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Abstract: Acute Localized Exanthematous Pustulosis (ALEP) is a rare skin reaction characterized by
the sudden onset of multiple, small, sterile, non-follicular pustules in an erythematous and edematous
base succeeding systemic drug administration. ALEP is considered a subtype of Acute Generalized
Exanthematous Pustulosis (AGEP), although the exact pathogenic mechanism of the disease remains
poorly defined. Numerous drugs have been implicated in the pathogenesis of ALEP, while contact
mechanisms have also been reported. Herein, we describe the first case of ALEP attributed to
minoxidil in a female patient with androgenetic alopecia. The positivity of patch tests and the topical
application of minoxidil proposes a contact-induced hypersensitivity reaction. Identifying new
agents—including minoxidil—which serve as inducers of drug-specific T-cell-mediated responses
in the clinical spectrum of ALEP, adds further value in understanding the complex, yet unknown,
pathophysiological mechanisms of this rare drug hypersensitivity reaction.

Keywords: Acute Localized Exanthematous Pustulosis (ALEP); minoxidil; Acute Generalized
Exanthematous Pustulosis (AGEP); cutaneous drug reaction; patch tests; hypersensitivity reaction; pustules

1. Introduction

Acute Localized Exanthematous Pustulosis (ALEP) is a rare, localized variation of
Acute Generalized Exanthematous Pustulosis (AGEP), characterized by the unanticipated
onset of numerous small, sterile, non-follicular, pinhead-sized pustules in an erythematous
base, commonly succeeding systemic drug administration [1,2]. Still, a contact mechanism
has been reported [3,4]. Almost 40 cases of ALEP have been described in the literature
in both paediatric and adult populations since the description of the first case in 2005
by Prange et al. [1,5]. However, data on pathogenic mechanisms, clinical courses, and
diagnostic procedures and treatment remain scarce. Herein, we describe a case of a female
patient presenting with a cutaneous drug reaction consistent with ALEP following topical
administration of a compounded formulation of 17-a-estradiol 0.05% and minoxidil 5% in
TrichofoamTM for androgenetic alopecia.

2. Case Description

A 31-year-old Caucasian female with a known history of androgenetic alopecia pre-
sented to the Emergency Department of the 2nd Dpt of Dermatology and Venereology
Clinic in ‘Attikon’ University General Hospital, Athens, Greece due to a sudden outbreak of
multiple pruritic pustules on the frontal scalp, forehead, and neck. The eruptions appeared
48 h after the application of a compounded foam formulation containing 17-a-estradiol
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0.05% and minoxidil 5% in TrichofoamTM which acted as an excipient (Fagron Derma Pack
MET-A). This was prescribed by her dermatologist and, according to his instructions, was
applied once daily on the scalp.

The patient was diagnosed with androgenetic alopecia fifteen years ago and has
since been on intermittent treatment for varying time periods with different minoxidil
formulations with good therapeutic responses. However, approximately four years after
the initial onset of treatment, the third or fourth day of topical application of an unknown
minoxidil formulation prescribed by her dermatologist once daily, she developed a mild,
pustular-free, pruritic eruption on the scalp succeeding the topical application that fully
resolved without treatment within four days after the cessation of minoxidil application.
Since then, treatment courses with minoxidil ceased until her recent presentation in the
emergency department. Apart from that, the patient had no personal or family history of
AGEP and/or other atopic and allergic conditions.

At her visit to the Emergency Department, the physical examination revealed multiple
non-follicular pustules affecting the scalp, forehead, and neck on an erythematous, ede-
matous background. (Figures 1 and 2) In addition, enlarged cervical lymph nodes were
noted, with the patient being febrile (temperature of 37.8 ◦C) and lacking mucosal or joint
involvement. The complete blood count was normal. Erythrocyte sedimentation rate, C-
reactive protein, liver and renal function were within normal limits. Bacterial and fungal
blood cultures were negative while Herpes Simplex Virus serology was also negative.

