
Bulletin ofthe World Health Organization, 61(2): 331-338(1983) © World Health Organization 1983

Use of turkey red blood cells in the passive haemag-
glutination test for studying tetanus immunity*
M. PITZURRA,l F. BISTONI,2 L. PITZURRA,3 & P. MARCONI4

Passive haemagglutination (HA) assays were performed using turkey red blood cells
(TRBC-HA) on sera from normal healthy people, from normal people previously
immunized against tetanus, and from tetanus patients receiving human antitetanus
immunoglobulins. The TRBC-HA test was compared with haemagglutination assays using
sheep red blood cells (SRBC-HA) and with the neutralization (NT) test, and wasfound to
be more sensitive than the SRBC-HA test and showed good correlation with the NT test.

While the SRBC-HA assay callsfor adsorption ofsheep red blood cell agglutininsfrom
the sera to be tested, the use of turkey red blood cells does not require any such adsorption.
In addition, the TRBC-HA assay can be performed in 40 minutes compared with 6 hours
for the SRBC-HA assay. All these advantages make the TRBC-HA assay a more useful test
for screening large numbers ofsera in the evaluation of tetanus immunity ofnormalpeople
and ofpatients with wounds when seen in the emergency room of hospitals.

The passive haemagglutination (HA) test is at
present the most commonly used method available
for evaluating tetanus antibody levels and has been
usefully applied in epidemiological surveys in differ-
ent parts of the world (1-18). From the clinical point
of view, it is very important to identify the levels of
these antibodies in different age groups of males and
females by carrying out community-based field trials
(12), which will help in the assessment of immu-
nization schedules and in the correct use of prophy-
lactic measures for injured persons (23). This kind of
approach to tetanus prevention based upon rational
guidelines, will lead to effective protection of the
community with savings in the use of expensive
human IgG and without unnecessary toxoid stimu-
lation (23).
However, it is first essential to determine the levels

of HA antibody that will guarantee effective protec-
tion against tetanus. This can be obtained indirectly by
comparing, with the same serum, the titres as
measured by the haemagglutination test and by the in
vivo neutralization test (19-21). The titres obtained
by these two tests are known to correlate well,
although this correlation is less satisfactory when the
antibody concentrations are very low (20). Using the
modified technique of Mai & Rosin (28) with sheep
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red blood cells (SRBC) (27), we found a good cor-
relation between the haemagglutination and the
neutralization tests with high levels of antibodies, and
were able to confirm the lack of a close correlation
when the antibody levels were low. In fact, in certain
cases, a zero HA titre corresponded to an in vivo
neutralizing capacity of > 0.01 IU/ml (24), suggest-
ing a relatively low sensitivity in the method adopted.
In order to increase the sensitivity of the HA assay, we
modified the method by using turkey red blood cells
(TRBC) instead of the sheep red blood cells.
The present study compares the results obtained in

the haemagglutination test using TRBC with the same
test using SRBC, as well as with the neutralization test
in mice. The TRBC-HA test was carried out on sera
from normal healthy people, from persons who had
been immunized from 1 to 4 or more years before,
from patients with injuries seen in the hospital's
emergency room and from tetanus patients receiving
human antitetanus immunoglobulins.

MATERIALS AND METHODS

Passive haemagglutination test

The passive haemagglutination test, as described by
Mai & Rosin (28) and modified by Marconi et al. (25),
was carried out using both turkey and sheep red blood
cells, as follows:

(1) An 807o suspension of red blood cells (RBC) was
washed 3 times with a phosphate buffer (S-I), pH 7.4,
(composed of NaCl 4.8 g, Na2HPO4 5.6 g and
KH2PO4 1.45 g per litre), and then incubated with an
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equal volume of 3% formalin in S-I for 18-20 h at
37 °C.

(2) After formalinization, the excess formalin was
removed by repeated washing in double distilled
water. The formalinized RBCs were incubated for
30 min at 56 °C with a solution of tannic acid diluted
1:40 000 in phosphate buffer (S-II), pH 6.4, (com-
posed of NaCl 4.5 g, Na2HPO4 3.3 g and KH2PO4
6.91 g per litre).

