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Abstract \
The coronavirus disease 2019 (COVID-19) pandemic poses a great threat to public health. Individuals who are
immunocompromised because of the progression of the primary disease or receiving immunosuppressive medications are prone
to severe COVID-19 complications and poor outcomes. Abundant data have shown that many COVID-19 vaccines are safe and
effective in large-scale populations; however, these clinical trials have excluded immunocompromised populations. Available
evidence indicates that immunocompromised populations have a blunted immune response to other vaccines, raising concerns
regarding the efficacy of COVID-19 vaccination in these populations. Thus, there is an urgent need to delineate the efficacy of
COVID-19 vaccines in these vulnerable populations. Here, we review the characteristics of specific humoral and cellular responses
to COVID-19 vaccination in immunocompromised populations, including HIV-infected patients and those receiving
immunosuppressive treatment, especially solid organ transplant recipients and those undergoing anti-CD20 treatment. We
also addressed the challenges that immunocompromised populations will face in the future pandemic and the need for basic and
clinical translational studies to highlight the best vaccination strategies for these populations.
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Background

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), which is responsible for coronavirus disease 2019
(COVID-19), has had a global impact since its discovery.
As of August 25, 2022, >595 million confirmed cases of
COVID-19 and 6.4 million deaths have been reported
worldwide (https://covid19.who.int/). Historically, vac-
cines have been the most powerful weapon to fight
infectious diseases. The early and timely submission of the
virus sequence to the World Health Organization (WHO)
by the Chinese government signiﬁcantl%/ promoted the
development of the COVID-19 vaccine.!'! Abundant data
have shown that the COVID-19 vaccines developed by
different research platforms are safe and effective for
large-scale populations.””®! However, immunocompro-
mised populations who had a higher risk of COVID-19-
related hospitalization, severe disease, or death!”! were
excluded from large clinical trials. Thus, the efficacy of
these COVID-19 vaccines in immunocompromised
patients requires urgent clarification.
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Immunocompromised conditions are usually observed in
those with primary or secondary immunodeficiency
caused by the progression of a disease or patients receiving
immunosuppressive treatment. A lower vaccination
response rate, such as that observed for the influenza
vaccination, is commonly observed in immunocompro-
mised populations.'®! Among the secondary immunode-
ficiencies, human immunodeficiency virus (HIV) infection
represents the classical immunocompromised state caused
by the disease progression. HIV mainly infects CD4* T
cells and leads to their death by apoptosis or pyroptosis.'’!
Without antiretroviral therapy (ART), HIV destroys the
immune system and leads to the progression of acquired
immunodeficiency syndrome (AIDS). Among the patients
with secondary immunodeficiency conditions caused by
immunosuppressive medications, the immune response to
the COVID-19 vaccine was reported to be the lowest in
solid organ transplantation recipients (SOTRs) and those
receiving anti-CD20 B cell-depleting treatment [Figure 1].
Thus, we mainly focused on these two populations
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Figure 1: Model for three immunocompromised conditions in this study. ADCC: Antibody-dependent cell-mediated cytotoxicity; CD: Cluster of differentiation; CDC: Complement-dependent
cytotoxicity; HIV: Human immunodeficiency virus; mTOR: Mammalian target of rapamycin; SOTR: Solid organ transplantation recipient. This illustration was created using biorender.com.
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receiving immunosuppressive treatments. Most of the
SOTRs need to receive immunosuppressive drugs to
prevent graft rejection, including glucocorticoids, calci-
neurin inhibitors (CNI), antimetabolites, and mammalian
target of rapamycin inhibitors.'” These immunosuppres-
sive drugs may block the activation or proliferation of B
and T lymphocytes, leading to a poor immune response to
the COVID-19 vaccine. Anti-CD20 treatment is mainly
used to treat B cell-mediated malignancies and various
autoimmune disorders (eg, rheumatoid arthritis and
multiple sclerosis).'! However, treatment with anti-
CD20 leads to non-specific and overall suppression of
humoral immunity. Thus, the immune response to
COVID-19 vaccination in patients receiving CD20
monoclonal antibodies was significantly impaired. Identi-
fying the underlying risk factors for poor immune
response to COVID-19 vaccination will aid in improving
vaccination strategies for these vulnerable populations.