Figure 1. Presence of multiple non-follicular pustules on an erythematous base distributed on
the forehead.
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Figure 2. Presence of multiple non-follicular pustules on an erythematous base distributed on
the scalp.

According to our instructions, the minoxidil-estradiol formulation was immediately
discontinued, and the patient was treated with potent topical steroids. Although a punch
skin biopsy was recommended, the patient denied it. The resolution of the pustular lesions
occurred within seven days of the withdrawal of the minoxidil-estradiol formulation,
while post-pustular desquamation was observed until full skin recovery approximately
20 days later.

The diagnostic work-up with patch tests was performed on all applied agents (Mi-
noxidil 5%, 17-a-estradiol 0.05%, TrichofoamTM FAGRON) 8 weeks after the resolution of
the eruption. The 48 h and 72 h readings revealed: a. positive reaction to: a. minoxidil
diluted in TrichofoamTM and b. minoxidil and estradiol diluted in TrichofoamTM. Negative
results were noted to a. TrichofoamTM on its own, b. estradiol diluted in TrichofoamTM, c.
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estradiol diluted in ethoxyl (vehicle solution) and d. ethoxyl on its own. (Figure 3) Thus,
minoxidil hypersensitivity per se was proven.

Figure 3. Positive patch tests to a. minoxidil 5% diluted in TrichofoamTM and b. minoxidil 5%
and 17-a estradiol 0.05% diluted in TrichofoamTM and negative results to a. TrichofoamTM, b. 17-a
estradiol diluted in TrichofoamTM, c. 17-a estradiol diluted in ethoxyl, and d. ethoxyl per se
(vehicle solution).

Based on the clinical presentation of the eruption with the characteristic localized
morphology of multiple non-follicular pustules, along with the clear temporal association
with minoxidil application and the resolution following the drug withdrawal, the diag-
nosis of minoxidil-induced ALEP was reached. The positivity of the patch tests and the
negativity of bacterial and fungal cultures further supported the clinical diagnosis, which
agreed with the EuroSCAR criteria for AGEP and the recently proposed diagnostic criteria
for ALEP [6–8].

3. Discussion

To our knowledge, this is the first reported case of minoxidil-induced ALEP. Further-
more, the topical application of minoxidil clearly shows a contact-induced hypersensitivity
reaction. Most cases of ALEP described in the literature are attributed to systemically
administrated drugs ranging from antibiotics [9–14] to a variety of other drug categories
(NSAIDS, platinum agents, antiepileptic drugs, anticoagulant agents, monoclonal antibod-
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ies, 5-a reductase inhibitors, and antineoplastic drugs) as well as herbal products [2,15–17].
However, contact mechanisms have been described previously [3,4].

Minoxidil is a hypertrichotic agent generally used to treat androgenetic alopecia and
it was initially approved in 1988 by the Food and Drug Administration (FDA) for the
treatment of men with mild to moderate androgenetic alopecia [18]. An additional FDA
approval followed in 1992 regarding the treatment of female pattern hair loss [19]. Topical
minoxidil 5% solution is generally well tolerated, although adverse effects like pruritus
and contact dermatitis have been reported [20]. Despite many cases of contact dermatitis
having been reported in the literature, pustular contact dermatitis due to minoxidil is rarely
described [21]. The differential diagnosis of acute contact dermatitis from ALEP is difficult.
However, the presence of non-follicular pustules, the absence of follicular vesicles and
mild pruritus, are well-described characteristics of ALEP that assist its diagnosis of both
pustular and non-pustular contact dermatitis [1]. Moreover, in our case, the presence of
cervical lymphadenopathy, fever, and the rapid resolution of skin lesions with subsequent
desquamation, following the drug withdrawal, favour ALEP diagnosis.

Although skin biopsy is always a valuable diagnostic tool and was recommended in
our case, it is not considered essential for the diagnosis and, accordingly, is not included in
the recently proposed diagnostic criteria for ALEP [7].

