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Turkey red blood cell passive haemagglutination assay
as guideline for specific prevention of tetanus in
injured persons

F. BISTONI,' P. MARCONI,2 S. PERITO,3 L. BASTIANINI,3 R. ANTENUCCI,
& M. PITZURRA,5

Turkey red blood cell passive haemagglutincJon assays (TRBC-HA) were carried out
on serum samples from 873 injured patients in order to compare individual prophylactic
treatment against tetanus based on the anti-tetanus antibody levels with interventions based
on anamnestic criteria. The results showed a great difference: according to the anamnesis
124 persons (14.2%) were protected, 253 (29%o) were partially protected, and 496 (56.8%o)
were unprotected; according to the TRBC-HA assay, 479 (54.9%o) were protected, 279
(32%o) partially protected, and 115 (13.2%o) unprotected.

The efficiency of the prophylactic treatments given on the basis of the two criteria was
also compared in a study of 129 injured patients who were divided in two groups: group 1
(50 patients) received 250 IU ofhuman tetanus immunoglobulin (HTI) regardless of their
tetanus immunity, and group II (79 patients) received appropriate or no treatment
depending on the level of anti-tetanus antibodies determined by TRBC-HA assay. The
results showed thatprophylactic interventions based on the anti-tetanus antibody levels can
give protection in 100% of injured patients at minimum cost and risk.

The prevention of tetanus is based on active immu-
nization (1-4) but, despite the availability of an
effective vaccine, many problems still remain to be
solved. For example, while periodic boosters must be
given to maintain a protective level of anti-tetanus
antibodies (5-7),a the majority of injured persons do
not remember when they were last immunized
(8-10), if ever. In countries where active
immunization does not cover the entire population,
the use of antitoxin has been increasing (11, 12),
including the use of heterologous antitoxin with a
greater risk of anaphylactic reactions (13-16).
Because of the high cost of homologous human
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tetanus immunoglobulins, their use is necessarily
limited (17).

Practical measures for the prevention of tetanus
should be based on active immunization and must
take into ccount the degree of immunity in the
injured person. This immunity is usually evaluated on
the basis of the patient's history (anamnesis), and a
number of guidelines have been suggested (10, 18,
19). However, the most rational approach for any
prophylactic intervention should be the evaluation of
the anti-tetanus antibody level in the injured patient
when the character of the wound and the circum-
stances of the accident suggest a high risk of tetanus
infection (8, 20, 21). At present, the passive haemag-
glutination assay (HA) is the method most commonly
available for evaluating tetanus antibody levels
(22-24).
A modification of the HA technique of Mai &

Rosin (26) was developed recently using turkey red
blood cells (TRBC) instead of sheep red blood cells
(SRBC) (24). This modified assay offers the
advantages of being more sensitive, does not require
adsorption of antisera, and it can be performed in
only 40 minutes (compared to 6 hours for SRBC-
HA). More importantly, HA titres greater than 0.5
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Table 1. Suggested scheme for tetanus prophylaxis based on antitoxin level determinations by TRBC-HA assay or on
anamnestic data

Immunity status
Degree of

Suggested treatment
protection

Category Based on Specification

A Anamnestic Has had a complete course of Adequately Nothing more required
data toxoid or a booster dose immune

within the past 5 years.

B Anamnestic Has had a complete course of Not adequately Toxoid 1 dose
data toxoid or a booster dose immune

between 5 and 10 years ago.

C Anamnestic Has had a complete course of Inadequate Toxoid 1 dose plus
data toxoid or a booster dose immune status human tetanus

more than 10 years ago. immunoglobulin

D Anamnestic Has not had a complete Very likely not Toxoid complete course
data course of toxoid or actively immune plus human tetanus

immunity status is unknown immunoglobulin

1 HA titre ;0.05 HU/ml Protected Nothing more required
(>0.01 IU/mi)

2 HA titre 0.125-0.5 HU/ml Partially Toxoid 1 dose
protected

3 HA titre < 0.1 25 HU/ml Unprotected Toxoid complete course
plus human tetanus
immunoglobulin

HU/ml were found always to correspond to titres of
>0.01 IU/ml in the neutralization test (NT). The
value of 0.5 HU/ml was therefore chosen as the
discriminating HA titre between protected and
unprotected individuals. Using this criterion, we
tested the sera from injured persons so that
prophylactic treatment could be offered on a rational
basis. This article describes the results we obtained.

