Acta dllergologica, 1970, 25, 131—158

From Rigshospitalet (The University 1lospital), Medical Department P (Heads:
J. Hess Thaysen, M.D. and Stig Jarnum, M.D.), Medical Out-patients Clinic,
Division for Allergic Discases (Head: Egon Bruun, M.D.) and the Finsen Insti-
tate, Medical Department (Head: Nis 1. Nissen, M.D).), Copenhagen Denmark.

THE SEROLOGICAL DIAGNOSIS OIf
PENICILLIN ALLERGY

By

JENS PEDERSEN-BJERGAARD

INTRODUCTION

Since the first cases of an allergic reaction to penicillin were
reported in 1943—44 (39, 53, 60, 77), problems relating to
human penicillin allergy have attracted considerable interest.
Diagnostic studies, clinical as well as serological, have been
carried out on a large number of patients suspected of peni-
cillin allergy.

Clinical studies using cutaneous tests with penicillin and
penicillin derivatives have been performed by different techni-
ques, but in most investigations they have proved unreliable
for predicting manifest penicillin allergy. Thercefore, supple-
mentary provocation tests with penicillin have been tried.
However, any test involves a risk, as serious allergic reaction
may be elicited in very sensitive penicillin allergics even by
cautious cutaneous tests. Furthermore, cutancous tests and
provocation tests may entail hyposensitization (68), perhaps
also sensitization of patients to penicillin.

Serological studies have, therefore, attracted particular in-
terest in diagnosing penicillin allergy, and various immunolo-
gical tests have been tried, primarily determination of skin-
sensitizing antibodies and agglutinating antibodies. In addi-
tion, a few more complex techniques have been employed. If
a test is to be applicaple clinically, it has to be extremely reli-



able. Treatment with penicillin on the basis of a “false nega-
tive” serological reaction may lead to systemic allergic reac-
tion, perhaps of a fatal outcome.

Skin-sensitizing antibodies of the Ig I class play a patho-
gencetic role in man in various allergic discases of the imme-
diate type, spontaneous, hereditary (e.g. asthma and hay fe-
ver), as well as induced, non-hereditary (e.g. serum sickness)
(10, 19). Thus, the hypersensitivity may be transmitted {from
an allergic subject to non-allergic recipients by the injection of
serum containing skin-sensitizing antibodies. T the serum 1s
injected intracutancously a local sensitization may result as in
the Prausnitz-Kustner’s test (70), if serum is injected intra-
vencously the recipient may acquire generalized passive sensi-
tization (28).

The demonstration of skin-sensitizing antibodies in man is
of practical diagnostic interest, a positive finding usually being
tantamount to manifest allergy with a simultancous positive
intracutancous reaction of the immediate type to the antigen
in question (18, 72). Furthermore, titre values of skin-sensi-
tizing antibodies in scveral allergic diseases, e.g. hay fever,
arc to some extent correlated to the clinical sensitivity (17).

In penicillin allergy investigations for skin-sensitizing anti-
bodies by the Prausnitz-Kustner technique (70) have most
often been performed on single cases, only a few of the publi-
cations dealing with serics of patients (Table 1). Independent
specificity occurs for at least 3 different chemical determinants
represented by benzylpenicilling penicilloyl-polylysine, and ben-
zylpenicilloate (47, 65).

The incidence of demonstrable skin-sensitizing antibodies n
alleged penicillin allergics varies with the reliability of the
diagnosis, the clinical type of reaction, and the number of anti-
gens used. With the 3 antigens mentioned skin-sensitizing anti-
bodies have been demonstrated in 55 per cent (64) and 47 per
cent (72) of penicillin allergics (Table 1). Penicillin speci-
ficity 1s most often found in cases of anaphylactic reactions,
penicilloyl specificity in cases of urticaria.

Prediction of clinically manifest penicillin allergy has been
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attempted by studies for skin-sensitizing antibodies. In a few
investigations (74, 86, 87) it has scemed possible to rule out
immediate reactions, in particular anaphylactic, by investiga-
tion for skin-sensitizing antibody using penicillin and penicil-
loyl-polylysine. But it is doubtful whether these findings can
be confirmed and whether a demonstration of skin-sensitizing
antibodies to penicillin derivatives 1s invariably tantamount to
clinically manifest penicillin allergy.

The Prausnitz-Kistner technique, used in the reported stu-
dies, 1s unsuited for extensive clinical use, and attempts have
been made to replace it by passive sensitization of monkey
tissue. Sensitization of monkey skin (P.C.A. technique) by
scra {rom penicillin allergics is possible (64), and skin-scnsi-
tizing antibodics of the 1g 16 class may be demonstrated, but
the method 1s not sufficiently sensitive. Passive sensitization
of monkey intestine (4) is more sensitive and may perhaps
become clinically applicable in the future.

