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To the Editor,  

Drug allergy work-up in betalactam (BL) allergy is probably the most-developed drug-allergy 

evaluation at present 1. During the last few years, the debate on whether one-day or several-day 

(prolonged) drug provocation test (DPT) should be performed in non-immediate reactions (i.e., 

occurring >1h after the last administered dose) in order to increase sensitivity has been ongoing and 

groups working in drug allergy diagnosis have been deploying pro and con arguments and studies in 

favour of either option 2-5. The most acceptable way to validate a negative DPT is by studying its 

negative predictive value (NPV) in patients who are re-challenged to the negatively tested drug, in 

real-life therapeutic conditions 6,7. Because therapeutic conditions imply underlying infectious 
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disease (and therefore, a differential diagnosis responsible of cutaneous eruptions, independent of 

medication), performing a follow-up of tested patients including retest if necessary is advisable, under 

the hypothesis that not all reactions occurring upon retaking the drug are drug-related.    

The number needed to harm (NNH) is a measure of the harm caused by an intervention. More 

specifically, it is a measure of how many people need to be exposed to an intervention, (e.g., DPT) in 

order for one person to have a particular adverse effect (e.g., a DHR): the larger the value of the 

number needed to harm, the lower the risk of the adverse effect. In the specific case of DPT, 

prolonged DPT deliver courses of antibiotics in subjects that are otherwise healthy and this 

intervention may have additional drawbacks at a higher overall level (e.g., microbial resistance, 

economic costs). If the NNH is high, and considering that prolonged DPT pick up merely mild 

reactions (as confirmed by the studies performing prolonged DPT 2-4), prolonged DPT might not be 

an effective intervention as compared to one-day DPT.  

Between December 2014 and June 2016, a multicentre (NCT02844712) study was conducted in two 

allergy units, Hôpital Arnaud de Villeneuve (Montpellier, France) and Complesso Integrato 

Columbus (Rome, Italy). Patients with a complete and negative allergy work-up for a BL were 

contacted and asked to answer a questionnaire regarding re-administration of a negatively tested BL, 

as previously described 6. Both centres perform one-day DPT in both immediate and in 

mild/moderate non-immediate suspicions of BL drug hypersensitivity reactions (DHR), in a similar 

manner (including contraindications for DPT). Data were expressed either as numbers and percentage 

(with 95% CIs) or as medians (with interquartile range). Comparisons were made using chi-square 

tests for categorical variables. Clinical risk factors for developing a reaction upon subsequent re-

challenge in real-life were searched using multivariate logistic regression.  

A total of 950 patients, 208 (21.9%) from Rome and 742 (78.1%) from Montpellier, answered and 

returned the questionnaire. The index reaction had been immediate in 152 (16%) of patients, and non-

immediate (or of unknown chronology) for the remaining 798 patients (84%).  
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Amongst them, 371 patients (39.0%) retook the same negatively tested drug (re-challenged subjects, 

53 from the immediate group (34.8%) and 318 (39.8%) from the non-immediate group). This drug 

was amoxicillin or amoxicillin/clavulanic acid in most cases (76.5%), followed by cefuroxime 

(10.8%), oral 3rd generation cephalosporins (cefixime and cefpodoxime, 4.8%), cefaclor (2.1%) and 

others (5.8%). Female patients were predominant (270, 72.8%). Median age was 27 years (IQR: 9-

43). 

The index reaction of the re-challenged group was mostly non-immediate1 (318 cases, 85.7%*). The 

clinical manifestations consisted of urticaria/angioedema (160, 43.1%), maculo-papular exanthema 

(MPE) (120, 32.3%), anaphylaxis (57, 15.3%) or other and unknown symptoms (34, 9.1%). In about 

one tenth of the patients (11.2%), the negatively tested drug was an alternative to their proven allergy 

to another BL.  

Of the 371 patients, 46 (12.4%) described a reaction upon re-exposure, of which 16 (34.7%) were 

considered as non-compatible with a DHR (e.g., digestive symptoms, mycosis). Hence, of 371 

patients, only 30 (8%) were considered potentially hypersensitive (Figure 1) and were offered re-

testing. Their initial reaction was mostly non-immediate or of non-specified chronology (27 cases, 

90%), and cutaneous (16 cases, 53.3% urticaria/angioedema; 10 cases, 33.3%, MPE), while four 

patients (13.3%) had had anaphylaxis. Upon re-exposure (Table E1), 6 patients (20%) described 

anaphylaxis, and all the others, cutaneous symptoms (either MPE, 40% or urticaria/angioedema, 

40%). The chronology of the reactions upon re-exposure was the same as the one of the index reaction 

(10 cases, 33%), faster (6 cases, 20%) or unmatched due to missing data (13 cases, 43%).  

