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Objectives: Immunocompromised patients have an increased risk of severe or prolonged COVID-19. Currently
available drugs are registered to treat COVID-19 during the first 5 to 7 days after symptom onset. Data on the
effectivity inimmunocompromised patients with chronic non-resolving COVID-19 are urgently needed. Here, we
report the outcome of patients treated with nirmatrelvir/ritonavir together with high-titer convalescent plasma
(CP) in six immunocompromised patients with non-resolving COVID-19.

Methods: Immunocompromised patients with persisting COVID-19 (positive PCR with Ct values <30 for
>20 days) received off-label therapy with nirmatrelvir/ritonavir. It was combined with CP containing BA.5 neu-
tralizing titers of >1/640 whenever available. Follow-up was done by PCR and sequencing on nasopharyngeal
swabs on a weekly basis until viral genome was undetectable consecutively.

Results: Five immunocompromised patients were treated with high-titer CP and 5 days of nirmatrelvir/ritonavir.
One patient received nirmatrelvir/ritonavir monotherapy. Median duration of SARS-CoV-2 PCR positivity was 70
(range 20-231) days before nirmatrelvir/ritonavir treatment. In four patients receiving combination therapy, no
viral genome of SARS-CoV-2 was detected on day 7 and 14 after treatment while the patient receiving nirma-
trelvir/ritonavir monotherapy, the day 7 Ct value increased to 34 and viral genome was undetectable thereafter.
Treatment was unsuccessful in one patient. In this patient, sequencing after nirmatrelvir/ritonavir treatment did
not show protease gene mutations.

Conclusions: In immunocompromised patients with non-resolving COVID-19, the combination of nirmatrelvir/
ritonavir and CP may be an effective treatment. Larger prospective studies are needed to confirm these prelim-
inary results and should compare different treatment durations.

Introduction

Since the global spread of the SARS-CoV-2 Omicron variant, a sig-
nificant decrease in severe COVID-19 has been observed.!
However, severely immunocompromised patients (ICPs) still have
an increased risk of a more severe or prolonged course of the
disease.’

Vaccination remains the most important step in prevention
against severe COVID-19, but a subgroup of ICPs may lack an ad-
equate immune response.® For high-risk patients, monoclonal

antibodies, direct antiviral agents (e.g. remdesivir and nirmatrel-
vir/ritonavir) and convalescent plasma (CP), can prevent progres-
sion to severe disease provided that these are administered early
during infection.“~®

Unfortunately, none of the available monoclonal antibodies
have retained activity against the Omicron variants that are
now circulating worldwide. Additionally, persistent COVID-19 is
sometimes seen in ICPs even after early treatment with mono-
clonal antibody therapy.” Two recent case reports suggest that
combination therapy with multiple antivirals (remdesivir and
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nirmatrelvir/ritonavir) may be successfulin 1CPs.%° In this brief re-
port, we present the successful outcome in five out of six con-
secutive ICPs with a prolonged COVID-19 infection treated with
nirmatrelvir/ritonavir and CP.

Methods

In the Netherlands, nirmatrelvir/ritonavir became available in November
2022 for patients with a high risk for severe COVID-19 and is provided as
standard of care within 5 days of symptom onset. In this report, nirma-
trelvir/ritonavir was used off-label in ICPs with no other treatment options
who had: (i) prolonged COVID-19 defined as persistent high viral loads
[cycle thresholds (Ct) values <30] after 20 days and (ii) clinical indication
for rapid viral clearance due to persisting symptoms or discontinuation of
therapy for an underlying disease (e.g. malignancy).

The treatment was given after informed consent about the off-label
use and was provided free of charge by Pfizer in the Netherlands on per-
sonal request. Since ICPs who are unable to clear SARS-CoV-2 often lack
an adequate immune response after vaccination and/or during infection,
we combined the treatment with nirmatrelvir/ritonavir with 2 units of
300 mL of high-titer CP. In the Netherlands, more than 95% of regular
plasma donors received at least three anti-SARS-CoV-2 vaccinations,
and most had also recovered from natural infection. Therefore, a large
pool of high-titer CP donors is available. Donors were selected on the basis
of their history of recent infection and/or results of an antibody test
(Abbott Architect RBD-based COV-2IgGII). Donors with high concentra-
tions of antibodies measured with the Abbott-test, were selected for fur-
ther testing with the virus neutralization (PRNT50) assay. Only CP was
used with a BA.5 neutralizing titer of 1/640 or higher as confirmed by
PRTN50 assay.’ All patients consented to the use of their data and the
consent was registered in the electronic patient file.

