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Abstract. Aims: In kidney transplant re-
cipients (KTR), antibody (Ab) synthesis is 
hampered by AZA and CsA. We here report 
in a prospective cohort study, the effects of 
mycophenolate mofetil (MMF) associated 
to a calcineurin inhibitor on plasma levels 
of anti-tetanus anatoxin Ab (TAnAb) and 
anti-pneumococcal Ab (PnPsAb). Methods: 
Serum titers of the TAnAb and the PnPsAb 
against serotypes 14, 19F and 23F were 
measured in 94 KTR on Day 0 (T0) and 1 
year (T12) after renal transplantation and 
in 49 healthy controls. Results: 1) At T0, 
TAnAb were detected in only 71% of pa-
tients vs. 98% of controls (p < 0.0001) and 
the titers were significantly lower in KTR 
(1.46 UI/ml vs. 2.74 in controls, p = 0.01); 
they further decreased between T0 and T12 
(1.46 UI/ml to 0.31, p < 0.0001). The cal-
culated half-life (t1/2) of TAnAb was 7.7 
months, as compared to more than 10 years 
in a normal population. 2) In KTR, PnPsAb 
titers decreased significantly between T0 
and T12 (p < 0.005); the t1/2 of the differ-
ent PnPsAb ranged from 9.2 to 11.9 months. 
Conclusions: In KTR treated by MMF and 
CNI, the TAnAbs and PnPsAbs titers de-
crease significantly and profoundly during 
the first year. Immunization pre-transplan-
tation should be encouraged to maintain ad-
equate post-transplant Abs levels.

Introduction

Vaccinations are recommended before 
renal transplantation [1]. Proteic antigens 
like tetanus anatoxin (TAn) induce a T-
cell-dependent B-cell response, whereas 
polysaccharidic antigens such as the pneu-
mococcal polysaccharides (PnPs) induce a 
T-cell-independent pathway of B-cell acti-

vation [2]. Nevertheless, antibody titers de-
crease with time under both CNI and AZA 
[3, 4]. As compared to AZA, Mycopheno-
late Mofetil (MMF) more profoundly re-
duces B-cell counts [5] and B cell responses 
[6, 7, 8, 9, 10, 11]. To investigate the effect 
of the combination of MMF and a CNI on 
antibody (Ab) production, we prospectively 
measured serum levels of TAn and PnPs Ab 
titers at Day 0 (T0) and at 1 year (T12) after 
transplantation.

Methods

Patients and controls

94 consecutive adult KTR of our center 
who had a functional graft at 1 year were 
studied. The demographic characteristics 
were: gender: 57.4% males; mean age: 
46 ± 13 years (Table 1a); 82 were recipi-
ents of their first renal allograft, 9 of their 
second, and 3 of their third graft. All pa-
tients received a CNI (tacrolimus (TRL), 
n = 78; CsA, n = 16) together with MMF 
and steroids. The proportion of patients free 
of steroids at 12 months was 28%. Induc-
tion therapy was given to 77 patients (82%): 
anti-IL2 receptor monoclonal antibodies, 
n = 43; anti-lymphocyte agents, n = 34. 
All patients were followed for 1 year. The 
controls were 49 healthy hospital work-
ers (42 ± 10 years; p = 0.039 vs. patients) 
(Table 1a). Serum samples were collected 
just before transplantation (T0) and at 12 
months (T12), and stored at –20 °C until 
analysis.
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TAnAb IgG titers

They were determined by Elisa (enzyme-
linked immunosorbant assay) as previously 
described [12]. The threshold for immuniza-
tion was 0.1 IU/ml [3, 13, 14, 15].

Specific PnPsAb titers (IgG)

Specific PnPsAb titers (IgG) were mea-
sured by Elisa against serotypes (S) 14, 19F 
and 23F as previously described with slight 
modifications [16]. These serotypes were 
chosen because of their high prevalence 
among invasive diseases [17, 18] and in an-
tibiotic resistance [18,19], and of their dif-
ferent immunogenicities (high for S14, inter-
mediate for S19F, low for S23F) [20]. The 
threshold level of immunization was defined 
as 1000 ng/ml (S14), 750 ng/ml (S19F), and 
500 ng/ml (S23F).

Statistical analysis

Categorical data are presented as pro-
portions. Continuous data for antibody titers 

are presented as geometric means (TAnAb 
and specific PnPsAb). Differences between 
patient categories were analyzed by the 
Mann-Whitney test, and for paired data 
by the Wilcoxon signed rank test. Estima-
tion of the median half-life of TAnAb and 
PnPsAb (t1/2) were calculated by the neperi-
an logarithmic model: t1/2 (months) = ln2 × 
12 / (lnT0 – lnT12).