Agglutinating and precipitating antibodies may often be
demonstrated in human allergy of the immediate type. Agglu-
tinating antibodics may be 75 or 195 globulins (32) of the
Ig G, Ig M, and perhaps Ig 4 class (36). Precipitating anti-
bodies are of the Ig G type (99).

In man agglutinating antibody must be considered patho-
genic, In association with antigen action, for immune haemato-
logical states, such as ¢.g. Sedormid purpura (1), Pyramidon
agranulocytosis (59), and quinidine-induced haemolytic an-
acmia (26). In experimental animals, precipitating antibody
may cause¢ an Arthus reaction upon injection of antigen (41).

In human serum sickness, skin-sensitizing antibodies have
been demonstrated, as well as precipitating and agglutinating
antibodies with correlation between agglutinin titre and clin-
ical parameters (2). Moreover, the histological findings are
reminiscent of the Arthus reaction. 1t has been assumed, there-
fore, that agglutinating and precipitating as well as skin-sensi-
tizing antibodies may play a pathogenetic role (9). Precipitat-
ing antibody is perhaps also operative in farmer’s lung (40),
baggassosis (78), and pigeon breeder’s disease (73).
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In atopic, hercditary allergic diseases agglutinating and
precipitating antibodies are of more questionable importance.
Thus, the titre values of ragweed-specific agglutinating anti-
bodies in patients with untreated hay fever are not correlated
to the clinical symptoms and signs. Furthermore, agglutinating
antibodies to ragweed and cow’s milk protein are frequently
present in persons without clinical signs of pollen or milk
allergy (3, 79)-

Penicillin-specific precipitating antibodies are claimed to
have been demonstrated in the serum of penicillin allergics
(20, 61, 100). The precipitates, usually of a delayed occur-
rence are presumably non-specific, and it has not been possible
to confirm the results (46, §8, 94).

Agglutinating antibodies Lo penicillin-sensitized erythrocyles
were first demonstrated in man by Ley et al. 1958 (50). Anti-
body, occasionally in a high titre, was found in 1.3 per cent of
randomly selected sera, in most cases from persons showing
no cvidence of clinical penicillin allergy. By the same technique
an increased frequency of agglutinating antibody was later
found in penicillin allergics and in patients who had recently
completed courses of penicillin therapy (Table 2). The sen-
sitivity of the agglutination reaction could be increased by
sensitizing erythrocytes with penicillin at alkaline reaction and
using normal serum-dextran mixture as diluent (44). Thereby,
agglutinating antibody could be demonstrated in 97 per cent
of all human sera tested.

Agglutinating antibody to penicillin-sensitized erythrocytes
may be 7S or 19S5 globulin (29, 44, 82) of the Ig G or Ig M
class (46). The specificity is predominantly, but not exclu-
sively, directed at the penicilloyl radical n the D-g configura-
tion (91) or more probably the g-diastercoisomeric configura-
tion (45). The pathogenctic role of these commonly occurring,
penicilloyl-specific agglutinating antibodies in human penicillin
allergy has not yet been finally elucidated.

Immune-haemolytic anaemia may arisc in the course of peni-
cillin therapy, caused by a reaction of agglutinating antibody
with erythrocytes sensitized to penicillin in vivo (7, 8, 16, 62,
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69, 89). This reaction is not common, but may cause a con-
siderable decrease in haemoglobin. The direct Coombs test is
positive, and frequently there are other allergic manifesta-
tions, ¢.g. urticaria (89), erythema (69), or exanthema (16).
Cross allergy between penicillin and cephalothin has been ob-
served in penicillin-induced haemolytic anaemia (62), cor-
responding to what has been observed in studies on skin-sensi-
tizing antibodies (63).

Arthus-like local reactions have been reported after injec-
tions of penicillin (14, 81), also in association with conditions
suggesting serum sickness (25) or purpura and peripheral
gangrene (23). Further, there have been reports of penicillin-
induced leukopenia (21, 88) and thrombocytopenic purpura
(54, 97). Agglutinating antibodies may have elicited these
rare reactions, but unfortunately no relevant immunological in-
vestigations have been performed. Several authors have pre-
sumed that agglutinating antibody of the Ig M and Ig G type
may be of pathogenetic significance in eliciting exanthemas
and other common reactions to penicillin. "This hypothesis has
not yet been confirmed.

The “basophil degranulation test” was introduced by Shel-
ley & Jullin in 1961 (83) as being well-suited for the diag-
nosis of penicillin allergy. The technique was later modified
(84, 85). The test must be interpreted as an in witro equi-
valent of basopenia in certain allergic reactions (776), but it has
been regarded with great scepticism (12, 27). 1t is technically
difficult, and it is not known whether it bears a direct correla-
tion to the occurrence of skin-sensitizing or agglutinating anti-
bodies. In spite of promising results (38), it is hardly applic-
able, in its present form, in the clinical diagnosis of penicillin
allergy owing to positive reactions in 1§ per cent of non-aller-
gics (85).

