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SYNOPSIS

In view of the increasing interest being shown throughout the
world in untoward reactions following penicillin administration,
a detailed study has been made of such reactions in Taiwan between
October 1951 and May 1955. During this period, 106 reactions
were recorded, of which 74 were anaphylactic (12 fatal, 19 severe
and 43 less severe) and 32 were urticarial.

The authors point out that the consumption of penicillin is
very heavy in Taiwan, which can be considered " a potentially
penicillin-sensitized country ". The great majority of anaphylactic
cases for which information is available are known to have received
penicillin before the injection which caused the reaction, and only
one of those who died (a 7-month-old boy) is known not to have
had the drug before. All those in the urticarial group for whom
there is information reacted within 24 hours of receiving penicillin.
The authors conclude that, since this is too short a time for the
production of antibodies, the persons concerned were already
sensitized by previous penicillin treatment.

In recent years venereologists and medical officers in many parts of the
world have become increasingly aware of reactions following the adminis-
tration of penicillin in the control of venereal infections and treponematoses.
In the large rural programmes for treponematoses control assisted by WHO
relatively few such reactions have so far been encountered, but the Organiza-
tion has studied the problem by means of a questionnaire sent to venereal
disease clinics in a number of countries.' In addition a general review of
the subject will be published in a forthcoming issue of the Bulletin of the
World Health Organization.

1 See page 457
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The present paper presents a more detailed analysis of data from Taiwan,
where a number of fatalities occurred following injections of penicillin.
These caused alarm among doctors and other health personnel and to some
extent also among the general public. For some time, a marked " resist-
ance" to penicillin treatment ensued, which was unfortunate since the
Government, with WHO/UNICEF assistance, had several projects under
development. Among these was a venereal disease project, in which the
initial phase was a mass case-finding and treatment campaign. Fatalities
occurring following penicillin injections given by practitioners prevented the
smooth development of the programme, and, therefore, in order to obtain
a clear picture of the situation, the Commissioner of Health in 1953 obliged
all local health centres throughout Taiwan to report the cases of penicillin
reactions which occurred or had occurred in their areas. This paper is
based on information given in these reports.

Taiwan has an area of about 13 000 square miles (33 670 kM2) with a
population of about 8 million persons. It is situated off the coast of the
Chinese mainland, between the 20th and 25th latitude N. It is divided
into 22 areas, in each of which public health activities are supervised by
a health centre and conducted by health stations, numbering from 10 to 30
according to the size of the area (about 360 in all). In addition, there are
12 governmental and local hospitals spread over the island, which also
has many doctors in private practice. There are also a considerable number
of doctors practising the old Chinese medicine, and many quack-doctors.
Penicillin is obtainable without restriction from the drug-stores, and the
yearly consumption is considerable.

The public health administration is effective, for the common communi-
cable diseases are well under control; and great efforts and considerable
progress, have been made in the field of malaria, trachoma, tuberculosis,
and venereal disease, all of which have been major public health problems.
The incidence of fungus infection among children is considered lower than
in most other Asian countries. " Athlete's foot " among adults is probably
as common as in Europe and North America. Generally, the people are
well-nourished. As a whole, Taiwan constitutes a relatively well-developed
community in matters concerning public health, and apart from the fairly
high consumption of penicillin, no special environmental factors can be
discussed a priori as being responsible for the penicillin reactions which
have occurred.

From October 1951 to May 1955, 106 reactions, including 12 fatalities,
were reported to have followed penicillin administration. The patients
have been classified according to symptoms in two main categories: (a) 74
patients with anaphylactic reactions, further subdivided in 12 who had a
fatal outcome of the reactions, 19 with severe reactions and 43 with less
severe reactions; and (b) 32 patients with urticaria as the dominant
symptom.
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Environmental and Ihdividual Factors

Places of occurrence

While the majority of the total reactions occurred almost equally among
patients treated in health stations (and centres) and by private practitioners,
almost all fatalities (10 out of 12) were in-patients treated by private
practitioners, and the other two deaths occurred after penicillin injections
in a drug-store and by a herb doctor respectively. No deaths occurred in
patients treated in government centres and only one reaction was reported
from a hospital. This unequal distribution may well indicate that the
supervised work in health stations and hospitals, and the precautions
taken there to avoid reactions and to treat them should they occur, have
influenced the outcome.

Occupation of the patients

The occupation of the patients is known in 67 cases.
Of these 67 patients, 16.1 % were farmers or belonged to farmers'

families, and 44.8% were recorded as having no settled occupation.
Prostitutes accounted for 7.5%; waitresses for a further 6%; independent
workers for 7.5 %; soldiers, business men, and students plus office employees
for 6% for each group (18% in all). As about 90% of the health stations
in Taiwan are situated in rural areas, and as 50% of the total reactions
occurred in health stations, it may be thought that many of the " no
occupation" group also live in rural areas.

It is noted that only five (7.5 %) of the reactors were prostitutes although
a further four (6.0%) were waitresses. Prostitutes are not only repeatedly
exposed to acquiring venereal diseases and consequently also to reactions
after penicillin treatment, but the prophylactic treatment of prostitutes
with repository penicillin (PAM)1 is common in Taiwan.

