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Hidden Contacts with Penicillin *
BERNARD B. SIEGEL, M.D.1

There is much evidence to indicate that the most common cause ofdrug allergy in recent
years has been penicillin, and sensitive patients are warned to avoid treatment with this
antibiotic. There are, however, a number of less obvious ways in which the penicillinsensitive person may be exposed to the risk ofcontact with this drug, even mlinute amounts of
which have been shown to cause allergic reactions. Four of the main hidden sources of such
contact are discussed in detail in this paper.

The voluminous literature on the immediate and
PENICILLIN IN MILK
delayed allergic reactions to penicillin suggests that
Although antibiotics are widely used therapeutithis antibiotic has been the most common cause of cally in livestock which become part of our food
drug allergy during the past decade. Patients who supply, the antibiotic contamination of milk has
have experienced allergic reactions to penicillin have emerged
as the primary public health problem in this
been warned to avoid further therapy with this field. Milk
from cows treated for mastitis by intradrug. Despite attempts to follow this sound advice, mammary infusion
with antibiotics has been found to
these patients often continue to experience penicillin be contaminated with antibiotic residues for varying
reactions as a result of unintentional and frequently
periods of time. Penicillin is at present the drug most
unrecognized exposure to this antibiotic.
used in the treatment of cow mastitis because
Clinical reactions to penicillin may result from widely
highly
effective and relatively inexpensive.
it
is
injection, ingestion, inhalation, or cutaneous contact.
early
as 1948, it was noted that milk conAs
The many forms in which this antibiotic may be taining antibiotics
a problem by inhibiting
administered and may produce clinical reactions starter cultures in thecreated
of cheese (Randall
manufacture
have been adequately summarized by Guthe, et al., 1953). The Food and Drug
Idsoe & Willcox (1958). In most instances the of the United States of America Administration
was quick to
source of contact with the antigen responsible recognize that antibiotic-contaminated milk might
for these reactions is obvious. It is the writer's also represent a health hazard for the consumer.
purpose to call attention to some of thwmore
dairy farmers were required to discard
common and important hidden sources offcontact Therefore
milk
ordinarily
distributed for human consumption
with penicillin. High on the list of these less obvious for at least three
days following use of the antimethods of exposure are the following: (a) the inthat with the average doses of
It
was
found
biotics.
gestion of penicillin in contaminated milk; (b) the use
usual methods of intraand
with
the
penicillin
of syringes contaminated with penicillin; (c) the in- mammary infusion, the drug
would be eliminated by
halation of penicillin while handling it or while it
of time. Inability
this
period
milking
during
regular
is being handled in the vicinity; and (d) the injection
is undoubtedly
to
enforce
this
three-day
restriction
of vaccines containing penicillin. The author will one of the main reasons for the presence
of antipresent experimental and clinical evidence derived
and
in
milk.
market
Another,
biotic
residues
from his and his co-workers' studies and from those
cause
is
the
among
less
practice
frequent,
fortunately
of others demonstrating that the minute amounts of
farmers of adding penicillin directly to milk
antibiotic involved in these contacts are capable some
to
act
as a preservative. To combat this problem,
of inducing reactions in sensitive individuals.
the Secretary of the Department of Health, Educa* Paper submitted to the WHO Expert Committee on tion, and Welfare ruled in February 1953 that the
Venereal Infections and Treponematoses, September 1959 direct or indirect addition of antibiotic drugs to
1 Associate Attending Physician, Allergy Division of
the Department of Medicine, Jewish Hospital of Brooklyn, foods may be deemed an adulteration within the
Brooklyn, N.Y., USA; Clinical Assistant Professor, Departof the Federal Food, Drug and Cosmetic
ment of Medicine, State University of New York Downstate meaning
Act (Federal Register, 1953).
Medical Center, Brooklyn, N.Y., USA
840

-703-

704

B. B. SIEGEL

The Food and Drug Administration conducted
three surveys from 1954 to 1956 to estimate the
degree to which market milk was being contaminated
with penicillin and other antibiotic drugs (Welch
et al., 1955, 1956). The contamination of milk by
other antibiotics was found to be insignificant, and
therefore only the penicillin problem will be considered in this presentation. The majority of the
specimens tested were of pasteurized milk. In the
preliminary survey, other common dairy products,
such as cheese, butter, dried milk, evaporated milk,
ice cream, shell eggs and broken eggs, were also
analysed but all were found to be fiee from penicillin contamination.
Of 94 samples tested in the 1954 survey, 3.2 % were
found to be contaminated with penicillin. In the
1955 survey, 11.6% of the 474 samples studied
contained penicillin. The extent of contamination,
within the limits detectable by their technique,
ranged from 0.003 to 0.08 unit per ml, with averages
of 0.036 unit in 1954 and 0.015 in 1955. The 1956
survey was the most extensive, covering 1640
pasteurized and 66 raw samples of milk collected
from all 48 States and the District of Columbia.
Of the 1706 samples, 5.9% were found to be contaminated with penicillin. The range of contamination was from 0.003 to 0.55 unit per ml of milk,
with an average of 0.032 unit per ml. Data on the
more heavily contaminated milk samples included
in this survey are presented in Table 1. The most
heavily contaminated specimen contained 0.55 unit
of penicillin per ml, or an equivalent of 132 units in
an 8-ounce glass of milk (approximately 0.25 litre).
Other badly contaminated specimens contained
from 28 to 45 units per 8-ounce glass of milk.
TABLE I
EXAMPLES OF HEAVIER PENICILLIN CONTAMINATIONS
OF MILK SAMPLES REPORTED IN THE 1956 SURVEY OF
THE FOOD AND DRUG ADMINISTRATION
Source of sample

California
Colorado
Florida
Illinois
New York

Maximum
contamination

Equivalent

penicillin unit

in units/ml

content of 8-oz.
glass of milk

0.115
0.55
0.18
0.113
0.17

29

Derived from Welch et al. (1956).

