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Betalactam (BL) antibiotics are the most frequent elicitors of drug hypersensitivity
reactions (HR). Although benzylpenicillin (BP) was the first BL implicated in
hypersensitivity reactions, amoxicillin (AX) now being the most frequent drug inducing
reactions (1). Clavulanic acid is emerging drug involved in a significant number of
cases (1,2).

Although HRs can be produced by any of the four immunological mechanisms of Gell
and Coombs (3), in the allergy practice we mainly deal with type | and type IV
reactions. As a working classification they can be grouped as immediate (appearing
within one hour of drug intake) and non-immediate reactions (appearing more than one
hour after drug intake).

Early reports showed a frequency of allergic reactions to penicillins ranging from 0.7-
10%, with the frequency of anaphylaxis being 0.015-0.004% (4). Studies carried out in
large series of patients with cutaneous symptoms showed that 19% were finally
diagnosed as being allergic to BLs (5).

Depending on their chemical structure BLS are classified in different classes :penicillin
and cephalosporins, monobactams, carbapenems, oxacephems and clavams. The
common basic structure consists of a four-member BL ring that in penicillins is
condensed with a five-member thiazolidine ring and in cephalosporins with a six-
member dihydrothiazine ring. Penicillins have one side chain (R1) and cephalosporins
two (R1 and R2), with substitution at the R1 and R2 side chains resulting in various
antibiotics. These changes, although is some minor, ca be discriminated as different by
the immunological system with relevant clinical consequences (6).

Immediate reactions appear within a period ranging from minutes to one hour after BL
administration. The clinical entities are anaphylaxis and urticaria (7).

Within non immediate reactions we actually include accelerated and delayed reactions
under the Levine classification (8). Symptoms appear from 24-48 hours after drug
administration, although symptoms can initiate within one hour of drug intake (9-11).
The most frequent entity is maculopapular exanthema, followed by urticaria (12,13).
Other reactions are more severe and include acute generalized exanthematic pustulosis,
drug hypersensitivity syndrome with eosinophilia and systemic symptoms/drug-induced
hypersensitivity syndrome (DRESS/DIHS), and bullous eruptions such as erythema
multiforme, Stevens-Johnson syndrome, and toxic epidermal necrolysis, fixed drug
eruption and contact dermatitis (14,15).

BLs bind spontaneously to endogenous proteins that can be recognized by the
immunological system (16,17). The most common structure was benzylpenicilloyl
(BPO), which results from the opening of the BL ring by an amino group of the protein,
considered during many years the major antigenic determinant. Other determinants
identified were benzyl penicillin and benzyl penicilloic, known as minor determinants
mixture (MDM) (18,19). In most of cephalosporins, the R2 side chain is lost after



opening of the BL ring, with the R1 and part of the BL ring being recognized by IgE
antibodies (20). Cross-reactivity can be explained in terms of similarity of the R1 side
chain (21,22). Studies using polyclonal IgE antibodies have shown that although
differences in the chemical structures are relevant for the antigenic determinant, the
whole structure that includes the protein carrier is necessary for the constitution of the
antigen. The relevant parts of the penicillin are the common BL ring, including the
thyazolidine and the side chain (23).

Immediate reactions may occur with much lower amounts that therapeutic doses like
those used for skin testing or traces present in foods (24,25). The IgE response to BLs
is not a long-lasting phenomenon. IgE antibodies decrease over time at a variable rate,
depending on the specificity of the antibody. Antibodies to side chain AX determinants
become negative before those recognizing the BPO determinant (26).

In non immediate reactions there is involvement of different subsets of T cells in the
inflammatory response, tissue damage and repair process. The skin has a mononuclear
cell infiltrate composed mainly of T cells, expressing activation markers (CD25, CD69
and HLADR) and the skin homing receptor CLA in both CD4 and CD8 subsets (27,28).
For establishing a diagnosis, in immediate reactions the recommended procedure is skin
testing with the PPL and MDM (benzylpenicillin and benzylpeniloic) (29). In countries
where AX is the most important drug involved in sensitization, this is also required for
diagnosis (30,31). When any other BLs are involved in the reaction and skin tests to
PPL, MDM and AX are negative, skin testing with the culprit BL is recommended
(2,30,31). Because clavulanic is actually a drug with increasing incidence in production
of immediate hypersensitivity reactions within the BLs group, this is now available for
in vivo diagnosis.

