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ABSTRACT

Background: Drug provocation tests (DPT) are considered the gold standard procedure to
ascertain the diagnosis of beta-lactam (BL) allergy. Regarding route of administration, current
recommendations prioritize oral challenges, considering them safer, and reserving the intravenous
route for drugs for which this is the only formulation.

Objective: To compare in terms of tolerance and safety two protocols of BL DPT, using an oral
protocol (OR-DPT) and an intravenous protocol (IV-DPT).

Methods: A descriptive, retrospective study was performed, including adult patients who un-
derwent IV-DPT or OR-DPT for suspected immediate or delayed hypersensitivity to BL antibiotics,
over a period of 4 years (between January 2018 and December 2021). Demographical data, index
hypersensivity reactions’ characteristics and tolerance to DPT were reviewed.

Results: A total of 1036 patients underwent DPT, mean age of 56.8 (standard deviation, SD, 17.8)
years, 655 were women (63.2%). Immediate drug hypersensitivity reactions (DHR) had occurred in
564 of patients (54.4%). OR-DPT were performed in 439 (42.4%) and IV-DPT in 597 (57.6%). The
frequency of reactions during DPT, regardless of the route used, was low (3.6%): only 16 (3.6%) in
OR-DPT and 21 (3.5%) in IV-DPT. From IV-DPT, 16 out 21 DHR during DPT were immediate
compared with 4 out of 16 in OR-DPT. Adjusted relative risk of developing a hypersensitivity re-
action during IV-DPT versus OR-DPT was 1.13 (95% confidence interval (CI)0.57–2.22).

Conclusion: The results suggest that OR-DPT and IV-DPT are both safe procedures when
adequately performed. However, IV-DPT protocols showed a higher rate of immediate DHR during
DPT probably due to the selection of basal high-risk patients to undergo IV-DPT. In conclusion, IV-
DPT may be considered as an option for challenges in drug-allergy studies, entailing a precise
administration.
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INTRODUCTION
A drug provocation test (DPT) consists of the
controlled administration of a suspected drug with
the aim of confirming or ruling out hypersensitiv-
ity.1,2 Currently, DPT is considered the “gold
standard” for the diagnosis of drug allergy.3 The
European Network of Drug Allergy (ENDA)
guidelines of the European Academy of Allergy
and Clinical Immunology (EAACI)4,5 emphasize
the importance of DPT in the establishment of a
correct diagnosis in case of suspicion of beta-
lactam (BL) hypersensitivity due to the risk of
false positives with limited sensitivity and speci-
ficity with skin6–8 and in vitro9–11 testing. BL-allergy
de-labelling is a cornerstone approach to avoid
the unnecessary use of wide-spectrum antibiotics
which is a major cause of antibiotic resistance.12

Protocols for DPT in BL allergy workup vary
widely among studies in terms of steps, intervals
between doses, increments and days of dosing as
well as criteria for a positive result. In fact, a recent
European survey13 showed significant
heterogeneity in current practice, especially
regarding DPT. Several factors have contributed
to these differences: severity of the reaction,
immediate or non-immediate reaction, popula-
tion involved (adults or children) and the experi-
ence and resources available in clinics. Consensus
is still lacking on whether DPT in BL hypersensi-
tivity should be performed with escalating doses
or a single dose or if the DPT should last one day
or longer.14

According to the latest EAACI position paper,5

dosage for DPT ranges from 3 steps or fewer in
mild immediate hypersensitivity reactions and
non-immediate reactions,15–18 or even a single
dose,19 to schedules with dose escalating (4 or 5
steps) at the beginning with lower doses for
high-risk patients with moderate to severe hyper-
sensitivity reactions.20

Described intravenous DPT protocols (IV-DPT)
usually follow the general published recommen-
dations for oral DPT protocols (OR-DPT) in terms of
number of steps, dosing escalating between steps
and time interval between them, especially in se-
vere hypersensitivity reactions, with variations in
case of mild reactions.3,15–20
Regarding the route of administration in DPT
protocols, some authors recommend using the
same route that elicited the index reaction. More-
over, in case of availability of an oral formulation of
the drug, this route is sometimes recommended
over the original route of administration.20,21

Taking into account these studies,5,20,21 the oral
route has been the most accepted in DPTs,
recommended in many guidelines.

Nevertheless, due to the risk during a DPT, the
continuous intravenous administration using a
high-precision pump could bring safety in terms of
delivery control during such procedures, a reduc-
tion in the time required to complete DPT and
could show a similar safety profile compared to the
oral route. The aim of our study was to pose the
possibility of using IV-DPT in selected situations,
based on a retrospective comparison between
patients that underwent OR-DPT and IV-DPT with
different BL antibiotics.
MATERIALS AND METHODS

Patients

A descriptive, retrospective study was carried
out, including all adult patients who underwent
DPT (IV-DPT or OR-DPT) for suspected immediate
or delayed hypersensitivity to BL antibiotics, over a
period of 4 years (between January 2018 and
December 2021) in our Allergy Section. The Hos-
pital’s Medical Research Committee approved the
study.

