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Abstract
Background: There has been an increasing need to acquire r

UNIVERSITY PRESS

igorous scientific data to answer the concerns of physicians,

patients, and the FDA regarding the self-reported illness identified as breast implant iliness (Bll). There are no diagnostic

tests or specific laboratory values to explain the reported sys

temic symptoms described by these patients.

Objectives: The aim of this study was to determine if there are quantifiable laboratory findings that can be identified in
blood, capsule tissue pathology, or microbes that differentiate women with systemic symptoms they attribute to their im-

plants from 2 control groups.
Methods: A prospective blinded study enrolled 150 subjects

into 3 cohorts: (A) women with systemic symptoms they at-

tribute to implants who requested implant removal; (B) women with breast implants requesting removal or exchange

who did not have symptoms attributed to implants; and (C)

women undergoing cosmetic mastopexy who have never

had any implanted medical device. Capsule tissue underwent detailed analysis and blood was sent from all 3 cohorts to

evaluate for markers of inflammation.

Results: No significant histologic differences were identified between the cohorts, except there were more capsules with

synovial metaplasia in the non-Bll cohort. There was no statist

ical difference in thyroid-stimulating hormone, vitamin D lev-

els, or complete blood count with differential between the cohorts. Next-generation sequencing revealed no statistically
significant difference in positivity between Cohort A and B. Of the 12 cytokines measured, 3 cytokines, interleukin (IL)-
17A, IL-13, and IL-22, were found to be significantly more often elevated in sera of subjects in Cohort A than in Cohorts
B or C. The enterotoxin data demonstrated an elevation in immunoglobulin G (IgG) anti-Staphylococcus aureus enterotox-
in A'in Cohort A. There was no correlation between the presence of IgE or IgG anti-Staphylococcal antibody and a positive

next-generation sequencing result.
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Conclusions: This study adds to the current literature by demonstrating few identifiable biomedical markers to explain the
systemic symptoms self-reported by patients with BII.

[Translated to Chinese, below:]
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Breast implant illness (Bll) describes a variety of symp-
toms reported by patients that they attribute to their im-
plants. Over 100 symptoms have been reported in no
specific configuration. A variety of potential causes have
been postulated, including heavy metals in the implants
and the potential for biofilms. The previously published
Part 2 of the Systemic Symptoms Biospecimen Analysis
Study showed that heavy metals contained within implant
capsules are well below what are considered safe levels
of exposure, and those that were higher in the sympto-
matic cohort could be attributed to lifestyle differences
and potential environmental exposures and are unlikely
to be a cause of symptoms.’

Subclinical infections, specifically biofilms, have been re-
ported with medical devices and have been suggested as a
potential contributing factor in capsular contracture and in
the development of breast implant—associated anaplastic
large cell Iymphoma.z‘4 One of the few published prospec-
tive studies on BIl cultured the capsules from patients un-
dergoing explantation. In this study, cultures were
positive for Cutibacterium acnes in 39% of the BIl subjects
compared with less than 10% of historical control patients.®
We report here the results of next-generation sequencing
(NGS) for bacterial and fungal DNA analysis to see if the
capsule and/or surface of the implant indicated the pres-
ence of bacteria or fungus to determine if subclinical infec-
tion or biofilms play a role in the development of systemic

symptoms. To further explore the potential role of bacteria
and inflammation in patients with self-described breast im-
plant illness, we also examined peripheral blood for the
presence 12 cytokines and immunoglobulin G (IgG) and
IgE antibodies to Staphylococcal enterotoxins.

The patients in Cohort A (see below) self-reported a wide
variety of nonspecific symptoms with many potential causes.
A previous prospective study showed a higher incidence of
synovial metaplasia in the capsules of patients undergoing
explantation for systemic symptoms compared to a historic
control group.5 Peripheral blood was collected from all 3 co-
horts to analyze for any statistical differences in complete
blood count (CBC), vitamin D, C-reactive protein (CRP), and
thyroid levels. Vitamin D deficiency affects up to 40% of
women in the United States and can cause many of the
symptoms reported in women with self-described BIl.
Thyroid disease is commonly reported by women with Bll
and could also produce many of the symptoms reported,
so this was included in the evaluation. This study was funded
entirely by the Aesthetic Surgery Education and Research
Foundation (ASERF).

METHODS

Eligible patients were sequentially enrolled into 1 of 3 co-
horts: (A) women with systemic symptoms they attribute
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to their implants who requested implant removal; (B) wom-
en with breast implants requesting removal or exchange
who do not have symptoms they attribute to their implants;
and (C) women undergoing cosmetic mastopexy who have
never had any implanted medical device. This study was
approved by the Rhode Island Hospital IRB, performed un-
der the guidance of the Declaration of Helsinki, and regis-
tered at clinicaltrials.gov. (NCT04255810). Patients were
consecutively enrolled from November 2019 to May
2022. Specimens were sent to the respective laboratories
blinded and deidentified, with no indication of their cohort.
On the day of surgery all patients in Cohorts A and B under-
went at least a partial capsulectomy as biospecimens were
collected as per the study protocol. Capsulectomies
ranged from partial to intact total (en bloc). Capsule tissue
removed from the patients was photographed in the oper-
ating room by the operating surgeon and sent within
24 hours to Brown University for routine histologic analysis.
Data collection by the operating surgeon included details
about the implant shell (ie, textured or smooth), and wheth-
er the implant was silicone or saline. The integrity of the de-
vice was also noted. The capsule was described as thin and
translucent, thin and opaque, thick without calcifications, or
thick with calcifications.

The capsule and implant microbiome were analyzed by
NGS in preference to routine cultures. The aggregate of swabs
of the implant and capsule surfaces and a piece of capsule tis-
sue together were sent for NGS (1I6SrRNA gene sequencing at
MicroGen DX, Lubbock, TX). Prior to formal analysis, we inves-
tigated whether technical variance and/or sampling strategy
regarding multiple sites would impact relevant endpoints
and developed a uniform protocol. Samples were aggre-
gated per patient and a patient was considered NGS pos-
itive if any sample was found to be NGS positive for an
individual. Additional B-diversity analysis was performed
to investigate whether the overall incidence profiles in
each cohort were distinct. To consider the relative impor-
tance of cohort and collection facility to the number of
species recovered per patient, 2-way analysis of variance
was used, incorporating both factors. Additional factors
were screened for significance in association with rich-
ness including implant manufacturer, implant fill, surface,
capsule grade, rupture status (Y/N), and observation of
gel bleeding. Finally, bacterial species incidence was con-
sidered between each cohort.

