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The United Kingdom (UK) government set a target of 
offering all adults 2 doses of vaccination against the novel 
pandemic coronavirus (SARS-CoV-2, COVID-19) by 19th 
July 2021. The success of this national immunisation pro-
gramme is dependent on both patient engagement and effi-
cacy of the host immune response. Information on these fac-
tors remains limited in the setting of primary and secondary 
immunodeficiency [1, 2]. Here we report on vaccine uptake 
and responses in adults under care of the Immunodeficiency 
Centre for Wales (ICW) revealing heterogenous anti-SARS-
CoV-2 spike IgG responses across common diagnostic 
immunodeficiency sub-groups. With continued community 
circulation of SARS-CoV-2 and rising case rates, serosur-
veillance of vulnerable patient groups facilitates prompt and 
rational access to precision therapies such as monoclonal 
anti-SARS-CoV-2 antibodies.

Vaccine Uptake and Safety

A postal survey and electronic notes review were con-
ducted up to 31st October 2021. Data on vaccine uptake 
were available for 302/304 (99%) adults under follow-up 
for immunodeficiency (Supplementary Fig. 1; Supplemen-
tary Methods). COVID-19 vaccinations commenced from 
8th December 2020, with 287/304 (94.4%) of individuals 
receiving their first dose by 24th August 2021. Second dose 
uptake reached 284/304 (93.4%) by 28th September 2021, 

Fig. 1A. The majority of individuals received the AstraZen-
eca ChAdOx1-S (176/284, 61.3%), with 39.4% receiving 
mRNA vaccinations (Pfizer, n = 111; Moderna, n = 1). The 
median interval between first and second doses was 77 days 
(inter-quartile range: 50 to 81 days), in line with the UK’s 
strategy for a 3-month interval. At least fourteen individu-
als declined or deferred two vaccine doses. The common-
est cited reason was the personal belief that they would not 
respond due to underlying immunodeficiency (n = 6), with 
4 patients who had recovered from SARS-CoV-2 infection 
also declining. Four individuals had deferred courses reflect-
ing recent haematopoietic stem cell transplant, pregnancy, 
or age under 18 years at the start of the national vaccination 
scheme. Vaccinations were well tolerated across the cohort 
with no severe reactions reported.

By comparison, at time of submission, at least 49 adults 
(approximately 16% of the ICW cohort) have had molecu-
larly confirmed SARS-CoV-2 infection between 1st March 
2020 and 31st October 2021. COVID-19-related mortality 
occurred in 11 of these 49 exposed individuals (22.4%). The 
majority of deaths were in unvaccinated individuals (9/11, 
81.8%) prior to vaccine rollout or invitation. Together, this 
demonstrates vaccination uptake outpaced SARS-CoV-2 
infections (Fig. 1A), consistent with national policy for 
shielding extremely vulnerable individuals between March 
and August 2020. Notably, two deaths occurred despite two 
doses of mRNA vaccination, in individuals diagnosed with 
combined immunodeficiency (CID).

Assessment of Vaccine Efficacy Anti‑spike 
SARS‑CoV‑2 IgG Responses

Subsequent to these deaths, an increasing range of mon-
oclonal antibody and antiviral therapies have received 
regulatory approval. In the UK, these have initially been 
targeted to symptomatic individuals who have failed to 
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initiate a humoral immune response to the virus [3]. We 
therefore determined anti-spike SARS-CoV-2 IgG responses 
in patients as part of routine clinical care up to the 2nd 

September 2021. Primary analysis was undertaken con-
sidering samples obtained at least 14 days following com-
pletion of two COVID-19 vaccinations (n = 156, 51.3% of 

Fig. 1  Uptake and serological response following 2 doses of COVID-
19 vaccination in adults under care of the Immunodeficiency Centre 
for Wales. A Uptake of first (grey, dot-dashed) and second (black, 
dashed) COVID-19 vaccination; cumulative total of patient cohort 
with molecularly confirmed SARS-CoV-2 infection (purple, dotted) 
and subsequent mortality (red, solid). Shielding of clinically extremely 
vulnerable individuals in Wales was implemented between March and 
August 2020, directing such individuals to stay at home to protect 
themselves. B Anti-SARS-CoV-2 spike IgG serum responses elicited 
by 2 doses of COVID-19 vaccination in individuals under care of the 
Immunodeficiency Centre for Wales (ICW) assayed using the semi-
quantitative EUROIMMUN IgG assay. Vaccine response indicated 
on the x-axis by sample:calibrator ratio. Titre grading shown reflects 

assay cut-off and reported criteria used for selection of convalescent 
plasma therapy at that time. Patients are sub-grouped by clinical diag-
nosis (22q11- DiGeorge 22q11 deletion syndrome; CID- Combined 
Immunodeficiency (without defined molecular diagnosis, includ-
ing Good’s syndrome); CVID- common variable immunodeficiency 
syndrome; HG- hypogammaglobulinaemia (insufficient to meet cri-
teria for CVID); HGUS- hypogammaglobulinaemia of uncertain 
significance (not requiring immunoglobulin replacement therapy); 
SHG- secondary hypogammaglobulinaemia; SpAD- specific antibody 
deficiency; XLA- X-linked agammaglobulinaemia; IgRT- immuno-
globulin replacement therapy  products, diluted to simulate in  vivo 
infusion at replacement dosing). Vaccine type indicated by open 
squares (ChAdOx1-S, AstraZeneca) and filled circles (mRNA, Pfizer)
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the cohort). The median interval from second vaccine to 
sampling was 49 days (inter-quartile range: 31 to 77 days). 
As shown in Fig. 1B and Supplementary Table 1, vaccine 
response varied both between and within common clinical 
diagnostic groups.