Medical records were reviewed to determine if
the index reaction was immediate (latency less
than 1 h from the administration of the drug until
the appearance of symptoms) or non-immediate
(latency greater than 1 h) following the criteria
published by the ENDA/EAACI.22,23 Immediate
reactions were categorized according to severity
using Brown’s classification:24 Grade I or mild
(symptoms limited to skin and subcutaneous
tissue), Grade II or moderate (respiratory,
cardiovascular, or gastrointestinal involvement),
and Grade III or severe (hypoxia, hypotension or
neurological involvement). Non-immediate re-
actions were classified according to their clinical
characteristics as delayed urticaria, maculopapular
eruptions, fixed drug eruptions, vasculitis, toxic
epidermal necrolysis (TEN), and Stevens–Johnson
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syndrome (SJS), drug reaction with eosinophilia
and systemic symptoms (DRESS), acute general-
ized exanthematous pustulosis (AGEP) or sym-
metrical drug-related intertriginous and flexural
exanthema.25

Patients reporting symptoms not suggestive of
an immune-mediated reaction (diarrhea, abdom-
inal pain, cramps, paraesthesia, fungal mucous
infection, vaginitis) were not considered for DPT
and were not recorded in the present study.
In vitro testing

Specific immunoglobulin E (sIgE) against
amoxicillin, penicilloyl G and penicillloyl V (Immu-
noCAP �, Thermo Fisher, Sweden) was deter-
mined when the reaction was recent (less than 6
months),26 the result was interpreted as positive
if � 0.35 KU/L.
Prick and intradermal testing

Skin tests (STs) were performed as recom-
mended by the ENDA/EAACI drug allergy interest
group.27 The reagents used were: the BL involved
in the original reaction, benzylpenicilloyl polylysine
(PPL, 5 x 10 �5

M), minor determinant mixture
(MDM, 2 x 10 �2

M) (Diater, Madrid, Spain),
penicillin G (10 000 UI/ml), amoxicillin AX,
20 mg/ml) (Glaxo Smithkline Beecham, Madrid,
Spain), amoxicillin–clavulanic acid (AX-CLV,
20 mg/ml) (Glaxo Smithkline Beecham, Madrid,
Spain), and cefuroxime (20 mg/ml) (Normon,
Madrid, Spain). Prick test was considered positive
if the wheal was � 3 mm than the negative control.
The intradermal test was positive if an increase of
3 mm in the diameter was observed when per-
forming the immediate or non-immediate reading
(48 h later).
Risk assessment

The determination of basal risk in patients was
based on several key factors:

1. Likelihood of the index reaction being immune-
mediated.

2. Severity and type (immediate or non-
immediate) of the index reaction.

3. Results of skin and/or in vitro tests.
4. Presence of associated comorbidities, including
severe ischemic cardiomyopathy, uncontrolled
hypertension, neurologic stroke, chronic
obstructive pulmonary disease, and diabetes.

5. Medications taken by the patient, particularly
beta-blockers or angiotensin-converting
enzyme inhibitors, which could potentially lead
to exposure or breakthrough reactions beyond
medical control.

6. The clinical judgment of the treating clinician.

These factors collectively informed the assess-
ment of basal risk for each patient.

In our study, patients with immediate DHRs
categorized as Grade I according to Brown’s clas-
sification, or in cases where this classification was
not applicable, those without severe comorbidities
such as cardiovascular or neurological issues, with
a good performance status, and a low likelihood of
true allergy were classified as having a basal low
risk. Furthermore, if their index reaction was not
suggestive of anaphylaxis, if they experienced mild
non-immediate reactions, and if both skin and
in vitro tests yielded negative results, they fell into
this low-risk category.

As the severity of DHRs increased, along with
the presence of comorbidities, deterioration in
performance status, positive results in skin or
in vitro tests, and if there were reasonable doubts
regarding their clinical history, the basal risk was
elevated to moderate/high.

Drug provocation test

DPTs were performed with a BL, depending on
sIgE and ST results.1 If the sIgE and the ST were
negative with the culprit drug, the DPT was
performed using the same drug to rule out
allergy; on the contrary, if the previous tests were
positive, the DPT was performed with an
alternative BL,28 as long as allergy to the beta-
lactam ring was not suspected. Beta-lactam ring
sensitization was assessed according to PPL and
MDM skin tests. If negative, we ruled out this
possibility. In case of positivity, DPT was not per-
formed and the patient was diagnosed as allergic
to all beta-lactam antibiotics.