Because rebound viremia has been reported after treatment with nir-
matrelvir/ritonavir and may be more frequent in ICPs, we followed the pa-
tients with PCR until no viral genome was found during two consecutive
PCR tests.!' When a PCR test was positive, an attempt was made to se-
quence the RNA to detect mutations in the spike protein or protease
gene as previously described."?

We collected data on patient characteristics: age, sex, cause of im-
munocompromised state, vaccination status, antibody status (measured
with the Ligison SARS-CoV-2 TrimericS IgG assay, DiaSorin) and previous
SARS-CoV-2 treatment. Virological data were also collected: Ct values
of PCR and sequences.

Results

Between December 2022 and January 2023, six ICPs with a pro-
longed SARS-CoV-2 infection were treated with nirmatrelvir/ritona-
vir. Four patients were female and the median age was 58 years
(range 44-70 years). Four patients had an underlying B-cell malig-
nancy, one patient a T-cell malignancy and one patient a common
variable immune deficiency. All patients had received at least two
vaccinations. Three patients had SARS-CoV-2 antibodies (646,
1660 and 5660 BAU/mL) around the time of nirmatrelvir/ritonavir ini-
tiation following previous unsuccessful treatment with CP or tixage-
vimab/cilgavimab, two were antibody negative and in one patient,
SARS-CoV-2 antibodies were not measured before treatment. One
patient was treated while hospitalized for worsening of respiratory
symptoms and all other patients were treated as outpatients.
Table 1 and Figure 1 provide an overview on the treatment and
follow-up for all patients. Three patients received tixagevimab/
cilgavimab before and two of them also received CP monother-
apy preceding the treatment with nirmatrelvir/ritonavir. The

median time between first positive SARS-CoV-2 test and start
of nirmatrelvir/ritonavir was 70 days (range 20-231 days). In
four patients, two units of high-titer CP were given on day 1 of nir-
matrelvir/ritonavir therapy while one patient had received one
unit of CP 7 days before the start of nirmatrelvir/ritonavir. One pa-
tient did not receive CP around the time of nirmatrelvir/ritonavir.
SARS-CoV-2 genome was undetectable within 7 days after start
of nirmatrelvir/ritonavir in four patients. In one patient, the Ct va-
lue was 34 after 7 days, no viral genome was found 32 days after
therapy. One patient was not treated successfully. However, he
eventually cleared the virus 257 days after the first SARS-CoV-2
test, 128 days after treatment with nirmatrelvir/ritonavir plus
CP and 51 days after a second course of 5-day nirmatrelvir/ri-
tonavir monotherapy. This patient developed two mutations in
the spike protein (K444R and A942Y) around time of treatment
with tixagevimab/cilgavimab on day 8, and sequencing was suc-
cessful multiple times after treatment with nirmatrelvir/ritonavir,
however, only the K444R could be found repetitively while no mu-
tations in the protease gene were found. No serious adverse drug
reactions were reported, and nirmatrelvir/ritonavir was well-
tolerated. As discussed in the short case summaries of each pa-
tient (Supplementary Data 1, available at JAC Online), in one of
the three patients who had been treated with tixagevimab/cilga-
vimab previously, mutations known to confer resistance to cilga-
vimab (K&444R) were detected at the start of nirmatrelvir/ritonavir
therapy.

Discussion

We showed successful treatment with nirmatrelvir/ritonavir in
combination with CP in four out of five ICPs with a prolonged
SARS-CoV-2 infection, and nirmatrelvir/ritonavir monotherapy
was used successfully in the fifth patient. The sixth patient even-
tually cleared the virus, but this was only 128 days after treat-
ment, the effect of nirmatrelvir/ritonavir plus CP will have been
negligible at that time point.

Persistent COVID-19 may cause multiple problems on an indi-
vidual and global scale. First, patients may have prolonged mor-
bidity, and curative treatments for underlying diseases (e.q.
malignancies) are frequently postponed that can compromise
overall survival. Second, prolonged infection may lead to viral
evolution, and new variants can arise and spread globally.”*?

Nirmatrelvir/ritonavir has already proven its value in the early
treatment of high-risk patients by significantly reducing progression
to severe COVID-19.° Very few data on the effectivity of direct anti-
virals in ICPs with persistent COVID-19 are available.™ To the best of
our knowledge, so far only two papers describe the successful treat-
ment of a total of four ICPs with persisting COVID-19 with nirmatrel-
vir/ritonavir monotherapy.**** Two other publications report on the
use of nirmatrelvir/ritonavir and remdesivir combination therapy.®°
Ourdata are inline with these reports. Except for one patient, all pa-
tients made a clinical recovery within 7 days and in four patients, no
viral genome was detected within 1 week.