“In witro blastogenic response of Iymphocytes” to antigenic
action has been employed in recent years in human penicillin
allergy (24, 30, 33, 42, 80). Using morphological assessment
of the blast transformation some authors have obtained a
good dissociation between penicillin allergics and non-allergic

10 Acta Allergologica, 25, 23
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controls (24, 33, 42). However, spontaneous blast transfor-
mation has been observed in association with allergic reactions
to penicillin (30), and in an assessment of the blast transfor-
mation by "C-thymidine only one positive result was found
among 15 penicillin allergics (80).

There is reason to mention yet two other immunological
methods which may possibly acquire decisive importance in the
serological diagnosis of penicillin allergy :

The radio-allergosorbent 1est, developed by Wide, Bennich
& Johansson in 1967 (98) enables a quantitative in vilro deter-
mination of Tg 14 with specificity for a given antigen.

The Leucocyle migration test, originally described by Rich
& lewis in 1932 (75) and modified by Seborg & Bendixen
(90), affords a specific, quantitative in vitro determination of
delayed-type hypersensitivity in man.

Unfortunately, results of these two tests in penicillin aller-
gics have not yet been submitted.

OBJECT OF THE PRESENT STUDY

Investigation for agglutinating antibody to penicillin-sensitized
crythrocytes was performed, using varied techniques and in-
hibition studies on sera from proven penicillin allergics and
non-allergic control persons. Attempts were made to correlate
the results to findings of skin-sensitizing antibodies in the same
sera (04) and to clinical parameters (68) with a view to pre-
dicting manifest penicillin allergy on the basis of serological
findings.

MATERIALS AND METIHODS
Sera

Sera from 53 patients with manifest penicillin allergy (= penicillin allergics).
The diagnesis had been confirmed in 49 by provocation tests with penicillin and
in 4 by a characteristic history and either a positive immediate-type intra-
cutaneous reaction to penicillin or demonstrable penicillin-specific, skin-sensiti-
zing antibodies in the serum (64, 68).

Sera from 72 patients who tolerated penicillin in therapeutic doses in spite of
a history suggesting penicillin allergy (= patients aith an alleged, but not con-
firmed history of penicillin allergy).
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Sera from 720 patients aithout any history of penicillin allergy deseribed
clinically as control group A in a previous paper (68).
All sera were removed and stored sterile at —20° C until the investigations

could be carried out.

Reagents

(a) Commercial erystalline benzylpenicillin as the sodium salt: Penicillin Leo®
(I.eco Pharmacceutical Products Trading Ltd.,, Copenhagen) or Penicillin
Novo® (Novo Industri A/S, Copenhagen) stored at room temperature as
dry sterile powder in rubber-capped vials of 10% 2 X 10 and 10" units.

(b) Alsever's solution: pli 6.1, per litre sodium citrate 8.0 g; sodium chloride
$.2 g5 citric acid o.55 g; glucose 2o0.5 g. The solution was prepared asep-
tically and stored at 4° C.

(¢} Phosphate-buffered saline: pll 7.2, sterile, isotonie, o.ot M phosphate-
buffered saline.

(d) Coombs’ anti-human globulin sera from rabbits: 1314 %, 1393 x and 1236 x,
Blood Bank Laboratory, Statens Sceruminstitut, Copenhagen.

(¢) 2-Mercaptoethanol Pure, (M 37 p), Koch Light Lab. Ltd, Colnbrook
Bucks., England.

(f)  Penicilloyl-polylysine: “Cilligen”® PPL 1 and PPL 5o containing 1 X 107°
and 5 X 10' M penicilloyl compounds (Sigma  Chemical Company, St
Louis, Missouri, U.S.AL), stored at 4° C.

() Benzylpenicilloate as the sodium salt, 1.7 X 10 ' M solution (Leo Pharma-
ceutical Products Trading Ltd.,, Copenhagen), described in a previous
publication (64), stored at —20° C.

(h) Evans Blue (T 1824) o.5 per cent aqueous solution (U.S.P. Warner
Chilcott).

(i) Veronal buffer: pll 9.0, sterilejo.t M stored at 1° C.

Methods

(1) Adgglutination studies were carried out by a modified Ley's technique
(s, 67), incubating ervthrocytes with penicillin in Alsever's solution pH 6.1.

Human blood, group O Rh neg., in a few cases O Rh pos, was stabilized
immediately by cqual parts of Alsever's solution. This suspension was thereafter
incubated with half a volume of Alsever's solution with and without benzyl-
penicillin, 112 mg/ml, at 37° C for 75 min and left overnight at 3° C. Sensitized
as well as non-sensitized ervthrocytes were then washed 3 times, after centrifu-
gation, with a large volume of phosphate-buffered saline. Ervthrocyte suspen-
sion was prepared from 3.0 ml phosphate-buffered saline | o.2 ml erythrocytes.

Test serum, standard serum (with known agglutinin titre), and normal serum
(serum from the erythroeyte donor) were incubated in a water bath of 56° C for
30 min to inactivate complement. Serial twofold dilutions of the test serum and
standard serum were prepared with aliquots of o.1 1l normal serum as the

diluent in 2 ml test tubes.

