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Abstract
Objectives: The	aim	of	this	international	multicentre	study	was	to	review	poten-
tial	drug–	drug	interactions	(DDIs)	for	real-	life	coadministration	of	combination	
antiretroviral	therapy	(cART)	and	coronavirus	disease	2019	(COVID-	19)-	specific	
medications.
Methods: The	Euroguidelines	 in	Central	and	Eastern	Europe	Network	Group	
initiated	a	retrospective,	observational	cohort	study	of	HIV-	positive	patients	diag-
nosed	with	severe	acute	respiratory	syndrome coronavirus	2	(SARS-	CoV-	2)	infec-
tion.	Data	were	collected	through	a	standardized	questionnaire	and	DDIs	were	
identified	using	the	University	of	Liverpool's	interaction	checker.
Results: In	total,	524	(94.1%	of	557)	patients	received	cART	at	COVID-	19	onset:	
117	(22.3%)	were	female,	and	the	median	age	was	42	(interquartile	range	36–	50)	
years.	 Only	 115	 (21.9%)	 patients	 were	 hospitalized,	 of	 whom	 34	 required	 oxy-
gen	therapy.	The	most	frequent	nucleoside	reverse	transcriptase	inhibitor	(NRTI)	
backbone	was	tenofovir	disoproxil	fumarate	(TDF)/tenofovir	alafenamide	(TAF)	
with	lamivudine	or	emtricitabine	(XTC)	(79.3%)	along	with	an	integrase	strand	
transfer	 inhibitor	 (INSTI)	 (68.5%),	 nonnucleoside	 reverse	 transcriptase	 inhibi-
tor	(NNRTI)	(17.7%),	protease	inhibitor	(PI)	(13.7%)	or	other	(2.5%).	In	total,	148	
(28.2%)	patients	received	COVID-	19-	specific	treatments:	corticosteroids	(15.7%),	
favipiravir	 (7.1%),	 remdesivir	 (3.1%),	 hydroxychloroquine	 (2.7%),	 tocilizumab	
(0.6%)	and	anakinra	(0.2%).	In	total,	62	DDI	episodes	were	 identified	in	58	pa-
tients	 (11.8%	of	 the	 total	cohort	and	41.9%	of	 the	COVID-	19-	specific	 treatment	
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INTRODUCTION

There	are	about	1.7 million	HIV-	infected	people	in	the	
Central	 Asian	 and	 Eastern	 European	 World	 Health	
Organization	(WHO)	region,	the	only	region	in	the	world	
with	 a	 substantially	 increasing	 incidence.	 The	 corona-
virus	 disease	 2019	 (COVID-	19)	 pandemic	 may	 have	

adversely	affected	this	population	of	particularly	vulner-
able	people	[1].	HIV	testing	opportunities	have	tapered	
globally,	 and	 limited	 social	 support	 and	 counselling	
have	yielded	less	efficient	linkage	to	care	and	adherence	
to	antiretroviral	medication	[combination	antiretroviral	
therapy	(cART)]	[2].	Notably,	HIV-	infected	people	with	
COVID-	19	may	have	faced	double	social	stigmatization,	
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group).	 The	 use	 of	 boosted	 PIs	 and	 elvitegravir	 accounted	 for	 43	 DDIs	 (29%),	
whereas	NNRTIs	were	responsible	for	14	DDIs	(9.5%).
Conclusions: In	this	analysis	from	the	Central	and	Eastern	European	region	on	
HIV-	positive	persons	receiving	COVID-	19-	specific	 treatment,	 it	was	found	that	
potential	DDIs	were	common.	Although	 low-	dose	steroids	are	mainly	used	 for	
COVID-	19	 treatment,	comedication	with	boosted	antiretrovirals	 seems	 to	have	
the	 most	 frequent	 potential	 for	 DDIs.	 In	 addition,	 attention	 should	 be	 paid	 to	
NNRTI	coadministration.
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in	 both	 outpatient	 and	 hospital	 settings,	 especially	 in	
this	region	[3].