In this review, we focus on the immunogenicity of different
types of COVID-19 vaccines in immunocompromised
populations, particularly HIV-infected individuals, SOTRs,
and anti-CD20 recipients.

COVID-19 Vaccines

Types of GOVID-19 vaccines

As of July 2022, the WHO has reported that there are 359
COVID-19 vaccine candidates being evaluated. Among
them, 161 are in the clinical phase and 198 in the pre-
clinical phase, including 39 candidates being or having

been detected in phase III clinical trials and 11 candidates
being or having been detected in phase IV clinical trials
(https://www.who.int/teams/blueprint/covid-19/covid-19-
vaccine-tracker-and-landscape).

COVID-19 vaccine coverage

Notably, 11 vaccines have been authorized by the WHO
for emergency use [Table 1]. According to the production
platforms, these vaccines can be mainly divided into the
following four categories: (1) inactivated vaccines:
inactivated whole SARS-CoV-2 virions were used to
trigger an immune response with highly accepted safety;
(2) recombinant protein vaccines: the simulated protein
fragment or shell of the SARS-CoV-2 virion was used to
trigger an immune response with the help of adjuvant; (3)
virus vector vaccines: viral vectors that transfect the gene
encoding SARS-CoV-2 proteins were used to trigger an
immune response; (4) messenger ribonucleic acid (mRNA)
vaccines: the genetically modified mRNA sequence of
SARS-CoV-2 protein was used to trigger an immune
response. Compared with other technologically tradition-
al vaccines, mRNA vaccines can induce much stronger
humoral responses and are more widely used world-
wide.l'*13! Although inactivated-virus vaccines are mostly
used in China to vaccinate residents, more than six
domestic mRNA vaccines are being developed. For
example, ArCoV produced by Abogen Biosciences is
being examined in phase III clinical trials and might be
used in COVID-19 vaccination programs.

As of September 2022, approximately 67.7% of the global
population is vaccinated with more than one dose of

2657


https://www.who.int/teams/blueprint/covid-19/covid-19-vaccine-tracker-and-landscape
https://www.who.int/teams/blueprint/covid-19/covid-19-vaccine-tracker-and-landscape
http://www.cmj.org

mj.org
wWww.c

2)