Results

TAnAb

The proportion of immunized patients 
on the day of transplantation (T0) was lower 
than in controls (71% vs. 98%, p < 0.0001) 
(Table 1b). The geometric mean level was 
lower at T0 than among control population 
(p = 0.01). Among immunized KTR, the 
geometric means of TAnAb decreased more 
than 4-fold between T0 and T12 (p < 0.0001) 
(Figure 1). During the first transplant year, 
the proportion of KTR with detectable 
TAnAb decreased from 71% to 55%. The 
median half-life estimate of TAnAb was 7.7 
months (Table 1b).

Table 1a. Demographic characteristics of patients and controls.

Population Age (years) Gender (F/M) Ethnicity Time on dialysis (months)*
KTR (n = 94) 46 ± 13 40/54 86 Caucasians, 4 North Africans, 4 Black Africans 28 (13 – 54)
Controls (n = 49) 42 ± 10 24/25 40 Caucasians, 5 North Africans, 4 black Africans NA
p 0,039 0,46 0,45

KTR = Kidney transplant recipients; NA = not applicable. Cause of ESRD: Glomerulonephritis: n = 22; interstitial nephritis: n = 15, 
unknown: n = 15, Nephroangiosclerosis: n = 14, Polycystic disease: n = 7, congenital: n = 6, Diabetes: n = 4, Analgesic nephropathy: 
n = 4, Chinese herb nephropathy: n = 4, Hemolytic-Uremic-Syndrome: n = 1, CsA nephropathy: n = 1 Lupus Erythematosus: n = 1. 
*Median (25 – 75%)

Table 1b. Number and proportion of kidney transplant recipients (at T0), patients with antibodies above treshold against pneumococ-
cal antigens and tetanus anatoxin, and their median half-life estimates (T/2).

Prevalence of immunization Antibodies half-lives
Antibody specificities Controls

n = 49 (%)
Patients T0
n = 94 (%)

p Median T/2 
(months)

IQRa N° of 
measuresb

Anti-tetanus anatoxin ab 48 (98%) 67 (71%) < 0.0001 7.7 12.0 56
Anti-PnPs Ab 
positive for 

≥ 1 serotype 44 (90%) 74 (79%) 0.11 – – –
Serotype 14 28 (57%) 53 (56%) 0.89 10.0 21.4 38
Serotype 19 41 (84%) 57 (61%) 0.0047 11.9 23.0 42

Serotype 23F 31 (63%) 50 (53%) 0.28 9.2 20.1 36

aIQR = interquartile range 25 – 75%. bHalf-life is measurable if Ab levels are decreasing with time (T12 < T0) and Ab levels at T0 were 
above treshold values.
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PnPsAb

The proportion of KTR immunized against 
at least 1 out of 3 serotypes of pneumococcus 
was not statistically lower at T0 than among 
controls (Table 1b). But, when single PnPs 
Ags were considered, it was significantly 
lower for serotypes 19F but not for the two 
other serotypes. Among patients who were 
immunized against PnPs at T0, the geometric 
means of all PnPsAbs decreased significantly 
between T0 and T12 (Figure 1). For 16 to 
19% of patients, Ab titers decreased below the 
immunization threshold at T12. The median 
half-life estimates were less than 12 months 
for all serotypes (Table 1b).

Impact of steroid treatment for 
rejection

Among the transplanted patients, 8/94 
(9%) experienced an acute rejection during 
the first year. They were all treated with ste-

roid pulses. We then compared rejectors and 
non-rejectors for the proportion of patients 
who lost Abs. With respect to TAnAb, the pro-
portion who lost detectable Ab was 1/5 among 
rejectors, as compared to 14/62 among non-
rejectors (p = 0.69). With respect to PnPsAbs, 
the proportion was among rejectors, of 3/6, 
2/6,and 5/6 for serotypes 14, 19, and 23, re-
spectively, as compared to a 7/47, 8/51, and 
3/44, among non-rejectors (p = 0.07, p = 0.28, 
and < 0.001, respectively).

Impact of calcineurin inhibitors 
blood levels

We compared serum levels of tacrolimus 
and CsA at both 3 months and 6 months, be-
tween patients who, at 12 months, lost ini-
tially detectable Ab and those who did not. 
We performed this analysis for both TAnAb 
and PnPsAb. There was no significant differ-
ence in either tacrolimus or CsA levels be-
tween groups (data not shown).

