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1   |   Introduction

Infrequently, vaccine injection sites become chronically indu-
rated, a phenomenon spanning a wide age range, occurring 
7 months to 8 years post-vaccination, and occasionally persisting 
for years [1, 2]. Excision is curative. Histopathologic examination 
typically reveals subcutaneous granulomatous inflammation 
with histiocytes containing granular amphophilic cytoplasm, a 
finding correlated with the presence of aluminum salts, an ad-
juvant component of many vaccines. Ancillary tests to confirm 
the presence of aluminum include energy-dispersive x-ray mi-
croanalysis and, more practical for histology laboratories, histo-
chemical studies such as the morin stain, which forms a green 
fluorescent complex with aluminum [3]. Here, we present a case 
of a persistent nodular vaccine-site reaction in a child with char-
acteristic histopathologic findings and the use of a morin stain 
to detect the presence and distribution of aluminum.

2   |   Case

A 22-month-old male with a history of mild atopic dermatitis 
and pityriasis rosea presented with an enlarging nodule in the 
left shoulder following vaccinations at 8 months of age. DTaP-
IPV-HepB (Diphtheria, Tetanus, Pertussis, Poliovirus, hepati-
tis B), Pneumococcal conjugate, and Haemophilus influenzae 
type B vaccines had been administered at the site of the lesion. 
Physical examination revealed a firm subcutaneous nodule, 
approximately 1 cm in greatest dimension, overlying the left 
deltoid muscle with an overlying mildly hypertrophic scar. An 

ultrasound study revealed a 0.8 cm lobulated hypoechoic lesion 
(Figure 1). While the lesion was suspected to be a vaccine re-
action, the patient's family opted for removal of the lesion for 
definitive diagnosis.

Histopathological examination of the excision specimen re-
vealed subcutaneous fibrosis with patchy lymphohistiocytic 
inflammation, scattered lymphoid follicles, and focal palisaded 
granuloma surrounding altered collagen, which contained rare 
purplish non-polarizable material (Figure  2A–C). Histiocytes 
had granular amphophilic cytoplasm (Figure  2D). A Grocott 
methenamine silver stain was negative for fungi. Ziehl-Neelsen 
and Fite stains were negative for mycobacteria. The histopatho-
logic features were consistent with a persistent vaccine reac-
tion, possibly related to aluminum adjuvants. Subsequently, a 
morin stain was prepared, as described previously [3], for the 
specific identification of aluminum. Through the green chan-
nel in fluorescence microscopy, aluminum granules were seen 
(Figure 3A), mostly within the cytoplasm of the granular macro-
phages (Figure 3B). Taken together, the histopathologic and his-
tochemical findings were consistent with a vaccine-site reaction 
secondary to aluminum salt.

3   |   Discussion

Given that vaccine-site reactions typically resolve without inter-
vention, biopsy is rarely performed. Consequently, few studies 
have detailed the histopathology of reactions to aluminum-
adjuvant-containing vaccines. Affected subcutaneous 
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tissue typically exhibits lymphohistiocytic inflammation, ac-
companied by varying degrees of fat necrosis and fibrosis [1–4]. 
Variable features include granulomatous inflammation and 
prominent lymphoid follicles, sometimes with germinal centers. 
Associated granulomas may be necrotizing or palisading with 

associated degenerative collagen. When dense, the lymphoid 
infiltrates may raise suspicion for follicular lymphoma or mar-
ginal zone lymphoma [1, 4]. The dermis may contain perivascu-
lar and periadnexal lymphocytes; these features, when paired 
with lobular panniculitis and lymphoid infiltrates, may mimic 
lupus panniculitis [1]. A characteristic feature is the presence of 
loosely aggregated histiocytes with purplish cytoplasmic gran-
ules (Figure 2D). This granular cytoplasm is reportedly positive 
on Giemsa and periodic acid-Schiff (PAS) stains, while scanning 
electron microscopy of such histiocytes reveals crystalline ma-
terial [1].

Energy-dispersive x-ray microanalysis, a specialized technique 
utilizing electron microscopy and x-ray diffraction, has been 
used to confirm the presence of aluminum in vaccine site reac-
tions [1, 3, 5]. However, this technique requires separate tissue 
preparations, specialized laboratory equipment, and rare exper-
tise. Histochemical methods, such as the ammonium aurintri-
carboxylate stain [6] and the morin stain, are, in contrast, more 
accessible to anatomic pathology laboratories.

As previously described [3], morin, a flavonoid extracted from 
Psidium guajava (common guava), binds aluminum, thereby 

FIGURE 1    |    An ultrasound examination of the left deltoid nodule at 
the vaccination site revealed a lobulated, hypoechoic lesion measuring 
0.8 cm.