;1352

ical Journal 2022;
inese Medica

Chinese

ina
int/). In CLl/l 0%
o
d19wh01 d' >90'5 and
.//covl_ ily use >, tion, ‘
https: marily cina na-
ine ( re pri - ry vac vacci
9 vacc cines a rima booster ines or
VID-19 v. s vac leted pri da ceines o
Cov ated‘Vlruhas tion has receive RNA 3 approxi-
. t1v ion ion - m ed: e
Inac latio latio tries, ily used; han on
opu opu coun imari y re tha ion
the P f the pe me e prima s mo latio
Y0 O igh-inco ines ar ceive opu he
7]_7 I hlg accin . n re fthe p f t
. n rv latio % 0 % o
3 . cto u 4.9% 8% .
2 tion irus ve he pop . 74, 44. //app
< =] < 1ru ft cine, d tps:
s g o enov % 0 vaccine and (ht I nly
o o g £ adately 79.8COV1D19accinat10n’accinat10n untries, g -
: £ & 5 m f the CC ary v ster va me co one do
3 R dose o ted prim d a boo low-inco ore than tion has
s = > % ive 1 .
8 5 5 g = COmplletiOn feceiyloweVeril 11; reCelve(} rtr;le poplﬂg popula'
2 .8 = S g a - a .
s ] €5 Popirbi.co}?’)'opulatw?e o757 ol the of tbamnceﬁ‘y‘
D g ¢E 5E5E pow f the p accine, and An im ort
a| Q 29 8T 82 % O 19 v . ation, A on. otew .
|2 S 3¢ 3 £.2 Z 53.2 VID accin. inati cul rly n : frlCa’
g| = g 2 5E 5 £2 he CO imary v r vacc ticula in A
R T E5 seee ft rim booste is par logy ically
3| 3 g £ B S< 3 o leted p ived a bo ines 1 chno esti
— = o = B < g Q p ve CCIn d te dom. a-
S| s £ 5 ) = - com recel -19 va lope be tern
= _g* ':S o ‘:2 -8 _% ‘§'§ S ion has COVID-1 derdeve rarely lies on 11:1 tion
] % -3 S 3 _g = —é 7(5 —; t lng . to un. can . 1 reli ccClna
€| 2 e e £ aCce§S~Ca OW1119g vaCcmelS tion mal}rll yloWeSt V; ngerous.
k= g s3 ¢ E & in Africa. -1 ula the e da se
—g —g = —IE 8 % 11}116 COVIDnd the pOPAfriCa hasproven totli)on rates po
2 1= t d, a ce, been ina
= | o duce > Hen is has acc ients.
= 5 pro ort. d this dlowv atien
-3 v . lSupp . an ities an ised p
” 2 Iow g tiona rldwlde, inequltles mpromis
88 o F 2 g ate wo ccine i unoco
E 8 E ) PR s . treme va t to 1mm hly
g § 8 B Sw A % Exgreat threa n thorou-g us
= < a i ee rio
v SENS g% g ID-19 vaccine cines has bulation' SGI:D‘19
£ SRS & % A d = of CoVi -19 vac ral pop . COV -
g| S gu g g9y g? i:l o E safety f COVIDd the gene rted afte topenia sy S
5| o P % i 2 o n o) (o) iru
%‘E 2 ; '?| ijl ah < The Safetyusly asSeSfoequentIY trispthfom?orcyseVeral~ v for
58| 5 £ B 0010 in o o : itis
AE|SS g and rigoror ich as thror/nbsYndf"mec1 D enarally
- O?S 58| < 'de € A suc in-Barré 1tis an ] ients
&9 5 HuY g side | on, sucl in- rdit 1. atie
I E 22| s vaCclnat;nd Guilla nd mY0C2a73 [Table romised I;On are
= 8 S 2 = .
55 55 = g 3 EY: 2| g drome vaccines, amRNA_.l munocgml% vaccina and no
= 2E = 2 2 £ E5 ElE r ine in im ID- cts
S| = 58 2 R g g £ ==| g ecto cCin > ions in o)\ : effe S have
3E §§ X : N s LRNASvﬂamﬁiwahxim(ﬁﬁﬁgvxaﬁfsWe
g| 2 g 5E - - : imilar r D- Thus,
821: ¢ EEE e OVID side e Similar OVID-19 ts. 19
3 E g £ g EE o = C fe. The ry. fthe C ised patien VID-
< E s =5 25 b =1 sare. ora tsS O 1sed p f CO
B E g F LRI G are d temp ffec romised 0
° S & Th - ild an rse e omp icity
/ 5% 8 Qo+ SRS - mll l adVe . unoc ogen
— 50 °Q + = = itiona in imm immun
S 33 owo+oo>§«s 5 dditi ed in he im ions.
1% 35 7% g S84 2 eportec m it ection :
ER IS rr 22 5o 5 A = enr o) . S ific
i|: it T S it o the folowing ine in Specit
] i A T m K in Vace
] = [aYa) ines -19
a acc ID
¥ 9 A ?" v ity of the COVI tions
s - 3 enicity ised Popula
23 o= e s Immunog romise with an
= o £ ® = ,:‘E o m ients lic he In un d
= 3} I 9 /M = ﬂen ub l. IV' n an
3 2 [}]‘5 £ .S g _§ IV-infected pa ins a globlal ?ng with Hontinuoﬁqui; the
- S 2 < e _‘_Ej < f £8 = HIV- . remai 1e v lil’les C in whic e
. 5 £ 2 2gs EEEES 5 hkamﬂ.ﬂmnmmpumd& sm@am"klﬂg
g g Z8 g2 ¢ S5 EE £55 1y HIVi ted 38 mi 4T cell Cohe AIDS d Mulgp atients,
g 8- 2% 2 = 3 ima D t kened. p .
ES 2| s EERR L T8 & 2 estim the C es to e IV infecte nsup
@ o) 5} 2=3 6 — o 'el’lts’ gress rely HIV-in and u d
= 2 &5 Z ° > patl 11 pro is seve that unt 19 an
- A~ » o Q . tually 18 wn ell co VID- 15-20]
2 = g 8 & even system sho 4T ¢ CcO [
= 2 g g g ne . have CD vere HIV. ith
= ! g . s B Z immu dies ith low re se ithout wit
@ %z Es E £ ~ t stu with | e mo wit hose
> e 2§ = 2 g hor hose 1enc hose t ive the
7] 5 = 2= B - co ially t : er nt . lar]y ive
&) y 575 [ N ecla y 12 eXp S tha rticu rece
- = gf‘ E 2 % § s €sp ed Vlre.ml ’Outcome 'eIltS’ pa. ritized to 1D-19.
5| ¢ 5 £ Eyl 22 o D clinica d pati be prio f COV
z £5 8.6 =3 23 gﬁwg g poorer IC_IIV-infecte should the risk o HIV-
=3 [oR~ ] £ » LS L B=] 88 . n . .
g 25 LY £ Thus, G s e 9 vaccines ;?Stentb"
= K 2 2 Sng3 s £ 2358 S > immun acci 1 incon he
] 8 £ i:"’«sﬁg%—"é%“‘c 2 m -19v VID d in to t
£ S @ R &’2"3—@“‘ & 555 =] VID f CO orte . lty d
] - 5.8 ZEeRE ~ 5 = CcO .. o rep enic are
5§ § §TE°E z icity been ) nog omp
7} < 5 5 en IMUNOg Sc
< Z E S b ,;2 ~ = § immun(-)g'duals haS orer im - leldual
g E RS - = K The d indivi found po infected in
g By 3 s IS . infecte dies .O in HIV-1
o Kz < L 8 = o stu e 1n
g § ES g 3 8|2 Some 9 vaccin
> i 5 £ S| 2 COVID-1
= = — o S| =
z gu&@éaggmg;%;g
s g’ 383%: ¢ 3 B HE
3 %t,£>5cﬁ£@o 5 388
o 5 Z 93 £ % I XIS S
s §|: ¢ 5522 % 8
2 HERE
= < g
© S
-

