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Abstract

We report the case of an eighteen years old woman who developed 
a subcutaneous nodular lesion localized on her right upper arm. 
Conventional histological examination revealed a lesion character-
ized by a necrotic center surrounded by palisading epithelioid his-
tiocytes embedded into the fibroadipous and skeletal muscle tissue. 
Transmission electron microscopy analysis confirmed the histologi-
cal observations in terms of cellular composition of the granuloma. 
The ultrastructural microanalysis shed light on the elemental com-
position of the examined granulomatous formation since it clearly 
detected metallic deposits with an emission pick at EDX for alumi-
num within the hystocites’s granules. Our results support previous 
published data on the reactive nature of granulomatous reaction at 
the site of vaccine. The presence of aluminum inside the cytoplasm 
of macrophages proved by microanalysis gives strength to the 
etiopatogenic hypothesis of the granuloma formation.
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Introduction

HPV infections are the most common sexually transmitted 
infections in the United States and account 5 percents of all 
cancers worldwide [1]. More than half of sexually active 
people are infected with one or more HPV types at some 
point in their lives. Recent research indicates that 42.5 per-

cent of women have genital HPV infections, whereas less 
than 7 percent of adults have oral HPV infections [2, 3]. Po-
tentially, all cervical cancers are caused by HPV infections, 
with just two HPV types, 16 and 18, responsible for about 70 
percent of all cases [4, 5]. In 2006 a tetravalent human papil-
lomavirus (HPV) vaccine was licensed for use in women, 
aged 9 - 26 years [6]. The L1 major capsid protein of HPV 
is the antigen used for HPV vaccination [7]. Recombinant 
DNA technology allows the production of the L1 protein in 
Saccharomyces cerevisiae so that protein can self-assemble 
into not infective virus-like particles (VLP). VLP was ad-
sorbed on an aluminum-coating adjuvant [2]. Adverse events 
associated to the administration of the HPV tetravalent vac-
cine include pain, swelling and erythema, whereas hives, 
gastroenteritis, headache/hypertension, vaginal hemorrhage 
and broncospasm are rare [8]. Among the reported side ef-
fects there is no reference about the possibility of the devel-
opment of a granulomatous reaction. 

In this report, we describe the study of a granuloma aris-
en in a patient after the administration of the HPV tetravalent 
vaccine. The granuloma has been evaluated by histology, 
electron microscopy and energy-dispersive x-ray (EDX) mi-
croanalysis. In particular, EDX microanalysis, used to inves-
tigate the elemental composition of the histiocytes’s granules 
within the analyzed granuloma, allowed us to demonstrate 
the presence of aluminum inside hystiocytes present in the 
lesion.

 
Case Report

We report the case of an eighteen years old girl who devel-
oped a subcutaneous nodular lesion localized on her right 
upper arm. The lesion was excised by surgical resection and 
submitted to histological analysis. Macroscopic examination 
revealed a soft subcutaneous nodule, whitish-gray, well cir-
cumscribed, measuring 1 × 2 cm. A thin slice of the lesion 
was fixed in Karnowsky solution and embedded in resin for 
ultrastructural analysis and investigations by microanalysis 
technique. 

Conventional histological examination revealed a lesion 
characterized by a necrotic center surrounded by palisading 
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epithelioid histiocytes embedded into the fibroadipous and 
skeletal muscle tissue (Fig.1 panel A, B and C). This granu-
lomatous lesion closely resembled a deep granuloma annu-
lare or rheumatoid nodule. The histiocytes contained abun-

dant intracytoplasmic violaceous/gray granular material PAS 
and Ziehl-Nielsen negative, excluding the presence of fungi 
and of alcohol acid resistant microorganisms. 

