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Summary:

The aims of this study were to assess long-term immun-
ity and reimmunization responses against tetanus toxoid
in recipients of autologous stem cell grafts and to com-
pare immune status in patients who underwent ABMT
or autologous blood stem cell transplantation
(APBSCT). Ninety patients were included in the study;
52 had received ABMT and 38 APBSCT. Thirty of 52
ABMT patients (58%) and 25 of 38 APBSCT patients
(66%) had protective antibody levels against tetanus
before transplantation (P = NS). The rate of seropositiv-
ity had decreased at 1 year after transplantation; 15 of
52 (29%) ABMT patients and 18 of 38 (47%) APBSCT
patients (P = NS) were still positive after 1 year. There
were no cases of spontaneous recovery in seronegative
patients. Most patients were reimmunized with three
doses of tetanus toxoid given at 12, 13, 14 and or 18
months after transplantation. All immunized patients
had protective immunity against tetanus at 1 year after
vaccination. These results suggest that humoral immun-
ity is defective both after ABMT and after APBSCT and

in both cases the loss of immunity seems to be similar.
Reimmunization of patients who have undergone
ABMT or APBSCT is necessary to obtain protective
immunity against tetanus.
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ization with a schedule similar to that used in childfef®
Similarly, patients treated with cytotoxic chemotherapy for
hematological malignancies are frequently unprotected
against tetanu’. However, patients undergoing ABMT do
not lose pretransplant immunity against pneumoc8esid
a majority of the patients remain seropositive (79-84%) to
rubella, measles, mumps and polio at 1 year after
ABMT.920 APBSCT is rapidly replacing ABMT for
patients with solid tumors and hematological malignancies.
One advantage of APBSCT over ABMT is a more rapid
hematopoietic recovery and it might be that the defect in
humoral immunity is less profound after APBSCT than
after ABMT 2122

The aims of this study were to assess long-term immun-
ity to tetanus toxoid among patients who have undergone
ABMT and APBSCT and to assess the response to
reimmunization with tetanus toxoid.

Materials and methods

Patients

We studied antibody levels against tetanus in 52 ABMT
and 38 APBSCT patients. All patients had a disease-free
survival of at least 24 months after the transplantion. The
age distribution and diagnoses are presented in Table 1.
Nine APBSCT patients were transplanted with CD34
purged grafts. The CD34 selection was carried out with the
Ceprate column (Cell-Pro, Bothell, WA, USA). Two of
these patients had multiple myeloma (MM), six had breast

Tetanus is a disease completely preventable by vacceancer (BC) and one had CLL. Three patients with MM
nation’ The primary vaccination schedule with three and one with BC underwent double APBSCT procedures.
doses of tetanus toxoid given at intervals of 4—6 weeks in

the 2nd or 3rd month of life induces immunity lasting for

up to 5 years. Each additional dose of tetanus toxoid given

with at least 1 year interval increases antibody levels andable 1
duration of immunity?-° In most developed countries a 4 9iagnoses
or 5 dose vaccination schedule is used which induces high

Number of ABMT and ABSCT patients with different

and durable immunity. However, tetanus immunity is not"29M°sis ABMT ABSCT
Ilfe-ln??g‘%ld W|th.age|ntg c? decfr(;.-atse in _antlboqty Ier\]/els gsAcute myeloid leukemia 14 0
seent ur previous studies of tetanus immunity showedag e lymphoblastic leukemia 15 0
that long-term survivors after allogeneic BMT lose protec-Non-Hodgkin's lymphoma 9 6
tive levels of tetanus antibodies and thus require reimmunHodgkin’s disease 9 0
Multiple myeloma 5 16

- Chronic lymphatic leukemia 0 4
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ABMT and APBSCT procedure Reference of anti-tetanus antibodies

A standard curve was constructed using tetanus IgG stan-

In all patients, the marrow was harvested at the same stagg,rq preparation containing 190 IU/ml of tetanus toxoid
of disease as it was reinfused. The ABMT and APBSCTyptinodies, calibrated against the International standard

procedures have been described previotisfy. Briefly,  gerym, purchased from the Swedish Institute for Infectious
patients with AML were conditioned with cyclophospham- pisease Control, Stockholm. For a minimal protective level

ide (Cy) 120 mg/kg and either single fraction of total body of tetanus antibodies the WHO recommendation 0.01 1U/ml
irradiation (TBI) (7.5 or 10 Gy) or busulphan 16 mg/kg. \yas used.