(3) After the tannic acid treatment, the RBCs were
thoroughly washed in S-II buffer solution. Purified
tetanus toxoid solution (32 Lf/ml in S-II solution)
was mixed with an equal volume of RBCs and incu-
bated for 2 h at 37 'C.

(4) After this sensitization, the suspension of RBCs
was washed with 0. 5% NaCl solution and then freeze-
dried.

(5) To eliminate sheep cell agglutinins from the
antisera to be tested with sensitized SRBC, the anti-
sera were adsorbed on non-sensitized SRBC for 1 h at
37 °C. This procedure is not necessary with TRBC; in
fact only 1 serum in 1000 tested was found to aggluti-
nate non-sensitized TRBC and this activity was not
abolished by repeated adsorptions on TRBC.

(6) The tests were carried out on microhaemag-
glutination plates (Cooke Microtiter) with 50,l of
RBCs added to 50 tl of S-II-diluted serum. Before the
recording of results, the covered plates were incu-
bated for 1 h at 37 'C and for 5 h at 4 °C with SRBC.
The period of incubation with TRBC was only 40 min
at room temperature.

The international standard for tetanus antitoxin
(Statens Serumsinstitut, Copenhagen, Denmark) was
used as the reference serum, against which the un-
known 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.
The lyophilized RBCs sensitized with tetanus

toxoid, when tested at different intervals after the lyo-
philization (up to 6 months), always showed the same
titre with respect to the reference serum. However,
the same sensitized RBCs, when kept at 4 'C for more
than 24 h after reconstitution, lose their adsorbed
toxoid as evidenced by a decrease in the titre. During
the two years of this study we did not find any appreci-
able difference between four different sensitized RBC
batches. However, further confirmation is needed on
this point from other laboratories.

Toxin neutralization in mice

Titration of tetanus antitoxin was carried out at a
toxin level of 1 L+/400/50, i.e., the amount of toxin
which, if mixed with 0.0025 (1/400) international
units, kills 50% of the white mice (weighing 16-18 g)
by 4j days after the injection. Lyophilized and puri-

fied tetanus toxin (Sclavo Laboratories, Siena, Italy),
titred in mice and containing 200 000 minimal lethal
doses per ml (50 Lf/mg of total protein nitrogen) was
used. The toxin was dissolved in 1 Wo peptone buffered
solution (pH 7.4) and diluted at the desired concen-
tration immediately before use. The titration of the
tetanus antitoxin was carried out according to Ipsen's
method, by which the antitoxin titre is calculated on
the basis of the time of death of the mice (26).
The sera were diluted in 1 Wo peptone buffered solu-

tion (pH 7.4), mixed with toxin and incubated at
20 'C for 1 h; 0.5 ml of each mixture was injected
subcutaneously in the lower part of the back of white
male CD1 mice. One mouse was used for each serum
dilution. The international standard for tetanus anti-
toxin was used as the reference serum.

Population studied

(1) Eighty serum samples were obtained from 20
male and female tetanus patients of various ages
(from the intensive care unit in Perugia General
Hospital) while they were receiving human anti-
tetanus immunoglobulin therapy. The antibody titres
in these sera were determined by haemagglutination
on sheep red blood cells and on turkey red blood cells
and the regression line was calculated.

(2) Sera from 70 healthy people of various ages,
before and after antitetanus immunization, were
tested with SRBC-HA and TRBC-HA. The immuniz-
ation was performed by giving two injections of
adsorbed tetanus toxoid (25 Lf in 0.5 ml) (Sclavo
Laboratories, Siena, Italy) with one month's interval;
a third injection of adsorbed tetanus toxoid was given
6 months later. The linear regression was calculated
between SRBC-HA and TRBC-HA.

(3) Sera from 300 healthy males and females of
different ages were tested by TRBC-HA assay and the
neutralization test and the regression line was
calculated.

(4) A total of 103 sera, taken from patients with
injuries who came to the emergency room of Perugia
General Hospital, was tested with TRBC-HA; a
prophylaxis regimen was carried out on them depend-
ing on the TRBC-HA titres obtained.