In recent years, several publications have
demonstrated the safety of performing DPT



4 Molina-Molina et al. World Allergy Organization Journal (2024) 17:100914
http://doi.org/10.1016/j.waojou.2024.100914
without ST in mild non-immediate reactions,29–32

therefore, in selected cases, the DPT was
performed directly when the reaction was
considered low risk and not suggestive of allergy.
In cases in which the index reaction was a severe
cutaneous adverse reaction (SCAR), the DPT was
always performed with an alternative BL
regardless of the result of the skin tests.33

Patients were informed on how to recognize the
onset of a nonimmediate hypersensitivity reaction
after the DPT and instructed to contact the
department by phone or e-mail if a reaction
occurred.
Route of administration

The administration of the drug could be oral or
intravenous and the DPT was always performed
under close medical supervision by the allergist, in
the Day Care Hospital. Most DPT procedures,
regardless of the route of administration (oral or
intravenous), were conducted on an outpatient
basis. However, for inpatients, the DPT was per-
formed in hospitalization wards. All patients
signed an informed consent prior to the study.
Both protocols used for oral and IV challenges are
in accordance with the recommendations of sci-
entific societies3,19 and selected taking in to
account the likelihood of immediate or non-
immediate reaction and the severity as well as
the other risk factors mentioned above.

The OR-DPT protocol was performed starting
with the administration of 50% of the total dose of
the antibiotic, the remaining 50% of the dose was
administered after 30 min and the patient was
discharged after 120 min if no reaction was
observed. In the case of nonimmediate reactions,
the treatment was continued for 5 days at home
taking one single therapeutic dose daily of the
Step Rate (mL/h) Volume in ml
(% of total dose)

Cumul
(%

1 10 1 (1%)

2 50 8.3 (8.3%)

3 200 90.7 (90.7%)

Table 1. Intravenous drug provocation test protocol to beta-lactam anti
(1000 mg diluted in 100 ml of saline). The procedure could undergo minimal mo
drug, depending on the dilution volume, maximum administration speed, etc.
suspected antibiotic (eg, amoxicillin 500 mg
daily)20

Regarding IV-DPT, the drug was diluted in
100 ml of saline. The protocol consisted of the
administration of the suspected or alternative drug
at an initial rate of 10 ml per hour until completing
1% of the total dose, then the flow was increased
to 50 ml per hour until reaching 10% of the dose
and finally the rest of the medication was admin-
istered at maximum rate (according to the tech-
nical sheet of each medication), completing the
procedure in approximately 40–50 min (Table 1).
The intravenous route was prioritized mainly in
patients considered as high risk,5 either by the
original reaction characteristics (anaphylaxis,
hypotension, dyspnea, etc), the ST results
(positive to the BL involved) or due to personal
risk of the patient (hypertension, ischemic heart
disease, etc).

There was no previous established algorithm to
choose one or other protocol. In general, low risk
challenges were more likely to be oral, while
higher risk cases underwent IV challenges, since an
IV line was already in place as a security measure.
Occasionally, the route of administration was
chosen depending on the presentation available.
For some drugs, the only route available was IV, for
example some cephalosporins (ceftriaxone, cefta-
zidime, cefazolin, cefepime and cefoxitin),
piperacillin-tazobactam, and monobactams.

If the original reaction was remote and highly
suggestive of allergy, the study was repeated after
4 weeks with ST and DPT to rule out re-
sensitization after the initial study.34 All repeated
tests were performed using the same route. The
data shown in this study regarding ST and DPT
results correspond to the last ones that led to the
final diagnosis.
ative volume in ml
of total dose) Time (min) Cumulative

Time (min)

1 (1%) 6 6

9,3 (9.3%) 10 16

100 (100%) 27 43

biotics Abbreviations: Example of IV-DPT for the administration of amoxicillin
difications according to the specifications in the technical data sheet of each

https://doi.org/10.1016/j.waojou.2024.100914
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Patient’s monitoring

Patients were carefully monitored before the
DPT, checking their general status and the stability
of their chronic illness or comorbidities in order to
prevent risk situations beyond medical control
during DPT.

Patients’ vital signs (blood pressure, heart rate,
oxygen saturation, and temperature) and pulmo-
nary function tests (if patients had lung comor-
bidities) were routinely checked before starting
DPT as well as before the administration of every
dose, at the end of the procedure and in case of
breakthrough reactions.

Treatment of breakthrough reactions

Reactions during DPT were treated according to
symptoms and severity, using standard treatment
with antihistamines, glucocorticoids, adrenaline,
intravenous fluids, and bronchodilators if
needed.35–38

Interpretation of the results of the provocation

DPTs were considered positive if the index re-
action was reproduced and congruent with allergy
or if the patient suffered symptoms suggestive of
hypersensitivity, either immediately or non-
immediately (in the following hours or days).39,40

If allergy was confirmed, the BL was prohibited,
and a detailed report was delivered explaining the
alternative antibiotics that could be administered if
required.When it was considered indicated, a DPT
was performed with an alternative BL.