Three tubes of systemic blood were collected from all co-
horts on the day of surgery and sent to Brown University with-
in 24 hours for CBC, CRP, thyroid-stimulating hormone (TSH),
and vitamin D levels. The subject’s sera were transported to
Rhode Island Hospital, and stored in 2-mL aliquots at —80C
until use. One aliquot was analyzed with a BD Biosciences
LSRIl Analyzer/Flow Cytometer for cytokines interleukin
(IL)-2, IL-4, IL-5, IL-6, IL-9, IL-10, IL13, IL-17A, IL17F, IL-21,
IL-22, interferon vy (IFNy), and tumor necrosis factor a (TNFa)

with the LEGENDplex Human T helper (Th) Cytokine Panel
(13-plex) (catalog number 741001; BioLegend, San Diego,
CA). In 2021, BioLegend discontinued IL-21in their kits. Each
analysis was controlled by an internal standard provided by
the manufacturer. Prior to analysis, all serum samples were di-
luted 1:10 to reduce background interference and analyzed in
duplicate, while a subset of samples was also analyzed undi-
luted (neat). In 10 instances, one value was normal but the oth-
er elevated; these sera were reanalyzed in different dilutions
and the most reproducible results were used. The remaining
aliquots of sera were sent in batches to Johns Hopkins
University Department of Dermatology, Allergy and Clinical
Immunology Reference Laboratory, and analyzed with an
ImmunoCAP autoanalyzer (Thermo Fisher Scientific/Phadia,
Uppsala, Sweden) for IgE and IgG anti—Staphylococcus aure-
us enterotoxin A (anti-SEA), anti—S. aureus enterotoxin B
(anti-SEB), and anti-toxic shock syndrome toxin
(anti-TSST).® The analytical sensitivities of the assays were
<0.1kUa/L of IgE anti-SEA, anti-SEB, and anti-TSST and
<2 mga/L of IgG anti-SEA, anti-SEB, and anti-TSST.”

RESULTS

CBC, White Blood Cells, Histology, TSH,
Vitamin D, and CRP

Subjects ranged in age from 30 to 65 years as per enroll-
ment criteria. The average for each cohort was similar:
Cohort A, 44.5 years; Cohort B, 46.9 years; and Cohort C,
46.5 years. The evaluation of peripheral blood for vitamin
D levels and TSH showed no statistical difference between
the cohorts. There were no abnormalities found in any co-
hort in the CBC, white blood cells, and differential. The CRP
levels were statistically higher in Cohort A than in Cohorts B
or C, but there was no difference between Cohorts Band C
(Figure 1). The normal CRP range is below 8.0 mg/L; levels
of 8to 100 mg/L are mild to moderately elevated, and levels
of 100 to 500 mg/L are elevated and signify inflammation of
blood vessels, or major trauma. Cohort A CRP levels ranged
from 0.20 to 28.41 mg/L, Cohort B from 0.35 t0 15.98 mg/L,
and Cohort C from 0.20 to 12.40 mg/L. Of the 9 patients in
Cohort A with mild to moderately elevated CRP, 8 subjects
had smooth implants and 1 had textured; 7 patients had sa-
line implants and 2 had gel implants. In Cohort B, 3 subjects
had mild to moderate elevations. Of these subjects, 1 had
textured implants and 2 were smooth; 2 were gel implants
and 1 saline. Seven of the 9 subjects in Cohort A self-
reported connective tissue disease or autoimmune disease
such as irritable bowel syndrome (IBS), hypothyroidism,
Lyme’s disease, Sjogren’s syndrome, or lichen sclerosis.
The subjects in this cohort also had documented significant
confounding lifestyle choices and previous medical
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Figure 1. CRP: Cohort A (BIl) showed a significantly higher
expression of CRP than both Cohort B (non-Bll) (P = 0.006) and
Cohort C (control) (P=0.014). BIl, breast implant illness; CRP,
C-reactive protein.
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Figure 2. Synovial metaplasia saline vs silicone fill.
Mann-Whitney U-test for synovial metaplasia vs implant
material (silicone vs saline). Silicone has a significantly higher
level of synovial metaplasia vs saline (P=0.000).

histories that can contribute to an elevated CRP such as
smoking and obesity.®

Histology

Microscopic evaluation was performed on the capsules in
the Department of Pathology at Brown University. Initial
pathologic examination of the capsule tissue from
Cohorts A and B did not reveal any cases of malignancy.
There was a statistically significant difference in capsule
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Figure 3. Textured vs smooth implants: synovial metaplasia.
Mann-Whitney U-test for synovial metaplasia vs implant
texture (textured vs smooth). Textured implants have a
significantly higher correlation with synovial metaplasia vs
smooth (P=0.000).

thickness between the cohorts, with thinner capsules iden-
tified in Cohort A than in Cohort B.

Capsule tissue in both cohorts revealed characteristic fi-
brosis, lymphoplasmacytic infiltration, calcifications, giant
cells, foam cells, and epithelioid histiocytic capsules. We
specifically evaluated the capsules for synovial metaplasia
as this has previously been reported to be more prevalent
in the capsules of patients with self-described Bll vs histor-
ical control.’> The pathology revealed a higher incidence of
synovial metaplasia in Cohort B, which is most likely related
to the higher number of textured devices and silicone de-
vices (Figures 2, 3). Synovial metaplasia was present in
9% of capsules in Cohort A and in 27% of capsules in
Cohort B. In addition, the capsules were evaluated for the
presence of eosinophils which can be present in allergic
or other inflammatory conditions. Of the 96 capsules eval-
uated in Cohort A, 2 capsules, from the same subject, were
positive for eosinophils. In Cohort B, eosinophils were iden-
tified in 2 capsules. There was no statistically significant dif-
ference in the presence of eosinophils between the 2
implant cohorts. There are no specific histologic methods
to test for silicone in implant capsules, either morphologi-
cally or by special stains. On histologic examination, amor-
phous refractile material was observed in some of the study
capsules. This is thought to represent fragments of the im-
plant shell as this is consistent with published pathology re-
ports of silicone in tissues. This could be confirmed with
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Table 1. Next-Generation Sequencing Positivity by Cohort

Cohort Negative Positive
A (n=50) 24 (48%) 26 (52%)
B (n=50) 23 (46%) 27 (54%)

There was no statistical significance between the next-generation sequencing
positivity in Cohort A vs Cohort B (P =1.0)

techniques such as dispersive X-ray analysis which was not
available for this study. Amorphous materials were seen in
12 out of 50 capsules in the Bll cohort and in 33 out of 50
capsules of the non-BIl implant cohort. Amorphous refrac-
tile material was observed most often in capsules that sur-
rounded textured surface implants.

