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I N T R O D U C T I O N

Penicillin allergy is an Important form of drug allergy in man,
since its incidence is high and since it may give rise to life-
threatening reactions. In addition, therapeutic problems may
arise in choosing antibacterial treatment in the event of in-
fectious diseases in patients with penicillin allergy.

A history of penicillin allergy among the populations of the
western world is of a fairly constant frequency, ranging from
1.8 per cent to 5.2 per cent (43, 47, 13, 16, 29, 22, 28, 36, 40)
(Table i ) . However, such presumed penicillin allergies most
often tolerate penicillin therapy at a later date (51, 17)
without exhibiting further allergic reactions. In other cases
subsequent administration of penicillin elicits another allergic

* Presented in abstract at the 7th European Congress of Allergology, W. Ber-
lin, September 1968.
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TABLE I
Hirtory of Penicillin Allergy in Patient and Soldier Materials.

No. of
persons

questioned

3.275

..365

13,089

7.390

1,800

2,585

2,600

1,922

1,022

Category
of

persons

Soldiers

Various
patients

Soldiers

Various
patients

Soldiers

Various
patients

Soldiers

Various
patients

Soldiers

Author

Sherwood et al. (43)

Smith (47)

Mc.Farland (13)

Foged (16)

Olsen (39)

Lassen (,zz)

Miller (28)

Peltonenetal. (36)

Rytel et al. (40)

Year

J9S7

1957

1958

1958

1958

1959

1963

.9^3

1963

Incidence
of

previous
penicillin

allergy
per cent

47

1.8

3.0

3.6

3-2

5.0

2.6

4-3

reaction which may prove fatal. Thus, 30 per cent of persons
who have died of allergic penicillin reaction (3, 7) had a
history of previous penicillin allergy.

The frequency of allergic reactions observed during and
after penicillin therapy in persons with no past history of
penicillin allergy varies within wide limits. The stated rates
range from 0.2-6.5 percent (45, 9, 46, 59t 43i I3i i- i^- ^8,
2,6, 40, 19) (Table 2) . The rate also varies in apparently
comparable materials, for instance between o and 8.7 per
cent in a W.H.O. study comprising 2.3 million penicillm-
treated venerealogical patients (60). However, there is evi-
dence to indicate that the nature of the penicillin preparation
(46), the number of doses administered (43)1 the mode of
administration (2), and in particular the size of the doses
(43, 13, 11) play a decisive role in the frequency of allergic
reactions occurring during penicillin therapy.
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TABLE z
Allergic Reactions Observed in Connection with Penicillin Therapy.

No. of
persons
treated

2,9'3

6,140

3,i75

12,858

6,832

3SJ+96

2,6oo

1,873

825

95

Category
of

patients

Venereal

Soldiers

Venereal

Various
diseases

Soldiers

Soldiers

Various
diseases

Venereal

Soldiers

Various
diseases

Soldiers

Subac. bact.
endocard.

Author

Smith etal. (45)

Brooks & Moe (9)

Smith et al. (46)

Wellman & Corr (59)

Sherwood et al. (43)

Me. Farland (13)

Andersen (i)

Brown etal . (11)

Miller (2g)

Peltonen et al. (36)

Rytel et al. (40)

Grieco etal . (19)

Year

'954

1956

>956

1956

1957

1958

1959

1961

1963

1963

1963

1964

Incidence
of allergic
reactions
per cent

0.7

0.9

o.i-o.s

0.4-0.9

3.1-6.1

1.1-1.7

'•3

0.5-6.5

1.0

0.3

1.2

5-3

Other factors too contribute to the extremely varying re-
sults. The different care by which patients with previous peni-
cillin allergy are excluded from further penicillin therapy and
the doctor's individual evaluation of the clinical signs unless
cutaneous tests and provocation experiments are performed.
Some authors (59), therefore, make a distinction between
definite and more doubtful allergic reactions to penicillin. The
uncertainty of the clinical diagnosis of penicillin allergy may
be illustrated by the fact that a diagnosis of penicillin allergy
lias been presumed in several cases in persons who are being
treated with a penicillin placebo (6). An allergic reaction
occurring during penicillin therapy need not be caused by the

cillin. The patients often receive other drugs at the same
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time, drugs which may, like e.g. foods, cause allergic symp-
toms.

Serious (life-threatening) allergic reactions to penicillin
make up 5-10 per cent of all cases in major analyses (45, 13,
22, I, 11). In one study (58) more than 30 per cent serious
reactions occurred. The mortality of penicillin therapy has
been reported to be r in 70,000 and i in 93,000 penicillin-
treated patients in an inquiry to venerealogical clinics {60,
45). A considerably lower rate, i.e. around 1 in 7 million
single doses of penicillin, may be calculated from the figures
reported in another large material from general practitioners
and hospitals in U.S.A. (58). In Denmark i death has been
recorded in 3-4 million single doses of penicillin (20).