Statistical analysis

Descriptive results are presented as means and
standard deviations for continuous variables and
as frequencies and percentages for categorical
variables. For comparisons, t-test was used for
continuous variables and chi-square test for cate-
gorical ones. A trend test was also performed
when a variable was of ordinal type.

The main comparison was made with the
calculation of the relative risk of developing a hy-
persensitivity reaction during IV-DPT versus OR-
DPT, with confidence interval (CI) at 95%. This
was done in 2 ways: first, unadjusted, and then
adjusting this comparison for differences in char-
acteristics between the two groups. This
adjustment, given the relatively small number of
events of interest, was carried out by calculating a
propensity score based on the variables age, sex,
year of study, year of index reaction (before or
after 2017), symptomatology of and drug related
to the reaction. Inverse probability of treatment
weighting (IPTW) method was then applied.

All of the analyses were performed with SAS�
9.4 (SAS Institute Inc., Cary, NC, USA). A p
value < 0.05 was considered statistically
significant.

The study was approved by the institutional
Ethics Committee (IRB number: EOM (AG) 063/
2021 (5911) with an exemption of the signed
informed consent.
RESULTS

Patients’ characteristics

Between 2018 and 2021, 1036 patients under-
went a DPT during the allergy workup to confirm
or exclude hypersensitivity to BL antibiotics. The
diagnostic flowchart and the distribution of DPT
according to the administration route is shown in
Fig. 1.

The baseline characteristics of the patients ac-
cording to the DPT protocol chosen, the index
reactions and the drugs involved in them are
summarized in Table 2A.

Of the 1036 patients included, 655 were women
(63.2%) and the mean age was 56.8 (SD 17.8)
years.

Of the 1036 provocations that were performed,
439 (42.4%) were OR-DPT and 597 (57.6%) IV-DPT.

The index drug hypersensitivity reaction (DHR)
had occurred in the last 5 years in 32.7% of pa-
tients. 54.4% of patients were classified as having
experienced an immediate DHR while in 30.3% of
cases it was classified as a non-immediate reaction.
In the remaining 15.3%, patients were unable to
recall the time between the intake of the drug and
the onset of symptoms. These 15.3% of patients
were distributed in 77 OR-DPT (76 to culprit drug
and 1 to alternative beta-lactam antibiotic) and 81
IV-DPT (80 to culprit drug and 1 to alternative beta-
lactam antibiotic) according to the risk assessment.



Fig. 1 Diagnostic flowchart and distribution of DPT according to the route of administrationin the beta-lactam allergy assessment
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The severity of the index reaction, when imme-
diate, was severe in 5.7% (Brown’s Grade III); 3.8%
of patients did not fulfil criteria to be classified
according to Brown’s grades as they did not report
systemic symptoms.

Regarding the index non-immediate reactions,
almost all patients presented mild delayed symp-
toms, mostly as a maculopapular rash. The severe
reactions recorded were consistent with Stevens-
Johnson syndrome (1 case), generalized bullous
fixed drug eruption (1), serum sickness like reac-
tion/systemic vasculitis (1), and specific target or-
gan toxicity (1). The most frequent BLs antibiotics
involved in the index reaction were drugs
belonging to the penicillin group: amoxicillin
(23.8%), followed by amoxicillin-clavulanic acid
(22.6%) and penicillin G (20.6%).

It can be noticed that in the case of moderate to
severe index reactions (Brown II and III) the IV-DPT
was preferred. Furthermore, there were significant
differences between both groups (OR-DPT and IV-
DPT) for the categories: time since index reaction,
suspected BL involved in index reaction, and type
of reaction.

Characteristics of patients who experienced
reactions during DPT

The baseline conditions of patients who suf-
fered reactions during DPT and the characteristics
of the index DHR are summarized in Table 2B
(reactions subgroup column).
The frequency of reactions in general during
DPT, regardless of the route used, was low, only 37
(3.6%) reactions were recorded after the 1036
procedures. Only 2 of them occurred after
repeating the DPT in patients with remote and
highly suggestive of allergy index reaction in
whom re-assessment was necessary, probably due
to a re-sensitization mechanism.

The mean age of patients who developed a re-
action during the provocation was 50.5 (SD 16.8)
years and 67.6% were women.

Recent index reactions (<5 years at the time of
the study) were the most frequently related to re-
actions during DPT (62.2%). Patients with a history
of having suffered the index reaction with amoxi-
cillin or amoxicillin with clavulanic acid were the
ones who most frequently presented adverse re-
actions during DPT, 45.9% and 29.7%,
respectively.

