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Summary

Ccfoliam (CTM) is one of ihe most popular ccphcni ;^nihiotic^ in J;ipan, Reccnily we
experienced two cases ol' nurses wilh tTM-induccd coniact anaphylaxis. When ihcy
were preparing drip infusions of antibiotics or \\orking aiound other nurses doing so.
they suddenly fell into shock with other symptoms such as Hushing, tirticaria. abdominal
distress, vomiting, dyspnoea and or loss of consciousness. The symptoms never
occurred after they avoided exposure \o CTM. Passive cutaneous or open patch tests
were positive for CTM. Hislamine release was induced by CTM from washed
leucocytes. RAST analysis using CTM-human serum alhumin-couplcd discs showed
high % RAST count, suggesting that these reactions were mediated hy Igf- antibodies. A
RAST inhibition lest suggested ihat the methyl-thiotetra/oi side-chain was the main
antigenic determinant. Both patients had hand dermatitis that had appeared preceding
the episodes of anaphylaxis. Although the dermatitis had been resistant to treatments, it
also disappeared after they avoided exposure to C! M, li seemed likely that it was also
induced or exacerbated by CTM and faeililaled the penetration oi' CTM to eause
anaphylaxis. The literature is also reviewed.
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Introduction

A few agents such as iatex gloves and penicillins [1.2] have
been reported to cause anaphylactic shock among the
medical staff who were oeeupationally exposed to them.

Cefotiam (CTM) is one of the most popular second
generation eephcm antibioties in Japan. Recently, we [3]
and others [4 10] have experienced cases of nurses with
anaphylactie shock due to oeciipational contact exposure
to cefotiam. No such case, as far as we know, has been
described except in Japan.

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

CorrcspuniJcncc: Dr K. Tadokoru, Dcparlmcnl of Research. The
jiipanese Red Cross Ccnlral Blood Ccnler. 4-1 .11. Itiro-u. Shibiiya-ku.
Tokyo. L̂ O Japan

Case reports

Ct/.vf / { YOi

A 26-year-old nurse had experienced generalized redness,
itching of skin, palpitation, and abdominal distress
followed hy 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 without loss of con-
sciousness, when she was writing nursing records in the
nurse room where others were preparing drip inPisions 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 restless-
ness, wheezing dyspnoea, and loss of consciousness in
addition to the previous symptoms. Physical examination
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re\L'atcd gcncrali/cd tlushingorihc skin, profuse liicrinia-
iion wilh conjuiictivai injection, taehycardia and vvhcc/-
ing rales on ihc wlioie chest. Ihe maxima! blood pressure
was 6() nimUg. She recovered about an liour alter
irealmenl with cpinephrine. steroid, and fluid inftisions.
Laboratory examinalion, inchiding urine 5-hydroxyin-
dole acelic acid (5-HiAA). scrum 5-hydro\ytryptamine
(5-nT). and f.V.O aller ihe recovery, showed no abnor-
mality except lor the increased serum Igl- levels of
,'2ll U ml. She ajiain experienced similar but more severe
sympumis on October I. \^>H5. After these episodes she
noticed that she had heen allccted by such symptoms only
after exposure to (.] M. although otlier ccphenis such as
ceta/olin. celalothin (CFT). cefmeta/ol. cefsulodin. and
latamoxef were also tised in the depariment. A drug-
induced lymphocyte stiniuiatitm test conducted by a
commercial niedieai laboraiory on October 7 showcil a
pusiiive reaction to CTM and eefa/olin. She was referred
lo us on October 24 for detailed examination. She had had
infantile asihma unlil 12 years of age. sutlcred from
rheumatic fever al 14 \cars ol age without an\ sequelae.
and had had hand dermatitis since she was 20 years old.
She had never been trcaled with CTM. but had been
exposed oecupationally lo CTM tor 2 years in the
depariment- Slie had to hantlle aniihioiics two to three
nines a week. Her paternal grandfather, lather, urid an
uncle had bronchial asthma. Her molher had a pasl
htsiory oJ penicillin-induced shcK'k and showed a positive
skin !es! against it. Physical examination showed nothing
particular except lor the hand dermatitis with redness and
desquamation which had heen resistanl lo corticosleroid
treatmenl Routine laboratitry tesis showed no abnor-
mality except for ihe elevatecl serum level o\' Igl:
(5'Jtl IJmi). As there were no relatives as recipients for
passive cutaneous transfer testing, a rhesus monkey was
used as a recipient. Positi\e reactions were evoked by
H) ' VI CIM at the sites where the patient's serum had
been injecteil 24 h before and by /). farinae extract at the
sites wilh a highly sensitive patient serum (positive
conlrol). but not either by CTM at the sites with nt)rmal
eonlro! sera or saline at the sites wiih the patient's serum
(negati\e controls), indicating Ihat she was sensitized with
anii-ClM Igl- antibody. She changed her work from
inpatient care to the health care division where no
antibiotic was used. Sinee then, she has had no more such
inciiients and her hands became clear without any
heatment in a few numths.