Treatment-related resistance has been repeatedly reported
after monoclonal antibody monotherapy.”** Mutations against
nirmatrelvir/ritonavir have been described in in vitro studies and
were also found sporadically in circulating strains before nirma-
trelvir/ritonavir emergency use authorization (natural resist-
ance).!* By using combination therapy, we hoped to decrease

1645

€20z 1snBny |0 uo 1senb A Z¥8G8 1 2/¥791/./8./101ME/o.l/W0o" dNODIWapEDE//:SA]Y WO POPEojuMOQ



Huygens et al.

Downloaded from https://academic.oup.com/jac/article/78/7/1644/7185842 by guest on 01 August 2023

*(dn-mo1]04 JO 1DIS BY} DIUIS) OTZ PUD 90T SADP U9aMI3G DU} PUOIIS
D 404 ¥/N UNM P31DaJ3 SOM T JUDII0d "9 “JUSWIIDAI] JIADUOIL/IIAJR4IDULIU JO SWIY 3D 9)DIS-OHA 243 03 Bulpi022D AJaASS 6T-AIAOD °G “JIADUOIL/IIAJRIIDULIU JO UOIIDIISIUILPD 3y 810434 SADP / dD 4O
JUN T PRAIRI2I G UMD IDAISIU} INOLIM PRISISIUILUPD 3J3M 3533 PUD /N 0 ADP 35114 3Y3 UO (TW 009) dD JO SHUN 7 PAAISI3I # 03 T SIUBAD " (3533 4d 40 U3BNUD) 1581 Z-A0D-SVS @A1Is0d 151y Y3
wioJy sup1s dn-mojjod “€ “TW/NYg §"E€ UDY1 5531 SIaNJDA ay1 JI 93U paiodai s11531 siy1 (Uliospiq) ADsso HB] SaUBWILL Z-A0D-SYV'S o NOSIVIT3U1 YlIM PaINSDaW 219M $3IPOGIUY JUSWI0aI1 /N
210490 SADP Q€ UIYIM PaJnspaul §i paiodai i sN1nys Apogiiuy “Z 'SIUDLIDA UOIDIWQ ||V ' T "gDWIADD)ID/gDUIIASDDXI} = D/] ‘JIADUOI/IIAIRIIDULIU = ¥/N D]1gD]IDAD J0U =N ‘Juaipd pasiwoiduwodounuiwi
=401 “Aoupubipwl 102160)03DWIBDY = H ‘dN-Mmo1j04 = N4 ‘AOUSID1aP SUNUILI ]GDLIDA UOWILLOD = IAD ‘0%9/T 1SD3] 1D 4O SI911 APOgIIUD BUIZIIDJINBU §*Yg PIIUSLINIOP UYIM SIOUOP LIOL) DUIDD ¢ SIYL
"DWISDd JUSISIIDAUOI = ¢ 1533 Z-A0D-SHV'S SAIHSOd ISJ1J DY 3JUIS SWIF BY3 24D |19 YID3 Ul pa3UasaIdas SADP 9y "JUawiinai] ¥/N 491D SADP Ul awi} 8y} Juasaidal SaNDA ¥Dd UO €T 03 6 SSWDU UWIN|0)

