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Summary

Cefotiam (CTM) is one of the most popular cephiem antibiotics in Japan. Recently we
experienced two cases of nurses with CTM-induced contact anaphylaxis. When they
were preparing drip inlusions of antibiotics or working around other nurses doing so.
they suddenly fell into shock with other symptoms such as Bushing, urticaria, abdominal
distress, vomiting. dyspnoea and:or loss of consciousness, The symploms never
occurred after they avoided exposure to CTM. Passive cutancous or open patch tests
were positive for CTM. Histamine release was induced by CTM from washed
leucocytes. RAST analysis using CTM-human serum albumin-coupled dises showed
high "« RAST count. suggesting that these reactions were mediated by 1gE antibodies. A
RAST inhibition lest suggested that the methyl-thiotetrazol side-chain was the main
antigenic determinant. Both patients had hand dermatitis that had uppeuared preceding
the episodes of anaphylaxis. Although the dermatitis had been resistant Lo treatments, it
also disappeared after they avoided exposure to CTM. Tt seemed likely that it was also
induced or exacerbated by CTM and facilitated the penetration of CTM to cause
anaphylaxis, The literature is also reviewed,
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Introduction

A few agenis such as Jatex gloves und penicillins [1.2] have
been reported to cause anaphylactic shock among the
medical staff who were occupationally exposed o them.

Cefotiam (CTM) is one of the most popular second
generation cephem antibiotics in Japan. Recently. we [3]
and others [4-10] have experienced cases of nurses with
anaphylactic shock due 1o occupational contact exposure
to cefotiam. No such case, as fur us we know, has been
described except in Japan.

Here we report two such cases and the results of RAST
analysis. The literature 1s also reviewed.

Correspondence: Dr K. Tadokora, Department of Research, The
Japanese Red Cross Central Blood Center. 4-1-31, Hire-o, Shibuya-ku,
Tokyo, 150 Japan

Case reports
Cuse 1 YO

A 26-year-old nurse had experienced generalized redness,
itching of skin, palpitation, and abdominal distress
followed by transient loss of consciousness, soon after she
dissolved an antibiotic and installed a drip infusion set in
January 1985, She recovered without any treatment
within 30 min. In February and April 1985, she suddenly
had itching of eyes, lacrimation, generalized redness of
skin, and abdominal cramp, but withoul loss of con-
sciousness, when she was writing nursing records in the
nurse room where others were preparing drip infasions of
antibiotics nearby. In March 1985, when she was injecting
an antibiotic by drip infusion that she had prepared by
herself several minutes before, she was seized by restiess-
ness, wheezing dyspnoeas, and loss of consciousness in
addition to the previous symptoms. Physical examination
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revealted gencrahized Aushing of the skin, profuse lacrima-
ton with conjunctival injection, tachycardia and wheez-
ing rales on the whole chest. The maximal blood pressure
wiy 60 mmHy. She recovered about an hour after
treutment with epinephrine, steroid, and fluid inlfusions,
Laboratory examination. including urine 3-hvdroxyin-
dole acetic acid (5-HEAA), serum S-hydroxyiryptamine
(S-HT). and FEG aler the recovery. showed no abnor-

mality except for the increased serum lglh devels of

120 Umil, She again experienced similar but more severe
symploms on October | FY85. After these episodes she
noticed that she had heen atfected by such symptoms only
after exposure to CTM although other cephems such as
cefazolin, cetulothin (CET) cefmetazol. cefsulodin. and
latamosel were alse used in the department. A drug-
mduced lvmphocyte stimufation test conducted by a
commercial medical luboratory on October 7 showed a
positive reaction to CTM and celazoling She was referred
o s on October 24 for detailed examination. She had had
infantile asthma until 12 vears of age. suffered from
rheumatic fever at 14 vears of age without any sequclae,
and had had hand dermatitis sinee she was 20 years old.
She had never been treated with CTM. butl had been
exposed  occupavonally to CTM for 2 years in the
department. She had to handle antibiotics two to three
times a week. Her paternal grandlather, Tather, and an
uncle had bronchial asthma. Her mother had o past
listory of peniciltin-induced shock and showed o positive
skin test against . Physical exanunation showed nothing
particular except for the hand dermatitis with redness and
desquamation which had been resistant to corticosteroid
treatment. Routine laboratory tests showed no abnor-
mality except Tor the clevated serum level of [gk
{390 Uiyml). As there were no relatives as recipients lor
pussive culancous transler testing, a rhesus monkey was
used as a recipient. Positive reactions were evoked by
107w CTM at the sites where the patient’s serum had
been mjected 24 Il before and by D, farinae extract at the
sites with o highly sensitive patient scrum  (positive
control), but not either by CTM it the sites with normal
control sera or saline at the sites with the patient’s serum
(negative controls), indicating that she was sensitized with
anti-C'TM gl antibady, She changed her work from
inputicnt cire to the health care division where no
antibiotic wias used, Since then, she has had no more such
incidents and  her hands becae clear without any
treatment in a few months.