Microbes

Following data aggregation and filtering, 94 subjects were
represented equally among Cohorts A and B (n =47 each).
The mean number of bacterial species detected (ie, rich-
ness) study-wide was 2, compared to 2.45 (95% Cl, 1.25,
3.64) in Cohort A and 1.55 (95% Cl, 0.86, 2.25) in Cohort
B. There was no statistically significant difference in NGS
positivity between the cohorts (Table 1). A positive NGS
demonstrating the presence of bacterial DNA was found
in 48% of the subjects in Cohort A and in 46% of Cohort
B (P =1.000) (Table 2). Specifically, there was no statistical
difference between the presence of C. acnes (Cohort A,
44%; Cohort B, 32%; P = 0.3) and Staphylococcus epidermi-
dis (Cohort A, 18%; Cohort B, 18%; P = 1.0). A statistical anal-
ysis was performed to determine if there was any
correlation between the number of systemic symptoms re-
ported at baseline and the presence of bacteria. NGS pos-
itivity was not associated with an increased number of
self-reported systemic symptoms in both Cohorts A and
B, and symptom improvement after explantation was the
same regardless of NGS positivity. Cutibacterium has
been implicated as a potential cause of symptoms in wom-
en with self-described BII.> There was no statistical differ-
ence between the percentage reduction of symptoms at
either 3 to 6 weeks or 6 months in Cohorts A or B and
the presence of C. acnes (Table 3).

To further identify if one species of bacteria was dis-
tinctly responsible for the systemic symptoms reported in
Cohort A, B-diversity analysis was calculated in both
Cohorts A and B. Although 92 unique species were detect-
ed at least once, 66 species were detected only once and
the most prevalently detected species included C. acnes,
S. epidermidis, and Corynebacterium tuberculostearicum.
The top 10 most prevalent species were screened for asso-
ciation to cohort by log regression and none were found to
significantly discriminate between the 2 groups (Figure 4).

Table 2. Bacteria Identified at Baseline: Cohort A vs Cohort B

Presence of bacteria Cohort A

(n=50)
Any bacterial growth? 24 (48.0) 23 (46.0) 1.0000
Staphylococcus hominus 1(2.0) 3(6.0) 0.6173
Corynebacterium tuberculosteratum 4 (8.0) 5 (10.0) 1.0000
Aerococcus 0 2 (4.0) 0.4949
Staphylococcus epidermidis 9 (18.0) 9 (18.0) 1.0000
Cutibacterium acnes 22 (44.0) 16 (32.0) 0.3030
Enterobacter 1(2.0) 6 (12.0) 0.117
Lactobacillus (o] 3(6.0) 0.2424
Oryzomicrobium 1(2.0) 1(2.0) 1.0000
Phylobacter (o] 1(2.0) 1.0000
Pseudomonas 0 2 (4.0) 0.4949
Agrobacterium (0] 1(2.0) 1.0000
Azoperillus 0 1(2.0) 1.0000
Haemophilus influenza (0] 1(2.0) 1.0000
Staphylococcus pastueri 1(2.0) 1(2.0) 1.0000
Massilia 0 1(2.0) 1.0000
Mycobacterium marinum 0 1(2.0) 1.0000
Escherichia coli 2 (4.0) 2 (4.0) 1.0000
Sneathia 0 1(2.0) 1.0000
Serratia marcescens (o] 1(2.0) 1.0000
Staphylococcus lundungensis 1(2.0) 0 1.0000
Staphylococcus saccrolyticus 3(6.0) 0 0.2424
Streptococcus mitis 1(2.0) 0 1.0000
Acinobacter 3(6.0) 1(2.0) 0.6173
Bacillus 1(2.0) 0 1.0000
Gordonia otitis 1(2.0) 0 1.0000
Klebsiella 2 (4.0) 0 0.4949
Burkholdia 3(6.0) 0 0.2424
Staphylococcus capitus 1(2.0) 0 1.0000

Values are n (%). ?P-value from Fisher’s exact test, testing the null hypothesis that
the true percentages of patients with bacterial growth are equal for the 2 groups
vs the alternative hypothesis that these percentages are not equal.

Data collected, including implant manufacturer, implant
fill, surface, rupture status (Y/N), and observation of gel
bleeding, were documented, and none reached the
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Table 3. Reduction in Symptom Number by Cohort and Visit and Presence of Cutibacterium acnes at Baseline

Parameter Cutibacterium acnes
Yes (n=22) No (n=28)

Cohort A 50% or more reduction in symptom number 3-6 weeks 14 (66.7) 17 (63.0) 1.0000
6 months 18 (81.8) 18 (66.7) 0.3328

80% or more reduction in symptom number 3-6 weeks 6 (28.6) 11(40.7) 0.5442

6 months 13 (59.1) 10 (37.0) 0.1567

Cohort B 50% or more reduction in symptom number 3-6 weeks 6 (85.7) 13 (46.4) 0.0964
6 months 3(60.0) 9 (37.5) 0.6221

80% or more reduction in symptom number 3-6 weeks 2 (28.6) 10 (35.7) 1.0000

6 months 1(20.0) 5(20.8) 1.0000

Values are n (%). Results are limited to patients with at least 1 reported symptom at baseline based on solicited symptoms listed on the Case Report Form. P-value from
Fisher’s exact test, testing the null hypothesis that the true percentages of patients with reduction in symptom number are equal for the 2 groups vs the alternative

hypothesis that these percentages are not equal.

Streptococcus mitis

Staphylococcus saccharolyticus

Staphylococcus hominis

Staphylococcus epidermidis

Escherichia coli

Enterococcus foecalis

Enterobacter cloacae

Cutibacteruim granulosum

Cutibacterulm acnes

Corynebacterium
tuberculostearicum

Figure 4. Most common organisms (by next-generation
sequencing) per cohort: occurrences estimated per species in
each cohort. Only species in the top 10 most prevalent are
shown here. None were found to be significantly associated
with cohort by log-regression—based screening.

threshold for significance. Data were also analyzed for the
presence of capsular contracture and the presence of bac-
teria. There was a statistically lower level of capsular con-
tracture in Cohort A than in Cohort B. There was a
statistically significant relationship between the presence
of S. epidermidis and capsular contracture in cohort
B. Fifty percent of the subjects in Cohort B with Grade Il
or IV capsules were positive for S. epidermidis vs only 7%

of those with Grade | or Il capsules. Most capsules in
Cohort A were Grade | or Il, and only 14% had Grade Il or
IV capsule, with no statistical difference in the presence
of any bacterial species (Table 4). Interestingly, there was
no statistical difference in NGS positivity or bacterial spe-
cies in either cohort between the subjects with textured
or smooth implants (Table 5). There was a statistical signifi-
cance to NGS positivity and implant fill in Cohort A, witha P
value of 0.002 for S. epidermidis between gel and saline.
There was no statistical difference identified in Cohort B
and no statistical difference between Cohorts A and B
and the presence of bacteria as compared to implant fill
(Table 6). There was no statistical significance to the pres-
ence of gel rupture and NGS positivity.