Age distribution

The reactions mainly affected those aged from 20 to 59 years (81.1 %
of the reactions occurred in this group), and in this age-group there was
only a slight percentage difference between the fatal cases, the other ana-
phylactic cases, and the urticarias (75 %, 83.8% and 78.1 % respectively)
(see Table 1). In the lower age-groups the non-fatal anaphylactic cases
and the urticarias were evenly distributed, while there were no fatalities
except in two babies, seven and nine months old respectively. Only two
reactions were reported in patients older than 60 years: a 72-year-old man
developed urticaria and a 79-year-old man died (case 1, Table 12) following
penicillin injections.

' Procaine penicillin G in oil with 2% aluminium monostearate
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TABLE 1. AGE DISTRIBUTION OF 106 PATIENTS IN TAIWAN
REACTING TO PENICILLIN

Age Anaphylactic reactions Urticarial Total
(years) fatal outcome other cases reactions cases

0- 4 2 (16.7%) 4 (6.4%) 2 (6.3%) 8 (7.5%)

5 - 9 - 4 (4.8 %) 3 (9.4 %) 6 (5.7 %)

10 - 14 _ 1 (1.6 %) 1 (3.1 %) 2 (1.9 %)

15 - 19 - 2 (3.3 %) - 2 (1.9 %)

20 - 29 1 (8.3 %) 22 (35.5 %) 10 (31.3 %) 33 (31.1 %)

30-39 5 (41.7%) / 16 (25.8%) / 9 (28.1 %) 30 (28.3%) /

40-49 1 (8.3%) 1 1 (17.7%) 1 (3.1 %) 13 (12.3%)

50 -59 2 (16.7 %) 3 (4.8 %) 5 (15.6 %) l 10 (9.4 %)

60 or over 1 (8.3 %) - 1 (3.1 %) 2 (1.9 %)

Total 12 (100%) 62 (100%) 32 (100%) 106 (100%)

Sex distribution

Information regarding sex is available for 74 cases, and among these
females predominate (40 females as against 34 males).

There are, however, considerable variations within the different cate-
gories of reactions, but the figures are too small for valid conclusionsto
be drawn. As a whole, however, 52.4% of the anaphylactic reactions
were in males and 47.6% in females. As regards urticaria reactors, women
prevailed markedly (62.50% as against 37.50% males).

Past History of Patients

Previous penicillin administration

Of the 72 patients concerning whom information is available, 65 (90.3 %)
are known to have had previous penicillin treatment. Of the anaphylactic
cases as a whole, no less than 96.4% had had such treatment, while 68.8 %
of the urticaria cases had previously received penicillin (Table 2).

The only fatal case in which penicillin had definitely not previously
been given was that of a seven-month-old baby (case 10, Table 12). In the
case of a 27-year-old man who died after a penicillin injection at a drug-
store (case 8, Table 12), the patient was treated for urethral discharge
(gonorrhoea ?). It is quite possible that he had himself tried penicillin
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TABLE 2. HISTORY OF PREVIOUS PENICILLIN ADMINISTRATION IN 72 REACTORS

Reaction Total Information Number with Number withReaction ~ cases available previous no previous
penicillin penicillin

Fatal anaphylaxis 12 11 10 (90.9 %) 1

Other anaphylaxis 62 45 44 (97.8 %) 1

Total anaphylaxis 74 56 54 (96.4 %) 2

Urticaria 32 16 11 (68.8 %) 5

Total 106 - 72 [ 65 (90.3%) } 7

as a remedy prior to visiting the drug-store, although no definite information
was forthcoming.
A 17-year-old male student who reacted severely to an intradermal

test of 20 000 units is reported not to have received penicillin before. No
history of previous penicillin treatment was obtained in five of the urticaria
cases: an eight-month-old baby who developed urticaria 24 hours after
having received 150 000 units of penicillin G in oil; a 27-year-old man and
a 72-year-old woman who both had urticaria 12-24 hours after receiving
1.8 mega-units of PAM; a 21-year-old prostitute treated for gonorrhoea
who had a slight urticaria appearing five minutes after the injection of
600 000 units of PAM; and a 51-year-old man who suffered an urticarial
reaction after the first injection of a course of penicillin treatment for
syphilis.

Amount and type of penicillin preparation previously given
In only 27 cases was it possible to obtain information concerning the

amount of penicillin the patient had previously received (Table 3); and in
only 25 cases was the type of penicillin preparation previously given
definitely known.

The total dosages previously given in both the anaphylactic and urticaria
categories of patients were rather low. Only one patient, who later had an
anaphylactic reaction, had received 6 mega-units, and the remainder less
than this. In the three fatal cases about whom information is available,
the preceding amounts of penicillin given had been remarkably low:
a 50-year-old man had taken a penicillin tablet of 50 000 units one year
before the penicillin injection; a 37-year-old woman had been given an
injection of 300 000 units of procaine penicillin G in oil about four months
before; and a nine-month-old baby had had an injection of 200 000 units
of crystalline penicillin plus 0.25 g of streptomycin 11 days before the
fatal injection of a similar penicillin preparation.
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TABLE 3. AMOUNT OF PENICILLIN PREVIOUSLY ADMINISTERED IN 27 CASES

Dose (mega-units) No
Reaction av__Inforatiable information Total

0.05-0.4 0.6-0.8 1.2-6.0 availableinomtn Tta

Fatal anaphylaxis 3 - - 3 9 12

Non-fatal anaphylaxis 2 4 8 14 48 62

Total JNumber 5 4 8 17 57 74
anaphylaxis Percentage 29.3 23.5 47.1 100.0 - -

N{umber 1 3 6 10 22 32

Percentage 10.0 30.0 60.0 100.0 - -

{Number 6 7 14 27 7 0
All reactions

Percentage 22.2 25.9 51.9 100.0 -

Altogether, in the 25 cases on which there is information, PAM had
been given to 14 (56 %), procaine penicillin G in oil to six (24 %), crystalline
penicillin in water to two (8 %), PAM plus crystalline penicillin in water
to one (4%), crystalline penicillin plus streptomycin to one (4%) and
penicillin tablets to one (4%).

