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Case report

Whole genome sequence of Corynebacterium kroppenstedtii isolated
from a case of recurrent granulomatous mastitis
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A B S T R A C T

We describe the case of a 33-year-old woman with recurrent granulomatous mastitis associated with
Corynebacterium kroppenstedtii. This organism has been increasingly associated with granulomatous
mastitis, specifically the cystic neutrophilic histopathologic variant, although currently there is a paucity
both of reported cases and genomic sequence data. We highlight the challenges in the diagnosis and
treatment of this entity, in particular focusing on the various methods of microbiologic identification,
including MALDI-TOF, 16 s rRNA PCR and whole-genome sequencing.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Case presentation

A 33-year-old woman was referred to the Infectious Diseases
clinic with a mass in her left breast. She was pregnant at the time of
assessment at 21 weeks and 6 days gestational age (gravida 3, para
1). She had a 2-year-old son and stopped breastfeeding 11 months
prior to conception of her current pregnancy. Her past medical
history was otherwise significant for a previous cholecystectomy.
The patient developed progressive pain and edema along the
medial aspect of her left breast 13 days prior to assessment. There
were no skin changes or nipple discharge. She presented to the
emergency department of our hospital 2 days later and was
prescribed cephalexin for presumed bacterial mastitis. She was
referred for breast imaging and underwent an ultrasound of her
left breast 2 days later. This demonstrated a lobulated, hypoechoic
lesion with peripheral vascularity, measuring 7.7 � 3.4 cm in the
largest dimension. There was overlying skin thickening and
subcutaneous edema, with no abnormal axillary lymphadenopa-
thy. The radiographic appearance was concerning for a breast

abscess. Ultrasound-guided biopsy and aspirate of this lesion was
performed, with 6 specimens obtained for evaluation.

Histopathologic examination demonstrated extensive mixed
chronic inflammatory infiltrates, including lymphocytes, plasma
cells and neutrophils, centred around breast lobules (Fig. 1). The
neutrophils were arranged around microcystic lipid spaces, some
of which contained gram positive bacterial organisms. The overall
appearance was felt to be in keeping with cystic neutrophilic
granulomatous mastitis. Gram stain demonstrated few polymor-
phonuclear cells with no bacteria. Specimens were planted on
Columbia agar with 5% sheep blood, chocolate agar and
MacConkey agar and incubated at 37 �C, with no growth at
48 h. 16S rRNA PCR was subsequently performed on a tissue
specimen, and Sanger sequencing identified Corynebacterium
kroppenstedtii.

The patient was seen in the Infectious Diseases clinic after these
investigations. She had significant clinical improvement with 2
weeks of cephalexin. The patient had minimal pain at her left
breast and was systemically well. Physical examination demon-
strated a residual nodule in her left breast, with no overlying
inflammatory features. She completed a 4-week course of
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cephalexin, and her disease remained quiescent throughout her
pregnancy. Treatment with doxycycline or trimethoprim-sulfa-
methoxazole, which have more typically been used to treat breast
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nfections associated with Corynebacterium, was considered, but
heir use was precluded by teratogenicity.

Unfortunately, the patient was seen 3 months after delivery
ith worsening pain and drainage from her left breast. Ultrasound-
uided aspiration was repeated, with demonstration of a complex
uid collection measuring 4.0 � 2.3 cm in the largest dimension.
ram stain demonstrated few polymorphonuclear cells with no
acteria. Given the prior identification of C. kroppenstedtii by 16S
RNA PCR, the aspirate was planted on sheep blood agar enriched
ith 0.1 % Tween 80, in addition to standard media, and incubated
t 37 �C. Small colonies were seen on the Tween 80-enriched sheep
lood agar at 24 h and appeared as non-branching gram-positive
acilli on gram stain (Fig. 2). The colonies were identified as C.
roppenstedtii by matrix-associated laser desorption ionization-
ime of flight (MALDI-TOF) mass spectrometry. Antibiotic sensi-
ivity testing demonstrated susceptibility to cefotaxime, ciproflox-
cin, doxycycline, erythromycin, gentamicin, linezolid, tetracycline
nd vancomycin based on Clinical and Laboratory Standards
nstitute breakpoints. The patient completed another 4 weeks of
ephalexin, with good response. Repeat ultrasound at end-of-
herapy demonstrated interval reduction in the size of the
ollection, and she has remained well at her most recent
ssessment, with no significant pain or drainage from her left
reast.
Additionally, we characterized the isolate using whole-genome

equencing. To facilitate this, DNA was extracted from a 48 -h
heep blood agar culture using MasterPure Complete DNA and RNA
urification Kit (Lucigen, Middleton, USA) as per the manufac-
urer’s protocol. Extracted DNA was quantified using Qubit 1X
sDNA HS Kit (Thermo Fisher Scientific, Waltham, USA) and used
s input for library preparation with Nextera DNA Flex Library Prep
it (Illumina, San Diego, USA) according to the manufacturer’s
nstructions. Normalized libraries were sequenced on a MiniSeq
Illumina, San Diego, USA) using a mid-output 2 � 150 bp paired-
nd run that resulted in 633 642 raw reads, respectively. Genome
ssembly and analysis was performed using the Shovill pipeline on
he Galaxy platform [1]. Globally, the draft genome was 2,511,697
p in length with GC content 56.8 %.

lesion [2]. There may be features of local inflammation, including
erythema and sinus tract formation [3].