It	 is	currently	unclear	whether	patients	with	HIV	 in-
fection	are	at	 increased	risk	of	contracting	COVID-	19	or	
developing	more	severe	outcomes.	For	patients	with	well-	
controlled	 HIV	 infection	 with	 CD4	 counts	 >	 200	 cells/
μL,	 COVID-	19	 episodes	 will	 probably	 not	 pose	 a	 higher	
risk	of	unfavourable	outcomes	[4].	Providing	optimal,	in-	
hospital	care	for	HIV-	positive	patients	who	have	acquired	
COVID-	19	 is	challenging	 in	 several	 respects.	One	of	 the	
most	 important	 risks	 is	 drug–	drug	 interaction	 (DDI),	
which	may	result	in	increased	toxicity	and/or	reduced	ef-
ficacy	both	for	cART	and	for	COVID-	19	treatments.

The	race	to	identify	potential	compounds	for	treatment	
of	COVID-	19	has	taken	off	in	the	last	year,	although	clin-
ically	acceptable	evidence	of	effectiveness	against	severe	
acute	respiratory	syndrome coronavirus	2	 (SARS-	CoV-	2)	
is	available	for	only	a	few	treatment	strategies	[5].	Current	
international	COVID-	19	treatment	guidelines	widely	rec-
ommend	 treatment	 strategies	 that	 are	 stratified	 by	 the	
clinical	 status	 of	 the	 patient	 [6,7].	 Supportive	 care	 is	 of	
utmost	 importance	 throughout	 the	 treatment	 course.	 In	
general,	administration	of	the	antiviral	remdesivir	and	an-
ticoagulants	is	recommended	for	moderate/severe	or	hos-
pitalized	patients.	Other	recommended	strategies	include	
corticosteroid	 use	 in	 patients	 with	 oxygen	 supplementa-
tion,	 as	 well	 as	 other	 immunomodulatory	 agents	 (tocili-
zumab	and	baricitinib)	for	COVID-	19-	associated	cytokine	
release	syndrome	[6,7].

As	a	result,	several	medications	may	be	given	as	rou-
tine	 treatment,	 mainly	 for	 moderately/severely	 or	 crit-
ically	 ill	 patients	 with	 COVID-	19	 who	 have	 treated	 HIV	
infection.	 Inaccurately	assessed	DDIs	may	result	 in	seri-
ous	consequences.	In	this	analysis,	we	aimed	to	mirror	a	
real-	life	scenario	for	potential	cART	and	COVID-	19	treat-
ment	DDIs.

METHODS

The	 Euroguidelines	 in	 Central	 and	 Eastern	 Europe	
(ECEE)	 Network	 Group	 initiative	 was	 founded	 in	 2016	
primarily	to	compare	and	improve	national	protocols	for	
HIV	 and	 hepatitis	 in	 the	 region	 [8].	 With	 the	 benefit	 of	
the	network	of	 infectious	diseases	clinicians	working	on	
the	frontline	of	the	pandemic,	who	were	thus	reliable	first-	
hand	data	providers,	the	ECEE	Network	Group	initiated	a	
retrospective,	observational	cohort	study	of	HIV-	positive	
patients	 diagnosed	 with	 SARS-	CoV-	2	 infection.	 Data	
were	 collected	 between	 12  November	 2020	 and	 14  May	
2021	and	analysed	using	descriptive	statistics.	In	this	in-
ternational	multicentre	study,	we	applied	a	standardized	
online	 questionnaire	 with	 33  standardized	 questions.	

In	 total,	24	centres	 from	16	countries	provided	answers,	
mainly	in	Central	and	Eastern	Europe,	including	Albania,	
Belarus,	 Bosnia	 and	 Herzegovina,	 Bulgaria,	 Croatia,	 the	
Czech	 Republic,	 Estonia,	 Georgia,	 Greece,	 Hungary,	
Lithuania,	Poland,	Romania,	Serbia,	Turkey	and	Ukraine.	
All	patients	who	received	cART	at	the	time	of	COVID-	19	
onset	 were	 included	 in	 the	 analyses.	 All	 potential	 DDIs	
were	 reviewed	 for	 patients	 receiving	 cART	 and	 specific	
COVID-	19	 treatment	using	 the	 interaction	checker	plat-
form	at	the	University	of	Liverpool	[9,10].

