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Clinicql Trends

Diognosis of lmmediote
\

Allergic Reqctions to Drugs
by B. A. Baldo

For  nranr ' \ears .  our  ur rders tanding of  in rnred ia tc  a l ler_c ic  re- -
act ions to  dnrgs rested a l r los t  so le lv  on r l re  c lass ica l  s tud ies on I

pcn i c i l l i n s .  I l  i s  nou ,  c l ea r  t h l r  l gE -n red í r r r ed  a l l e rg i c  r cac t j c l r r s
occLrr  r i ' i th  a  ran-se of  d i f ferenr  dru_qs.  and that  snra l l  s t ructLu 'L-s
as c l i f - ferc 'n l  i ìs  a  qur te i 'nar ' )  nnrn ' ror r iun. r  i r rn  a l rc l  a  d i rnethoxr ' -
benzv l  _c l 'oup n lev ac l  as  a l ìer ' -gen ic  dr - te  r rn inants .  b ind ing lgE
ant iLrod ie  s  and provok ing a l ierg ic  re  lc - ; r - 'c .  o f  rned ia tors  in  se n-
s i t i re  sub jects .  To nrax inr ize the chance of  successfu l l l ,anc l  ac-
curate lv  d iagrr t - rs in- r  a  drug- i r rduced inrnred ia te  a l lerg ic  rcac-
t ion.  sk in  tes ts  u  j th  both f ree , , , ,6 j  6 t rn ìu-cated dru- l (s )  anc l
spec i f ic  rad io inrnrunoassa) '  f t l r  t l re  drur rs)  shoLr ld  bc ernp lo t 'ec l
t o  supp len ren t  t he  case  h i s ton ' .  I r r  cascs  u  he re  anaph l , l ax i s  i s
suspected.  assav of  n las t  ce l l  tn ,p tase is  a  r  a luab le  d ia-qnost ic
a id .  \ fcasuren lent  o f  t rS,p ta .se r i , i l l .  fo r  rhe f i rs r  t in re .  he lp  t i r
de l lne a  hontoceneous -qroup of  par ic . l t ts  u ' j th  t1 ,pe I  drug a l -
ì e rg r  i r r  u  h i ch  sk i r r .  i r n l r r uno îss î \ .  l r nd  n r . ' d i a to r  t es t s  rn l v  t r . .
eva lua ted .

Allergt ' to Snral l  \ Io lecules and
Inrnrunological Dognra

In his studies of arrif icial antigens and haptens on
the one hand, and of hl,persensitivit l, to sintple chemicals on the
other, Landsteiner [l] pioneered tu'o areas of investigation that
are sti l l  basic to our thinkin-e on dru-e allergy. Despite the fre-
quent lack of  evidence of  pr ior  contact  u ' i th an inci tant  chemi-
cal  or  drug, or i ts metabol i te(s) , ,Landsteiner concluded that . . I t

could be assumed that a non-ant igenic substance can sensi t ize
after combination rvith protein in the animal body." since that
t ime, i t  has been general ly accepted that "snlal l "  lv fW com-
pounds (for example <1000 Daltons) onl,r, become immunogenic
b), combining *' ith a larger carrier nrolecule, usually, but not
alu,ays, a'protein. Despite this dogma, it is óften not possible to
demonstrate protein binding, or even to see from the structure
of the drug hou' protein binding could occur. This is reflected in
positive skin tests with manl,unconju_eated drugs even though
conjugation onto a carrier is said to be a requirement for cross-
linking of cell-bound IgE, and hence for a positive skin test to
occur. With nianl' drugs, such as neuromuscular blocking drugs
(NMBDs), trimethoprim, sulfamethoxazole, thiopentone, nar-
cotics, atropine, neostigmin, beta-lactam antibiotics,'etc.,.skin
tests are commonly performed using free. unconjugated drugs.
It is clear that, in some cases at least. positive skin test responses
are obtained in patients allergic to the drug, but not in control

subjects. Clearl1,. there is more to the presumed carrier effect
than rve currently understand, and the question of u'hether or not
sirnple chernicals or free drugs both sensitize and provoke aller-

- l ic  react ions needs to be resolved.