Cytokines

Twelve cytokines were evaluated in the peripheral blood of
all 3 study cohorts. Of the serum cytokines measured in this
study, only 3 cytokines, IL-17A, IL-13. and IL-22, were found
to be significantly higher in sera of Cohort A than in sera of
Cohorts B and C (Tables 7, 8). It should be noted that a lim-
itation of this study from the start is that it is difficult to de-
termine which individuals had serum cytokine levels above
those of healthy or normal subjects due to the wide varia-
tion of healthy/normal serum values for these cytokines in
the literature.® However, we were able to find statistically
significant differences of cytokine serum levels among
the 3 cohorts. An elevated IL-22 level was found in 12%
of Cohort A, 2% of Cohort B, but in 0% of Cohort C. There
was no relationship between elevated cytokines and either
the implant surface or fill. Of the 7 subjects in Cohort A with
elevations, all reported additional medical diagnoses, such
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Table 4. Comparison by Cohort and Capsular Contracture Table 4. Continued
Category for Presence of Bacteria

Presence of bacteria Grade Il or IV capsular

contracture

Cohort Presence of bacteria Grade Il or IV capsular
contracture

Cohort B | Any bacterial growth? 9 (75.0) 14 (36.8) 0.0435
Cohort A | Any bacterial growth? 3(42.9) 21(48.8) 1.0000
Staphylococcus hominus 1(8.3) 2 (5.3 1.0000
Staphylococcus hominus 0 1(2.3) 1.0000
Corynebacterium 2(16.7) 3(7.9) 0.5819
Corynebacterium 1(14.3) 3(7.0 0.4641 tuberculosteratum
tuberculosteratum
Aerococcus [o] 2 (5.3 1.0000
Aerococcus 0 0 =
Staphylococcus 6 (50.0) 3(7.9) 0.0033
Staphylococcus 1(14.3) 8 (18.6) 1.0000 epidermidis
epidermidis
Cutibacterium acnes 5(41.7) 11(28.9) 0.4859
Cutibacterium acnes 3(42.9) 19 (44.2) 1.0000
Enterobacter 2(16.7) 4 (10.5) 0.6210
Enterobacter 0 1(2.3) 1.0000
Lactobacillus 1(8.3) 2(5.3) 1.0000
Lactobacillus 0 0 —
Oryzomicrobium 1(8.3) 0 0.2400
Oryzomicrobium 0 1(2.3) 1.0000
Phylobacter 1(8.3) 0 0.2400
Phylobacter (0] (0] —
Pseudomonas 1(8.3) 1(2.6) 0.4261
Pseudomonas 0 0 —
Agrobacterium o] 1(2.6) 1.0000
Agrobacterium (0] (0] —
Azoperillus 0 1(2.6) 1.0000
Azoperillus 0 0 —
Haemophilus influenza 1(8.3) 0 0.2400
Haemophilus influenza (0] (0] —
Staphylococcus pastueri 0 1(2.6) 1.0000
Staphylococcus pastueri 0 1(2.3) 1.0000
Massilia 1(8.3) 0 0.2400
Massilia 0 0 —
Mycobacterium marinum 1(8.3) 0 0.2400
Mycobacterium marinum 0 0 —
Escherichia coli o] 2(5.3) 1.0000
Escherichia coli (0] 2(4.7) 1.0000
Sneathia 0 1(2.6) 1.0000
Sneathia 0 0 —
Serratia marcessens o] 1(2.6) 1.0000
Serratia marcessens 0 0 —
Staphylococcus 0 0 —
Staphylococcus (0] 1(2.3) 1.0000 lundungensis
lundungensis
Staphylococcus [0] 0] —
Staphylococcus 1(14.3) 2(4.7) 0.3704 saccrolyticus
saccrolyticus
Streptococcus mitis o] 0o —
Streptococcus mitis 0 1(2.3) 1.0000
Acinobacter 1(8.3) 0 0.2400
Acinobacter 0 3(7.0) 1.0000
Bacillus 0 0 —
Bacillus 0 1(2.3) 1.0000
Gordonia otitis 0 0 —
Gordonia otitis 0 1(2.3) 1.0000
Klebsiella 0 0 —
Klebsiella 0 2(4.7) 1.0000
Burkholdia 0 0 —
Burkholdia 0 3(7.0) 1.0000
Staphylococcus capitus o] 0o —
Staphylococcus capitus 0o 1(2.3) 1.0000

Values are n (%). °P-value from Fisher’s exact test, testing the null hypothesis that the true
percentages of patients with bacterial growth are equal for the 2 groups vs the alternative
hypothesis that these percentages are not equal.
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Table 5. Comparison by Cohort and Type of Implant for Table 5. Continued
Presence of Bacteria—Next Generation Sequencing

Presence of bacteria Type of implant
Presence of bacteria Type of implant P-value®

Textured Smooth

Textured Smooth (n=5) (n=45)

(n=5) (n=45)
Cohort B | Any bacterial growth? 11(40.7) [12(52.2)| 0.5701
Cohort A | Any bacterial growth? 3(60.0) | 21(46.7)| 0.6613

Staphylococcus hominus 1(3.7) 2(8.7)| 0.5881
Staphylococcus hominus 0 1(2.2)| 1.0000

Corynebacterium 4 (14.8) 1(4.3)| 0.3573
Corynebacterium 0 4(8.9)| 10000 tuberculosteratum

tuberculosteratum

Aerococcus 1(3.7) 1(4.3)| 1.0000
Aerococcus 0 0 —

Staphylococcus epidermidis 4 (14.8) 5(21.7)| 0.7147
Staphylococcus epidermidis 2(40.0) | 7(15.6)| 0.2161

Cutibacterium acnes 7(25.9) | 9(39.1) | 0.3726
Cutibacterium acnes 3(60.0) |19 (42.2)| 0.6428