2658


https://covid19.who.int/
https://app.powerbi.com/
https://app.powerbi.com/
https://covid19.trackvaccines.org/agency/who/
http://www.cmj.org

Chinese Medical Journal 2022;135(22)

with healthy controls (HCs), but other studies showed
comparable immunogenicity between these two groups.
This discrepancy may be due to the different numbers of
enrolled participants, the different methods used to
monitor the humoral response, or the heterogeneity,
including age, ethnicity, CD4 T cell count, etc., of the
enrolled HIV-infected population. Many clinical trials are
still ongoing to fully elucidate the immunogenicity of the
COVID-19 vaccination in HIV-infected patients [Supple-
mentary Table 1, http:/links.lww.com/CM9/B381]. Here,
we also summarized the humoral immune responses to the
COVID-19 vaccine in HIV-infected patients in Table 2,
and only studies that enrolled >50 HIV-infected patients
were included. Accumulating evidence from large cohort
studies has revealed worse immunogenicity of COVID-19
vaccines in HIV-infected patients, especially those with
low CD4 T cell counts and unsuppressed viral loads. A
study conducted in Brazil revealed that HIV-infected
patients mount reduced immunogenicity compared with
HCs after receiving two doses of inactivated CoronaVac
vaccine, and HIV-infected patients with CD4 counts <500
cells/uL had lower immunogenicity than those patients
with a CD4 count of at least 500 cells/pL.[*!! In addition,
71% of HIV-infected patients were neutralizinzg antibody
(NAb)-positive compared with 84% of HCs.*! A study
by Spinelli et al*?! reported that following COVID-19
mRNA vaccination, HIV-infected patients had a lower
surrogate virus neutralization test response, particularly
among those with lower CD4 T cell counts. Similarly, a
study conducted in Switzerland also reported a lower titer
of anti-receptor binding domain (RBD) antibody after
SARS-CoV-2 mRNA vaccination in HIV-infected patients
compared with that in healthy volunteers.**! In addition,
a recent study conducted by Madhi et al®* showed that
HIV-infected patients had attenuated immunoglobulin G
(IgG) antibody against spike protein (anti-spike IgG) titers
after receiving two doses of recombinant spike protein
nanoparticle vaccine NVX-CoV2373 compared with their
healthy counterparts, while the seroconversion rate was
similar. Some real-world studies also found reduced RBD-
IgG, Spike-IgG, or seropositivity in HIV-infected patients
compared with HCs, and the antibody response is
particularly poor in HIV-infected patients with CD4 T
cell counts <200 cells/pL.[*>**) However, some studies
reported similar immunogenicity induced by COVID-19
vaccination. For example, a study conducted by Madhi
et al'*’V evaluated the humoral response after receiving an
adenovirus-vectored vaccine AZD1222 in HIV-infected
patients, and they found similar RBD-IgG and NAb
responses between HIV-infected patients and HIV-nega-
tive participants. In the era of ART, most HIV-infected
patients have received ART treatment. However, there are
still some patients who have not received ART and some
studies have shown poor humoral response to the COVID-
19 vaccine in HIV-infected patients with unsuppressed
viremia.'*>*#! Compared with the widely examined
humoral response, antigen-specific T cell responses have
only been detected in a few studies. Woldemeskel ez al*”!
evaluated cellular immunity using interferon gamma
(IFN-y) ELISpot assay in 12 HIV-infected patients
following two doses of BNT162b2 mRNA vaccine and
found no difference in cellular immunity between HIV-
infected patients and HCs. Compared with HIV-negative