Cu'.c : UK

A 2.1-year-old nurse was seized suddenly b\ epigastric
<lisiress. nausea, generalized urticaria, and diarrhoea in a
nurse station in Apri! i''JH6. ."̂  years after she had started

her work as a siaH nurse. She recovered in an hour by rest
vvitliout medication. In May 14X6 she had itetiing of the
ear followed by generalized urticaria, abdominal pain,
natisea and vomiting, rcsllessness, and palpilalion. when
she was preparing a drip inftision of CTM. Her maximal
blood pressure was 72 mmHg. which returned to normal
with treatments including epinephrine and slcroid. In the
next monlh she realized that she always had hives when
she was exposed to CTM on the normal skin. She then
also recognized that she also had hives when she smelt
CTM on passing by her colleagues preparing the infusion.
The systemic symptoms oeeurrcd only when she handled
CTM solution, although ccfazolin. CF.T. cefmetazol.
cefotaxime. ceftazidimc. CPZ. cefuzonamc. sulperazon.
and latamoxef were also used in the department. She
consulted a dermatologist in the same hospital. Priek test
shttwed positive reaction tor CTM, but the intraeuta-
neous test was negative for the other cephem antibiotics,
such as CET and cefazolin. Hyposensitization therapy
wasslarled by ihe prick wilh 30/m mi CTM solution. She
had no systemic reaction during four ci>urscs of a once
weekly therapy with the same concentration of CIM.
However, she fell into shock with dyspnoea when the skin
was pricked with 60 /jg ml ( T M solution one week later.
She was referred to us in March I'JHK. She had had aiopic
derinaiilis since her infancy and had had bronchia!
asthma for 2 months al IS years of age. She had never
iherapetitically received CTM but had been exposed to
C TM tor .S years since thcpracliee in ihe nurse school. Slic
had been in charge of drip infusion of antibiolies at least
three times a week. Allergic disease was not noted in the
tamily history. Physical examination showed nothing
particular except for hand dermatitis antl dry skin that
had been resistant tti treatments with anti-hislamine and
topical corlicosteroid. An open patch test on the normal
skin was negative for 0-05 ml of .̂ . M). and .̂ 00 /(g ml
CIM. She. however, had positive weai-and-tlare reac-
tion, when 0 05 ml ot .̂ 0 f̂g ml CTM was placed on the
dry skin. Furthermore, she experienced restlessness.
palpitation, abdominal pain and dyspnoea in addition to
the local skin reactions when the skin was pricked with
005 ml of .V) /(g ml CTM placed on the apparently
normal skin. In conlrasi. the prick tests with 300 /(g ml
( TM were negative in 20 normal volunteers and in eight
normai nurse controls who were similarly exposed to
CTM without any reaction. The liistaniine release test (as
described in Materials atul methotls) shoued a maximal
percentage histaniine release oi.' 11 4"., al the ("'"FM
eoncentration of 100 /ig mi. The ana|ih>lactic reaction
disappeared after liie department slopped using CIM on
her behalf and she left tlie hospital lo enter a public hcallii
nurse school. Her hand dermatitis was also dramatically
relieved.
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Materials and methods

