
	

	 	 	
	

	 	

	
	

	

PRESS	RELEASE	

A	personalized	precision	medicine	approach	is	needed	to	
treat	Covid-19	as	more	than	one	type	of	"Cytokine	storm"	is	

induced	by	SARS-CoV-2	

	

Paris,	April	23rd	2021	

The	severe	form	of	Covid-19	is	known	to	be	associated	with	the	excessive	elevation	of	many	
cytokines,	a	condition	termed	“cytokine	storm”.	Therapy	with	biological	agents	intended	to	
block	these	cytokines,	for	example	anti-interleukin-6	or	anti-interleukin-1	antibodies,	was	
already	 tried,	 albeit	 with	 a	 limited	 success.	 However,	 a	 study	 recently	 published	 in	 the	
Journal	of	Allergy	and	Clinical	Immunology	1	shows	that	there	are	at	least	two	distinct	types	
of	cytokine	storms	induced	by	SARS-CoV-2	infection	that	are	differentially	associated	with	
Covid-19	 severity	 and	 mortality.	 As	 these	 distinct	 elevated	 cytokine	 profiles	 show	 up	
differently	 in	 different	 patients,	 this	 would	 imply	 the	 need	 for	 a	 personalized	 precision	
medicine	approach	to	treat	Covid-19.			

	

Apart	from	corticoid	therapy,	various	treatments	that	were	tested	to	reduce	the	COVID-19	
associated	cytokine	storm	seem	to	show	disappointing	results.	The	effectiveness	of	reducing	
mortality	 by	 blocking	 interleukins	 (for	 example,	 IL-6	 and	 IL-1)	 has	 so	 far	 not	 been	
demonstrated.	It	has	also	been	proposed	that	early-stage	administration	of	type-I	interferon	
therapy	would	slow	SARS-CoV-2	replication,	yet	again	with	only	limited	reduction	in	mortality.	
It	 is	 possible	 that	 this	 apparent	 low	 effectiveness	 could	 be	 explained	 by	 the	 lack	 of	
stratification	of	patients	to	receive	different	treatments	adapted	to	their	individual	cytokine	
profile.	

To	 answer	 this	 question,	 Prof.	 Guy	 Gorochov's	 team	 (CIMI	 Research	 Center,	 Sorbonne	
University	 /	 INSERM,	 Paris,	 France),	 in	 collaboration	 with	 Prof.	 Avidan	 Neumann’s	
bioinformatics	 group	 (Department	 of	 Environmental	 Medicine,	 University	 of	 Augsburg,	
Germany),	studied	the	 levels	of	a	 large	number	of	cytokines	 in	 the	blood	of	115	COVID-19	
patients	at	the	day	of	hospitalization	during	the	first	wave	of	the	pandemic.	The	results	of	this	
study	were	then	confirmed	by	a	second	validation	cohort	comprising	of	86	patients	from	the	
second	wave	of	the	SARS-CoV-2	pandemic	in	Paris1.	

Analysis	 of	 the	 results	 demonstrated	 that	when	 looking	 at	 each	 cytokine	 separately,	 their	
blood	 levels	 showed	 great	 heterogeneity	 for	 each	 individual	 patient.	 “By	 looking	 at	 all	
cytokines	together,	using	a	non-supervised	bioinformatics	method	called	principle	component	
analysis	 (PCA),	 we	 were	 able	 to	 reduce	 the	 large	multi-dimensional	 variation	 into	 a	 two-



dimensional	perspective	of	cytokine	combinations”,	says	Prof.	Avidan	Neumann.	“Thus,	we	
identified	two	distinct	cytokine	profiles	that	appear	 in	different	 levels	according	to	disease	
severity”.		

Moderately	severe	patients,	who	initially	do	not	have	a	severe	respiratory	illness,	develop	a	
response	dominated	by	type-I	interferons,	in	a	context	of	high	viral	load,	and	relatively	lower	
levels	 of	 pro-inflammatory	 cytokines.	 Conversely,	 patients	with	 critical	 respiratory	 severity	
show	elevated	levels	of	pro-inflammatory	cytokines	(various	levels	of	IL-6,	IL-8,	IL-10	and	TNF-
a).	Unexpectedly,	SARS-CoV-2	antigen	levels	were	lower	in	the	critically	severe	patients,	while	
the	interferon	anti-viral	response	is	also	less	prominent	in	these	patients.	“These	results	go	
against	 the	 notion	 that	 high	 COVID-19	 severity	 is	 always	 associated	 with	 excessive	 viral	
replication”,	says	Prof.	Gorochov.	

Nevertheless,	having	a	 strong	 type-I	 interferon	 response	 is	not	always	good.	An	 important	
observation	was	that	the	risk	of	death	one	month	after	hospital	admission	was	related	in	each	
group	to	the	intensity	of	the	particular	cytokine	signature	typical	for	that	group.	In	particular,	
in	 the	moderate	 severity	 group	mortality	was	predicted	by	higher	 type-I	 interferon	 levels,	
while	 in	 the	 critical	 severity	 group	mortality	was	 associated	with	 higher	 pro-inflammatory	
cytokine	levels.	Of	note,	mortality	in	the	critical	severity	group	was	best	predicted	by	higher	
levels	of	interlukin-10,	rather	than	interlukin-6	or	interlukin-1,	thus	possibly	explaining	the	low	
effectiveness	of	 therapy	blocking	 the	 latter	 cytokines.	Moreover,	 “our	 results	 suggest	new	
therapeutic	 avenues”,	 says	 Prof.	 Gorochov,	 “as	 a	 higher	 risk	 of	 death	 in	 the	most	 severe	
patients	requiring	ECMO	is	associated	with	lower	levels	of	interleukin-17	and	interleukin-18,	
cytokines	that	are	associated	with	antibacterial	response,	treatment	to	increase	their	levels	
may	improve	patients’	survival”.	