WWW.CImj.org

individuals, no difference in cellular responses was
observed in 54 HIV-infected patients receiving two
doses of ChAdOx1 nCoV-19.5° However, the immune
status of the enrolled HIV-infected patients may have
affected the cellular immune response. A case study
revealed failed seroconvert and undetectable spike-
specific T cells in one patient with advanced HIV
infection (CD4 T-cell count: 20 cells/pL, viral load:
831,764 copies/mL).1?%]

Collectively, well-treated HIV-infected patients with
immune status comparable to healthy individuals may
exhibit a similar immune response to the COVID-19
vaccine compared with healthy individuals. However,
some HIV-infected patient, especially those in immuno-
suppressed conditions with poor CD4 T cell counts and
unsuppressed viremia, might mount an attenuated
immune response to the COVID-19 vaccine.

SOTRs with immunosuppressive medication

SOTRs with kidney, liver, or lung transplants are at
increased risk of severe SARS-CoV-2 infection or COVID-
19-related mortality.'*****! Immunosuppression in SOTRs
is mainly due to the use of immunosuppressive medi-
cations aiming at preventing allograft rejection. The use of
immunosuppressive drugs might block the cellular and
humoral immune responses and result in a poor vaccine
response, which has been observed in SOTRs receiving
other vaccine (influenza, hepatitis B vaccine, etc.). For
example, CNI (tacrolimus or cyclosporin) can block the
activation of T cells, and mycophenolate mofetil (MMF)
can inhibit the proliferation of T and B cells.

Although SOTRs were excluded from large COVID-19
vaccine clinical trials, vaccination of SOTRs has been
suggested by professional societies. Larger cohort studies
have consistently concluded that both antibody positivity and
titers are extremely low in SOTRs after receiving the COVID-
19 vaccine [Table 3].1¢%% Boyarsky et all®" found that anti-
spike IgG was only detectable in 54% (357/658) of SOTRs
after two doses of SARS-CoV-2 mRNA vaccine. Bertrand
et al®® evaluated the anti-spike antibody in 225 kidney
transplant recipients (KTRs) after two doses of the
BNT162b2 vaccine, and only 8 KTRs (17.8%) developed
SARS-CoV-2 antibodies. One study conducted by
Rabinowich et al'®! evaluated 80 liver transplant
recipients (LTRs) after two doses of BNT162b2 vaccina-
tion, of whom only 47.5% were positive for SARS-CoV-2
IgG antibodies, and the antibody titer was also reduced in
LTRs. Havlin et al'®® reported that none of the lung
transplant recipients developed SARS-CoV-2 IgG after the
first and second doses of BNT162b2 vaccine. In addition,
studies comparing the immunogenicity of COVID-19
vaccines in immunocompromised patients also identified
SOTRs as the least likelg to achieve seroconversion after
COVID-19 vaccination.?®¢*5! Older age, shorter time
from transplantation, high-dose of steroids, receiving triple
immunosuppression regimen, regimens including MMF, and
co-morbidities including diabetes and hypertension were
identified as the risk factors for compromised humoral
response./*7-°0->1:33:57:661 Iy 3 ddition, impaired SARS-CoV-
2-specific T cell responses have been reported in
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Table 3: Summary of studies on humoral immune response to COVID-19 vaccination in SOTRs compared with HCs.