Enterobacter 2(7.4) 4 (17.4)| 0.3946
Enterobacter 1(20.0) 0 0.1000

Lactobacillus 2(7.4) 1(4.3)| 1.0000
Lactobacillus (0] 0 —

Oryzomicrobium 1(3.7) 0 1.0000
Oryzomicrobium (0] 1(2.2)| 1.0000

Phylobacter 1(3.7) 0 1.0000
Phylobacter (] 0 —

Pseudomonas 1(3.7) 1(4.3)| 1.0000
Pseudomonas (0] 0 =

Agrobacterium 1(3.7) 0 1.0000
Agrobacterium 0 0 —

Azoperillus 1(3.7) 0 1.0000
Azoperillus (0] 0 =

Haemophilus influenza 0 1(4.3)| 0.4600
Haemophilus influenza (0] 0 —

Staphylococcus pastueri 1(3.7) o] 1.0000
Staphylococcus pastueri (] 1(2.2)| 1.0000

Massilia 0 1(4.3)| 0.4600
Massilia (] 0 —

Mycobacterium marinum 0 1(4.3)| 0.4600
Mycobacterium marinum (0] 0 —

Escherichia coli 0 2(8.7)| 0.2065
Escherichia coli 1(20.0) 1(2.2)| 0.1918

Sneathia 0 1(4.3)| 0.4600
Sneathia (0] 0 =

Serratia marcessens (o] 1(4.3)| 0.4600
Serratia marcessens (0] 0 =

Staphylococcus lundungensis 0 0 —
Staphylococcus lundungensis 0 1(2.2)| 1.0000

Staphylococcus saccrolyticus 0 0 —
Staphylococcus saccrolyticus 0 3(6.7)| 10000

Streptococcus mitis 0 o] —
Streptococcus mitis 0 1(2.2)| 1.0000

Acinobacter 0 1(4.3)| 0.4600
Acinobacter 1(20.0) 2(44)| 0.2760

Bacillus 0 0 —
Bacillus (0] 1(2.2)| 1.0000

Gordonia otitis (o] 0 —
Gordonia otitis (0] 1(2.2)| 1.0000

Klebsiella 0 0 —
Klebsiella 0 2(4.4)| 10000

Burkholdia (o] 0 —
Burkholdia 1(20.0) 2(44)| 0.2760

Staphylococcus capitus 0 o] —
Staphylococcus capitus 1(20.0) 0 0.1000

Values are n (%). °P-value from Fisher’s exact test, testing the null hypothesis
that the true percentages of patients with bacterial growth are equal for the
two groups vs the alternative hypothesis that these percentages are not equal.



238 Aesthetic Surgery Journal 43(2)

Table 6. Comparison by Cohort and Implant Fill for Presence Table 6. Continued
of Bacteria—Next-Generation Sequencing

Presence of bacteria Implant fill P-value®
Presence of bacteria Implant fill P-value®
Gel Saline
Gel Saline (n=16) (n=34)
(n=16) (n=34)
Corynebacterium 4 (10.3) 1(9.) 1.0000
Cohort A | Any bacterial growth? 9(56.3) [15 (44.1) | 0.5470 tuberculosteratum
Staphylococcus hominus 0 1(2.9)| 1.0000 Aerococcus 1(2.6)| 1(9.1) | 0.3951
Corynebacterium 16.3)| 3(8.8)| 1.0000 Staphylococcus epidermidis 7(17.9)| 2(18.2)| 1.0000
tuberculosteratum

Cutibacterium acnes 11(28.2)[ 5(45.5)| 0.2972
Aerococcus 0 (0] —

Enterobacter 4(10.3)| 2(18.2)| 0.6014
Staphylococcus epidermidis 7(43.8)| 2(5.9)| 0.0027

Lactobacillus 3(7.7) 0] 1.0000
Cutibacterium acnes 9 (56.3) 13 (38.2) | 0.3600

Oryzomicrobium 1(2.6) 0 1.0000
Enterobacter 1(6.3) (0] 0.3200

Phylobacter 1(2.6) 0 1.0000
Lactobacillus 0 (0] —

Pseudomonas 2 (5.) 0 1.0000
Oryzomicrobium 0 1(2.9)| 1.0000

Agrobacterium 1(2.6) 0 1.0000
Phylobacter 0 (0] —

Azoperillus 1(2.6) 0 1.0000
Pseudomonas 0 0 =

Haemophilus influenza 1(2.6) 0 1.0000
Agrobacterium 0 (] —

Staphylococcus pastueri 1(2.6) 0 1.0000
Azoperillus 0 0 =

Massilia 1(2.6) 0 1.0000
Haemophilus influenza (0] (0] —

Mycobacterium marinum 1(2.6) 0 1.0000
Staphylococcus pastueri 0 1(2.9)| 1.0000

Escherichia coli 1(2.6) 1(9.1) | 0.3951
Massilia 0 (] —

Sneathia 1(2.6) 0 1.0000
Mycobacterium marinum 0 (0] —

Serratia marcessens 1(2.6) 0 1.0000
Escherichia coli 1(6.3) 1(2.9)| 0.5420

Values are n (%). °P-value from Fisher’s exact test, testing the null hypothesis that
Sneathia 0 0 — the true percentages of patients with bacterial growth are equal for the 2 groups
vs the alternative hypothesis that these percentages are not equal.

Serratia marcessens 0 (0] —

i)l e s o 129| 10000 as Hashimoto’s thyroiditis, IBS, and allergies at baseline.
IL-17A levels were elevated in 6% of Cohort A, 0% of

Staphylococcus saccrolyticus 0 31(B:8)[10:5420 Cohort B, and 2% of Cohort C. Of the 3 subjects who had

S 163) o 0.3200 elevated IL-17A, all had a coexisting medical iliness. An el-
evated IL-13 was found in 16% of Cohort A, 0% of Cohort B,

Acinobacter 1(6:3) | 2 (5.9)1.0000 and 2% of Cohort C. Of the 8 subjects in Cohort A with an

Bacillus o 129| 10000 elevated IL-13, all but 1 patient had coexisting medical
illnesses.