Patients with ALL were conditioned with Cy 80 mg/kg plus
a combination of vincristine 1.5 mgAn daunorubicin
30 mg/n¥, tenoposide 200 mg/in cytosine arabinoside
(Ara-C) 2500 mg/r, prednisone 200 mgfrand TBI 7.5  Serum samples from before ABMT or APBSCT and from
Gy. Most patients with NHL were conditioned with either 1 @nd 2 years after transplantation were analyzed.
the BEAC or BEAM protocol. Most patients with HD were ~ ABMT and APBSCT patients were reimmunized with
conditioned with carmustine 300 mgm etoposide three doses of tetanus toxoid (National Bacteriological Lab-

300 mg/m, methyl GAG 600 mg/fand Cy 100 mg/kg. oratory-Vaccine, Stockholm, Sweden) g_iven at 12, 13 and
A few patients with NHL and HD had additional TBI. 14 or 18 mont_hs after transplantation. Five ABMT patients
Patients with multiple myeloma were conditioned with Cy Were reimmunized later, at 18, 19 and 20 months post trans-
400 mg/n, methylprednisolone 8 g, melphalan 140 mg/m plant, after previous determination of tetanus antibodies.
and TBI 7.5 Gy, or melphalan 140 mg7rand TBI 10 Gy, L

or melphalan 200 mg/fngiven as a single agent. Patients Statistics

with breast cancer were conditioned with the Stamp V pro-The Mann-Whitney test was used to compare ages in
tocol (Cy 6000 mg/rfy thioteopa 500 mg/fmand carbopla- ABMT and APBSCT patients and in patients with BC and
tin 800 mg/nt (CTCb)) given over 4 consecutive days. hematologic malignancies.

Patients with CLL were conditioned with Cy 60 mg/kg and The proportions of ABMT and APBSCT patients
TBI. Three patients with MM and one with BC underwent immune to tetanus before and after transplantation and rates
double APBSCT procedures. The first preparativeof seropositivity in patients with different diagnoses were
regimen was high dose melphalan followed bycompared in 22 contingency tables using Fisher's
cyclophosphamide TBI in the myeloma patients and exact test.

CTCb in the breast cancer patients. The blood stem cells The multivariate logistic regression was used to compare
were harvested with a Fenwal CS-3000 Plus (Baxterantibody levels and age of the patients as a continuous
Chicago, IL, USA) usually after chemotherapy and growthvariable, type of disease, type of graft and CD34 stem
factor stimulatior:® Most patients were stimulated with G- cell separation.

CSF before harvest, two patients with NHL and one patient

with CLL were not stimulated with any growth factor.
CD34-purged graft was used in two patients with MM, six
patients with BC and one patient with CLL. The minimal Tetanus antibodies in ABMT patients

glinlk()ﬁe/:(;f CD34 cells required for transplantation was Thirty of 52 ABMT patients examined (58%) were seropos-

itive against tetanus before transplantation. At 12 months

after transplantation, 15 patients remained positive, while

15 patients had lost their pretransplant immunity. No
Serology patient who was seronegative before transplantation sero-
converted during the first year after transplantation. There

Jvas no difference in seropositivity at 12 months in patients

é{vho were conditioned with or without TBI (data not

shown). The numbers of seropositive patients before trans-
lantation and at 1 year after ABMT analyzed according
diagnoses are presented in Table 2. There was no differ-

Samples and immunization

Results

An enzyme linked immunosorbent assay (ELISA) was use
to determine antibody levels against tetanus toxoid. Th
ELISA has been described previously?® Briefly, after
incubation of serum samples (diluted 1:100-1:10 000
overnight on antigen-coated plates, a monoclonal mous
antl'lgG'amlbOd_y (HP 0.6; Seward La.‘boraton.es’ I‘ondon’TabIeZ Number of seropositive patients/total ABMT patients before
UK) was added in a previously determined optimal concenzng 1 year after transplantation

tration. After 4 h of incubation at room temperature the
plates were washed and rabbit anti-mouse immunoglobulin Before After P value
(Dakopatts, Glostrup, Denmark) was added. After another transplantation transplantation

4 h of incubation the plates were washed and alkaline phos-
phatase-conjugated goat anti-rabbit IgG (Sigma Chemicalicute lymphoblastic

; ; eukemia 8/15 4/15 0.14
St Louis, MO, US_A) was added_, _after which the plate_s WeréAcute myeloid leukemia 10/14 6/14 013
incubated overnight. After additional washes, disodipim  yitipie myeloma 35 1/5 0.26
nitrophenyl phosphate (Sigma Chemical) was added anflon-Hodgkin's lymphoma 419 2/9 0.31
the plates incubated for 10—20 min. Absorbance was meastodgkin’s disease 5/9 2/9 0.17

ured at 405 nm.
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ence in proportions of patients being immune before ABMT
ABMT or in the rates of loss of immunity between patients 100
with different underlying diagnoses.

