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Approximately 70,000 2-stage reconstructive 
breast surgeries using a tissue expander and 
breast implant were performed in the United 

States in 2011.1 These procedures now more com-
monly involve the use of acellular dermal matrix 

(ADM) products, which were introduced in 2005.2 
Inserting an ADM to help reinforce the soft-tissue 
pocket for the expander and the later implant has 
been shown to provide enhanced soft-tissue cover-
age of the prosthesis and improve control of the in-
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Background: Red breast syndrome (RBS) has been described as an 
erythema that may be associated with 2-stage prosthetic reconstructive 
breast surgery using biologic mesh. RBS is differentiated from infectious 
cellulitis through absence of fever and laboratory abnormalities and usu-
ally has a self-limiting course. There have been no clinical reports on eti-
ology, risk factors, or management of RBS. This report describes patient 
data that raise the need to rule out mycobacterial infection when RBS is 
being considered as a diagnosis. 
Methods: We present 6 cases of Mycobacterium fortuitum infection occurring 
after prosthetic breast reconstruction performed with a human-derived 
acellular dermal matrix, including the timing and course of erythema, lab-
oratory results, treatments used, and long-term outcomes. We also describe 
the differential diagnoses of RBS in the context of these cases, including 
emergence of acid-fast bacilli and diagnostic and treatment considerations. 
Exact two-tailed 95% confidence intervals based on the F-distribution are 
provided with estimates of the incidence rates of  infection.
Results: The 6 cases presented here do not fit the typical description 
of RBS and were caused by mycobacterium infection. Statistical evalua-
tion of the estimated incidence rate of M. fortuitum infection in a patient 
thought to have RBS, which occurred 100% of the time in this series, 
revealed a 95% confidence interval of 54.1–100%.
Conclusions: When presented with possible RBS, surgeons must rule out 
cellulitis, culture for acid-fast bacilli such as mycobacterium species, and 
then determine the best course of treatment. Patient counseling regard-
ing potential household sources of infection is warranted to minimize 
postoperative infection risk. (Plast Reconstr Surg Glob Open 2013;1:e50;  
doi: 10.1097/GOX.0b013e3182a939ed; Published online 10 October 2013.)
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framammary and lateral mammary folds and implant 
position, resulting in better cosmetic outcomes.2–5

In recent years, there have been several reports of 
a delayed erythema on the reconstructed breast.6–9 
This infrequent finding is reported in 5–10% of 
breast reconstructions performed with ADM,8 and 
it has been called both delayed breast cellulitis10,11 
and red breast syndrome (RBS).7,9,12 The erythema 
tends to appear a few weeks or more after surgery on 
the skin overlying biologic mesh products7 and then 
usually resolves spontaneously within 2 months.7,8 As 
described in published reports, cases may mimic cel-
lulitis but differ in several respects. In most cases, the 
reddened area of skin blanches under pressure, but 
there is no induration. Pain, tenderness, localized 
calor, and fever are typically absent, as are elevated 
serum markers, such as white blood cell and neutro-
phil count, C-reactive protein, and erythrocyte sedi-
mentation rate.7

The cause of RBS has not been determined.7 RBS 
is reported to occur in the presence of expanders 
or implants with biologic mesh products such as 
ADM.6,8 The condition does not appear to be linked 
to product sterility or processing.8 It is not known if 
any subgroup of patients is at greater risk for RBS 
or whether radiation and chemotherapy are factors. 
It is feasible that some cases may represent  allergic 
or inflammatory reactions, unidentified infec-
tion, or possibly revascularization of the ADM, but 
there are no clinical data to support any of these 
 potential causes.6–8

Differentiation from infectious cellulitis has 
been described in the limited volume of literature 
as a dilemma for surgeons considering a diagnosis 
of RBS. Although the literature states that RBS does 
not seem to require any treatment other than watch-
ful waiting, infectious cellulitis or infection in the 
expander or implant pocket requires more aggres-
sive treatment. In cases of RBS, the surgeon may be 
forced to remove the expander because the patient 
has to begin chemotherapy, and the oncologist is 

concerned about the erythema being a sign of infec-
tion. In many cases, a true diagnosis is never made. 
Lack of intervention in a scenario of undiagnosed 
infectious cellulitis could allow progression to a seri-
ous infection, necessitating invasive procedures and 
possibly removal of the expander or implant.7

We present 6 cases of acid-fast bacillus (AFB) 
infection with Mycobacterium fortuitum in patients 
who underwent prosthetic breast reconstruction 
performed with human-derived ADM (HADM; 
AlloDerm Regenerative Tissue Matrix; LifeCell, 
Branchburg, N.J.; DermaMatrix, Synthes, West Ches-
ter, Pa.). These cases, in which RBS was a leading 
diagnosis, occurred over the last 6 years among 3109 
reconstructive procedures that involved HADM. No 
other patients had signs and symptoms characteris-
tic of RBS. The 6 cases reported here do not match 
previous published descriptions of RBS in several re-
spects; we believe that they may have been caused by 
mycobacterial infections acquired after surgery that 
ascended through surgical drain sites. Our objec-
tive is to evaluate atypical infections due to AFB, an 
organism that often eludes detection, in patients in 
whom RBS is being considered as a diagnosis. The 
differential diagnoses of RBS, including potential 
causes and impact on treatment plans, will be dis-
cussed in the context of these patients. Exact two-
tailed 95% confidence intervals (CI) based on the 
F-distribution are provided, with estimates of the in-
cidence rates of infection.