The most frequent type of index reaction in this
subgroup was immediate (22 cases, 59.4%).
Regarding the severity of the reaction, there were
2 severe immediate reactions in the IV-DPT group
(none of them lethal), requiring the use of antihis-
tamines, systemic corticosteroids and intramus-
cular adrenaline; there were no severe immediate
reactions in the OR-DPTs group (p ¼ 0.307).
Regarding delayed reactions, no severe reactions
were observed in any of the administration routes.

https://doi.org/10.1016/j.waojou.2024.100914


Oral n ¼ 439 IV n ¼ 597 Total DPT performed
n ¼ 1036 p-value

Sex
Female 293 (66.74%) 362 (60.64%) 655 (63.2%) 0.044
Male 146 (33.26%) 235 (39.36%) 381 (36.8%)

Age in years (mean,
standard deviation)

54.72 (18.36) 58.37 (17.19) 56.8 (17.8) 0.001

Time since index reaction (years)
>5 317 (72.21%) 381 (63.82%) 698 (67.3%) 0.004
<5 122 (27.79%) 216 (36.18%) 338 (32.7%)

Type of index reaction (% patients)
Immediate 164 (37.36%) 400 (67%) 564 (54.4%) <0.001
Nonimmediate 198 (45.1%) 116 (19.43%) 314 (30.3%)
Unknown 77 (17.4%) 81 (13.57%) 158 (15.3%)

Severity of index reaction
(% patients)
Immediate

Mild (Brown I) 134 (30.52%) 230 (38.53%) 364 (35.13%) <0.001
Moderate (Brown II) 11 (2.51%) 90 (15.08%) 101 (9.74%)
Severe (Brown III) 1 (0.23%) 58 (9.71%) 59 (5.7%)
Brown NA 28 (6.37%) 12 (2.01%) 40 (3.8%) <0.001

Non-immediate
Non-SCAR 187 (59.93%) 124 (20.77%) 311 (30.0%) <0.001
SCAR 1 (0.22%) 0 (0%) 1 (0.09%)

Suspected BL involved in index
reaction (% patients)
Amoxicillin 117 (26.65%) 130 (21.78%) 247 (23.8%) <0.001
AX-CLV 92 (20.96%) 142 (23.79%) 234 (22.6%)
Penicillin G 92 (20.96%) 121 (20.26%) 213 (20.6%)
Penicillin V 21 (4.78%) 27 (4.52%) 48 (4.6%)
Other BL 15 (3.42%) 81 (13.57%) 96 (9.3%)
Unknown 102 (23.23%) 96 (16.08%) 198 (19.1%)

Table 2A. Baseline characteristics of patients according to the DPT-protocol applied Abbreviations: DHR, drug hypersensitivity reaction. DPT, drug
provocation test. AX-CLV, amoxicillin-clavulanic acid. BL, beta-lactam. NA, not applicable. SCAR, severe cutaneous allergic reaction.
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Comparison between the 2 routes of
administration

As shown in Fig. 1, the challenge was performed
with an alternative drug 178 times (17.1%). Of
those performed intravenously, 151 were with an
alternative drug (25.3%) and 446 with the drug
involved in the index reaction. The 21 reactions
occurred with the drug of the index reaction.
Regarding those carried out orally, 27 (6.1%)
were with an alternative drug and 412 with the
drug involved in the index reaction. Most of the
reactions, 15, occurred during the provocation
with the index drug, there was only 1 reaction
using an alternative drug.

The reason for using an alternative drug was
due to positive skin tests in 83 patients, positive
sIgE in 14 patients and both in 8 patients. Almost
all the DPT in these cases, where done
intravenously (Table 3), due to the concern of high
risk as mentioned in the risk assessment section. In
the rest of the cases in which an alternative drug



Total DPT performed
n ¼ 1036

Reactions during DPT
subgroup n ¼ 37 (3.6%)

Sex
Female 655 (63.2%) 25 (67.6%)
Male 381 (36.8%) 12 (32.4%)

Age (years) 56.8 50.5

Time since index reaction
(years)
>5 698 (67.3%) 14 (37.8%)
<5 338 (32.7%) 23 (62.2%)

Type of index reaction
(% patients)
Immediate 564 (54.4%) 22 (59.4%)
Nonimmediate 314 (30.3%) 12 (32.4%)
Unknown 158 (15.3%) 3 (8.1%)

Severity of index reaction
(% patients)
Immediate

Mild (Brown I) 364 (35.13%) 15 (40.5%)
Moderate (Brown II) 101 (9.74%) 4 (10.8%)
Severe (Brown III) 59 (5.7%) 2 (5.4%)
Brown NA 40 (3.8%) 1 (2.7%)

Non-immediate
Non-SCAR 311 (30.0%) 12 (32.4%)
SCAR 1 (0.09%) 0 (0%)

Suspected BL involved in
index reaction (% patients)
Amoxicillin 247 (23.8%) 17 (45.9%)
AX-CLV 234 (22.6%) 11 (29.7%)
Penicillin G 213 (20.6%) 1 (2.7%)
Penicillin V 48 (4.6%) –

Other BL 96 (9.3%) 5 (13.5%)
Unknown 198 (19.1%) 3 (8.1%)

Table 2B. Comparison between baseline characteristics of patients who underwent DPT and those who presented a DHR during DPT
Abbreviations: DHR, drug hypersensitivity reaction. DPT, drug provocation test. AX-CLV, amoxicillin-clavulanic acid. BL, beta-lactam. NA, not applicable. SCAR,
severe cutaneous allergic reaction.