The inflammatory cells of the granuloma were CD 20 
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Figure 1. panel A to C: hematoxylin eosin section of the lesion showing a granulomatous reaction with lymphatic follicle forma-
tion (panel A magnification 4 ×), macrophages and lymphoplasmacellular infiltrate (panel B, MAGNIFICATION 10 ×).The lesion 
is characterized by a necrotic center (asterisk in panel C) surrounded by palisading epithelioid histiocytes (arrow in panel C). 
PANEL D to F: conventional transmission electron microscopy characterization of the lesion. PANEL D shows a big histiocyte’s 
granule (arrow) containing fibrillar electron dense material (MAGNIFICATION 3,500 ×). The ultrastructural study demonstrated 
the presence of needle-shaped crystalline material with variable thickness (PANEL E 10,000 × -arrow-; PANEL F 50,000 ×). EDX 
microanalysis spectrum (PANEL G) reveals the presence of large amounts of aluminum (circle) and of elements referable to the 
nickel support (Ni) and to biological compounds (P, CL, C and O).
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and CD 3 positive, CD 15 and CD 30 negative; a mild posi-
tivity for CD 68 could be detected. These data and the folli-
cles-like organization of the lesion, pointing out an inflam-
matory infiltrate, rich in B and T lymphocytes, excluded the 
diagnosis of lymphoma. 

Transmission electron microscopy analysis (Fig.1 panel 
D, E and F) confirmed the histological observations in terms 
of cellular composition of the granuloma. Higher magnifica-
tions revealed the presence of abundant histyocites’s gran-
ules containing a needle-shaped, crystalline material with 
variable thickness. 

The ultrastructural microanalysis shed light on the el-
emental composition of the examined granulomatous for-
mation since it clearly detected metallic deposits with an 
emission pick at EDX for aluminum within the hystocites’s 
granules. The obtained spectrums revealed the presence of 
large amounts of aluminum, elements referable to the nickel 
support (Ni) and to biological compounds (C, Cl, P and O) 
(Fig.1 panel G). 

Anamnestic data revealed that the patient was negative 
for nodal and spleen enlargement and for any recent infec-
tious disease or beetle bite near the site of the lesion. The 
only relevant data were that she approximately one year be-
fore the onset of the granuloma was submitted to tetravalent 
HPV-vaccine inoculums at the site of the granulomatous le-
sion. 

It is interesting to note that the adjuvant system of the 
tetravalent HPV is made of aluminum salts. Other anamnes-
tic data were not contributory. Therefore the histological and 
ultrastructural reported data were consistent with the diag-
nosis of subcutaneous granuloma related to the aluminum 
present in the vaccine inoculum. The patient recovered well 
from her procedure and had no further complications (two 
years followup). 

Histological analysis

After fixation in 10% buffered formalin for 24 hours, the tis-
sue was embedded in paraffin, sectioned and stained with 
hematoxylin-eosin [9].

For immunohistochemistry, 4 μm paraffin sections have 
been processed by the automatized system Bench Mark Ven-
tana (F. Hoffmann-La Roche AG, Konzern-Hauptsitz Gren-
zacherstrasse 124 CH-4070 Basel, Schweiz). Sections, after 
pretreatment, were incubated with mouse anti-CD20 (clone 
L26, Roche) rabbit anti-CD3 (clone 2GV6, Roche), rab-
bit anti-CD15 (clone MMA, Roche) and mouse anti-CD68 
(clone HP-1, Roche). The reactions were revealed by non-
biotin peroxidase detection system Ventana (F. Hoffmann-La 
Roche AG, Konzern-Hauptsitz Grenzacherstrasse 124 CH-
4070 Basel, Schweiz).

PAS and Ziehl-Nielsen stainings have been performed 
by Artisan automatized system (Dako Denmark A/S Produk-
tionsvej 42 Glostrup Denmark).

Transmission electron microscopy and microanalysis

A section of the sample was immediately fixed by immersion 
in Karnovsky solution [10] and then post-fixed in Osmium 
Tetroxide 2% [11]. After washing with phosphate buffer 0.1 
M, the sample was dehydrated by a series of incubations in 
30%, 50%, 70%, 95% ethanol. Dehydration has been contin-
ued by incubations in absolute ethanol and propylene oxide. 
The sample was then embedded in Epon 812 [12] (Agar Sci-
entific Elektron Technology UK Ltd Unit 7, Stansted, Essex 
CM24 8GF United Kingdom). 

After inclusion the tissue was cut [13, 14] and stained 
with heavy metals solutions (uranium acetate and lead ci-
trate) as described by Reynolds [15].