TECHNIQUE
All 6 patients in this report underwent mastecto-

my as part of treatment for breast cancer. Patient de-
mographic information is presented in Table 1, and 
therapeutic and surgical information is presented 
in Table 2. Patients underwent expander/implant-
based reconstruction following unilateral mastecto-
my (n = 2), bilateral therapeutic mastectomy (n = 2), 
and bilateral mastectomy due to unilateral cancer 
and contralateral prophylaxis (n = 2). One case in-
volved the use of DermaMatrix and 5 cases involved 
AlloDerm Regenerative Tissue Matrix.

The authors performed 2-stage reconstruction 
with a standard approach. The first stage was per-
formed under general anesthesia immediately fol-
lowing mastectomy. Patients received prophylactic 
cefazolin as a single intravenous dose <30 minutes 
before surgery and cephalexin 500 mg every 6 hours 
for 2 weeks postoperatively.

HADM (either 8 × 16 or 8 × 20 cm) was used as an 
extension of the released pectoralis major muscle to 
reinforce the inferior breast flap over a tissue pocket 
for insertion of a tissue expander.13 The subpecto-
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ralis pocket was prepared and then the pocket and 
wounds were rinsed with antibiotic solution (bacitra-
cin or vancomycin/gentamicin). The sheet of HADM 
was positioned with the dermal side toward the mas-
tectomy flap and then sutured to the chest wall along 
the arc formed by the desired location of the inframa-
mmary and lateral mammary folds with running 3-0 
polydioxanone (PDS) sutures (Ethicon, Somerville, 
N.J.). The tissue expander was rinsed with the same 

antibiotic solution used for the wounds and then 
placed into the pocket deep to the pectoralis major 
muscle and HADM. A textured anatomic tissue ex-
pander was inserted into the space under the muscle. 
The HADM was sutured to the pectoralis major mus-
cle with appropriate tension using a running 3-0 PDS  
suture. Tissue expanders were filled with normal 
saline to an appropriate volume as determined by 
clinically acceptable tension of the mastectomy skin 

Table 1. Patient Demographic Information

Case No. 1 2 3 4 5 6

Age, race 52, white 47, white 46, black 54, white 67, white 59, white
Weight (lb)/

body mass 
index (kg/m2)

145/23.4 190/30.7 250/35.9 104/19.6 201/36.8 182/29.4

Side and stage of 
breast cancer

Left: clini-
cal stage I 
(T2N0M0)

Right: invasive 
ductal carci-
noma; clinical 
stage III 
(T2N1M0)

Bilateral lobular 
carcinoma in 
situ + atypical 
ductal hyper-
plasia on left, 
clinical stage I 
(T1N0M0)

Right: history 
of ductal 
carcinoma 
in situ and 
lumpectomy + 
chemotherapy/
radiation; 
left: invasive 
ductal stage I 
(T1cN0M0)

Right: 
stage 2A 
(T1N1M0)

Right: stage IIIA 
(T3N1Mx)

Radiation or 
chemotherapy

None Radiation: 
none; chemo-
therapy: 
cyclophos-
phamide and 
docetaxel, 
6 cycles; 
postoperative, 
starting after 
expander 
removed due 
to infection

Radiation: NA; 
chemother-
apy: none

Radiation: history 
of radiation to 
right breast  
for ductal  
carcinoma in 
situ 2004, not 
concurrent with 
treatment/
infection; 
chemotherapy: 
taxotere, 
carboplatin, 
trastuzumab; 
postoperative, 
9/30/11–1/ 
2012, 6 cycles + 
additional tras-
tuzumab cycle

Radiation: 
postopera-
tive; chemo-
therapy: 4 
cycles of 
cyclophos-
phamide/
docetaxel

Radiation: 
postoperative; 
chemotherapy: 
taxotere, carbo-
platin, trastu-
zumab, 4 cycles; 
 preoperative 
(2/2011–3/ 
2011) × 4 cycles; 
postoperative 2 
cycles, 8/2011

Comorbidities Hypertension Acne, gastroe-
sophageal 
reflux disease, 
anxiety

Asthma, endo-
metriosis

NA Obesity, hyper-
tension

Asthma, tobacco 
use

Risk factors for 
infection

NA Left pneumo-
thorax from 
chemoport 
requiring 
chest tube 
during postop-
erative period