0%
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To each test tube with o.1 ml serum dilution o.01 ml erythrocyte suspension was
added. The tubes were thoroughly shaken, and after being left at room tempera-
ture for 10 min centrifuged for 1-2 min at 1cco r.p.m. The tubes were then
cautiously shaken by hand to resuspend the erythrocytes, and the agglutination
reactions were read directly (Fig. 1).

Control experiments were done using

1. each test serum + non-sensitized erythrocytes from the same donor as the
sensitized ones,

2. standard serum in dilutions 4- penicillin-sensitized erythrocytes from each
crythrocyte donor,

3. normal serum - penicillin-sensitized erythrocytes from cach erythrocyte
donor,

in order to rule out false positive and false negative agglutination reactions.

All sera were investigated at least twice in satisfactory experiments. Fresh
erythrocytes were prepared daily for the experiments.

(2) Supplementary agglutination studies were done incubating crythrocytes with
penicillin in veronal buffer pH g.0 as reported by de Weck (95) with minor
modifications.

Human blood, group O Rh neg., in a few cases O Rh pos, was stabilized
immediately by equal parts of Alsever’s solution. Erythrocytes were washed 4
times with phosphate-buffered saline. Erythrocytes, 10 per cent suspension in
phosphate-buffered saline, were incubated with cqual volume phosphate-buffered
saline with and without benzylpenicillin so mg/ml and half a volume Vero-
nal buffer pH 9.0 at 37° for 1 hour. Sensitized as well as non-sensitized
erythrocytes were then washed 4 times with a large volume of phosphate-
buffered saline, and erythrocyte suspension prepared from 2.0ml phosphate-
buffered saline -+ o.r ml packed erythrocytes.

Sera were incubated at 56° C for 30 min to inactivate complement, and serial
twofold dilutions of test serum were prepared with phosphate-buffered saline as
diluent. To each test tube with o.1 ml serum dilution o.or ml erythrocyte suspen-
sion was added, and agglutination was accomplished with test serum and
normal serum as deseribed above.

All sera were Investigated at least twice in satisfactory experiments. Fresh
crythrocytes were prepared daily for the experiments.

(3) Agglutination studics using Coombs anti-human globulin sera were
carried out introductory in accordance with item (1). After incubation of sen-
sitized and non-sensitized erythroeytes with test serum for 1o-zo min the ery-
throcytes were cautiously washed 4-5 times with—and re-suspended in—phos-
phate-buffered saline. Different Coombs’ sera were added in varying dilution
and quantity, and after ro minutes’ incubation with occasional shaking, cautious
centrifugation was done. The tubes were then shaken by hand in order to re-
suspend the erythrocytes, and the reactions were read directly.
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(4) Inlibition of agglutination reactions was performed by incubation of
test sera with benzylpenicillin in varying concentration or with 2-mercapto-
ethanol. After the inhibition, serial twofold dilutions of inhibited as well as
non-inhibited test serum were prepared simultaneously, and agglutination reac-
tions were carried out as described under item (1). The investigations were
done at least twice in satisfactory experiments for each serum.

In inhibition studies with penicillin, the test serum was incubated for one
hour at 20° C as a rule with cqual parts of a benzylpenicillin solution con-
taining 1, 10, 10°, 10", 10" possibly 10° and 10" units per ml. In the inhibition
studies with 2-mercaptoethanol 0.1 ml test serum was incubated for 2 hours at
20° C with 0.3 ml 0.133 M 2-mercaptocthanol as deseribed by Lewine et al. (46).

(s5) Passive transfer tests to monkey skin were performed on 11 Macca-irus
(cynomolgus) monkeys weighing 2.8-5.7 kg, average 4.7 kg. It was endeavoured
to elicit reactions by benzylpenicillin and penicilloyl-polylysine as  reported

previously (64).

(6) Passive trausfer to human skin by the Prausnitz-Kiistner technique (70)
was performed at least twice with each serum on satisfactorily reacting re-
cipients. It was endeavoured to clicit reactions by benzylpenicillin, penicilloyl-

polylysine, and benzylpenicilloate as reported previously (64).

(7) Prowocation fests were performed by intramuscular injection of benzyl-
penicillin 10° units. After the injeetion the patients were carefully observed for
one hour for immediate allergic reactions, and 7—14 days later they were again

investigated for delayed allergic reactions.