Two CTM preparations. Paiisporin^ and Halosporc'.
were purchased from Takeda I'harinaceulical Co.
(Osaka. Japan) and Ciba-Geigy Co, (Basel. Swii/erlaiui),
(cphalolhin. cet'li/ovime (C'/X). and C P / v\cre also
coniiiierciailv a\ailable-

of (I'M la human alhtiniin ' USA

CTM-USA conjugale was prepared wilh a slight modifi-
cation of the method of Levine and Redmond |i l|. as
previously described [I2|. In brief, .̂ (1(1 mg CTM were
mi,\ed wilh 100 mg HSA in 2(1 ml saline for W min al pH
li-5 . The nii\iure v\as ihen diaKseil against 1 1.*̂  \i
phosphate-btilfered saline (PBS), (onjtigation of CTM
wilh HSA was conlirmed photometricalK [13],

R.tS lanahsis

Two mg ml of ( T M or CTM-IISA m 10 mi PBS uas
conjugated !o 100 paper dises (5 mm diameter. T o \ o
Roshi Co.. Japan) activated by cyanogen bromide [I4j,
Fifty /(I of each serum sample uas applied to a Phadebas
RAST kit® tPharniaeia) in order to determine anti-CTM
IgF antibodies. The per cent RAST (->• RAST) count was
determined using the loMowing equation [13]:

",,RAST c o u n t -
patient's serum (cpm) —background (cpni)

total ' ^ -ant i - lgF; ( c p m ) - background (cpm)

In ilic RAS I mhibilion assa>. sera were pie-incubaicd
with various conceiuraiion-. of inhibitors or saline (nega-
tive control) for I h in preparation lor the assav-1 tie per
cent inhibition was determined by the following equation:

"„ inhibition =

inhibiior ("n RAS1 count ) \
saline (".> KASF count) j

All esperiments were perfoiineii in duplicate,

m^ltintiih- rvtcasv lv<l

Hislamine release tests were performed as pre\ioiisl\
deseribed [ I f)]. In brief. 20 ml of venous blood were mixed
wilh > ml ol'O'',, clinical iie\U*an and 2 ml ot (>• I \i r,l) I ,'\
and ailov\ed to sediment for MO mm at loom temperature.
The Ieuci>c\ te-containing plasma overlaver- u a s removed,
uashed tuo times uith Hepes-hutiered iiaianeed sah
solutii>n 120 m\i llepes. 1 2s TII\I NaCI. .'̂  ni\i K( I. 0 s mvi
glucose. pH 7 3) and then lesuspended in tlieabi>\e hutVer
supplemenied vvith Od nni CaCI; and I m\i MgCl-
(HC M), Ihe mixed leucocvtes eontaining his.)phils uere
challenged bv incubation at M C for •4.'' imn uith IK M
alone or ditVerent concentriitiims of CIVI t rom 0-1 /;g mi
to I mg m l After the challenge, the supernatants ueie
retiioved bv centrifugation at 2011 ̂  g loi It) miti. acidilied
with perchloric aeid to a final eoncentration of 4".,, and
stoied at 4 C", Histanune was dctcnninetl bv the atito-
mated lluoromelric assav of Siraganian | i7 | , '[he results
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were based on the means oi duplicate determinations and
expressed as a percentage oi' total hislamine corrected for
spontanetius release.

