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Antibiotics are among the most commonly prescribed drugs

in children and are the most likely to be associated with

adverse reactions (1–3). Antimicrobial drugs, particularly

beta-lactams (BL), are frequently involved in hypersensitivity

reactions (4, 5).

In clinical practice, it is a common problem to decide

which antibiotics should be used in patients who have been

labeled as allergic to these drugs.

Sometimes, such patients are treated with antibiotics there

are less effective, more toxic, have a broader spectrum, more

side effects, and are more expensive than the drug of first

choice (6).

An adverse reaction to a drug is defined as ‘any response

which is noxious and unintended and which occurs at doses

used in man for prophylaxis, diagnosis, or treatment

purposes’ (7). A reaction to a drug is considered to be aller-

gic if it involves the immunologic system. Basic mechanisms

and clinical presentations of antibiotic allergy can be under-

stood according to Gell–Coombs classification (8, 9). Several

mechanisms may be involved in the same reaction; however,

in most of the cases, this can not be proved.

Although the majority of reactions are not severe enough

to lead to hospital admission (10), clinicians often hesitate to

prescribe an antibiotic to patients with suspected drug allergy

because of the potential risk of life-threatening anaphylaxis

(11–13).

Prevalence

Data concerning drug allergy prevalence is scarce, and the

true prevalence of antibiotic allergy is unknown. In ambula-

tory children followed in prospective studies, the incidence of

adverse drug reactions ranges from 0.75% to 4.5% (1–4, 14).

In adults, autoreported hypersensitivity to penicillin and

other BL was 4.5% (15).

Commonly, the pathophysiologic basis of an adverse drug

reaction is not known. The serum sickness-like illness that

occurs in about 0.06% of children receiving cefaclor (9, 16) is

likely due to a cytotoxic effect of the drug on cells rather

than immune complex deposition (17).

The suspected allergy event may also be related to the

infectious agent rather than to the drug itself. The rash that

appears when amoxicillin is given to patients with Epstein–

Barr virus infection is common in children (18, 19). It is pos-

sible that some infections can induce an inflammatory state

that increases the activation of T cells and initiates an immu-

nologic reaction in a patient who would otherwise not react

to that drug (18–20).
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Abstract

Drug hypersensitivity reactions can occur to almost all drugs and antibiotics are

among the most common cause for this kind of reactions. Drug hypersensitivity

may affect any organ or system, and manifestations range widely in clinical severity

from mild pruritus to anaphylaxis. In most cases, the suspected drug is avoided in

the future. In case of infection, there is usually a safe antibiotic alternative. None-

theless, in some cases, no alternative treatment exists for optimal therapy. Under

these circumstances, desensitization may be performed. Drug desensitization is

defined as the induction of a temporary state of tolerance to a drug which can only

be maintained by continuous administration of the medication responsible for the

hypersensitivity reaction. Desensitization is mainly performed in IgE-mediated reac-

tions. Increasing doses of the implicated drug are administered over a short period

of time, until the therapeutic dose is achieved and tolerated. Very few studies con-

fined to children are found in literature. Most of them are case reports. In general,

the proposed desensitization schemes are similar to those used in adults differing

only in the final dose administered. The purpose of this study is to review desensiti-

zation to antibiotics in children presenting and discussing three clinical practical

cases of desensitization in this age group.
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Management of drug hypersensitivity

With regard to the diagnosis of hypersensitivity reactions to

drugs, the European Network for Drug Allergy (ENDA), the

European Academy of Allergy and Clinical Immunology

(EAACI) interest group on drug hypersensitivity devised a

questionnaire, which has already proved to be very useful for

collecting anamnestic data (21). There are different ENDA

guidelines for evaluating immediate or non-immediate reac-

tions to BL (22–24). The diagnosis of immediate and non-

immediate reactions is based on clinical history, skin tests, in

vitro tests, oral provocations, and diagnostic aspects are

very well discussed and described in a previous paper by

M. Atanaskovic-Markovic (25).

The general rules of management of drug hypersensitivity

reactions to antibiotics in children are the same as in adults

(26, 27). The main difficulty of the diagnostic workup concerns

the performance of intradermal tests in young children,

because of pain and discomfort associated with this technique.