RESULTS

Agglutinating antibodies to pIl 6.1 penicillin-sensitized ery-
throcyles were recovered in the sera of 25 out of 53 penicillin
allergics, in 5 out of 12 patients with alleged but not confirmed
penicillin allergy, and in 8 out of 120 patients without a his-
tory of penicillin allergy (Table 3). Intramuscular provoca-
tion by benzylpenicillin 10° units in the 8 patients with agglu-
tinating antibody without a history of penicillin allergy did not
in any case clicit demonstrable allergic reaction.
Agglutinating antibodies to pll 9.0 penicillin-sensitized cry-
throcytes were recovered in the sera of 25 out of §2 penicillin
allergics, in 5 out of 171 patients with alleged but not confirmed
penicillin allergy, and in 20 out of 120 patients without a his-
tory of penicillin allergy (Table 3). A positive reaction oc-
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curred in 13 patients with a negative agglutination reaction te
pH 6.1 sensitized erythrocytes, one penicillin allergic and 12
patients without a history of penicllin allergy. Out of the
latter 12 patients 10 were provoked with benzylpenicillin 10
units intramuscularly without any complaints and one patient

AGGLUTINATION EXPERIMENT
WITH PENICILLIN-SENSITIZED ERYTHROCYTES

TEST SERUM -+ PENICILLIN-SENSIT. ERYTHROC.
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Fig. 1.
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failed to attend for the provocation test. The last patient with
agglutinating antibody in a titre of 1:1 to pH 9.0 sensitized
erythrocytes and yet another patient with a doubtful reaction
had denied previous penicillin allergy at the initial investiga-
tions. When these patients were seen again for a provocation
test, both “now remembered” that many years ago they had
had allergic reactions to penicillin, exanthema and exanthema
with angioneurotic ocdema.

The titre values of agglutinating antibody (mean value of
several measurements) ranged in the different sera from 1:1
to 1:4096 (Table 3). The reactions were distinct (Fig. 1)
and reproducible. Using erythrocytes sensitized at pH 6.1,
thus, a total of 141 titre determinations were performed on
38 positive sera. For 28 sera the variations of the titre values
were within == 1 tube in the dilution series, for ¢ within =+ 2
tubes, and for only 1 serum within == 3 tubes. Titre variations
in excess of + 1 tube were apparently due to a very few par-
ticularly high or low titr¢ determinations, unrelated to the
batch of erythrocytes or the experimental date.

Investigation by Coombs’ anti-human globulin sera usually
gave a positive reaction to sera from penicillin allergics, show-
ing a positive direct agglutination reaction as described under
items (1) and (2). No reproducible positive results were
found in scra from penicillin allergics which had given a nega-
tive reaction in the direct agglutination tests.

Hacemagglutination inhibition with penicillin was performed
on all agglutinating sera except from patient MPA. Total in-
hibition was obtained for all sera at penicillin concentrations
of between § and § X 10° units per ml serum. The relations
between the agglutinin titre and the penicillin concentration
needed for inhibition is given in Figs. 2 and 3 for the 37 sera.
Sera from patients without manifest penicillin allergy and
from penicillin allergics without demonstrable skin-sensitizing
antibodies required a relatively higher concentration of peni-
cillin for total inhibition than did sera from penicillin allergics
with demonstrable skin-sensitizing antibodies.

Iacmagglutination inhibition with 2-mercaptoethanol was
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performed, because of simultancous serum dilution, only on
sera with agglutinin titres > 1:8 to pIH 6.1 sensitized erythro-
cytes. Complete inhibition was obtained with certain sera from
penicillin allergics (KAH, OLP, OM]J, 1V, and MH] after
hyposensitization with penicillin). Other sera were not in-
hibited (AS], EMT, EMW) or only partially, showing re-
duction of titre values within 2—5 tubes in the dilution series
(EJN, HMP, EGC, and D}). With a few sera (MOP, KU,
EJ 2, and EC) the results varied from test to test. Sera from
3 patients without a history of penicillin allergy and 1 patient
with alleged but not confirmed penicillin allergy were not or
only slightly affected by 2-mercaptocthanol.

Passive transfer 1o monkey skin of sera from 12 patients
with alleged but not confirmed penicillin allergy and 120 per-
sons without a history of penicillin allergy did not in any casc
show a positive result upon challenge with benzylpenicillin or
penicilloyl-polylysine. Owing to the shortage of monkeys, the
study of the 120 sera could regrettably not be performed more
than once on satisfactorily reacting monkeys.

Passive transfer 1o human skin of sera from 12 patients
with alleged but not confirmed penicillin allergy showed a
negative result upon challenge with benzylpenicillin, peni-
cilloyl-polylysine, and benzylpenicilloate. In the sera from 3
patients with positive cutancous reaction to penicilloyl-poly-
lysine, but without a history of penicillin allergy, penicilloyl-
specific skin-sensitizing antibodies in titre values of 1:1, 1: 10,
and 1:10 were demonstrated. Reactions to benzylpenicillin
and benzylpenicilloate were negative. All 3 patients tolerated
benzylpenicillin 10" units intramuscularly without complaints.