(5) A total of 209 sera from persons of both sexes
and various ages, who had been immunized against
tetanus 1-4 or more years previously, was tested with
TRBC-HA assay to determine the level of protection
conferred by this immunization on the general popu-
lation.

RESULTS

Eighty serum samples from 20 tetanus patients who
were receiving various amounts of human antitetanus
immunoglobulins were tested with TRBC-HA and
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SRBC-HA assays. All samples tested with TRBC-HA
showed higher titres (up to 512-fold) compared with
SRBC-HA; on average, the TRBC titre was 80 times
higher than the SRBC titre (1194 and 14.9 respec-
tively). The results obtained by SRBC-HA and
TRBC-HA showed a high correlation, with a coeffi-
cient (r) of 0.81 (P < 0.001) (Fig. 1).
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and TRBC-HA assays on 70 serum samples from healthy
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and the neutralization test (NT) titres (r = 0.85;
P < 0.001) (Fig. 3).

The results obtained also showed that very low HA
titres (0.007 and 0.015 HU/ml) always corresponded
to values of NT < 0.01 IU/ml. Titres of TRBC-HA

1632 64 128 antibodies of 0.25 and 0.5 HU/ml corresponded to

values of NT ranging from 0.009 to 0.72 IU/ml and
obtained by SRBC-HA from 0.1 to 1.24 IU/ml respectively. Titres of

,rum samples from 20 1 HU/ml determined by TRBC-HA assay corres-
g antitetanus immuno- ponded to a range of neutralizing antibodies from 0.2

to 3.7 IU/ml. Elevated HA titres always corres-

ponded to elevated levels of NT antibody titres (Fig.
3).

The results obtained with sera from 70 healthy
people, tested with TRBC-HA and SRBC-HA,
showed that the former had greater sensitivity, the
average TRBC titre being 20 times higher than the
SRBC titre (1449 and 69.5 respectively); the cor-

relation between these results was also high (r = 0.84;
P < 0.001) (Fig. 2).

The investigation of whether the antibodies
detected by the TRBC-HA assay could be responsible
for the neutralization of the tetanus toxin in mice
involved determination of the correlation between
TRBC-HA titres and those found by the neutral-
ization test using 300 sera taken from persons of
both sexes and different ages. The results showed a

high correlation between the haemagglutination assay

The results (Table 1) also show that all the sera with
a titre of HA antibody of 0.007 and 0.015 HU/ml had
a level of antitoxic antibodies < 0.01 IU/ml. The pro-
portion of sera that had NT antibodies ) 0.01
regularly increased with rises in the HA titres. How-
ever, with higher HA titres (0.031, 0.062, 0.125 and
0.25 HU/ml), a significant proportion of sera (27Wo,
21 0o, 14% and 8Wo respectively) had NT values of less
than 0.01 IU/ml. At titres of 0.5 HU/ml, the NT
titres were > 0.01 IU/ml in 100% of the sera tested.
More importantly, at this level 100% of the sera had a

NT titre > 0.05 IU/ml. At the level of HA antibodies
of I HU/ml or more, 100%o of the sera tested had NT
titre antibodies > 0.1 IU/ml. Based on the above
results, we decided to classify our patients with
injuries according to their antitoxin levels as follows:
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immunized for more than 4 years. The proportion of
immunized persons with titres <0.125 HU/ml was
low, ranging between 2.8% and 4.2% (Table 3).

DISCUSSION
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Fig. 3. Correlation between titres obtained by TRBC-HA
and NT assays on 300 serum samples from healthy
people.

protected (with titres > 0.5 HU/ml), partially pro-

tected (with titres between 0.125 and 0.5 HU/ml),
and unprotected (with titres < 0.125 HU/ml).