137

45
28
42

The Food and Drug Administration submitted
the results of the 1955 survey to a number of experts
in the fields of antibiotic therapy, paediatrics and
allergy to obtain their opinions on the possible
public health significance of the contamination of
market milk in amounts up to 80 units of penicillin
per quart or litre (Welch et al., 1955). Among the
31 consultants who replied to the questionnaire, most
were of the opinion that penicillin in these amounts
would not tend to sensitize the consumer, cause the
emergence of resistant bacteria, or alter the normal
intestinal or oral flora. However, it was the prevailing opinion that the amounts of penicillin found
in some of the milk samples were sufficient to cause
reactions in highly sensitive individuals. Unfortunately, little experimental evidence could be cited
to substantiate these opinions.
There is strong clinical evidence that penicillinsensitive patients frequently have recurrent attacks
of urticaria following the ingestion of milk. Zimmerman (1958a) reported this to be a rather common
occurrence among 52 penicillin-sensitive patients.
Unfortunately, it is usually difficult to prove this
diagnosis, because the milk which caused the reaction
is no longer available for analysis by the time the
patients reports to his physician. The diagnosis,
therefore, rests upon the fact that there is a cessation
of the recurrent urticaria when whole milk is
eliminated from the patient's diet. This type of
evidence, however, is not too sound since milk,
even when not contaminated with antibiotics, is one
of the most common allergens among food-sensitive
patients. Zimmerman (1958a) described a patient
with penicillin sensitivity whose urticarial reactions
followed the ingestion of milk but failed to occur
when penicillinase was administered prior to a test
trial with milk. Since the trial specimen of milk
had not been analysed for the presence or the amount
of penicillin contamination, this study also failed
to be conclusive.
Recently, a milk certified to be free from penicillin
has been made available by some of the milk companies in the New York area. Through the use of
this milk, the author has been able to differentiate
between allergic reactions induced by penicillin
contamination and those caused by hypersensitivity
to the milk itself. This antibiotic-free milk has
proved of great value, not only in the diagnosis but
also in the management of penicillin-sensitive
patients.
On 10 September 1956, a medical advisory panel,
appointed by the Food and Drug Administration,
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met in Washington, D.C., to discuss the problem of
contamination of cow's milk with antibiotics. One
of the members of this panel, a physician, related
his own experiences with penicillin-contaminated
milk. He was known to be penicillin-sensitive and
had experienced a severe immediate reaction
following an injection of this antibiotic. Once,
after drinking a glass of milk, he suddenly collapsed.
Emergency measures were required to bring him
out of a state of shock. Since then, he has experienced several other, though less severe, immediate reactions after drinking milk. He has learned
to test the safety of any milk specimen by holding
a small amount of it in his mouth. If there is much
penicillin present, a peculiar tingling sensation in the
mouth results. He was reported to have shown a
positive immediate reaction to an intracutaneous
test with a solution containing 0.0001 unit of penicillin per ml and to have had a high titre of circulating reagins for this antibiotic (R. Popper-personal
communication, 1956). Three years later, after
penicillin hyposensitization therapy, his intracutaneous test reaction was still strong but his
serum failed to show the presence of reagins.
Careful investigation of this case failed to reveal
the presence of any other type of sensitivity except
that to penicillin.
In 1956, M. Walzer and the author engaged in a
study to determine whether penicillin in milk, in the
amounts reported in the 1956 Food and Drug
Administration survey (Table 1), could cause
constitutional symptoms in patients sensitive to this
antibiotic.' It was deemed too hazardous to feed
penicillin deliberately to patients who were known
to be extremely sensitive to this antibiotic in order
to determine the minimal or threshold dose which
would elicit a clinical reaction. Instead, an indirect
technique described by Walzer (1927), for demonstrating the absorption of unaltered protein, was
employed. Blood was drawn from patients with high
reagin titres to penicillin, who had experienced
immediate constitutional reactions following the
administration of this drug. Several samples were
obtained from some patients. The bloods were
allowed to clot and the sera were pipetted off and
Seitz-filtered. Skin sites on normal subjects, who
were maintained on a milk-free diet, were then
sensitized with 0.05 ml of the undiluted serum samples. From 48 to 72 hours later, the recipient
1 This was reported in a paper, to be published, read at
the Fourteenth Annual Meeting of the American Academy
of Allergy, Philadelphia, Pa., 5 February 1958.
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subjects were tested by being fed, on a fasting
stomach, measured amounts of crystalline penicillin G, diluted in from 1 to 3 ounces (25-75 ml)
of water. The amounts of erythema and oedema
which developed at the sensitized sites were recorded
and the time intervals (reaction times) between the
feeding and the onset of the first objective signs of
the local skin reaction were noted.
This technique, which involves the specific
excitation of a passively sensitized site by antigen
conveyed to it by way of the blood stream, proved
particularly suitable for this study. The local
reaction has been described by Walzer (1927) as the
counterpart in a normal individual of a constitutional reaction in a sensitive patient. Thus, experimentally and in a miniature way, it was possible
to reproduce one of the outstanding features of the
allergic constitutional reaction, the urticarial reaction, without exposing either the patient or the
recipient to any hazard. The phenomenon has also
been described in other connexions by Jadassohn
(1926), Chant & Gay (1927) and others.
Some of the tests in the present series of studies
were made with sera that were from two to four
years old. These sera, which had been kept under
refrigeration, were still quite active, even though
their reagin titre was known to have fallen off
considerably as a result of aging.
The results obtained with several of the more
potent sera are presented in Table 2. In the absorption studies with F. serum, the smallest oral dose of
crystalline penicillin G in water which could induce
a whealing reaction at a passively sensitized site on
a normal subject was found to be 40 units (experiments 9, 15 and 17 in Table 2). The time interval between the feeding of the penicillin and the first objective sign of the urticarial reaction was 50 minutes.
When the above studies were repeated with serum
F6 and serum F2, the oral threshold dose of penicillin
proved to be 50 units with each serum (experiments 4, 15 and 25). Determinations were then made
of the smallest dose of crystalline penicillin G which,
by intravenous administration, would induce a
reaction at sites sensitized with the different serum
samples. With serum F5 the threshold dose of
crystalline penicillin G, administered intravenously,
proved to be 12.5 units (experiments 12 and 13);
with F6, it was 25 units (experiments 10 and 13).
Thus, with the same serum samples the intravenous
threshold dose appeared to be approximately from
one-half to one-third as large as the oral threshold
dose.
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TABLE 2
STUDIES ON ABSORPTION OF PENICILLIN, ORALLY AND INTRAVENOUSLY ADMINISTERED,
WITH THE USE OF VARIOUS PENICILLIN-SENSITIVE SERA