The dognta of prior exposure to a drug or chemical also does
not alu 31,5 appear to hold, and cases ri 'here no previous contact
can be established are not unconlmon. A fairly frequentll '  seen
exanrple of this occurs in subjects (usuall1, u'onren) u,ho experi-
ence an anaphl' lactic reaction follou'ing the administration of a
NN'IBD pr ior  to anesthesia.  At  least  60-7}Vo of  such subjecrs
har.'e never had a previous anesthetic. su_lgesting that prior sen-
sit ization u,ith cross-reacting aller-eenic deternrinants in the sub-
jects '  environment has occurred t2.  3 l  In the l ight  of  inhibi t ion
studies shori ' ing potent inhibitori '  activit l '  by a variety, of drugs
and other chenr icals containing subst i tured ammonium ions [3-
5]. the phenonrenon of heterospecificit,r,, as expressed b1, Van
Regennrortel [6], ma1' be relevant:

"The de_sree of fit between different epitope-pararope part-
ners can \ ,ar1,b1'a factorof  a mi l l ion.  and the best possible f i t
obtainable in the case of an1, particular paratope is not neces-
saril l '  actualized u,ith the epitope used for immunization. Each
paratope is multispecific, i.e., it is able to bind to a number of
different epitopes, and it may bind n'rore strongly to other
epitopes than to the one against u'hich it was raised."

For one group of drugs at least. namell,the NMBDs, the struc-
tural requirement for pharmacological action may also determine
the allergenic propefiies of these compounds. For neuromuscular
blocking activitl,, at least t$,o quaternaD' or tefiary ammonium
groups at a suitable distance are required t7] Since the ammonium
groups are also the allergenic (lgE-binding) determinanrs on
NMBDs [8]. ttre allergenic divalency of the compounds may allow
cross-linking of adjacent cell-bound IgE, a necessary prelude to
allergic release of mediators of anaphyloiis.

Anaphl,lactic Reactions to Drugs

Our research and appl ied c l in ical  studies are
chiefl l,concerned u,ith anaphylactic responses to drugs, so the
focus presented and discussed here is primarily on this severe
form of immediate h;'persensitivity. In diagnosing anaphylaxis
the follorving criteria were used:

ACI Neu's. ó/3 ( 1994)
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1. The reaction u,as l ife-threatening.
2. It had the classical features of anaphl,laxis.
3. There rvas nrulti-systenl involvenrent and,/or laboratory con-

f i rmat ion.
4.  Other explanat ions \ \ ,ere unl ikel l , .

Laboratorl '  confirnration tests used \\,ere:

1. Raised henioglobin let,els
2. Positive tryptase test
3. Positive skin test
4. Positive radioinimunoassay (RIA) for specific I_eE anti-

bodies

over the period 1974-1992,867 subjects rvere studied, most
of them being referred follorving a reaction suspected of being
anaphylactic. True anaphylaxis u,as dia_snosed in 474 subjects
ri 'ho experienced general anesthesia. but onl1, in three subjects

Taulr; I
DHtrcs Rr-sporsrslE FoR .176 Ccsrs oF "Ar,,\pHyL.AXts

receiving a local anesthetic. The latter result agrees u'ith the find-
in-gs of Snidel and de shazo [9], u'ho concluded that anaphylax-
is to local  anesthet ics is rare.  The drugs responsible in the 47J
cases  o f  c l in ica l  anaph l , l2x is  a re  I i s red  in  Tab lc  l .

The cl in ical  features observed in 315 pat ients r i , i th anaphl , -
Jaxis caused b1'anesthet ic drugs are l is ted in Table 2.  I f  shoulrr
be noted that the conrplete set  of  s) 'nrpronls and signs did not
occur in al l  pat ients,  and that cardiovascular col lapse was thc
nìost conlnton, and the worst. feature.

Skin Testing for Drug Allergl '

Skin tesr ing [10] br,  pr ick or intradermal test ing
is generall l 'carried out 4-6 u'eeks after a reaction and may be
positive for many years (see belou'). The great advanta-ce of the
skin test  is  i ts s impl ic i ty.  The nrethod is quick,  sensi t ive,  repro-
ducible, inexpensive, and can be pefornted by alnrosr an1,body.
I ts disadvanra-qes include di f f icul t ies related to standardizat ion oi
the nrethod and the solut ions used for test in_r,  and var iat ions thar
nral' be seen in results fronr different operators. Skin testing is
usuall l, used in tu'o fornts:

.  Intradennal  test ing,  in r i ,h ich about l0-20 pl  of  the drug is
injected beneath the derntal la1'er.

