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Summary

Using the ELISA and passive haemagglutination test we investigated the humoral

immune response induced by long-term administration of benzylpenicillin in patients.

After the second week of the course in twenty-four out of sixty-one patients, synthesis
of benzylpenicilloyl (BPO) specific IgG, IgA, IgM and/or IgE could be demonstrated.

BPO-specific IgE was always found in combination with BPO-specific IgG and/or

IgM. No difference in the humoral immune response was found between patients who

developed clinical hypersensitivity reactions and those who did not.

In a follow-up study the disappearance of BPO-specific immunoglobulins of all
classes was observed. Results of the epicutaneous tests showed that a long-term course
of benzylpenicillin did not evoke delayed hypersensitivity. However intracutaneous
tests with benzylpenicilloyl-polylysine or benzylpenicillin showed positive immediate
type reactions. From the results it can be concluded that a BPO-specific IgE response is
not necessarily associated with the development of a clinical hypersensitivity reaction.

Introduction

Data on the humoral and cellular immune response (IR) to penicillin are in most
instances obtained only from patients showing clinical manifestations of penicillin
hypersensitivity. However data on the IR induced by administration of benzylpenicil-
lin in patients not showing any clinical sign of penicillin hypersensitivity are scarce. In
most investigations antibodies were only determined in serum samples after comple-
tion of the course with benzylpenicillin. Levine et al. (1966) demonstrated by the
passive haemagglutination test (HA) after the course of treatment, a humoral IR in all
(114) patients with or without a hypersensitivity reaction. The intracutaneous test with
benzylpenicilloyl-polylysine was positive in 100% of the patients with and in 8-7%, of
the patients without a hypersensitivity reaction.
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Using the HA, Schwartz & Vaughan (1963) demonstrated benzylpenicilloyl (BPO)
specific antibodies in nine out of twenty-seven patients after completion of a long-term
course with benzylpenicillin. The intracutaneous test with benzylpenicillin was positive
in one out of the nine patients.

The occurrence of IgE and IgG after penicillin administration was demonstrated in
six out of fifty-five patients by Adkinson (1977). This author also found BPO-specific
IgG in twenty-seven out of the remaining forty-nine patients.

No data are available of the humoral IR before, during and after the benzylpenicil-
lin course in patients with and without clinical hypersensitivity reactions. We therefore
investigated the humoral IR before, during and after long-term administration of
benzylpenicillin in patients who developed a hypersensitivity reaction and those who
did not. Using the ELISA and the HA (de Haan, Boorsma & Kalsbeek, 1979) we could
investigate the appearance and disappearance of BPO-specific Abs of all Ig classes.

Materials and methods

Patients

Sixty-eight patients treated for syphilis with a standardized long-term course with
benzylpenicillin (procain-benzylpenicillin in oil with 29/ alum monostearate, Almocil-
lin®, Mycofarm, the Netherlands) were investigated. Sixty-one patients received 10
million IU benzylpenicillin—three times weekly 1 million IU intramuscular according
to Idsoe, Gurthe and Willcox (1972) in 3 weeks. In the remaining seven patients the
course was stopped after six or more injections because an allergic reaction occurred.

Sera

The sera of the patients could be divided into two main groups: sera of patients without

a clinical hypersensitivity reaction (sixty-one); and sera of patients with a clinical

hypersensitivity reaction (seven).

Sera of patients without signs of clinical hypersensitivity.

Group I.  Sera of forty-six patients were investigated with in-vitro tests before, and
1-4 months after completion of the course. Moreover thirty-four out of
these forty-six sera were reinvestigated 2—-7 months after the second blood
sampling.

Group II. Sera of fifteen patients were investigated before and during the course, as
well as at the moment of the last injection. These sera were reinvestigated 1
month after completion of the course.

Sera of patients with a clinical hypersensitivity reaction.

Group III. The sera of seven patients with a clinical hypersensitivity reaction
occurring after six or more injections were all investigated before the
course (Table 1). Four sera were investigated at the time of the allergic
reaction, and all sera 1-2 months after administration. Moreover from
five out of the seven patients, sera for follow-up studies were obtained.

Skin tests

Patch tests were done in seven patients with, and in nine patients without, a
hypersensitivity reaction and were performed as described by van Ketel (1975). The
following penicillin preparations were used: benzylpenicillin (Mycofarm, the Nether-
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Table 1. Results of the in-vitro test (ELISA and/or HA) before the course, during and 1-2 months after the
hypersensitivity reaction in seven patients with a clinical hypersensitivity reaction (group III)

Number of injec-
tions received before

Type of manifestation of Before At the time of the 1-2 months after
hypersensitivity a hypersensitivity the hypersensitivity the hypersensitivity
reaction reaction course* reaction reaction

IgM IgE IgG IgA IgM IgE IgG IgA  IgM IgE

Arthus reaction 6 - - ND ND ND ND - - - _
Arthus reaction 8 - = ND ND ND ND + o+ +° 4+
Arthus reaction 8 + o+ ND ND ND ND - I
Arthus reaction 6 - - B - - T
Arthus reaction 6 - - - - - = + 4+ + o+
Arthus reaction 6 - = - - - = + — +MHA) -
Urticaria 9 - - + - 4+° - - [
ND: Not done.