Interval between previous penicillin administration and that provoking reactio.n

The time between the last exposure to penicillin and the administration
causing the reaction is known in 44 cases-34 anaphylactics and 10 urti-
carias (Table 4).

The intervals between previous and causative administration of penicillin
varied from five days to more than seven years. The shortest interval
was in a 35-year-old female, who reacted with urticaria following the third
injection of 0.6 mega-unit of PAM given five days after the first injection;
the longest interval reported was in a 32-year-old waitress who had a mild
anaphylactic reaction following the initial -injection of 0.6 mega-unit of
a treatment course for syphilis and who stated that a previous course of
6 mega-units of penicillin had been given seven years earlier.

In the case of a nine-month-old baby there was an interval of 11 days
between two isolated injections of a combined preparation of crystalline
penicillin G in water and streptomycin with a fatal outcome following the
last injection. Similarly, a 33-year-old man died immediately following
the last of two isolated injections with intervals of 10 days (case 3, Table 12).
In the other nine cases, with intervals of less than three weeks, treatment
courses were in the process of being given when reactions occurred.
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TABLE 4. TIME INTERVALS BETWEEN LAST EXPOSURE TO PENICILLIN AND
CAUSATIVE PENICILLIN ADMINISTRATION IN 44 CASES

Periof between last penicillin administration
and that causing reaction

Reaction _ | | months Information information Total
days weeks months available avIal cases

5 7 110-14 3 4 3 6-9

Fatal anaphylaxis - - 2 - - 2 2 3 9 3 12

Other anaphylaxis - 4 1 1 4 4 - 11 25 37 62

Total anaphylaxis - 4 3 1 4 6 2 14 34 40 74

Urticaria 1 1 2 - - 1 1 4 10 22 32

Total

1 5 5 1 4 7 3 18 44 62 106

1 1 5 10 18 44 62 106

25.0% 11.4% j - -- 100% - -

Past history of allergy

Information is available as to the past history of other allergic mani-
festations for 72 patients. Sixteen (22.2%) of these had a past history of
allergic disorders (10 urticaria, 5 asthma, 1 eczema); 56 gave no such
history. No allergy could be traced in the past history of the fatal ana-
phylactic cases reviewed, while nine of 32 of the other anaphylactic cases
(28.1 %) had had urticaria and four (12.5 %) had had asthma. Of the
30 urticaria cases reviewed, one had previously had urticaria and one
had had asthma. One additional patient with an urticarial reaction had
eczema in the past history.

Indications for previous penicillin administration

Information on the indications for the previous penicillin treatment
of the patients is available in only 23 cases. Two of 10 fatal anaphylactic
cases had been treated previously for acute tonsillitis. Fourteen of the
remaining 21 patients had been given penicillin for venereal diseases:
eight for syphilis and six for gonorrhoea. The high percentage of
patients who had received previous treatment for venereal diseases may
be related to the intensified venereal disease campaign in the country
since 1953. The other nine patients had been treated with penicillin for
banal diseases such as endometritis, eczema, bronchitis, abscess and acute
tonsillitis.
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Circumstances at time of administration of penicillin causing reaction

Obtaining a reliable past history of disease or details of treatment
largely depends on the ability of patients or their relatives to observe and
memorize, and on the doctor's skill in questioning the patient. Inadequate
information and unreliable statements often occur. The data presented
are based directly on the personal observations of the doctors who handled
the patients.

Diseases for which penicillin reactors were treated

The largest group of diseases for which the penicillin treatment causing
the reactions was given was that of the venereal diseases, which comprised
45 % of the indications (syphilis 33.3 %). In the 12 fatal cases there were
four treated for venereal disease, of which three for syphilis-one a 31-year-
old woman with " syphilitic endometritis " (case 4, Table 12), another a
39-year-old man with primary syphilis (case 5, Table 12), and the third
a 45-year-old man with dementia paralytica (case 7, Table 12). All three
patients had had previous penicillin treatment. The one fatal gonorrhoea
case was of a 27-year-old man who died after a penicillin injection given
in a drug-store (case 8, Table 12). Seventeen (27.4%) of the 62 patients
with other anaphylactic reactions were treated for syphilis, and five (8.1 %)
for gonorrhoea. In the urticaria group, of 32 cases, the figures were 16
(50.0%) and five (15.6 %) treated for syphilis and gonorrhoea respectively.

Justification for penicillin administration causing reaction

An attempt has been made to evaluate to what extent the diseases
reported really justified the penicillin treatment (Table 5).