MATERIALS AND METHODS

Passive haemagglutination assay

The passive haemagglutination test, which was
described by Mai & Rosin (26) and modified by
Marconi et al. (25), was carried out using turkey red
blood cells (24) and microhaemagglutination platesb
with 50 A1 of diluted serum. The covered plates were
incubated for 40 min at room temperature before
recording the results.
The international standard for tetanus antitoxin

(Statens Seruminstitut, Copenhagen, Denmark) was
b Cooke Microtiter, Cooke Engineering Co., Alexandria, VA,

USA.

used as the reference serum, against which the
unknown sera were measured. The antitoxin content
was expressed in haemagglutination units (HU); 1
HU corresponds to 1 IU of the reference serum in the
haemagglutination assay.

Toxin neutralization in mice

Titration of tetanus antitoxin was carried out
according to Ipsen's method (27), as reported pre-
viously (24).

Criteria for evaluation of the immune status against
tetanus: TRBC-HA assay and anamnesis

It is generally accepted that protective levels of
tetanus antitoxin are shown by NT titres of >0.01
IU/ml (28-39). In 1975 Bytchenko (8) defined the
immune status of injured persons against tetanus,
according to HA assays using sheep RBC, as follows:
unprotected (titre, < 0.1 HU/ml); partially protected
(titre, 0.1-1 HU/ml); protected (titre, > 1 HU/ml).

In a previous study (24) using TRBC-HA assays we
demonstrated that HA titres of 0.5 HU/ml corre-
sponded in 1000o of tested sera to NT titres of > 0.01
IU/ml. Combining Bytchenko's schedule and our
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results we can define the immune status of persons,
based on TRBC-HA assays, in three categories as
follows: protected (titre, > 0.5 HU/ml); partially
protected (titre, 0.125-0.5 HU/ml; unprotected
(titre, < 0.125 HU/ml) (Table 1).
The recommendations of Smith et al. (10) for

tetanus prevention based upon anamnesis, however,
grouped the patients in four categories: A - those
who had a complete course of toxoid or a booster dose
within the past 5 years; B- those who had a complete
course of toxoid or a booster dose more than 5 and
less than 10 years ago; C - those who had a complete
course of toxoid or a booster dose more than 10 years
ago; and D - those who had not completed a course
of toxoid or whose immunity status was unknown
(Table 1).

Population studied

(1) Sera from 873 patients of various ages who
came to the emergency room of Perugia General
Hospital with injuries were tested by TRBC-HA to

DH;E1UPROFECTIOI(N)S TESTED BY TRIC-HA ASSAY
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Fig. 1. Distribution of HA antibody titres of sera from
873 injured patients in four immunity categories (A-D)
as determined by anamnestic data. On the top are given
the percentages of protected, partially protected and
unprotected injured patients within each anamnestic
category.

determine their degree of immunity in terms of
tetanus antibody levels. These patients were divided
in four categories (categories A-D of Table 1)
according to anamnesis. Patients with tetanus-prone
wounds in each category were then placed in sub-
categories Al-D1 (see Table 3) on the basis of the
character and degree of contamination of the wound
and the circumstances causing the injury (20). Indivi-
dual protection in terms of the tetanus antibody level
was compared with the assessment of immunity from
anamnestic data. The patients with tetanus-prone
wounds (categories Al-DI) were further distributed
according to age group.