Obesity Radiation, but to 
breast con-
tralateral to 
infection site

Axillary dis-
section, 
high output 
Jackson-
Pratt drain 
for 3 wk

Well water, multi-
ple household 
cats

Time to symp-
toms (wk) after 
initial surgery

8 4 5 4 7 4 wk: incision 
not healing; 7 
wk: erythema, 
edema draining

Patient symp-
toms/findings

Pain, erythema; 
post implant 
removal, 
chronic 
nonhealing 
wound with 
drainage

Left breast ery-
thema, pain, 
purulent 
drainage

Mild erythema 
(4 wk), worsen-
ing erythema 
(8 wk), calor, 
edema

Erythema, 
elevated 
temperature, 
serous drain-
age around 
Jackson-Pratt 
drain site, 
edema

Erythema, edema, 
drainage, 
malaise

NA, information not available.
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flaps. One or two size #10 flat Jackson-Pratt drains 
were inserted between the HADM and mastecto-
my flap. Mastectomy incisions were closed with 4-0 
Monocryl sutures (Ethicon). The pocket and all ex-
panders were irrigated with antibiotic solutions.

Drains were removed once drainage was less than 
20 mL/d. Expansions were begun 1 week postopera-
tively if the incisions were sealed and appeared to be 
healing well. Expansions were performed sequentially 
with normal saline, in the office, over the course of sev-
eral weeks. The second stage of reconstruction, when 
performed, consisted of removing the expander and 
inserting a permanent breast  implant. Perioperative 
antibiotics, antibiotic rinses of implants and pockets, 
and suture selection were similar to first-stage surger-
ies. Cultures were obtained from all patients and sent 
to the reference laboratory (Quest Diagnostics or 
Florida Hospital pathology laboratory).

ERYTHEMA AND PATIENT COURSE
A total of 28 patients among 3109 reconstruc-

tive procedures (0.9%; 95% CI, 0.6%, 1.3%) expe-
rienced serious infections requiring removal of the 
breast implants. Of these, 27 were bacterial and 1 
was fungal. The 6 patients reported here represent 6 

of 28 or 21.4% (95% CI, 8.3%, 41.0%) of all patients 
who were diagnosed with surgical-site infections re-
quiring implant removal during a 6-year period.

The 6 of 3109 patients (0.2%; 95% CI, 0.1%, 
0.4%) developed localized erythema of the breast 
initially characteristic of RBS. All 6 patients devel-
oped the erythema 4–6 weeks after surgery, and all 
subsequently had positive cultures for M. fortuitum. 
Statistical evaluation of the estimated incidence 
rate of M. fortuitum infection in a patient thought to 
have RBS, which occurred 100% of the time in this 
series, revealed a 95% CI of 54.1–100% by exact two-
tailed analysis.

Five of these patients developed the erythema after 
the first stage of surgery and 1 patient (patient 1) after 
the second stage. In 1 patient, portions of the same 
sheet of HADM implant were used in both breasts, but 
RBS developed in only one (nonirradiated) breast. 
The other 3 bilateral reconstruction cases involved 
separate sheet implants of HADM and developed 
unilateral erythema. Findings included fever (n = 1), 
edema (n = 3), and serous wound drainage (n = 3). 
Examination did not reveal evidence of seroma or 
physical failure on the part of the expander prosthesis 
or HADM. Complete blood count values were within 
normal to high-normal range for all patients.

Table 2. Surgical Information by Patient

Case No. 1 2 3 4 5 6

Hospital site Florida Hospi-
tal Orlando 
Outpatient 
Medical Plaza

Florida Hospital 
Altamonte

Orlando Health 
Main Hospital

Winter Park 
Memorial 
Hospital

Florida Hospi-
tal Orlando 
Outpatient 
Medical 
Plaza

Winter Park 
Memorial 
 Hospital

Date of surgery 01/01/10 07/29/08 
(expander)

12/12/08 06/21/11 09/06/11 05/17/11

Side recon-
structed

Bilateral Bilateral Bilateral Bilateral Right Right

Expander 
brand/model

Allergan/ 
133FX-13

Inamed/ 
133FV-14

Inamed/ 
133FV-16

Allergan/ 
133 FX 101-T

Allergan/ 
133 FX-15-7

Allergan/ 
133FX-15-T

Expander vol-
ume (mL)

700 600 850 350 650 800

Initial 
expander fill 
volume (mL)

200 200 450 125 300 400

ADM brand/lot 
number

AlloDerm*/
C332566-027, 
C32572-015

DermaMatrix†/
serial code(s) 
065692541001, 
065665711006

AlloDerm/
C27835-039 
(L), B27227-
079

AlloDerm/
B39524-061

AlloDerm/
B40851-024

AlloDerm/
B40558-081, 
B36813-054

Presoak solu-
tion used for 
ADM

Vancomycin +  
gentamicin 
+ NS

Bacitracin + NS Bacitracin + NS Bacitracin Bacitracin Vancomycin + 
gentamicin 
+ NS

Time between 
first and sec-
ond surgeries 
(wk)

11 (implant 
removed)

5 (left expander 
removed)

5 (left expander 
removed, 
transverse rec-
tus abdominis 
myocutaneous 
first stage)