Experiment
No.

Recipient

_______________________

Sensitizing
serum
srum

Route of
administration

iemployed

adminstration

employed

Diluent

Total dose
enicillin G

of

In units

Reaction at
sensitized site

Reaction time

_______

____

9

F

F5

oral

water

50

17

M

F5

oral

water

±

15

Fs

15

A

oral
oral
oral
intravenous
intravenous
intravenous
intravenous
oral
oral
oral
oral
oral
oral

water

4

A
D

40
37.5

13

J

12

K

10

G
J
D
D
0
0
0
0

13
25
27

26
29
26
29

F.
Fe
Fs
Fs
F.
F.
F2
Fr
M
M
T
T

In order to determine whether the absorption of
penicillin diluted in milk might vary from that
diluted in water, comparative studies were done
with three different sera. The oral threshold dose
of penicillin in water was first determined for each
subject and serum. After an interval of one to
three weeks, the test was repeated with the same dose
of antibiotic, but this time with milk as the diluent.
With sera F2 and M, the whealing reactions at the
sensitized sites were similar in size with both diluents,
but there was a slightly longer reaction time with
the milk preparation (experiments 25, 26, 27 and
29 in Table 2). With serum T, the oral threshold
dose of penicillin in water elicited a barely perceptible reaction at the sensitized site consisting of
erythema and pruritus only, without wheal formation (experiments 26 and 29). When this threshold
dose was repeated with milk as the diluent, no
reaction occurred at the sensitized site. Thus, with
milk as a menstruum, the absorption of penicillin
was not quite as rapid or as great as with water.
The difference between the two media, however,
was relatively slight and the results of the experiments with water as the diluent may be considered

53

water

50
37.5

saline
saline
saline
saline
water
milk

12.5

+
0
±

6.25

0

12.5
50
50

50

0

water

25

in minutes

36
8

±

3

0
*
±

25
50

water

400

i

30

milk

400

i

water

400

0+

35
50

milk

400

0

fairly representative of what may be expected to
occur with penicillin-contaminated milk.
With the above data it now became possible to
compare the threshold oral doses of penicillin which
would excite penicillin-sensitive sites on a normal
recipient with the amounts of antibiotic known to
be present in heavily contaminated milk specimens.
The smallest oral dose of penicillin which was found
capable of inducing a reaction at a site sensitized
with F5 serum was 40 units (Table 2). This would
be equivalent to the amount found in an 8-ounce
glass of milk contaminated with 0.16 unit of penicillin per ml. As shown in Table 1, at least three
of the more heavily contaminated milk samples
studied in the 1956 survey of the United States
Food and Drug Administration contained this much
penicillin.
It has been estimated that with most allergens
the oral dose of antigen needed to light up a sensitized site in a normal recipient is from 100 to 1000
times larger than that needed to induce a clinical
reaction in the allergic patient who provided the
sensitizing serum (M. Walzer- personal communication, 1958). Based on his own experience with
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patient S.B. (see page 712), as well as with other
cases, tbe author is of the opinion that, with penicillin as the antigen, t' e ratio may be even higher.
The findings in a case of penicillin hypersensitivity reported by Bierlein (1956) substantiate this
opinion. This patient developed a constitutional
reaction following an intracutaneous test with a
total dose of 0.000003 unit of penicillin. Passively
sensitized sites prepared with this patient's serum
were aroused by a distant intracutaneous injection
of 0.03 unit. Thus, in this case, the ratio between
the dose needed to cause a sensitized site to flare up
and that needed to induce a clinical reaction in the
patient who supplied the serum was of the order
of 10 000: 1.
Even if a most conservative ratio of 100: 1 were
applicable under these circumstances, the oral
administration of 0.4 unit of penicillin would be
sufficient to elicit reactions in patients with the
reaginic type of penicillin sensitivity, such as
Bierlein's patient and patients M.F. and E.P.
(see the opposite column and page 710). An 8-ounce
glass of even the least contaminated milk samples
reported in the Food and Drug Administration
surveys would contain more than 0.4 unit of penicillin and could induce allergic phenomena in
such patients.
The results of these studies warrant the conclusion
that the amounts of penicillin which have been
found to be present in specimens of market milk
in the USA are capable of precipitating clinical
allergic reactions in many patients hypersensitive
to penicillin. Those who have circulating reagins
to this antibiotic are particularly endangered by this
contamination. As a corollary to this conclusion,
it may also be assumed that if such doses are capable
of producing clinical reactions in the predisposed
(atopic) individual, they are also able, after continued and frequent repetition, to induce sensitization
in this type of individual.
USE OF CONTAMINATED SYRINGES