Ultrathin-sections, approximately 100 nm thick, were 
mounted on aluminum grids for microanalysis. EDX spec-
tra of hystocites’s granules in non-stained sections were ac-
quired on a Hitachi 7100FA transmission Electron Micro-
scope (AEM) equipped with a Gatan BioScan Camera model 
820 and a Thermo Scientific EDX detector at an acceleration 
voltage of 75 KeV and magnification of 12000. Spectra were 
semi-quantitatively analyzed by the Noram System Six soft-
ware using the standardless Cliff-Lorimer k-factor method 
[16]. 

To calibrate the EDX apparatus reference standard for 
x-ray microanalysis of MAC industry (Micro-Analysis 
Consultants Ltd, 19 Edison Road, St.Ives Industrial Estate, 
St.Ives, Cambridgeshire PE27 3LF UK) has been used.

Discussion
  
In this paper we report, for the first time, a transmission 
electron microscopy analysis associated to the elemental 
composition study in order to demonstrate the presence of 
aluminum inside the cells of a granulomatous reaction at the 
inoculum site of HPV vaccine. 

Recently, a granulomatous reaction related to aluminum 
HPV vaccine has been described by Marsee DK. et al. [17]. 
This evidence was demonstrated through the histochemical 
staining “alluminon” (aurintricarboxylate aluminum). 

Our data confirm and give strength to this observation 
since the “alluminon” method used by Marsee resulted to 
be not so specific, due to the simultaneous reaction with alu-
minum and other elements, such as iron and beryllium. The 
intensity of the staining obtained by “alluminon” method is 
subjected to the presence of interfering ions. Stain formation, 
which occurs only over a limited range of Al concentrations, 
is prevented by the presence of some chemical agents [18]. 

Ultrastructural microanalysis provided a punctual analy-
sis of the tissue with a high specificity, distinguishing among 
the different chemical elemental forms and associating the 
microanalitical data to the ultrastuctural morphology. 

This advantageous technique allows us to exclusively 
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analyze the inside of the hystiocites’s granules, determin-
ing the elemental composition of the resident crystals. The 
specificity of the analysis is evaluated through the parallel 
analysis of the MAC’s sample standards. 

A wider case study about the formation of persistent 
nodules at the injection sites of not HPV vaccines has been 
reported. Bergfors et al. [19] described the formation, in 19 
children, of persistent pruritic nodules at the injection sites 
of vaccines adsorbed with aluminum’s salts, most commonly 
reported after diphtheria-tethanus, pertussis and B-hepatitis 
vaccines. 

Epicutaneous testing for delayed hypersensitivity to alu-
minum had been used to demonstrate the immune reaction 
against this metal. Any histological study was added to this 
test. 

Choget et al. [20] described 14 cases of patients differ-
ent for sex and age who developed aluminum granulomas 
at the vaccine injection sites, correlated to histological data. 
The morphological analysis of these samples revealed dif-
ferent histological patterns such as panniculitis reaction with 
or without foreign body-type giant cells, pseudo-lymphoma 
and necrotizing granuloma. Many times the characterization 
of histiocyte’s granules becomes essential for the differential 
diagnosis. Exclusion of malignant pathology (i.e. lympho-
ma) in the differential diagnosis underlies the importance of 
a fine morphological characterization of the lesion. 

To this end, we consider notable the work of Morroni 
et al. [21], that in 1995 studied a subcutaneous granuloma 
through EDX microanalysis associated to the scanning elec-
tron microscopy and the ESI (electron spectroscopic imag-
ing) technology. 

In our study, thanks to the EDX apparatus, directly as-
sociated to the electron transmission microscope, we could 
find a fine correspondence between the ultrastuctural datum 
and the microanalitical one. 

In conclusion, our results support previous published 
data about the reactive nature of granulomas at the site of 
vaccine. The presence of aluminum inside the cytoplasm of 
macrophages, proved by microanalysis, gives strength to 
the etiopathogenic hypothesis of the granuloma formation. 
Moreover these data suggest a specific role of the ultrastruc-
tural and microanalitical analysis in the clinical practice with 
regard to the differential diagnosis of metal/pollutant related 
pathology.
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