Cuse 2 HK

A 23-year-okl nurse was seized suddenly by epigasiric
distress. nausca, generalized urticarta, and diarrhoca in a
nurse station in Aprit 1986, 3 vears after she hud started

her work as a staff nurse. She recovered in an hour by rest
without medication. In May 1986 she had itching of the
car Tollowed by generalized urticaria, abdominal pain,
nausen and vomiting, restlessness, and palpitation. when
she was preparing a drip infusion of CTM. Her maximal
btood pressure was 72 mmHg. which returned to normal
with treatments including epinephrine and steroid. [n the
next month she realized that she always had hives when
she was exposed 1o CTM on the normal skin. She then
also recopnized that she also had hives when she smelt
CTM on passing by her colleagues preparing the inlusion.
The systemic symptons occurred only when she hundled
CTM solution, although cefuzoling CET. cefmetazol,
cefotaxime. ceftazidime, CPZ, cefuzoname. sulperazon.
and latamoxet were also used in the department. She
consulted a dermatodogist in the same hospiial. Prick test
showed positive reaction for CTM, but the intracuta-
neous test was negalive for the other cephem antibiotivs,
such as CET and celazotin, Hyposensitization therapy
was started by the prick with 30 pg-ml CTM solution. She
had no systemic reaction during four courses of a once
woeekly therapy with the same concentrution of CTM.
However, she fell into shock with dyspnoeca when the skin
was pricked with 60 ug/ml CTM solution one week later.
She was referred to us in March 1988, She had had stopic
dermatitis since her infancy and had had bronchial
asthma for 2 months ut 18 years of age. She had never
therapeutically received CTM butl had been exposed 1o
CTM for 3 vears since the practice in the nurse school. She
had been in churge of drip infusion of antibiotics at least
three times a week. Aldlergic disease was not noted in the
fumily history. Physical examination showed nothing
particular except for hand dermutitis and dry skin that
had been resistant to treatments with anti-histamine and
topical corticosteroid. An open paich test on the normal
skin was negative tor 0-05 ml ol 3, 30, and 300 gg ml
CTM. She, however, had positive weal-and-lare reac-
ton, when 003 ml of 30 ggyml CTM was placed on the
dry skin. Furthermore, she experienced restlessness,
paipitation, abdominal pain and dyspnoca in addition 1o
the tocal skin reactions when the skin was pricked with
0-05 ml of 30 pe'ml CTM placed on the apparently
nornuil skin. In contrast. the prick tests with 300 pgml
CTM were negative in 20 normal volunteers and in eight
normal nurse controls who were sinilarly exposed 1o
C'TM without any reaction. The histamine release test (as
deseribed in Matenials and methods) showed o maxumal
pereentage histanune refease of FE4 at the CTM
concentration of 100 ge ml. The anaphylactic reaction
disappeared alfter the department stopped using CTM on
her behall and she lelt the hospital 1o enter a public health
nurse school. Her hand dermatits wies also dramatically
reliesed.
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Fig. 1. Molecular stroctures of CTM and other cephems, CPZ s o methy -thioteirazol side-chain simulae to that of CTM

Materials and methods
Materials

Two CTM preparations, Pansporin® and Halospore™,
were purchased from Takeda Pharmaceutical Co.
(Osaka. Japan)y and Ciba-Geigy Co, (Basel, Switzerland).
Cephalothin, cettivoxime (CZX). and CPZ were also
commercially availible.

Conjugation of CTM 1o huseny seram albuniin «HSA

CTM-HSA conjugate was prepared with a slight modihi-
cation of the method of Levine and Redmond [T, as
previously described [12). In brief, 300 mg CTM were
mixed with 100 mg HSA in 20 ml saline for Y min at pH
-5 The mixture was then dialvsed against 115 W
phosphate-butfered saline (PBS). Conjugation of CTM
with HSA was conlirmed photometrically [13].

