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Case report

Repetitive cellulitis caused by Streptococcus agalactiae isolates with
different genotypic and phenotypic features in a patient having upper
extremity with lymphedema after mastectomy and axillary lymph
node dissection
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A B S T R A C T

Previously reported cases of recurrent cellulitis/erysipelas affecting chronically lymphedematous skin
regions have been demonstrated to be due to Streptococcus agalactiae isolates with closely related genetic
background which may be suggestive of relapse rather than reinfection. Herein, we report the occurrence
of three episodes of repetitive cellulitis caused by S. agalactiae strains with different genotypic and
phenotypic characteristics, including different antimicrobial susceptibility patterns (tetracycline,
macrolide/lincosamide, and fluoroquinolone classes), in the left upper extremity of a patient with
lymphedema, following left mastectomy and axillary lymph node dissection. The genotypic and
phenotypic characteristics of the three isolates were confirmed based on the random amplified
polymorphic DNA patterns, DNA profiles of virulence factors (bca–rib–bac–lmb–cylE), data on biofilm
formation and cell invasion, antimicrobial susceptibility testing results, antimicrobial resistance (AMR)
genotypes, and amino acid mutations associated with AMR. These results revealed that reinfection with S.
agalactiae, rather than recurrence, occurred during the three episodes. In conclusion, microbiologic
studies such as blood cultures or tissue cultures are certainly helpful in the management of recurrent
infections or invasive infections such as bacteremia in order to better target antimicrobial therapy,
regardless of the data previously presented.
© 2020 The Author(s). 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/).
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Introduction

Streptococcus agalactiae is the species designated for strepto-
cocci belonging to Lancefield carbohydrate group B. In general,
group B Streptococcus (GBS) is facultative, beta-hemolytic, and
Gram-positive coccus that can divide in pairs and chains and can
grow readily on variety of growth mediums. This GBS is a frequent
colonizer in the lower gastrointestinal and female urogenital
tracts. The incidence of invasive GBS disease in neonates has
decreased since the introduction of intrapartum prophylactic
* Corresponding author at: Department of General Internal Medicine, Tokyo
Saiseikai Central Hospital, 1-4-17 Mita, Minato-ku, Tokyo, 108-0073, Japan.
** Corresponding author at: Laboratory of Infectious Diseases, Kitasato Institute
for Life Sciences & Graduate School of Infection Control Sciences, Kitasato
University, 5-9-1 Shirokane, Minato-ku, Tokyo, 108-8641, Japan.

E-mail addresses: daisuketaniyama@gmail.com (D. Taniyama),
taka2si@lisci.kitasato-u.ac.jp (T. Takahashi).

https://doi.org/10.1016/j.idcr.2020.e00793
2214-2509/© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article u
antibiotic therapy for pregnant women found to be colonized with
GBS, while some studies have shown an increase in the incidence
of invasive infections in adults [1,2]. Invasive GBS infection among
adults is frequently severe and associated with substantial
morbidity and mortality. The most frequent clinical syndromes
are primary bacteremia without evident foci, skin and soft tissue
infections (SSTIs) including cellulitis, abscess, infected decubitus
ulcer, osteomyelitis, septic arthritis, and wound infection. SSTIs are
the most common sites of focal GBS infection in adults accounting
for more than one-third of infections in some reports [2,3].
Approximate 4% of non-pregnant adults surviving from an episode
of GBS bacteremia experience the second episode for at least 1-
year follow-up period [4]. However, little is known regarding both
host and microbiological factors that may predispose adults to
developing repetitive GBS infections. When chronic lymphedema
is present in clinical setting, recurrence/relapse is more common
[5]. In fact, recurring cellulitis is a known complication in breast
cancer patients who suffer post-operative upper extremity
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lymphedema following axillary lymph node dissection when
undergoing an operation [6].

Herein, we report a case presenting with three episodes of
recurrent cellulitis in the left upper extremity, following left
mastectomy and axillary lymph node dissection at her operation.
GBS strains harboring different genotypic and phenotypic char-
acteristics (including different antimicrobial susceptibility pat-
terns) were the causative agents leading to the three episodes.

Case

A 56-year-old woman with medical complication of atopic
dermatitis, left breast cancer, and cellulitis in the left upper
extremity (two episodes) presented with rigor and fever. It was
unclear whether the cellulitis was caused by GBS: which
antibiotics were used to treat these two episodes: and whether
she was previously exposed to antibiotics other than the ones to
treat these episodes. She denied any contact with animals,
Table 1
Phenotypic and genotypic features of Streptococcus agalactiae isolates from a case of
mastectomy.