RESULTS

Overall,	 557	 patients	 were	 included	 in	 the	 total	 cohort,	
among	whom	524	were	on	cART	at	 the	time	of	onset	of	
COVID-	19	and	hence	were	 included	 in	 the	current	DDI	
analysis.

The	 typical	 patient	 profile	 was	 young	 (median	 age	
42  years)	 and	 male	 (77.7%)	 with	 mild	 or	 asymptomatic	
COVID-	19.	Detailed	patient	demographics,	and	the	clini-
cal	characteristics	and	outcomes	are	shown	in	Table 1.	At	
the	time	of	reporting,	465	(88.7%)	patients	had	recovered	
completely,	 whereas	 11	 patients	 required	 intensive	 care	
unit	admission	and	eight	died.

With	regard	to	HIV	attributes,	the	median	known	du-
ration	of	HIV	 infection	was	8	 [interquartile	 range	 (IQR)	
4–	13]	years,	and	the	median	CD4	count	was	626	(IQR	430–	
848)	 cells/μL.	The	 majority	 of	 patients	 (463;	 88.3%)	 had	
an	 undetectable	 HIV	 viral	 load.	 cART	 included	 mainly	
tenofovir	disoproxil	 fumarate	 (TDF)/tenofovir	alafenam-
ide	 (TAF)	 with	 a	 lamivudine	 or	 emtricitabine	 (XTC)	
backbone,	predominantly	using	integrase	strand	transfer	
inhibitors	 (INSTIs;	 359;	 68.5%),	 nonnucleoside	 reverse	
transcriptase	inhibitors	(NNRTIs;	93;	17.7%)	and	protease	
inhibitors	(PIs;	72;	13.7%).	COVID-	19-	specific	treatments	
were	administered	to	148	(28.2%)	patients	with	moderate	
or	severe	forms	of	the	disease;	this	consisted	of	favipiravir	
(37;	7.1%),	remdesivir	(16;	3.1%)	and	hydroxychloroquine	
(14;	 2.7%),	 whereas	 corticosteroids	 (82;	 15.7%),	 tocili-
zumab	(three;	0.6%),	and	anakinra	(one;	0.2%)	were	used	
as	immunomodulatory	therapy.

Drugs	 taken	 by,	 or	 administered	 to,	 patients	 and	 the	
potential	 DDIs	 (according	 to	 the	 database)	 are	 listed	 in	
detail	in	Table 2.	In	total,	148	(28.2%	of	the	whole	cohort)	
patients	 received	 COVID-	19-	specific	 treatments	 and	 62	
potential	DDIs	were	identified	in	58	patients,	which	cor-
responds	 to	11.8%	of	 the	whole	cohort	and	41.9%	of	 the	
COVID-	19-	specific	 treatment	 group.	 Use	 of	 dexametha-
sone,	 hydroxychloroquine,	 favipiravir	 and	 azithromycin	
showed	potential	interactions	with	boosted	PIs/elvitegra-
vir	 in	28.4%	(n = 42)	of	ARTs	and	with	NNRTIs	in	9.5%	
(n = 14)	of	ARTs.
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DISCUSSION

We	 found	 that	 potential	 DDIs	 were	 common	 in	 this	 co-
hort	of	HIV-	positive	patients	on	cART	who	had	COVID-	
19-	specific	treatment.

To	date,	little	is	known	about	the	frequency	of	poten-
tial	DDIs	for	cART	and	COVID-	19-	specific	treatments	in	
routine	practice.	Diverse	treatment	strategies	were	imple-
mented	early	in	the	COVID-	19	pandemic,	including	many	
experimental	drugs.	To	properly	identify	potential	DDIs	in	
experimental	drugs,	one	needs	time,	strict	pharmacovig-
ilance,	 and	 careful	 clinical	 monitoring	 of	 patients.	 All	
these	were	hardly	achievable	during	the	pandemic,	when	
restructured	 health	 care,	 increased	 patient	 inflow,	 and	

T A B L E  1 	 Demographic	and	clinical	characteristics	of,	and	
outcomes	for,	HIV-	positive	patients	with	coronavirus	disease	2019	
(COVID-	19)	(n	=	524)

Parameter

Age	(years)	[median	(IQR)] 42	(36–	50)

