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Diabetes mellitus is an endocrine disease that profoundly affects the immune system. Inadequate 
regulation of blood sugar leads to immune defects and results in more frequent infections. Tetanus is 
an infectious disease that occurs more frequently in developing countries. Antitoxin levels against 
tetanus are reduced to inadequate levels 10 years after the last vaccination. The aim of the present 
study was to investigate the response to tetanus vaccination at 0, 1 and 12 months in 45 patients with 
type 2 diabetes mellitus and in 37 healthy volunteers who were not immune against tetanus. Immune 
response to tetanus vaccination was compared between the two groups at the fourth week after each 
vaccination. The p values were 0.207, 0.036 and 0.437 when antibody levels between groups were 
compared after the first, second and third vaccinations, respectively. A statistically significant 
difference was found between patients with disease duration of < 5 years versus > 11 years only after 
the second vaccination (p=0.02). The response of diabetic patients was similar to that of the healthy 
population probably because of the strong antigenic structure of the tetanus toxoid vaccine.  
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INTRODUCTION 
  
Although tetanus is an infectious disease that is pre-
ventable by vaccination, deaths due to tetanus are still re-
ported throughout the world, notably in developing coun-
tries. The high fatality rate and unfavorable course of the 
disease clearly reveal the importance of vaccination 
against tetanus (McQuillan  et al., 2002, Cook  et al., 
2001, Ergönül  et al., 2001). 

Diabetes mellitus is an endocrine disease that pro-
foundly influences the immune system. Hyperglycemia 
largely influences neutrophil and macrophage functions. 
Impairment in functions such as chemotaxis, phago-
cytosis, and adherence and killing of microorganisms 
within the cell occurs during this endocrine disease. In 
diabetic patients  in  whom  their  blood sugar level is well 
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controlled, continuous disturbance is not generally ob-
served in host resistance against infections; however, in 
those in whom blood sugar levels are not controlled, im-
pairment in chemotaxis, phagocytosis and microbicidal 
functions has been demonstrated (Molenaar et al., 1976). 
Excessively high blood sugar levels, acidosis, ketosis and 
hyperlipidemia are presumed to be the responsible fac-
tors for disturbances in lymphocyte functions, which are 
suppressed in patients with an irregular course of illness 
(Jirkovska et al., 2002, Eibl et al., 2002). In type 1 dia-
betes mellitus, alterations have been found in some lym-
phocyte subgroups: decrease in the total number of T 
lymphocytes and specific CD4 phenotype that results in a 
fall in the ratio of CD4/CD8.  

Specific antibody response after immunization was 
found within normal values in patients with diabetes mel-
litus (Beam et al., 1980).However, patients with long- 
duration type 1 diabetes mellitus were reported to res-
pond poorly to hepatitis B vaccination. This  deficient res- 
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Table 1. Clinical characteristics of diabetic and control groups 
 
Diabetic Group      Number 
    Mean age 57 
    Sex (Female/Male) 29 / 16 
    Total 45 
Treatment of diabetes mellitus  
    Oral antidiabetics 32 
    Insulin 13 
    Mean duration of disease (year) 10.4 ±  4.7 
Control Group   
    Mean age 54 
    Sex (Female/Male) 21 / 16 
    Total 37 
 
 
 
 

Table 2. Age distribution of the groups 
 

 
 
 
ponse was thought to be related to inadequate re-
cognition of the antigens by the macrophages (Eibl  et al., 
2002). Functional failure in other cells that serve in 
specific immune response, like B lymphocytes, has also 
been reported to occur. Decrease in blood IgM levels was 
reported in type 1 and type 2 diabetes mellitus patients 
(Alexiewicz et al., 1997). All of the above factors, acting 
separately or together, can result in a more severe co-
urse of infections and poorer response to vaccination in 
patients with diabetes mellitus than in healthy individuals. 
The aim of this study was to investigate the response of 
diabetic patients to tetanus vaccination in comparison 
with that observed in healthy people non-immune against 
the disease.  
 
 
MATERIALS AND METHODS 
  
Thirty-seven healthy adults and 45 patients with type 2 diabetes 
mellitus referring to the Infectious Diseases and Clinical Micro-
biology and Internal Medicine Departments of Kırıkkale University 
were included in the study. The tetanus antitoxin levels of all par-
ticipants were below 0.1 IU/ml.  