(2)A total of 150 serum samples were obtained
from 50 male and female injured patients of various
ages (from the Orthopaedic Clinic of Perugia General
Hospital). These patients were treated prophylac-
tically with 250 IU of human tetanus immunoglobulin
(HTI)c by the intramuscular route on day 0, an hour
after the first serum sampling. The antibody titres in
these sera and in those drawn on days 7 and 30 after
the HTI injection were determined by TRBC-HA and
the neutralization test.

(3)A total of 237 serum samples were obtained
from 79 male and female injured patients of various
ages (from the Orthopaedic Clinic of Perugia General
Hospital). Antibody titres were determined by
TRBC-HA on day 0 (1 hour after admission) and
proper prophylactic treatment was given to these
patients in three subgroups according to the degree of
protection indicated by the TRBC-HA assay. On days
7 and 30 after this treatment, serum samples were
taken from these patients to check the efficacy of this
prophylaxis by further TRBC-HA assays.

RESULTS

The level of tetanus antitoxin generally accepted as
being protective is a NT value of 0.01 IU/ml (28-39).
Our results (Fig. 1 and Table 2) show important dif-
ferences in the degree of protection as judged by
anamnestic or by antibody level evaluation criteria.
Thus, while all 124 patients in category A were con-
sidered to be protected and did not require any treat-
ment according to anamnesis, the evaluation of anti-
tetanus antibody by TRBC-HA showed that 71.70/o
were protected, 27.4% were partially protected, and
one person was unprotected. All the patients in
category B were found to require a booster dose on
the basis of anamnesis, but the evaluation of antitoxin
levels showed that 66.1% were in fact protected,
29.2% were partially protected, and only 4.7Gb were
unprotected. In category C similar discrepancies were

' Immuno AG, Vienna, Austria.
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Table 2. Comparison of the degree of protection against tetanus in 873 injured persons as judged by anamnestic
criteria and by TRBC-HA antibody levels

Immune category according Immune category according to TRBC-HA assayb
to anamnesis

No. of partially
Category' No. of persons No. of protected protected No. of unprotected

A 124 (14.2)c 89 (71.7)d 34 (27.4)d 1 (0.9)d

B 130 (14.9) 86 (66.1) 38 (29.2) 6 (4.7)

C 123 (14.1) 39 (31.7) 49 (39.8) 35 (28.5)

D 496 (56.8) 265 (53.4) 158 (31.9) 73 (14.7)

Total 873 (100) 479 (54.9) 279 (32.0) 115 (13.2)

' Categories according to Smith ( 10). Treatment proposed for category A, none; B, one dose of toxoid; C, one dose of toxoid +
HTI; and D, complete course of toxoid + HTI.

b For categories, see Table 1. Treatment proposed for "protected", none; for "partially protected", one dose of toxoid; and for
"unprotected", complete course of toxoid + HT1.

c Figures in parentheses are percentages.
d These figures in parentheses are percentages within each anamnestic category.

noted, as in category B, owing to an underestimation
of the level of tetanus immunity based on anamnestic
criteria, according to which all patients needed one
toxoid dose plus HTI, while in fact 28.5% were
unprotected, 39.8% partially protected, and 31.7%/o
did not require any treatment. In category D, the
anamnestic criteria indicated that all patients were

unprotected while the results of the TRBC-HA assay
clearly showed that 53.4% were protected, 31.9%
were partially protected, and only 14.7% were
unprotected. Taking together all 873 injured patients,
we find that according to the anamnestic criteria,
14.2% of them required no treatment, 14.9% needed
one dose of toxoid, 14.1% one dose of toxoid plus

Table 3. Comparison of the degree of protection against tetanus in patients with tetanus-prone injuries as judged by
anamnestic criteria and by TRBC-HA antibody levels

Immune category according to TRBC-HA assay
No. of

Immunity patients with
subcategory tetanus-prone Percentage Percentage Percentage
by anamnesis° injuries protected partially unprotected

protected

A, 54 79.6 20.4 0
(41 M + 2 F)b (10 M + 1 F)

B, 72 61.1 33.3 5.6
(41 M + 3 F) (23M + 1 F) (3 M + 1 F)