About 70% of the reacting patients are considered to have been given
penicillin on sound indications; included in this number are those suffering
from syphilis and gonorrhoea. The same holds for only about one-half

TABLE 5. JUSTIF!CATION FOR PENICILLIN TREATMENT OF 106 PATIENTS WHO
REACTED FOLLOWING ADMINISTRATION OF THE DRUG

Categories Justified Not justified Informa- No
of reactionw tion information Total

_ _f recion number % number % available available

Fatal anaphylaxis 6 50.0 6 50.0 12 - 12

Other anaphylaxis 39 67.2 19 32.8 58 4 62

Urticaria 26 81.3 6 18.7 32 0 32

Total 71 69.6 31 30.4 102 4 106
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of those who died. Obviously, a retrospective theoretical assessment of the
indications for treatment is subject to individual opinion.

General health ofpatients at time ofpenicillin administration

The general health of the patients immediately before the penicillin
injection causing reaction was recorded by doctors in 74 cases.

Seven patients belonging to the fatal group were said to have been in
a satisfactory condition, three in a fair condition and two in an unsatis-
factory condition at the time of treatment. The latter were the babies
previously referred to (cases 9 and 10, Table 12): the first was treated for
measles complicated with pneumonia, and the other for pharyngitis with
acute bronchitis. Both had fever and dyspnoea. The first was already in
a comatose condition and died immediately after 300 000 units of PAM
had been given; the second died two hours after a combined injection of
penicillin (200 000 units) and streptomycin (0.25 g). Of 30 patients with
non-fatal anaphylactic reactions, 24 were in a satisfactory and six in a fair
condition at the time of treatment. One of the 32 urticarial cases-, an eight-
month-old girl who had pneumonia, was in an unsatisfactory general
condition at the time of injection, one patient was in a fair condition and
30 were in a satisfactory condition.

Thus in 61 of 74 cases (82.4%) the general condition was satisfactory,
in 10 (13.5 %) it was fair and in three (4.1 %)-including two fatal cases-
it was unsatisfactory. All the 10 patients reported to have been in fair
condition had complaints and disabilities corresponding to their diseases
but none was affected seriously.

Skin Tests

Before the penicillin causing reaction was given, skin tests were per-
formed on 48 patients (45.3 %). Scratch tests were used in 31 cases, intra-
dermal tests in 13, and a subcutaneous test in one case; no information
on the nature of the test was recorded in three (Table 6).

Skin test procedures
(a) Scratch tests (31 cases). Crystalline penicillin powder was applied

to the skin of the forearm and a drop of sterile saline water added and
mixed, or a drop of a crystalline penicillin G solution in water (usually
100 000 units per ml) was applied directly; a scratch was then made through
the drop into the skin. In two cases a scratch was made with a drop of
undiluted PAM, and in one case with penicillin in oil.

(b) Intradermal tests (13 cases). These were usually injections of 0.1 ml
of a solution containing 100 000 units of crystalline penicillin G in 1 ml of
distilled water.
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(c) Other procedures. In one case, 10 000 units of crystalline penicillin G
in water were injected subcutaneously. In three cases there was no descrip-
tion of methods.

In a few cases other concentrations were used. All tests were read
after 15-30 minutes. Readings after 48 hours for delayed reactions were
not recorded.

Restults of skin tests

Altogether, 11 tests (22.9 %) gave immediately positive results-five
scratch tests (16.1 %) and six intradermal tests (46.2 %). The single sub-
cutaneous test and the three tests the techniques of which are not described
were all negative.

While all the tests performed in the five fatal cases and in the six patients
who suffered severe shock were negative, six (40%) tests in 15 other mild
anaphylactic cases and five tests (22.7 %) on 22 persons with urticaria
were positive. The intradermal method generally gave a positive percentage
about three times higher than the scratch method (46.2 % compared with
16.1 %). The scratch method gave a much higher positive percentage in
the anaphylactic cases than it did in the urticarias-a trend which was not
noted in respect of the intradermal tests.

There is no information on previous penicillin administration in the
five cases with positive scratch tests. On the other hand, in 11 of the 26
with negative scratch reactions (42.3 %) there is definite knowledge that
such penicillin had, in fact, been given previously. Three of the six positive
reactors to the intradermal tests had had prior penicillin (15 days, six
months, and 12 months previously, respectively) and three of the seven
negative reactors had also had previous penicillin administration (10 days,
one year, and seven years earlier, respectively). In the fatal case with a
negative subcutaneous test, penicillin had not been given previously, while
the three patients with non-fatal anaphylactic reactions giving negative
reactions to undescribed tests had all had earlier penicillin administration.

Thus, of the six patients with immediately positive skin tests, concerning
whom there is information, three (50 %) had had previous penicillin admi-
nistration, as was the case in 17 (45.9%) of the 37 with negative tests.

Types of penicillin antigen used in skin tests related to types of penicillin
preparations causing reactions

The penicillin preparations used as antigen for the skin tests are related
to the preparations of the injections which caused the reactions in Table 7.
Such comparison was possible in 45 cases.
PAM was administered in 37 cases, in which PAM was employed as

skin test antigen in seven instances ard crystalline penicillin G in 30.
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There were three positive reactions out of seven tests performed in the
PAM/PAM group (42.9 %), and five positives out of 30 tests performed
in the PAM/crystalline-penicillin group (16.7 %). In five cases in which
crystalline penicillin alone or in combination with streptomycin was used

TABLE 7. TYPES OF PENICILLIN ANTIGEN IN SKIN TESTS RELATED TO TYPES
OF PENICILLIN PREPARATION CAUSING REACTIONS IN 45 PATIENTS