Impact of induction treatment

We compared, between the patients treat-
ed either with ATG, basiliximab, or no induc-
tion, the proportion who, at 12 months, lost 
initially detectable Ab and those who did not. 
We performed this analysis for both TAnAb 
and PnPsAb. With respect to TAnAb, the 
proportion who lost detectable Ab was 5/26 
among ATG-treated patients, as compared to 
7/32 among basiliximab-treated patients, and 
3/9 among patients who received no induc-
tion (p = 0.6). With respect to PnPsAb, the 
proportion who lost ≥ 1 PnPsAb serotype 
detection was, among ATG-treated patients: 
5/30, as compared to 12/33 among basilix-
imab-treated patients and 5/11 KTR who re-
ceived no induction (p = 0.09).

Discussion

TAnAb and PnPsAb titers were lower 
among our cohort of CKD stage 5D patients 
than in matched controls, in accordance 
with the impairment of antibody synthesis 
observed in renal failure [21, 22]. We must 
acknowledge, however, that we do not have 

Figure 1. Geometric means of antibody levels 
against TAn and PnPs serotypes at T0 and 12 
months. p < 0.0001 for TAn, and p < 0.005 for PnPs 
serotypes.
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adequate vaccination records, neither for 
tetanus toxoid nor for pneumococcus. There-
fore, these results must be taken with cau-
tion. In addition, the mean age of the control 
group was 4 years younger than the patients. 
While this reaches statistical significance, 
the biological meaning of this minor differ-
ence is probably small. The lower prevalence 
of TAnAb positivity among kidney trans-
plant recipients at T0, the day of transplanta-
tion, might therefore be due to the combina-
tion of a higher propensity of vaccine booster 
among hospital workers, as well as to in-
creased rate of Ab clearance in CKD Stage 
5D. The situation is the reverse with regard 
to pneumococcus, where there is no recom-
mendation to vaccinate the control popula-
tion, whereas patients with end-stage renal 
disease should be vaccinated. Therefore, the 
lower prevalence of anti-pneumococcal 19F 
serotype Ab in KTR at T0 than controls is 
likely to reflect higher Ab clearance. With 
regard to transplanted patients (CKD Stage 
5T), the combination of a CNI and MMF 
profoundly suppressed antibody production 
[11], which parallels our previous findings 
of reduced gammaglobulin levels after renal 
transplantation [23].

The initial efficacy of pneumococcal vac-
cination in KTR is well established (serocon-
version rate: 91 – 100% of patients mainly 
treated with AZA/PDS, with or without a 
CNI) [24, 25, 26]. However, pneumococcal 
vaccination is less efficient among patients 
treated with MMF (seroconversion rate of 
53 – 73%, depending on the vaccine: 23-va-
lent or heptavalent-protein-conjugated) [27, 
28, 29]. Other vaccination studies also sug-
gest that MMF appears to more profoundly 
impair the response to vaccines as compared 
to AZA [8, 9, 30]. With regard to the mainte-
nance of the Ab titers, we found a reduction 
in the proportion of immunized patients of 
~ 16 – 19% at 1 year. While steroid treatment 
for antibody rejection seems to impair anti-
polysaccharide antibody maintenance, the 
loss of TAnAb or PnPsAb detection could 
not be ascribed to differences in either CNI 
blood levels at 3 and 6 months nor in the dif-
ferences in induction treatments. Of note, 
patients who received depleting ATG prepa-
rations did not show a higher prevalence of 
Ab disappearance at 1year. The fact that the 
doses of ATG used in human are unlikely 

to affect splenic and lymph node T and B 
cells might explain this observation [31]. 
In our cohort study, the antibody half-life 
after transplantation was less than one year, 
as compared to more than 10 years in a nor-
mal population [32]. Along this line, long-
term studies in KTR are limited. Lindemann 
shows that the PnPsAb level declines by 23% 
after 15 months [33]. In another study, 21% 
of KTR loose their immunization at 3 years 
[28]. Pourfarziani [29] showed that in newly 
vaccinated KTR, the serum IgG PnPsAb lev-
els rapidly decreased as early as 6 months 
after vaccination, more rapidly among KTR 
than in the dialyzed population. Based on our 
present observation of the rapid clearance 
of antibodies in MMF-treated transplanted 
patients, we feel that recent guidelines that 
propose to monitor the PnPsAb levels and to 
repeat the pneumococcal vaccination every 
3 – 5 years after initial vaccination [1] are 
sound and should be enforced.
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