* No BPO-specific IgG or IgA could be demonstrated before the course in these seven patients. + =ELISA
positive; +°=ELISA+HA positive; 1 =increase of titre; +(HA)=HA positive; — =negative HA and
ELISA; | =decrease of titre.

lands); ampicillin (Beecham, England); amoxicillin (Beecham); pheneticillin (Bee-
cham).

Intracutaneous tests were done if the patch tests were negative, with 0-1 ml of a
benzylpenicillin solution (500 IU/ml) and with benzylpenicilloyl-polylysine (6 x 10~°M
Cilligen®, Sigma Chem. Co., Missouri, U.S.A.). Control tests were done with a
physiological salt solution (Levine ez al., 1966).

ELISA
The ELISA was done with a slight modification in the HRP conjugate, as described
previously (de Haan et al., 1979). The sheep anti-rabbit IgG-HRP conjugate was
prepared with periodate (Nakane & Kawaoi, 1974) in the modification of Wilson &
Nakane (1978). Results with this conjugate are comparable with those obtained with
the conjugate prepared with the two-step glutaraldehyde method (Boorsma &
Streefkerk, 1979). The specificity of antibodies was proven by inhibition experiments
with benzylpenicilloyl-e-aminocaproate.

Moreover inhibition experiments were done with benzylpenicillin. The inhibition
tests were performed as described previously (de Haan et a/., 1979).

Passive haemagglutination test

This test was done according to Thiel, Mitchel and Parker (1964). Discrimination
between IgM and IgG was made by pre-incubation with $-mercapto-ethanol (Watson,
1964).

Results

In-vitro tests

Patients without clinical signs of a hypersensitivity reaction. Group 1 (forty-six
patients): in nine patients, BPO-specific antibodies (IgM) were found at the beginning
of the course, twice in combination with BPO-specific IgE. After the course a decrease
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(four patients), as well as increase of the titre of BPO-specific IgM (five patients) was
seen. BPO-specific IgE was found in six out of these nine sera after the course. Eleven
patients showed a seropositive conversion. A BPO-specific IgE response in combina-
tion with BPO-specific IgM and/or IgG was observed in four out of these eleven sera.
In three sera with BPO-specific [gM antibodies before the course, no BPO-specific
antibody could be demonstrated after the treatment. In the remaining 23 sera no
BPO-specific antibody was found.

Group II (fifteen patients): in general BPO-specific antibody, including IgE (three
patients), could be demonstrated 3 weeks after the start of the course. Only in one
patient a BPO-specific IR, also IgE was demonstrated 4 weeks after the course.

Patients with clinical signs of a hypersensitivity reaction. Group III (seven patients):
before the course, only in one serum BPO-specific IgE in combination with IgM was
found (Table 1). In the remaining six sera 1-2 months after the course, BPO-specific
Abs could be demonstrated. In two of these six patients BPO-specific IgE was found,
here also in combination with other Ig classes.

Serological follow-up study

A serological follow-up study was done in thirty-four patients without, and five
patients with, a clinical hypersensitivity reaction. In twenty-one out of these thirty-nine
sera BPO-specific antibody was found after the course: in thirteen sera IgG, in two sera
IgA, in fourteen sera I[gM and in ten sera IgE (Table 2, group a and b). In eighteen out
of these twenty-one sera a decrease in the titre of the BPO-specific Ig class was found
(Table 2, group a). In the remaining three sera the Ig patterns showed a shift (Table 2,
group b).

Inhibition experiments in the ELISA

The specificity of BPO-specific Abs in the ELISA was proved by inhibition experiments
with penicilloyl-e-aminocaproate. Inhibition of colour development (100%,) was found
at concentrations at 10~°M penicilloyl-¢-aminocaproate, the same concentrations as
previously described (de Haan et al., 1979).

Table 2. Results of the follow-up study (ELISA and/or HA). Group a:
patients with a decrease in the titre. Group b: patients with a seroconver-
sion

First serological investigation Second serological investigation

Group after the course* after the courset
a 11 sera with 1gG 7 sera with IgG(])
2 sera with IgA 0 sera with IgA
13 sera with IgM 6 sera with IgM(])
9 sera with IgE 3 sera with IgE(])
b 1 serum with [gM 1 serum with IgM(]) and IgE
1 serum with IgG and IgE | serum with IgM
1 serum with IgG 1 serum with IgM

* 1-4 months after the course.
1 2-7 months after the serological investigation.
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In case of inhibition with benzylpenicillin only high concentrations of benzylpeni-
cillin (10~3-10~2M) inhibited colour development in the ELISA.

In-vivo tests

Patch tests. In all sixteen patients investigated (nine without, and seven with,
clinical manifestations of a hypersensitivity reaction) patch tests with the various
penicillins were negative.