Penicillin 2

Penicillin preparations applied in skin tests

preparation Rato
causing PAM penicillin crystalline total Reaction
reaction in oil penicillin GI + + I +

3 2 - - 2 10 5 12 anaphylaxis
PAM_
(37 cases) - 2 - - 3 15 3 17 urticaria

--- 1 - - - ~~~~~~~1anaphylaxis
Penicillin in oil
(1case)

- urticaria

Crystalline - ahaphylaxis
penicillin G in
water (2 cases) -_ - - 1 - 1 - urticaria

Crystalline 1 2 1 2 anaphylaxis
penicillin G
plus streptomycin
(3 cases) _ _ __ . . - urticaria

Crystalline 1 1 2 anaphylaxis
penicillin in water l
plus penicillin in
oil (2 cases) . . .. - |urticaria

3 3 - 1 3 14 6 18 anaphylaxis
Tota

- 2 - - 4 15 4 17 urticaria

both as treatment preparation and as antigen, two tests were positive
(40 %). The result of one test performed in the penicillin-in-oil/penicillin-
in-oil group was negative, as was one in the crystalline-penicillin plus
penicillin-in-oil/PAM group. Apart from the PAM/PAM group, in which
all three positive readings occurred in anaphylactic patients, the percentages
of positives and negatives among those with anaphylactic and urticarial
reactions were fairly evenly distributed.
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Penicillin Preparations Causing Reactions

Type of penicillin

Information is available regarding the preparation of penicillin used
in all 106 patients (Table 8).

TABLE 8. PENICILLIN PREPARATIONS CAUSING REACTIONS IN 106 PATIENTS

Penicillin in Penicillin GProcaine Crystalline oil and inwtr-BzaheTolReaction PAM penicillin penicillin G crystalline anwterd Bpenzicine Totalsein oil in water penicillin G atetmcnd pncli cae
I ~~in water srpoyi

Fatal anaphylaxis - 3 (25.0%) 5 (41.7%) - 4 (33.3%) - 12

Severe anaphylaxis 6 (31.6%) 6 (31.6%) 3 (15.8%) 1 (5.3%) 3 (15.8%) - 17

Mild anaphylaxis 13 (30.2%) 24 (55.8%) 3 (7.0%) - 2 (4.7%) 1 (2.3%) 43

Total anaphylaxis 19 (25.7%) 33 (44.6%) 11 (14.9%) 1 (1.3%) 9 (12.2%) 1 (1.3%) 74

Urticaria 21 (65.6%) 6 (18.8%) 5 (15.6%) - - - 32

Total 40 (37.7%) 39 (36.8%) 16 (15.2%)I 1 (0.9%) 9 (8.5%) 1 (0.9%) 106

PAM had not been used in any of the fatal cases, but had been given
in six (31.6%) of the severe anaphylactic cases, in 13 (30.2%) of the other
anaphylactic cases, and in 21 (65.6%) of the urticarial cases. Altogether,
PAM was responsible for 40 reactions (37.7 %). Reactions to procaine
penicillin in oil totalled 39 (36.8%): for three (25 %) of the fatal cases,
for six (31.6 %) of the severe anaphylactic cases, for 24 (55.8%) of the other
anaphylactic cases, and for six (18.8 %) of the urticaria cases. Crystalline
penicillin in water was followed by 16 reactions (15.2 %). However, it is
noteworthy that, while five (41.7%) of the fatal cases occurred after crystal-
line penicillin, only 15.8 % of the severe reactions, 7.0% of the other ana-
phylactic reactions, and 15.2% of the urticaria reactions were caused by
this substance. The administration of combined crystalline penicillin G
and streptomycin was also followed by a high percentage of fatalities
(33.3 %), and it caused 15.8 % of the severe and 4.7% of the other anaphy-
lactic reactions. Benzathine penicillin was followed by an anaphylactic
reaction in one case: a 44-year-old man with late syphilis was given an
initial injection of 0.6 mega-unit of this preparation, and five minutes after
the injection he complained of dizziness, oppression, visual disturbances,
and weakness, following which he developed laboured breathing and a
weak pulse; he recovered completely, however, after seven hours. Six
months previously he had been treated with penicillin (preparation and
dosage unknown).
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Previous penicillin preparations related to penicillin preparations causing
reactions

Information regarding both preparations is available for 25 patients
who had previously received penicillin.

In eight patients in whom PAM caused anaphylactic reactions, six
(75%) had previously received PAM, as had all nine patients who had
urticarial reactions after PAM. Two cases had received procaine penicillin
in oil both as the previous and as the causative preparation. One patient
with an anaphylactic reaction following penicillin-in-oil/crystalline-peni-
cillin-G had previously received penicillin in oil. Of five patients in whom
anaphylactic reactions were caused by crystalline penicillin plus strepto-
mycin, two had previously had procaine penicillin in oil, one crystalline
penicillin, one crystalline penicillin plus streptomycin, and one penicillin
tablets.

Dosage of penicillin preparations causing reactions

Information regarding the dosages of penicillin causing reactions is
available in 73 cases (see Table 9).