In human penicillin allergy of the immediate (humoral) type,
to which the great majority of cases of penicillin allergy have
to be assigned, at least 3 different antigens are operative.
These antigens are represented by penicillin, penicilloate (the
salt of penicilloic acid), and the penicilloyl radical (Fig. i)-
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Allergic reactions induced by apparently pure penicillin
have been known almost since penicillin was introduced into
clinical use. Frequently, these are serious reactions elicited by
very small quantities of penicillin. In the early sixties the as-
sumption that penicillenic acid might be the antigen in peni-
cillin allergy (23, 54) led to the detection of the penicilloyl
compounds. These compounds may form by a reaction between
penicillenic acid or the penicillin molecule itself and proteins,
and they occupy a central position in penicillin allergy (24,
30, 31). Penicilloyl-specific allergic reactions are clinically
often mild reactions. Finally, penicilloate, a degradation pro-
duct of penicillin, also appears to play a role in penicillin
allergy.

That reactions to these 3 chemical compounds—penicillin,
the penicilloyl radical, and penicilloate—occur in human peni-
cillin allergy has been demonstrated by cutaneous tests on peni-
cillin allergies (37) and by studying skin-sensitizing antibodies
—reagins—in the serum of penicillin allergies (37, 34). Cross
absorption experiments in passive transfer tests using the 3
compounds have shown with certainty that there is a question
of 3 specific antigens, and within wide concentration ranges
there have been no definite signs of cross allergy between the
3 antigens or of a mutual inhibition of the induction of posi-
tive reactions (35).

During systemic penicillin therapy the person treated is sub-
jected to a massive and generalized exposure to penicillin, and
such exposure may elicit an allergic reaction showing peni-
cillin specificity. The nature of the penicillin preparation ap-
pears to be of less importance in eliciting the penicillin-specific
reactions, several investigations having shown a marked mu-
tual cross allergy between the various penicillins (38, 49,
42, 1 8 ) .

Penicillin is broken down in invo int. al. into penicilloate by
hydrolysis of the beta lactam ring. Thus, penicilloate is de-
monstrable in the urine of persons treated with penicillin (52).
It has not been elucidated, however, whether sufficient peni-
ciUoate forms in vivo during penicillin therapy to elicit an



allergic reaction. High penicilloate concentrations are re-
quired to elicit penicilloate-specific passive transfer tests (34).

The possibilities of eliciting penicilloyl-specific allergic re-
actions in penicillin therapy have also not been fully eluci-
dated. As is apparent from the following, commercial peni-
cillins are regularly contaminated by small quantities of peni-
cilloyl compounds. The extent of this contamination is an im-
portant factor in whether or not a penicilloyl-specific allergic
reaction is elicited during penicillin therapy (33)-

In cutaneous tests and passive transfer tests for penicilloyl-
specific reactions, optimal results are obtained by succinylated
penicilloyl-polylysine containing 20-100 lysine residues per
molecule (26).

Allergic reaction to penicilloyl compounds is quantitatively
the most important factor in penicillin allergy. Thus, 35-75
per cent of penicillin allergies show positive cutaneous reaction
to penicilloyl-polylysine (31, SS^ 44i 40. 10)• More rarely
a positive cutaneous reaction to penicillin (12, 14, 56) and
to penicillin as well as penicilloate (53) may be obtained,
Corresponding findings are made in searching for skin-sensi-
tizing antibodies—reagins—in the serum of penicillin allergies
(34). In such investigations too penicilloyl-specific reactions
show the highest incidence.

However, a positive cutaneous reaction to the penicylloyl
radical does not occur exclusively in patients with known peni-
cillin allergy. 4-7.5 per cent of randomly selected persons
without a history of penicillin allergy show positive cutaneous
reaction to penicilloyl-polylysine (44, 55, 4O> 10). As might
be expected, positive cutaneous reaction is far more common
in persons who have previously been treated with penicillin
than in those who have never received penicillin.

After one injection of penicillin to 614 patients with nega-
tive cutaneous reaction to penicilloyl-polylysine 8.2 per cent
developed a positive cutaneous reaction to penicilloyl-poly-
lysine (40). This shows that penicillin therapy must entail an
exposure to penicilloyl compounds and that these compounds
are heavily sensitizing.
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The antigenic properties of the penicilloyl radical have also
been confirmed in another way. By a particularly sensitive
technique agglutinating antibodies of the y-G and y-M type
with specificity for the penicilloyl radical have been demon-
strated in 97 per cent of randomly selected human sera (27).
However, these serologicai findings bear no direct relation
to reagin-mediated penicillin allergy.