Detection time

Study points after Factors associated with
population full course Detected parameters worse humoral
Reference Journal Vaccines (n) vaccination (positivity) response
Benotmane Kidney Int mRNA-1273 KTR (205) 1 month SARS-CoV-2 IgG (48%) Treatment with CNI,
et all*®! MMF, or steroids
Cucchiari Am | Transplant mRNA-1273 KTR (148) 2 weeks Anti-spike IgM/IgG (29.9%) Diabetes, treatment
et al*”! with ATG during
the last year
Devres[s4eg] Transplantation BNT162b2 KTR (90) 1 month Anti-RBD IgG (64.4%) NA
et al
Eren Sadioglu Transpl Infect Dis ~ CoronaVac KTR (118) 1 month Anti-SARS-CoV-2 IgG Age and impaired
et al®! (18.8%) renal function
Grupper Am | Transplant BNT162b2 KTR (136) 16.5 days  Anti-SARS-CoV-2 IgG Age, high-dose
et all®”! (37.5%) corticosteroids, and
triple
immunosuppression
regimen including
MMF
Guarino et al>1 | Hepatol BNT162b2 LTR (365) 4 weeks Anti-spike IgG (74.8%) Age, higher BMI,
shorter time from
transplantation,
multiple
immunosuppressive
drugs, and
antimetabolite
therapy
Hallett et al®*! | Heart Lung BNT162b2 or  HTR (134) 28 days Anti-spike IgG (62% and  Antimetabolite
Transplant mRNA-1273 Lung transplant 36%, respectively) regimen, shorter
recipient (103) years (<6 years)
from
transplantation
Hod et al¥ Transplantation BNT162b2 KTR (120) 26.7 days  Anti-RBD IgG (43.4%) MPA dose and
NADb (35%) hemoglobin level
<13 g/dL
Midtvedt Transplantation BNT162b2 KTR (141) 25-89 days Anti-spike IgG (18%) Age, treatment with
et all¥ MPA, especially in
triple therapy
Rabinowich J Hepatol BNT162b2 LTR (80) 14.8 days  Anti-spike IgG (47.5%) Age, decreased renal
et all>% function, and
Immunosuppression
Rozen-Zvi Clin Microbiol Infect BNT162b2 KTR (308) 2-4 weeks  Anti-spike IgG (36.4%) Age, lower eGFR,
et all®® high MPA dose,
and higher CNI
blood level
Ruether et al®”'  Clin Gastroenterol ~ BNT162b2 or  LTR (141) 29 days Anti-spike IgG (63%) Age, arterial
Hepatol mRNA-1273 hypertension, and
or AZD1222 immunosuppression
other than CNI
monotherapy
Shostak et al'®®!  Lancet Respir Med ~ BNT162b2 Lung transplant 16 days Anti-spike IgG (18%) Treatment with
recipient (168) mTOR inhibitor or
antimetabolites
Strauss et al®®!  Liver Transpl BNT162b2 or  LTR (161) 30 days Anti-RBD IgG (81%) Treatment with
mRNA-1273 antimetabolites,
vaccination with
BNT162b2 vaccine
Stumpf et al®®  Lancet Reg Health BNT162b2 or  KTR (368) 4-5 weeks  SARS-CoV-2 IgG/IgA Immunosuppressive

Eur

mRNA-1273

(65%)

drug number,
vaccination with
BNT162b2 vaccine

Anti-RBD IgG: IgG antibody against receptor-binding domain; Anti-spike IgG: IgG antibody against spike protein; ATG: Antithymocyte globulin;
CNI: Calcineurin inhibitors; COVID-19: Coronavirus disease 2019; HC: Healthy control; HTR: Heart transplant recipient; Ig: Immunoglobulin;
KTR: Kidney transplant recipient; LTR: Liver transplant recipient; MMF: Mycophenolate mofetil; MPA: Mycophenolic acid; mTOR: Mammalian
target of rapamycin; NA: Not available; NAb: Neutralizing antibody; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; STOR: Solid
organ transplantation recipient.