Furthermore, most cases of eruptions attributed to minoxidil formulations are thought
to be due to minoxidil solution vehicle rather than minoxidil per se [20,22]. In our case,
in vivo patch tests revealed “sensitization” or drug-specific T-cells to minoxidil per se
acquitting vehicles and estradiol. This is further supported by the patient’s previous pruritic
eruption four years ago following the topical application of minoxidil. In accordance,
although this previous skin rash is not consistent with ALEP it supports the existence of
minoxidil-specific T-cell clones which were initially triggered four years ago and then, as
the patient was not treated with minoxidil, they remained inactivated, and the patient
experienced no rash. However, 48 h after the first subsequent administration, even four
years later, specific memory T-cells were recruited in the skin resulting in ALEP presentation.
Whether the previous eruption could result in ALEP if the drug was not discontinued on
time remains an unanswered question.

As ALEP has been characterized as a subtype of AGEP, the proposed underlying
mechanisms are mainly derived from the extrapolation of our knowledge of AGEP [23,24].
Both forms of Exanthematous Pustulosis are thought to be mediated by drug-specific T-cells
(IVd reaction according to Gells and Coombs modified classification) [25–27]. In line with
this theory, positive patch tests and lymphocyte transformation tests can be shown in
about 50% of the patients, although the sensitivity and specificity of diagnostic measures
show great variations [28–30]. The Th17 cells are thought to contribute to neutrophils
infiltration in skin pustules enhancing the production of interleukin-8 (IL-8) leading to
chemotaxis of neutrophils with subsequent formation of sterile pus, transforming vesicles
to pustules [31,32].

In our case, the positivity of patch tests to minoxidil per se enables a glimpse into the
unknown pathogenic mechanism of this new offending agent-induced ALEP, suggesting
the involvement of minoxidil-specific T-cells (CD8+ and CD4+). In particular, after the
topical application of minoxidil, the antigen-presenting cells in the skin intake, process,
and present minoxidil to T-cells using the major histocompatibility complex (MHC). Firstly,
activated CD8+ cells induce keratinocytes apoptosis and formation of vehicles, and then,
both specific to minoxidil, CD8+ and CD4+ cells secrete large amounts of interleukin 8 (IL-8)
which acts as neutrophilic accumulation cytokine leading to chemotaxis of neutrophils
and the formation of sterile pustules. Although the proposed mechanism is far from being
elucidated, the localization of the eruption strongly suggests that the drug acts as hapten
binding basal keratinocytes [7].
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4. Conclusions

To date, minoxidil, one of the few licenced drugs for female pattern hair loss, and thus
frequently used in dermatology, has never been suspected as a causative drug for ALEP.
Despite being reported as a cause of allergic contact dermatitis, with anecdotal referrals of
pustular variations, its implementation in ALEP pathogenesis is proposed for the first time.
The identification of new agents—including minoxidil—that serve as inducers of drug-
specific T-cell-mediated responses in the clinical spectrum of acute localized pustulosis adds
further value in understanding the complex, yet unknown, pathophysiological mechanisms
of this rare drug hypersensitivity reaction.

Author Contributions: Conceptualization, M.M., A.K. and N.P.; methodology, M.M., A.K. and N.P.;
Validation, M.M., A.K., N.P. and A.C.K.; Investigation, M.M., A.K., N.P. and A.C.K.; data curation,
M.M., A.K., N.P. and A.C.K.; writing—original draft, M.M., A.K., N.P. and M.P.; writing—review and
editing, M.M., A.K., N.P., M.P. and A.C.K.; visualization, M.M. and A.K.; supervision, M.M., A.K. and
A.C.K.; project administration, M.M., A.K., N.P. and A.C.K. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study, as
they are not required by our Institutional Ethics Committee for reports of individual cases.