RAST analysis

Two mg ml of CTM or CTM-HSA in 10 mi PBS was
conjugated to 100 paper dises (5 mm diameter, Toyo
Roshi Co., Japan) activated by cyanogen bromide [14].
Filty pl of each serum sample was applicd to o Phadebas
RAST kit® (Pharmacia) in order to determine anti-C'TM
IgF antibodies. The per cent RAST ("o RAST ) count was
Jdetermined using the following equation [15]:
"W RAST count =

patticnt’s serum (cpm) — background (¢cpm)

licnt s serum 100
1oLl rﬁ-;mn-lgh {cpm) — background (epm) x

In the RAST infubiton assay, sera were presincubuted
with varieus concerirations of inkubitors or saline (nega-
tive controly for | hin preparation ior the assay. The per
cent inhibition was determined by the following cquation:
"y inhihition =

( _inhibimr (“a RASTcuunl}) 00
saline (" RAST county )

All experiments were performed in duplicite,

Histamine rolease rest

Histamine release tests were performed as previously
deseribed [16]. In brief, 20 ml of venous blood were mixed
with Smiores . clinical dextran and 2 nd of -1 st EDYTA
and allowed to sediment For YO min al room lemperatire.
The leucoeyie-containing plasma overlaver was removed,
wished two times with Hepes-buttered balanced salt
solution (20 ma Hepes. 125 my NaCL Smy KCL OS5 mv
plucose. pH 7-3yand then resuspended it the ahove butter
supplemented with 0-6 ms CaCls and 1T omy MaCls
(HCM). The mixed leucocvies contaiming besophils were
chiallenged by incubation at 37 C for 45 nun with HOM
alone or different coneentrations ol CTM tfrom 041 g ml
to 1 mg ml After the challenge, the supernatants were
remanved by centrifugation at 200~ g for T min. acklitied
with perchloric acid te a linal concentration of 4. and
stored at 4 C. Histamine was determmed by the aato-
mated Buorometrie assay of Siragaman [17] The results
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were based on the means of duplicate determinations and
expressed as a pereentage of total histamine corrected tor
spontancous release.

Results

RAST analvsis and determination of the antigenic
suhsiatce

Anti-CTM IgE antibody was determined by RAST assay
using CTM-FISA-coupled dises, The mean “v RAST
counts of case 1 {YO) and cise 2 (HK) were 2234 and
b-3¢a, respectively, which were significanty high (£ < 0-01
by unpaired r-1esthin comparison with those of 10 normal
controls (-84 +0:09%,; mean + 50} who had been neither
oceupationadly nor therapeutically exposed to CTM. To
investigate the specifictty ol the antibody, the sera were
pre-incubated with four different cephems. i¢. CTM,
CPZ. CET, and CZX. The molecular structures are
shown in Fig. 1. The counts were significantly (P < (-01 by
two-way layout unalysis of vartance) decreased in a dose-
dependent fashion by CTM. The 30% inhibition dose
(IS was 07 gg/ml (YOYand 0-1 pg/ml (HK). respect-
ively, This result indicated that the reactions were
mediated by anti-CTM [zE antibodies. Among the other
three cephems, CPZ. that has a methyvl-thiotetrazol side-
chain similar w0 that ol CTM. showed signiticant
(<005 7, RAST inhibition in case 2 and the highest.
though not sigmhicant, inhibition i case | (I1g. 2),
sipggesting that this side-chain was the main antigenic
determinant.

Discussion and review of the literature

Various materials such as foods, cosmetics, disinfectants,
or antibtotics are known to cause immediate contact
urticaria [I181 Contact urticaria can be divided into
immunotogic and non-immunaologic mechanisms |19}
Severe cases of mmmunologic contact urticiarta may
develop not only the local weal-and-flare reaction but also
the systemic reactions such as angloedema, generalized
urticaria, bronchospusm, and 'or anaphylactic shock,
Onlv a few materials such as latex gloves ar penieillin (1.2
have been reported to catse anaphylactic shock among
medical stafls after occupational exposure.

However, nine cases of CTM-induced contact urticana
have been reported since 1986 10 Japan (Table D). Five of
them, including our two cases, were accompanied by
shock with or without loss of consciousness (Table 1)
Symptoms appeared within 15 min ol exposure, usually
on the hands, to CTM solution splashed or feaked while it
was heing filled into the drip intusion line or injected into
patients. Shock was preceded or accompanied by other
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Fig. 2. RAST inhibition test. Sera were pre-incubuted with
different concenirations of cefotiam (CTM) or other cephalos-
prns a1 37 C for | h and then applied for RAST assay using
CTM-human serunt albumm-coupled dises. (a) Case 1 (YO (b}
case 2 (HK). @, CTM. O, cefoperazone; O, ceftizoxime: a4,
cephalothin,

symptoms of anaphytaxis such as focal and generalized
urticaria with itehing, lucrimation, restlessness, gastro-
intestinal distress, broncho-spasm. palpitation, and or
cold diaphoresis. However, sometimes, especially in
severe cases, Jocal urticaria wis not noted by the patients.
One of our patients was inttially suspected of eptlepsy
until the causal relation between the symptoms and
cxposure 1o CTM was noted.