Overall, 51/156 (33%) of patients had an undetectable 
humoral IgG response to the SARS-CoV-2 spike antigen. 
Considering diagnostic sub-groups, humoral responses 
were absent in patients with X-linked agammaglobulinae-
mia (XLA, n = 3) and CID (n = 8, including both individu-
als dying from COVID-19 despite vaccination). Failure to 
seroconvert post-vaccination was common in 16/35 (46%) 
individuals with secondary hypogammaglobulinaemia 
(SHG, see online supplementary for full details), and 17/60 
(27%) with common variable immunodeficiency (CVID). 
Conversely, anti-spike IgG responses were consistently 
observed in individuals with a prior diagnosis of specific 
antibody deficiency (SpAD, n = 8) and with 22q11 deletion 
syndrome (n = 4).

A multivariate linear regression model examining the 
influence of age, time since vaccination, endogenous IgA 
and IgM levels, CD19 + cell count, vaccine type, immuno-
logical diagnosis, and molecularly confirmed SARS-CoV-2 
infection preceding the date of vaccine response assessment 
is presented online (Supplementary Table 2). Increasing 
time since vaccination was associated with falling titres, 
consistent with waning (p = 0.041). Combined deficiency of 
IgA and IgM (p = 0.01) or a CD19 + B-cell count less than 
50 ×  106/L (p < 0.001) were both independently associated 
with impairment of the humoral vaccine response. Control-
ling for other variables, post-vaccination titres were greater 
in recipients of Pfizer mRNA vaccinations (p = 0.012), 
equating to a 50% increase, relative to a modelled similar 
individual receiving the ChAdOx1-S. Conversely, a history 
of molecularly confirmed SARS-CoV-2 infection prior to 
vaccination or age was not associated with significant dif-
ferences in post-vaccine titre.

Anti‑spike SARS‑CoV‑2 IgG Within 
Immunoglobulin Replacement Therapy 
Products

The presence of anti-SARS-CoV-2 antibodies within 
immunoglobulin replacement therapy (IgRT) products has 
been predicted to interfere with assessment of humoral 
vaccine immunity [4]. Evaluation of 13 distinct immuno-
globulin products (with a total of 87 unique lots) manufac-
tured between December 2018 and March 2021 is shown in 
Fig. 1B and Supplementary Fig. 2. This confirms increas-
ing levels of IgG with reactivity to the SARS-CoV-2 spike 
protein in products manufactured since the onset of the 
pandemic from multiple suppliers. However, at dilutions 

commonly used to model bioavailability of IgRT therapy, 
these results fall short of the assay cut-off for a positive 
immune response. At dilution factors simulating higher 
replacement or immunomodulatory doses, this threshold 
was crossed (Supplementary Fig. 3). Together, this sug-
gests the results of vaccine serosurveillance at this time-
point in patients receiving IgRT reflect the endogenous 
humoral response.

Summary

In conclusion, we observed a high rate of engagement with 
the COVID-19 vaccination programme in our national 
cohort of immunodeficient individuals. Whilst of modest 
size, it compares favourably to existing reports [1, 2]. To 
our knowledge, we are the first to examine rates and rea-
sons for vaccine hesitancy in this patient group. We show 
a detectable IgG response to the viral spike protein was 
absent in approximately 1 in 3 patients, but with marked 
variation between and within clinical diagnostic groups. 
Importantly, a diagnosis of CVID, one of the most com-
mon primary immunodeficiency disorders, was associated 
with a detectable vaccine response in two-thirds of indi-
viduals. Therefore, our results may also help encourage 
hesitant individuals, particularly given emerging evidence 
for T-cell mediated immunity in similar cohorts [1, 2, 4]. 
Following adjustment for demographic and diagnostic 
factors, mRNA vaccination was associated with a statisti-
cally greater humoral response relative to the AstraZeneca 
ChAdOx1-S. Whilst consistent with the emerging litera-
ture [5], the clinical significance of this remains unclear, 
given failure of seroconversion following both vaccine 
types and observed mortality in 2 individuals with CID 
despite two mRNA vaccinations. Further studies are 
required to determine the nature and durability of both 
cellular and humoral immune responses following heter-
ologous booster vaccine regimens. By systematically pro-
filing a range of immunoglobulin products manufactured 
over the past 2 years, we reveal low but increasing levels 
of anti-SARS-CoV-2 IgG. Given the severe consequences 
of vaccine failure in individuals observed in our cohort, 
our findings support increased access to precision thera-
pies such as monoclonal anti-SARS-CoV-2 antibodies 
and antiviral therapies [3, 4]. Continued serosurveillance 
may help identify individuals with waning immunity or 
partial responses who may benefit from booster vaccina-
tions, whilst prioritising vaccine non-responders to receive 
pre-exposure prophylaxis and post-exposure interventions.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10875- 022- 01223-7.
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