Persons with "chance demonstration" of a positive cuta-
neous reaction to penicilloyl-polylysine usually tolerate peni-
cillin therapy, only 5-12 per cent showing clinical signs of
allergic reaction (44, 40, 10). Even a patient who responded
by a severe systemic allergic reaction to intracutaneous testing
with penicilloyl-polylysine proved to stand penicillin therapy
without complaints (39).

A central question in evaluating the role of the penicilloyl
radical in penicillin allergy is: In which way is the patient on
penicillin therapy exposed to penicilloyl compounds, and in
which quantities do such compounds occur?

It has previously been assumed that patients on penicillin
medication are exposed to considerable quantities of penicilloyl
compounds. Such compounds form by direct reaction between
penicillin and amines, including proteins, at a highly alkaline
pH (25, 32), but the reaction may take place also under the
physical-chemical conditions encountered in vivo (4). Forma-
tion of penicilloyl may occur also in reactions between peni-
cillin and more low-molecular compounds, such as mono-
saccharides, disaccharides, or glycerol (41). Thus, the pre-
suppositions appear to be present for an in vivo formation of
penicilloyl which may elicit an allergic reaction.

In addition, penicilloyl compounds occur regularly as con-
tamination in the commercial crystalline penicillin preparations
(5, 21, 50), partly in the form of penicilloyl-containing com-
pounds of protein nature and partly as di- and polymeric com-
pounds (5, 21, 57). The protein compounds are presumably
contamination from the culture media used in the manufacture
of the commercial penicillin, while the di- and polymeric com-
pounds may form spontaneously from pure penicillin.
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While some authors (5, 50) attach most importance to the
contamination of the commercial penicillin preparations with
penicilloyl impurities of protein nature, others (57) have
found evidence, based upon quantitative penicilloyl determina-
tions, that the formation of dimeric and polymeric penicilloyl
compounds plays a much greater role in eliciting penicilloyi-
specific allergic reactions.

By dialysis and gel filtration it has been attempted to rid
commercial penicillins of penicilloyl impurities in the hope of
thereby reducing or abolishing the patients' exposure to pcni-
cilloyl compounds during penicillin therapy.

Comparisons of cutaneous tests with purified and with
commercial penicillin in penicillin allergies have given varying
results. In some investigations (21, 50) fewer positive cu-
taneous reactions have occurred with purified than with com-
mercial penicillin, presumably because penicilloyl-specific re-
actions are less apt to be elicited by pure penicillin. Others
(57) have reported almost as many positive cutaneous reac-
tions with sephadex-purified penicillin as with non-purified
commercial penicillin.

AUTHOR'S PREVIOUS INVESTIGATIONS

Exposure to penicilloyl compounds during penicillin therapy
was studied in passive transfer tests to human skin of peni-
cilloyl-specific skin-sensitizing antibodies (33).

A non-penicillin allergic recipient was first sensitized locally
with a panel of sera from penicillin allergies, all containing
penicilloyl-specific skin-sensitizing antibodies. Each sensitized
field represents, in the abstract, a penicillin allergic "en minia-
ture". During subsequent penicillin treatment of the recipient
a systemic exposure to penicilloyl compounds may be studied
by the allergic reaction locally in each sensitized field. The
study is carried out "i« vivo" during penicillin therapy and
simultaneously for several penicillin allergies (represented by
the respective serum samples). In addition, there is no major
risk of eliciting a serious allergic reaction by this investigation.
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By this method no signs of penicilloyl-specific reactions were
demonstrable in the sensitized fields after treatment with
commercial penicillin, 2 mega units i.v. But if the recipients
were treated with commercial penicillin, 20 mega units i.v.,
strongly positive penicilloyl-specific reactions were elicited in
a few minutes in a number of the sensitized fields.

The inhibitory effect upon penicilloyl-specific reactions was
studied, both immediately after an infusion of 20 mega units
commercial penicillin and after longer-lasting penicillin therapy
using the same total dose. An almost identical inhibition of
penicilloyl-specific passive transfer tests was observed in both
forms of treatment. In other words, there were no signs of a
gradual and slow formation of penicilloyl compounds in vivo
during penicillin therapy.

Penicillin from which high-molecular penicilloyl compounds
had been removed by dialysis was administered intravenously
in a high dosage (20 mega units) to a locally sensitized reci-
pient. This elicited only a faintly positive penicilloyl-specific
reaction with a single serum. In all sensitized fields, however,
massive inhibition to subsequent elicitation of reactions with
penicilloyl-polylysine was observed. This specific inhibition was
attributed to the occurrence of low-molecular penicilloyl com-
pounds in the dialysed penicillin preparation used.