9.5 (left 
expander 
removed in 
office)

8 (expander 
removed)

8 (expander 
removed)

*AlloDerm Regenerative Tissue Matrix, LifeCell, Branchburg, N.J.
†DermaMatrix, Synthes, West Chester, Pa.
NS, normal saline.
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Cultures were obtained in all 6 patients, 3 by fluid 
aspiration percutaneously in the office and 3 by di-
rect intraoperative cultures from the implant that 
were obtained in the operating room at the time of 
removal. All patients had cultures that grew M. fortui-
tum from these aspirations. The elapsed time from 
the last surgery until presentation of signs of infec-
tion was 4 weeks in 3 patients, 5 weeks in 1 patient, 7 
weeks in 1 patient, and 8 weeks in 1 patient.

The clinical course of these 6 patients varied. 
In all 6 cases, patients were treated with antibiotics 
( Table 3), and the prosthetic implant or tissue ex-
panders were removed, along with all nonincorpo-
rated or nonadherent portions of the HADM. In 2 
cases, additional debridement of soft tissue (skin, sub-
cutaneous tissue, and pectoral muscle) was  required. 
RBS resolved in all patients within 2 months. At pres-
ent, successful reconstruction has been completed 
in 5 of the 6 patients. One patient has chosen not 
to have additional surgery until she can success-
fully quit smoking. As examples, Figures 1 and 2  
show patients 4 and 5 before mastectomy, at the 
time of expander infection, and at 2–3 months after 
 reconstruction with breast implants.

All 5 patients who underwent additional stages of 
reconstruction were offered autologous techniques, 
such as transverse rectus abdominis myocutaneous 
flaps or latissimus dorsi flaps. However, only 2 pa-
tients were willing to have autologous reconstruction 

performed. One patient underwent reconstruction 
with bilateral transverse rectus abdominis myocuta-
neous flaps and silicone prostheses, and 1 patient 
underwent 2-stage reconstruction with a latissimus 
dorsi flap and tissue expander, followed by place-
ment of a permanent breast implant. Three patients 
underwent 2-stage prosthetic reconstruction with ex-
panders and HADM and successfully went on to have 
placement of permanent implants without recurrent 
mycobacterial infection. Of these 3 patients, 2 had 
excellent results without any sign of encapsulation, 
and one developed Baker level III encapsulation 
postradiation. The encapsulation is likely to be re-
lated to the radiation and not to the history of previ-
ous infection. All patients are still being seen yearly 
for routine follow-up.

DISCUSSION
The AFB M. fortuitum is considered an atypical 

mycobacterial pathogen. Mycobacteria are ubiqui-
tous, can survive in hostile environments, and can 
resist commonly used biocides.14 They are common-
ly found in soil and in both processed and natural 
water supplies.14,15 Strains of mycobacteria, includ-
ing M. fortuitum, have been found to be resistant to 
several types of disinfectants, including chlorine, 
povidone-iodine, formaldehyde, and alkaline glutar-
aldehyde.14,16 Testing is complicated because M. for-
tuitum and other mycobacteria have relatively long 

Table 3. Antibiotic Use

Patient Laboratory Values 
(WBC, CRP, ESR, 

Other)

Antibiotics Used for  
Treatment of Infection

Other Interventions and Current Status

1* WBC 7000/μL; CRP 
70 mg/L; ESR 
60 mm/h

Minocycline + sulfameth-
oxazole

Left mammary prosthesis removal; successful 2-stage recon-
struction with silicone gel implant performed after antibi-
otic treatment completed; contralateral implant remained 
in place during course of treatment without infection

2 WBC 4500/μL; CRP 
not obtained

Amikacin + doxycycline + 
moxifloxacin

Left mammary prosthesis removal followed by multiple 
surgical debridements; eventual 2-stage reconstruction 
performed successfully with silicone gel implant and HADM 
after antibiotic treatment completed

3 WBC 10,300/μL; CRP 
not obtained

Amikacin + clarithromycin 
+ imipenem-cilastatin + 
moxifloxacin + TMP-
SMX

Surgical debridement of left mastectomy wound following 
purulent drainage; left expander removed; eventual success-
ful reconstruction with bilateral transverse rectus abdominis 
myocutaneous flaps and silicone prostheses

4 WBC 5800/μL; CRP 
not obtained

Minocycline + moxifloxa-
cin + vancomycin

Left expander removed; after successful antibiotic treatment, 
2-stage reconstruction was performed with latissimus dorsi 
flap and anatomic silicone breast implants; contralateral 
expander remained in place during entire course of antibi-
otic treatment without complication or infections

5 WBC 6740/μL, CRP 
119 mg/L

Ciprofloxacin + minocy-
cline + moxifloxacin + 
tobramycin + vancomy-
cin

Multiple percutaneous drainages with worsening symptoms; 
expander removal; patient completed chemotherapy, fol-
lowed by placement of expander and HADM; after radia-
tion therapy, a permanent implant was successfully placed