Allergic reactions may occur in penicillin-sensitive
patients as a result of the injection of any substance
if a syringe which has been contaminated with the
antibiotic is employed. This may occur even though
the syringe had presumably been "adequately "
rinsed and sterilized. The problem of syringe contamination is particularly important in relation to
penicillin because it is difficult to rinse syringes
completely clean of this substance and because some
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penicillin antigens remain active despite boiling for
many hours. Experimental evidence supporting
these conclusions has already been published
(Coleman & Siegel, 1955) and is briefly summarized
here.
Attention was initially directed towards this
problem by the case of M.F., a 29-year-old nurse.
Her past history was negative for atopic illnesses.
Her father had asthma and one brother had recurrent
urticaria. Between 1949 and 1952, this patient had
received three intramuscular injections of penicillin
without any ill-effects. In October 1952, she had
taken orally a 200 000-unit tablet of penicillin and
within 15 minutes developed pruritus, itching of
the throat, and generalized urticaria and angiooedema. A subcutaneous injection of epinephrine
controlled most of the symptoms.
On 12 June 1953, a similar episode had occurred
a few minutes after she had received an intramuscular
injection containing 25 mg of an aqueous suspension
of testosterone mixed with a small amount of 1 %
procaine hydrochloride. This medication was given
for menstrual irregularity. In addition to the abovementioned symptoms, the patient developed
dyspnoea, wheezing, vomiting, abdominal pains, and
syncope. Several doses of epinephrine were required
to control this allergic reaction.
Eleven days later, the patient's physician performed scratch-tests on her with a 1 % solution of
procaine hydrochloride and with a penicillin solution of unknown concentration. According to his
report, positive reactions developed at both sites.
He then proceeded to do intracutaneous tests with
the same solutions. Marked positive reactions
developed almost immediately. Within five minutes,
the patient complained of itching of the throat and
lost consciousness. She remained in this state for
about two hours despite repeated doses of epinephrine and other therapeutic measures. On regaining consciousness, she vomited and became severely
asthmatic. This symptom gradually subsided during
the next twelve hours.
It was shortly after this reaction that M.F. came
under the author's observation. While she was
under investigation she experienced itching of the
eyes, nose and throat, swelling of the lips, and a
tightness in the chest whenever she handled penicillin, or whenever it was being used in her presence.
As a result of this development, she was compelled
to give up hospital work. With the change in
occupation she became symptom-free and remained
so thereafter.

708

B. B. SIEGEL

In view of the severity of this patient's reactions
to direct skin tests with drugs, such procedures
were at first avoided and early studies were carried
out with the passive transfer technique. Sites on
a normal subject were sensitized with 0.05 ml of
the patient's serum and tested four days later with
about 0.01 ml of each of the following solutions:
(a) a 1 % solution of procaine hydrochloride; (b) an
aqueous suspension of testosterone, containing
25 mg per ml; and (c) a solution of crystalline
penicillin G, containing 50000 units per ml.
Negative reactions were obtained with the procaine
and testosterone solutions. Penicillin produced a
marked reaction. All control tests performed on
the normal skin of the recipient gave negative
reactions. These results were confirmed on several
subjects.
In other passive transfer studies with this serum
it was found that the highest dilution of the serum
that responded to a test solution of crystalline
penicillin G containing 50000 units per ml was
I :128. On sites sensitized with undiluted serum,
the highest dilution of crystalline penicillin G which
elicited a positive reaction contained 0.0005 unit
per ml.
It was now considered safe to perform intracutaneous tests with testosterone and procaine on the
patient herself. These solutions, in the same concentrations as those employed in the passive transfer
tests, produced no positive skin reactions or constitutional symptoms. The positive intracutaneous
test to procaine obtained by the patient's physician
could not be confirmed.
In view of the patient's extreme clinical sensitivity
and high serum reagin titre to penicillin, the possibility presented itself that penicillin as a contaminant in the testosterone and procaine injection

might have been responsible for the constitutional
reaction which had followed the therapeutic administration of these materials. To investigate this

possibility, samples of water from the sterilizer of
the patient's physician were obtained. The water
had not been changed in the sterilizer in the several
months which had elapsed since M.F. had received
her injection and tests, but, as is common practice,
had been repeatedly replenished and reboiled.
When this water was tested on sites passively sensitized with the patient's serum, a slight positive
reaction was obtained. Control tests on the transfer
recipient's normal skin gave completely negative
reactions to the sterilizer water. These results supported the impression that penicillin, present as a