TABLE 9. DOSE OF PENICILLIN CAUSING REACTION (73 CASES)

Dose (mega-units) Informa- No
Reaction tion informa- Total

0.005-0.2 0.3-0.6 0.9-1.8 available avaiable

Fatal anaphylaxis 4 8 - 12 - 12

Severe anaphylaxis 3 8 - 11 8 19

Mild anaphylaxis 8 8 3 19 24 43

Total anaphylaxis 15 (35.7%) 24 (57.1 %) 3 (7.1 %) 42 32 74

Urticaria 8 (25.8%) 12 (38.7%) 11 (35.5%) 31 1 32

Total - 23 (31.5%) 36 (49.3%) 14 (19.2%) 73 32 106

The majority of the reactions (68.5 %) were caused by dosages of from
0.3 to 1.8 mega-units, 0.6 mega-unit being the dose most frequently used.
Only three (7.1 %) of the anaphylactic patients had had dosages of 0.9-1.8
mega-units, while this was the case with no less than 35.5 % of the urticarial
cases. In the fatal cases, eight of the 12 had been given 0.3-0.6 mega-unit,
while four had had only 0.01-0.2 mega-unit. In the case of the patient
receiving the smallest dose (case 4, Table 12), the penicillin was given
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intravenously; in the others intramuscularly. Severe shock reactions
followed even very small doses of penicillin. Thus, one severe anaphylactic
reaction followed within one or two minutes after an intradermal test with
crystalline penicillin. The patient, a 17-year-old boy, could give no informa-
tion about previous penicillin treatment. Two patients were given 15 000
units of PAM intramuscularly and two others were given 30 000 units
as test doses, since skin tests (two crystalline penicillin and two with PAM)
had proved positive. All four reacted with marked anaphylactic symptoms
within 10 minutes of the injections. All were in the age-group 25-45 years
and none could give any information about previous penicillin treatment,
nor was any past history of allergy revealed.

Two males, aged 8 and 39 years respectively, who did not know whether
they had had previous penicillin, developed generalized urticaria 20-30
minutes after intradermal tests with only 50 units of crystalline penicillin.
No past history of other allergic conditions was revealed in these cases.

Mode and site of administration

All 106 patients were given penicillin in injections, the overwhelming
majority (102 cases, 96.2%) of which were performed intramuscularly.
In 64 cases (35 anaphylactic-including 6 fatal-and 29 urticarial cases)
the injections were given into the buttock. In 35 cases (34 anaphylactic
-including 5 fatal-and only 1 urticaria) they were given into the arm.
In seven the site was not recorded. One patient with fatal reactions was