OBJECT OF PRESENT STUDY

The object of the present study was (a) to extend the above
investigations performed with Danish commercial penicillin,
using also British and American commercial penicillin, (b) to
assess a commercially available purified penicillin (Purapen®)
and (c) to ascertain whether purification of penicillin by
sephadex fractionation (50) is more effective than purifica-
tion by simple dialysis. Finally (d) to elucidate whether sys-
temic penicillin therapy entails exposure to penicilloafe in such
quantities that a penicilloate-specific allergic reaction may be
elicited.
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M E T H O D A N D M A T E R I A L S

Pa&sive transfer tests were performed on 20 youngish, non-allergic human re-
cipients in a good general conditLoii. Procedure, precautions, and reading of the
reactions have been described in previous papers (33, 34, 35). The recipients
were sensitized passively to the penicilloyl radical or to penicilloate in pre-
tnarked fields on the back by intracutaneous injections of 0.1 xa\ reagin-cmi-
tatnlng serum. 24. hours after the sensitization the recipients received sodiura
benzylpenidliin, 30 mega units i.v. Immediately before use the penicillin
powder was dissolved in aoo ml sterile 5 per cent glucose solution and was
infused intravenously in 5-10 minutes.

The sensitization was performed by 9 sera from penicillin allergies contain-
ing penicilloyl-specific and 7 sera containing penictlloate-specific skin-sensitizing
antibodies (34). Penicillin specificity did not occur in the penicilloyl-specific
sera, and positive penicilloate-specific reactions vrere never observed after ad-
ministration of penicillin. Serum K A H contained, in addition to the named spe-
cificities, also reagins to a not yet clarified penicilln antigen. All experiments,
moreover, included penicillin-specific reference sera to control the suitability o(
the recipient for passive transfer tests-

Ail the recipients exhibited highly positive wheal-and-flare reaction upon
intracutaneous injection of histamine 0.01 per cent and negative reactions to
the antigen solutions injected into non-sensitized fields.

The following preparations vpere used for eliciting passive transfer tests:

(1) Danish commercial crystalline benzylpenicillin as the sodium salt, Penicillin
Novo®, lots I X 47, S X 36, and 16 X 17 (the penicillin preparation genet-
ally used in the department where the investigations were performed)
(Novo Industri A/S, Copenhagen).

(2) British commercial crystalline benzylpenicillin as the sodium salt, buffered
Crystapen®, lot 7693/1 (Glaxo Laboratories Ltd., Greenford, Middlesex,
England).

(3) American commercial crystalline benzylpenicillin as the sodium salt, buf-
fered Sodium-Penicillin G Squibb, lots 8 A 89S and 8 E 619 (E. R. Squibb &
Sons Inc., New York).

(4) British commercial, but specially purified benzylpenicillin, Furapen®, lot
H 2g/i (Beecham Research Laboratories, Brentford, Middlesex, England)

(5) Dialysed benzylpenicillin as the sodium salt Leo, lots 670928 and £71011
(Leo Pharmaceutical Products Trading Ltd., Copenhagen).

(S) Sephadex-purified benzylpenicillin as the sodium salt, Leo lots eynas,
680321, and 681022. The preparations had been purified in aqueous solu-
tion on sephadex G25 and immediately after freeze-dried (Leo Pharma-
ceutical Products Trading Ltd., Copenhagen).

(7) Penicilloyl-polylysine "Cilligen"® containing i X lo"" and 50 X lo"' M peni-
citloyl compounds (Sigma Chemical Company, St. Louis, Missouri, U.S.A.).



(g) Sodium henzylpenicilloate made of sephadex-purified benzylpenicillin by
hydrolysis with NaOH at pH i i . Penicilloate concentration 1.7 x io"'M,
penicillin content less than 0.05 utiit/io ml (Leo Pharmaceutical Products
Trading Ltd., Copenhagen).

preparations (i)-(4.) were randomly selected commercial preparations which
were stored prior to the investigations in a cool, dark place.

Preparations (5)-(7) were stored in the refrigerator at 4° C, and preparations
(5) and (6) were used a few days after they had heen manufactured.

Preparation (S) was kept at —20° 0 until use.

R E S U L T S

The results in respect to eliciting visible positive penicilloyl-
specific passive transfer tests by various penicillin preparations
are given in Table 3. Each horizontal column represents the
results in the various sera in one recipient for one penicillin
preparation. Each vertical column represents the results for
the same serum obtained by the different penicillin prepara-
tions. In all the experiments the dosage was 20 mega units
benzylpenicillin i.v.

It is apparent from the table that all the penicillin prepara-
tions elicited immediate wheal-and-flare reaction in the field
sensitized with serum EJN. This serum had the highest titre
value of peniciUoyl-specific skin-sensitizing antibodies. Positive
reactions were never observed with serum EMT.