Sera taken from 103 injured patients in the emer-

gency room of the General Hospital of Perugia were

tested with TRBC-HA prior to initiating proper

prophylactic treatment. Following the above classifi-
cation, 14.507o of these sera were found with TRBC-
HA titres <0.125 HU/ml and were considered as

unprotected; 31.1%o showed titres between 0.125 and
0.5 HU/ml and so were partially protected; and
54.4%o showed titres ) 0.5 HU/ml and were

considered as protected (Table 2).
Of the 209 sera taken from healthy people of vari-

ous ages who had been immunized from 1 to 4 or more

years previously, those that showed TRBC-HA titres
> 0.5 HU/ml varied from 70.8 to 92.901o; this range
of titre was obtained in 69.5%o of the sera from people

The neutralization test is the method of reference
for measuring antitetanus antibodies (26, 29-32).
Among various modifications of this test, that
proposed by Ipsen is the one most frequently applied
because of the small number of animals and small
amount of serum required for the test (12, 15, 16,
33-35). However, this test is expensive, time-
consuming and difficult to apply in field trials for
screening large numbers of persons, as well as in
clinical situations where the antibody level has to be
evaluated very quickly in order to obtain a rational
basis for tetanus prevention or therapy. For these
reasons, the passive haemagglutination test seems to
be more suitable for field and clinical application. In
fact, HA assays offer the advantages of speed in
obtaining results, low cost, and the possibility of
simultaneously screening several serum samples, even
in laboratories with no special facilities (4, 5, 7, 8, 10,
11, 36-38).
However, because the HA technique has many limi-

tations and drawbacks (20), every attempt must be
made to improve the assay. With this in mind, we
experimented with sheep RBCs and turkey RBCs and
our results show a good correlation between the titres
obtained by TRBC-HA and SRBC-HA assays on sera
from tetanus patients given homologous antitetanus
therapy and from healthy people receiving anti-
tetanus immunization.

While the TRBC-HA titres were up to 512-fold
higher than the SRBC-HA titres both in tetanus
patients and in normal immunized persons, the
average difference between them was 80-fold in the
group of tetanus patients (average titres, 1194 and
14.9 respectively) and 20-fold in normal immunized
persons (average titres, 1449 and 69.5 respectively).
This difference can at least in part be explained by the
fact that the tetanus patients were receiving purified
IgG antitoxins, while the sera of the immunized
persons included a normal complement of IgM, a very
efficient agglutinating class of globulins, which prob-
ably helped to increase the sensitivity of the SRBC.
The TRBC-HA test results showed a good cor-

relation with the neutralization test results (Ipsen's
method) (26). In fact, with a low level of TRBC-HA
titres (0.007 or 0.015 HU/ml) we always found NT
titres < 0.01 IU/ml, indicating a good sensitivity in
the HA assay. On the other hand, with an increase in
the TRBC-HA titres there followed a rise in the per-
centage of sera with NT titres > 0.01 IU/ml. How-
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Table 1. Distribution of sera containing various titres of haemagglutinating and neutralizing antibodies, as determined
by the TRBC-HA test and neutralization test in sera from 300 healthy people

Antitoxin titre levels (neutralization test) (lU/ml)

TRBC-HA /
titres 0.0001- 0.0005- 0.001- 0.005- 0.01- 0.05-0.1 0.1-0.5 0.5-1.0 1.0-5.0 5.0-10.0 10.0-
(HU/ml) 0.0005 0.001 0.005 0.01 0.05 50.0

8.0 7 12 6
4.0 16 1 2
2.0 3 30 2 1
1.0 2 - 32
0.5 5 14 4 12
0.25 2 3 9 9 3
0.125 4 2 15 11 6 6

0.062 8 1 17 11 4 2

0.031 1 3 - 7 4

0.015 4 - 6 4
0.007 2 3 3 1

Totals 6 4 24 10 42 40 35 18 97 15 9

Table 2. Status of antitetanus protection of 103 persons
with injuries, as tested by TRBC-HA assay

TRBC-HA
titres No. of Degree of Percentage
(HU/ml) samples protection (%)

< 0.125 15 Unprotected 14.5

0.125-0.5 32 Partially 31.1
protected

> 0.5 56 Protected 54.4

ever, with higher titres (0.031, 0.062, 0.125 and 0.25
HU/ml) a significant proportion of sera (27%o, 21 0o,

14%o and 8% respectively) had NT values of less than
0.01 IU/ml. Only a TRBC-HA titre of 0.5 HU/ml
always corresponded to NT values greater than
0.01 IU/ml and also to values > 0.05 IU/ml. Thus,
with the TRBC-HA assay there is a difference of
approximately 10-fold, similar to that observed by
other authors using SRBC-HA assays (12, 20, 23).