Eleven patients (36.7%, including 2 with anaphylaxis upon re-exposure) were re-tested (skin tests, 

one-day DPT) and proved to be not allergic. Four (13.3%) declined re-testing, and 15 (50%) did not 

answer several reminders to complete allergy work-up. For the purpose of the study, these 19 patients 

                                                           

1 If the cut-off between immediate and non-immediate reactions were set at 6 hours after the 
last drug intake, 61% of the 371 patients would still be in the category of non-immediate 
reactors.  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

were considered as potentially hypersensitive, and NPV was calculated at 94.8% (95%CI 92.1-96.8). 

In the subgroups of immediate and non-immediate index reaction, the NPV was 94.3% and 94.9%, 

respectively.  

We found no difference in terms of sex, asthmatic or atopic status, chronology and clinical 

manifestations of the index reaction, between patients who had been re-challenged in real-life (371 

patients) and those who had not re-taken the drug (579 patients). There were however more non-

allergic than allergic patients in the re-challenged group (33.9% versus 18%, p<0.0001) and more 

aminopenicillins than any other BL (84.7% versus 62.3%, p<0.0001).  

While using the same variables as above, in multivariate logistic analysis performed within the re-

challenged patients group, we identified no risk factors of developing a reaction upon re-challenge in 

real-life conditions.  

In this study, the NPV of DPT was high and concordant with previous studies 6-8. 

Recommendations regarding DPT performance 9 leave room for interpretation, as for the number of 

steps and their positioning over time. False-negative DPT may result from too short exposure, and this 

reasoning would firstly apply to non-immediate DHR. In our studied population of 371 patients, the 

majority (85%, or 61% according to whether the cut-off between immediate and non-immediate DHR 

is set at 1h or 6h respectively) had had a non-immediate index reaction. We have recently proven, 

with data issued from a 20-year experience in DPT, that patients can react as late as 48 hours (or later, 

in rare cases, up to 8 days), after a full therapeutic dose of BL, administered via a one-day DPT for 

non-immediate reactions 5. It can therefore be presumed that a one-day DPT allows at least a 48-

hour stimulation of immune cells. Moreover, in the same study, when the chronology of the index 

reaction (e.g., Day 1, Day 2, etc. of treatment) was matched with the delay of reaction after the last 

dose administered during DPT (e.g. Day 1, Day 2, etc…), the percentage of match was above 96%. 

These observations go against the hypothesis of the too short exposure. Additional causes of false-

negative DPT have been hypothesized (e.g., missing co-factors, too long a time interval from the 

index reaction) 8 and they may apply to our cohort, although none can be thoroughly confirmed.  
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Drug provocation test is an intervention and, as for any intervention, it is important to balance the 

benefits with the potential harms and incorporate both in the decision-making process. In our study, if 

we consider the one-day DPT as the “reference” intervention and the re-challenge in real-life 

conditions as a prolonged DPT (the “exposure”), the NNH is 16.6 (calculation available in Table E2). 

Thus, we would have to perform 16 prolonged DPT in order to capture one reaction. Antimicrobial 

stewardship is a major current issue in the public health field, and as allergists, we respond to it 

mostly by antibiotic allergy delabelling 10. Considering NNH when prescribing prolonged 

exposures outside a therapeutic context, is consistent with the approach of administering an antibiotic 

in order to ensure it has minimal impact on subsequent resistance. 

Some considerations regarding the debate around one-day or several-day DPT are summarized in 

Table 1. In the light of these issues, we believe that several-day DPT has not proven its superiority 

over one-day DPT, for non-immediate reactions. Additionally, the literature regarding follow-up of 

patients with prolonged DPT to BL in non-immediate DHR concerns paediatric populations and the 

NPV is very similar to the one found in our study (97% for Ponvert et al 7, 93.3% for Misiroglu et al 

8 and 96.4%  for Tonson La Tour et al 11. 

It is important to underline that since our previous NPV study 6 of one-day DPT, the number of 

patients who took the same negatively tested drug has increased from 24.3% to 39%. Although our 

study was not designed to capture the reasons for it, we can presume it is partly due to education of 

patients and doctors over time. Ratzon et al 3 noticed a 100% rate of re-administration of the 

negatively tested BL in prolonged DPT in a paediatric population, versus 75% in one-day DPT 

(p=0.02). In this study, the calculated NNH was 9.  