DISCUSSION

The demonstration of agglutinating antibody to pH 6.1 peni-
cillin-sensitized erythrocytes in 47 per cent of §3 patients with
definite penicillin allergy, in 42 per cent of 12 patients with
alleged but not confirmed penicillin allergy, and in 6.5 per
cent of 120 patients without a history of penicillin allergy
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(Table 3) 1s in conformity with the results of several previous
studies (Table 2). The incidence of agglutinating antibody
was significantly higher in penicillin allergics than in persons
without a history of previous penicillin allergy (PP < o.001,
X° test).

As might be expected, patients without a history of peni-
cillin allergy had the highest frequency of agglutinating anti-
body after recently completed courses of penicillin (Table 4).
In contradistinction, patients with definite penicillin allergy
showed the same frequency of agglutinating antibody whether
they had recently completed courses of penicillin therapy or
been in contact with penicillin more than 3 months ago (Table
4). This result is not in keeping with some previous investiga-
tions (71, 96) (Table 2) but in accordance with another
(82). The high incidence of agglutinating antibody in peni-
cillin allergics was not due to a preponderance of recently
penicillin-treated patients.

Agglutination tests using erythrocytes sensitized to peni-
cillin at pH 9.0 showed—compared with the results found
with pIH 6.1 e agglutination
reaction in yet another serum from a penicillin allergic (BS])

TABLE 4

Frequency of Agglutinating Antibody to pH 6.1 Penicillin-Sensitized Erythrocytes

in Penicillin Allergics and in Controls withou! Penicillin Allergy in Relation
to Time of Last Exposure to Penicillin.

Exposure to Exposure to No known
penicillin within  penicillin more exposure to
past 3 mths. than 3 mths. ago penicillin
53 penicillin allergies 15/32 10/21

12 pts. with alleged

but not confirmed

penicillin allergy 4/7 1/5
120 pts. without a

history of

penicillin allergy /27 4/79 o/14

Number of sera with positive reaction / number of sera studied.
Blank: No patients studied,
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and in 12 sera from patients without a history of penicillin
allergy (Table 3). Thus, agglutination tests using pH 9.0
sensitized erythrocytes were less specific in predicting clinical
penicillin allergy.

' The sensitivity of the agglutination test was apparently
increased by alkaline sensitization of the erythrocytes as re-
gards sera with low titre values. At the same time, there was
an almost constant reduction of titre values for heavily agglu-
tinating sera. The technique of the two agglutination tests,
described under items (1) and (2), however, did not differ
only in respect to the pH during the sensitization of the ery-
throcytes. Sensitization times, sensitization of whole blood or
of washed erythrocytes, and the use of normal serum or phos-
phate-buffered saline as diluent also differ in the two meth-
ods, and all these factors may have influenced the results.

The provocation tests confirmed that agglutinating anti-
body may occur, even in a high titre, in persons without signs
of clinical penicillin allergy. Patients with a history of peni-
cillin allergy and with positive agglutination reaction would oc-
casionally tolerate penicillin therapy and patients without a his-
tory of penicillin allergy, but a positive agglutination reaction
would usually tolerate penicillin therapy without exhibiting
allergic reaction.

When the patients re-appeared for provocation tests, it was
found, as might be expected, that the previous information
about penicillin allergy had been to a marked extent unreliable,
even though the patients had been thoroughly questioned.

Coombs’ antiglobulin technique has been tried on several
previous occasions in agglutination tests using penicillin-sensi-
tized erythrocytes. Positive reactions in sera without directly
demonstrable agglutinating antibody were originally reported
by Ley et al. (50) in randomly selected sera. Subsequent stu-
dies, comprising also sera from penicillin allergics, have given
only a very few positive (34) or else entirely negative results
(35, 93). The results in the present study were also negative
for sera from penicillin allergics without directly demonstrable
agglutinating antibody. Therefore, the Coombs technique,
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as used here, is not suited for improving the agglutination
test with penicillin-sensitized erythrocytes.

Inhibition of the agglutination reaction using penicillin-
sensitized erythrocytes by preceding incubation of the serum
with penicillin has been described previously (5, 22, 50, 93).
If inhibition is obtained, the agglutination reaction is proved
to be specific. For some sera, a proportionality between the
titre of agglutinating antibody and of the penicillin concentra-
tion required for inhibition has been reported (5), but there
have also been reports on a few sera unexpectedly difficult to
inhibit, in particular from patients who had not shown mani-
fest penicillin allergy (7, 16, 69).

The present inhibition experiments (Fig. 2) showed for the
37 studied sera as a group no direct relationship between the
agglutinin titre and the concentration of penicillin required for
inhibition. However, sera from penicillin allergics showed a
tendency to inhibition at a relatively lower concentration of
penicillin than sera from patients without penicillin allergy
(Fig. 2).

When considering sera with agglutinating as well as skin-
sensitizing antibodies (Fig. 3), there is a significant correla-
tion between the agglutinin titre and the concentration of peni-
cillin needed for inhibition (r = 0.66 p < 0.01). The regres-
sion line 1s represented by y == 0.19 x 4 0.81 for x = - log
(agglutinin titre) /log 2 and y = log (units penicillin) - log 5.
When applying a discriminant analysis to data for sera with
skin-sensitizing antibodies against sera without skin-sensitizing
antibodies, the line represented by y = 0.44 x 4 0.23 proves
to afford the best statistical differentiation between the two
groups.