Overall	these	results	suggest	that	COVID-19	severity	and	mortality	are	associated	not	with	one	
cytokine	storm,	but	rather	with	at	least	two	distinct	cytokine	profiles.	Particularly	not	only	an	
elevated	pro-inflammatory	response	is	dangerous	but	also,	in	some	patients,	an	exacerbated	
anti-viral	 interferon	response	is	associated	with	higher	risk	for	mortality.	On	the	one	hand,	
these	 results	 indicate	 that	 it	 would	 not	 be	 necessarily	 beneficial	 to	 administer	 type-I	
interferons	in	patients	with	already	highly	elevated	levels	of	these	cytokines2.	On	the	other	
hand,	therapy	with	biological	agents	should	be	targeted	to	block	specific	pro-inflammatory	
cytokines	 that	 are	 shown	 to	 be	 elevated	 in	 individual	 patients,	 rather	 than	 a	 one-for-all	
therapy.	 Thus,	 Prof.	 Claudia	 Traidl-Hoffmann,	 head	 of	 the	 Department	 of	 Environmental	
Medicine	 at	 the	 University	 of	 Augsburg,	 suggests	 that	 "this	 implies	 a	 paradigm	 change	 in	
COVID-19	therapy,	personalized	precision	medicine,	based	on	cytokine	profiling,	 should	be	
used	to	optimize	COVID-19	treatment”.	

	

Furthermore,	 Prof.	 Neumann	 adds	 “generalization	 of	 these	 results	 to	 earlier	 timepoints,	
currently	 tested	 in	 our	 on-going	 Early-Opt	 project	 at	 the	Uniklinikum	Augsburg,	will	 allow	
optimization	of	both	public-health	and	clinical	management	of	COVID-19”.	

We	 are	 seeking	 volunteers	 to	 join	 our	 Early-Opt-COVID19	 project	 in	 Augsburg.	 More	
information	at:	www.uk-augsburg.de/eoc	
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About	Sorbonne	University	:	
By	joining	two	leading	universities	(Paris-Sorbonne	and	Pierre	&	Marie	Curie	Universities)	at	the	center	of	Paris,	
an	 exceptional	 center	 of	 knowledge	 has	 been	 recreated	 under	 the	 world-renowned	 Sorbonne	 name.	
Sorbonne	University	is	a	world-class	research	university,	presenting	the	comprehensive	disciplinary	range	of	arts,	
humanities,	social	natural	sciences,	engineering	and	medicine.	The	University	offers	its	55,600	students	the	best	
educational	opportunities	for	success,	through	mono-disciplinary,	bi-disciplinary	and	interdisciplinary	programs.	
With	its	three	main	faculties,	 it	offers	varied	and	original	opportunities	across	disciplines.	Sorbonne	University	
research	draws	on	more	than	3,400	professor-researchers	and	another	3,000	researcher	partners	from	the	major	
French	research	organizations.	In	addition	to	Nobel	Prizes	and	other	awards,	the	university	has	exceptional	trans-
disciplinary	institutes	and	is	the	headquarters	for	the	European	Marine	Biological	Research	Centre.	International	
co-operation	 at	 Sorbonne	 University	 enables	 its	 students,	 academic	 staff	 and	 researchers	 to	 increase	 their	
exchanges	with	the	rest	of	the	world	

	
About	AP-HP	:	
About	 the	 AP-HP:AP-HP	 is	 a	 globally	 recognized	 university	 hospital	 center	 with	 a	 European	 dimension.	 It	 is	
organized	into	six	university	hospital	groups	(AP-HP.	Center	-	University	of	Paris;	AP-HP.	Sorbonne	University;	AP-
HP.	North	 -	University	of	Paris;	AP-HP.	University	of	Paris	 Saclay;	AP-HP.	Henri	Mondor	and	AP-HP	University	
Hospitals,	Paris	Seine-Saint-Denis	University	Hospitals)	and	is	structured	around	five	Ile-de-France	universities.	Its	
39	 hospitals	 welcome	 8.3	 million	 sick	 people	 every	 year:	 in	 consultation,	 in	 emergency,	 during	 scheduled	
hospitalizations	or	in	hospitalization	at	home.	She	provides	a	public	health	service	for	all,	24	hours	a	day,	and	this	
is	both	a	duty	and	a	source	of	pride	 for	her.	AP-HP	 is	 the	 largest	employer	 in	 Ile	de	France:	100,000	people	 -	
doctors,	researchers,	paramedics,http://www.aphp.fr	

	
About	Inserm	:	
Founded	in	1964,	Inserm	is	a	public	scientific	and	technological	institute.	The	institute	is	dedicated	to	biomedical	
research	and	human	health,	and	is	involved	in	the	entire	range	of	activities	from	the	laboratory	to	the	patient’s	
bedside.	 It	 also	 partners	 with	 the	most	 prestigious	 research	 institutions	 in	 the	 world	 that	 are	 committed	 to	
scientific	 challenges	 and	 progress	 in	 these	 fields.	 Inserm	 brings	 together	 15,000	 researchers,	 engineers,	
technicians,	and	administrative	staff	around	one	common	goal:	to	improve	the	health	of	all.	
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