Our study has several limitations: (i) NPV was not evaluated in patients with severe T-cell-mediated 

reactions, because in this population, DPT is contraindicated; (ii) only 39% of the patients were 

exposed to a therapeutic course of the negatively tested drug and only 37% of the individuals with 

recurrent adverse reactions, despite initial negative testing, were re-tested (the others did not complete 

the allergy evaluation up to present despite several reminders); (iii) the retrospective retrieval of 
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information via a questionnaire may introduce inaccurate data, since patient recollection of their 

alleged DHR may be poor. Nevertheless, having re-confirmed a good NPV in a population of 

predominantly non-immediate reactions, we believe that the adequate cumulative dose to trigger the 

hypersensitivity reaction is more important than the timing of exposure alone. Moreover, we could not 

identify clinical predictors of a reaction upon re-exposure. Therefore, unless better, evidence-based 

justification of prolonged-DPT is provided, we support one-day DPT in suspicions of non-immediate 

DHR to BL (while observing contraindications of DPT).  
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Legends 

Figure 1. Flow chart of the study 

BL, betalactam; DHR, drug hypersensitivity reaction; MPE, maculo-papular exanthema 

In italics, the patients who were retested. 

“Other” designates undefined cutaneous reactions, rhino-conjunctivitis, or unknown reactions. 

“Non-compatible” designates reactions upon retreatment that are not compatible with a DHR (e.g., 

mycosis, vomiting). 
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Table 1. PROs and CONs of one-day and several-day DPT 

BL, betalactam; DHR, drug hypersensitivity reaction; DPT, drug provocation test; NPV, negative 

predictive value 

 

Table E1. Table E1. The clinical characteristics of the patients who reacted upon re-challenge in 

real-life situations. 

The patients are numbered according to their centre. 

Ampi, ampicillin; Amox, amoxicillin; AO, angioedema; Clavulanic, clavulanic acid; F, female; M, 

male;  

MPE, maculopapular exanthema; ND, not determined; U, urticarial 

 

Table E2. Calculation of the number needed to harm (NNH) 

NNH, number needed to harm  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

The debate between the 
two protocols of DPT is on 

whether we… 
 

One-day DPT 
Addresses  

all types of suspected DHR 

Several-day DPT 
Addresses  

non-immediate suspected DHR 

…increase sensitivity in  
non-immediate suspected 
DHR  

It has a very satisfactory NPV 
(>90%), reproduced in several 
studies. 

Few data are available regarding 
NPV for prolonged DPT. In 
paediatric populations where it 
was studied, the NPV is similar to 
that of one-day DPT (>90%). 

...reassure patients/doctors 
 

The gap in 
awareness/knowledge could be 
filled by enhanced education  
 
Of note: non-immediate 
reactions following a negative 
one-day DPT are described as 
mild/moderate. 

Patients and doctors might be 
(falsely) re-assured by the 
reproducibility of the initial lapse 
of time.  
 
Of note: non-immediate reactions 
following a negative several-day 
DPT are described as 
mild/moderate. 

…capture late reactions  A therapeutic dose of BL 
administered on Day 1 may 
induce DHR as far as 48h after 
the intake (and up to 8 days, in 
extreme cases). 

Many reports of prolonged-DPT 
do not include a  wash-out period 
after Day 1 dose, therefore, at 
least some reactions occurring on 
Day 2 or onwards can presumably 
be due to the Day 1 dose. 

…capture severe reactions 
(i.e., anaphylactic) 

No intervention has been 
efficacious in detecting the risk 
of an anaphylactic reaction 
upon re-exposure after a 
negative drug allergy work-up 
including DPT. International 
experts agree that 
“consideration may be given to 
retesting individuals with 
particularly severe previous 

reactions to a BL” 12. Further 
large studies are still needed to 
determine the utility of a boost 
test. 

Prolonged exposures do not 
address immediate reactions, 
therefore, it cannot be presumed 
to capture anaphylactic reactions. 

…capture old/new 
sensitization 

The percentage of subjects with 
reactions upon re-challenge in 
real-life approaches the 
incidence in general population, 
so new sensitization following a 
negative DPT cannot be 
excluded. 

It cannot be excluded that a 
reaction occurring on Day 2 or 
onwards may be due to new 
sensitization during prolonged 
DPT, instead of old sensitization.  

…consider the number 
needed to harm 

A one-day therapeutic dose is 
administered, keeping the 
unnecessary (in otherwise 
healthy individuals) exposure to 

About a dozen patients should be 
tested with a prolonged DPT in 
order to capture one 
mild/moderate non-immediate 
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its minimum.  reaction. 

…think larger than our 
domain 

One-day DPT addresses the 
need for pragmatic and 
effective interventions. 