If the diagnostic study does not exclude drug allergy, the

recommendation is to avoid the culprit antibiotic, as well as

those with cross-reactivity, to prevent drug-induced reactions

in future uses. A structurally unrelated antibiotic should be

prescribed as a safe alternative in the presence of an infec-

tion. The majority of the cases can be managed safely by this

approach.

If a patient has weak evidence of an antibiotic allergy and

is likely to require that antibiotic in the future, rechallenge

may be indicated as a standard tool for diagnosis. Rechal-

lenge can be performed during diagnostic workup, or it can

be delayed until the patient requires the antibiotic. It should

be performed in a proper hospital setting where anaphylaxis

can be treated by experienced doctors, especially if the previ-

ous reaction could have been IgE-mediated and this could

not be proved otherwise.

Desensitization: indications and contraindications

If a patient has a definite or a very likely diagnosis of drug

allergy to a particular drug and needs it, desensitization is

the only actual way to reintroduce the culprit drug (28, 29).

Drug desensitization is defined as the induction of a tem-

porary state of tolerance to a compound responsible for a

hypersensitivity reaction and this state can only be main-

tained by continuous administration of the medication. This

is particularly important for patients to whom a specific drug

is essential for optimal therapy. It is indicated when the drug

involved is irreplaceable or if it is more effective than possi-

ble alternatives (28, 29).

Desensitization is performed by administering increasing

doses of the culprit drug over a short period of time (from

several hours to a few days), orally whenever possible, until

the cumulative therapeutic dose is achieved and tolerated

(28, 29).

Desensitization is specially indicated in IgE-mediated reac-

tions but it also seems to work for sulfonamide and other

drug reactions thought to be non-IgE-mediated (30–32).

Desensitization is absolutely contraindicated in patients who

have experienced severe, life-threatening immunocytotoxic

reactions, vasculitis, or bullous skin diseases (33–35).

General rules for antibiotic desensitization in children

Apart from clinical cases, limited data are available on desen-

sitization protocols in children. The most common published

protocols relate to antibiotics such as penicillins and non-

penicillin BL in cystic fibrosis.

The general rules for rapid drug desensitization discussed

in the study of Cernadas et al. (29) also apply to children:
l Before performing any desensitization procedure, be sure

that the drug is irreplaceable and is more effective than

the alternatives.
l Always make sure that desensitization is associated with

the risk of acute hypersensitivity reaction during the pro-

cedure.
l Individual risk/benefit evaluation has to be performed,

and the benefits must outweigh the risks.
l Caution and surveillance by well-trained specialists is

mandatory in all cases, with continuous monitoring of the

child.
l Nurses should be trained to recognize early symptoms of

hypersensitivity reaction; fathers or tutors accompanying

children should be taught to recognize early signs and to

notify the nurse or doctor.
l Desensitization for more severe reactions, like anaphylaxis,

should be carried out in the intensive care unit (ICU)
l Whenever feasible, desensitization procedures should take

into account available protocols, but many times and for

specific reasons, protocols may have to be tailor made for

each case.
l Before any procedure of this kind, an informed and

signed consent, by parents or tutors, is mandatory.

Mechanisms and molecular targets

Despite its clinical success, little is known about the mecha-

nisms and molecular targets of drug desensitization. Mast

cells and basophils seem to be targets in the process, because

mediators from these cells are released during hypersensitivity

reactions as well as during desensitization procedures. Among

several described and studied mechanisms, desensitization is

thought to be effective, either because IgE is neutralized by

the increasing dose of antigen or because mast cells are

slowly degranulated, thus provoking milder reactions (36–38).