Informed Consent Statement: Written informed consent has been obtained from the patient to
publish this paper.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Safa, I.; Ines, L.; Noureddine, L.; Meriem, J.; Manel, N.; Belhajali, H.; Faten, Z.; Zili, J. Acute localized exanthematous pustulosis:

Clinical features, pathophysiology, and therapy. Dermatol. Ther. 2021, 34, e15087. [CrossRef]
2. Villani, A.; Baldo, A.; De Fata Salvatores, G.; Desiato, V.; Ayala, F.; Donadio, C. Acute Localized Exanthematous Pustulosis (ALEP):

Review of Literature with Report of Case Caused by Amoxicillin-Clavulanic Acid. Dermatol. Ther. 2017, 7, 563–570. [CrossRef]
[PubMed]

3. Tsutsumi, R.; Yoshida, Y.; Adachi, K.; Nanba, E.; Yamamoto, O. Acute localized exanthematous pustulosis caused by a herbal
medicine, dai-kenchu-to. Contact Dermat. 2018, 79, 257–259. [CrossRef] [PubMed]

4. Akbayrak, A.; Yazar, C.; Alev Deresoy, F.; Sencan, M.; Yildiz Seckin, H.; Kutlu, O. Acute localized exanthematous pustulosis
because of cefixime in a child: Case report and review of pediatric cases. Int. J. Dermatol. 2022, 61, 707–709. [CrossRef] [PubMed]

5. Prange, B.; Marini, A.; Kalke, A.; Hodzic-Avdagic, N.; Ruzicka, T.; Hengge, U.R. Acute localized exanthematous pustulosis
(ALEP). J. Dtschen Dermatol. Ges. 2005, 3, 210–212.

6. Sidoroff, A.; Halevy, S.; Bavinck, J.N.; Vaillant, L.; Roujeau, J.C. Acute generalized exanthematous pustulosis (AGEP)—A clinical
reaction pattern. J. Cutan. Pathol. 2001, 28, 113–119. [CrossRef]

7. Ryder, E.N.C.; Perkins, W. Acute localised exanthematous pustulosis: Case report, review of the literature and proposed diagnostic
criteria. Australas. J. Dermatol. 2018, 59, 226–227. [CrossRef]

8. Sidoroff, A.; Dunant, A.; Viboud, C.; Halevy, S.; Bavinck, J.N.; Naldi, L.; Mockenhaupt, M.; Fagot, J.P.; Roujeau, J.C. Risk factors
for acute generalized exanthematous pustulosis (AGEP)-results of a multinational case-control study (EuroSCAR). Br. J. Dermatol.
2007, 157, 989–996. [CrossRef]

9. Rastogi, S.; Modi, M.; Dhawan, V. Acute localized exanthematous pustulosis (ALEP) caused by Ibuprofen. A case report. Br. J.
Oral Maxillofac. Surg. 2009, 47, 132–134. [CrossRef]

10. Osché, M.; Gusdorf, L.; Cribier, B.; Scrivener, J.N. Acute localized exanthematous pustulosis following heparin calcium injections.
Ann. Dermatol. Venereol. 2020, 147, 207–211. [CrossRef]

11. Liang, C.P.; Yang, C.S.; Shen, J.L.; Chen, Y.J. Sorafenib-induced acute localized exanthematous pustulosis in a patient with
hepatocellular carcinoma. Br. J. Dermatol. 2011, 165, 443–445. [CrossRef]

12. Tresch, S.; Cozzio, A.; Kamarashev, J.; Harr, T.; Schmid-Grendelmeier, P.; French, L.E.; Feldmeyer, L. T cell-mediated acute
localized exanthematous pustulosis caused by finasteride. J. Allergy Clin. Immunol. 2012, 129, 589–594. [CrossRef]