Female	gender	[n	(%)] 117	(22.3)

Body	mass	index	[median	(IQR)] 25	(22.2–	28)

HIV	history

Duration	of	known	HIV	infection	(years)	
[median	(IQR)]

8	(4–	13)

Mode	of	acquisition	[n	(%)]

MSM 258	(49.2)

Heterosexual 164	(31.3)

Injecting	drug	use 77	(14.7)

Mother-	to-	child	transmission 2	(0.4)

Parenteral	during	childhood 2	(0.4)

Number	of	persons	with	new	HIV	diagnosis	
during	the	course	of	COVID-	19	disease	
[n	(%)]

12	(2.3)

Last	available	CD4	count	before	COVID-	19	
diagnosis	(cells/μL)	[median	(IQR)]

626	(430–	848)

Last	available	HIV	viral	load	before	COVID-	19	diagnosis		
[n	(%)]

Undetectable	(< 50	copies/mL) 463	(88.3)

Viral	load	50–	200	copies/mL 10	(19.1)

Viral	load	200–	1000	copies/mL 5	(9.5)

Viral	load	> 1000	copies/mL 34	(6.5)

Comorbidities	[n	(%]

Chronic	cardiovascular	disease 95	(18.1)

Chronic	neuropsychiatric	disease 30	(5.7)

Diabetes	mellitus 29	(5.5)

Chronic	pulmonary	disease 24	(4.6)

Active	malignancy 19	(3.6)

Systemic	autoimmune	disease 19	(3.6)

Chronic	renal	disease 18	(3.4)

Dyslipidaemia 12	(2.3)

Chronic	hepatic	disease	(cirrhosis) 8	(1.5)

Coinfections	[n	(%)]

Chronic	HCV	infection 43	(8.2)

Chronic	HBV	infection 22	(4.2)

Chronic	HBV	and	HCV	infection 8	(1.5)

Tuberculosis 4	(0.8)

Syphilis 1	(0.2)

Current	smoker 156	(29.8)

COVID-	19	characteristics

Major	COVID-	19-	associated	clinical	signs	and	symptoms	[n	(%)]

Fever 319	(60.9)

Weakness 263	(50.2)

Parameter

Cough 251	(47.9)

Changes	in	the	sense	of	smell	and/or	taste 175	(33.4)

Musculoskeletal	pain 161	(30.7)

Headache 134	(25.6)

Dyspnoe 79	(15.1)

Diarrhoea 47	(9.0)

Nausea,	vomiting 27	(5.2)

Abdominal	pain 20	(3.8)

Clinical	severity	of	COVID-	19	based	on	WHO	criteria	[n	(%)]

Not	hospitalized	(asymptomatic,	mild) 407	(77.7)

Hospitalized,	not	requiring	oxygen	
supplementation	(moderate)

82	(15.6)

Hospitalized,	requiring	normal	oxygen	
supplementation	(severe)

31	(5.9)

Hospitalized,	noninvasive	ventilation	with	
high-	flow	oxygen	equipment	(critical)

1	(0.2)

Hospitalized,	with	invasive	mechanical	
ventilation	(critical)

1	(0.2)

Chest	imaging	(CT	and	or	X-	ray)	available	
(n = 211)	[n	(%)]

Typical	changes 136	(64.4)

No	changes 60	(28.4)

Nontypical	changes 15	(7.1)

Outcome	and	clinical	response	[n	(%)]

Full	recovery 465	(88.7)

Partial	recovery 30	(5.7)

In	hospital	at	the	time	of	report 21	(4.0)

ICU	stay 11	(2.1)

Death 8	(1.5)

Abbreviations:	CT,	computed	tomography;	HBV,	hepatitis	B	virus;	HCV,	
hepatitis	C	virus;	ICU,	intensive	care	unit;	IQR,	interquartile	range;	MSM,	
men	who	have	sex	with	men;	WHO,	World	Health	Organization.