Type 2 diabetes mellitus (formerly called NIDDM, type 2 or adult-
onset) has feature of insulin resistance in peripheral tissue and an 
insulin secretory defect of the beta cell. The diagnosis of diabetes 
mellitus in this study are described following criteria; 

1. plasma glucose concentration that above 200 mg/d (11.1 
mmol/l) at any time of day without regard to time since last meal. 
The classic symptoms of diabetes include polyuria, polydipsia, and 
unexplained weight loss. 

2. or fasting plasma glucose  ( no caloric intake or at least 8h ) 
that above 126 mg/dl (7.0 mmol/l).  

 
 
 

 
3. 2-h post load blood glucose 200 mg/dl (11.1 mmol/l) during an 

Oral Glucose Tolerance Test (OGTT) is another analysing method 
for diagnosis. The proprieties is by using a glucose load containing 
the equivalent of 75g anhydrous glucose dissolved in water 
(American Diabetes Association, 2005).  

Patients with chronic or autoimmune diseases were excluded 
from the study. Each patient completed a standard questionnaire in-
cluding information about age, sex, telephone contact information, 
duration of disease, and treatment modality. Participants were vac-
cinated at 0, 1, and 12 months and venous blood samples were 
taken at the fourth week after each vaccination. Serums were kept 
at –70 0C until analysis. Tetanus antitoxin levels were detected 
using a commercial ELISA kit (Genzyme Virotech GMBH, Ger-
many). Interpretation of results: Antitoxin level <0.1 IU/ml: no pro-
tection, primary vaccine should be administered. Antitoxin level 0.1-
0.5 IU/ml: partial immunity is present; re-vaccination should be ad-
ministered. Antitoxin level 0.6-1.0 IU/ml: adequate immunity is pre-
sent; re-vaccination should be administered within 2 years. Anti-
toxin level 1.1-5.0 IU/ml: long-term immunity is present; re-
vaccination should be administered within 5-10 years. Antitoxin 
level >5.0 IU/ml: re-vaccination should be administered after 10 
years (CDC, 1998). Patients were stratified into three groups ac-
cording to the duration of diabetes mellitus as  < 5 years, 6-10 
years and >11 years. The vaccine material used in study was Sii 
Tetanus Toxoid (Adsorbed) as  (Serum Institute Of India Ltd).  This 
vaccine fulfils the I.P. requirements for Tetanus Toxoid (Adsorbed). 

Statistical analysis was carried out using SPSS 10.0 program. 
Mann-Whitney U, X2, Pearson correlation analysis, paired sample t 
test and Wilcoxon signed rank tests were used in the analysis of the 
data. A p value of <0.05 was considered to indicate statistical signi-
ficance. 
 
 
RESULTS  
 
In total, 82 patients were included in the study (50 fe-
male, 32 male). The 45 patients diagnosed with type 2 
diabetes mellitus (29 females, 16 males) ranged in age 
between 40-70 years (median 57 years). The duration of 
disease varied between 5-24 years (mean 10.4 years). 
Oral anti-diabetics were used in 32 patients (71.1%) and 
insulin was applied in 13 patients (28.9%) (Table 1). The 
control group (21 female, 16 male) ranged in age be-
tween 40-76 years (median 54 years) (Table 2). No stat-
istically significant difference was found between the two 
groups in terms of age distribution (p=0.101).  

Vaccination against tetanus was performed with three 
doses at 0, 1 and 12 months in both groups. Tetanus 
antitoxin levels were investigated in serum samples 
drawn at the fourth week after each vaccination. No stat-
istically significant difference was found between antitoxin 
levels of the two groups after the first and third vac-
cinations (p values 0.218 and 0.542, respectively). How-
ever, there was a statistically significant difference be-
tween the groups after the second vaccination (p=0.006). 
The difference in antitoxin levels between sexes was 
investigated in control and diabetic groups and a signi-
ficant difference was found in titrations after the second 
vaccination only in the control group (Table 3). After the 
third vaccination, no statistically significant difference was 
found between genders. 