contaminant in the physician's syringe, was the
offending excitant in this case.
It was only natural at this point to wonder why
penicillin antigen was still present in sterilizer water
after repeated boilings. To investigate this problem,
crystalline sodium penicillin G was dissolved in
1 litre of physiological saline to make a final concentration of 50 000 units per ml. This solution
was then boiled for 16 hours in a flask to which
a reflux was attached to prevent evaporation of
water and concentration of the solution. At varying
intervals, specimens were removed and tested by
passive transfer on sites sensitized with the patient's
serum. Positive passive transfer reactions were
obtained, which diminished in intensity as the
boiling period increased during the first six hours.
However, specimens boiled for 6-16 hours still were
able to produce passive transfer reactions of moderate
(2-plus) intensity. Complete inactivation was not
effected by boiling, and traces of antibiotic activity
were still detectable after 16 hours.
Since penicillin solutions retained some of their
antigenic potency after 16 hours of boiling, it
became apparent that sterilizer water could become
and remain contaminated with this antigen. The
likely source of contamination of this water would
be penicillin-soiled syringes which were being
boiled in the sterilizer. The methods of washing
and sterilizing such syringes then became the subject
of investigation.
For the syringe contamination studies, an aqueous
suspension of pro_aine penicillia G conthining
300 000 units per ml was used. This is concentration
and form in which penicillin is most frequently
used in medical practice. New, sterile, all-glass,
5-ml syringes, with needle attached, were employed.
To contaminate the syringes, 2 ml of the penicillin
suspension were drawn into each syringe and then
expelled. These soiled syringes were then rinsed by
removing the plunger, filling the barrel with running
tap water, washing the plunger, replacing it into the
barrel, and expelling its contents through the needle.
This rinsing procedure was repeated a varying
number of times and the syringes were then sterilized
in various ways. Two millilitres of sterile physiological saline were then drawn into each sterilized
syringe and shaken well. Passively sensitized and
control sites were then tested with 0.01 ml of each
saline specimen.
Syringes which had been boiled for 15 minutes
with the plungers left in place within the barrels
remained contaminated with penicillin even when
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they had been previously rinsed three times. The
saline shaken in such syringes gave a 1-plus transfer
reaction. When a syringe was rinsed only once
before boiling, the saline specimen produced a
3-plus reaction. However, when a contaminated
syringe was rinsed only once, and the barrel and
plunger were separated before boiling, the saline
was devoid of antigenic content. Autoclaving the
separated syringe parts completely eliminated antigenicity only after the syringes had been rinsed two
or more times.
Further studies were done with 1-ml syringes,
consisting of glass barrels and mretal plungers with
tips wound with asbestos cord. Such syringes are
commonly used in allergy practice. The syringes
were soiled with 1 ml of either an aqueous suspension
of procaine penicillin G (300 000 units per ml) or an
aqueous crystalline penicillin G (50 000 units per
ml). They were then rinsed from six to ten tiwes
with tap water, and sterilized by boiling individually
in separate, water-filled beakers with plungers left in
place in the barrels. Each of the saline specimens
shaken in these contaminated syringes, irrespective
of the number of times they had been rinsed, showed
the presence of penicillin antigen when tested on
passively sensitized sites. The salines from syringes
soiled with procaine penicillin G produced larger
passive transfer reactions than those from syringes
soiled with crystalline penicillin G. All control tests
were negative.
A review of evidence thus far presented reveals
that syringes are commonly contaminated with
penicillin, and that this hidden source of contact
with the antibiotic may be responsible for allergic
reactions in susceptible individuals. In the case of
M.F., described above, an allergic reaction which
followed the injection of testosterone and procaine
with a supposedly clean, sterile syringe, proved to be
caused by neither of these drugs, but by penicillin
antigen present as a contaminant in the sterilizer
water in which the physician's syringe had been
boiled.
There is no doubt that some of the typical allergic
reactions that have been reported in recent years as
caused by drugs and medicaments which ordinarily
are not allergenic were produced by the use of
penicillin-contaminated syringes. In the case of
M.F., the severe reaction was originally attributed
to procaine. It is likely that the positive skin
reaction to procaine obtained on M.F. by the
family physician, when he tested the patient, was due
to contamination of the testing syringe with peni-
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Subsequent testing with procaine using
uncontaminated syringes yielded negative reactions.
In view of the above findings, is it not reasonable
to assume that patients who are receiving repeated
injections of medication administered with syringes
contaminated with penicillin may insidiously become
sensitized to the antibiotic in this manner ? If the
amount of penicillin antigen present as a contaminant
in a boiled syringe is sufficient to induce a severe
constitutional reaction in the extremely sensitive
patient, it is possible that, in the susceptible atopic
individual, the frequent administration of small
hidden amounts of penicillin as contaminants of
injections of other types of medication may eventually result in penicillin sensitivity. It is also likely
that such contacts, as well as other hidden exposures
to this antibiotic, will explain some of those puzzl ng
cases of penicillin sensitivity in which it was maintained that the allergic reaction occurred on the
" initial " contact with the drug. In the light of the
many hidden sources of exposure to penicillin which
exist today, it would indeed be unwise to assume
that anyone living in a modern community can
escape from contact with this antibiotic in one form
or another.
It was also demonstrated in the above studies
that this problem of contamination of syringes with
penicillin exists primarily because boiling does not
completely destroy the antigen. An all-glass boiled
syringe retained active traces of the drug even when
it had been rinsed three times with tap water and
then boiled according to common practice, with the
plunger left in the barrel. Asbestos-wound syringes
remained contaminated despite ten rinsings prior to
sterilization. It is apparent that when a syringe is
boiled with the plunger in position, adequate
circulation of boiling water inside the barrel does
not occur and contaminating particles of penicillin
are not removed. Asbestos cord retains relatively
large amounts of penicillin and increases the degree
of contamination in asbestos-wound syringes. When
contaminated syringes are then placed in the sterili-

cillin.