Our two patients were seized by systemic reactions
while they were working in the nurse station where other
nurses were preparing CTM solution. Inhalation of CTM
mist or contact with tiny droplets produced during the
preparation ol drip infusion sets, seemed to have clicied
anaphylaxis. Prick test with 30 ggiml CTM provoked
systemic symptoms in our second patient (HK). Usually,
approximately 0-03 gl of antigen is introduced in the prick
test, Therefore, as little as 1 ng of CTM seemed enough o
provoke the systemic reactions,

The symptoms, histamine release test. and positive
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immediate skin test including pussive transler test sug-
aested that the reactions were anaphylaxis-mediated by
anti-CTM [gE antibody. The imereased o RANT count
and positive RAST inhibition test with CTM in our two
cases further substantiated this mechanism,

None ol the patients described so far had cver thera-
peutically received CTM. Symptoms appeared  atter
several months to years of bed-side work in which they
hundled antibiotics including CTML indicating that they
were sensitized during repeated occupational exposure.

11 is noteworthy that cight of the nine patients deseribed
had hand dermatitis which i maost cases preceded the
appearance of anaphylaxis. The open patch test {tHK ) was
posttive on dry shin but not on apparently normal skin.
Dermatitis seemed 1o have allowed the penctration of
CTM and Gacibitated the sensitization agatnst it as welbas
the elicitation of anaphylaxis, Although it had becen
resistant o Jocal steroid  freatment in most cases, il
disappeared or was relieved after the avowdance of
exposure to CTM supgesting thut CTM was ot feast ong
of the causitl agents inducing and or exacerbating hand
dermatitis. However, it has not been conbirmed whether
the dermatits was induced and or exacerbated by immu-
nologic or arritant mechamsm. because it appeared
estremely dangerons 1o conduet the usual closed patch
lest,

In our RAST mhubttion test CPZ, which aiso has a
methyl-thiotetrasol side-chain, showed some inhibitton,
(Mher reports [5.0.9,10] have shown that piperaciliin and
cephems which have N-methyl-thiotetrazol side-chains or
chemically similar side-chatns (1., cefazolin, cefatndine,
cefrovime, cetumandole. celmetazole, CPZL cefmenos-
imed had showed positive reactions in the prick test or
seraleh test. These observations suggested  that the
methyl-thiotetrizol side-chain s the major antigenic
Jetermunant in these patients. Our results further substan-
trrte these observations,

Cefotim i, as Lar as we know. the only cephem that
fas heen reported i the last 10 years to elicit occupational
vontact  urticaria with anaphylaxis  among
Although some patients were positive in the prick test, but

NUTSCS,

not in the open patch test. for other cophems with a
sinnlier mcthyi-thiotetrazol side-chain. anaphylaxis has
nol been induced by contuct exposure to these substances.
On the other hand, the incidence ol anaphylaxis in
patients who received CTM by the parenteral route is not
vutstanding among beta-luctam antibiotics. The serum
amd skin concentrations of CTM after intramuscular
inection were not different from those ol other cephems
[20]. Recently, it was reported that CTM elicited non-
specific skin reactions most {requently among beta-
lactam antibiotivs when they were injected intradermally
at the concentration of Fmeg ml imto normal volunteers

[21]. Such skin irritability of CTM might have some
relevinee to the occurrence of hand dermatitis and the
resultant casy penctration of CTM and sensitization
against i,

It was recently reported that wearing latex gloves while
working was an effective prevention of anaphylaxis for a
nurse with CTM-induced generalized urticaria and dysp-
noea. but without shock [10). However, our lwo patients
had been seized by anaphylaxis when other nurses were
preparing drip infusions of CTM. They had expericneed
the reactions even when they used latex gloves and masks.
Including these two cases, six of the cight nurses described
either changed their work from inpatient care 1o a health
cire unit. oul-paticnt chime, or other 1o avoid exposure,

Two patients received hyposensitization treatment. as
they wished 10 continue their work in the mpatient
division. One failed as deseribed in the text. The other was
suceessfully hyposensitized. She ingested 2 pg of CTM at
the beginning, and doubled the dose every 15 min,
receiving epinephoine treatment on the appearance of
systemic symptoms, until she had no symptom with a
maintenance dose ol 300 mg/day. She had reportedly
worked with in-patients for 9 months without generalized
symptoms, although she had sometimes had one or two
hives. Naclernio fH also reported a case of 2 nurse’s
successful desensitization o peniaillin, However, hypo-
sensitization should be the last and transient treatment,
because Tatal anaphylaxis may oceur in the course of
treatment and because the long-term sequetac of hypo-
sensivization with CTM are not known. especially as the
majority of the patients were voung women hikely 1o
become pregnant in the lature.
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