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A rapid decline in the
anti–receptor-binding
domain of the SARS-CoV-2 spike
protein IgG titer in kidney
transplant recipients after
tixagevimab–cilgavimab
administration
To the editor: Immunocompromised patients are at high
risk of severe coronavirus disease 2019 (COVID-19) and show
an impaired anti–severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) vaccine response, even after 4 vaccine
doses.1,2 In this population, monoclonal antibodies that are
used as a preexposure prophylactic treatment significantly
reduce the incidence of severe infections. Since the emergence
of the Omicron variant and its sublineages, tixagevimab–
cilgavimab has been shown to be the only effective mono-
clonal combination therapy.3 According to the PROVENT
(Prophylaxis Prevention) study,4 the efficacy of tixagevimab–
cilgavimab is estimated to last at least 6 months; however, the
study was conducted before the Omicron era. Herein, we
describe the long-term anti–receptor-binding domain (RBD)
kinetics in a single-center cohort of kidney transplant re-
cipients treated with tixagevimab–cilgavimab for preexposure
prophylaxis.

Immunocompromised patients with a weak antibody
response after a complete vaccine program (anti-spike
IgG <264 binding antibody units [BAUs]/ml) or for whom a
vaccine administration contraindication was identified were
eligible for this treatment. Patients with a history of COVID-
19 after tixagevimab–cilgavimab administration were
excluded (n ¼ 56). Anti-RBD IgG titers were measured in
serum samples collected from 98 adult kidney transplant re-
cipients who received gluteal injections of 150 mg tix-
agevimab and 150 mg cilgavimab in the Strasbourg University
Hospital (Strasbourg, France). Of these patients, 72 had been
previously treated with the casirivimab–imdevimab combi-
nation before the emergence of the Omicron variant. The
kinetics of neutralization against the Omicron BA.2 variant,
which was predominant at the time of writing, were investi-
gated in a subgroup of 18 patients. The study protocol was
approved by the local ethics committee (identifier: DC-2013–
1990), and written informed consent was obtained from all
participants.

Patient characteristics are presented in Table 1. A total
of 96 of 98 patients were vaccinated with at least 2 doses of
anti–SARS-CoV-2 mRNA vaccine. The median time be-
tween the last vaccination and tixagevimab–cilgavimab
administration was 227 days (interquartile range [IQR],
190�257 days). In the subgroup of 26 patients not previ-
ously treated with the casirivimab–imdevimab
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combination, the median anti-RBD IgG titer was 19 BAUs/
ml (IQR, 3�120 BAUs/ml) before tixagevimab–cilgavimab
administration, after which it increased to 2753 BAUs/ml
(IQR, 2321�3124 BAUs/ml; P < 0.0001) after a median of
30 days (IQR, 26�37 days) and then finally decreased to
1293 BAUs/ml (IQR, 1070�1627 BAUs/ml; P < 0.0001)
after a median of 111 days (IQR, 95�125 days; Figure 1a5).
The anti-RBD titer decreased by a median of 53% (IQR,
45%�59%). With the exception of 1 patient, all partici-
pants had an anti-RBD titer <2500 BAUs/ml, which has
been previously associated with the lack of neutralizing
activity against the Omicron BA.1 variant.5

For the remaining 72 patients, the last casirivimab–
imdevimab administration had been performed with a me-
dian of 57 days (IQR, 34.8�70.8 days) before the
tixagevimab–cilgavimab injection. The median anti-RBD IgG
titer was 5500 BAUs/ml (IQR, 3629�8470 BAUs/ml) before
tixagevimab–cilgavimab administration; and then it stabilized
at 5213 BAUs/ml (IQR, 3897�7269 BAUs/ml; P ¼ 0.17) after
a median of 33 days (IQR, 28�37 days) and declined to 1824
BAUs/ml (IQR, 1207-2882 BAUs/ml; P < 0.0001) after a
median of 119 days (IQR, 94�125 days; Figure 1b).

In a subgroup of 18 patients, the neutralizing activity
decreased from 2.7 log10 (IQR, 2.59�2.85 log10) to 2.4 log10

Table 1 | Characteristics of kidney transplant recipients who
received prophylactic injections of tixagevimab–cilgavimab

Variables
Kidney transplant recipients

(n [ 98)

Age, yr 55.5 [50.0–67.8]
Male sex 53 (54)
Comorbidities
BMI, kg/m2 24.9 [22.2–28.8]
Cardiovascular disease 26 (27)
Diabetes 32 (33)
Hypertension 89 (91)
Time from kidney transplantation, yr 3.69 [1.52–8.25]
First transplantation 74 (76)
Deceased donor 83 (85)

CNI
Tacrolimus 66 (67)
Cyclosporine 20 (20)
No CNI 12 (12)

MMF/MPA 85 (87)
mTOR inhibitors 9 (9.2)
Belatacept 12 (12.2)
Steroids 77 (79)
Serum creatinine, mmol/L 142 [108–179]
No. of vaccine doses
0 2 (2)
2 3 (3.1)
3 73 (74)
4 19 (19)
5 1 (1)

Time between the last dose vaccine and
tixagevimab–cilgavimab administration, d

227 [190–257]

BMI, body mass index; CNI, calcineurin inhibitor; MMF, mycophenolate mofetil;
MPA, mycophenolic acid; mTOR, mammalian target of rapamycin.
Data are expressed as median [interquartile range] or n (%).
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(IQR, 2.3�2.72 log10; P ¼ 0.007; Figure 1c). The neutral-
izing activity against the BA.2 variant was positively asso-
ciated with anti-RBD titers (Spearman r ¼ 0.49; P ¼ 0.02;
Figure 2).