' Prick testing. in rvhich a droplet of a solution of dru_9, usu-
al l l '  at  a higher concentrat ion than used intradernral l r ' .  is
placed on the skin and the dernris pricked rhrough the drop-
let  u, i th a needle or lancet.

In test in-e for  anesthet ic al ler-rr ' .  rhe nretrrods ryree on the
detect ion of  the responsible drug in over 95% of cases. A r iheal
of  2 nrnr diameter or larger is usual lv taken as posi t ive,  a l though
Pepl's (personal comnrunication) and N{oneret-Vautrin and Lax-
enaire i l l ] believe that false positives are so rare that even snrall-
er u'heals should.generally be re_uarded as positive.

Skin testing for diagnosis of dru_s allergl, works well u,ith
some free dru-es such as NMBDs and protamine, occasionally
u'ith other drugs such as beta-lactanr antibiotics Il 2. l3), trime-
thoprim, and sulfamethoxazole [14-r6], and not at all or rarely

Ct rxrcnr- Srcxs.qNo Syupro\,s rN 3i5 par-rErrs \\rrrH
ANapsyLRxrs Due ro Axrsruerrc Dnucs

Drug

NMBDs
Alcuroniunr
Suxanrethonium
Atracurium
d-Tubocurarine
Gal lamine
Pancuronium
\/ecuronium
Decantethonium
Suxamethonium and I  other NMBDa

Induction agents
Thiopentone
Alfathesin
Propanidid
À4ethohexitone
It{idazolam
Propofol

Induction agent and NMBD

Thiopentone and 1 other NMBDb

Other drugs
Colloid solutions
Antibiotics
Narcotics
Protamine
Contrast media
Local anesthetics
Atropine
Neostigmine
Platelets

Cause not found

Signs and Symptoms

Cardiovascul ar collapse
Bronchospasm

Severe
Transient

Rash
Urticaria
Erythema
Angioedema
Pulmonary edema
GI sl,mptoms

.46

gallamine, or d-tubocurarine.
or suxamethonium.

Nunrber

120
79
25
2l
1 6
l 0
5
I
7

43
29
6

3

26
1 l
7
9
4
Ĵ

2
I
1

Number

283

52
50
42
43

l 5 l
73
il
30

: aAlcuronium, atracurium,
I 

bAlcuronium, atracurium,I  
- r  - - _

I
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Figure 1. T1'pes of cross-linking or brid_eing of adjacenr cell-bound lgE
molecules su-egested to occur in allergic release of nrediators b1' uncon-
jugated drug nrolecules. (a) Bridging via an allergenicall),divalent un-
conjugated dru-r molecule. This is thou-eht to occur in subjects who have
an anaphylactic reaction ro NNlBDs. (b) Brid_eing via a free drug mol-
ecule containin-e tu,o (or nrore) different allergenic deternrinants.

u'ith others such as colloids and contrast niedia. In statin_c this. hou,-
e\/er, \\/e should be ari'are that careful and comprehensive skin test
studies using drugs u,ith clearl,r,defined drug-aller_tic patient groups
have -eenerallv not been undeftaken. so it is, as ),et, impossible to
confidentll, conclude u,hether a particuìar drug does or does not
produce positive skin test responses. \\hy. for exanrple. one sub-
ject allergic to trinrerhoprim should respond g,irh a clearll 'positive
prick test to the free dru_s. u,hile another subject, u'ith apparentl;,
the sanre diagnosis and symptoms. shou,s a ne_tative response is not
understood. In such cases, the question of the patients' responses
to drug-protein conju_tates often remains. Cases u,here subjects
show a positir.'e skin test to the free dru_g should be conrpared to
cases where only, drug conjugates provoke reactions. Such studies
nra1, provide imponant insights into the nature of the allergenic
structure el ic i t in-q the react ion and the mechanism leading to al-
lergic niedjator release. Such a studl ,should also include an ex-
amination of carrier effects and the effect of different points of
covalent attachnrent of the dru-e to the carrier. Apart from the
penic i l l ins [1]-191, l i t t le informat ion is avai lable on these ques-
tions for other dru_ls inrplicated in allergic reactions.