Gordonia otitis 1(6.3) (0] 0.3200

Klebsiella 1(6.3)| 1(2.9)| 0.5420 Enterotoxins

Burkholdia 2(125)| 19| 02367

To investigate the possible role of Staphylococcal infection
Staphylococcus capitus 1(63) 0 0.3200 causing a potential systemic inflammatory response, we an-
alyzed blood of subjects for the presence of a humoral (an-
tibody) immune response to bacterial antigens. Sera from all
Staphylococcus hominus 2(50 | 1(9 | 05337 3 cohorts were analyzed for the presence of IgG and IgE
anti-SEA, anti-SEB, and anti-TSST. There were no significant

Cohort B | Any bacterial growth? 18 (46.2) | 5(45.5)| 1.0000
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Table 7. Cytokine Comparison Between Cohorts

Cytokine Cohort A (n=50) Cohort B (n=50) Cohort C (n=48)
IL-13 8 0 1
IL-2 2 0 0
IL-6 9 8 3
IL-9 4 1 0
IL-10 2 0 0
IFNy 9 4 1
TNFa 8 9 4
IL-17A 3 0 1
IL-17F 5 1 2
IL-4 6 2 2
IL-22 6 1 0

The table shows the number of subjects within each cohort who had
above-normal levels of the respective cytokine. The number of subjects with
higher levels for IL-13, IL17A, and IL-22 were significantly higher in Cohort
A. TNF and IL-6 proinflammatory cytokines were higher in Cohorts A and B
than in Cohort C. IL-2, IFNy, IL-10, and IL-17F were not statistically different
between cohorts. IL-4 was higher in Cohorts A and B than in Cohort C. IFN,
interferon; IL, interleukin; TNF, tumor necrosis factor.

differences in the frequency or levels of IgE anti-SEA,
anti-SEB, and anti-TSST between Cohorts A and B, and
this was consistent with the overall absence of reported
Type 1 hypersensitivity adverse reactions in either group
(Table 9). Regarding IgG antibody responses, there is no uni-
versally accepted reference range for the concentration of
IgG anti-SEA, anti-SEB, and anti-TSST in a healthy adult pop-
ulation. There were no significant differences in IgG anti-SEB
orlgG anti-TSST between Cohorts A and B. There was a stat-
istical difference between Cohorts A and B in detected level
of IgG anti-SEA (P = 0.0068) (Table 10).

DISCUSSION

Forty years ago, Burkhart first described subacute peri-
prosthetic infections and identified the responsible organ-
ism as S. epidermidis.”® Research by Ahn et al in 1996
looked at the frequency, type, and clinical significance
of microbial colonization on implant surfaces removed
from symptomatic patients. C. acnes, formerly known as
Propionibacterium acnes, was found most often (57.5%),
followed by S. epidermidis (47%)."" Research by Adams
et al in 2006 demonstrated a reduction in Grade Il and
IV capsular contracture when triple antibiotics were add-
ed as an irrigant during breast augmentation and

reconstruction. Their landmark data demonstrated a
wide variety of organisms, rather than only S. epidermidis,
cultured from periprosthetic capsules.2 Previous pub-
lished reports have presented a biofilm hypothesis as a
possible etiology for the systemic symptoms reported by
women with breast implants. Lee et al specifically cultured
capsular tissue removed from women who self-reported
systemic symptoms that they associated with their im-
plants.5 Biofilms are generally polymicrobial and under
certain environments may be overrepresented by a partic-
ular species. Previous efforts to analyze breast implant mi-
crobial contamination by culture-based methods are
limited as not all pathogens are suitable for culturing.
Originally described in 1982, NGS (ie, 16S rRNA gene se-
quencing) is a microbial diagnostic method that can de-
tect all the nucleic acids present in a specimen. Many of
the human pathogens routinely identified on the surface
of an implant and within the capsular tissue can enter a
nonculturable but still viable state.”® During this state,
pathogens retain their cellular structure and gene expres-
sion, allowing for polymerase chain reaction testing while
remaining nonculturable. In this ASERF study, the patho-
gens on the surface of the implant and capsules were
identified by NGS and the optimal technique for procuring
samples was determined by first validating methods that
would detect the highest yield of pathogen DNA. Swabs
of the entire surface of the breast implant and inside of
the capsule as well as 5 grams of capsule tissue were
sent for NGS. This aggregate of swabs and tissue provid-
ed the most accurate mapping of pathogenic bacterial
DNA often missed with routine cultures. The conclusions
from the NGS reveal no statistical difference in bacterial
positivity on the surface of the implant or within the cap-
sule between Cohorts A and B. The only statistical differ-
ence in Cohort A for <10 systemic symptoms or >10
systemic symptoms was the presence of S. epidermidis
in subjects who reported fewer than 10 symptoms, not
more. In Cohort B, there was no difference. The differenc-
es in microbial detection between the 2 cohorts in this
study are minimal.

Synovial metaplasia and epithelioid histiocytic reaction
are indicators of host reaction to something, especially to
foreign bodies.*" Synovial metaplasia was more frequent-
ly seen and was more severe in Cohort B than in Cohort A,
and present surrounding both saline- and silicone-filled im-
plants. It was also much more likely to be associated with
textured silicone implants. Low-molecular-weight silicones
and gel bleed have been implicated as potential causes of
systemic symptoms, with the suggestion that the presence
of silicone in capsules is an indication of proof of an asso-
ciation between silicone and systemic symptoms."'® This
study showed that the presence of silicone particles in
the capsule was significantly more common in the non-Bll
cohort and was most associated with textured implants.
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Table 8. Analysis to Find Baseline Characteristics That Are Predictive of Patients Self-reporting Bll: Enterotoxins and Cytokines

Baseline characteristic Cohort A vs Cohort B Cohort A vs Cohort C

Reference category

Odds ratio P-value Odds ratio P-value
Enterotoxins
IgE anti-SEA (continuous) — 1.196 0.9600 126.899 0.4272
IgE anti-SEB (continuous) — 0.041 0.4948 0.167 0.6403
IgE anti-TSST (continuous) — 2.349 0.5323 0.618 0.6689
1gG anti-SEA (continuous) — 1.023 0.0973 1.052 0.0068
1gG anti-SEB (continuous) — 1.022 0.0551 1.017 0.1315
1gG anti-TSST (continuous) — 1.005 0.4630 1.007 0.3125
Cytokines

Elevated IL-5 (yes/no) No 1.363 0.6958 1.022 0.9762
Elevated IL-13 (yes/no) No >999.999 0.0168 4.355 0.1956
Elevated IL-2 (yes/no) No >999.999 0.0934 >999.999 0.091
Elevated IL-6 (yes/no) No 1.000 1.0000 4.000 0.0945
Elevated IL-9 (yes/no) No 2.042 0.5653 >999.999 0.091
Elevated IL-10 (yes/no) No >999.999 0.0934 >999.999 0.09M
Elevated IFNy (yes/no) No 1.000 1.0000 4.355 0.1956
Elevated TNFa (yes/no) No 0.334 0.1228 1.022 0.9796
Elevated IL-17A (yes/no) No >999.999 0.0392 3.196 0.3219
Elevated IL-17F (yes/no) No 4.267 0.2020 4.355 0.1956
Elevated IL-22 (yes/no) No >999.999 0.0392 >999.999 0.0378
Elevated IL-4 (yes/no) No 2.042 0.5653 1.021 0.9835