Practical clinical cases

Case 1

A 5-yr-old boy with a congenital cardiac abnormality, mitral

valve prolapse (MVP), seriously ill, was admitted to the

hospital and the diagnosis of bacterial endocarditis to Strep-

tococci viridans, highly sensitive to penicillin (Minimum

Inhibitory Concentration < 0.1 mg/ml),was made. MIC is

the lowest concentration of antimicrobial agent which inhib-

its the growth of the microorganism.
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When MIC to penicillin is between 0.1 and 0.5 mg/ml,

these patients are preferentially treated with penicillin for

4 wk and gentamicin in the first 2 wk. Antibiotic therapy was

started with crystalline penicillin (200.000 UI/kg/day) in asso-

ciation with gentamicin (4 mg/kg/day).

Fifteen minutes after beginning penicillin infusion, he

developed facial flushing, swelling of the lips and urticaria on

the trunk and arms, rapidly progressing to the whole body,

without other symptoms. He had a previous non-registered

history of urticarial rash, 1 yr before, after taking amoxicilin/

clavulanic acid, interpreted as a rash associated with a viral

infection.

Owing to the severity of the disease, this patient could not

be submitted to the usual diagnostic workup of penicillin

allergy; blood sample for specific IgE determination to peni-

cilloyl G, penicilloyl V, amoxicilloyl, ampicilloyl, and cefaclor

(UniCAP) was collected, and serum tryptase was measured at

the time of reaction and 4 days later. The reaction was trea-

ted with anti-histamine and corticosteroids, and the infusion

was stopped. Because this drug was the treatment of choice

for this case, a desensitization protocol by endovenous (IV)

route was prepared to begin the next day.

Desensitization with penicillins

The typical symptoms for IgE-induced hypersensitivity reac-

tions to penicillins are pruritus, urticaria, angioedema, and

bronchospasm, culminating in various degrees of anaphy-

laxis. These are the reactions typically eligible for desensitiza-

tion (28, 29).

Although several specific protocols for desensitization have

been widely published for penicillin, the one described by

Sullivan (39) is the most well known and used. The oral route

seems to be safer, because it is less prone to expose patients

to multivalent penicillin conjugates, thought to have an

important role in IgE-mediated reactions (40). It is also the

preferable route in children, when possible and indicated

(Table 1). Classical protocol for oral and intravenous desensi-

tization to penicillin (Tables 1 and 2) start with 1/10.000 to

1/1000 of the target dose, increasing doses by doubling it.

Doses are administered every 15–20 min, over the course of

several hours, until the therapeutic dose is reached.

Intravenous protocols and protocols with mixed routes are

also available (41, 42). Based on the clinical experience with

these protocols in adults, they can be adapted for children,

considering the adequate dose per kg/day and the clinical sta-

tus of the patient.

In patients with severe anaphylaxis (such as hypotension

with loss of consciousness or severe bronchospasm), the

initial dose should begin from 1/1.000.000 to 1/10.000 of the

full therapeutic dose (29). When the antibiotic is administered

several times per day, desensitization needs to be performed

only one time per treatment course. If the desensitization is

well succeeded, subsequent doses are administered as pre-

scribed (e.g., 4/4 h).

For the described case, a protocol for IV penicillin

(3.600.000 U/day) was prepared and used with success.

Penicillin treatment was continued for 4 wk without further

reactions. Mild reactions have been reported in 30–80% of

penicillin-allergic patients undergoing desensitization, but

most of the desensitization procedures were completed with

success (43, 44).