As far as all serum samples are concerned, positive reac-
tions were elicited in 57 out of 63 cases with the commercial
crystalline penicillins. Identical results were found with the
preparations from Novo, Glaxo, and Squibb, lot 8 A 898,
while somewhat fewer and weaker reactions were observed
with Purapen® and Squibb lot 8 E 619 (7 out of 16).

Two different dialysed and 3 sephadex-purified penicillin
preparations, all specially made by Leo, differed distinctly
from the other, above-mentioned commercial preparations.
They elicited positive wheal-and-flare reaction only in serum
EJN, and in addition once in serum EGC. In all, only 9 posi-
tive reactions occurred in 55 sensitized fields.
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The positive reactions elicited with penicillin were totally
inhibited by preceding injection of penicilloyl-polylysine 0.05
ml 50 X lo"^ M locally into the sensitized fields.

After the intravenous injection of benzylpenicillin, 20 mega
units, 13 recipients were injected with penicilloyl-polylysine
0.05 ml I X 10 ' M intracutaneously into all sensitized fields
(Table 4) . As a rule, penicilloyl-polylysine was injected z^y-
3V2 hours after the injection of penicillin, when all positive
wheal-and-flare reactions to the penicillin injection had sub-
sided.

In recipients pre-treated with commercial penicillin Novo,
Glaxo, and Squibb or Purapen® a positive reaction with peni-
cilloyl-polylysine could be elicited in 20 out of 6$ fields. In
45 cases, however, a reaction could no longer be elicited, in-
dicating specific inhibition.

In these investigations a marked difference was found be-
tween the Leo penicillins purified by dialysis and those puri-
fied by sephadex. The preparations purified by dialysis en-
tailed in 17 out of 18 fields inhibition of subsequent wheal-
and-flare reactions with penicilloyl-polylysine i X lO'" M in
the sensitized sites.

Following sephadex-purified penicillin inhibition was ob-
served in only S out of 16 cases.

In one case (Table 4, note i ) penicilloyl-polylysine was not
injected locally into the sensitized fields until 18 hours after
the infusion of penicillin. However, the inhibition of peni-
cilloyl-specific reactions corresponded to that observed in the
other experiments 21/2-3V2 hours after the injection of peni-
cillin. In 2 cases (Table 4, note 2) penicilloyl-polylysine was
injected immediately after the infusion of penicillin had been
completed. In spite of the short latent period, complete in-
hibition of penicilloyl-specific reactions was observed.

Two recipients were sensitized, like the others, on the back
with 9 serum samples all containing penicilloyl-specific skin-
sensitizing antibodies. Thereafter treatment with sepbadex-
purified penicillin was started 20 mega units i.v. daily for 6
days. After the penicillin therapy had been completed, pem-
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cilloyl-polylysine, 0.05 ml 1 X io"' M, was injected intracu-
taneously into all sensitized fields (Table 5). No positive
reaction was observed in one of these two recipients (although
strongly positive reactions were seen in penicillin-specific
sera). In the other recipient weak reactions occurred in sera
EJN and EJ 2.

TABLE 5

Reactions Elicited by Penicithyt-Polylysine in Human Recipients in
PemclUoyl-Specific Passive Transfer Tests after the Recipients had been Treated
•with Sephadex-purified BenzylpeniciUin, 20 Mega Units i.v. Daily for 6 Days.

Sephadex-
purified
Penicillin
Leo

680322

681022

EJN

-1-

ALJ

—

KU EJz

— -f

Sera

EMT KAH

— —

XHJ EC EGC

— — —

Serum titre for
penicilloyl-
polylysine 1 : 1 0 0 0 1 : 1 0 0 1:100 1:100 1:10 1:10 1:1 i ; r

The results of studying the inhibitory influence of penicillin
therapy upon penicilloate-specific passive transfer tests are
shown in Table 6. 24 hours after sensitization with the 7 peni-
cilloate-specific sera the recipient was treated with commercial
benzylpenicillin, 20 mega units i.v. This elicited, in a few
minutes, highly positive penicillin- and penicilloyl-specific re-
actions in all sera but H M P . 9 hours later, after all the posi-
tive reactions had subsided, benzyl-penicilloate, 0.05 ml 1.7 X
10 '̂ M, was injected intracutaneously into ali sensitized fields.
This elicited a faintly positive reaction to only a single serum
(EGC). In the other sensitized fields there was total inhibi-
tion of the penicilloate-specific reactions.