6 WBC 6700/μL, ESR 
61 mm/h

Ciprofloxacin + gen-
tamicin + minocycline + 
TMP-SMX + vancomycin

Incision debridement, expander removal, and successful anti-
biotic treatment; patient decided not to undergo further 
reconstruction procedures until completing smoking cessa-
tion program

*This patient developed erythema after the second stage of surgery (placement of silicone breast implant).
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; HADM, human-derived acellular dermal matrix TMP-SMX, trimethoprim-sul-
famethoxazole; WBC, white blood cell count.
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incubation periods compared with bacterial species 
more commonly associated with postoperative infec-
tions. Mycobacteria frequently go undetected when 
using standard tests for infectious agents (eg, Gram 
stain, commonly used aerobic and anaerobic culture 
methods). The best tests to detect mycobacterial in-
fection feature staining solutions (eg, Ziehl-Neelsen 
stain) or Lowenstein-Jensen medium.17

Mycobacterial infections with a delayed onset 
have been reported after breast augmentation pro-
cedures18–25 and other types of reconstructive and 
cosmetic plastic surgeries, including periocular and 
facial surgery16,26 and cataract extraction with intra-
ocular lens implantation.27

Six of 3109 patients (0.2%; 95% CI, 0.1%, 0.4%) 
who underwent 2-stage breast reconstruction per-
formed over a 6-year period developed erythema 
thought to be RBS and were eventually diagnosed 
with M. fortuitum infection. Statistical evaluation 
of the estimated incidence rate of M. fortuitum in-
fection in a patient thought to have RBS was 6 of 
6 or 100% in this series, with a two-tailed 95% CI 
of 54.1–100%. Although this makes such an infec-
tion extremely rare in postmastectomy breast recon-
struction, these 6 of 28 cases also represented 21% 
(95% CI, 8.3%, 41.0%) of all complications due to 

infection (n = 28) occurring in these surgeries that 
led to breast implant removal. The etiology of M. 
fortuitum in this case series is unknown. However, it 
may have been introduced during postoperative ex-
posure of the surgical wound and/or drain sites to 
microorganisms (eg, from the shower, environmen-
tal surfaces, pet exposure, or an inadvertent lapse of 
sterile technique during dressing changes at home). 
Postoperative infections may also occur as a result 
of intraoperative contamination or immunosuppres-
sion. Three patients presented with acute onset of 
pain and erythema initially localized at the drain site 
and subsequently progressing to the breast, leading 
to the hypothesis that ascending drain site  infections 
may have been the etiology, at least in some of 
these cases.

By definition, the cases of M. fortuitum infection 
included in this report do not match the general de-
scription of RBS, as the limited literature addressing 
RBS describes it as a diagnosis of exclusion. RBS is 
an unusual and infrequent complication of breast 
reconstructive surgery. It usually appears a few weeks 
to a month after surgery, visibly resembles cellulitis 
(but without warmth, tenderness, or fever), causes 
concern among surgeons and patients, and then 
slowly resolves. Discharge, fever, and laboratory ab-

Fig. 2. Patient 5. a, Presentation before mastectomy of right breast; B, expander infection; and c, 3 mo after reconstruction 
with saline implant.

Fig. 1. Patient 4. a, Presentation before bilateral mastectomy; B, expander infection; and c, 2 mo after reconstruction with 
silicone implants.



 Cicilioni et al • Mycobacterium Infection and Red Breast Syndrome

7

normalities are generally not present. Some authors 
have suggested that RBS is a reaction caused by some 
factor related to the ADM.7,8,13 In an exchange of let-
ters, Newman et al7 and Nahabedian8 discussed some 
possible etiologies, including dependent erythema 
in the lower breast, interruption of lymphatic flow, 
an unknown factor in ADM, a generalized hista-
mine release, an inflammatory response to the stress 
on tissues of creating the pocket for an expander, 
the pressure of the expansion, or the initiation of 
revascularization. Confounding factors in deter-
mining the etiology of RBS include the effects of 
chemotherapy and radiation that patients received 
before or during reconstruction. Most discussions of 
RBS conclude that it is unlikely to be caused by an 
 infection.6,12,13

We believe it is unlikely that the mycobacterial 
infections observed in our series were all related to 
a lapse in sterile technique by a specific surgeon or 
surgical site, as the overall rate of infection was very 
low and the surgeries were performed at multiple 
hospital sites in conjunction with several different 
breast cancer surgeons. We also believe HADM to be 
an unlikely source of the infections, as there have 
been no previous case reports involving HADM as 
a source of mycobacterial infection following breast 
augmentation in the published literature. The in-
fections observed in these 6 patients were probably 
due to postsurgical exposure of drain sites to envi-
ronmental sources of mycobacteria. All 6 patients 
had surgical drains placed during their procedure; 
3 of the 6 had overt signs of infection at the drain 
site during follow-up. Mycobacteria are frequently 
associated with catheter-related infections,14 and the 
surgical drains may have served as a conduit for bac-
terial entry following mycobacterial exposure in our 
patients’ households. Showerheads provide a moist, 
dark, warm environment which can enrich growth of 
microbes, such as mycobacteria, that are present in 
the water supply. A recent study of microbial swabs of 
45 showerhead surfaces from diverse geographical 
areas in the United States showed mycobacterium to 
be the most highly prevalent of all bacterial species 
isolated in the study,28 and mycobacterial contamina-
tion of patient catheters via shower/water exposure 
has been reported in several studies.29 Domestic pets, 
including cats and dogs, are another potential source 
of mycobacterium,30,31 and it is possible that wound 
and/or drain exposure to pet hair or pet saliva could 
be the source of these mycobacterial infections.