SOTRs.P”¢7! Devresse et al®® showed that KTRs with
higher SARS-CoV-2 antibodies were more likely to mount a
T-cell response. Interestingly, some SOTRs without an
antibody response may exhibit a T-cell response.

[48]
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the third dose induced a serological response in no more
than 50% SOTRs.[*7! In addition, Caillard et all”?
evaluated the fourth dose of mMRNA in KTRs who did not
respond adequately after three doses and found that 50% of
patients reached the threshold of anti-spike IgG titers.

Overall, SOTRs exhibited extremely weak immune
responses to the COVID-19 vaccine and should be
vaccinated before transplantation whenever possible. In
addition, humoral responses should be monitored espe-
cially in those who are more likely to show a suboptimal
immune response, and additional boosters may be needed
to potentiate immune responses in SOTRs.

Patients with anti-CD20 treatment

Multiple studies have indicated that patients receiving
anti-CD20 treatment are at higher risk of severe COVID-
19173741 Anti-CD20 treatment is used to treat B-cell-
mediated malignant tumors and autoimmune diseases but
could lead to non-specific and overall suppression of
humoral immunity in treated patients. Thus, the immune
response to COVID-19 vaccination in patients receiving
CD20 monoclonal antibodies was significantly impaired
[Table 4]. A recent study compared the seroconversion
rate and average antibody titer in 478 patients with
autoimmune diseases (including rheumatoid arthritis and

WWW.CIj.org

systemic lupus erythematosus) and 502 HCs after
receiving two doses of the mRNA vaccine.””! They found
that patients with autoimmune diseases who commonly
used rituximab or MMF had significantly lower serocon-
version rates and average antibody titers than HCs.!”!
These data imply that anti-CD20 treatment might lead to a
suppressed humoral response. Boekel et all’®! performed
an observational study to examine the immune response of
patients with autoimmune diseases after receiving
COVID-19 vaccines and found that significantly reduced
anti-RBD antibody response was detected among patients
treated with CD20 monoclonal antibodies. Apostolidis
et al””! found that, although no significant difference
between antigen-specific CD4 and CD8 T cell responses
was observed, the antibody response of patients with
multiple sclerosis treated with CD20 monoclonal anti-
body after two doses of mRNA vaccine was significantly
lower than that of HCs. Thus, anti-CD20 treatment
suppressed the humoral response but not the cellular
response to COVID-19 vaccines. In another study,
however, Moor et all”® reported that in patients receiving
anti-CD20 treatment, 49% detected antibody response
and 32% detected T-cell response after 1.79 months of
vaccination with two doses of mRNA vaccine. The
suppressive degree of anti-CD20 treatment on the
humoral response to COVID-19 vaccines might be due
to different doses and durations of anti-CD20 treatment in

Table 4: Summary of studies on humoral immune response to COVID-19 vaccination in anti-CD20-treated patients compared with HCs.

Detection time

points after Detected
Study population full course parameters
Reference Journal Vaccine (n) vaccination (positivity) Findings
Ferri et al”' ] Autoimmun BNT162b2 or Autoimmune 1-3 weeks IgG-NAb Rituximab treatment
mRNA-1273  diseases (26) (53.8%) was associated with
higher odds of
vaccine non-
response
Boekel et al’®!"  Lancet Unlimited Autoimmune 1-5 months  Anti-RBD Lower seroconversion
Rheumatol diseases (27) IgG (43%) rates and antibody
titers in patients
with anti-CD20
therapy
Apostolidis Nat Med BNT162b2 or  Multiple 25-30 days  Anti-spike Lower anti-spike and
et al””] mRNA-1273  sclerosis (20) (88.89%) RBD antibody levels
Anti-RBD in patients with
IgG (50%) anti-CD20 therapy
Moor et al”®  Lancet BNT162b2 or B cell-mediated 1.79 months  Anti-spike Lower anti-spike
Rheumatol mRNA-1273  malignancies IgG (49%) antibody levels in
and autoimmune patients with anti-
disorders (96) CD20 therapy
van der Togt  Rheumatology Unlimited Rheumatoid 2-6 weeks Anti-SARS-CoV-2 The response rate was
et all”’! arthritis (196) IgG (28%) significantly lower

for patients
receiving 1000 mg
rituximab compared
with those receiving
200 mg rituximab

Anti-RBD IgG: IgG antibody against receptor-binding domain; Anti-spike IgG: IgG antibody against spike protein; COVID-19: Coronavirus disease
2019; HC: Healthy control; Ig: Immunoglobulin; NAb: Neutralizing antibody; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.
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various conditions. A single-center observational study
reported that after adjusting for relevant confounding
factors, the seroconversion rate of patients with rheuma-
toid arthritis treated with 200 mg rituximab after
receiving two doses of mRNA or virus vector COVID-
19 vaccines was significantly higher than that of patients
treated with 1000 mg rituximab.!””!

