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Original article

Immunity to tetanus in major
beta thalassemia patients

Purpose: Patients with beta thalassemia major are at increased risk for bacterial infections
specially splenectomized patients. The aim of this study was to determine the anti-tetanus anti-
body concentration among patients with beta thalassemia major.

Materials and Methods: The anti-tetanus antibody concentration was investigated in 224 pa-
tients with thalassemia major and 224 healthy subjects matched for age and gender. Tetanus
antibody and ferritin serum level were determined by enzyme-linked immunosorbent assay
method using commercial kits. Subjects who had antibody level > 0.1 [lU/mL was defined as
complete protection, 0.01 to < 0.1 IU/mL as partial protection and < 0.01 IU/mL as no protection.
For the analysis, we used SPSS version 11.5 software. A two-sided p-value less 0.05 was consid-
ered statistically significant.

Results: In patients with beta thalassemia major, antibody level against tetanus was inversely
dependent about 29.3% to serum ferritin level. Thus, when serum ferritin increased 1 ng/mL,
serum antibody against tetanus decreased 0.002 IU/mL. Mean anti-tetanus (IgG) antibody titers
was lower in thalassemia patients compared to healthy subjects (1.53 + 1.71 vs. 202 + 2.05, p =
0.007) that was no significantly associated to age and gender in both study groups. All of partici-
pants had serum antibody level 0.01 IU/mL or greater. The complete protective level of anti-tet-
anus antibody was lower in thalassemia subjects in compare to healthy persons (71% vs. 87.9%,
p < 0.001).

Conclusion: Patients with thalassemia had lower anti-tetanus antibody level than healthy sub-
jects. Thus the vaccine recommendation seems essential for patients with beta thalassemia
major.
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Tetanus infection is a serious but a preventable disease that caused by Clostridium tet-
ani. This microorganism enters the human body through a wound. This agent produc-
es toxin in wound that spreads via blood and lymph and affects the neuromuscular
system of the body. The incidence of tetanus infection is about one million per year in
the world [1]. Some subjects with sarcoma [2], immune deficiency disorders [1], HTLV1
infected [3], hemodialysis patients [4,5] had no protective antibody level against teta-
nus or don’t respond sufficiently to tetanus vaccination. In a study conducted by Kru-
ger et al. [6] suggested that 63% of the unprotected hemodialysis patients against teta-
nus did not respond to a single tetanus vaccination. But Ercan et al. [7] in children treat-
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ed for acute lymphoblastic leukemia and Zengin and Sarper
[8] in patients with acute lymphoblastic leukemia showed
that antibody responses to tetanus vaccination was sufficient.

In Iran, 91% of hemodialysis patients and 83% of peritone-
al dialysis children had no protective anti-tetanus antibody
and the mean anti-tetanus antibody was low in two groups
than control healthy children [9]. Also, Alavi et al. [10] indicate
that chemotherapy for hematologic malignancies has no ef-
fects on vaccine-induced antibody protection against tetanus.

Thalassemia is one of the most common genetic diseases
in the world and it is a major health problem [11]. Beta thal-
assemia major is one of the most common types of thalasse-
mia. Beta thalassemia is very common and an important heal-
th problem in Iran [12]. The patients with beta thalassemia
major (Cooley anemia) are at increased risk for infections
that it has important role for morbidity and mortality [13,14].
Several factors which are expected to be involved are anemia,
splenectomy, iron overload and alterations in immune re-
sponses [15-17]. Thalassemia subjects may have impaired
immune response to vaccination by reason of iron overload-
ing [17]. In a study through in Iran, from 99 subjects with thal-
assemia major who were vaccinated with three doses against
hepatitis B virus, 10.1% were non-responders [11]. Also, Li Volti
et al. [18] showed that a high percentage of thalassemia pa-
tients who candidate for bone marrow transplantation had
anti-tetanus antibody levels below the protective levels. Also
after revaccination, the majority of patients achieved to suffi-
cient protective levels of anti-tetanus antibody.

According to reduced response to immunization in thalas-
semia subjects [19], increased immunity to tetanus after im-
munization and necessitate of assessment of immunity to
tetanus in beta thalassemia subjects, the aim of study was to
compare anti-tetanus antibody levels in beta thalassemia pa-
tients with healthy subjects.

This case-control study conducted in academic hospital of
Jahrom University of Medical Science in Jahrom, southwest
of Iran. Two hundred and twenty four children with beta thal-
assemia major (114, 50.9% female), aged 1-9 years, were en-
rolled as case group and 224 healthy subjects who matched
for age, gender and previous tetanus dose reception were en-
rolled as control group.