injected intravenously with 10 000 units of crystalline penicillin (case 4,

TABLE 10. PENICILLIN REACTIONS RELATED TO NUMBER OF INJECTIONS GIVEN
IN TREATMENT COURSE

Number of injections after which reaction occurred
Reaction 2 3 5 - cTotal

~~~~~~~totalun- cases

I1 4 5 6 8 known known

Fatal anaphylaxis 11 _. _. 11 1 12

Severe anaphylaxis 8 1 1 1 - _ - 11 8 19

Other anaphylaxis 15 - 1 1 - _ 1 18 25 43

Total anaphylaxis 34 1 2 2 - - 1 40 34 74
(85.0 %)

Urticaria 28 32 - 32
(87.5 %)

Total ~62 1 3 3 1 1 f2 34 106_

T (86.1%) 7 3
10 (13.9%) l
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Table 12). Also, as stated, three of the reactions followed intradermal
injections as skin tests.

Number of injections
Information on the number of injections is available for 72 cases

(Table 10).
In 34 (85%) of the anaphylactic and in 28 (87.5 %) of the urticaria cases

the reactions occurred after the first injection of a treatment course, or
after isolated single injections. It is noteworthy that in all 11 fatal cases
on which there is information, death occurred after the first or a single
injection, although it should be recalled that two of the patients had had
previous penicillin injections only 10 days before (cases 3 and 9, Table 12).
In the cases where reactions followed more than one injection, the
injections had been administered at intervals of 2-3 days.

Penicillin-Sensitivity Reactions

Interval between causative administration and appearance of reaction
Data are available concerning the time between the causative injection

and the actual occurrence of the reaction in 90 cases (Table 11).

TABLE II. INTERVAL BETWEEN CAUSATIVE INJECTION AND REACTION

Reaction occurred after
Reaction -Total Not Totalminutes hours known reported cases

0-15 15-60 2-12 14-24

Fatal anaphylaxis 11 - 1 - 12 - 12

Other anaphylaxis 46 6 5 1 58 4 62

Total anaphylaxis 57 6 6 1 70 4 74

Urticaria 5 2 8 5 20 12 32

Total cases 62 8 14 6 90 16 106

It is noted that in 57 (81.2%) of the 70 anaphylactic cases, reactions
occurred within 15 minutes, and in only 7 (10.0%) after one hour-while
only 5 of 20 urticarial patients (25 %) reacted during the first 15 minutes,
and no less than 13 (65%) reacted after 2-24 hours. There is a definite
indication that the less serious is the sensitivity reaction, the more pro-
tracted is the interval between injection and reaction.
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Interval between onset of reaction and recovery or death
Information is available concerning 58 patients.
Of 39 anaphylactic cases, in 25 (64.1 %) recovery or death occurred

within 30 minutes of the onset of the reaction. All but one of the fatalities,
in which death took place after two days, occurred within 16 hours. In 19
urticarial cases, recovery took place within 30 minutes in two, within
1-15 hours in 11, within 1-7 days in five, and after two months in one.

Data on Fatal Cases

A summary of the data of the 12 fatal anaphylactic cases is given in
Table 12.

The patients ranged in age from 7 months to 79 years; three were females
and nine were males. It is known that 10 had previously received penicillin
treatment; in one case there is no information; and in one case, that of
a 7-month-old baby, penicillin had not previously been given.

The intervals between previous administration of penicillin and the
causative injections are known in nine cases, and extend from 10 days
to two years.

In none of the fatal cases was a past history of allergy disclosed, nor was
any discomfort following previous penicillin administration reported. Skin
tests were negative in two cases, and were not performed in the remainder.

The causative penicillin injections were given for the treatment of the
following conditions: syphilis (three patients), gonorrhoea (one), pneu-
monia (one), bronchitis (two), pharyngitis (one), tonsillitis (one), pyorrhoea
(one), gingivitis (one), and eczema (one). The reactions all appeared
following the initial injection of the planned treatment course, or after
isolated single injections.

In four cases, the causative preparation was crystalline penicillin G
in water, the respective dosages being 10 000 units, 0.1 mega-unit, 0.1
mega-unit, 0.1 mega-unit, and 0.4 mega-unit. In four cases, a combined
preparation of crystalline penicillin G and streptomycin was given, contain-
ing 0.2-0.4 g of penicillin. In four cases, a dose of 0.3 mega-unit of penicillin
in oil was administered.

In 11 cases, the preparations were injected intramuscularly-five in
the upper arm and six in the buttocks; in one case 10 000 units of crystalline
penicillin were injected intravenously.

In 11 cases, the reaction appeared after a few seconds to 15 minutes.
In a 45-year-old man treated for dementia paralytica with 300 000 units
of procaine penicillin in oil (case 7), symptoms appeared after 14 hours
and he died after another two hours. In six cases, death occurred from
within a few minutes to 20 minutes after the onset of symptoms-in two
cases, after 40-60 minutes, in two cases after 14 and 16 hours, respectively,
and in one case after two days. There is no information about one case.
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Autopsies were performed in five cases (cases 4, 5, 6, 9 and 10). Detailed
reports were obtained of cases 4 and 6. In summary, the autopsies showed
the following:

Case 4 showed a reduced amount of blood in the heart; bleeding of the
mucous membrane of the left glottis; retention in the blood vessels of the
lungs; slight congestion of the brain. The cause of death was stated to
be anaphylactic shock.

Case 6 showed several petechiae on the pleura and pericardium; slight
oedema of the glottis; intralobal oedema of the liver; slight congestion
of the brain; gross oedema of the larynx. The cause of death was considered
to be asphyxia due to oedema of larynx caused by penicillin anaphylaxis.

Cases 5, 9 and 10 were diagnosed as having died from penicillin ana-
phylaxis, but no detailed findings are available.

Discussion

The 106 cases have in common that the reactions all occurred after
relatively short periods following injections of penicillin. Two distinctly
separate symptomatic and prognostic groups are noted:

(a) One group was characterized by acute onset of shock-like symptoms
and more or less severe signs of cardiovascular collapse, in some cases
with a fatal outcome.

(b) A second group had urticaria as the dominant and constant symptom
with an excellent prognosis as regards life.

Anaphylactic group

The type of reaction encountered in the first group of cases corresponds
fairly well to allergic penicillin reactions classified in the literature as
" anaphylactic ", and occurring in individuals with pre-existing sensitivity
to penicillin. As seen from Table 13, the 74 anaphylactic cases are dis-
tinguished by a sudden onset of a variety of symptoms related mostly to
the nervous and cardiovascular systems, and to a lesser degree to the
gastro-intestinal, pulmonary and urinary systems. Dizziness, sweating,
headache, oppression, laboured breathing, weak and rapid pulse and nausea
were the most common signs and symptoms, occurring in 20%-30% of
all anaphylactic cases. Together with pallor and cyanosis, and in some cases
palpitations, they constituted the main picture of the less severe reactions.
In the severe cases, these initial symptoms rapidly became more severe