KcsuKs

HAST analy.'iis and ilcii-rminarion of the antigenic
suh.stamc

,\iiii-C I'M igl- antibody was determined by RASI" assay
using CTM-MSA-eoupled discs. The mean "d F<AST
counts of case I (YO) and case 2 (UK) were 2 .V,, and
1 .V',,. respectively, uhich were signilicanlly higli {P < 001
by unpaired r-tcst) in comparison with those ol" 10 normal
controls (0-84 + 0 t)9"<,: nie;m±st)) who had been neither
occupationally nor therapeutically exposed to ("I M. To
investigate the specificity of tiie antibody, the sera were
pre-incubated with four ditVerent cephems. i,e. CTM.
CPZ. CF-T. and CZX. The molecular structures are
shown in I ig. l.Thecounts were significantly (/'<(!() i by
two-wa> layout analysis of variance) decreased in a dose-
dependent fashion by CTM, The 50"'i- inhibition dose
(ID50) was 07 /jg ml (YO) and 01 /(g,ml (HK). re.spect-
ivelv This result indicated that ihe reactions were
mediated by anti-CIM IgF' antibodies, Atiiong the other
three cephems. C P / . that has a methvl-thiotetra/ol side-
cliain similar to that o\' Cl M. showed sigiiilicant
(/'• 005) ".. RA.ST mhibition m ease 2 and the highest,
though no\. signitieant. inhibition in case I (I'ig. 2).
suggesting that this side-chain was the main antigenic
determinant.

0
iOOO

Concentration of QniitDJotics l / ig /ml )

Fig. 2, RAST inhibition test. Sera were prc-incubated v\ith
ditTorcnt conecntrations of cefotiam (CTM I or other eephaios-
prins ill .̂ 7 C for I h and then applied for RAST assay using
C1'M-human serum atbumin-eoupicd dises, (a)C;ise 1 (Y()):(b)
ease 2 (HK), • . CTM; O. ccfopera/one; D, cefti/oximc: A ,
cephalothin.

l)iscus,sion and review of the litiTUlure

\ arioii-S materials such as (Vmds. cosmetics, disinfectants.
or antibiotics are known to cause immediale contact
urticaria [ IK), Contact tirticaria can be divided into
inimnnologic and non-imnumo!ogic mechanisms [1^),
Severe cases of nnmunologic contact urticaria mav
develop not only the local weal-and-llare reaction but also
the systemic reactions sueh as angioedenia. generalized
urticaria, hronchospasni. and i>r anaphylactic shock,
Oiilv a few materials sueh as latex gloves or penieiilin [I ,,2]
liave been reported to cause anaphylactic shock among
medical stalls after occupational exposure.

However, nine cases of CTM-induced contact urticaria
have been reported since I'̂ tSd in Japan (Table I), i ive o[
them, including our two cases, were accompanied by
shock with or without loss of consciousness (Tabie I).
Symploms appeared within 15 min of exposure, usually
on the hands, to CTM solulion splashed or leaked while it
was being lilled into the drip infusion line or injected into
patients. Shock was preceded or accompanied by other

symploms of anaphylaxis stich as local and generalized
urticaria wilh itching, lacrimation. restlessness, gastro-
intestinal distress, broncho spasm, palpitation, and or
cold diaphoresis. However, sometimes, especially in
severe cases, local urticaria was not noted by ihe patients.
One of our patients was initially suspected o\' epilepsy
until the causal relati<tn between the symptoms and
exposure to CTM was noted.

Our tv\o patients were seized by svslemic reactions
while they were working in the nurse slalion where other
nurses were preparing CTM solution. Inhalation of C I'M
misi or eontact with tiny droplets produced during the
preparation of drip infusion sets, seemed lo have elicited
anaphylaxis. Prick test wilh 30 /ig ml CTM provoked
systemic symptoms in our second palieni (HK), Usually,
approximately 0 03 /d of antigen is introduced in the prick
test.'! herelbre, as little as I ngof CTM seemed enough lo
provoke the systemic reactions.

The symptoms, hislamine release lest, and ptisitive
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imnK'diatc skui test ineliii-ling passive tran>icr lest Mig-
gcsied ihat the reacfions \^erc anaphylaxis-niedialed by
atiti-Cl'M igl antiboiiy. Tlie increased " . RASI eounl
and posi(i\e KASi' mhibilit'n lest wilh CTM in our ivvo
ea^e^ Itirlhei siibsUinliated ihis mechanism.