FIGURE 2    |    Biopsy of skin and subcutis (A, 10×) with subcutaneous fibrosis containing patchy lymphohistiocytic inflammation with a few lym-
phoid follicles (B, 100×), palisading granulomatous inflammation about altered collagen (C, 100×) and loosely aggregated histiocytes with granular 
amphophilic cytoplasm (D, 400×).
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creating a fluorescent complex detectable by fluorescence mi-
croscopy (Figure 3A,B) [3]. The morin stain has demonstrated 
sensitivity and specificity for identifying aluminum deposits 
in formalin-fixed, paraffin-embedded sections [3], and may be 
valuable in cases where an adult patient's vaccination history is 
unclear or remote.

To the authors' knowledge, the dermatopathology literature con-
tains only two prior studies utilizing the morin stain, both in 
the context of post-vaccine cutaneous lymphoid hyperplasia. In 
2004, a study reported 10 cases of cutaneous lymphocytic hy-
perplasia presenting as subcutaneous nodules following various 
vaccinations. Histopathology revealed lymphocytic inflamma-
tion, fibrosis, and granulomas, with the aluminum detection 
via morin stain in six cases [7]. In 2005, another study utilized 
morin stains to detect aluminum hydroxide in post-vaccine nod-
ules of nine patients who had received hepatitis A and B vac-
cines. Histopathology showed dense lymphoid infiltrates with 
admixed granular histiocytes, while morin stain revealed green-
fluorescent cytoplasmic granules, correlating with findings 
from electron probe microanalysis, which identified aluminum 
crystals [8]. More recently, morin stains have helped diagnose 
macrophagic myofasciitis, a post-vaccine condition requiring 
the detection of aluminum within macrophages [3]. This series 
also included one subcutaneous post-vaccine granuloma.

Although morin can also complex other metals and metalloids, 
including zinc, boron, and beryllium, vaccine adjuvants report-
edly do not contain these elements [3]. In our experience, the 
stain is accessible, requiring a straightforward histochemical 
protocol, previously described in detail [3], which utilizes com-
mon laboratory reagents and the relatively inexpensive morin 
reagent [9], ultimately costing approximately the same as a PAS 
stain. However, interpretation requires an immunofluorescence 
microscope.

Potential alternative techniques for the detection of aluminum 
include the PAS stain and Epstein–Barr encoding region (EBER) 
in situ hybridization (ISH). One series on vaccine reactions [1] 

and rare case reports of post-biopsy aluminum chloride [10, 11] 
have documented that PAS stains may highlight foci of alumi-
num salts, although negative controls were not reported. PAS 
stains highlight macrophages containing various polysaccha-
rides, glycoproteins, and other substances, raising challenges 
with the specificity for PAS-positive macrophages. EBER ISH 
has been noted to stain post-vaccine aluminum deposits idiosyn-
cratically [2], although one group found hemostatic aluminum 
deposits to be EBER-negative [12]. However, EBER ISH stains 
genuine viral particles in affected nuclei, potentially raising di-
agnostic challenges between true and idiosyncratic EBER pos-
itivity. We note that the literature for PAS and EBER ISH for 
detection of aluminum is emerging and, to date, is limited to 
case reports and a small series without complete accounting of 
sensitivity and specificity [2, 10, 11]. In contrast, the morin stain 
has demonstrated high specificity for the detection of aluminum 
deposits across several studies, some with negative controls 
[3, 7, 8].

While careful histopathologic examination and clinical correla-
tion usually permit the diagnosis of vaccination-site reactions, 
the confirmation of aluminum deposits may assist in the diag-
nosis. We argue that the morin stain is an accessible and specific 
method of identifying and localizing aluminum salt deposits 
in tissue, thereby enabling a diagnosis of persistent vaccine 
reaction.
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FIGURE 3    |    Morin stain displays green fluorescent positivity (A, 10×), indicating the presence of aluminum and corresponding to the granular 
cytoplasm of the granular histiocytes (B, 400×).



402 Journal of Cutaneous Pathology, 2025

References

1. H. Chong, K. Brady, D. Metze, and E. Calonje, “Persistent Nodules 
at Injection Sites (Aluminium Granuloma): Clinicopathological Study 
of 14 Cases With a Diverse Range of Histological Reaction Patterns,” 
Histopathology 48, no. 2 (2006): 182–188, https://​doi.​org/​10.​1111/j.​1365-​
2559.​2005.​02312.​x.

2. V. G. Frings, S. Roth, A. Rosenwald, M. Goebeler, E. Geissinger, and 
M. Wobser, “EBER In Situ Hybridization in Subcutaneous Aluminum 
Granulomas/Lymphoid Hyperplasia: A Diagnostic Clue to Differenti-
ate Injection-Associated Lymphoid Hyperplasia From Other Forms of 
Pseudolymphomas and Cutaneous Lymphomas,” Journal of Cutaneous 
Pathology 48, no. 5 (2021): 625–631, https://​doi.​org/​10.​1111/​cup.​13972​.