Aaa Allergologica, XXIV, 4-5



TABLE 6

Reactions Elicited by Bemylpemdlloate in a Human Recipient in Penicilloate-
Specific Passive Transftr Tests after the Recipient had been Pre-treated tsitk

Commercial Benzylpftticillin, so Mega Units i.v.,

Sera

MAS EMW KU EKS EGC OEP HMP

Commercial
penicillin -)- -|- -I- -f- -f -t- —
Novo i6 X 17
20 mega units i.v.

Benzyl
penicilloate — — — — -f — —
1.7 X io-= M
0.0J ml i.c.

Serum titre for
penicilloate 1:100 1:100 1:10 1:10 1:10 1:1 1:1

D I S C U S S I O N

Penicillin is the most commonly used antibiotic, and in relation
to its benefits the side effects, predominantly of allergic na-
ture, would seem on the face of it of little importance.

However, as mentioned in the introduction, the extensive
use of penicillin entails sensitization of quite a large group of
the population. In most cases there is a question of specificity
for the penicilloyl radical.

Exposure to penicilloyl compounds in penicillin therapy may
be studied, as previously mentioned (33), in non-allergic re-
cipients pre-sensitized locally with penicilloyl-specific skin-
sensitizing antibodies. A number of theoretical presuppositions
appear to be fulfilled in using such an experimental model.

1) Passive transfer tests afford reliable and comparable
results from recipient to recipient (48, 34).

2) Penicillin therapy does not affect the elicitation of pas-
sive transfer tests in a non-specific way (33).

3) Cross allergy or mutual inhibition of the elicitation of
positive reactions between the 3 antigens: benzylpenicil-
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lin, benzylpenicilloate, and the penicilloyl radical do not
occur in passive transfer tests (35).

4) Passive transfer tests may be elicited repeatedly in the
same site by successive injections of the same antigen in
ever increasing doses. However, the reactions gradually
become weaker (8). In successive injections of an
antigen in the same quantities—or decreasing quantities
—into a sensitized field a positive reaction is elicited
only by the first injection (35).

5) Passive transfer tests to human skin may be elicited in
a practically unchanged strength by injection of antigen
even 5—10 days after the sensitization has been per-
formed (15, 23)'

6) Within the selected experimental conditions there is,
after a positive reaction has been elicited, no visible dis-
sociation between antigen and antibody in the sensitized
field (33);

7) The quantities of antigen, in particular of the penicilloyl
radical, required to elicit passive transfer tests on hu-
man skin, are of the same magnitude as the quantities
which may elicit positive cutaneous reaction in penicillin
allergies

The results listed in Table 3 show that exposure to peni-
cilloyl compounds occurred after treatment with all the studied
penicillin preparations , if 20 mega units were injected intra-
venously. All the penicillin preparations elicited a penicilloyl-
specific reaction in serum EJN. The exposure to penicilloyl
compounds was greatest after treatment with commercial peni-
cillin whereupon positive reactions were elicited in 37 out of
63 sensitized sites. Significantly fewer reactions were elicited
by specially made purified penicillin preparations, i.e. 9 posi-
tive reactions in $2 sensitized fields. Using the x'' test for in-
dependency with Yate's correction: x̂  == 19-3, with f = i P
< O.I per cent.

In the experiments the positive, penicilloyl-specific reactions
were observed in the sensitized fields during or immediately
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after the infusions of penicillin. The specificity appears to be
definite, as the reactions were totally inhibited by preceding
local injection of penicilloyl-polylysine. In one serum, KAH,
a positive delayed reaction was observed after infusion of
penicillin. This reaction was not penicillin-, penicilloyl-, or peni-
cilloate-specific.

The results given in Table 4 confirm that treatment with
commercial penicillin preparations entails exposure to peni-
cilloyl compounds. Positive reactions could subsequently be
elicited in only 20 out of 65 sensitized fields by penicilloyl-
polylysine. Unlike the results of the experiments in Table 3,
the dialysed Leo preparations now proved no better, rather
worse, than the commercial ones. Thus, reaction was elicited
with penicilloyl-polylysine in only i of 18 sensitized fields
following treatment of the recipient with dialysed penicillin.
The difference between commercial and dialysed penicillin is,
however, not statistically significant. In the x̂  test -^ = 3.5,
with f = I 5 per cent < P < 10 per cent.

Sephadex-purified penicillin preparations were still signi-
ficantly better than the commercial preparations in the experi-
ments shown in Table 4. Following infusion of sephadex-
purified penicillin, 20 mega units i.v., to the recipients reaction
could still be elicited in 13 out of 16 sensitized fields. In the
x' test x ' = 11-5 with f = i P < o.i per cent.

The inhibition of penicilloyl activity in the sensitized field
appeared almost instantaneously after penicillin therapy
(Table 4, note 2), and apparently it did not increase appre-
ciably within the subsequent 18 hours (Table 4, note i ) .