Strain GB25 

Isolation date (yr/mon/day) 2017/Jul/26 

Clinical specimen Blood 

Gross appearance of colonies on a sheep blood
agar plate

Non-mucoid, beta-hemolytic small
gray-white-colored smooth colonies

Carbohydrate group (Lancefield antigen) Group B 

Identification score value by MALDI-TOF MS 1.99 

Similarity (%) to S. agalactiae type strain (ATCC
13813) using 16S rRNA sequencing
(sequencing size, bp)

99.86 (706) 

S. agalactiae-specific gene, dltS encoding
histidine kinase (sensor protein in the
membrane)

Positive 

Capsular genotype Ib 

Sequence type (allelic profile: adhP-pheS-atr-
glnA-sdhA-glcK-tkt)

703 (9-1-4-1-3-57-2) 

Random amplified polymorphic DNA pattern
from each isolatea

Different from each other 

PCR-based DNA profile of virulence factors bca-bac-lmb-cylE 

Biofilm formation (absorbance, mean + SD of 5
wells)a

0.04 � 0.008c

Cell invasion ability (number of invaded S.
agalactiae/100 cells, mean + SD of 4 wells)a

0.12 � 0.01d

Resistant antimicrobial agent classb Fluoroquinolone alone 

AMR genotype and amino acid mutations
associated with AMR

Ser79Phe in parC & Ser81Leu in gyrA

Antimicrobial agents MIC (mg/mL) 

Penicillin G � 0.03 

Ampicillin � 0.06 

Amoxicillin/clavulanic acid � 0.25 

Cefotiam � 0.5 

Cefazolin 0.25 

Ceftriaxone � 0.12 

Cefepime � 0.06 

Cefmetazole 0.12 

Cefditoren pivoxil � 0.25 

Meropenem 0.03 

Azithromycin � 0.12 

Clindamycin 0.12 

Minocycline � 0.12 

Chloramphenicol > 2 

Vancomycin 0.5 

Levofloxacin > 4e

Sulfamethoxazole-trimethoprim � 5 

MALDI-TOF MS, matrix-assisted laser desorption ionization-time of flight mass spectro
a The type strain (ATCC 13813) of S. agalactiae was applied as quality controls for ph
b Resistance to antimicrobials was determined by the broth microdilution method a
c p < 0.01 GB25 vs. GB88, GB88 vs. GB93, and GB25 vs. GB93 using Welch's t-test fo
d p < 0.05 GB25 vs. GB93, p < 0.01 GB88 vs. GB93 using Welch's t-test following the
e The MIC values (mg/mL) by Etest using norfloxacin/moxifloxacin against GB25 and
including pets. At 41 years of age, she underwent total left
mastectomy and left axillary lymph node dissection. Thereafter,
she had received hormone therapy for breast cancer for 7 years and
had been in remission for 8 years. On admission, the patient
presented with a temperature of 39.1 �C, blood pressure of 130/80
mmHg, respiratory rate of 20 breaths/min, subcutaneous oxygen
saturation of 98 % (equivalent to ambient concentration), and heart
rate of 98 bpm. Physical examination revealed remarkable swelling
and redness of the left arm. The leukocyte cell count and C-reactive
protein (CRP) concentration were 12,600 cells/mm3 and 0.30 mg/
dL, respectively. The patient was diagnosed with cellulitis and
intravenous administration of ceftriaxone was initiated at 2 g/day
(administered as two 1-g doses). Duplicate blood cultures collected
on admission grew GBS / S. agalactiae. The urine culture on
admission also grew GBS, along with negative Gram-staining result
and no evidence of phagocytosis. She developed asymptomatic
situations, not suggestive of urinary tract infection. The urinalysis
on admission showed negative nitrous acid reaction and no
 repetitive cellulitis in the left upper extremity with lymphedema after the left

GB88 GB93

2018/Feb/10 2018/Dec/22
Blood Blood
Non-mucoid, beta-hemolytic small
gray-white-colored smooth colonies

Non-mucoid, beta-hemolytic small
gray-white-colored smooth colonies

Group B Group B
2.39 2.00
100 (711) 99.86 (710)

Positive Positive

V Ib
1 (1-1-2-1-1-2-2) 10 (9-1-4-1-3-3-2)