Several methods have been suggested to prevent 
or reduce the incidence of RBS. Some authors12,13 
have reported variations in the way they prepare 
ADM before use in breast reconstruction. Newman12 
soaks nonhydrated ADM in a triple antibiotic solu-

tion but uses prehydrated ADM straight from the 
packaging and rinses it in the pocket with either 
normal saline or triple antibiotic solution. Rawlani 
et al13 suggest that placing the ADM in the pocket 
with the smooth (basement membrane) surface fac-
ing the expander or implant may reduce the inci-
dence of RBS.

The 6 cases included in this report deviate from 
the previous descriptions of RBS in several respects. 
All patients had culture-positive infections, which 
would preclude any entity defined as a “diagnosis of 
exclusion.” Clinical presentations were also more se-
vere, including cases of fever (n = 1), localized ede-
ma (n = 3), and high-volume serous wound drainage 
(n = 3). Rather than being self-limited, these infec-
tions led to prosthesis explantation in all patients.

We believe that undiagnosed AFB infection may 
explain some of the cases thought to be RBS (ie, 
some cases diagnosed as RBS may be caused by low-
grade and self-limited infections by M. fortuitum or 
milder strains of mycobacteria). The diagnosis of 
AFB may be missed in these cases as it is difficult to 
establish, partly due to the fluid sample acquisition 
challenges in such patients. In addition, surgeons 
not considering AFB infection may not request ap-
propriate cultures. Moreover, AFB cultures must be 
kept refrigerated during transport to the laboratory. 
Laboratory personnel must be alerted when they 
have an AFB specimen for transport and processing.

The possibility of infection by M. fortuitum or oth-
er AFB presents implications for the management 
of patients when a diagnosis of RBS is being consid-
ered. Ruling out seroma, mechanical failure of the 
HADM, and life-threatening disease such as inflam-
matory carcinoma remain important. Patients with 
postoperative erythema should be treated initially 
with conventional regimens providing coverage of 
common Gram-positive organisms. When erythema 
persists in a case of suspected RBS, there should be 
a low threshold for initiating AFB coverage. As many 
Staphylococcus species are methicillin resistant, such 
organisms should also be considered. Antibiotics 
such as minocycline, ciprofloxacin, moxifloxacin, 
and trimethoprim/sulfamethoxazole may be good 
choices for initial oral therapy in such cases. The 
patient should be carefully monitored for spreading 
erythema, fever, and tenderness in the area. Fluid 
should be aspirated for culture, which should in-
clude AFB testing.

When erythema persists in a case of suspected 
RBS, antibiotics should be stopped for a day or so 
if possible, after which cultures of deep infected tis-
sue should be obtained and sent for aerobic, anaero-
bic, fungal, and mycobacterial stains and cultures. 
If mycobacteria are isolated, susceptibility studies 
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should be obtained from a reference laboratory. 
Initial empiric treatment should be directed against 
methicillin-resistant Staphylococci with vancomycin, 
daptomycin, or linezolid intravenously or doxycy-
cline or trimethoprim/sulfamethoxazole if the oral 
route is chosen. If mycobacteria are identified, ini-
tial treatment would be empiric and might include 
cefoxitin, amikacin, clarithromycin, trimethoprim/
sulfamethoxazole, or quinolones, and definitive 
treatment should be based on the results of suscep-
tibility studies. An infectious disease consultation is 
usually indicated for complex mycobacterial infec-
tions. Generally speaking, 4–6 months of treatment 
or longer may be required.

Based on our anecdotal observations and our sus-
picions regarding potential bacterial exposure from 
patients’ home environments as a potential source of 
mycobacterial infection, we now identify pet owner-
ship status during preoperative consultations in our 
practice and we counsel patients regarding strategies 
for avoidance of pet-mediated infection during re-
covery. Patients are counseled to sterilize or replace 
showerheads in their homes, and we recommend they 
avoid allowing tap water to come into contact with 
their surgical wound and drain site during the post-
surgical recovery period. In the early postoperative 
period, patients should maintain sterile techniques 
as much as possible in caring for their wounds. It is 
best to avoid the bathroom in performing wound 
care, as multiple wet areas promote the growth of po-
tentially pathogenic bacteria. We have also incorpo-
rated Biopatch antimicrobial dressings (Ethicon) with 
chlorhexidine gluconate (Ethicon) to cover drain sites 
in our patients undergoing implant-based breast re-
construction. Chlorhexidine displays bacteriostatic ac-
tivity against mycobacteria in vitro,32 and reported data 
indicate that bacteriostatic activity may be sufficient to 
treat several types of infections in a clinical setting.33 
Use of these dressings has been shown to reduce the 
rate of postoperative infections associated with peri-
prosthetic drains following breast reconstruction pro-
cedures.34 In our experience over the past 6 months 
since  incorporating Biopatch  antimicrobial dressings 
into our postoperative care regimen, we have observed 
no cases of M. fortuitum infection or any other cases 
that may be diagnosed as RBS. Further studies are war-
ranted to assess the effectiveness of this approach.