Considering the concern for 
antimicrobial stewardship, 
bacterial resistance as well as 
economic costs of prolonged or 
full-therapeutic courses should 
be taken into account when 
considering prolonged DPT.  

 

 

 

Table 1. PROs and CONs of one-day and several-day DPT.  

 

BL, betalactam; DHR, drug hypersensitivity reaction; DPT, drug provocation test; NPV, negative 

predictive value 

 

  

 



#Patient Sex Drug
Index	

Reaction

Chronology	
Index	

Reaction

Reaction	upon	
re-exposure

Chronology	upon	
re-exposure

Re-tested

Rome_15 F Ampi MPE 1h-6h MPE 1h-6h No
Rome_47 F Amox+Clavulanic MPE 1h-6h MPE 1h-6h No
Rome_69 F Amox+Clavulanic U 1h-6h MPE 1h-6h No
Rome_206 F Amox+Clavulanic U >24h MPE ND No
Mtpl_1 F Amox+Clavulanic U ND Anaphylaxis 1h-6h Yes
Mtpl_2 F Amox U 1h	-	6h U 1h-6h Yes
Mtpl_45 M Amox MPE <	1h U >24h No
Mtpl_55 M Cefpodoxime U 6h-24h U 1h-6h No

Mtpl_76 M Cefuroxime Anaphylaxis >	24h U 1h-6h Yes

Mtpl_91 F Amox+Clavulanic U 1h	-	6h AO 1h-6h No
Mtpl_94 F Amox+Clavulanic U ND U 1h-6h Yes
Mtpl_159 F Amox U 1h-6h U 1h-6h Yes
Mtpl_160 F Amox+Clavulanic U >	24h U/AO 1h-6h No
Mtpl_173 F Amox MPE ND U 6h-24h Yes
Mtpl_216 F Amox U >	24h MPE 6h-24h Yes
Mtpl_225 F Amox U <	1h Anaphylaxis <1h No

Mtpl_229 F Amox+Clavulanic Anaphylaxis 6h-24h Anaphylaxis ND No

Mtpl_237 F Amox U 1h	-	6h U 1h-6h No
Mtpl_243 F Amox+Clavulanic U <	1h MPE ND No

Mtpl_295 F Amox Anaphylaxis ND Anaphylaxis 1h-6h Yes

Mtpl_316 F Amox+Clavulanic U ND MPE 1h-6h Yes
Mtpl_374 M Amox AO	+	MPE >	24h AO >24h No
Mtpl_441 F Amox MPE ND Anaphylaxis <1h No
Mtpl_445 F Amox U 6h-24h MPE 6h-24h No

Mtpl_557 F Amox Anaphylaxis >	24h MPE 6h-24h No

Mtpl_560 M Amox+Clavulanic MPE >	24h MPE 1h-6h No
Mtpl_588 M Amox+Clavulanic U >	24h MPE ND Yes
Mtpl_600 M Amox MPE ND MPE 1h-6h No
Mtpl_609 F Cefaclor MPE ND AO <1h Yes
Mtpl_737 F Amox MPE ND Anaphylaxis 1h-6h No

LEGEND
The	patients	are	numbered	
according to	their	centre;
Ampi,	ampicillin;
Amox,	amoxicillin;	
AO,	angioedema;	
Clavulanic,	clavulanic	acid;	
F,	female;	
M,	male;	
MPE,	maculopapular	exanthema;	
ND,	not	determined;	
U,	urticaria

Table	E1. The	clinical	characteristics	of	the	patients	who	reacted	upon	re-challenge	in	real-
life	situations.	

Pascal Demoly




U,	urticaria







Table E2. Calculation of the number needed to harm (NNH)

A) Patients that have had a prolonged exposure in our series = patients that re-
took the drug for several days, in real-life conditions

Re-challenge in real-life
conditions

« exposure »
Reaction + 24*
Reaction - 341
Total 365

Risk reference =0 (i.e., all these patients are negative in one-day DPT)

Risk exposure =24/365=0.06

NNH =1/ (Risk exposure – Risk reference)= 1/0.06= 16.6

* 30 patients (with compatible DHR after negative allergy work-up), minus 6
patients (with anaphylaxis and chronology <6h after the drug administration,
they stopped the administration on Day1 of exposure, due to the reaction) = 24
patients with reactions upon prolonged exposure, of a total of 365 exposures

B) Example of calculation of NNH for the article of Ratzon et al 2016

5-day DPT
« exposure »

Reaction + 3
Reaction - 23
Total 26

Risk reference =0 (i.e., all these patients are negative in one-day DPT)

Risk exposure =3/26=0.11

NNH =1/ (Risk exposure – Risk reference)= 1/0.11= 9
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