8 Molina-Molina et al. World Allergy Organization Journal (2024) 17:100914
http://doi.org/10.1016/j.waojou.2024.100914
was used, it was due to a medical decision (need
for a specific beta-lactam due to the type of
infection or the results in the antibiogram or critical
condition of the patient at the time of the test), or
because some patients refused to receive the
same drug again.

Characteristics of the hypersensitivity reactions
during DPT and distribution between administra-
tion routes are summarized in Table 4.

A similar distribution of adverse events was
observed between the 2 routes of administration:
16 reactions for the oral route (3.6%) and 21 for the
intravenous route (3.5%), with no significant dif-
ferences (p ¼ 0.913).

Considering the time since the index reaction
(<5 years or >5 years), we did not observe sta-
tistical differences between the route of adminis-
tration (p ¼ 0.86) but it is noticeable that the
number of reactions during DPT were almost the
double (OR-DPT: 5 to 10; IV-DPT 9 to13) when
less than 5 years had passed since the index
reaction.

https://doi.org/10.1016/j.waojou.2024.100914


Positives Median (KU/L) Type of index reaction
(immediate/non-immediate)

DPT route
(intravenous/oral)

sIgE Amoxicillin 11 (1.0%) 2.39 (0.37–11) 11/0 11/0

sIgE Penicilloyl G 7 (0.67%) 0.95 (0.37–2.34) 6/1 7/0

sIgE Penicillloyl V 6 (0.57%) 1.48 (0.50–2.42) 5/1 6/0

Skin test 83 (8.0%) 74/9 74/9

Table 3. Results of skin test and specific Immunoglobulin E Abbreviations: sIgE Specific immunoglobulin E. DPT, drug provocation test.
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Regarding the type of reactions, the immediate
ones were more frequent when the DPT was per-
formed intravenously compared to the oral route
(p ¼ 0.041): 4 out of 16 were observed in the oral
Ora

Reaction during DPT
Yes (% patients) 1
No (% patients) 42

Time since index reaction (years)
>5 5
<5 1

Immediate hypersensitivity Reaction
Yes (% patients) 4
No (% patients) 43

Severity of immediate Hypersensitivity
reaction
Brown I 4
Brown II
Brown III

Non-immediate hypersensitivity Reaction
Yes (% patients) 1
No (% patients) 42

Severity of non-immediate Hypersensitivity
reaction
SCAR
Non-SCAR 1

Culprit drug in DPT
Amoxicillin 7
Amoxicillin-clavulanic acid 8
Penicillin G
Piperacillin-tazobactam
Ceftriaxone
Cefazoline
Cefuroxime 1

Table 4. Characteristics of reactions during DPT according to its route
cutaneous allergic reaction.
route (0.91% of all OR-DPTs) and 16 out of 21 in
the intravenous (2.68% of all IV-DPT). On the other
hand, non-immediate reactions were more
frequent when the DPT was performed orally
l n ¼ 439 Intravenous n ¼ 597 p-value

6 (3.64) 21 (3.52) 0.913
3 (96.36) 576 (96.48)

(1.13) 9 (1.5) 0.86
0 (2.35) 13 (2.17)

(0.91) 16 (2.68) 0.041
5 (99.09) 581 (97.32)

(0.91) 11 (1.84) 0.333
0 1 (0.17)
0 2 (0.34)

2 (2.73) 5 (0.84) 0.051
7 (97.27) 592 (99.16)

0 0 0.515
2 (2.73) 5 (0.83)

(1.59) 10 (1.67)
(1.82) 5 (0.83)
0 1 (0.17)
0 1 (0.17)
0 1 (0.17)
0 3 (0.5)

(0.22) 0

of administration Abbreviations: DPT, drug provocation test. SCAR, severe
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(p ¼ 0.051); 12 occurred after an OR-DPT and 5
after an IV-DPT. Most of the reactions were mild
maculopapular eruptions, no SCAR was observed.