and cardiovascular collapse was evident by a marked fall of blood pressure.
Urinary incontinence or diarrhoea was noted in six cases. In 12 patients,
the reactions developed into coma and death. The subdivision of the
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TABLE 13. SYMPTOMS OF IMMEDIATE REACTIONS CAUSED BY PENICILLIN

Anaphylactic reactions
Symptom fatal severe less severe

outcome anaphylactic shock urticaria total cases

Urticaria _ 4 6 32 42

Itching - - 3 22 25

Laboured breathing 3 9 13 - 25

Weak and rapid pulse 3 9 10 22

Dizziness 2 4 16 - 20

Oppression 3 5 11 1 20

Sweating 1 6 11 - 18

Headache _ 3 10 4 17

Nausea 1 5 9 1 16

Cyanosis 4 4 5 - 13

Pallor 2 I 3 4 - 9

Weakness 1 4 2 7

Unconsciousness 3 3 - - 6

Fever - 1 3 2 6

Lassitude 1 - 1 3 5

Low blood pressure 1 4 - - 5

Palpitations -1 4 - 5

Visual disturbance 1 1 2 - 4

Vomiting -2 2 - 4

Oedema (eyelids) - - 4 4

Urinary incontinence _ 3 _ - 3

Diarrhoea _ 3 _ - 3

Convulsion _ 1 _ _ 1

Paresis 1- - 1

Cough - 1 _ 1

Sore throat _ 1 - _ 1

Joint pains - 1 _ 1

Not reported _- - 1 1

anaphylactic group into fatal, severe and less severe reactions is therefore
considered to be related only to the severity of symptoms.

Altogether, 96.4% of the anaphylactic cases for which information is
available are known to have received penicillin before the causative dose.
It is probable that this figure does not represent the absolute maximum
of patients who had actually received penicillin on a previous occasion.
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Only one of the fatalities is definitely known not to have had previous
penicillin. The likelihood of previous exposure to penicillin in the popula-
tion of Taiwan is considerable, even in rural areas. In a population of
about 8 million persons the consumption of penicillin in 1952 totalled
3 753 718 mega-units, making an average consumption of approximately
0.47 mega-unit per person per year-or nearly 1.7 mega-units during the
three and a half years during which these reactions were reported. The
consumption of penicillin tablets in 1952 was 322 794 mega-units, which
alone was sufficient to give every individual in the island 40 349 units of
penicillin orally during the year, or 141 200 units during the total period.
In Taiwan, penicillin can be obtained over the counter without prescription
or restriction, and anyone who believes he needs an injection of the anti-
biotic can obtain it from a doctor, a dentist, a nurse, a herb-doctor, or even
from any person who happens to have a syringe. Certainly Taiwan can be
considered a potentially penicillin-sensitized country. This view is also
supported by the occurrence of anaphylactic penicillin reactions among
farmers and in health stations in rural areas.

Although three-quarters of the anaphylactic reactors were 20-49 years
of age, during which period the likelihood of repeated exposure to penicillin
is presumed to be at its maximum, it is interesting to note that 16.2% of
the anaphylactic reactions occurred in individuals below 19 years of age,
and particularly that six patients (in two of whom death ensued) were
babies below the age of four years. It is known that the nine-month-old
baby who died had had a previous penicillin injection 11 days before the
one causing death, but for the other children there is no recorded information
about previous exposure to penicillin. However, it is felt that the possi-
bility of previous penicillin exposure existed for the children as well as
for the adults. The possibility that sensitivity to penicillin might have
been induced in intra-uterine life, or by nursing from the breast by mothers
who had been given penicillin during the period of lactation, should be
considered, although there is no information that this actually occurred.

Urticarial group

In the urticarial group, the skin rash, mostly associated with pruritus,
was noted in all cases. Adjuvant symptoms, such as oedema of the eyelids,
fever, weakness, joint pains, lassitude and headache, were relatively rare
in this particular series. All of 20 patients concerning whom information
is available reacted within 24 hours of receiving penicillin: five of them
even reacted after 15 minutes.

These responses are interpreted as immediate reactions of the "serum-
sickness-like" type. Such reactions due to penicillin are usually of a
delayed nature, occurring about a week after the first penicillin administra-
tion, during which period antibodies are produced to react with the peni-

343



0. IDSOE & P.-N. WANG

cillin antigen. Obviously, in these cases, there could be no time for antibody
production to occur so shortly after the reaction-provoking penicillin
antigen, which would be sufficient to cause an antigen-antibody reaction.
One is forced to conclude that the reacting antibodies already existed by
the time the causative penicillin administration was made, and that the
individuals concerned were already sensitized by previous penicillin treat-
ment, which had, in fact, been given to 11 of 16 patients (68.8 %). The
opportunities for the population of Taiwan easily to obtain penicillin have
been described.

Slight urticaria was also recorded as a symptom in 10 of the 74 patients
with anaphylactic reactions; two of these 10 patients had reacted with slight
urticarial rashes following a previous penicillin administration. None of
the serum-sickness-like group reported any untoward responses to previous
penicillin administration, and only one of 30 had a past history of urticaria.
There is some suggestion, therefore, that an immunobiological relationship
may exist between anaphylactic and immediate serum-sickness-like reac-
tions, despite the otherwise marked clinical differences. The oedema of
the glottis reported in one anaphylactic case at autopsy would tend to
support this.

R1tSUM1!
Un nombre eleve de r6actions a la penicilline a e observe a Taiwan, ou, depuis 1953,

les centres locaux de sante ont l'obligation de les declarer. D'octobre 1951 A mai 1955,
on a etudie en detail 106 de ces reactions, dont 74 anaphylactiques (12 mortelles et 19
graves) et 32 caracterisees par de l'urticaire et dont le pronostic etait favorable.

Dans 98,2% des cas anaphylactiques et 68,8% des urticaires, il est avere que les
sujets avaient recu anterieurement de la penicilline; le temps separant l'administration
la plus recente de celle qui provoquait la reaction variait de 5 jours A 7 ans. Il se fait une
grande consommation de penicilline A Taiwan, qui peut etre consider6e comme virtuelle-
ment # sensibilisee a la penicilline #. On obtient l'antibiotique sans ordonnance medicale
et n'importe qui, pratiquement, peut l'administrer par injection. La consommation
annuelle atteint 0,47 mega-unite par habitant et par an, soit pres de 1,7 m6ga-unit6
durant les trois ans et demi sur lesquels porte l'enquete. Les chances pour qu'il y ait une
sensibilisation sont donc tres grandes. Dans un seul des cas mortels - un enfant de 7
mois - il est certain qu'il n'y avait pas eu administration prealable de penicilline.

Les reactions de type urticaire se sont produites dans les 24 heures suivant l'administra-
tion de la penicilline, ce qui exclut une reaction due aux anticorps, mais confirme l'idee
d'une sensibilisation prealable.
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