Different from each other Different from each other

bca-rib-lmb-cylE bca-rib-bac-lmb-cylE
0.01 � 0.004c 0.07 � 0.010c

0.10 � 0.02d 0.17 � 0.03d

Tetracycline alone Tetracycline/macrolide/lincosamide/
fluoroquinolone

 tet(M) tet(O), erm(B), Ser79Phe in parC &
Ser81Leu in gyrA

MIC (mg/mL) MIC (mg/mL)
� 0.03 � 0.03
� 0.06 � 0.06
� 0.25 � 0.25
� 0.5 � 0.5
0.25 0.5
� 0.12 � 0.12
� 0.06 0.12
>2 1
� 0.25 � 0.25
0.03 0.03
1 > 4
0.12 > 0.5
> 4 > 4
2 2
0.5 0.5
1 > 4e

� 5 � 5

metry; AMR, antimicrobial resistance; MIC, minimum inhibitory concentration.
enotypic and genotypic analyses.
ccording to the Clinical and Laboratory Standards Institute document M100-S22.
llowing the F-test.

 F-test.
 GB93 revealed 256/3 and 256/8, respectively.
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evidence of pyuria. These findings indicated the possibility of GBS
colonization in the genitourinary tracts. Ceftriaxone treatment was
replaced with intravenous administration of ampicillin at 4 g/day
(administered as two 2-g doses). The patient was administered
parental antibiotics for 10 days, followed by amoxicillin at 1.5 g/day
(administered as three 0.5-g doses) for 7 days.

The patient presented with rigor and pain in the upper left
extremity 6 months later. On admission, the patient presented
with a temperature of 37.4 �C, blood pressure of 150/78 mmHg,
respiratory rate of 20 breaths/min, subcutaneous oxygen satura-
tion of 99 % (equivalent to ambient concentration), and heart rate
of 120 bpm. Physical examination revealed remarkable swelling
and redness of the left arm. The leukocyte cell count and CRP
concentration were 22,700 cells/mm3 and 0.30 mg/dL, respective-
ly. The patient was diagnosed with cellulitis and intravenous
administration of meropenem was initiated at 2 g/day (adminis-
tered as two 1-g doses). Duplicate blood cultures collected on
admission grew GBS / S. agalactiae. Meropenem treatment was
replaced with intravenous administration of ampicillin at 8 g/day
(administered as four 2-g doses). The patient was administered
parental antibiotics for 14 days.

The patients presented with fever and pain in the upper left
extremity again 10 months later. On admission, the patient
presented with a temperature of 39.4 �C, blood pressure of 118/
80 mmHg, respiratory rate of 18 breaths/min, subcutaneous
oxygen saturation of 96 % (equivalent to ambient concentration),
and heart rate of 96 bpm. Physical examination revealed
remarkable swelling and redness of the left arm. The leukocyte
cell count and CRP concentration were 16,100 cells/mm3 and 0.30
mg/dL, respectively. The patient was diagnosed with cellulitis and
intravenous administration of ampicillin/sulbactam was initiated
at 4.5 g/day (administered as three 1.5-g doses). Duplicate blood
cultures collected on admission grew GBS / S. agalactiae.
Ampicillin/sulbactam treatment was replaced with intravenous
administration of ampicillin at 8 g/day (administered as four 2-g
doses). The patient was administered parental antibiotics for 14
Fig. 1. Random amplified polymorphic DNA (RAPD) analysis of S. agalactiae isolates causi
H2, P5, and P6 were used. M, marker; A, ATCC 13813; 1, GB25; 2, GB88; 3, GB93.
days, followed by amoxicillin/clavulanate at 0.75 g/day (adminis-
tered as three 0.25-g doses) for 7 days. Treatment was successful;
the patient remained well, with no recurrence of bacteremia,
during 22 months of follow up.