In the patient group,serum  antitoxin  levels were comp- 

Age groups      Diabetics (%)         Controls (%) 
40-49 years 7 (15.6) 8  (21.6) 
50-59 years 22 (48.9) 22 (59.5) 
60-69 years 14  (31.1) 6 (16.2) 
70-79 years 2 (4.4) 1 ( 2.7) 
Total 45 (100) 37 (100) 



 
 
 
 

Table 3. Antitoxin levels (IU/ml) after vaccination between groups 
after each vaccination 
  
Control group Median Min-max p 
First dose 0,31 0,06-5,50 NS* 
Second dose 1,23 0,12-6,12 0,006§ 
Last dose 2,36 0,38-6,95 NS# 
Diabetic group    
First dose 0,17 0,06-4,84  
Second dose 0,42 0,07-5,46  
Last dose 2,28 0,15-7,36  
 

Mann Whitney- U test was used for pair wise comparisons. 
Comparisons: * First dose of control group vs first dose of diabetic 
group.§ Second dose of control group vs second dose of diabetic group. 
# Last dose of control group vs last dose of diabetic group 
 
 
 
ared between individuals according to disease duration of  
< 5 years or > 11 years, and a statistically significant 
difference was found only after the second dose; no cor-
relation between disease duration and titration values 
was determined after the first and third doses.  
 
 
DISCUSSION  
 
Although tetanus is an infectious disease that is pre-
ventable with immunization, approximately one million 
deaths from the disease are reported throughout the wo-
rld annually. In elderly individuals with inadequate motor 
functions, adults with disease influencing humoral im-
munity and people who work with soil or in non-sanitary 
environments, heightened susceptibility to tetanus was 
demonstrated (Hsu and Groleau, 2001, Omoigberale and 
Abiodun, 2005, Bethell et al., 2004, Kanchanapongkul, 
2001, Coplu et al., 2004).  
Diabetic patients are at higher risk for infections, which 
can be attributed to functional impairment in B lym-
phocytes and remaining leukocytes and other dis-
turbances in the immune system. In addition, soft tissue 
complications that predispose to infections, like neuro-
pathy, vascular complications, trauma and injection, are 
reported frequently during the disease course. Tetanus 
secondary to diabetic foot infection was described in a 
patient without tetanus prophylaxis (Geerlings and Hoe-
pelman, 1999, Panning and Bayat, 1999). Clostridium 
tetani has also been reported as the isolated organism 
from diabetic wounds (Hsu and Groleau, 2001). 
Therefore, immunization against tetanus is of particular 
importance in diabetic patients. Furthermore, type 2 dia-
betes mellitus appears after middle age and adult vac-
cination programs in advanced ages are neglected in 
developing countries (Ozturk  et al., 2003, Stark  et al., 
1999). Disease prognosis is also worse in cases dev-
eloping after the age of 40 years  (Geerlings and Hoepel 
man, 1999, Greco  et al., 2001). In patients with chro-nic, 
long-duration  skin ulcers,  the  frequency of progression 

Ozluk et al. 103 
 
 
 
to tetanus increases, again highlighting the increased 
importance of immunization against tetanus in this patient 
group (Greco  et al., 2001). It has also been established 
that advanced age leads to weakness in T cell activity 
and decrease in interleukin 1 and 2 levels. These dis-
turbances affect response to antigens, result in im-
pairment in the ability to generate antibody response and 
decrease antibody concentration after antigenic sti-
mulation (Alagappan et al., 1997).  

In the present study, no significant difference was 
found between the healthy control and patient groups 
with respect to the immune response against tetanus 
vaccination. Brydak and others reported good response 
against influenza vaccine in 70% of patients with type 1 
diabetes mellitus. Investigators determined a statistically 
insignificant difference in response between the healthy 
group and type 2 diabetes mellitus patients in the re-
search (Brydak and Machala, 2000). For benefit provings 
about human, vaccination has positive effect on health. 
This process is especially fundemental praxis in certain 
patients grups like diabetes mellitus (Spier, 2004).   