After COVID-19 vaccination, patients receiving anti-
CD20 medication displayed severely impaired humoral
responses, but potent T cell responses were preserved. In
the absence of a humoral response, whether a vaccine-
induced T-cell response exerts protective effects against
SARS-CoV-2 infection is still unclear. Thus, the real-
world effectiveness of the COVID-19 vaccine in patients
receiving anti-CD20 therapy still needs to be confirmed.

Perspective and Challenges

Studies have demonstrated prolonged viral shedding and
evolution in SARS-CoV-2-infected immunocompromised
populations and suboptimal immune responses to COVID-
19 vaccines in immunocompromised populations compared
with the general populations.®*#!] However, as shown in
immunocompromised populations, the COVID-19 vaccine is
still helpful for decreasing the disease severity and hospitali-
zation in these immunocompromised individuals.[®*

In most clinical studies conducted on immunocompromised
populations, antibody levels or seroconversion rates are
used as surrogate endpoints for vaccine efficacy. However,
data are still needed to fully elucidate whether COVID-19
vaccination is protective against SARS-CoV-2 infection,
hospitalization, severe diseases, and death in real-world
settings. As shown in the general population, a booster dose
can partially restore omicron cross-neutralization by
neutralizing antibodies.®¥ Thus, booster vaccination
might be needed for immunocompromised populations,
which should be fully evaluated. As neutralizing antibodies
wane over time, longitudinal studies are needed to
determine the dynamics of vaccine-induced antibodies in
immunocompromised populations, which might shed light
on when to deliver a booster vaccination.

In addition to humoral immunity, the T-cell immune
response is important for protection against viral
infections. A recent study conducted in rhesus macaques
showed that cellular immunity contributes to protection
against viral infection in the context of sub-protective
antibody titers.'** In immunocompromised populations,
especially those receiving anti-CD20 treatment, SARS-
CoV-2 specific-T cell activity could be detected in some
individuals without a detectable humoral response.
Although the cellular immunity induced by COVID-19
vaccination retains the abilitgr to recognize SARS-CoV-2,
including omicron variant,'®*! the real-word protective
effects mediated by the cellular immune response in the
absence of humoral response are still unclear.

As SARS-CoV-2 is a zoonotic RNA virus with a high
mutation rate, the currently dominant omicron variant
may result from the evolution in immunocompromised
patients.!®®! Thus, to prevent further emergence of more
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dangerous and contagious variants, primary COVID-19
vaccination, especially booster vaccination, is highly
recommended. Unfortunately, many advanced HIV-
infected patients, especially those in areas within low
vaccine-coverage, such as sub-Saharan Africa, cannot get
access to COVID-19 vaccines. Accelerating the pace of
global vaccination and establishing herd immunity to end
the COVID-19 pandemic are urgently needed. Further-
more, with the prevalence of the omicron variant, most
authorized vaccines are limited in inducing mucosal
immunity.'®”! Thus, novel vaccines that broadly target
various variants or intranasal vaccines that elicit mucosal
immunity should be developed to better protect vulnerable
immunocompromised populations.

In all, no additional adverse effects of COVID-19
vaccination were reported, and COVID-19 vaccination is
safe in secondary immunocompromised patients.[?!->*27]
However, more clinical translational studies are needed to
determine the real-world efficacy of various types of
COVID-19 vaccines in immunocompromised populations
and how best to protect these patients. This will involve
determining the most suitable vaccine type, dose, and
delivery schedule for immunocompromised patients, and
whether a heterologous vaccination schedule is better than
homologous vaccination. In addition, as these immuno-
compromised populations remain at risk of SARS-CoV-2
infection even after vaccination, regular epidemic preven-
tion and control measures including masking and social
distancing, should be implemented.
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