T A B L E  1 	 (Continued)
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T A B L E  2 	 Treatment	characteristics	and	potential	drug–	drug	
interactions	of	HIV-	positive	patients	with	coronavirus	disease	2019	
(COVID-	19)	(n	=	524)

Parameter

ART	characteristics	based	on	third	agent

INSTI 346	(66)

NNRTI 93	(17.7)

PI 72	(13.7)

Other	regimens 13	(2.5)

n	(%)	of	patients	receiving:

NRTIs

Lamivudine/emtricitabine 505	(96.4)

TDF 210	(40.1)

TAF 159	(30.3)

Either	TDF	or	TAF 369	(70.4)

Abacavir 102	(19.5)

Zidovudine 9	(1.7)

INSTIs

Dolutegravir 197	(37.6)

Raltegravir 63	(12.0)

Elvitegravir 59	(11.3)

Bictegravir 40	(7.6)

NNRTIs

Efavirenz 48	(9.2)

Rilpivirine 25	(4.8)

Etravirine 15	(2.9)

Doravirine 5	(1.0)

Nevirapine 3	(0.6)

PIs

Ritonavir-		or	cobicistat-	boosted	darunavir 45	(8.6)

Ritonavir-	boosted	lopinavir 31	(5.9)

Ritonavir-	boosted	atazanavir 6	(1.1)

Only	symptomatic	treatment	for	COVID-	19 377	(72)

Presumed	or	justified	antivirals	for	COVID-	19

Favipiravir 37	(7.1)

Remdesivir 16	(3.1)

Hydroxychloroquine 14	(2.7)

Lopinavir/ritonavir 11	(2.1)

Immunomodulatory	and	other	COVID-	19	therapies

Corticosteroids 82	(15.7)

Tocilizumab 3	(0.6)

Anakinra 1	(0.2)

Convalescent	plasma 1	(0.2)

Anticoagulants	and	other	COVID-	19	therapies

Low-	molecular-	weight	heparine	in	prophylactic	
dose

73	(13.9)

Low-	molecular-	weight	heparine	in	therapeutic	
dose

15	(2.9)

Parameter

Acetylsalicylic	acid 24	(4.6)

Rivaroxaban 11	(2.1)

Other	antiviral	(oseltamivir) 9	(1.7)

Antibiotics

Azithromycin 22	(4.2)

Ceftriaxone 15	(2.9)

Levofloxacin/moxifloxacin 13	(2.5)

Meropenem 4	(0.8)

Co-	trimoxazole 4	(0.8)

Amoxicillin	±	clavulanate 3	(0.6)

Cefepime 2	(0.4)

Clarithromycin 1	(0.2)

Unknown 18	(3.4)

COVID-	19-	specific	treatment	in	total 148 (28.2)

Potential	drug–	drug	interactions	in	patients	
treated	with	COVID-	19-	specific	drugs

62	(41.9)

Drug–	drug	interactions	with	high	clinical	relevance	that	
should	not	be	coadministered

Dexamethasone	+	rilpivirine 2	(3.2)

Rivaroxaban	+	darunavir/ritonavir 1	(1.6)

Potential	clinically	significant	drug–	drug	interactions

Dexamethasone/methylprednisolone	+	
lopinavir/ritonavir

13	(21.0)

Dexamethasone/methylprednisolone	+	
efavirenz

8	(12.9)

Dexamethasone/methylprednisolone	+	
darunavir/ritonavir	or	cobicistat

5	(8.1)

Dexamethasone/methylprednisolone	+	
elvitegravir/cobicistat

3	(4.8)

Dexamethasone/methylprednisolone	+	
atazanavir/ritonavir

1	(1.6)

Dexamethasone/methylprednisolone	+	
etravirine

1	(1.6)

Dexamethasone/methylprednisolone	+	
nevirapine

1	(1.6)

Hydroxychloroquine	+	rilpivirine 1	(1.6)

Hydroxychloroquine	+	bictegravir 1	(1.6)

Hydroxychloroquine	+	atazanavir/ritonavir 1	(1.6)

Favipiravir	+	elvitegravir/cobicistat/
emtricitabine/TDF

10	(6.2)

Favipiravir	+	TDF 4	(6.5)

Azithromycin	+	lopinavir/ritonavir 4	(6.5)

Other	potential	weak	interactions

Hydroxychloroquine	+	darunavir/ritonavir	or	
cobicistat

3	(4.8)

Hydroxychloroquine	+	elvitegravir/cobicistat 2	(3.2)

T A B L E  2 	 (Continued)
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dynamically	changing	protocols	were	features	of	this	pe-
riod.	However,	the	team	at	Liverpool	University	provided	
a	 data	 set	 for	 COVID-	19-	specific	 medication	 and	 their	
potential	 interactions	 [11],	 which	 informed	 the	 above	
analyses.