C, 45 40.0 35.5 24.5
(17M + 1 F) (13M + 3F) (8M + 3F)

DI 308 65.5 26.9 7.6
(181 M + 21 F) (71 M + 12F) (14M + 9F)

' See text for explanation.
b In parentheses are reported the number of male (M) and female (F) injured patients.
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Table 4. Age distribution of patients with tetanus-prone injuries among the four subcategories (Al-DI) based on HA
results and on anamnestic data

Age group No. of tested Percentage of "protected" Percentage of "protected" according
(years) persons according to HA results to anamnesis (category A + B)

1-10 4 100 0

11-20 142 76.8 2.1

21-30 103 68.0 13.6

31-40 107 62.6 50.5

41-50 88 37.5 50.0

51-60 31 35.5 35.4

61-70 4 25.0 0

Total 479 61.6 26.3

HTI, and 56.8% needed a full course of toxoid plus
HTI; according to TRBC-HA antibody level evalu-
ation, 54.9% of these patients were protected, 32.0%
were partially protected, and only 13.2% were unpro-
tected. Furthermore, the evaluation of anti-tetanus
antibody levels makes treatment with one toxoid dose
plus HTI unnecessary because the difference between
partially protected and unprotected subjects is clear.

Patients from categories A to D (Table 2) with
tetanus-prone injuries were placed in subcategories
Al to DI (Table 3); the degrees of protection indicated
by anamnestic criteria and by anti-tetanus antibody
determination were similar to those described above
for categories A to D.

Table 4 shows the distribution of protected patients
with tetanus-prone injuries, as indicated by HA
results and by anamnesis, according to age group.
The results based on HA criteria show that tetanus
immunity clearly decreased with increasing age; in the
age group 11-20 years, 76.8% of patients were
protected, compared with only 25% in the age group
61-70 years. The differences between these results
and the evaluation of protection according to anam-
nesis were greatest in the very young and the very old
age groups.

In order to evaluate the efficiency of prophylactic
treatment based on tetanus antibody levels and on
anamnesis, 129 injured patients seen in the
Orthopaedic Clinic of Perugia General Hospital were
divided in two groups: the first 50 patients (group I)
received 250 IU of HTI regardless of their tetanus
immunity while 79 patients (group II) were treated
depending on the level of anti-tetanus antibodies indi-
cated by TRBC-HA assay (Fig. 2). This test was
repeated on all patients after 7 and 30 days and
showed, in group I, that HTI administration
increased the partially protected from 26% to 447o

and the unprotected decreased from 54% to 36%
while the percentage of protected remained steady on
day 7; on day 30 the situation was substantially the
same as on day 7, with 38% unprotected patients.
Evaluation of the same sera by NT assay on days 7
and 30 after HTI administration (Table 5) showed, as
expected, that although this treatment was able to
increase the protection (values greater than 0.01
IU/ml) from 38% to 80% by day 7, as many as 20/o
of patients were unprotected.
The 79 patients in group II were divided in three

subgroups (S.II-A, S.II-B, and S.II-C) on the basis of
tetanus antibody levels on day 0. Fig. 2 shows that 30
days after appropriate treatment, all were completely
or partially protected. In subgroups S.II-A, for
example, the 33 unprotected patients (<0.125
HU/ml) were treated with 1 dose of toxoid plus HTI;
7 days later, 66.6% of them were partially protected
and, after 30 days, 36.3% and 63.7% were, respect-
ively, fully and partially protected. On day 45, after a
second dose of toxoid was given on day 30, all the
patients were fully protected (data not shown). In
subgroup S.II-B, the 27 partially protected patients
(0.125-0.5 HU/ml) were treated with one dose of
toxoid; on day 7, 40.7% were protected and on day
30, 100% were fully protected. The 19 protected
patients in subgroup S.II-C (>0.5 HU/ml) received
no treatment but were retested 7 and 30 days later; the
same antitoxin level of day 0 was confirmed, indi-
cating the reproducibility of the TRBC-HA assay.