In this patient, tryptase level after the reaction was 14 lg/l
(<11.4 lg/l) and specific IgE for penicilloyl G was 3.5 kU/l

(<0.35 kU/l). As stated before, the definitive diagnosis of an

IgE-mediated reaction could only have been performed sev-

eral weeks later when the child was stable. It would be neces-

sary to perform cutaneous tests to benzilpenicillin, major and

minor determinants, and also to amoxicillin, along with in

Table 1 Oral penicillin desensitization protocol

Step

Penicillin

(mg/ml)

Amount

(ml)

Dose

(mg)

Cumt dose

(mg)

1 0.5 0.1 0.05 0.05

2 0.5 0.2 0.1 0.15

3 0.5 0.4 0.2 0.35

4 0.5 0.8 0.4 0.75

5 0.5 1.6 0.8 1.55

6 0.5 3.2 1.6 3.15

7 0.5 6.4 3.2 6.35

8 5.0 1.2 6.0 12.35

9 5.0 2.4 12.0 24.35

10 5.0 5.0 25.0 49.35

11 50.0 1.0 50.0 100.0

12 50.0 2.0 100.0 200.0

13 50.0 4.0 200.0 400.0

14 50.0 8.0 400.0 800.0

Observe patient for 30 min, then give full therapeutic dose by the

desired route. The time interval between doses is 15–20 min (39).

Table 2 Penicillin intravenous desensitization protocol using a

continuous infusion pump

Step

Penicillin

(mg/ml)

Flow rate

(ml/h)

Dose

(mg)

Cumulative

dose (mg)

1 0.01 6 0.015 0.015

2 0.01 12 0.03 0.045

3 0.01 24 0.06 0.105

4 0.1 50 0.125 0.23

5 0.1 10 0.25 0.48

6 0.1 20 0.5 1.0

7 0.1 40 1.0 2.0

8 0.1 80 2.0 4.0

9 0.1 160 4.0 8.0

10 10.0 3 7.5 15.0

11 10.0 6 15.0 30.0

12 10.0 12 30.0 60.0

13 10.0 25 62.5 123.0

14 10.0 50 125.0 250.0

15 10.0 100 250.0 500.0

16 10.0 200 500.0 1000.0

Observe patients, then give full therapeutic dose by the desired

route. Interval between doses is 15–20 min (41).
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vitro tests assays for specific IgE for penicilloyl G, penicilloyl

V, amoxicilloyl, with UniCAP (Phadia, Uppsala, Sweden).

In this particular case, the final diagnosis of IgE-mediated

reaction to BL antibiotic was confirmed when the patient was

inadvertently medicated with amoxicillin/clavulanic acid for

tonsillitis, with appearance of generalized urticaria less than

30 minutes after first intake.

Case 2

A 12-yr-old boy, followed in the Allergy Department with

the diagnosis of atopic rhinoconjuntivitis (allergic to house

dust mites) and asthma, since the previous year. His clini-

cal and functional state progressively worsened (FEV1 of

53%) and the diagnosis of cystic fibrosis (CF) was made

and confirmed by genetic study. Bacterial exams of sputum

showed Pseudomonas aeruginosa (Pa) and double scheme of

antibiotics consisting of tobramycin (3 mg/kg q8h) associ-

ated with meropenem (40 mg/kg q8h) was prescribed. His

clinical state stayed unchanged, and cultures of sputum

were still positive to Pa, now resistant to meropenem.

Pulmonologist decided to change to ceftazidime 50 mg/kg

q8h plus tobramycin. At the first and second exacerbation

of CF, this therapeutic scheme improved clinical, functional

and radiologic signs.

At the third exacerbation, soon after antibiotic infusion

with ceftazidime he developed cutaneous (flushing, pruritus,

urticaria, and angioedema) and respiratory (sneezing, nasal

congestion, dyspnea, coughing, wheezing, and oxygen desatu-

ration) symptoms.

Patient was eligible to rapid desensitization based on a

clinical history consistent with a type I hypersensitivity reac-

tion, although skin tests were not feasible, nor indicated at

the time. The same antibiotic was chosen by the consulting

pulmonologist based on sensitivity pattern of the bacterial

pathogen. The desensitization procedure was performed

according to Legere’s et al. (45) twelve-step protocol

(Table 3), using pediatric dosage of ceftazidime – 50 mg/kg

q8h, and full antibiotic dose was administered and continued

with tolerance.