In	an	era	when	INSTIs	are	 the	central	component	of	
cART,	 potential	 DDIs	 have	 decreased	 given	 the	 benefi-
cial	 interaction	 profile	 of	 the	 nonboosted	 INSTIs	 [12].	
In	our	study,	 two	out	of	 three	patients	 took	an	INSTI	as	
a	 core	 agent,	 but	 only	 a	 single	 potential	 interaction	 was	
identified	 with	 a	 nonboosted	 INSTI	 (bictegravir	 and	 hy-
droxychloroquine).	 Although	 only	 17.7%	 of	 the	 patients	
received	NNRTIs	and	13.7%	received	boosted	PIs	as	core	
agents,	these	accounted	for	the	vast	majority	of	DDIs.

We	 found	 that	 the	 most	 commonly	 interacting	 drugs	
were	corticosteroids,	hydroxychloroquine	and	 favipiravir	
(Figure	S1).	Of	note,	hydroxychloroquine	was	frequently	
administered	in	the	early	stage	of	the	pandemic	in	the	light	
of	in vitro	results	and	uncontrolled	observational	studies;	
later	guidelines,	based	on	accumulated	evidence,	recom-
mended	against	its	use.	Although	favipiravir	is	not	part	of	
the	standard	of	care	in	Europe,	in	some	countries,	such	as	
Turkey,	Romania	and	Hungary,	it	was	widely	introduced.	
The	use	of	corticosteroids	–		either	methylprednisolone	or	
dexamethasone	–		became	a	standard	in	the	treatment	of	
moderate	 or	 severe	 COVID-	19	 requiring	 oxygen	 therapy	
[6,7].	 COVID-	19	 indications	 for	 dosing	 and	 duration	 of	
corticosteroid	use	are	ambiguous.	The	largest	 trials	used	
6  mg	 of	 dexamethasone;	 however,	 this	 is	 not	 universal	
[13,14].	Optimal	dosing	is	still	not	established,	and	DDIs	
are	dose-	dependent,	so	the	level	of	clinical	consequences	
is	 not	 well	 defined.	The	 optimal	 duration	 for	 corticoste-
roid	administration	also	remains	undefined,	but,	 in	gen-
eral,	it	is	usually	given	for	at	least	10 days.	We	found	two	
‘red	labelled’	potential	DDIs,	between	corticosteroid	and	
rilpivirine,	 with	 significant	 serious	 risk.	 This	 coadmin-
istration	 should	 definitely	 be	 avoided	 as	 plasma	 levels	
of	rilpivirine	(as	a	result	of	the	induction	of	cytochrome	

P450	3A4	enzyme	(CYP3A4))	are	expected	to	decrease	[9].	
Furthermore,	 in	 routine	 clinical	 practice,	 proton	 pump	
inhibitors	(PPIs)	are	indicated	along	with	corticosteroids	
to	 prevent	 peptic	 ulcers,	 which	 reduce	 the	 absorption	
of	rilpivirine	as	a	result	of	a	gastric	pH	increase.	Even	if	
dexamethasone	is	given	for	10 days	and	in	low	doses	with	
PPIs,	in	the	context	of	a	severe	or	critically	ill	patient	with	
COVID-	19,	the	risk	of	cART	therapeutic	failure	should	not	
be	ignored,	and	hence	close	monitoring	is	warranted	[15].

‘Amber	labelled’	potential	DDIs	for	corticosteroids	in-
cluded	boosted	PIs	 (n = 19)	and	elvitegravir	 (n = 3).	 In	
both	 these	 cases,	 the	 concentrations	 of	 corticosteroids	
and	antiretrovirals	may	be	compromised	during	chronic	
administration.	Ritonavir-		and	cobicistat-	boosted	antiret-
rovirals	 can	 increase	 corticosteroid	 levels,	 and	 therefore	
monitoring	 for	 symptoms	of	hypercorticism	 is	needed	 if	
steroid	use	is	long	term.	Also,	concentrations	of	antiretro-
virals	may	decrease	as	a	result	of	CYP3A4	induction	[16].