The odds ratios and P-values are from a logistic regression analysis with group as the dependent variable and the baseline characteristic as the explanatory variable.
The P-value is for a 2-sided test of the null hypothesis that the true odds ratio equals 1. For enterotoxins, values of ‘<0.1’ (IgE) and ‘<2.0’ (IgG) have been converted to O
for analysis. For cytokine values, when there was a discrepancy between readings of fluorescent intensity of separate samples in the initial analysis, the analysis was
repeated, and most consistent values were used. Bll, breast implant illness; IFN, interferon; Ig, immunoglobulin; IL, interleukin; TNF, tumor necrosis factor; SEA(B),

Staphylococcus aureus enterotoxin A(B); TSST, toxic shock syndrome toxin.

There is also no current scientific evidence to support an
association between the presence of silicone particles in
the capsules and systemic symptoms. In this paper the
presence of silicone particles was not associated with
symptoms as there was significantly fewer amorphous par-
ticles in the capsules of Cohort A.

A limitation of this study was the measurement of IgG an-
tibody to only 1 microbe, S. aureus, for reasons of the well-
stablished superantigen responses that are known to pro-
duce IgG antibody."® S. epidermidis does not produce the
toxic enterotoxins produced by S. aureus. We chose to
study immune responses to S. aureus because an estimat-
ed 20% to 30% of the human population are long-term car-
riers of S. aureus in their upper respiratory tract, on normal

skin, and in the lower reproductive organs of women."”"®

S. aureus also produces o-toxin which can produce pores
in cellular membranes, causing localized inflammation
and cell death. The presence of superantigen-specific
antibody would support a possible Staphylococcal
infection—induced mechanism of an inflammatory re-
sponse to a current or past localized infectious process.
Of the toxic proteins S. aureus produces, Staphylococcal
enterotoxin superantigens are known to be among the
most potent and involved in inducing toxic shock syn-
drome.”® The presence and levels of SEA-, SEB-, and
TSST-specific IgG and IgE antibody were measured using
state-of-the-art ImmunoCAP Technology and did find 26%
of subjects in Cohort A with elevated IgG anti-SEA levels.?°
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Table 9. Prevalence of IgE Anti-Staphylococcus aureus Enterotoxin (Superantigen) in the 3 Study Cohorts

Cohort Number IgE anti-SEA >0.1kUa/L IgE anti-SEB >0.1kUa/L IgE anti-TSST >0.1kUa/L IgE anti-SEA, SEB, or TSST >0.1 kUa/L IgE >0.35 kUa/L
Cohort A 49 2 (4.0%) 2 (4.0%) 7 (14.2%) 9 (18.3%) 3 (6.1%)
Cohort B 48 3(6.2%) 2 (4.1%) 8 (16%) 1(20.8%) 2 (4.1%)
Cohort C 46 1(2.1%) 3 (6.5%) 11(24%) 11(23.9%) 5 (10.8%)

No significant difference in the levels of IgE antibodies between the cohorts (Mantel-Haenszel chi square). Ig, immunoglobulin; SEA(B), Staphylococcus aureus

enterotoxin A(B); TSST, toxic shock syndrome toxin.

Table 10. Prevalence of IgG Anti-Staphylococcus aureus Enterotoxin (Superantigen) in the 3 Study Cohorts
oho be g A gA gG a B gA g 0] gA g A Bo PO e
Cohort A 49 13 (26.5%) 5 (10.2%) 7 (14.3%) 18 (36.7%)
Cohort B 48 7 (14.6%) 4 (8.2%) 4 (8.2%) 9 (18.8%)
Cohort C 46 3 (6.5%) 5 (10.8%) 5 (10.8%) 7 (15.2%)

The 95% ClI limits for age-adjusted IgG anti-Staphylococcus aureus superantigen reference ranges for healthy female adults derived from Cohort C are 32.3 mgA/L
(SEA), 53.6 mgA/L (SEB) and 70.5 mgA/L (TSST). Ig, immunoglobulin; SEA(B), Staphylococcus aureus enterotoxin A(B); mgA/L, milligrams of antigen-specific

antibody per liter; TSST, toxic shock syndrome toxin.

Of the 18 subjects identified in Cohort A with elevated I1gG
anti-SEA/SEB/TSST, only 5 subjects demonstrated positive
NGS. Cutibacterium was the predominant species detected
on their implant surface and in their capsules. Further study
may be indicated to measure IgG antibody responses to
Cutibacterium. Although the findings of elevated IgG
anti-SEA may suggest a possible role for IgG antibody respons-
es or a possible indication of a bacterial infection involved in
inducing implant-related symptoms in the Cohort A subjects,
it is important to note that due to immunological memory,
the IgG response needs to be viewed as a “historical” or “inte-
grated” indicator which reflects both past and current infec-
tions. Moreover, the presence of elevated quantitative IgG
antibody levels specific for the Staphylococcal superantigens
did not consistently match with the presence of detectable S.
aureus DNA on the surface of removed implants or capsules
from subjects in Cohorts A and B. In addition, the symptoms re-
ported most frequently by the subjects in Cohort A (fatigue,
brain fog, muscle pain and weakness, memory issues, and anx-
iety) are not commonly reported by individuals who are expe-
riencing infectious or allergy/immune response—related
adverse reactions. The DNA and antibody data generated
fail to support an “infectious” theory as a primary cause for
the systemic symptoms reported in Bll. This information may
aid surgeons and patients when making decisions concerning
implant or capsule removal.

CRP is an acute-phase reactant protein that has both
proinflammatory and anti-inflammatory properties. Unlike
the erythrocyte sedimentation rate, which is an indirect
test for the presence of inflammation, the CRP can rise
and fall quickly in response to the onset or removal of an

inflammatory stimulus. Cohort A demonstrated an elevated
CRP compared with Cohorts B and C. An elevated CRP is
most often related to an infectious etiology; however, there
was no statistical difference in NGS positivity between the
cohorts or a higher grade of capsular contracture in
Cohort A compared with Cohort B. CRP elevations are re-
ported in patients with IBS, sleep disturbances, autoimmune
disease, and mixed connective tissue disease. There are
also studies which show an association between anxiety
and stress-related disorders and higher levels of inflamma-
tory markers, as measured by CRP.%"?? The baseline symp-
tom surveys and PROMIS data showed a significantly higher
percentage of subjects with a high severity level of anxiety in
Cohort A than in Cohort B or the control cohort. Subjects in
Cohort A also reported statistically higher rates of chronic fa-
tigue syndrome, fibromyalgia, Sjogren’s syndrome, IBS, and
general autoimmune illness than subjects in Cohorts B or C.