zer, the sterilizer water becomes contaminated with
penicillin and remains so despite many hours of
boiling and reboiling.
On the basis of these studies, it is recommended
that all-glass syringes and needles which have been
used for penicillin administration be thoroughly
rinsed at least three times with running water. The
syringe parts should then be separated before they
are placed in the sterilizer. Sterilizers should be
cleaned often and thoroughly and the water in them

B. B. SIEGEL

710

should be changed frequently and completely. It
would be advisable to reserve special syringes and a
separate sterilizer for penicillin injections. A more
desirable solution to this problem would be the use
of disposable cartridges in penicillin administration.
It is virtually impossible to free an asbestos-wound
syringe which has become soiled with penicillin
from such contamination by the usual methods of
washing and sterilizing. It could only be done by
rewinding the syringe with new packing. If this is
not done, contamination of the sterilizer and of
other syringes and antigen solutions is likely to
result.
INHALATION OF PENICILLIN

Severe immediate constitutional reactions and
delayed urticarial reactions resulting from the
inhalation of therapeutic doses of penicillin aerosol
have been described (Feinterg et al., 1953; Le:bowitz & Schv%artz, 1950). However, it is not gen rilly
recognized that the unintentional inhalation of
penicillin-contaminated air may induce acute symptoms in unusually sensitive patients. This form of
exposure may also be the method by which susceptiEle persons may become sensitized to the
antibiotic.
An unusual case-history, illustrating the importance of the inhalation of traces of penicillin as a
cause of symptoms, was reported by Blanton &
Blanton (1953). The patient, a drug salesman, was
an atopic individual who had experienced a severe
immrediate allergic shock reaction following the
ingestion of a dose of medicine containing penicillin. One month later, while waiting in a physician's office, he suddenly started to develop similar
allergic symptoms and left the office at once. He
was unaware that penicillin aerosol therapy was
being administered elsewhere in the office. Subsequently, on several occasions, he developed
rhinorrhoea and tightness in the chest when penicillin tablets were handled by pharmacists in his
presence. In studies instituted nine months after
his initial shock-reaction to penicillin, he was placed
in a closed room and then, without his knowledge,
penicillin aerosol therapy was started in another
room of the same suite. Within a few minutes he
developed rhinorrhoea and asthma. The following
day patch tests with 10 000-unit and 1000-unit concentrations of penicillin 0 were applied simultaneously. He showed immediate positive reactions to
both and within 20 minutes he developed symptoms

of a constitutional reaction necessitating the removal
of the patches.
The author has studied several cases in which the
significance of the inhalation of traces of penicillin
in the sensitization of patients and in the production
of their symptoms was demonstrated. One was a
pharmacist who had a previous history of atopic
illnesses. To his knowledge he had never received
penicillin therapeutically. However, he began to
notice that whenever he handled penicillin tablets
he developed itching of his nose and rhinorrhoea.
Examination of his blood at this time showed a high
titre of circulating reagins for penicillin. For the
next two years, the patient refrained from handling
penicillin and had no further reactions. His serum
at this time showed a marked diminution in penicillin reagin content.
Another case, studied in greater detail, was that
of E.P., a 23-year-old female who developed intermittent attacks of sneezing, coughing, and wheezing
in September 1951, two months after starting her
duties as a hospital nurse.' Symptoms were present
only while she was on duty. She had never before
worked as a nurse. Her past and family histories
were negative for atopic illnesses. Routine investigations in an allergy clinic failed to reveal the cause of
her attacks.
On 23 December 1951, this patient received an
intramuscular injection of 300 000 units of aqueous
suspension of procaine penicillin for an upper
respiratory infection. Within three minutes, she
vomited, became dyspnoeic and lost consciousness.
She received several injections of epinephrine and
regained consciounsess about fifteen minutes later.
Pronounced asthmatic breathing was present at
this time, but all symptoms gradually subsided
within an hour. A localized area of oedema with
pruritus developed at the site of the penicillin
injection and persisted for one week.
On 3 January 1952, an intracutaneous test was
made with 0.01 ml of a solution of crystalline
potassium penicillin G containing 50 000 units per
ml. This represented a total injection of 500 units.
Within two minutes, the patient developed tightness
and wheezing in the chest and went into shock.
Epinephrine was given subcutaneously and oxygen
was administered. She began to respond within
ten minutes and in a few hours all signs and symp1 This case was originally reported in a paper, to be
published, by B. B. Siegel, M. Coleman, L. Weissman and
M. Scherr and read at the Eleventh Annual Meeting of the
American Academy of Allergy, New York, N.Y., 8 February