Further	potential	DDIs	with	corticosteroids	were	iden-
tified	for	efavirenz,	and	one	case	each	for	etravirine	and	
nevirapine.	Within	this	constellation,	corticosteroid	levels	
may	be	reduced	as	a	consequence	of	 the	 inducing	effect	
of	NNRTIs.	This	can	result	in	a	loss	of	steroid	effect	and	
the	clinical	progression	of	COVID-	19,	and	therefore	close	
monitoring	and	potential	dose	adjustment	of	the	steroids	
may	be	needed	to	achieve	the	required	clinical	effect.

Hydroxychloroquine,	 an	 antiparasitic	 and	 anti-	
inflammatory	 drug	 initially	 used	 in	 the	 early	 COVID-	19	
era	on	the	basis	of	in vitro	efficacy	results,	has	a	relatively	
high	 potential	 DDI	 if	 coadministered	 with	 NNRTIs	 or	
boosted	antiretrovirals	[9].	In	our	study,	one	case	each	for	
boosted	 atazanavir,	 bictegravir	 and	 rilpivirine	 was	 iden-
tified.	 Atazanavir	 and	 rilpivirine	 may	 elevate	 hydroxy-
chloroquine	 concentrations	 as	 a	 result	 of	 the	 inhibition	
of	CYP3A4,	which	can	potentially	increase	corrected	QT	
interval	 prolongation	 [9].	 Hydroxychloroquine	 inhibits	
	P-	glycoprotein,	 which	 may	 increase	 concentrations	 of	
bictegravir;	however,	 the	clinical	 relevance	of	 this	 is	un-
clear.	 In	 consequence,	 these	 drugs	 should	 be	 used	 with	
caution,	notably	 in	 those	cases	where	 long-	term	electro-
cardiogram	 (ECG)	 monitoring	 is	 needed,	 even	 after	 dis-
continuing	 hydroxychloroquine	 as	 it	 has	 a	 particularly	
long	half-	life	of	40–	50 days.	Further	potential	weak	inter-
actions	found	in	this	study	were	with	boosted	darunavir,	
elvitegravir	and	efavirenz.	As	hydroxychloroquine	is	me-
tabolized	by	CYP	3A4/2D6/2C8,	these	antiretrovirals	can	
potentially	increase	hydroxychloroquine	levels	by	inhibit-
ing	these	enzymes.	Interestingly,	efavirenz	has	the	oppo-
site	effect	 (inhibition	of	2C8	and	 induction	of	3A4),	but	
clinical	monitoring	is	needed	[10].

Favipiravir	 is	 a	 selective	 RNA-	dependent	 RNA	 poly-
merase	 inhibitor	 approved	 to	 treat	 influenza	 in	 Japan.	
Early	reports	showed	in vitro	effects	against	SARS-	CoV-	2,	

Parameter

Hydroxychloroquine	+	efavirenz 1	(1.6)

Other	potential	weak	interactions	not	included	in	the	analysis

Azithromycin	+	rivaroxaban 2	(3.2)

Lopinavir/ritonavir	+	levofloxacin 1	(1.6)

Lopinavir/ritonavir	+	TDF 17	(27.4)

Note: Values	in	the	table	are	n	(%).
Abbreviations:	ART,	antiretroviral	therapy;	INSTI,	integrase	strand	transfer	
inhibitor;	NNRTI,	nonnucleoside	reverse	transcriptase	inhibitor;	NRTI,	
nucleoside	reverse	transcriptase	inhibitor;	PI,	protease	inhibitor;	TAF,	
tenofovir	alafenamide;	TDF,	tenofovir	disoproxil	fumarate.
Bold	value	represents	148	patients	received	COVID-	19	specific	treatment	of	
the	total	cohort	(n	=	524),	that	is	28.2%.
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and	 limited	 and	 controversial	 in vivo	 clinical	 benefits	
in	 small	 and	 uncontrolled	 trials	 [17].	 In	 certain	 ECEE	
Network	Group	countries	 such	as	Romania,	Turkey	and	
Hungary,	 favipiravir	 has	 been	 introduced	 as	 an	 experi-
mental	COVID-	19	drug	on	the	basis	of	 the	early	results.	
Favipiravir	 is	 a	 moderate	 inhibitor	 of	 the	 organic	 anion	
transporter	 1	 renal	 transporter,	 which	 affects	 the	 renal	
elimination	of	TDF	and	increases	the	risk	of	renal	toxic-
ity	[10].	Therefore,	monitoring	the	estimated	glomerular	
filtration	rate	 (eGFR)	closely	during	coadministration	of	
these	drugs	is	important.