In this study, we show, for the first time, a significant
decrease of the anti-RBD IgG 4 to 5 months after the

Figure 1 | Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) anti–receptor-binding domain IgG titer kinetics tested by
ARCHITECT IgG II Quant test (Abbott). Results in arbitrary units/ml specific of this assay were converted into binding antibody units (BAUs)/
ml adapted to the World Health Organization standard for SARS-CoV-2 Ig by multiplying them by the factor 0.142 (assay range, 1–11,360
BAUs/ml). Titers are represented from the day of tixagevimab–cilgavimab administration for patients previously treated with the casirivimab–
imdevimab combination (n ¼ 72; b) or not (n ¼ 26; a). For 28 patients, data were missing around 1 month after antibody administration. The
black lines represent the threshold below which no neutralizing activity against the Omicron BA.1 variant was detected in our previous
study.5 The thick blue lines indicate the trend in antibody titer using smoothing splines. The kinetics of neutralization were investigated in a
subgroup of 18 patients, and a significant decrease was observed between 1 month (M1) and 4 to 5 months (M4–M5) following tixagevimab–
cilgavimab injection (c). **P ¼ 0.007. IC50, 50% inhibitory concentration; Nab, neutralizing antibody.

Figure 2 | Scattergram and regression line showing a
significant positive correlation between anti–receptor-binding
domain (RBD) IgG (Abbott Architect) and neutralizing antibody
(Nab) titers (Spearman r [ 0.49; P [ 0.02). IC50, 50% inhibitory
concentration.
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administration of 150 mg of tixagevimab and 150 mg of
cilgavimab. The PROVENT study demonstrated a persis-
tent neutralizing activity against pre-Omicron variants for
6 months after tixagevimab–cilgavimab administration,
despite a progressive decrease in drug concentration.4 As
the neutralizing activity is already reduced against the
Omicron variant in vitro and in vivo 1 month after the
injection,5–7 the significant decrease in anti-RBD titers
indicates a potential rapid loss of efficacy and an increased
risk of severe COVID-19 in transplant recipients. Despite
the fact that all of the sera tested within 4 to 5 months
after a 150-mg dose of tixagevimab and cilgavimab each
exhibited neutralizing activity against BA.2, it should be
kept in mind that the currently predominant variant
(BA.5) is characterized by a higher resistance against tix-
agevimab–cilgavimab. In this regard, the BA.5 variant
poses similar concerns as the BA.1 variant in light of their
similar escape profile.8 Unfortunately, we have previously
shown that <10% of patients exhibited neutralizing ac-
tivity against BA.1 1 month after tixagevimab–cilgavimab
injection.5 Moreover, in our cohort, 73 patients (74%)
had a titer <2500 BAUs/ml after a median of 117 days
(IQR, 94�125 days), which was associated with the
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Pregnancy after kidney
transplantation: more
attention is needed for long-term
follow-up of the offspring

To the editor: With great interest we read the article by
Gosselink et al. on the outcomes of pregnancies after kidney
transplantation.1 However, we feel an important aspect of
pregnancy after kidney transplantation is lacking: follow-up
of the offspring. In line with the existing literature, the au-
thors report high rates of preterm birth and low birth weight,
both of which are associated with reduced kidney develop-
ment.2 In addition, about half of mothers used a calcineurin
inhibitor during pregnancy, which has been shown in animal
research to have an impact on kidney development.3 No in-
formation about the (renal) health of the children at an older
age is included in the article.

Overall data on the health of the offspring at an older age
are scarce in the existing literature, as pointed out in our
recently published systematic review.4 It is likely that the
(kidney) development of the fetus is affected by the pregnancy
after transplantation and its consequences such as immuno-
suppressive medication use and that problems may become
apparent later in life, perhaps even in adulthood. Therefore, it
would add to the knowledge of such consequences if data
on long-term follow-up of the offspring would have been
presented, including a risk assessment of factors such as
prepregnancy graft function and immunosuppressive use by
the mother during pregnancy. We would like to emphasize
the value of performing such analyses in detail and include
those results in the evaluation of pregnancy after kidney
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absence of neutralizing activity against the Omicron BA.1
variant.6

Despite the small sample of our study, our data suggest the
necessity to administer another tixagevimab–cilgavimab dose
before 6 months, especially when the monoclonal cocktail was
given at the dose of 150 mg of each antibody. Additional
research is needed to investigate the impact and the antibody
kinetic of the higher dose of 600 mg of tixagevimab–
cilgavimab, which is currently approved in the United
States, but not in European countries. Furthermore, the dose
required to reach neutralizing titers against different Omicron
sublineages should be determined. Recent evidence indicates
that an additional 150-mg dose of tixagevimab and cil-
gavimab each can improve the neutralizing activity against the
BA.2 variant, although this was not the case for the BA.1
variant.9 This can be attributed to the high resistance of the
latter variant to tixagevimab–cilgavimab, which would require
even higher antibody doses for neutralization. The BA.5
variant, which is currently predominant, poses the same
concern as the BA.1 variant in light of its similar escape
profile. There is an unmet need to develop more specific
monoclonal antibodies to address this clinical issue. Phar-
macokinetic studies will also be needed to support dose
selection.
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