This difference between HA and NT assays is
related to the method used for the determination of

Table 3. Antitetanus antibody levels in 209 normal people in relation to the time interval between immunization and
the TRBC-HA assay

TRBC-HA titres (HU/ml)

Time between < 0.125 0.125-0.5 > 0.5
immunization and
TRBC-HA assay No. of % No. of % No. of %
(years) samples samples samples

1 2 2.8 3 4.2 66 92.9
2 - - 5 11.6 38 88.4
3 1 4.2 6 25.0 17 70.8
4 - - 1 8.3 11 91.6
5-10 2 3.4 16 27.1 41 69.5
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the antitoxin concentration in the test sera. In fact,
HA titres are expressed in terms of haemagglutination
units (HU) by comparing a standard tetanus antitoxin
with each group of sera to be tested and making the
assumption that the endpoint for the unknown serum
indicates the same number of units as in the standard.
This procedure is useful in comparing the results be-
tween different laboratories. However, the purified
standard antitoxin used includes only immunoglob-
ulin IgG which has a stronger neutralizing capacity
and less agglutinating capacity than IgM. On the
other hand, the test sera included immunoglobulin
IgM which has a stronger agglutinating ability and
less neutralizing capacity than IgG. For this reason,
the HA titres (HU/ml) of the test sera were higher
than the corresponding values determined by NT
(IU/ml) (12).

In our tests the TRBC-HA assay avoided situations
where zero SRBC-HA titres corresponded to NT
titres greater than 0.01 IU/ml; on the other hand,
SRBC-HA titres of less than 0.015 HU/ml corre-
sponding to an NT titre > 0.01 IU/ml were never
found. The TRBC-HA assay overcame another
important drawback which is encountered in carrying
out the SRBC-HA assay, i.e., the need for adsorption
of sheep red blood cell agglutinins from the sera to be
tested. Such adsorption of the sera, in the TRBC-HA
assay, was not necessary. In fact, only one out of 1000
sera tested was found to agglutinate non-sensitized
TRBC and this activity was not abolished by repeated
adsorption on TRBC.
The immune status against tetanus of patients

(after an injury) was defined by By6enko (23)
according to HA assays as follows: (1) unprotected
(titres <0.1 HU/ml); (2) partially protected (titre
0.1-1 HU/ml); (3) protected (titres > 1 HU/ml).

The level that defines protection is the HA titre that
always corresponds to a NT titre > 0.01 IU/ml. In
our experience, the TRBC-HA titre that always corre-
sponded to a NT titre greater than 0.01 IU/ml was
0.5 HU/ml. We therefore define the immune status
of patients, according to the TRBC-HA assays, as
follows: protected (titres > 0.5 HU/ml); partially
protected (titres ) 0.125 and <0.5 HU/ml); and
unprotected (titres < 0.125 HU/ml).
The possibility of using this assay to assess the

immune status of patients in emergency situations
was tested in 103 injured people. The time to perform
this test, confirming the level of antitetanus anti-
bodies, is short enough (less than 1 hour) so that
rational treatment can be planned, based on this
information. The different antibody levels found in
these patients justify different treatments. On the
other hand the data collected on the sample popu-
lation, who had been immunized against tetanus 1 to 4
or more years previously, showed that such immuniz-
ation did not guarantee 100070 protection. In fact, a
small proportion of the population (the so called
"low responders") showed no protection.

In conclusion, the TRBC-HA assay seems to offer
the following three advantages over the SRBC-HA
test:

(1) it is more sensitive;
(2) the use of turkey erythrocytes does not require

adsorption of the antisera to be tested;
(3) it can be performed in 40 minutes compared

with 6 hours for the SRBC-HA test.