Patients and controls had been previously vaccinated accord-
ing to the Iranian National Vaccination schedule. The current
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program includes active universal immunization against tet-
anus at 2-, 4-, 6-, 18-month-old and 6-year-old, 0.5 mL intra-
muscular then repeated every 10 years [20].

The study was approved by the local ethical committee and
all participants were asked to complete an informed consent.
Demographic data such as age, sex, and tetanus dose recep-
tion and time after last tetanus vaccination were recorded by
a questionnaire. No participants had primary immune defi-
ciency or acquired immune deficiency syndrome.

Serum tetanus antibody (IgG) and serum ferritin level were
determined in the same serum samples obtained from test
and control groups. Serum level of tetanus IgG and also and
serum ferritin level were determined by enzyme-linked im-
munosorbent assay method using commercial kits manufac-
tured by IBL company, catalog No. RE56901 and catalog No.
DB59111 (IBL Company, Hamburg, Germany), respectively.

The results were articulated as I[U/mL. An IgG antibody
level of 0.1 IU/mL or greater was considered as complete pro-
tection, between 0.01 to less than 0.1 as partial protection and
less than 0.01 as no protection [21].

Data are presented as mean+standard deviation. We cal-
culated the ratio of immunoglobulin concentration or titers.
We used the independent student t-test, One-way ANOVA
and chi square test to compare the means and ratios in the
two groups (beta thalassemia persons and healthy subjects)
or three groups (beta thalassemia persons with or without
spleen and healthy subjects). Also, the dependency of anti-
body titers of patients and controls to serum ferritin were an-
alyzed by linear regression test. For the analysis we used SPSS
software version 11.5 (SPSS Inc., Chicago, IL, USA). A two sid-
ed p-value less 0.05 was considered statistically significant.

Mean age of the participants were 7.12 (+1.71) years and 7.04
(+1.64) years in patients and healthy controls, respectively.
One hundred and fourteen subjects of case and control groups
(50.9%) were females. One hundred and fifteen (51.4%) of
beta thalassemia subjects were non-splenectomized (Table
1). Although, healthy subjects insignificantly was younger
than thalassemia patients, but in thalassemia subjects, sple-
nectomized patients were significantly younger than non-sple-
nectomized subjects (p=0.020).

Mean anti-tetanus (IgG) antibody titers was lower in thal-
assemia patients compared to healthy subjects (1.53+1.71 vs.
2.02+2.05, p=0.007). In thalassemia subjects, splenectomized
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Table 1. Demographic variables and serum anti-tetanus IgG and ferritin level of case and control groups

Beta thalassemia major (cases) (n = 224)

. Controls
Variable (n = 224) Non-splenectomized Splenectomized p-value
(n=115) (n=109)
Sex (female) 114 (50.9) 65 (56.5) 49(45.0) 0.224
Anti-tetanus IgG group (IlU/mL)  Partial protection (0.01 to <0.1) 27(12.1) 36(31.3) 29(26.6) <0.001
Complete protection (= 0.1) 197 (87.9) 79(687) 80(73.4)
Age (yr) 7.04+1.64 137171 6.85+1.69 0.060
Anti-tetanus IgG (lU/mL) 2.02+2.05 1414171 1.66+1.70 0.015
Serum ferritin (ng/mL) 64.47 +65.41 981.37+592.99 832.11+568.04 <0.001

Values are presented as number (%) or mean+ standard deviation.

Table 2. Anti-tetanus IgG levels in case and control groups by gender

Beta thalassemia major (cases)

Control
Variable Non-splenectomized Splenectomized
Female Male Female Male Female Male

Mean+SD 2.27+2.30 1.75+1.72 1.48+1.75 1.31£1.67 174173 1.58+1.68
p-value 0.056 0614 0.639
Anti-tetanus IgG Partial protection (0.01to <0.1) 8(7.0) 19(17.3) 21(323) 15(30.0) 15(30.6) 14(23.3)

groups (IU/mL) Complete protection (> 0.1) 106 (93.0) 91(82.7) 4467.7) 35(70.0) 34(69.4) 46(76.7)
p-value 0.018 0.791 0.392
Values are presented as mean + standard deviation or number (%).
Table 3. Relation of anti-tetanus IgG titers to serum ferritin levels in study groups

B Coefficients
Variable r r? Adjusted r? = p-value
Constant Ferritin

Controls 0.096 0.009 0.005 2.213 -0.003 0.152
Beta thalassemia Non-splenectomized 0.563 0317 0.311 3.009 —0.002 <0.001

major (cases) Splenectomized 0516 0.266 0.259 299 —0.002 <0.001

patients had higher anti-tetanus level than non-splenecto-
mized patients, without significant difference (Table 1). But
the mean of antibody levels was significantly lower in non-
splenectomized thalassemia patients than healthy subjects
(p=0.005).

