sized nodes were pres-
ent in the mediastinum, notably in the pre-tracheal area.

Autopsy findings

The post-mortem autopsy delay was estimated to be 48 h.
External examination of the body showed no traumatic injuries
to the skin. Internal exploration of the chest confirmed the bilat-
eral pleural effusions totaling 200mL of serohaematic fluid. The
heart weighted 470 g and showed a moderate dilatation of the
right ventricle, without increase of the myocardial wall thick-
ness. Gross examination showed non-obstructive atherosclerotic
plaques in the coronary arteries and the aortic bifurcation. Both
lungs were slightly dense, but the liver, spleen, intestines, kid-
neys, pancreas and brain were macroscopically normal.

Microbiological analysis

SARS-CoV-2 was detected in all the samples except in cerebro-
spinal fluid. To quantify SARS-CoV-2 viral load, we used an
external standard curve that revealed a higher viral load in respi-
ratory samples (7.05 log10 copies/106 cells in nasopharyngeal
swab, 5.52 log10 copies/10

6 cells in lung biopsy and 5.15 log10
copies/106 cells in pleural effusion sample) than in plasma (4.5
log10 copies/10

6 cells). The percentage of SARS-CoV-2 genome
covered was 99.6%, 98.9% and 92.2% for the nasopharyngeal
swab, pleural effusion and plasma sample, respectively. Multiple
sequence alignment revealed that consensus sequences generated
from the three samples were identical. Using the pangolin web
application (https://pangolin.cog-uk.io), the sequences were
assigned to the B.1 lineage currently circulating in Europe.

Bacteriological blood analysis identified gram-positive
cocci (Staphylococcus schelfeiferi and S. epidermidis) consid-
ered to be consequent to post-mortem proliferation.

Pathological findings

The right and left lungs weighed 1044 g and 834 g, respectively.
The main lung injury was bilateral diffuse alveolar damage. It
appeared heterogeneous with identifiable stages: an acute stage
(Fig. 2) defined by scattered or diffuse hyaline membranes, as-
sociated in some areas with alveolar oedema, an alveolar eosin-
ophil exudate and a few vacuolated macrophages; and a more
organized stage (Fig. 3) defined by parenchymal collapse and
enlargement of alveolar septa, filled with incorporated alveolar
fibrin deposits, relatively pronounced hyperplasia of type-2
pneumocytes, very sparse multinucleated giant cells and minor
fibroblast proliferation. Squamous cell metaplasia was not ob-
served. Immunohistology identified slight-to-moderate interstitial
or perivascular infiltration by inflammatory TCD3+ lympho-
cytes. Alveolar infiltration by neutrophils was not observed and
both capillaries and arterioles were thrombosis-free.

Other pathological findings included mild hepatic steatosis
and confirmed a mild coronary artery atherosclerosis. Heart
sections showed no evidence of myocarditis but displayed
some scattered wavy fibres. No other microscopic anomalies
were found in other organs, especially brain and kidney vas-
culitis or disseminated intravascular coagulation.

Discussion

Currently, post-mortem COVID-19 pathology and virology
findings are rare. Clinical and forensic COVID-19 autopsies
are usually not required for such deaths, especially when such
diagnoses are made before death and given the considerable
logistical constraints deployed to limit the risk of virus trans-
mission. Here we report complete post-mortem data following
the natural evolution of untreated COVID-19.

Considering the subject’s clinical history and absence of
other acute or chronic diseases detected by histological

Fig. 1 Post-mortem computed
tomography and pulmonary
parenchyma reconstruction. Axial
(a) and sagittal (b) views showing
diffuse, bilateral and panlobar
ground-glass opacities associated
with interlobular and intralobular
septal thickening, subpleural con-
solidations and bilateral pleural
effusions (asterisk). The anterior
portions of both lungs were more
likely to be spared
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A	75-year-old	man	was	admiNed	to	a	COVID-19	tes]ng	unit	in	a	French	regional	hospital	
early	in	the	pandemic.		
 