Desensitization with non-penicillins betalactams

Although hypersensitivity reactions to non-penicillin BL anti-

biotics have been reported less frequently, there are some

cases in the literature of successful desensitization to

non-penicillin BL antibiotics such as meropenem, cefotaxime,

ceftriaxone, and ceftazidime (46–48). Most of these reactions

were IgE-mediated.

Children and young adolescents with CF have a higher

prevalence, up to 70%, of allergic reactions to one or multi-

ple antibiotics, especially BL, thought to be due in part to

multiple and repeated exposures (49, 50).

The high incidence of pseudomonal infections, the conse-

quent need to treat with specific antipseudomonal antibiotics,

and the risk of potentially life-threatening allergic reactions

often complicate the treatment of these patients with a fre-

quently need for desensitization procedures.

Moreover, because most of these patients have significantly

impaired lung function and increased risk of anaphylaxis,

Table 3 Twelve-step protocol for ceftazidime

Name of medication: Ceftazidime

Total mg

per bag

Amount of bag

infused (ml)

Solution 1: 100 ml of 0.200 mg/ml 20.00 9.25

Solution 2: 100 ml of 2.000 mg/ml 200.00 18.75

Solution 3: 100 ml of 19.607 mg/ml 1960.65 250.00

Step Solution Rate (ml/h) Time (min)

Volume infused

per step (ml)

Dose administered

with this step (mg)

Cumulative

dose (mg)

1 1 2.0 15 0.50 0.100 0.100

2 1 5.0 15 1.25 0.250 0.350

3 1 10.0 15 2.50 0.500 0.850

4 1 20.0 15 5.00 1.000 1.850

5 2 5.0 15 1.25 2.500 4.350

6 2 10.0 15 2.50 5.000 9.350

7 2 20.0 15 5.00 10.000 19.350

8 2 40.0 15 10.00 20.000 39.350

9 3 10.0 15 2.50 49.016 88.366

10 3 20.0 15 5.00 98.0325 186.399

11 3 40.0 15 10.00 196.065 382.464

12 3 80.0 61.87 82.50 1617.536 2000.00

Total time = 226.875 min (3 h 46 m)

A safe protocol for rapid desensitization in patients with cystic fibrosis and antibiotic hypersensitivity by Legere et al. (45).
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desensitization must be carefully conducted to induce toler-

ance to first-line therapy. The choice of antibiotic is deter-

mined by the consulting pulmonologist, based on the

antibiotic sensitivity of the bacterial pathogen.

The indication for desensitization is almost exclusively

guided by the clinical history, as skin tests are not indicated

at the time of the reaction.

There is already some data on desensitization experience

with non-penicillin BL antibiotics in patients with CF; proto-

cols are different in terms of initial doses, dose increments,

number of steps (6–12 steps), use of premedications, and suc-

cess rate that ranges from 75% to 100% (45, 51, 52).

Desensitization procedure will be needed each time ceftazi-

dime use is required.

Case 3

A 3-yr-old girl was admitted at the infecciology department for

suspected tuberculous meningitis. She had presented with

fever, vomiting, poor appetite, irritability, abdominal pain,

and headaches for several days. Her clinical status, rapidly

deteriorated and she was admitted to the ICU in coma. Tuber-

culous meningitis was assumed, after all diagnostic exams were

performed, including lumbar puncture and, even before diag-

nostic confirmation, as it is a medical emergency, empirical

antituberculosis therapy was promptly started. She began a

four drug therapy scheme with isoniazid, rifampicin, pyrazina-

mide, and ethambutol. Doses were adjusted according to age

and weight. On the third day of therapy, and consistent with

rifampicin administration, she developed an intense, general-

ized urticarial rash and the Allergist was called. As it was not

possible to suspend all four drugs, the most probable one was

withdrawn (rifampicin) and skin lesions were treated with anti-

histamines and corticosteroids with complete resolution of skin

reaction in 3 days. Soon after, at the 4th day, rifampicin

200 mg was reintroduced according to a planned tolerance

induction scheme, beginning with 2 mg of a rifampicin suspen-

sion and doubling dosage until 200 mg/day was reached.