13
anipbaN VN N 9¢7 Ao@  €z:677Apd #—OHM VN zezko@  9%9:917 Aog dd :z foq 1Zrevd aind 9
#€¢€:€9 Ang
99¢ /S AbQ Adpisyy
VN nidois  snnobaN  eapbaN  #'97:95A0Q  Z—OHM dd 96 Abg  gee>:6vAoa  dD 6% Apd pajid 020D-UD+WH S
dD gz Aog Adpisyy
VN nidois  snnobaN  empbaN  T'€z:69A0Q  T—OHM dd 59 Aoq N /1 :g Aoq umousun 02aD-13UD+WH ¥
765 :1¢ Aoq
00%1 :9z Abq
VN nidois  anobaN  eanpbaN  §'87:TZADQ  Z—OHM dd 1zAo@  gee> i1z Ang SUON 1739 WH €
0899 :16 AbQ
0216 :€8 Aoq Adoiayy
VN nidois  snnobeN  empbaN  1'G7:9/A0@  Z—OHM dd LL fo@ 0996 £ Ab@  D/L:€z Aog 1's'vd 6TAD-UD+WH 14
SYILST  oSWE
AbQ :907 Abg
%€:T0 S8T
AbQ 661 AbQ
o%:617  S'ST 0951 :g%1 Aoq
fbg  :g/1AoQ Gz :gv1 Aoq 0881 :1+1 Aoq
S¥ 11T LT gee 143 GG 6TL 0zzz el foa  dd 9% Aoq
fbg %91 Aog VN 1v1 Aog el Aog Aoq Z—OHM dd 671 Ao@ 0991 :6¢1 Ap@  D/L:g Aog Ve 1-4VD +WH 1
0£d<n 0¢-1za 0z-01a [-Sd 1d STIENER LAdpiayy AN L(w/nva) Adosayy (JUDLIDA 91D3S dDI juannd
SNpA1)  BNPAI)  BNPAI) ANPAD YId  61-AIAOD juojwoduo)  buiwy  smois Apognuy  snoiasid Z-NOD-S¥Y'S

sjuanod Jo MaIAIBAQ T 819PL

1646



Paxlovid treatment in chronic COVID-19

4 . ® 45 e o 45 . .
43 43 43
41 a1 414
39 | 30 301
g7 F37 CEd
53 & w3 535
o [} [}
£33 2 T =33 233
031 ¥ 931 a1
®29 . ' 829 . B 29
227 ot . 227 227
Eos| (® e . o E25 . 25 pret—
=23 o . 4 =23 e e o =231 .
211 §¥ . 21 211 | g
19 19 19
17 17 171
15 15 151
0 25 50 75 100 125 150 175 200 225 250 0 10 20 30 40 50 60 70 80 90 0 5 10 15 20 25 30 35
Days of follow-up Days of follow-up Days of follow-up
45 L L 45 L 2 L 45 L
43 43 43
41 41 41
39 39 39
T37 7379 g7
235 735 4 235 .
=33 >33 [} >33
Q31 . O31 o Q31 .
B29 829 829
297 27 . ™ o7
®|25 Py — ®25 - B 25
5231 ¢* 23 5231 |e ®
21 21 21
19 19 19
17 17 17
15 15 15
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 50 100 150 200 250

Days of follow-up

Treatment @ TIC

Days of follow-up

Days of follow-up

cP ® NR+CP @ NR

Figure 1. Timeline on viral load and treatment in immunocompromised patients with persisting COVID-19. From left to right and from above to below,
this represents patients 1 to 6 as described in Table 1 and Supplemental Data S1. Day 0 is the first positive SARS-CoV-2 test: if this test was not per-
formed in the hospital (e.g. antigen test) than no Ct value was reported; however, these days also count as the time of follow-up. The grey dots re-
present the Ct values of the PCR test performed on a nasopharyngeal swab. The blue dot represents the timing of treatment with tixagevimab/
cilgamab. The yellow dot represents the timing of treatment with CP. The green dot represents the timing of nirmatrelvir/ritonavir and CP combination
therapy and the red dot represents treatment with nirmatrelvir/ritonavir monotherapy. The vertical black line represents the start of follow-up (day 0)
and is also the Ct value scale that ranges from 15 to 45 (no lower Ct values were reported during follow-up). The horizontal black line represents the
threshold for which patients had a Ct value above 32 and for which isolation may be halted. According to the local protocol, virological follow-up was
halted if the Ct value exceeded 32; however, since viral rebound is reported after treatment with nirmatrelvir/ritonavir, we advise to perform follow-up

until viral genome was undetectable twice.

the risk of development of treatment-related resistance. None
was demonstrated in this study, but sequencing was not possible
in five of the six patients after nirmatrelvir/ritonavir treatment
due to the prompt viral clearance. In one patient with persisting
COVID-19, we were able to sequence multiple nasopharyngeal
swabs. The patient already had acquired a K444R spike protein
mutation after treatment with tixagevimab/cilgavimab. No viral
evolution in the protease gene was detected even after nirma-
trelvir/ritonavir treatment.

In conclusion, combination therapy of nirmatrelvir/ritonavir
with CP may be a solution for difficult-to-treat COVID-19 infec-
tions in immunocompromised patients. However, prospective
comparative trials are urgently needed to confirm our observa-
tion. These studies should compare different treatment dura-
tions (e.g. 5 versus 10 days) and ideally also combinations of
therapies with drugs that have different modes of action.
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