On the other hand, inflammatory responses to microbial 
invasion may be diminished in these persons. Specific 
defects in innate and adaptive immune function have 
been identified in diabetic patients (Peleg et al., 2007). 
Chemokines, inflammatory system and immune cells dia-
beteic patients are examined at different times, especially 
in diabetic foot infections (Schiel et al., 2005). Hyper-
glycemia induced oxidative stress and negatory impact at 
cellular functions like bacterial balance, sustained pro-
teases, cytokine release, leukocyte function are also ex-
plained (Gary and Woo, 2008). Infection-related com-
plications are affected by the age, peripheral vascular 
disease, low transcutaneous oxygen, smoking, and poor 
glycemic control. Vaccine efficacy seems adequate in 
most diabetic patients, but those with type 1 diabetes and 
high glycosylated haemoglobin levels are most likely to 
exhibit hypo-responsiveness to vaccines and infections 
(Peleg et al., 2007). 
In our previous study and other research performed by 
Tamer and co-workers, it was found that tetanus antibody 
titers were lower in diabetic patients than in age-matched 
healthy controls. Tamer and co-workers demonstrated 
that tetanus antibody levels started to decrease at earlier 
ages in diabetic patients (Tamer et al., 2005). It is thought 
that this difference may be a result of the impairment of B 
lymphocytes or of another component of the immune sys-
tem, separately or acting together. It has also been em-
phasized that this detriment is more pronounced in ad-
vanced ages (Dodet, 2000, Murr et al., 2003). In lite-
rature, it enunciated that duration of disease probably cul-
minate regression of the immunologycal system (Gardner 
and Frantz, 2008, Alba-Loureiro et al., 2007). Never-
theless, further inquiries is required for determining of du 
ration the diabetes at antibody and other immunological 
response. 

In the study of Eibl  and  co-workers, diabetic  patients 
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(20 type 1 and 20 type 2 diabetes mellitus) were vac-
cinated with hepatitis A, diphtheria and pneumococcus 
vaccines. In the type 1 diabetic group, response to hep-
atitis A and diphtheria was found to be decreased, where-
as in the type 2 diabetic group, responses were normal 
after all vaccines. The response of both groups to pneu-
mococcus vaccination was reported to be within normal 
ranges as in healthy individuals (Eibl  et al., 2002).  

El-Madhun and co-workers investigated the response 
of type 1 diabetic patients to influenza vaccine and com-
pared the antibody level with that in normal individuals. 
They found no difference between healthy and diabetic 
groups in terms of humoral immune response (El-
Madhun et al., 1998).  Arslano�lu and co-workers 
established that the anti-HBs titer of children with type 1 
diabetes mellitus was the same as the response of heal-
thy children after vaccination with hepatitis B vaccine 
(Arslano�lu et al., 2002). Nevertheless, there are also pu-
blications reporting that the response to vaccine is 
weaker in diabetic patients. In the study of Muszkat 
others, the response of elderly individuals, resident in the 
community and in nursing homes, was investigated and a 
weaker response was determined in persons with type 2 
diabetes mellitus (Muszkat et al., 2003).  

While in one study no difference was found in the 
response to phytohemagglutinin (PHA) and Candida 
antigens by peripheral blood lymphocytes between dia-
betic patients whose blood sugar level was well regulated 
and healthy people (Ragab et al., 1972), in another study, 
impaired response to PHA in patients in whom blood 
sugar level was not under control was demonstrated 
(Plouffe et al., 1978). Casey and co-workers reported that 
in non-insulin dependent diabetic patients, peripheral bl-
ood lymphocytes responded inadequately to tetanus 
toxoid. They suggested the impairment may be caused 
by failure of the antigen preparation through macro-
phages in addition to the defect in cell-mediated immunity 
(39).  

Tetanus toxoid is a vigorous and effective antigen and 
high level response by the mediation of antitoxin titer can 
be obtained after two doses of vaccination (Casey and 
Sturm, 1982). The weakening in immunity is related to 
the antibody titer and the number of doses of the vac-
cination. For prolonged and adequate immunity, three 
vaccination doses should be applied. In our study, in-
vestigation of groups revealed satisfactory response to 
the vaccination, and protective serum antibody levels 
were achieved in both groups.  

 
 
Conclusion 
 
In conclusion, although there are equivocal reports in the 
literature regarding the response to vaccine in diabetic 
patients, especially in patients with type 2 diabetes mel-
litus, in this study, a comparable response to the tetanus 
vaccine  was  observed  between  the  diabetics  and  the 

 
 
 
 

healthy population. This response may be due to the str-
ong antigenic structure of the tetanus toxoid vaccine. 
However, further studies are required in order to evaluate 
the immunologic alterations and immune response to va-
rious antigens in type 2 diabetic patients.  
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