Below the discrimination line y = o.44 x 4 0.23 (Fig. 3)
shows the parameters for:

14 penicillin allergics with skin-sensitizing antibodies.

4 penicillin allergics (MH, AS], JJN, and OM]) without

demonstrable skin-sensitizing antibodics.

1 patient with alleged but not confirmed penicillin allergy

and no skin-sensitizing antibodies.
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2 patients without a history of penicillin allergy, tolerating

penicillin, but with a positive cutancous reaction to peni-

cilloyl-polylysine and penicilloyl-specific skin-sensitizing an-
tibodies.

Above the discrimination line y == 0.44 x 4 0.23 Fig. 3
shows the parameters for:

5 patients without any evidence of past or present penicillin

allergy.

4 patients with alleged but not confirmed penicillin allergy

and no skin-sensitizing antibodics.

3 penicillin allergics without demonstrable skin-sensitizing

antibodies (OMN, KED, and OBO).

1 patient without a history of penicillin allergy, tolerating

penicilling but with a positive cutancous reaction to peni-

cilloyl-polylysine and penicilloyl-specific skin-sensitizing an-
tibodies.

3 penicillin allergics with skin-sensitizing antibodies (EMW,

ELP, EF).

Thus, inhibition of haemagglutination, incubating serum
with penicillin, makes it possible, to some extent, to distinguish
between sera with and without simultancous presence of skin-
sensitizing antibodics. Above the line obtained by a discrimi-
nant analysis 4 out of 16 sera contained skin-sensitizing anti-
bodies as compared with 16 out of 21 below the line.

[nhibition of agglutination reaction to penicillin-sensitized
erythrocytes by preceding incubation of the serum with 2-
mercaptoethanol has been described previously (29, 46, 82,
91). If the agglutination reaction is inhibited, the agglutinat-
ing antibody is supposed to be of the 7g M class, and if no in-
hibition occurs it is supposed to be Ig G antibody. The sigmif-
icance of the results has previously been secured by simultane-
ous Investigations using ultracentrifugation or precipitation of
agglutinating sera with specific anti-lg M and anti-lg G anti-
body (46).

The results of inhibition experiments with 2-mercaptoetha-
nol in the present study appeared to be reliable for most sera.
The findings indicated the presence of Ig M antibody in the
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sera from KAH, OLLP, OMJ, and 1V, of Ig G antibody in the
sera from ASJ, EMT, and EMW and of Ig M + Ig G anti-
bodies in the sera from EJN, HMP, EGC and DJ. For a few
sera (MOP, KU, L] 2, and IEC) the results of inhibition ex-
periments using 2-mercaptoethanol were highly varyable from
test to test without demonstrable cause. In particular, no
errors or defects in the technique could be demonstrated. Ac-
cordingly, it was not possible to obtain a definite dissociation
between agglutinating antibodies of the 7g M and Ig G classes
by the technique employed.

However, the results suggest that the separation between
sera with and sera without skin-sensitizing antibodies in Fig. 3
may be duc to different classes of agglutinating antibodies.
Thus, sera with sole /g G antibodies are situated close to or
above the discrimination line, whereas sera with /g M anti-
bodies are situated below.

Investigation for skin-sensitizing antibodies in the sera of
12 patients with alleged but not confirmed penicillin allergy
gave negative results. Investigation of serum from 120 pa-
tients without a history of penicillin allergy gave positive re-
sults in 3, viz. penicilloyl-specific skin-sensitizing antibodies of
a low titre. These patients also gave a positive cutaneous reac-
tion to penicilloyl-polylysine but tolerated penicillin in a thera-
peutic dose.

As stated in the introduction, the demonstration of skin-
sensitizing antibodies must generally be considered tantamount
to clinically manifest allergy, and skin-sensitizing antibodies
are not expected to be found in non-allergic persons. These
hypotheses are largely confirmed by the present studies. Toler-
ance to penicillin in a therapeutic dose in 3 patients with peni-
cilloyl-specific skin-sensitizing antibodies may be due to in-
sufficient exposure to penicilloyl in the provocation with peni-
cillin. As indicated by passive transfer tests (66) these 3 pa-
tients would presumably have developed a clinical allergic
reaction to a higher dose of penicillin or to longer-lasting peni-
cillin therapy.

For §3 patients with clinically manifest penicillin allergy,
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the present results of agglutination experiments using peni-
cillin-sensitized erythrocytes were compared with a previous
investigation for skin-sensitizing antibodies (64) and with
clinical parameters (68) for the same patients (Table s).
At first sight, the results of all immunological investiga-
tions, cutancous tests, and serological studies present a motley
picture. This suggests that allergic reactions to penicillin are
series of clinical symptoms and signs elicited by different im-
mune reactions to several chemical determinants.