As previously assumed (33), the elicitation of the positive
penicilloyl-specific reactions in the experiments listed in Table
3 must be attributed mainly to the occurrence of high-mole-
cular penicilloyl compounds in the commercial penicillin pre-
parations. Thus, far fewer positive reactions were observed
following dialysed than commercial penicillin. The inhibition
of the reactions in the penicilloyl-specific sera following peni-
cillin therapy (Table 4) may presumably be due to high- as
well as low-molecular penicilloyl compounds. Accordingly,
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least exposure to penicilloyl compounds was observed after
sephadex-purified penicillin.

Exposure to penicilloyl compounds in penicillin therapy,
thus, may be reduced, but cannot be completely avoided by
using sephadex-purified penicillin as used in the present ex-
periments. A positive penicilloyl-specific reaction was elicited
in all experiments in serum EJN. Furthermore, 6 days' treat-
ment with sephadex-purified penicillin, 20 mega units daily,
entailed inhibition of penicilloyl activity in 7 and 9 out of the
9 sensitized fields (Table 5). No definite signs of penicilloyl
formation in vivo were observed in any of the experiments.

The results of the studies indicate that penicillin therapy
entails only slight exposure to penicilloyl compounds and that
this exposure is due chiefly to penicilloyl contamination of the
commercial penicillin preparations. This may explain the vary-
ing frequency of penicillin allergy observed in patients treated
with penicillin, and the dose dependence of such reactions as
mentioned in the introduction. It explains also the fact that
patients with a positive cutaneous reaction to penicilloyl-poly-
lysine usually tolerate penicillin therapy. Presumably, they are
not sufficiently exposed to penicilloyl compounds for an al-
lergic reaction to be elicited. Remarkably the highest incidence
of allergic reactions observed during penicillin therapy (Table
2) is of the same magnitude as the frequency of positive cuta-
neous reaction to the penicilloyl radical in randomly selected
persons.

Exposure to penicilloate in penicillin therapy is more pro-
nounced (cf. Table 6). The exposure does not seem to occur
immediately after the infusion of penicillin, as positive peni-
cilloate-specific reactions were not elicited by local injection of
penicillin (35). The present study indicates, however, that
penicilloate is formed daring the hours subsequent to the in-
jection of penicillin by gradual hydrolysis of the penicillin.

On the basis of the studies it must be concluded that con-
trolled treatment series should be administered to a large
number of patients using different penicillin preparations:
commercial, dialysed, and sephadex-purified. Thereby it would



322

be possible to confirm the results submitted, viz. that sensiti/.a-
tion to the penicilloyl radical and penicilloyl-specific allergic
reactions in penicillin therapy may be reduced by using highly
purified penicillin preparations. Penicillin- and penicilloate.
specific reactions can probably not be reduced by purified peni-
cillin.

SUMMARY

The penicilloyl radical is of the utmost importance in peni-
cillin allergy, being in most cases the active antigen. Other
antigens are represented by penicillin itself and penicilloate,
Recent investigations have shown that commercial crystalline
penicillin is regularly contaminated with penicilloyl, partly in
the form of penicilloylated protein compounds and partly in
the form of low-molecular polymeric penicilloyl compounds.

Exposure to the penicilloyl radical during treatment with
various penicillin preparations was studied in human recipients
non-allergic to penicillin. Prior to the penicillin therapy, the
recipients were passively sensitized in several fields by intra-
cutaneous injection of sera from penicillin allergies containing
penicilloyl-specific skin-sensitizing antibodies. During peni-
cillin therapy the exposure of the recipients to penicilloyl com-
pounds could be studied locally in the sensitized sites. In part
penicilloyl-specific positive wheal-and-flare reactions occurred
in the sensitized sites and in part there occurred specific inhibi-
tion of later elicitation of reaction by penicilloyl-polylysine.

The studies show that parenteral penicillin therapy, by all
the studied benzylpenicillin preparations, commercial as well
as specially made, entails exposure to penicilloyl compounds.
Furthermore, that this exposure to penicilloyl compounds may
be significantly reduced by using sephadex-purified benzyl-
penicillin.

The quantities of penicilloyl radical to which a patient is
exposed as contamination to commercial penicillin seem ap-
preciable in relation to the quantities of penicilloyl compounds
which perhaps form in vivo.

By using highly purified penicillin instead of the conven-
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tional commercial preparations for human penicillin therapy
it is presumably possible to reduce the frequency of sensitiza-
tion to the penicilloyl radical as well as the incidence of peni-
cilloyl-specific allergic reactions.

Exposure to penicilloate in penicillin therapy was assessed
in the same way in penicillin therapy to a human recipient pre-
sensitized by penicilloate-specific skin-sensitizing antibodies.
The study indicated that during penicillin therapy there is a
gradual, but considerable exposure to penicilloate which may
elicit penicilloate-specific allergic reactions.
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9. Brooks,T.J.Jr. & Moe,T.L: J.A.M.A. 160, 162, 1956.