DISCUSSION

The prevention of tetanus depends on the mainten-
ance of active immunity which is verified by the
monitoring of anti-tetanus antibody levels in patients
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Fig. 2. Efficiency of prophylactic treatment of 129 injured patients based on TRBC-HA antitoxin level determin-
ations. Inside each column is represented the distribution of HA antibody titres. On the top are given the percen-
tages of protected, partially protected and unprotected injured patients on days 0, 7 and 30 after antitetanus pro-
phylactic treatment.

Table 5. Status of antitetanus protection of 50 injured patients who were treated on day 0 with 250 IU of HTI, as
tested by NT assay

Degree of
protection
(lU/ml) No. on day 0 No. on day 7 No. on day 30

Protected 19 (38)° 40 (80) 30 (60)
(>0.01)

Unprotected 31 (62) 10 (20) 20 (40)
(<0.01)

' Figures in parentheses are percentages.
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before deciding whether they need specific prophy-
laxis. Many techniques have been used to determine
the level of anti-tetanus antibodies (e.g., passive
haemagglutination, ELISA, counterimmunoelectro-
phoresis) (23, 24, 40, 41, 44), but they have many
technical and practical limitations (22). On the other
hand, the neutralization test, which gives good results
of the tetanus antibody levels, is very difficult to
perform as a routine assay in most laboratories (21).
When monitoring of the anti-tetanus antibody level is
not available, prophylactic treatment of high-risk
injured patients is based on anamnestic criteria (19).
Here too, there are many limitations and drawbacks,
and the use of cards to remind patients and other
documents for registration of immunization have
been only partly successful (9, 19).
The overuse of antitoxin in countries where active

immunization does not cover the entire population
(11, 12), and the use of heterologous antitoxin
prophylaxis have increased the risk of anaphylactic
reactions (13, 16). This risk also occurs when too
many toxoid boosters are administered (45-55). The
use of expensive human immunoglobulins, when this
is not necessary, also raises the question of the high
cost of such prevention.
Our results show a great difference in the two

criteria (anamnesis versus TRBC-HA assay) as
indicators of protection and the need for prophylaxis
against tetanus. Thus tetanus antibody level monitor-
ing clearly showed that a significant percentage of our
patients were unprotected or only partially protected
when anamnesis suggested that these same persons
did not require any prophylaxis, and vice-versa.
Consequently, by using the HA assay, treatment with
expensive and unnecessary immunoglobulins as well
as unnecessary use of tetanus toxoid can be drastically
reduced.
The serological evaluation of tetanus antibody in

each person at risk, as proposed by us, although ideal,
may not be feasible in every situation. For example,
the use of HA assay could be very useful in surgical
units or emergency wards with suitable staff and
facilities. On the other hand, the nature of the injury
and the characteristics of the wound will indicate to
the physician whether the wound is tetanus-prone and
consequently whether specific prophylaxis is needed
(20). The comparison of the results obtained in all
our patients (categories A-D) and in those considered

to have tetanus-prone injuries (subcategories Al-DI)
clearly shows similar features in the application of the
two criteria, so that, whenever feasible, the
serological evaluation of anti-tetanus antibody levels
should be performed at least in those patients with
tetanus-prone injuries.

Factors like the age and sex of the patients should
also be taken into account in determining whether (or
what kind of) specific prophylaxis is needed in
countries such as Italy where immunization is
available to all children or to special segments of the
population. Although we could not evaluate our
study population by sex, the evaluation by age clearly
showed that tetanus immunity was age-dependent, at
least 76.8% of the 11-20-year olds being immune
(Table 4).

Discrepancies between anamnestic and serological
evaluation were highest in the very young and the very
old age groups. These discrepancies were due to the
fact that these persons were unable to give a
reasonable immunization history and consequently
were classified as persons with unknown immune
status.