13. Gómez Torrijos, E.; Cortina de la Calle, M.P.; Méndez Díaz, Y.; Moreno Lozano, L.; Extremera Ortega, A.; Galindo Bonilla, P.A.;
Alfaya Arias, T.; García Rodríguez, R. Acute Localized Exanthematous Pustulosis Due to Bemiparin. J. Investig. Allergol. Clin.
Immunol. 2017, 27, 328–329. [CrossRef]

http://doi.org/10.1111/dth.15087
http://doi.org/10.1007/s13555-017-0206-1
http://www.ncbi.nlm.nih.gov/pubmed/29052100
http://doi.org/10.1111/cod.13076
http://www.ncbi.nlm.nih.gov/pubmed/30014493
http://doi.org/10.1111/ijd.16044
http://www.ncbi.nlm.nih.gov/pubmed/34995364
http://doi.org/10.1034/j.1600-0560.2001.028003113.x
http://doi.org/10.1111/ajd.12734
http://doi.org/10.1111/j.1365-2133.2007.08156.x
http://doi.org/10.1016/j.bjoms.2008.07.185
http://doi.org/10.1016/j.annder.2019.09.607
http://doi.org/10.1111/j.1365-2133.2011.10377.x
http://doi.org/10.1016/j.jaci.2011.07.033
http://doi.org/10.18176/jiaci.0181


J. Clin. Med. 2023, 12, 831 7 of 7

14. Senilă, S.; Seicean, A.; Fechete, O.; Grad, A.; Ungureanu, L. Infliximab-induced acne and acute localized exanthematous pustulosis:
Case report. Dermatol. Ther. 2017, 30. [CrossRef]

15. Betto, P.; Germi, L.; Bonoldi, E.; Bertazzoni, M. Acute localized exanthematous pustulosis (ALEP) caused by amoxicillin-clavulanic
acid. Int. J. Dermatol. 2008, 47, 295–296. [CrossRef]

16. Kostaki, M.; Polydorou, D.; Adamou, E.; Chasapi, V.; Antoniou, C.; Stratigos, A. Acute localized exanthematous pustulosis due to
metronidazole. J. Eur. Acad. Dermatol. Venereol. 2019, 33, e109–e111. [CrossRef]

17. Kim, S.W.; Lee, U.H.; Jang, S.J.; Park, H.S.; Kang, Y.S. Acute localized exanthematous pustulosis induced by docetaxel. J. Am.
Acad. Dermatol. 2010, 63, e44–e46. [CrossRef]

18. Rossi, A.; Cantisani, C.; Melis, L.; Iorio, A.; Scali, E.; Calvieri, S. Minoxidil use in dermatology, side effects and recent patents.
Recent Pat. Inflamm. Allergy Drug Discov. 2012, 6, 130–136. [CrossRef]

19. Rossi, A.; Anzalone, A.; Fortuna, M.C.; Caro, G.; Garelli, V.; Pranteda, G.; Carlesimo, M. Multi-therapies in androgenetic alopecia:
Review and clinical experiences. Dermatol. Ther. 2016, 29, 424–432. [CrossRef]

20. Friedman, E.S.; Friedman, P.M.; Cohen, D.E.; Washenik, K. Allergic contact dermatitis to topical minoxidil solution: Etiology and
treatment. J. Am. Acad. Dermatol. 2002, 46, 309–312. [CrossRef]

21. El Anzi, O.; Hassam, B. Pustular dermatosis of the scalp due to topical minoxidil 5. Pan Afr. Med. J. 2018, 30, 83. [CrossRef]
[PubMed]

22. BinJadeed, H.; Almudimeegh, A.M.; Alomran, S.A.; Alshathry, A.H. A Case of Contact Allergic Dermatitis to Topical Minoxidil.
Cureus 2021, 13, e12510. [CrossRef] [PubMed]

23. Schmid, S.; Kuechler, P.C.; Britschgi, M.; Steiner, U.C.; Yawalkar, N.; Limat, A.; Baltensperger, K.; Braathen, L.; Pichler, W.J.
Acute generalized exanthematous pustulosis: Role of cytotoxic T cells in pustule formation. Am. J. Pathol. 2002, 161, 2079–2086.
[CrossRef] [PubMed]