General procedures have been described by the European Academy of Allergy and
Clinical Immunology (30-32). For those severe cases prick testing is recommended first
following by intradermal if negative response. A rate of 1.3% of systemic symptoms
has been reported in all tested patients and 8.8% in those with a positive skin, with a
history of anaphylaxis being a risk factor (25). Precautions must be taken, particularly in
severe cases, reducing the hapten concentration, using each determinant separately in
time, or even considering performing an in vitro test first.

Methods widely used for in vitro testing are based on the immunoassay (33). A
commercial platform for routine analysis is the CAP System FEIA method (Phadia,
Thermofisher, USA). The specificity of this method ranges from 83.3-100% and the
sensitivity from 12.5-25%, depending on the clinical manifestations (34). Another
procedure being progressively uses is based on the capacity of these cells to release
histamine after activation by a free drug, with a sensitivity of 48.6% and a specificity of
93% (35). Both in vitro tests, although less sensitive than skin testing, have proved to be
complementary, with some cases being skin test negative and in vitro test positive (36).

DPT can be considered for those patients who are skin test and in vitro test negative,
have no risk factors and for whom diagnosis is mandatory (37). It is estimated that up to
30% of the patients with immediate allergic reactions to BL will fail to be diagnosed if
DPT is not done (68). This is usually performed as a single-blind placebo-controlled test
under strict hospital surveillance with emergency room facilities (30,31). The drug is
administered at increasing doses, with a minimum interval of 30-60 minutes between
each administration if good tolerance is established at the previous dose, until the full
therapeutically dose is reached.

For non immediate reactions skin testing is indicated in patients with exanthematic or
urticarial reactions. Intradermal and/or patch tests with a late reading at 24-48 h have
usually been recommended for the diagnosis of non-immediate reactions to BL.



Intradermal testing is done in the same way as for immediate reactions, with readings at
48 and 72 h, considering as positive any infiltrated erythema with a diameter >5 mm
(38). These reactions should be documented by the diameter of the erythema and the
papulation/infiltrate, as well as a morphological description (erythematous swelling,
erythematous infiltrate, only erythema, eczema with papulation with or without
vesicles). Patch tests can be done with BP, AM, AX and the culprit BL, using a
concentration of 5% in petrolatum. Readings should be made according to the European
Environmental and Contact Dermatitis Research Group patch test classification, 15 min
after removal of the strips and 24 h and 48 h later.

For in vitro testing, the lymphocyte transformation test (LTT), although it is not
routinely recommended, can be used in vitro for the evaluation of non-immediate
reactions. In a study carried out by our group, 57% of patients had a positive LTT to at
least one of the penicillins tested (39).

Although skin and in vitro testing have been proposed for the diagnostic evaluation of
non-immediate reactions to BL major limitations exist, due to the low sensitivity of and
difficulties in training personnel to perform the LTT (9,10). Because exanthematic
reactions are mild in nature, and in many instances subjects may have good tolerance,
DPT is recommended. The methodology, as for immediate reactions, consists of the
administration of the BL at increasing doses under a careful clinical observation, paying
particular attention to symptoms that may usually start after more than one hour, giving
increasing doses up to a maximum amount of one fifth of the therapeutic dose. If good
tolerance exists in this first step, at least 48 hours later increasing doses are usually
given up to a full therapeutic dose. DPT is contraindicated in the case of severe
reactions, such as DRESS/DIHS, bullous eruptions, acute generalized exanthematic
pustulosis or hematologic reactions.

Due to similarities in their structures cross-reactivity exist between different penicillins
and even between penicillins and cephalosporins (7,23,25). The discovery of side chain
specific determinants in immediate reactions and the observation that in non-immediate
reactions to BLs subjects with a positive response to aminopenicillins could tolerate
other compounds like BP and penicillin V, led to the idea that cross-reactivity is not
equal amongst all BLs and that the immunological mechanism and the primary drug
inducing the sensitization need to be taken into account (12,13,16,17). The rate of cross
reactivity with cephalosporins in patients with a primary allergy to penicillins is around
10% (40). It is assumed that first generation cephalosporins can cross-react with
penicillins, because their structural features are more similar to those of penicillin, while
second and third generation cephalosporin are less likely to induce cross-reactivity,
owing to differences in their chemical structure. Cross-reactivity increases to more than
30% in those cases were penicillins and cephalosporins share the same side chain, as
occurs between amoxicillin and cefadroxil (41). Cross-reactivity between other BL
groups seems to be very low. A rate of 0.9% has been reported between imipenem and
penicillins (42).