Whilst no statistically significant differences
were found when comparing the severity of the
reactions it was noticeable that there was a higher
frequency of immediate reactions when the DPT
was performed intravenously compared to the oral
route. Cefuroxime was the only case of a BL cho-
sen as an alternative that produced a hypersensi-
tivity reaction during DPT. Challenges performed
with cephalosporins and their results are specified
in supplemental table 1. Regarding the other cases
of reactions during DPT, they were produced by
the same BL as in index reaction, being
amoxicillin and amoxicillin with clavulanic acid
the most frequent ones. When unadjusted, the
relative risk of developing a hypersensitivity
reaction during IV-DPT versus OR-DPT was 0.97
(95% CI 0.51–1.83). When the comparison was
adjusted for the variables such as sex, year of
study, time since index reaction, symptoms pre-
sented during index reaction, and culprit drug of
the index reaction, the relative risk of having a
hypersensitivity reaction during IV-DPT versus OR-
DPT was 1.13 (95% CI 0.57–2.22).
DISCUSSION

We present a large single centre study
comparing oral (n ¼ 439 patients) and intravenous
(n ¼ 597 patients) protocols of DPT, collecting data
from 4 years (January 2018–December 2021) with
an overall proportion of reactions during DPT of
3.6%.

As reported in the latest EAACI position paper,5

DPT protocols vary widely among studies and
there is a lack of consensus on the most
appropriate. Data regarding the use of different
challenge routes is scarce. Nevertheless, the
EAACI has validated 2 algorithms in an effort to
standardize DPT.5,21 In these algorithms, we
could find different approaches to perform DPT
considering the baseline risk of the patient after
performing a detailed clinical history, skin tests
and in vitro tests if needed. These guidelines do
not specify if the DPT should be performed
through oral or intravenous route, however, it is
assumed that the oral route is safer and therefore
it is usually preferred. A recent guideline from
the Spanish Society of Allergology and Clinical
Immunology3 proposes a general protocol
recommendation to perform DPT using different
administration routes according to risk
stratification. In both guidelines the target dose is
specified as well as the dosing schedule.

It is generally accepted that to faithfully repro-
duce the conditions of original reactions, the same
route of administration should be used for the
DPT. However, the tendency is that if there is an
oral formulation of the suspected BL, the DPT
tends to be performed through this route but there
are a lack of studies comparing oral and intrave-
nous routes regarding safety, efficacy or time-
consumption.18

In our study, we used an IV-DPT protocol based
on continuous infusion divided in three steps with
incremental infusion rates using a high precision
pump. It was a different approach from previous
studies,3,5 omitting the time of observation
between increasing doses in favour of a
continuous supervision of the procedure in order
to identify the onset of drug reactions at low
doses. It is important to note that there are some
similarities between our IV-DPT protocol and
those used to perform rapid drug desensitization
(RDD), since in both the drug is usually adminis-
tered intravenously and the infusion rate is pro-
gressively increased until the final dose is
completed. This theoretical concern has been dis-
cussed previously.19 A study performed in vitro
with an animal desensitization model of mast
cells sensitized to house dust mites showed that
the inhibition of mast cells was better with 2-fold
concentration increases compared to 10-fold in-
creases.41 Moreover, as shown in previous
studies,42 in order to perform a RDD, two
principles had to been followed: first, an initial
starting dose around 1000–10,000th of the target
dose and secondly there should be around 10–
16 steps of approximately 2-fold–2.5-fold incre-
mental doses of the drug antigen at fixed 15–
30 min time intervals. We consider that using our
IV-DPT protocol would not have a desensitizing
effect, as the increase in infusion rate was higher
than 2-fold and with time intervals between steps
inferior to 15 min, not following the principles
described. A long term follow up would be
required to determine the possible risk of a false
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negative reaction during DPT when performed
with the continuous IV protocol.

On the other hand, our OR-DPT protocol was
divided in two steps in which the patient received
50% in each one. There are different OR-DPT regi-
mens described in the literature, some starting with
an initial dose of 1%, 5%, or 10% of the final dose,18

others 25%43 and even with a 100%19,44,45 single
dose; all of them have proven to be safe when
selecting patients according to risk and previous
results of skin tests. We acknowledge that our two-
step oral regimen, starting with a 50% dose, di-
verges from current practices favouring lower initial
doses (10%). However, in our setting, it remains our
preferred approach for low-risk patients with nega-
tive skin tests. We have found it to yield acceptable
results in terms of safety and time efficiency.

OR-DPT protocols are widely used and have
some advantages. Due to the ease of administra-
tion, they can be applicable in multiple settings
and clinical contexts with less resources than those
required to perform an IV-DPT. In addition, it is a
non-invasive route of administration with the
obvious advantages regarding the risk of phlebitis
and infections.

In our study, IV-DPT andOR-DPT were conducted
with the culprit drug from the index reaction in 74.7%
(446 cases) and 94% (412 cases) respectively. While
conducting DPT to alternative drugs when skin tests
were positive aligns with current guidelines, this
approach does not contribute significantly to
enhancing our understanding of the positive pre-
dictive values of skin tests.

To address this gap in knowledge, specific
studies with a prospective design are necessary.
However, such studies must carefully consider
ethical limitations due to the inherent risk of
inducing a DHR. Balancing the need for advancing
knowledge with the imperative to minimize patient
risk will be crucial in designing and conducting
these studies effectively.

The major result of our study is that there is no
statistical difference between using OR-DPT or IV-
DPT in terms of severity or frequency of reactions
during DPT, even when adjusted for variables
influencing the outcome.