We	did	not	find	any	potential	DDIs	with	remdesivir	in	
our	 study.	 Remdesivir	 is	 a	 prodrug	 that	 transforms	 into	
a	 ribonucleotide	 analogue	 inhibitor	 of	 viral	 RNA	 poly-
merase.	Its	use	against	SARS-	CoV-	2	is	widespread;	how-
ever,	 the	 results	 of	 efficacy	 trials	 have	 not	 consistently	
supported	its	use	[17].	Despite	inducing	CYP1A2,	CYP2B6	
and	P-	glycoprotein	substrates,	the	potential	for	significant	
clinical	interactions	is	low	[10].

There	 are	 currently	 few	 reports	 available	 assessing	
the	potential	DDIs	in	cART	and	COVID-	19-	specific	treat-
ments.	A	study	group	from	Spain	published	a	 list	of	po-
tential	 DDIs	 for	 lopinavir/ritonavir	 when	 used	 to	 treat	
COVID-	19,	 and	 found	 high	 levels	 of	 potential	 interac-
tion,	mainly	with	concomitant	use	of	corticosteroids	[18].	
Clinical	 data	 and	 guidelines	 do	 not	 support	 the	 use	 of	
lopinavir/ritonavir	as	a	COVID-	19-	specific	treatment	any	
more,	 but	 data	 highlight,	 again,	 the	 high	 DDI	 profile	 of	
this	boosted	PI	[5,6,9].	This	problem	was	also	brought	up	
from	 a	 pharmaceutical	 point	 of	 view	 in	 a	 letter	 written	
by	Turkish	authors,	but	none	of	their	own	data	were	pre-
sented	[19].

There	 are	 some	 limitations	 to	 our	 study,	 mainly	 as	 a	
consequence	 of	 its	 retrospective	 nature.	 Although	 we	
assessed	 the	 DDI	 data	 for	 cART	 and	 COVID-	19-	specific	
treatments,	 there	 was	 no	 detailed	 analysis	 of	 each	 pa-
tient’s	 comedication.	The	 focus	 of	 this	 study	 was	 not	 to	
assess	the	full	profile	of	the	cohort’s	DDIs,	but	to	identify	
the	most	common	and	clinically	relevant	potential	DDIs	
in	 order	 to	 inform	 medical	 practice	 in	 the	 region.	 Also,	
no	prospective	clinical	follow-	up	is	available	to	assess	the	
potential	 long-	term	 effects	 of	 the	 DDIs.	 Finally,	 because	
the	standard	of	care	changed	over	the	waves	of	the	pan-
demic	differently	in	the	different	countries	of	the	Network	
Group	and	because	of	lack	of	data,	we	could	not	link	spe-
cific	potential	DDIs	to	the	waves	of	the	pandemic.

We	 strongly	 believe	 that,	 in	 spite	 of	 the	 above-	
mentioned	limitations,	the	findings	of	this	real-	life	retro-
spective	analysis	from	the	Central	and	Eastern	European	
region	 of	 524	 HIV-	positive	 persons	 who	 were	 on	 cART	
while	 receiving	 COVID-	19-	specific	 treatments	 may	 en-
courage	clinicians	to	focus	more	on	the	drug	interaction	
challenge.	We	 found	 that	potential	DDIs	were	common,	

and	that	corticosteroids	coadministered	with	boosted	PIs	
and	 INSTIs,	or	NNRTIs	 seem	to	have	 the	most	 frequent	
potential	DDIs.
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