10. Brown.B.C., Price.E.V. & Moore,M.B.: J.A.M.A. l8p, 599, 1964-
11. Brimn,IP.J., Simpson, W. G. & Price, E.F.: Publ. Health rep. ^6, 189,

1961.
12. Bndd,M.A., Parker, C.fF. & Norden, C. fV..- J.A.M.A. ipo, soj, 1964.
13- M€.Farland,R.B.: New England J. Med. SSQ, 6z, 1958.
14- Finke,S.R., Grieco,M.H., Connell,J.T., Smith,B.C. & Scherman,W.B.:

Am. J. Med. 3S, 71, 1965.



JS- Fireman.?., Boesman,M. & Gitlin,D.: J. Allergy 34, ia6, 1953.

16. Foged,P.: Nord. Med. 5Q, 356, 1958.
17. Frttnkel,D.B. Sc Stutsmati,R.E.: Ann. Allergy /^, 5^3, i9SS-

18. Gervais,P.: Le Poumon et le Cceur .?5, 555, 1966.
19. Grieco,M.H., Duhin,M.R., Robinson,J.I. & Sckwartx,M.J.: Ann. Int.

Med. 60, ZC4, 1964.
ao. Harreitrup Andersen, A.: Ugeskrift for lcger 117, 1237, i955-
21. Knudten,E.T., Robinson, O. P. W., Croydon, E. A. P. & r^^/ ,£. C..- Lance*

/ , 1184, 1967.
22. Lass£n,H.C.A.: Nord. Med. (i/j 453. 19S9-
33. Levine,B.B.: J. Exp. Med. / /2, 1131, 1960-
»4. Levine,B.B. & Ovary, Z.: J. Exp. Med. //.^, 875, 1961.
25. Levine,B.B.: J. Med. & Pharm. Chem. 5, 1025, 1962.
afi. Levine,B.B. & Feilner,M.J.: J. Allergy J(5, 342, 1965.
37. Levine,B.B., Fellner,M.J. & Le<vyiska,F.: J. Immunol, p^, 707, i9<6-
a8. Miller, F.: Milit. Med. / P 5 , 858, 1963.
39. O;j?«, C. Jf..- Stanford Med. Bull. 16, 238, 1958.
30. Parker, C.fF., deWeck,A.L., Kern,M. & Eisen,H.N.: J. Exp. Med. / / j ,

803, 196a.
31. Parker, C.W., Shapiro, J., Kern,M. & Eisen,H.N.: J. Exp. Med. 775, 821,

1962.
32. Parker, C. W. & Thiel,}.A.: J. Lab. & Clin. Med. 63, 4.82, 1963.
33. Pedersen-Bjergaard, J.: Acta Allergcl. .?.?, 466, 1967.
34. Pedersen-Bjergaard,J.; Acta Allergol. 24, 57, i9*9-
35. Pedersen-Biergaard,}.: Acta AUergol. .?^, 87, 1969.
36. Peltonen,T., Saarimaa,H. & Saarimaa,A.: Nord. Med. 70, 1196, 1963-
37. Redmond, A. P. & Le-vine, B. B.: J. Allergy ^p, 51, 1967-
38. Reisman,R.E., Rose,N.R., Witebsiy,E. & Arbesman,C. E.: J. Allergy ^J,

178, 1963.
39. Resmt,S.R. & Shelley, W.B.: J.A.M.A. /p(5, 74£i, 1966-
40. Rytel,M.iV., Klion,F.M., Arlander,T.R. & Miller,L.F.: J.A.M.A. tU,

894, 1963-
41. Schneider, C.H. & deWeck,A.L.: Immunocheraistry ^, 3J1, 1967.
43. Schwartz, R.H. & Vaughan,J.H.: J.A.M.A. /5(i, 1151, i963.
43. Shermiood.R. W., Gronbeck,C. & Denny, F. ff. Jr.: J.A.M.A. 163, 667, i957-
44. Simpson, W. G.: Proc. XII Int. Congr. Dermat. Washington 1962.
45. Smith,C. A., Cutler, J.C. Sc Price, E.V.: Antibiot. Ann. p. 144, I95+-55-
46. Smith,C.A., Kamp,M., Olamky,S. & Pnce,E.V.: Bull. W.H.O. 15, i°«7>

1956.
47. Smith, F. M.: New Engl. J. Med. 257> 447i "957-
48. Stajpworth,D.R. & Kuhns, W.J.: J. Immunol. 8, 323, 1965-
49. Steviart,G.T.: Lancet ẑ  509, 1962.
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