The main advantages of using IV-DPT are
related with risk management. The use of a high
precision pump to perform an intravenous
continuous perfusion allows us to control the exact
dose of drug that the patient is receiving at any
moment. In addition, it allows halting the proced-
ure at the onset of a DHR, preventing further ab-
sorption of the drug, which cannot be interrupted
in OR-DPT protocols due to the variable and
continuous rate of absorption at the gastrointes-
tinal tract. This difference is relevant especially in
patients with severe original DHR which are at risk
of recurrence of the reaction with low doses of
drug. Also, it must be highlighted that it is less
time-consuming mainly due to the suppression of
observation time between steps.

In addition, IV-DPT is less time consuming than
OR-DPT, which entails an improvement for the pa-
tient in terms of less work absenteeism and for the
health care resources due to early discharge, thus
improving the use of our Day Care Hospital. Overall,
there was a low rate of DHR during DPT in this study,
and more frequent when the index reaction took
place in the past 5 years (62.2%), being consistent
with previous published data regarding the loss of
sensitivity with time.34,46 Moreover, most reactions
were immediate (54%) and mild (75%).

There are several limitations in this study. First,
although this study included 1036 drug provoca-
tions tests, it is a single centre study. In addition, this
is a retrospective study and although both protocols
were used routinely in our unit, there was a tendency
to select high-risk patients to undergo IV-DPT
instead of OR-DPT thus lacking randomization.
Also, we are aware that some centres, due to their
characteristics, may lack the required premises or
equipment to perform IV-DPT.

As it can be inferred by the results, in case of
moderate to severe index reactions, there was a
clear disproportion in the number of patients that
underwent IV-DPT protocols versus OR-DPT.
Regarding the rate of DHR during DPT, some
considerations must be appraised. Although the
difference in the rate of DHR during DPT between
both protocols did not reach statistical signifi-
cance, a higher frequency occurred in the IV-DPT
group that could be partially explained due to
the selection bias of patients with more severe in-
dex reactions to receive the IV-DPT protocol.

Two patients developed an immediate severe
DHR during the IV-DPT that required the
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administration of intramuscular adrenaline. In the
first case, the patient suffered an anaphylactic shock
with mucocutaneous involvement and hypotension
during the infusion that was solved after supporting
vital actions as well as treatment with adrenaline. In
the second case, the patient suffered from a
neoplastic disease with a bad performance status
that required an allergological study. After the cor-
rect risk stratification considering the negativity of
skin tests, an IV-DPT was performed. During the
infusion, the patient presented isolated hypotension
with diaphoresis without skin, gastrointestinal tract,
and respiratory involvement and with good
response to fluids and adrenaline. This patient was
also classified as a severe immediate DHR during IV-
DPT, despite the differential diagnosis was incon-
clusive, since tryptase did not raise and he recur-
rently developed similar reactions not related to
medications.

We must stress that data regarding the com-
parison between both routes of administration in
terms of severity of breakthrough reactions has to
be taken cautiously due to unequal patient selec-
tion. In addition, the dose escalating of our OR-
DPT protocol should be considered as a non-
graded oral challenge. Thus, an ideal comparison
design would involve using regimens which are
both graded, or both not graded.

When considering the protocols chosen for OR-
DPT and IV-DPT, it is evident that they deviate from
the conventional approach outlined in most pub-
lished guidelines,3,5 particularly in terms of initial
dosage and observation intervals between steps.
For OR-DPT, the decision to commence with 50%
of the complete dose was based on careful patient
stratification, identifying them as low-risk for DHR
during DPT. Within this patient cohort, the proba-
bility of true hypersensitivity was deemed low.
Therefore, rather than conducting a provocation test
for diagnostic purposes, the objective was to ensure
drug tolerance through the procedure.19

Conversely, IV-DPT was selected due to the capa-
bility in our setting to administer continuous infusion
under direct supervision by the allergist and nursing
team.

The negative result in DPT diagnoses the pa-
tients as non-allergic thus does not have much in-
terest because any route of administration would
be safe in these patients. In non-immediate
reactions due to DPT there won’t be differences in
terms of safety and tolerability of the procedure
due to the type of the DHR. In case of immediate
reactions during DPT, only in 16 cases the DPT was
performed with beta-lactam antibiotics that could
be administered through both routes. Conse-
quently, the low rate of DHR during DPT makes it
difficult to make definitive assertions regarding the
use of one protocol or another.

In conclusion, our study points out that IV-DPT
seems to be safe, effective and well tolerated in a
selected population of patients as OR-DPT.
Considering its advantages, it could be a good
choice in those patients at higher risk of having a
DHR during the allergy assessment as well as in
other cohorts of patients depending on the pos-
sibilities of the centre. In order to establish defini-
tive assertions prospective randomized studies
would be needed.
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