Owing to the limited number of patients, showing many
clinical types of reaction, difficulty must be expected in obtain-
ing a significant correlation between the various parameters.
Without statistically significant correlation higher titre values
of penicillin-specific skin-sensitizing antibodies were observed
in very sensitive penicillin allergics. There was a preponder-
ance of a family and personal history of atopic diseases among
patients with anaphylactic reactions and asthma—unlike the
findings in allergic patients with urticaria, erythema, and ex-
anthema—and a preponderance of positive delayed-type intra-
cutancous reaction to penicillin in patients with angioneurotic
oedema.

With a statistical significance (x* test) the following para-
meters were correlated.

Positive immediate-type cutaneous reaction to penicillin and

the presence of skin-sensitizing antibodies on the whole

(P < o.001).

Positive immediate-type cutaneous reaction to penicillin
and the presence of skin-sensitizing antibodies with a speci-
ficity for penicillin (P < o.01) and penicilloate (> <
0.001).

Positive immediate-type cutancous reaction to penicil-
loyl-polylysine and penicilloyl-specific skin-sensitizing anti-
bodies (P < o.001).

Skin-sensitizing antibodies to penicilloyl-polylysine and to
benzylpenicilloate (P < 0.001).

Agglutinating antibodies and penicilloyl-specific skin-sen-
sitizing antibodies (P < 0.01).

1 Acta Allergologica, 23, 2—3
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Agglutinating antibodies with titre value > 1:32 and
penicilloyl-specific skin-sensitizing antibodies of a titre
=1:10 (P <o.01).

On comparison with a previous study by Redmond & Le-
vine (72) there was in a striking number of cases a discrep-
ancy between the results of the immediate-type cutancous tests
and the vestigations for skin-sensitizing antibodies. In some
cases (EMT, KU, KJ 2, EGC, EJN, HEN, KAH) this was
presumably due to the eliciting of penicilloyl-specific reactions
upon intracutancous testing with benzylpenicillin as previously
described in passive transfer tests (65).

Serologically, studies for skin-sensitizing and agglutinating
antibodies afforded only an assumption of penicillin allergy in
37 out of §3 patients with definite penicillin allergy. Among
16 patients with entirely negative serological reactions 6 had
anaphylactic reactions. Serological tests as performed in the
present study cannot predict clinically manifest penicillin al-
lergy with sufficient accuracy.

SUMMARY

Agglutinating antibodies to pI 6.1 penicillin-sensitized ery-
throcytes were demonstrated in 25 out of §3 sera from peni-
cillin allergics, in § out of 12 sera from patients with alleged
not confirmed penicillin allergy and in 8 out of 120 sera from
patients without a history of penicillin allergy. Titre values
ranged from 1:1 to 1:4096. The occurrence of agglutinating
antibody was significantly more common in penicillin allergy,
but not tantamount to such allergy.

Sensitization of erythrocytes by penicillin at pH 9.0 in-
creased the sensitivity of the agglutination reaction to sera
with low titre values but reduced the specificity of the method
for predicting clinical penicillin allergy because of the many
reactions among patients without a history of penicillin allergy.

It was not possible to increase the sensitivity of the agglu-
tination reaction by using Coombs’ anti-human globulin sera.
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Inhibition of the agglutination reaction to penicillin-sensi-
tized erythrocytes was possible in all cases by preceding incu-
bation of the test serum with benzylpenicillin. For sera with
agglutinating as well as skin-sensitizing antibodies there was a
correlation between the agglutinin titre and the penicillin con-
centration needed for total inhibition of the agglutination.

In the inhibition experiments using penicillin it proved pos-
sible, to some extent, to distinguish between sera from patients
with and without manifest penicillin allergy and between ag-
glutinating sera with and without simultaneous presence of
skin-sensitizing antibodies.

Inhibition of the agglutination reaction to penicillin-sensi-
tized erythrocytes proved possible in some cases by preceding
incubation of sera with 2-mercaptoethanol, but the results
were not reproducible for all the sera. However, the investiga-
tion suggested that the separation of sera by inhibition ex-
periments with penicillin could be explained from the occurrence
of mainly Ig G antibody in sera from non-penicillin allergics
without skin-sensitizing antibodies, and of Ig M antibody in
sera from penicillin allergics with skin-sensitizing antibodies.

The results of the agglutination tests were compared with
previously published determination of skin-sensitizing anti-
bodies and clinical investigations on the same groups of pa-
tients. This showed a significant correlation between the oc-
currence of agglutinating antibody and penicilloyl-specific
skin-sensitizing antibody as well as between a positive imme-
diate-type intracutaneous reaction to penicillin and demon-
strable skin-sensitizing antibodies.

Serological investigations with determination of agglutinat-
ing and skin-sensitizing antibodies rendered it possible to make
an assumed diagnosis of penicillin allergy in only 37 out of §3
patients with manifest penicillin allergy.
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