24. Feldmeyer, L.; Heidemeyer, K.; Yawalkar, N. Acute Generalized Exanthematous Pustulosis: Pathogenesis, Genetic Background,
Clinical Variants and Therapy. Int. J. Mol. Sci. 2016, 17, 1214. [CrossRef] [PubMed]

25. Pichler, W.J. Delayed drug hypersensitivity reactions. Ann. Intern. Med. 2003, 139, 683–693. [CrossRef]
26. Rajan, T.V. The Gell-Coombs classification of hypersensitivity reactions: A re-interpretation. Trends Immunol. 2003, 24, 376–379.

[CrossRef]
27. Duong, T.A.; Valeyrie-Allanore, L.; Wolkenstein, P.; Chosidow, O. Severe cutaneous adverse reactions to drugs. Lancet 2017, 390,

1996–2011. [CrossRef]
28. Barbaud, A.; Collet, E.; Milpied, B.; Assier, H.; Staumont, D.; Avenel-Audran, M.; Grange, A.; Amarger, S.; Girardin, P.;

Guinnepain, M.T.; et al. A multicentre study to determine the value and safety of drug patch tests for the three main classes of
severe cutaneous adverse drug reactions. Br. J. Dermatol. 2013, 168, 555–562. [CrossRef]

29. Fernando, S.L. Acute generalised exanthematous pustulosis. Australas. J. Dermatol. 2012, 53, 87–92. [CrossRef]
30. Pinho, A.; Coutinho, I.; Gameiro, A.; Gouveia, M.; Gonçalo, M. Patch testing—A valuable tool for investigating non-immediate

cutaneous adverse drug reactions to antibiotics. J. Eur. Acad. Dermatol. Venereol. 2017, 31, 280–287. [CrossRef]
31. Kabashima, R.; Sugita, K.; Sawada, Y.; Hino, R.; Nakamura, M.; Tokura, Y. Increased circulating Th17 frequencies and serum IL-22

levels in patients with acute generalized exanthematous pustulosis. J. Eur. Acad. Dermatol. Venereol. 2011, 25, 485–488. [CrossRef]
32. Lazarov, A.; Livni, E.; Halevy, S. Generalized pustular drug eruptions: Confirmation by in vitro tests. J. Eur. Acad. Dermatol.

Venereol. 1998, 10, 36–41. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1111/dth.12554
http://doi.org/10.1111/j.1365-4632.2008.03477.x
http://doi.org/10.1111/jdv.15274
http://doi.org/10.1016/j.jaad.2009.05.007
http://doi.org/10.2174/187221312800166859
http://doi.org/10.1111/dth.12390
http://doi.org/10.1067/mjd.2002.119104
http://doi.org/10.11604/pamj.2018.30.83.15384
http://www.ncbi.nlm.nih.gov/pubmed/30344867
http://doi.org/10.7759/cureus.12510
http://www.ncbi.nlm.nih.gov/pubmed/33564516
http://doi.org/10.1016/S0002-9440(10)64486-0
http://www.ncbi.nlm.nih.gov/pubmed/12466124
http://doi.org/10.3390/ijms17081214
http://www.ncbi.nlm.nih.gov/pubmed/27472323
http://doi.org/10.7326/0003-4819-139-8-200310210-00012
http://doi.org/10.1016/S1471-4906(03)00142-X
http://doi.org/10.1016/S0140-6736(16)30378-6
http://doi.org/10.1111/bjd.12125
http://doi.org/10.1111/j.1440-0960.2011.00845.x
http://doi.org/10.1111/jdv.13796
http://doi.org/10.1111/j.1468-3083.2010.03771.x
http://doi.org/10.1111/j.1468-3083.1998.tb00925.x

	Introduction 
	Case Description 
	Discussion 
	Conclusions 
	References