Antibody level of <0.01 IU/mL wasn’t reported in any case
and control subjects. The complete protective level of anti-
tetanus antibody was lower in thalassemia subjects in com-
pare to healthy persons (71% vs. 87.9%, p<0.001). Although
splenectomized patients had higher complete protective lev-
el of anti-tetanus antibody than non-splenectomized patients,
but it was no statistically significant (p<0.439).

The patients with thalassemia major had very higher mean
serum ferritin than healthy subjects (908.74+584.48 ng/mL
vs. 64.47+65.41, p<0.001) (Table 1).

Table 2 showed anti-tetanus antibody in study groups by
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gender. Mean anti-tetanus antibody titers in control and case
groups were no significant difference between female and
male. In healthy subjects, 93% of females had complete pro-
tection level against tetanus that were higher than in male
(82.7%, p=0.018). But the percent of complete protection were
no significant between genders and splenectomized and non-
splenectomized patients.

With linear regression analysis (Table 3), 31.1% and 25.9%
of anti-tetanus antibody (IgG) was dependent to serum ferri-
tin level in non-splenectomized and splenectomized patients,
respectively (p<0.001). In healthy subjects only 0.5% of anti-
tetanus antibody was dependent to serum ferritin, but with-
out statistical significant. In all participants, 11.2% of anti-tet-
anus antibody was dependent to serum ferritin levels (p<0.001),
but that was 29.3% of thalassemia patients (p<0.001). Totally

with entered of variables such as gender and serum ferritin in
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linear regression, this model predicted 12.1% of anti-tetanus
antibody changes and that was predicted 29.9% in thalassemia
patients (p<0.001).

Infectious complications are one of the most common cause
of mortality and a main cause of morbidity in beta thalassemia.
Although survival beta thalassemia major has enhanced, but
treatment modalities and the underlying disease may result
in impair immune system. Recent studies on immune com-
petence in beta thalassemia have discovered numerous quan-
titative and functional defects such as involving T and B lym-
phocytes, immunoglobulin production, chemotaxis, and pha-
gocytosis, as well as the complement system. Also, iron over-
load is thought to be the main precipitating mechanism, due
to the important immune-regulatory properties of iron and
its binding proteins; iron excess may disturb the immune bal-
ance supporting the growth of infectious organisms [17].

In the present study, levels of protective anti-tetanus anti-
body were 100% in patients and controls. Also, 29% of the thal-
assemia patients were partial protective level of IgG against
tetanus and they may susceptible to tetanus. Adversely, in one
study conducted in beta thalassemia patients (aged 5-17 years)
that submitted for bone marrow transplantation, a high per-
centage of subjects had anti-tetanus antibody levels below
the protective levels [18]. But in study in Iran, there were no
significant changes in humeral immune markers in the pa-
tients with beta thalassemia major compared to the controls,
except in the case of IgA which was higher in the beta thalas-
semia patients [22].

In another diseases, Aminzadeh et al. [23] found a non
protective level of IgG against tetanus in most of the hemodi-
alysis patients. Complete protection anti-tetanus antibody
found in our study is more than that Aminzade et al. (4.5%)
[23], Modarresi et al. [9] and Kruger et al. (44%) [6] in hemo-
dialysis patients; and Kwon et al. [5] in hematology and on-
cology patients, but less than that Zengin and Sarper (83.3%-
100%) [8] in patients groups with acute lymphoblastic leuke-
mia.

In our study, there was no difference in tetanus antibody
level between female and male subjects in both thalassemia
and control groups, similar to the survey conducted by Kwon
et al. in Korea [5], Modarresi et al. in Iran [9], Chatchatee et al.
in Thai population [24], and Paulides et al. [2].

In our study, anti-tetanus antibody insignificantly was high-
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er in asplenic than non-splenectomized patients. Also, Rosa-
do et al. [25] found that anti-tetanus specific IgG secreting B
cells were in normal range in asplenic children. The mean
concentrations of serum IgG and IgA were similar in splenec-
tomized and non-splenectomized thalassemia children as
compared to healthy controls [26].

In present study, the serum anti-tetanus antibody titers was
dependent to serum ferritin that with each unit increment in
serum ferritin; the serum antibody decreased 0.002 ng/mL.
Thalassemic subjects may have impaired immune response
to vaccination by reason of iron overloading [17]. Ghaffari et
al. [22] indicated that patients with serum ferritin level >3,000
ng/mL had lower C4 and CH50 levels.

In conclusion, patients with beta thalassemia major had
lower anti-tetanus antibody level healthy subjects. Thus mon-
itoring immunization status and recommendations for vac-
cine are essential for increased serum anti-tetanus antibody
concentration.
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