Tetanus antibodies in APBSCT patients 10 ° °

Twenty-five of 38 (66%) APBSCT patients were seroposi-

tive against tetanus before transplantation. At 12 months
after transplantation, 18 (47%) patients remained seroposi- 1
tive and seven (19%) patients had lost pretransplanté
tetanus immunity. -

Ten of 12 breast cancer patients were seropositive before
transplantation (83%). Two patients lost pretransplant 017
immunity. Thus, at 1 year eight patients (67%) remained
seropositive against tetanus.

Fifteen of 26 (57%) patients with hematological malig-
nancies were seropositive before transplantation and 10
(38%) remained immune at 1 year after transplantation.
There was no difference in the proportions of breast cancer
patients and patients with hematological malignancies who g go; |
were immune before transplantatio® £ NS). Further- Before transplantation
more, there was no difference between the different patient

categorles in capacny to retain |mmun|ty at 1 year afterFlgurel Tetanus immunity in ABMT patients before transplantation,
transplant P = NS; Table 3). year after transplantation and 1 year after reimmunization with

tetanus toxoid.
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After transplantation After vaccination

Comparison of pre- and post-transplant tetanus immunity

in ABMT patients and APBSCT recipients APBSCT

100
The proportions of immune patients before transplantation
in the two patient populations were similar (58 and 66% in
ABMT and APBSCT, respectively). There was a tendency
for patients who had received APBSCT to retain immunity
better than patients who had received an autologous mar-
row graft (P =0.08). However, the antibody levels in both
groups decreased in a similar fashion during the first year | |
after transplantation (Figures 1 and 2). In a multivariate
logistic regression model none of the analyzed factorsE
(diagnosis P=0.18), age R =0.25), type of graft =
(P=0.73) or CD34-selected stem cellsP £0.72)) 0.1
influenced likelihood for loss of immunity to tetanus.
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All reimmunized patients responded with a significant
increase in the level of specific anti-tetanus IgG and were

immune when studied at 24 months after transplantationg ooz -| | . |

(Flgures 1 and 2)- Before transplantation  After transplantation After vaccination
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Figure 2 Tetanus immunity in APBSCT patients before and 1 year after
transplantation and 1 year after reimmunization with tetanus toxoid.

Table 3 Number of seropositive/total ABSCT patients before and 1
year after transplantation Discussion

Belfore _ Aflter ~Pvalue  ABMT is generally thought to be accompanied by less pro-
transplantation transplantation found immunodeficiency than allogeneic BMT. This might
be explained by the absence of acute and chronic graft-

Multiple myeloma /16 6/16 0.23

Chronic lymphatic leukemia 2/4 14 05 versus-host disease (GVHD) and absence of immuno-
Hodgkin's disease 416 3/6 0.5 suppression as prevention and treatment of GVHD. Studies
Breast cancer 10712 8/12 032 of long-term survivors after allogeneic BMT have shown

that approximately 50% of BMT recipients lost specific
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immunity to infectious agents such as measles, tetanushould also be used in autologous transplant patients.

pneumococci and diphtheria and about one-third of patientécceleration of hematologic reconstitution after APBSCT

lost immunity against polio during the first 12 months after predicts that reimmunization could be provided earlier and

BMT.17:30-33 the period of deficiency of specific immunity could be
In our study 42% and 33% of ABMT and APBSCT shorter.

recipients, respectively, had no tetanus immunity prior to

transplantation. It was found previously that increasing age,

lymphoid malignancy, and advanced stage of disease wercknowledgements

independent risk factors for loss of tetanus immunity in

patients with hematologic malignanci€s*3%In the cur-  This work was supported by grants from the Swedish Children’s

rent study tetanus immunity decreased to 50% in ABMTCancer Foundation and Swedish Cancer Society.

patients. Thus, the loss of tetanus immunity in ABMT

patients was almost as frequent during the first year after

transplant as in BMT patients. References
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