As mentioned above for NMBDs, a sin,ele unconju_lated dru_s
molecule nta;, have the capacity to cross-link or bridge adjacent
celI-bound complementarl' IgE molecules, thus tri_sgering release
of mediators of allergl'. In theory this nri_ght occur via t*'o or
more identical or similar aller,uenic detenninants on the drug, or
via the involvement of different allergenic determinants on the
ntolecule. These î\\'o t)'pes of cross-linking are illustrated in Fig-
ure l. NMBDs"are examples of the former drugs, u'hile thiopen-
tone, trimethoprim, and beta-lactanl antibiotics, all of u,hich carry
more than one lgE-binding determinant I I 7 , 19, 20), are exam-
ples of the latter type. Types of cross-linking or bridging for
mediator release are discussed in more detail elsewhere [2] ,22].

Detection of Drug-Reactive IgE
Ant ibodies

Immunoassa),s for  detect ing drug-react i l 'e IgE
antibodies are undertaken on the assumption that the detection of
the antibodf in serum reflects IgE bound to mast cells. Radioim-
munoassays (RIAs) for derecting IgE antibodies ro an expandin! ,

range of drugs, includin_s NMBDs, anesthetic induction a_qents,
narcotics, beta-lactams, and other antibacterials. have been de-

veloped, and their use has contributed greatly to our understand-
ing of  the niechanisms and to improving diagnosis [20,23).

In  our  s tud ics  car r ied  ou t  over  lnorc  than a  decade u 'e  heve
found that serunl  tests detected the drug responsible for  an al ler-
gic react ion r i ' i th about the sanie f requencv as skin tests.  In ad-
di t ion,  a conrbinrr t ion of  the RIA and skin test  usual l l '  detects the
drug responsible better than ei ther test  a lone. Al lergenic cross-
reactivit l, detected by RIA is often _sreater than that detecred by
skin tests t21 .231. Tu'o l imiting features of the RIA tests are false
negatives that nlay result f i 'om the detection of circulatin_t I_uE,
which underestirnates the amount of cell-bound antibody, and the
possible concealment of al lergeni c deternri nants follou,in_s co\:a-
lent couplin_s of the drug to the carrier solid phase.

Inhibi t ion of  IgE binding using the drug in quest ion ro_eeth-
er u,' i th anaìogs is a valuable inr, 'esti_eation for verif l, in,s the re-
sul ts of  d i rect  b inding studies.  These quant i tat ive tests ma1, be
carr ied out to denronstrate a t rue dose response. as 'uvel l  as to
detenninc and conrpare the anounts of  dru_cs required to achieve
a predetermined de_qree of  inhibi t ion (of ten 50%) or the de_qree
of inhibi t ion obtained r i ' i th a f ixed anlount of  drug. Quant i tar ive
inhibi t ion studies provide an ef f ic ient  and precise nrethod for
studi ' ing al ler_senic cross-react iv i t l '  betu,een drugs [20].

Clinical Relevance of' Irt \/ i Ír 'o Cross-
React iv i t l 'F ind ings

tn ln,.1pr.,;n-r o'frl.f,. i f any, drug (in addition to
the one that provoked the react ion) a pat ient  nral ,be sensi t ive to,
the fo l lo l r ' ing points need to be considered:

I . The origin of the drug-reactive I_cE anribodies in the patient's
serum. Some subjects react to a dru_9 without apparent prior
exposure, for example, manl'reactors to NMBDs. u'here the
precise aller-eenic stimulus for the formation of the IgE anti-
bodies. and their specificit1,. are unknown. In these cases. the
drug shorving the highest uptalie of IgE in direct binding srud-
ies and/or the best inhibitor in vìtro is not necessarill'the drug
or chemical that provoked the allergic sensitization.

2. Inhibitor), activit)' irt t'itro may not always parallel the rir uivo
allergenic activity of a drug. The fonner is a reflection of the
complenientarity of the drug to the IgE antibody combining
si tes,  whi le ín v ivo act iv i ty ref lects cross- l inking of  cel l -
bound IgE and the release of the mediators responsible for
the signs and s1'mptoms of allergy.