It seems likely that multiple etiologies may ex-
plain RBS as currently described in the literature. 
Over time, the ability to better diagnose AFB may 
lead to a subset of patients considered to have RBS, 
such as those reported here, being excluded from 
the category of RBS due to documented infection. It 
remains important to consider such AFB infections 
when assessing a patient with possible RBS.

CONCLUSIONS
Six cases of M. fortuitum infection in 3109 2-stage 

prosthetic breast reconstructions with HADM were 
reported. These cases raise the possibility that atypi-
cal acid-fast mycobacteria infections may be present 
in patients otherwise thought to have RBS and thus 
have implications for the diagnosis and manage-
ment of this entity. 

Orlando J. Cicilioni, Jr, MD, FACS
Department of Plastic Surgery

Florida Hospital
2501 North Orange Avenue

Suite 209, Orlando, FL 32804
E-mail: ocicilioni@me.com 

REFERENCES
 1. American Society of Plastic Surgeons. 2011 Plastic Surgery 

Statistics Report. Available at: http://www.plasticsurgery.
org/News-and-Resources/2011-Statistics-.html. Accessed 
May 8, 2013.

 2. Breuing KH, Warren SM. Immediate bilateral breast re-
construction with implants and inferolateral AlloDerm 
slings. Ann Plast Surg. 2005;55:232–239.

 3. Salzberg CA. Nonexpansive immediate breast recon-
struction using human acellular tissue matrix graft 
(AlloDerm). Ann Plast Surg. 2006;57:1–5.

 4. Spear SL, Parikh PM, Reisin E, et al. Acellular der-
mis-assisted breast reconstruction. Aesthetic Plast Surg. 
2008;32:418–425.

 5. Bindingnavele V, Gaon M, Ota KS, et al. Use of acellu-
lar cadaveric dermis and tissue expansion in postmastec-
tomy breast reconstruction. J Plast Reconstr Aesthet Surg. 
2007;60:1214–1218.

 6. Nahabedian MY. AlloDerm performance in the setting of 
prosthetic breast surgery, infection, and irradiation. Plast 
Reconstr Surg. 2009;124:1743–1753.

 7. Newman MI, Hanabergh E, Samson MC. AlloDerm per-
formance in the setting of prosthetic breast surgery, infec-
tion, and irradiation. Plast Reconstr Surg. 2010;126:1120.

 8. Nahabedian MY. Reply: AlloDerm performance in the set-
ting of prosthetic breast surgery, infection, and irradia-
tion. Plast Reconstr Surg. 2010;126:1120–1121.

 9. Kim JY, Davila AA, Persing S, et al. A meta-analysis of hu-
man acellular dermis and submuscular tissue expander 
breast reconstruction. Plast Reconstr Surg. 2012;129:28–41.

 10. Zippel D, Siegelmann-Danieli N, Ayalon S, et al. Delayed 
breast cellulitis following breast conserving operation. 
Eur J Surg Oncol. 2003;29:327–330.

 11. Indelicato DJ, Grobmyer SR, Newlin H, et al. Delayed 
breast cellulitis: an evolving complication of breast con-
servation. Int J Radiat Oncol Biol Phys. 2006;66:1339–1346.

 12. Newman MI. Avoiding and Managing Complications with 
Acellular Dermal Matrices in Breast Reconstruction. Quality 
Medical Publishing. Available at: http://www.plasticsur-
gerypulsenews.com/9/article_dtl.php?QnCategoryID=8
6&QnArticleID=180. Accessed May 8, 2013.

 13. Rawlani V, Buck DW, Johnson SA, et al. Tissue expander 
breast reconstruction using prehydrated human acellular 
dermis. Ann Plast Surg. 2011;66:593–597.