REFERENCES

1. Blanca M. Allergic reactions to penicillins. A changing world? Allergy 1995;50:777-82.

2. Torres MJ, Ariza A, Mayorga C, Dofia I, Blanca-Lopez N, Rondon C, Blanca M. Clavulanic
acid can be the component in amoxicillin-clavulanic acid responsible for immédiate
hypersensitivity réactions. J Allergy Clin Immunol 2010 ;125 :502-505.

3. Coombs PRA, Gell PGH. Classification of allergic reactions responsible for clinical
hypersensitivity and disease. In: Gell RRA, editor. Clinical aspects of immunology. Oxford:
Oxford University Pess;1968.p.575-96.

4. Ahlstedt S. Penicillin allergy. Can the incidence be reduced?. Allergy 1984;39:151-64

5. Rebelo-Gomes E, Demoly P. Epidemiology of hypersensitivity drug reactions. Current Opi
Allergy Cllin Immunol 2005;5:309-16.

6. Blanca M, Vega JM, Garcia J, Miranda A, Carmona MJ, Juarez C. New aspects of allergic
reactions to betalactams. Cross-reactions and unique specificities. Clin Exp Allergy
1994;24:407-15.

7. Torres MJ, Mayorga C, Pamies R, Rodriquez JL, Juarez C, Romano A, Blanca M.
Immunologic response to different determinants of benzylpenicillin, amoxicillin, and ampicillin.
Comparison between urticaria and anaphylactic shock. Allergy 1999;54:936-43.

8. Levine B. Immunological mechanisms of penicillin allergy. A haptenic model system for the
study of allergic diseases in man. N Engl J Med 1966;275:1115-25.

9. Padial A, Antunez C, Blanca-Lopez N, Fernandez TD, Cornejo-Garcia JA, Mayorga C, et al.
Non-immediate reactions to beta-lactams: diagnostic value of skin testing and drug provocation
test. Clin Exp Allergy 2008;38:822-8.

10. Blanca-Lopez N, Zapatero L, Alonso E, Torres MJ, Fuentes V, Martinez-Molero Ml, et al.
Skin testing and drug provocation tests in the diagnosis of non immediate reactions to
aminopenicillins in children. Allergy 2009;64:229-33.

11. Warrington RJ, Silviu-Dan F, Magro C. Accelerated cell-mediated immune reactions in
penicillin allergy. J Allergy Clin Immunol 1993; 92:626-28.

12. Romano A, Di Fonso M, Papa G, Pietroantonio F, Federico F, Fabrizi G, et al. Evaluation of
adverse cutaneous reactions to aminopenicillins with emphasis on those manifested by
maculopapular rashes. Allergy 1995;50:113-118.

13. Terrados S, Blanca M, Garcia J, Vega JM, Torres MJ, Carmona MJ, et al. Non-immediate
reactions to betalactams: prevalence and role of the different penicillins. Allergy 1995;50:563-
567.

14. Dona I, Chaves P, Gémez E, Torres MJ, Canté LG, Blanca M. Drug rash with eosinophilia
and systemic symptoms after penicillin V administration in a patient with acquired C1 inhibitor
acquired deficiency. J Investig Allergol Clin Immunol 2009;19:325-7.

15. Saenz de San Pedro Morera B, Enriquez JQ, Lépez JF. Fixed drug eruptions due to
betalactams and other chemically unrelated antibiotics. Contact Dermatitis 1999;40:220-1.

16. Levine BB, Ovary Z. Studies of the mechanism of the formation of the penicillin antigen Il1:
The N (D (Benzylpenicilloyl) group as an antigenic determinant responsible for hypersensitivity
to penicillin G. J Exp Med 1961;114:875-904.

17. Dewdney JM. Immunology of the antibiotics. En: The antigens, M. Sela ed. Vol IV.
Academic Press, New York. 1977a;114-122.

18. Parker CW, de Weck AL, Shapiro J, Kern M, Eisen HN. The preparation and some
properties of penicillenic acid derivatives relevant to penicillin hypersensitivity. J Exp Med
1962;115:803-19.