Microbiological analyses

All blood-origin isolates from the third to the fifth episode of
cellulitis were stored at �80 �C until further evaluation. We
examined the phenotypic and genotypic characteristics of the GBS
isolates (GB25, GB88, and GB93) from the patient’s blood (Table 1).
The GBS isolates were identified using colonial morphology on
sheep blood agar. Identification score values from matrix-assisted
laser desorption ionization-time of flight mass spectrometry and
antimicrobial susceptibility testing (AST) data using broth micro-
dilution method according to the Clinical and Laboratory Standards
Institute document M100-S22 were obtained. Minimum inhibitory
concentrations (mg/mL) of norfloxacin and moxifloxacin against
GB25 and GB93 were determined using Etest. Both biofilm
formation (BF) and cell invasion ability (CIA) were determined
for all isolates [7]. Genotypic analyses were performed using 16S
rRNA gene sequencing [8] and capsular genotyping with amplifi-
cation of species-specific gene (dltS) [9]. Sequence type was
determined using multilocus sequence typing (allelic profile:
adhP–pheS–atr–glnA–sdhA–glcK–tkt) and the pubMLST website
(https://pubmlst.org/sagalactiae/) [9]. We analyzed random am-
plified polymorphic DNA (RAPD) banding patterns using three
different primers–H2, P5, and P6 [7], polymerase chain reaction-
based DNA profiles of virulence factors (bca–rib–bac–lmb–cylE)
[10–12] and tetracycline-class and macrolide/lincosamide-class
resistance determinants [tet(M)–tet(O)–tet(K)–tet(L)–tet(S) and
erm(A)–erm(B)–mef(A)] [8]. Point mutations at quinolone resis-
tance-determining regions of DNA topoisomerase IV and gyrase
were examined [13].

We found that the genotypic and phenotypic characteristics,
including RAPD banding pattern (Fig. 1), DNA profiles of virulence
ng repetitive cellulitis (A) and the schematic RAPD banding pattern (B). The primers
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factors, BFs/CIAs data, AST results, and antimicrobial resistance
genotypes, were different for all three isolates (Table 1).

Discussion

This pathogen has been isolated from several invasive
infections, including sepsis/bacteremia with unknown foci, infec-
tious endocarditis, septic arthritis, meningitis, and others in
human neonatal/elderly subjects and companion animals
[8,9,14]. Therefore, human and veterinary clinicians should be
aware of the potential risk for infectious diseases resulting from
this bacterium.

Rodriguez et al. reported clinical and microbiological character-
istics regarding cellulitis following lymphedema of the extremities
[15]. The prevalence and recurrence rates of cellulitis in 420
patients with lymphedema of the extremities were found to be
12.6 % (53/420) and 56.6 % (30/53), respectively. A total of 131
independent episodes were documented from 43 (81.1 %) lower
limbs and 10 (19.9 %) upper limbs. Blood cultures were obtained for
79 (60.3 %) episodes, with 9 (11.4 %) testing positive; GBS was the
most isolated strain (5 of 9; 55.5 %). Previously reported cases of
recurrent cellulitis/erysipelas affecting chronically lymphedema-
tous skin regions have been demonstrated to be due to S. agalactiae
isolates with closely related genetic background which may be
suggestive of relapse rather than reinfection [16–18]. Vaginal GBS
colonization or intracellular persistence of GBS in non-professional
phagocytes, fibroblasts, epithelial, and endothelial cells was
demonstrated as a potential mechanism in recurrent cellulitis/
erysipelas [18,19]. There was also the possibility of GBS coloniza-
tion in the genitourinary tracts of this patient. However, the first,
the second, and the third isolates showed the different genotypic/
phenotypic characteristics, suggesting the heterogeneity in strains
that were endogenous to this patient and that were exogenously
not acquired. Clinicians encountering patients who develop
repetitive infections with beta-hemolytic streptococci should be
aware of the following possibilities: recurrence due to closely
related strains and reinfection by different strains [7].

Prophylactic antibiotic strategy to prevent recurrent cellulitis
have been recommended with reservation due to conflicting data
[20]. Given the general susceptibility of GBS to beta-lactams, the
heterogeneity in strains does not invalidate prophylaxis with beta-
lactams (except for the beta-lactam allergy). Additionally, non-
pharmacologic risk reduction is prudent regardless of whether
different strains or species are responsible for recurrence or
reinfection.

Conclusion

In fact, the first, the second, and the third isolates revealed the
different AST patterns resistant to fluoroquinolone alone, to
tetracycline alone, and to tetracycline/macrolide/lincosamide/
fluoroquinolone, respectively. We needed to choose the limited
antimicrobials according to the AST result determined when each
episode occurred. Therefore, microbiologic studies such as blood
cultures or tissue cultures are certainly helpful in the management
of recurrent infections or invasive infections such as bacteremia in
order to better target antimicrobial therapy, regardless of the data
previously presented. On the other hand, one can argue that the
general susceptibility of GBS to beta-lactams makes the variable
susceptibility to the second line agents less clinically relevant.
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