None of ihe patient.s described so far had ever theia-
pcuticalK received CTM. Symptoms appeared after
scNcral months to years of bed-side work in which they
handled antibiotics including CTM. indicating lluit they
were sensitized during rcpeiitcd occupational exposure,

11 isnolcworihy that eighl of the nine pa lien [s described
had hand Jermalitis which in most cases preceded the
appearance of anaphy la \i-., 1 heo|K'n patch test (UK) was
posiii\c on dr\ skin but not on apparenliv normal skin,
IVrmatitis \ccmed to ha\e allo\\ed ihe penclralion of
t'TM and facihlaietl the sensiti/ation against ii us well as
iho elicikUion of anaphyla,\is. Although it had been
lesisianE to local steroid treatment in most cases, il
ilisappeared or v\as relieved after ihe ;t\oitiance ol
c,\postire to ("IM. suggesting thai ( IM was al Icasi one
of the causal agents indticmg and,or exacerbating hand
tiermatilis. However, it has not been conOrmcd whether
fhe dermatitis was induced and or exacerbated b\ immu-
nologic or iirilant mechanism, because it appeared
extremely dangerous to conduct the usu;il closed paich
lesi .

In our KASI inhibititm test CIV. which also has a
melhyl-lhiotcira/ol side-chain, showed some inhibiiion,
Olher reports i5.().̂ >,10] ha\c shown that piperaciliin and
cephems which have .\-meih\ l-thioletra/ol side-chains or
chemicalK similar side-chains (i.e. cefa/olin, cefatridine.
cetVoximc. cefamamlote. cefmeta/ole. Cl*/. cetmenox-
nne) had showed positive reactions in the prick test or
scratch test. These i>bservations stiggesieil thai the
niLMlul-ihiotetra/i'l side-chain is ihc major antigenic
i.!eterminant in these patients Our results further stibstan-
hale these i,>bscrvations-

t cfiitiam IS, as lar as we knmv. the only cephem that
lias heen reported in the las! 10 years toelicii occupational
contact urticaria with anaphylaxis among nurses,
Al though si>mc patients were positive in ihe prick test, bul
not in the open patch test, for olher cephems with a
similar methyl thit>tclra/ol side-chain. anaph>la\is has
not been induced b\ contact expi>siire to these siibstances-
On the other hand, the incidence of anaphyla\is in
paiioiiis who received C IM b\ ihe parenterat route is not
oulstanding among beta-laciam antibiotics. The serum
and skin conccntialions of CTM aflcr intramuscular
iniection v\ere not diilcrent from those ol other cephems
|2t»l Rccentl). it was reported that CTM eliciied non-
specific skin reactions most frenuenily among beta-
lactani anlibii>tics when ihey were injected inlratiermalK
al the conccntiaiion of 1 mg ml into normal volunteers

[2I|, Such skin irritability ol' CIM might liave some
relevance to the occurrence of hand dermatitis and ihe
resultant easy penetration of CIM and sensili/ation
againsl il.

It was recenlly reported that wearing lalex 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 Iwo patients
had been seizetl b\ anaphvlaxis when other nurses were
preparing drip infusions of CTM. I hcv had experienced
the reactions even when they used latex gloves and masks.
Including these tv*,o cases, six of the eight nurses described
either changed ihcir work from inpatient care to a healtli
care unit, out-patient clinic, or otlier to avoid exposure.

Two patients received hyposensiti/ation treatment, as
ihev wished to continue their work in the inpatient
division. One failed as described in the lext, Theotheiwas
successfully hyposensiti/ed. She ingested 2 /ig of CIM at
ihe beginning, and doubled the dose every 15 min.
receiving epinephrine ireatment on ihc appearance of
svslemic symptoms, until she had no symptom with a
maintenance dose of 500 mg day. She had reportedly
worked with in-patienls for 9 months w ilhout generalized
svmpioms. alihough she had sometimes had one or W^o
hives, Naclerio }!j also reported a case of a nurses
successful desensitization to penicillin, Hov\e\er. hypo-
sensitization should be ihe last and transient treatment.
because faial anaphylaxis ma> occtir in the cotn-se of
treatmeiU and because ihc long-term sequelae of hypo-
sensitization wilh CIM are not known, especially as the
majority of the patients were yotmg women likcK lo

ie pregnant in the fuiurc-
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