Desensitization with anti-tuberculosis drugs

Tuberculous meningitis (TBM) is a medical emergency. It is

a severe disease with possible fatal outcome and prompt

treatment is essential, even before definitive diagnosis. A high

index of clinical suspicion is absolutely essential because

treatment delay is strongly associated with death. Empirical

antituberculosis therapy should be started promptly in all

patients in whom the diagnosis of TBM is suspected, without

waiting for microbiological or molecular diagnostic confirma-

tion. Isoniazid, rifampicin, and pyrazinamide are considered

mandatory at the beginning of TBM treatment. For the

choice of the fourth drug, most authorities recommend either

streptomycin or ethambutol (53).

Isoniazid (10–15 mg/kg to a maximum of 300 mg/day) and

rifampicin (10–20 mg/kg to a maximum of 600 mg/day)

pyrazinamide (30–40 mg/kg), and ethambutol (15–25 mg/kg)

are reported to be well tolerated in children and are the key

components of the treatment scheme (53).

As treatment requires administration of multiple drugs

simultaneously, hypersensitivity reactions have been reported

in up to 5% of the patients. Non-immediate and immediate

reactions, mostly urticarial rashes, are seen with these drugs,

predominantly with rifampicin (4, 5).

If an adverse drug reaction occurs in a child taking antimi-

crobial agents, a careful clinical assessment should be per-

formed to determine whether the clinical event is a drug

reaction potentially allergic in nature. The diagnosis is mostly

based on, after stopping all medications, recurrence of the

symptoms when drugs are reintroduced, one at a time, with a

4–5 days interval. The nature of the reaction should be care-

fully documented in the child’s health record.

Our case 3 refers to a young girl, with tuberculous menin-

gitis (TBM), admitted in the ICU, and treated with multiple

drugs. Close monitoring in the ICU allowed to establish a

possible relationship between cutaneous signs and rifampicin

administration. Owing to the severity of the underlying con-

dition, stopping all drugs, with the re introduction, one at a

time, with a 4–5 days interval, was not possible.

TBM may have an acute presentation or a more indolent

prodrome, usually with non-specific symptoms and signs.

There should be a strong suspicion whenever patient presents

with a clinical picture of meningoencephalitis, especially in

high-risk groups. Confirmation of diagnosis occurs very often

after treatment has been instituted. The risk factor in our

patient was a very poor social economic background.

After evaluating the risk/benefit and the probability of

drug reaction to rifampicin, this drug was stopped, cutaneous

signs and symptoms were treated and 4 days later rifampicin

was reintroduced according to an adapted tailor made proto-

col for rifampicin tolerance induction.

Conclusions

Drug desensitization is the induction of a temporary state of

tolerance to a compound responsible for a hypersensitivity

reaction. There are few published clinical cases of desensitiza-

tion in children of young age. Most published studies refer to

desensitization with antibiotics in adults and even so, stan-

dardized protocols are not yet available. A high success rate

has been reported in series of patients sensitized to BL, but

failures and life-threatening anaphylaxis have also been

described. Desensitization is a high-risk procedure and should

be used only by well-trained doctors in selected patients when

alternatives are less effective or not available, and after estab-

lishing a risk/benefit analysis. Only few fatalities have been

reported, all of which related to the underlying disease.

Despite this, the majority of desensitization protocols with

antibiotics were able to induce tolerance and cause minor

adverse reactions during the procedure, easily treatable, with

no need to stop the desensitization procedure.

The selection of candidates for desensitization by allergists,

the control of concomitant diseases, the training of personnel

(doctors and nurses), the treatment of breakthrough reac-

tions, and the availability of validated protocols are crucial

for the success of this procedure. Both successful and unsuc-

cessful outcomes should be published, to establish the most
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efficient and safer protocols. Although literature is scarce

concerning desensitization in children, the author suggests

that the general rules and protocols applied for adults can be

adapted for children, considering children’s specificities.
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