 14. Brown-Elliott BA, Wallace RJ Jr. Clinical and taxonomic sta-
tus of pathogenic nonpigmented or late-pigmenting rapidly 
growing mycobacteria. Clin Microbiol Rev. 2002;15:716–746.

mailto:ocicilioni@me.com
http://www.plasticsurgery.org/News-and-Resources/2011-Statistics-.html
http://www.plasticsurgery.org/News-and-Resources/2011-Statistics-.html
http://www.plasticsurgerypulsenews.com/9/article_dtl.php?QnCategoryID=86 & QnArticleID=180
http://www.plasticsurgerypulsenews.com/9/article_dtl.php?QnCategoryID=86 & QnArticleID=180
http://www.plasticsurgerypulsenews.com/9/article_dtl.php?QnCategoryID=86 & QnArticleID=180


 Cicilioni et al • Mycobacterium Infection and Red Breast Syndrome

9

 15. United States Environmental Protection Agency. 
Mycobacteria: Health Advisory. Washington, DC: United 
States Environmental Protection Agency, Office of 
Science and Technology, Office of Water. Available at: 
http://water.epa.gov/action/advisories/drinking/up-
load/2009_02_03_criteria_humanhealth_microbial_my-
cobacteriaha.pdf. Accessed May 8, 2013.

 16. Douglas RS, Cook T, Shorr N. Lumps and bumps: late 
postsurgical inflammatory and infectious lesions. Plast 
Reconstr Surg. 2003;112:1923–1928.

 17. Koneman EW, Allen SD, Dowell VR Jr, et al. Color Atlas and 
Textbook of Diagnostic Microbiology. 3rd ed. Philadelphia, 
PA: J.B. Lippincott Company; 1988.

 18. Brickman M, Parsa AA, Parsa FD. Mycobacterium cheloneae 
infection after breast augmentation. Aesthetic Plast Surg. 
2005;29:116–118.

 19. Haiavy J, Tobin H. Mycobacterium fortuitum infec-
tion in prosthetic breast implants. Plast Reconstr Surg. 
2002;109:2124–2128.

 20. Heistein JB, Mangino JE, Ruberg RL, et al. A prosthetic 
breast implant infected with Mycobacterium fortuitum. Ann 
Plast Surg. 2000;44:330–333.

 21. Jackowe DJ, Murariu D, Parsa NN, et al. Chronic fistulas 
after breast augmentation secondary to Mycobacterium ab-
scessus. Plast Reconstr Surg. 2010;126:38e–39e.

 22. Miles G, Walters TK, Shee CD. Periprosthetic tuberculous 
breast infection. J R Soc Med. 2003;96:556–557.

 23. Pereira LH, Sterodimas A. Autologous fat transplanta-
tion and delayed silicone implant insertion in a case of 
Mycobacterium avium breast infection. Aesthetic Plast Surg. 
2010;34:1–4.

 24. Thibeaut S, Levy PY, Pelletier ML, et al. Mycobacterium con-
ceptionense infection after breast implant surgery, France. 
Emerg Infect Dis. 2010;16:1180–1181.

 25. Vinh DC, Rendina A, Turner R, et al. Breast implant in-
fection with Mycobacterium fortuitum group: report of case 
and review. J Infect. 2006;52:e63–e67.

 26. Mauriello JA Jr. Atypical mycobacterial infection of the 
periocular region after periocular and facial surgery. 
Ophthal Plast Reconstr Surg. 2003;19:182–188.

 27. Spencer TS, Teske MP, Bernstein PS. Postcataract en-
dophthalmitis caused by Mycobacterium goodii. J Cataract 
Refract Surg. 2005;31:1252–1253.

 28. Feazel LM, Baumgartner LK, Peterson KL, et al. 
Opportunistic pathogens enriched in showerhead bio-
films. Proc Natl Acad Sci U S A 2009;106:16393–16399.

 29. Adekambi T. Mycobacterium mucogenicum group infections: 
a review. Clin Microbiol Infect. 2009;15:911–918.

 30. O’Reilly LM, Daborn CJ. The epidemiology of 
Mycobacterium bovis infections in animals and man: a re-
view. Tuber Lung Dis. 1995;76(Suppl 1):1–46.

 31. Gunn-Moore DA, Jenkins PA, Lucke VM. Feline tuber-
culosis: a literature review and discussion of 19 cases 
caused by an unusual mycobacterial variant. Vet Rec. 
1996;138:53–58.

 32. Broadley SJ, Jenkins PA, Furr JR, et al. Potentiation of the 
effects of chlorhexidine diacetate and cetylpyridinium 
chloride on mycobacteria by ethambutol. J Med Microbiol. 
1995;43:458–460.

 33. Pankey GA, Sabath LD. Clinical relevance of bacteriostat-
ic versus bactericidal mechanisms of action in the treat-
ment of Gram-positive bacterial infections. Clin Infect Dis. 
2004;38:864–870.

 34. Blechman KM, Reavey PL, Weichman K, et al. Use of the 
biopatch drain dressing to reduce infection rates in ex-
pander/implant-based breast reconstruction [abstract]. 
Annual Meeting of the American Association of Plastic 
Surgeons. San Francisco, CA, April 14, 2012.

http://water.epa.gov/action/advisories/drinking/upload/2009_02_03_criteria_humanhealth_microbial_mycobacteriaha.pdf
http://water.epa.gov/action/advisories/drinking/upload/2009_02_03_criteria_humanhealth_microbial_mycobacteriaha.pdf
http://water.epa.gov/action/advisories/drinking/upload/2009_02_03_criteria_humanhealth_microbial_mycobacteriaha.pdf