Figure	1	

Figure	1.	Molecular	detec]on	of	SARS-CoV-2	and	Streptococcus	pneumoniae	in	the	lungs	of	a	pa]ent	in	Japan	co-infected	with	
both	pathogens.	The	42	lung	sec]ons	were	analyzed	and	the	amount	of	SARS-CoV-2	RNA	and	S.	pneumoniae	DNA	in	each	sec]on	
was	evaluated.	A)	The	right	lung	was	cut	into	6	(R–I	to	R–VI);	B)	the	lee	lung	was	cut	into	7	(L–I	to	L–VII)	coronal	slices,	from	
ventral	to	dorsal.	Twenty-two	right	sec]ons	(R1–R22)	in	R–IV	and	R–V	and	20	lee	sec]ons	(L1–L20)	in	L–V	and	L–IV	are	shown	in	
black	boxes.	The	doNed	white	line	is	the	boundary	between	the	upper	and	lower	lobes.	The	SARS-CoV-2	RNA	score	is	indicated	by	
the	number	of	red	circles	and	the	S.	pneumoniae	DNA	score	is	indicated	by	the	number	of	yellow	circles.	(-)	indicates	results	
under	the	detec]on	limit.	Scale	bars	indicate	2	cm.	SARS-CoV-2,	severe	acute	respiratory	syndrome	coronavirus	2.	

Tsukamoto	T,	Nakajima	N,	Sakurai	A,	Nakajima	M,	Sakurai	E,	Sato	Y,	et	al.	Lung	Pathology	of	Mutually	Exclusive	Co-infec]on	with	SARS-CoV-2	and	
Streptococcus	pneumoniae.	Emerg	Infect	Dis.	2021;27(3):919-923.	hNps://doi.org/10.3201/eid2703.204024	



Figure	2	

Figure	2.	Microscopic	findings	of	the	lungs	of	a	pa]ent	in	Japan	co-infected	with	SARS-CoV-2	and	Streptococcus	pneumoniae.	A)	Histopathology	of	lung	
sec]on	R12	(shown	in	Figure	1).	Scale	bar	indicates	2	mm.	B)	Magnified	image	of	the	black	square	(top	lee)	in	panel	A:	exuda]ve	phase	of	diffuse	alveolar	
damage	(DAD)	with	hyaline	membranes.	Scale	bar	indicates	100	μm.	C)	Magnified	image	of	the	red	square	(boNom	right)	in	panel	A:	edema	and	
bronchopneumonia	with	massive	infiltra]on	of	neutrophils	in	the	alveolar	spaces.	Scale	bar	indicates	100	μm.	D,	E)	Magnified	images	of	the	same	areas	
of	consecu]ve	sec]ons	as	B	and	C,	respec]vely,	showing	SARS-CoV-2	an]gen	stained	green	(Vina	green)	and	S.	pneumoniae	an]gen	stained	brown	(3,3ʹ-
diaminobenzidine)	by	enzyme-labeled	double	immunohistochemistry.	The	SARS-CoV-2	an]gens	were	detected	predominantly	in	the	DAD	area	(D;	
scale	bar	indicates	50	μm).	The	S.	pneumoniae	an]gens	were	detected	predominantly	in	the	bronchopneumonia	area	(E;	scale	bar	indicates	50	μm).	
Insets	show	magnified	images	of	the	staining	cells	(scale	bars	indicate	10	μm).	

Tsukamoto	T,	Nakajima	N,	Sakurai	A,	Nakajima	M,	Sakurai	E,	Sato	Y,	et	al.	Lung	Pathology	of	Mutually	Exclusive	Co-infec]on	with	SARS-CoV-2	and	
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患者確認から解除まで 

• 検査・検出	

• 告知	

• 患者調査	

• 優先度判定	

• 自宅療養・ホテル宿泊療法，入院調整	

• 疫学調査	

• ワクチン接種	

	

札幌市でのCOVID-19対策において
働いて理解した問題・課題 

個々の患者 



医療にアクセスできない患者 

• 自宅療養中の患者	

• 解除後の患者への無理解（医師・医療機関によ
る） 

入院させたくてもできない 

検査・検出・隔離（3K）を考
える COVID-19患者への偏見と差別 



「夜の街」という言葉の問題
点を考える 

ススキノ 

疫学調査とCOVID-19流行抑制 

まとめ 

• COVID-19とSARS	

• COVID-19と倫理 