Intracutaneous tests. In four out of seven patients with a clinical hypersensitivity
reaction positive intracutaneous tests with Cilligen® were found (Table 3, group 1). In
two of these four patients the intracutaneous test with benzylpenicillin was also
positive.

In seven out of the nine patients who did not show a clinical reaction, the
intracutaneous test with Cilligen® was positive (Table 3, group 2). Moreover in four
out of these seven patients the intracutaneous test with benzylpenicillin was also
positive. In one of the remaining two patients only the intracutaneous test with
benzylpenicillin was positive.

Correlation between the results of the in-vivo tests and the ELISA-IgE

In two out of the four patients with a clinical reaction and a positive intracutaneous test
with Cilligen®, circulating BPO-specific IgE was found with the ELISA (Table 3, group
1).

In the three patients with a negative intracutaneous test no BPO-specific IgE was
demonstrated. In the group of nine patients without a clinical reaction but with
positive serological ELISA-IgE finding, the intracutaneous test with Cilligen® was
positive in seven patients (Table 3, group 2).

Discussion

In contrast to the results of Levine et a/. (1966), who found after the course of penicillin
treatment in all his patients, agglutinating BPO-specific antibodies, we found
agglutinating BPO-specific antibodies in only five out of sixty-eight patients. Probably

Table 3. Comparison of the results of the intracutaneous tests with
Cilligen® and benzylpenicillin with those of the ELISA-IgE in
patients with (group 1) and without (group 2) a clinical hypersensit-
ivity reaction

Group No. of patients ELISA-IgE Cilligen® Benzylpenicillin

1 l + + +
1 + + ND*
1 - + +
1 - + ND*
3 — — -
2 4 + + +
3 + + -
1 + - +
1 + - —

* ND: not done.
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less purified penicillin preparations used in the past were more likely to induce
agglutinating BPO-specific antibodies. Our results showed that the ELISA detects
antibody better than the HA. Therefore routine agglutination tests are unlikely to
detect the immune response in all patients in whom it is induced.

The finding of BPO-specific IgM, together with BPO-specific IgE and/or IgG in 13
out of 61 sera of patients without clinical manifestations of a hypersensitivity reaction
before the course with penicillin, indicates that these patients have had previous
exposure to penicillin by treatment or in food (Boonk, 1981), resulting in a synthesis of
specific antibody. Similar findings were reported by Wheeler (1971) using the
red-cell-linked antigen-antiglobulin reaction. In the thirteen sera we examined, the
titre of BPO-specific antibody decreased after penicillin administration ceased. No
differences were found in the immune response between patients with and those
without BPO-specific antibodies before the course.

In general no humoral immune response could be demonstrated during the second
week of the course of treatment. This could not be attributed to inhibition by
benzylpenicillin, as the maximum serum concentration during the course (0-5 IU ml~!
blood: 0-9 x 10~™M, Idsoe et al., 1972) did not inhibit antibody of positive sera.
However after the third week of the course an immune response was demonstrated in
seven patients without a clinical hypersensitivity reaction. Serological findings in a
follow-up study demonstrated in general that BPO-specific antibody declines in titre or
disappears from the circulation. In this respect, no difference was found between
patients with and those without signs of a hypersensitivity reaction. Disappearance of
BPO-specific IgE after treatment with penicillin was also found by Kraft et al. (1977).
Therefore negative serologic findings at the start of a penicillin course do not exclude
the possibility that the patient has been immunized in the past.

The intracutaneous test was done primarily in patients showing clinical signs of a
hypersensitivity reaction, and in patients without a hypersensitivity reaction the
intracutaneous tests were done only if there was a positive ELISA-IgE finding.

In the literature mostly ‘overall’ correlations between the results of the intracu-
taneous test with Cilligen® and those of the in-vitro IgE tests are presented (Kraft &
Wide, 1976; Kraft er al., 1977; de Haan et al., 1979). In our group of patients with a
hypersensitivity reaction the ‘overall’ correlation was 71-4%; which compares with the
variations previously reported (Kraft & Wide, 1976, 95-1%;; Kraft et al., 1977, 91-1%;
Basomba et al., 1979, 62-5%). In our patients not showing clinical signs of
hypersensitivity reaction we found an ‘overall’ correlation of 89-7%,. Adkinson (1977)
found a positive intracutaneous test with Cilligen® in all his patients without a
hypersensitivity reaction, but with a positive BPO-specific RAST-IgE.

In patients with and without a hypersensitivity reaction no differences in synthesis
of BPO-specific Ig classes was found. A clinical hypersensitivity reaction is therefore
not strictly related to the presence of BPO-specific antibodies. It is possible that two
phenomena may have a more or less independent role in the pathogenesis of a clinical
hypersensitivity reaction: an immunization phase and an elicitation phase (Spengler &
de Weck, 1972).

We conclude that our findings demonstrate clearly that a BPO-specific IgE
response is not necessarily correlated with the development of a clinical hypersensiti-
vity reaction. However in these patients there is a state of humoral hypersensitivity as
can be shown the positive intracutaneous tests with Cilligen® and/or benzylpenicillin.
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