19. Levine BB, Redmond AP. Minor haptenic determinant specific reagins of penicillin
hypersensitivity in man. Int Arch Allergy Appl Immunol 1969;35:445-55.

20. Perez-Inestrosa E, Suau R, Montaiiez MI, Rodriguez R, Mayorga C, Torres MJ, Blanca M.
Cephalosporin chemical reactivity and its immunological implications. Curr Opin Allergy Clin
Immunol 2005;5:323-30.

21. Romano A, Mayorga C, Torres MJ, Artesani MC, Suau R, Pérez E, et al. Immediate allergic
reactions to cephalosporins: cross-reactivity and selective responses. J Allergy Clin Immunol
2000;106:1177-1183.

22. Antinez C, Blanca-Lopez N, Torres MJ, Mayorga C, Pérez-Inestrosa E, Montanez Ml, et al.



Immediate allergic reactions to cephalosporins: evaluation of cross-reactivity with a panel of
penicillins and cephalosporins. J Allergy Clin Immunol 2006;117:404-10.

23. Moreno F, Blanca M, Mayorga C, Terrados S, Moya C, Pérez E, et al. Studies of the
specificities of IgE antibodies found in sera from subjects with allergic reactions to penicillins.
Int Arch Allergy Appl Immunol 1995;108:74-81.

24. Blanca M, Garcia J, Vega JM, Miranda A, Carmona MJ, Mayorga C, et al. Anaphylaxis to
penicillins after non-therapeutic exposure: an immunological investigation. Clin Exp Allergy
1996;26:335-40.

25. Co Minh HB, Bousquet PJ, Fontaine C, Kvedariene V, Demoly P. Systemic reactions during
skin tests with betalactams: a risk factor analysis. J Allergy Clin Immunol 2006;117:466-8.

26. Blanca M, Torres MJ, Garcia JJ, Romano A, Mayorga C, de Ramon E, et al. Natural
evolution of skin test sensitivity in patients allergic to beta-lactam antibiotics. J Allergy Clin
Immunol 1999;103:918-24

27. Pichler WJ. Delayed drug hypersensitivity reactions. Ann Intern Med 2003;39:683-93.

28. Rozieres A, Vocanson M, Said BB, Nosbaum A, Nicolas JF. Role of T cells in
nonimmediate allergic drug reactions. Curr Opin Allergy Clin Immunol 2009;9:305-10.

29. Weiss ME, Adkinson NF. Immediate hypersensitivity reactions to penicillin and related
antibotics Clin Allergy 1988;18:515-540.

30. Blanca M, Romano A, Torres MJ, Férnandez J, Mayorga C, Rodriguez J, et al. Update on
the evaluation of hypersensitivity reactions to betalactams. Allergy 2009;64:183-93.

31. Torres MJ, Blanca M, de Weck A, Fernandez J, Demoly P, Romano A, et al. Diagnosis of
immediate allergic reactions to betalactam antibiotics. Allergy 2003;58:854-863.

32. Brockow K, Romano A, Blanca M, Ring J, Pichler W, Demoly P. General considerations
for skin test procedures in the diagnosis of drug hypersensitivity. Allergy 2002;57:45-51.

33. Blanca M, Mayorga C, Perez E, Suau R, Juarez C, Vega JM, et al. Determination of IgE
antibodies to the benzylpenicilloyl determinant. A comparison between poly-L-lysine and
human serum albumin as carriers. J Immunol Methods 1992;153:99-105.

34. Blanca M, Mayorga C, Torres MJ, Reche M, Moya MC, Rodriguez JL, et al. Clinical
evaluation of Pharmacia CAP System RAST FEIA amoxicilloyl and benzylpenicilloyl in
patients with penicillin allergy. Allergy 2001;56:862-870.

35. Sanz ML, Gamboa PM, Antepara |, Uasuf C, Vila L, Garcia-Aviles C, et al. Flow
cytometric basophil activation test by detection of CD63 expression in patients with immediate-
type reactions to betalactam antibiotics. Clin Exp Allergy 2002;32:277-86.

36. Torres MJ, Mayorga C, Cornejo-Garcia JA, Romano A, Blanca M. IgE antibodies to
penicillin in skin test negative patients. Allergy 2002;57:965.