3. The nature of the drug solid phase used in vítro in direct
binding and inhibition studies. Not only u'ill different drugs
influence the result, but different points of attachment of a
drug rvill determine the nature of the determinant groúps
available for reaction with antibodv. (

Dif f icul t ies in Interpret ing Skin and
Serunr IgE Tests

Skin test results for drug allergl, do not alu'ays
correlate closell, u' ith the presence of drug-reactive IgE antibod-

ACl A'rr ls, 6/3 ( 1991)
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ies in the serum, and the incidence of cross-reactions betweendrugs detected b1' IgE immunoassal, is often greater than thatderecred by skin resr in,s [2,  3] .  This is arso ofr ln rhe case *, i thinhalant and food arergens, u,here the RAST may revear reac_t ive extracts that  do not paral le l  the skin rest  resul ts or c l in icalpicture. The reason for this is probabry that the two tests measuredifferent things : i tly i r ro reacti i,it), *,ith anri bod1, combining sitesin the case of the RIA, and in ru'o reacti ' i t1'at the mast ceil reverwith the skin test.

In attempting to serect a safe dru-e for a dru-9-ater_eic patient,the u'isest approach is to carefuily consider the history and skintests. IgE direct binding, and inhibit ion of untruoJl, 6inding re_sults. Sonre exampres u,here this *,as done u,ith subjects ailergicto NlrdBDs are shou'n in Tabres 3-5: The RIA resurts are ex_pressed as murripres of the uptake of r25l-an,i-rrrn-,"" 
IgE ob_tained u' ' i th the negati 'e .on,.àr, (3x taken as posiri 'e); RIA in-hibi t ion resurts are expressed as nanomores of  dru.s per tubeneeded far 50% inhibi t ion of  b inding of  IgE.

In case I (Tabre 3), suxanrethoniunr was ob'iousry respon-sible for the reaction, but there \\,as cross-sensitivity to the oth_er NMBDs, ar thou-eh pancuroni u m \\'as onr1, rer ati'er1' rveak'l' 1s-active. Pancuroniunl was given subsequentì1, u.ithout an1, adverseeffect despite its clear inhibitorl, activity.

In case 2 (Tabre 4), skin tests indicated reactions to d-tuocurarine and arcuronium. RIAs shorved strong reactions to arc.roniunr and crear cross-react ions u, i th other inrgor.  Inhibi t i r
studies confinred this and sugge-sted a sin-ere I-cE antibod,\,cros
reacti'e *'ith alcuronium and d-tubocurarine. Note that thiopentol
u'as used on both occasions and could easill, have been blamed.

case 3 (Tabre 5) is a crear-cut situation, since ail three tesragreed thaî alcuronium was the cause of the reaction. subsequer
exposure ro suxamethonium and pancuroniurn w,as une'entfu
RIA and inhibi t ion resul ts ,u_ng. i ,  rhar quarernar) ,a.nroniu, ,
groups u'ere probably not solely responsible for binding of th,drug to I_sE antibodies.

These three examples i rustrate the 'arue of  consider ing rnunrber of  tests before deciding on the dia_unosis.  Resurts of  rs in-gle test  of ten require a broad-based intelpretat ion,  and ontshould be cautious in pro'idin,q and inrerpreting RIA resurts u,ithout the c l in ical  h istor l ,  and skin test  re.sul ts.

Persistence of Al lergv to Drugs

Litt le infornration seen.ìs
persistence of allergl,to drugs. Sull iyan er

'I'enr_r 
3

Tesi RrsuLTS lN Casr l

The investi-eations revealed:

d-Tubocurarine Alcuronium
' 'î-
5 2 3

to  be  ava i lab le  on  the
al. [21] found that937,
o f  pen ic i l l i n -a l le rg ic
subjects u'ere skin resl
pos i t i ve  7 - i2  n ron ths
after react ions.  and
22% were sri l l  positive
after l0 years or more.
These f indin_es do not
support the often-srat_
ed op in ion  thar  sk in
tesî results do not per_
sist in subjects u'ho are
allergic to the drugs.
Didier et al. [25] found
that skin tests. hista-