1955.
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toms of the reaction subsided. Passive transfer
studies with the patient's serum, taken shortly
after this shock reaction, showed reagins to penicillin in high titre.
Continued observation of this patient revealed
that the symptoms of sneezing and wheezing, which
began three months before her initial shock reaction,
recurred whenever penicillin was used in the ward
in her presence. Symptoms occurred when she handled syringes soiled with penicillin or even when the
antibiotic was being used by others. These symptoms ceased when, on 2 February 1952, she was
transferred to the hospital's well-baby nursery,
where no penicillin is administered. For the next
19 months this patient remained completely symptom-free.
E.P. denied that she had ever received penicillin
therapeutically prior to the first intramuscular
injection which produced the severe allergic reaction.
Hence, there is every indication that sensitization
was induced in this patient through the continuous
occupational inhalation of traces of penicillin.
It will be recalled that patient M.F., described
earlier, was also unable to handle penicillin or
tolerate its use in the wards without developing
asthma or urticaria. However in her case, this
occupational problem arose only after she had had
two allergic shock reactions to penicillin within an
11-day period. She was finally compelled to discontinue her hospital work as a result of these
inhalation reactions.
It seems significant that, in case M.F., the titre
of serum reagins to penicillin began to fall within
three weeks after the exposure to penicillin, by
inhalation, was discontinued. It had remained at a
constantly high level during the preceding threemonth period of observation, while the patient
continued to expose herself to the antibiotic in the
wards.
It is of further interest that of 11 persons with
immediate allergic reaction to penicillin studied by
the author and his co-workers, six handled the drug
fairly regularly. Hence, handling of penicillin may
be an occupational hazard, not only by inducing
epidermal hypersensitivity by contact but also by
inducing constitutional hypersensitivity by inhalation.
In view of the demonstrated significance of the
inhalation of penicillin in inducing sensitization and
clinical reactions, the interrogation of a patient for a
history of allergy to penicillin should include
questions on his previous exposure to penicillin
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in his present and past occupations. Furthermore, it
would be advisable to warn patients known to be
hypersensitive to penicillin to avoid those occupations in which inhalations of this drug is likely to
occur.
PENICILLIN IN VIRUS VACCINES

The presence of a small amount of penicillin in
poliomyelitis vaccine has been the subject of a good
deal of discussion in relation to penicillin hypersensitivity. Each poliomyelitis vaccine manufacturer in the United States of America employs
200 units of penicillin and 0.2 mg dihydrostreptomycin per ml in the original culture media. In the
final stages of processing the vaccine, most of the
manufacturers restore the same antibiotics to their
original concentrations. The procedure of Wyeth
& Co. for preparing poliomyelitis vaccine deviates
at this point. This company replenishes antibiotic
by adding 50 units of Polymixin B and 0.1 mg
dihydrostreptomycin per ml (Bierly, 1956). The
final Wyeth vaccine is reported to contain less than
0.001 unit of penicillin per ml in comparison to
the other brands, which are said to contain between
3 and 20 units of penicillin per ml (Zimmerman,
1958b). The penicillin appears to be partially
inactivated or destroyed after its final addition to
the vaccine for reasons which are not apparent at
present. There has been much controversy as to
whether the small amount of penicillin antigen
present in these vaccines could cause allergic reactions or sensitize predisposed individuals. Early
experiments involving passive transfer studies with
poliomyelitis vaccine revealed that the penicillin
content was negligible (Siegal, 1955). The serum
used for this study could detect the presence of
0.5 unit of penicillin per ml.
The author conducted passive transfer studies
in which sites were prepared with undiluted serum
and tested with decreasing tenfold dilutions of
crystalline penicillin G. The weakest dilution
which elicited a positive passive transfer reaction
with this serum contained 0.05 unit of penicillin
per ml. Tests performed with undiluted proprietary brands of poliomyelitis vaccine on similarly
sensitized sites revealed positive reactions with all
except Wyeth brand. This study indicates that only
this brand contains less than 0.05 unit of penicillin
antigen per ml.
Despite reports attesting to the safety of pdAiomyelitis vaccine (Siegal, 1955; Lipman, 1957), there
is now adequate evidence to indicate that the peni-
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cillin content in most brands is sufficient to induce
clinical allergic reactions in some sensitive individuals (Clyde, 1956; Crump, 1956; Zimmerman,
1958a, 1958b). Zimmerman (1958b) treated cases
of allergic reactions attributed to the penicillin
content of poliomyelitis vaccine with penicillinase.
The patients responded rapidly to this therapy and
this was considered evidence that penicillin was,
in fact, the offending allergen. The fact that many
of these patients were subsequently injected with
the Wyeth brand of poliomyelitis vaccine without
untoward effects was offered as supporting evidence
of the nature of the diagnosis in these cases.
Within the past two years, all student nurses at
the Jewish Hospital of Brooklyn who had a history
of penicillin allergy, or who had had an allergic
reaction to their first or second injections of poliomyelitis vaccine, were referred to the author for
study. Intracutaneous tests with increasing concentrations of crystalline penicillin G, beginning with
0.5 unit per ml, were performed on these nurses.
Negative reactions were obtained in all cases except
one, which will be discussed separately. All the
negative reactors had previously experienced clinical
reactions to penicillin or vaccine in the form of
delayed urticaria. They were given 1 ml of the
Wyeth brand of poliomyelitis vaccine with no
untoward effects.
One of the student nurses, S.B., demonstrated a
positive immediate reaction to an intracutaneous
test with a penicillin solution containing 50 units
per ml (total test dose was 0.5 unit), after she had
failed to respond to tests with the 0.5 and 5 unit
per ml solutions. Within 10 minutes after the
introduction of the positively reacting dose, she
developed a constitutional reaction, consisting of
generalized pruritis and urticaria. It is significant
that this nurse was an atopic individual and was
the only one in the group who had had a previous
immediate clinical reaction to penicillin. In addition she had noted local pruritus and urticaria
whenever the antibiotic touched her skin. This