37. Bousquet PJ, Pipet A, Bousquet-Rouanet L, Demoly P. Oral challenges are needed in the
diagnosis of beta-lactam hypersensitivity. Clin Exp Allergy 2008;38:185-90.

38. Romano A, Blanca M, Torres MJ, Bircher A, Aberer W, Brockow K et al. Diagnosis of
nonimmediate reactions to beta-lactam antibiotics. Allergy 2004;59:1153-60.

39. Luque I, Leyva L, Torres MJ, Rosal M, Mayorga C, Segura JM, et al. In vitro T lymphocyte
responses to betalactam drugs in immediate and nonimmediate allergic reactions. Allergy
2001;56:56:611-618.

40. Romano A, Gueant-Rodriguez RM, Viola M, Pettinato R, Gueant JL. Cross-reactivity and
tolerability of cephalosporins in patients with immediate hypersensitivity to penicillins. Ann
Intern Med 2004;141:16-22.

41. Miranda A, Blanca M, Vega JM, Moreno F, Carmona MJ, Garcia JJ et al. Cross-reactivity
between a penicillin and a cephalosporin with the same side chain. J Allergy Clin Immunol
1996;98:671-7.

42. Romano A, Viola M, Gueant-Rodriguez RM, Gaeta F, Pettinato R, Gueant JL. Imipenem in
patients with immediate hypersensitivity to penicillins. N Engl J Med 2006;354:2835-7.



Table 1. Gell and Coombs classification of hypersensitivity reactions to drugs.

TYPE OF MECHANISMS CLINICAL SYMPTOMS
REACTION
Type | IgE-mediated Urticaria
Immediate Angioedema

Anaphylaxis

Anaphylactic shock

Bronchial asthma

Rhinitis
Type 1l Antibody-mediated Immune hemolitic anemia
Cytotoxic Trombocytopenia

Blood diseases

Organ-specific reaction
Type I Immunocomplex- Serum sickness-like syndrome
Immunocomplex mediated Vasculitis

Organ-specific reaction
Type IV T cell-mediated Maculopapular exanthema
Delayed Delayed urticaria

Stevens—Johnson syndrome

Toxic epidermal necrolysis
Organ-specific reactions

Acute generalized exanthematic pustulosis
DRESS/DHIS

Fixed drug eruption

Contact eczema




Table 2. Classification of penicillins and cephalosporins.

GROUP COMPOUNDS STRUCTURE
PENICILLINS
Natural Penicillin G
Penicillin V
Aminopenicillins Amoxicillin Bacampicillin
Ampicillin
Penicillinase-Resistant Methicillin Nafcillin, |r H H H ,CH,
Oxacillin Dicloxacillin J\ﬂ/ j:l/ I\CH3
Cloxacillin o K COOH
Carboxypenicillins Carbenicillin
Ticarcillin
Acylaminopenicillins Azlocillin Piperacillin
Mezlocillia
CEPHALOSPORINS
First Generation Cefadroxil Cefazoline
Cefalexin Cefprozil
Cephalotin Cefradine
Cefapirine
Second Generation Cefaclor Cefotetan
Cefamandole  Cefotiam
Cefmetazole Cefoxitin
Cefminox Cefuroxime
Cefonicid Loracarbacef
Ceforanide
Third Generation Cefdinir Ceftizoxime
Cefetamet Cefpiramide
Cefixime Cefsulodine
Cefodizime Ceftazidime
Cefoperazone Ceftibuten
Cefotaxime Ceftriaxone
Cefpodoxime
Fouth generation Cefepime

Cefpirome




Table 3. Reagents and concentrations recommended for skin testing and drug
provocation testing.

REAGENT SKIN TESTING DRUG PROVOCATION TEST

PPL 5x10™ mMol/I Not done

MDM 2x10* mMol/I Not done

Benzylpenicillin | 10.000 IU/ml 10°, 10", 10°, 5x10° IU/m
Cumulative dose (6x10° IU/ml)

Amoxicillin 20 mg/mi 5, 50, 100, 150, 200 mg
Cumulative dose (500 mg)

Ampicillin 20 mg/ml 5, 50, 100, 150, 200 mg
Cumulative dose (500 mg)

Cephalosporins | 2 mg/mi 5, 50, 100, 150, 200 mg
Cumulative dose (500 mg)

Clavulanic 20 mg/ml Not done