Case The patient reacted after first exposure to thiopenrone and ,r*n'**,*

Drug
Gallamine pancuroniunl

Test
Skin
RIA
RIA inhibit ion,
choline

Thiopentone Suxamethonium
+

2.4 20
+
6

t 7

1 . 7

l 4 I . 5t 7

T.qtr_r 4
Tesr REsuLrs rN Case 2

Case 2: The patient reactedto both alcuronium and d_tubo.rrurine on separate occasions. Investigations shou,ed:

Drug
Gallamine pancuronium d_Tubocurarine

I

I

I

i
I
I

I

Test
Skin
RIA

Thiopentone Suxamethonium

2.8  A

r60

+
4 1 2

mine release, and RLAs
to suxamethonium per_
sisted for lJ years in
patients u'ho experi-
enced an anaphylactic
reaction to the NN,ÍBD,
and we showed posi-

RIA inhibition,
alcuronium
RIA inhibition,
d-tubocuiarine 240

' i
42

1 9

l 5

.{lcuronium
+

24

2.4

d-Tubocurarine Alcuronium

. - +l . )  6

tive skin and IgE tests
to NMBDs 4-29 years
after a reacrion t}6l.In
our view, it would be
prudenr for thele sub-
jects to avoid the
drug(s) for the resr of
their lives. There ap-
pears to be little or no
inforntation available
on the persistence of al-
lergic sensitivity to oth-
er druss.

l 6

T.lnlr 5
Tesr RrsuLrs rN Case 3

Case3:Thepatientreactedonfirstexperience,f. . , ,ruol

Drug
Gallamine pancuronium

. "  , ,

Test
Skin
RIA
RIA inhibition,
alcuronium

Thiopentone Suxamethonium

t . 2  o . ; 0.4

r 3 0

1 . 5

50
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Release of N'Iast Cell l i l ,ptase

ln addition to the patient's history and the results of
skin and spccific IsE tests. u'e find that t lre nleasurentent in serup'r
of tr1'ptase released fronr nrast cells is an extrenlely valuable diag-
nostic aid 127). This relativell, stable enz)/nre i-s elevated in anaphy-
lactic but not other forms of shock. A positive result for tryptase
together u'ith negative skin and RIA tests suggests that the reaction
does not have an immunological basis. The current test, in the form
of an RIA [28]. is robust, sensitive, and specific, and can employ
stored serunr samples. although sonle drop in tryptase content oc-
curs u'ith time. The enz)'me is elevated for approximatell '30 min
to 6-8 hours in serum following its release from mast cells. This
means that tryptase nla,\'not be found in anaphylactic subjects who
die u'ithin about 30 min [29, 30, Ba]do and Fisher, unpublishedl.
The test is also negati 'e in reactions solely, invorvinc the lun_e, and
u'hen the reaction is due to the release of rnediators from basophils.

\\re believe that the rrf,ptase tesr is a very r'aluable diagnostic aid
in thc- dia-qnosis of anaphylactic reacrions to dru_rs, since the nrethocj
is specific and. for the first tinre. its application u,irì define a honro-
-qeneous patienf sroup in u'hich other tests ma)' be evaluated.

Conclusions

Skin tests. even u,ith free, unconju_eated drugs ma1,
be valuable in anempts to esraoiish ùe dia_snosis of a suspecred drug
allergl'. Ideall,r'. hou'ever, the availabilitv of suitabre dru_e{arrier
complexes n'ould undoubtedlf increase the chances of a specific
diagnosis. and this is an area of research u,here the involvement of
inrmunochemical expertise and pro-eress are urgentll needed. suit-
able inrnrunoassa),s for dru-r-reactive IgE antibodies. together u,ith
intell igentl l '  planned inhibirion of IgE bindin_e studies. frequently
enhance the chances of an accurate dia,qnosis b.i,providin_c nrolec-
ular insights unobtainable from the history and skin tests alone. The
addition of a test for serum tr)/ptase, u'hich is rereased from mast
cells either by direct drug action or via a true drug-induced anaphy-
lactic reaction, provides the most complete practical combination
of nrethods currentll'available for diagnosin_e allergic drug reactions
and gaining some insights into, their mechanisms.
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