3. R. Chkheidze, D. K. Burns, C. L. White, D. Castro, J. Fuller, and 
C. Cai, “Morin Stain Detects Aluminum-Containing Macrophages 
in Macrophagic Myofasciitis and Vaccination Granuloma With High 
Sensitivity and Specificity,” Journal of Neuropathology and Experimen-
tal Neurology 76, no. 4 (2017): 323–331, https://​doi.​org/​10.​1093/​jnen/​
nlx011.

4. L. Cerroni, R. G. Borroni, C. Massone, A. Chott, and H. Kerl, “Cuta-
neous B-Cell Pseudolymphoma at the Site of Vaccination,” American 
Journal of Dermatopathology 29, no. 6 (2007): 538–542, https://​doi.​org/​
10.​1097/​DAD.​0b013​e3181​591bea.

5. J. A. Sanford, R. Candelaria-Santiago, D. M. Forte, et  al., 
“Antiperspirant-Related Zirconium and Aluminum-Containing Granu-
lomas: Histopathology and In Situ Chemical Analysis,” Journal of Cuta-
neous Pathology 51, no. 10 (2024): 742–745, https://​doi.​org/​10.​1111/​cup.​
14662​.

6. D. K. Marsee, J. M. Williams, and E. F. Velazquez, “Aluminum Granu-
loma After Administration of the Quadrivalent Human Papillomavirus 
Vaccine: Report of a Case,” American Journal of Dermatopathology 30, 
no. 6 (2008): 622–624, https://​doi.​org/​10.​1097/​DAD.​0b013​e3181​85a691.

7. S. Lafaye, F. J. Authier, S. Fraitag, L. Rethers, M. Bagot, and J. 
Wechsler, “Granuloma With Lymphocytic Hyperplasia Following Vac-
cination: 10 Cases. Presence of Aluminium in the Biopsies,” Annales de 
Dermatologie et de Vénéréologie 131, no. 8–9 (2004): 769–772, https://​doi.​
org/​10.​1016/​s0151​-​9638(04)​93758​-​1.

8. E. Maubec, L. Pinquier, M. Viguier, et al., “Vaccination-Induced Cu-
taneous Pseudolymphoma,” Journal of the American Academy of Der-
matology 52, no. 4 (2005): 623–629, https://​doi.​org/​10.​1016/j.​jaad.​2004.​
12.​021.

9. Sigma-Aldrich, “Morin Hydrate (2-(2,4-Dihydroxyphenyl)-3,5,7-Tri
hydroxy-4H-1-Benzopyran-4-One).” https://​www.​sigma​aldri​ch.​com/​
US/​en/​produ​ct/​sigma/​​69870​.

10. C. Tran and J. R. Griffin, “Simple Method for Microscopic Confir-
mation of Previous Biopsy Site,” American Journal of Dermatopathology 
38, no. 10 (2016): 791–792, https://​doi.​org/​10.​1097/​DAD.​00000​00000​
000551.

11. S. P. Gottesman and J. M. Junkins-Hopkins, “Histochemical Fea-
tures of Aluminum Chloride Histiocytic Reaction and the Use of PAS 
Stain to Provide a Clue to Prior Subtle Biopsy Sites,” Journal of Cuta-
neous Pathology 44, no. 11 (2017): 993–994, https://​doi.​org/​10.​1111/​cup.​
13023​.

12. T. A. Schmitt and R. I. Crawford, “Hemostatic Aluminum Fails to 
Stain by the EBER-ISH Method,” Journal of Cutaneous Pathology 49, no. 
9 (2022): 833–834, https://​doi.​org/​10.​1111/​cup.​14279​.

https://doi.org/10.1111/j.1365-2559.2005.02312.x
https://doi.org/10.1111/j.1365-2559.2005.02312.x
https://doi.org/10.1111/cup.13972
https://doi.org/10.1093/jnen/nlx011
https://doi.org/10.1093/jnen/nlx011
https://doi.org/10.1097/DAD.0b013e3181591bea
https://doi.org/10.1097/DAD.0b013e3181591bea
https://doi.org/10.1111/cup.14662
https://doi.org/10.1111/cup.14662
https://doi.org/10.1097/DAD.0b013e318185a691
https://doi.org/10.1016/s0151-9638(04)93758-1
https://doi.org/10.1016/s0151-9638(04)93758-1
https://doi.org/10.1016/j.jaad.2004.12.021
https://doi.org/10.1016/j.jaad.2004.12.021
https://www.sigmaaldrich.com/US/en/product/sigma/69870
https://www.sigmaaldrich.com/US/en/product/sigma/69870
https://doi.org/10.1097/DAD.0000000000000551
https://doi.org/10.1097/DAD.0000000000000551
https://doi.org/10.1111/cup.13023
https://doi.org/10.1111/cup.13023
https://doi.org/10.1111/cup.14279

	Pediatric Post-Vaccine Aluminum Granuloma: Morin Stain as a Diagnostic Aid
	1   |   Introduction
	2   |   Case
	3   |   Discussion
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