The TRBC-HA assay is therefore a useful test for
monitoring antitetanus antibodies in epidemiological
surveys and in high-risk groups.
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RESUME

UTILISATION D'ERYTHROCYTES DE DINDON DANS L'EPREUVE D'HEMAGGLUTINATION PASSIVE
EN VUE DE L'ETUDE DE L'IMMUNITE ANTITETANIQUE

Des titrages par hemagglutination passive ont et realises Sur 80 serums de malades atteints de tetanos et recevant
avec des erythrocytes de dindon (TRBC-HA) sur des serums des immunoglobulines antitetaniques, on a compare
de sujets sains, de sujets sains prealablement vaccines contre 1'epreuve TRBC-HA avec l'epreuve d'hemagglutination
le tetanos, et de malades atteints de tetanos et recevant des utilisant des erythrocytes de mouton (SRBC-HA) et avec
immunoglobulines antitetaniques humaines. I'epreuve de neutralisation (NT). Dans tous les echantillons
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examines, les titres TRBC-HA etaient plus eeves (titre
moyen 128 fois plus eleve) que les titres obtenus par SRBC-
HA. La correlation entre les resultats obtenus par SRBC-
HA et TRBC-HA etait bonne (coefficient de correlation
(r) = 0,81) (P < 0,001).
L'examen du serum de 70 sujets sains par SRBC-HA et

TRBC-HA a confirme que 1'epreuve TRBC-HA possede
une plus grande sensibilite que l'epreuve SRBC-HA (titre
moyen 20 fois plus eleve), comme le montre la bonne corre-
lation entre les resultats (r = 0,84) (P < 0,01).

Les resultats obtenus sur le serum de 300 sujets sains par
TRBC-HA et NT presentaient une tres bonne correlation
(r = 0,85) (P < 0,001).

Toutes les valeurs < 0,015 UH/ml obtenues par TRBC-
HA correspondaient a un titre NT < 0,01 UI/ml. Tous les
titres TRBC-HA > 0,5 UH/ml correspondaient a un titre
NT de > 0,05 UI/ml. C'est pourquoi les blesses ayant un
titre < 0,125 UH/ml ont et consideres comme non
proteges tandis que les sujets ayant un titre > 0,5 UH/ml
ont et consideres comme proteges.

Les sujets ayant un titre > 0,125 UH/ml et < 0,5 UH/ml
ont et consideres comme partiellement proteges.
Avant tout traitement prophylactique, on a examine par

TRBC-HA le serum de 103 blesses admis au service des
urgences de 1'H6pital general de Perouse. Selon les resultats
de cette epreuve, 14,5% des sujets n'etaient pas proteges,

31.1 7o etaient partiellement proteges et seuls 54,407o 6taient
proteges.

Afin d'evaluer le degre de protection antitetanique
confere par le vaccin, on a examine le serum de 208 sujets
sains appartenant A divers groupes d'Age, vaccines un A
quatre ans (ou plus) auparavant. Les resultats ont montre
que la vaccination antitetanique n'assure pas une protection
A 100%o. En effet une petite fraction de la population (sujets
ohypor6acteurs>>) etait depourvue de protection.
En conclusion, les resultats montrent que:

1) l'epreuve TRBC-HA (hemagglutination passive avec
erythrocytes de dindon) est plus sensible que 1'epreuve
SRBC-HA (hemagglutination passive avec erythrocytes de
mouton);

2) les resultats de l'epreuve TRBC-HA et ceux de
l'epreuve de neutralisation (NT) presentent une tres bonne
correlation;

3) avec l'emploi d'erythrocytes de dindon, il n'est pas
necessaire d'adsorber l'immunserum A eprouver;

4) 1'epreuve TRBC-HA peut etre realisee en 40 minutes,
contre six heures pour l'epreuve SRBC-HA. L'epreuve
TRBC-HA constitue donc une bonne epreuve de surveil-
lance des anticorps antitetaniques dans les enquetes epi-
demiologiques et chez les sujets appartenant A des groupes A
haut risque.
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