Cytokines are proteins produced by cells that regulate the
body’s response to disease and infection and mediate normal
cellular functions. Because many symptoms attributed to Bl
are thought to be due to unique responses to implants, we hy-
pothesized that specific cytokines might be increased in se-
rum of subjects of Cohort A relative to Cohorts B or C. To
test our hypothesis, we analyzed serum levels of 12 cytokines
representing different T helper subsets, Th1, Th2, and Th17.
This panel previously was able to distinguish cytokine levels
in seromas of women with breast implant—associated ana-
plastic large cell lymphoma from those with benign sero-
mas. > Significantly, in the current study group of 150
subjects, most subjects in all 3 cohorts had normal levels of
all cytokines. However, 3 serum cytokines (IL-22, IL-13,
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IL-17A) were statistically higher in the sera of subjects in
Cohort A than in subjects in Cohorts B and C. There were
also statistically higher levels of IL-13 and IL-17 in Cohort A
vs Cohort B, but not between Cohort A and Cohort C, for
which we have no explanation. There was a statistically
higher level of IL-22 in Cohort A than in both control cohorts.
The subjects with elevated IL-17 also had elevated IL-6
and TNFa which has also been associated with anxiety
disorders.?* It is important to note that although there were
statistical differences between the cohorts, cytokine eleva-
tions occurred in a minority of subjects in Cohort A.

IL-22 has been assigned to the Th17 group but also has
been delegated its own Th22 subset by immunologists.25
Increased Th22 cells and high serum levels of IL-22 have
been associated with autoimmune thyroiditis including ear-
ly phases of Hashimoto’s 'thyroiditis.26 Interestingly, 5 of 6
patients with elevated serum IL-22 levels had hypothyroid-
ism and/or Hashimoto’s thyroiditis. IL-22 is associated with
tissue repair and is predominantly active at interfaces with
the environment such as skin, respiratory tract, and gastro-
intestinal tract.?” IL-22 is regulated by the aryl hydrocarbon
receptor, which is activated by environmental toxins.282°
Of particular significance in this group of women with Bl
is thatthe aryl hydrocarbon receptor is activated by arsenic,
which is associated with tobacco and smoking.30 Among
the 7 women with higher serum IL-22 levels, 4 had a history
of smoking. IL-22 has also been found to increase synovial
hyperplasia in joints of psoriatic arthritis; however, there
was no correlation with synovial metaplasia in capsules of
subjects in Cohort A.

IL-13 is a Th2 cytokine that is commonly associated with al-
lergic or atopic disease, eg, atopic dermatitis (eczema), asth-
ma, and food or airborne allergies.®**? Among the 8 women
in Cohort A with increased serum levels of IL-13, 4 reported
airborne allergies. IL-13 upregulates eotaxins, a subfamily of
cytokines which recruit eosinophils that are associated with
atopic diseases.®® We did not find any remarkable infiltration
of capsular tissues with eosinophils in these patients. IL-13 is
active in promoting fibrosis and could play a role in formation
of fibrous capsules and diseases with prominent fibrosis, eg,
scleroderma.®**® However, most capsules in Cohort A did
not show remarkable fibrosis and no patient with elevated
serum IL-13 reported scleroderma.

IL-17A is a Th17 cytokine that is involved in autoimmune
diseases, eg, psoriasis, systemic lupus, and rheumatoid ar-
thritis.3¢37 IL-17 inhibitors have been used to treat these
diseases.®® Among the 3 subjects with higher serum
IL-17, 1 had fibromyalgia, mixed connective tissue disease,
Raynaud’s syndrome, and scleroderma. Antinuclear anti-
bodies (ANAs) are commonly increased in autoimmune dis-
eases; however, about 26% of the normal population are
ANA positive, with 17% having moderate levels and 9% hav-
ing high ANA antibody levels.>*® Cohort A self-reported a
higher ANA positivity relative to the other 2 cohorts.

One of the limitations of this study was the sample size,
which included 50 subjects in each cohort. The cohorts,
however, provided a large enough sample size to deter-
mine significant relationships from the data. Systemic
symptoms data relied on the use of self-reported systemic
symptom surveys, which may be limited by the fact that
they cannot be independently verified. These data were
therefore supplemented with the National Institutes of
Health PROMIS questionnaire, a validated instrument.
Several additional analyses were considered during this re-
search. Extensive validation was undertaken prior to the
collection of specimens for NGS analysis as there is reason
to believe that the distribution of microbes may not be uni-
form on the surface of an implant or capsule. Prior to study
specimen collection, multiple methods were tested to vali-
date the collection method that yielded the highest positiv-
ity. It would have been ideal to submit the entire capsule for
NGS; however, part of the capsule was also required for
heavy-metal analysis and tissue pathology. Further investi-
gation, including whole genomic sequencing of microbes
identified by NGS, was not pursued as the microbial data
did not demonstrate specific bacterial pathogens that
were statistically related to specific systemic symptoms.
Finally, although rigorous histopathology was performed
on capsule tissue, techniques such as energy-dispersive
X-ray analysis may prove useful in the future for detection
of heavy metals and silicone in fresh tissues as well as
specimens stored on fixed slides.*°

CONCLUSIONS

This study sought to determine if there were quantita-
tive differences in biospecimens in patients with self-
described breast implant illness compared to 2 control
groups. Advanced metagenomics revealed no statisti-
cal difference in bacterial positivity on the surface of
the implant or within the capsule between Cohorts A
and B, and the presence of bacteria did not influence
the number of symptoms reported or symptom relief
postoperatively. Although there were statistically signif-
icant differences in some of the biospecimen analysis
performed, these findings did not occur in all, or even
a majority, of subjects in the cohort of women with sys-
temic symptoms they attribute to implants. Had any
specific finding been identified in most subjects, it
could potentially have been used to make a diagnosis
of BIl as a specific pathologic entity and potentially
point to a possible cause for the systemic symptoms
that patients experience. This study adds to the litera-
ture by demonstrating a lack of consistent, identifiable
biomedical markers that differentiate subjects with self-
described BIl from control groups.
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