It should be noted that prophylactic interventions
based upon anti-tetanus antibody monitoring gives
protection in 100% of treated persons and minimizes
the cost by excluding unnecessary treatment. As
reported in the literature (56-61),d the data of HA
and NT assays clearly underline that, although the
administration of 250 IU of HTI is able to give
protection for a limited period, the level of protection
(>0.01 IU/ml) is not reached even on day 7 in 100%
of the patients (Table 5). Furthermore, according to
the HA assay evaluation, only 54% of the individuals
blindly treated with HTI needed the treatment (Fig. 2,
Group I), while interventions based on anti-tetanus
antibody evaluation (Fig. 2, subgroups S.II-A and
S.II-B) gave protection in all the treated persons in
about 30 days. This goal could have been obtained in
Group I patients (Fig. 2) by giving a basic course of
immunization plus tetanus immunoglobulins instead
of immunoglobulins only; however, using our guide-
lines, these results could be obtained without
unnecessary use of toxoid and/or immunoglobulins.

dFALKSVEDEN, L. ET AL. Tetanus immune globulin: clinical
evaluation of a new plasma fractionation method. In: Abstracts of
the 5th International Conference on Tetanus, Ronneby, Sweden,
18-23 June 1978 (unpublished).
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RtSUMt

INTERET DU TITRAGE PAR HEMAGGLUTINATION PASSIVE AVEC HEMATIES DE DINDON
DANS LA PREVENTION DU TfTANOS CHEZ LES BLESSES

Une variante du titrage par hemagglutination utilisant des
hematies de dindon (TRBC-HA) a W r6cemment mise au
point. La methode est tres simple, reproductible et peut etre
realisee en 40 minutes (alors qu'il faut 6 heures avec des
hematies de mouton). Cette epreuve a permis de constater
que les titres d'anticorps superieurs a 0,5 UH/ml donnes par
l'hemagglutination (HA) correspondaient toujours a des
titres superieurs a 0,01 UI en neutralisation (NT). La valeur
0,5 UH/ml a donc e choisie comme titre discriminant en
HA, entre les personnes protegees et les personnes non
protegees.
A l'aide de ce critere nous avons examine le serum de 873

blesses, de sorte qu'on a pu leur administrer, si necessaire,
un traitement preventif en s'appuyant sur les taux
d'anticorps antitetaniques, I'autre possibilite etant de se fier
a l'anamnese.

Les resultats obtenus sont tres differents. D'apres
F'anamnese, 124 patients (14,20o) etaient proteges et ne
necessitaient pas de traitement, 496 (56,8%) n'etaient pas
proteges et avaient besoin d'un traitement complet par
l'anatoxine tetanique associee a des immunoglobulines
antitetaniques humaines (ITH) et 253 sujets (29,0%) etaient
partiellement proteges et necessitaient une injection de

rappel avec l'anatoxine tetanique sans ITH. D'apres les
titrages des anticorps antit6taniques par la TRBC-HA, 479
sujets (54,9%7o) etaient proteges, 279 (32,0%) etaient
proteges en partie et necessitaient un rappel et 115 seulement
(13,207) n'etaient pas proteges et la sero-anatoxino-
prevention s'imposait.

L'efficacite des traitements prophylactiques administres
en fonction des deux criteres d'immunite a egalement et
comparee. Un total de 129 patients a &t6 reparti en deux
groupes: groupe I (50 sujets) recevant 250 UI d'ITH quel
que soit leur degre d'immunite vis-a-vis du tetanos; groupe
II (79 sujets) recevant un traitement approprie ou pas de
traitement en fonction du taux d'anticorps antitetaniques,
determine au moyen de la TRBC-HA. Le resultat des
differents traitements a e examine 7 jours et 30 jours plus
tard. Les titrages par HA et NT soulignent nettement que,
malgre l'obtention d'une protection pendant un temps
limite en administrant 250 UI d'ITH, on ne confere une
protection satisfaisante (>0,01 UI/ml) qu'a 80%7o des
patients. Les interventions basees sur le dosage des anticorps
antitetaniques permettent, elles, de conferer en une
trentaine de jours une protection a la totalite des patients
traites.
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