Granulomatous mastitis is largely considered an idiopathic
condition, with various possible inflammatory and infectious
disease associations including amyloidosis, sarcoidosis, hyper-
prolactinemia, granulomatosis with polyangiitis, tuberculosis and
fungal infection [2]. However, cystic neutrophilic granulomatous
mastitis, a specific subtype of granulomatous mastitis, has been
increasingly associated with C. kroppenstedtii. Histopathologically,
cystic neutrophilic granulomatous mastitis is characterized by
lipogranulomas, comprised of lipid vacuoles bordered by neu-
trophils and an outer layer of macrophages, with surrounding
mixed inflammatory infiltrate of lymphocytes, neutrophils and
giant cells [4]. The vacuoles may contain gram positive bacilli, as
seen in our case [4].

Corynebacterium are catalase-positive, non-sporulating, gram
positive bacilli, of which more than 90 species have been
identified. Non-diphtheroid species are ubiquitous; they colonize
mucocutaneous surfaces and frequently contaminate clinical
specimens. However, they are capable of invasive infection in
appropriate hosts, such as patients who are immunocompromised
or have prosthetic devices.

C. kroppenstedtii was first isolated in 1998 from the sputum
sample of a woman with pneumonia [5]. The relationship with
granulomatous mastitis was described in 2002 in a retrospective
study of 24 women with histopathologically-confirmed disease
and isolation of Corynebacterium species, of which the majority
were C. kroppenstedtii [6]. Since then, the association has been
documented in multiple case reports and case series [2,7–13]. C.
kroppenstedtii is a lipophilic organism lacking mycolic acids in its
cell membrane, conferring the propensity to infect lipid-rich breast
tissue [7]. This property also explains the organism’s fastidious
nature, and growth on regular media can be challenging, as seen in

ig. 1. Hematoxylin and esosin stain of cystic neutrophilic granulomatous
astitis. Breast parenchyma with granulomatous inflammation and cystic spaces

immed by neutrophils. Gram-positive bacteria were identified in the cystic spaces.

Fig. 2. Gram stain of C. kroppenstedtii. A single colony was selected from blood
agar media and bacteria were Gram positive and displayed rod like morphology
suggestive of Corynebacterium.
iscussion

Granulomatous mastitis is an uncommon inflammatory disease
f the breast occurring in women of reproductive age, within a few
ears of giving birth. Patients typically present with a unilateral,
rm and mildly tender breast mass, often resembling a malignant
2

our case [14]. The addition of a lipid component, such as Tween 80,
to sheep blood agar may enhance growth [14]. Microbiologic
identification can be performed with MALDI-TOF mass spectrom-
etry and 16S rRNA PCR [14].

The management of cystic neutrophilic granulomatous mastitis
associated with C. kroppenstedtii can be challenging. The diagnosis
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is often delayed given the non-specific symptomatology and
imaging findings, need for biopsy for histopathologic evaluation,
and difficulty of isolating C. kroppenstedtii by routine culture
methods. Lipid components enhance the usually fastidious growth
of C. kroppenstedtii, but are generally not added without strong
clinical or microbiologic suspicion. No guidelines exist for the
treatment of granulomatous mastitis by C. kroppenstedtii, though
typically involves prolonged courses of antibiotics for several
weeks. The antibiotic susceptibilities of C. kroppenstedtii have been
rigorously investigated. A study of 11 breast tissue and aspirate
specimens that grew C. kroppenstedtii in culture found suscepti-
bility to rifampin, tetracycline, trimethoprim-sulfamethoxazole,
linezolid and vancomycin; resistance to beta-lactams was ob-
served, though this may have been biased by treatment of beta-
lactam-sensitive strains [15]. Beta-lactams, fluoroquinolones,
clindamycin, aminoglycosides and macrolides have also been used
successfully [8]. Given the lipophilic nature of C. kroppenstedtii and
its tropism for breast tissue, lipophilic antibiotics, such as
doxycycline and trimethoprim-sulfamethoxazole, may be more
effective due to greater penetration into lipid-rich environments
[15]. Surgery should be considered and was previously thought to
be integral to management, but recent evidence suggests
procedures outside of drainage of fluid collections are not
indicated, and may be associated with increased recurrence and
scarring [16,17]. Interestingly, cases of idiopathic granulomatous
mastitis, where C. kroppenstedtii has not been identified though is
not necessarily absent, are widely treated with corticosteroids [18],
and often resolve after diagnosis without medical or surgical
intervention. Whether cystic neutrophilic granulomatous mastitis
associated with C. kroppenstedtii is phenotypically unique from
classic idiopathic granulomatous mastitis, apart from its known
histopathologic distinctions, and responds differently to standard
treatment requires further elucidation.

The natural history of granulomatous mastitis is characterized
by long duration to resolution, despite adequate antibiotic and
surgical management. A study of 145 episodes found an average
time to resolution of 5 months, with a range of up to 20 months
[16]. As in our patient, recurrent disease is also common, and
several previous published cases have involved multiple antibiotic
courses and surgical procedures [7,8,13].

Conclusion

Our case highlights the importance of considering C. kroppen-
stedtii in patients with granulomatous mastitis. Growth on
conventional media is challenging due to the organism’s fastidious
nature; recognition of this disease-bacteria association allows for
adjustments to culture methods that will enhance growth. Our
case also demonstrates the utility of whole genome sequencing as
an adjunctive tool for microbiologic identification.
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