patient was subsequently given 1 ml of Wyeth
poliomyelitis vaccine subcutaneously. Within 510 minutes she again developed generalized pruritis
and urticaria, which persisted for approximately
24 hours. A passive transfer study with her serum
revealed the presence of penicillin reagins in low
titre. Sites sensitized with her serum responded
with only a 1-plus reaction to a total intracutaneous
test dose of 500 units and could not be aroused
by a distant subcutaneous injection of as much as
5000 units of penicillin.
It seems clear that the amount of penicillin present
in poliomyelitis vaccine, including even the minute
amounts present in the Wyeth brand, are sufficient
to induce clinical reactions in patients with the
reaginic type of sensitivity, such as the abovementioned student nurse and cases M.F. and E.P.,
previously described. In such patients, the administration of even the most minute amounts of
penicillin cannot be assumed to be unhazardous.
In this type of patient it would indeed be precarious
to attempt to designate a dilution of penicillin
which could be considered safe, and at the same
time practical, for direct testing, regardless of the
technique employed.
In patients who exhibit the delayed urticarial type
of penicillin sensitivity, higher levels of penicillin
antigen are apparently required to elicit reactions.
The amounts of penicillin present in the usual brands
of poliomyelitis vaccine are sufficient to evoke such
reactions. However, the small amounts present in
the Wyeth brand of vaccine are generally insufficient
to evoke this type of reaction.
It is fair to assume, on the basis of findings in
other areas of hypersensitivity phenomena, that
amounts of antigen which are capable of inducing
clinical reactions are also capable of inducing
sensitization in the predisposed (atopic) individual.
The above considerations in reference to the
penicillin content of poliomyelitis vaccines apply
as well to adenovirus, influenza and other virus
vaccines.
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RISUMI
L'auteur signale les causes les plus courantes et les
plus importantes de contacts inapparents avec la penicilline. 11 presente des observations experimentales et
cliniques pour prouver que les quantites tres minimes
d'antibiotique dont il s'agit sont susceptibles de provoquer des reactions chez les sujets sensibles.
La source la plus courante de ces contacts inapparents
est le lait de vache. D'apres la plus recente enquete faite
aux Etats-Unis sur ce point (1956), 5,9 % des echantillons
de lait preleves sur le marche etaient contamines par la
penicilline a des doses variant de 0,003 a 0,55 unite par
millilitre. D'autre part, des sujets normaux sensibilises
avec des serums contenant des penicillino-reagines ont
presente des reactions cutanees aprLes administration par
voie buccale d'une dose-seuil de 40 unites de penicilline G
cristallisee et apres injection intraveineuse d'une doseseuil de 12,5 unites. Partant de ces constatations faites
sur des sujets normaux, on a calcule que les quantites
de pe'nicilline decel6es dans les 6chantillons de lait contamines etaient plus que suffisantes pour provoquer des
reactions cliniques chez des sujets hautement sensibles a
cet antibiotique. L'auteur rapporte egalement des etudes
cliniques qui confirment l'importance de cette source de
contacts avec la penicilline 'a l'origine de sympt6mes
allergiques.
L'emploi de seringues ayant contenu de la penicilline
est une autre cause de contacts antigeniques jusque-Ila
passee inaperque. L'article presente en detail le cas d'un
malade sensibilise a la pdenicilline chez qui une reaction
generalisee grave, attribu6e d'abord 'a une injection de
testosterone et de procaine, a pu etre rapportee a 1'emploi

d'une seringue contaminee par la penicilline. I1 a 6t6
experimentalement demontr6 qu'il est pratiquement
impossible d'inactiver le principe antigenique de l'antibiotique par ebullition et qu'il est difficile d'eliminer
toutes traces de penicilline par les proced6s courants de
sterilisation des seringues. L'article presente des recommandations sur les moyens d'eviter de tels contacts.
L'auteur analyse le ph6nomene de l'inhalation de traces
de penicilline et en precise l'importance en tant que
cause cachee de sympt6mes allergiques. 11 rapporte un
cas oiu la sensibilisation A la penicilline semble due au risque professionnel d'une inhalation prolongee du produit.
Enfin, l'article passe en revue les effets cliniques des
petites quantites de penicilline contenues dans les vaccins
antipoliomyelitiques. L'auteur presente des observations
cliniques et experimentales montrant que les quantites
presentes dans la plupart des vaccins sont suffisantes
pour provoquer des reactions chez les individus sensibles.
Il decrit l'etude d'un malade presentant une sensibilite
A la penicilline du type ((r6aginique *, qui ne tolerait
meme pas les quantites minimes de penicilline que l'on
trouve dans le va-cin antipoliomyelitique du commerce
contenant la plus faible concentration d'antibiotique.
Ces contacts insoupronnes avec des quantit6s minimes
de penicilline capables de provoquer de graves reactions
allergiques doivent egalement etre consideres comme
dangereux dans le mesure ou ils peuvent produire une
sensibilisation chez des individus pr6disposes, surtout
lorsque l'exposition se repete fr6quemment pendant une
periode prolongee.
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