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Abstract The purpose of this investigation was to provide a
comprehensive review of the pathogenic role and spectrum
of disease of milleri group streptococci, with special atten-
tion to bloodstream invasion and to possible differential
roles among the three species. All consecutive isolates of
milleri group streptococci from any anatomic source, during
a 37-month period, in a tertiary care teaching hospital in Tel-
Aviv, Israel, were thoroughly investigated. Identification to
the species level was performed by an automated system.
Streptococcus anginosus constituted 82% of the 245 patient-
unique isolates from hospitalized patients. All nonurinary
isolates were involved in pyogenic infections mostly origi-
nating from the gastrointestinal tract, with bacteremia in
28 cases. The 71 urinary isolates represented either urinary
tract infection or nonsignificant bacteriuria. No specific
association could be detected between species and the in-
fection site, except for a higher relative representation of
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Streptococcus constellatus in bacteremia. Milleri group
streptococci are common in clinical practice and play a
different pathogenic role to other viridans streptococci.
Due to their invariable association with pyogenic processes,
their presence in blood warrants immediate focus identifi-
cation. In addition, they have a previously unappreciated
clinical niche concerning urinary tract infection. The identi-
fication of viridans streptococci to the species level is of
paramount clinical significance.

Introduction

Streptococcus anginosus, Streptococcus constellatus,
and Streptococcus intermedius, collectively termed “S. angi-
nosus group” or “Streptococcus milleri group” (SMG),
constitute three genetically distinct but phenotypically het-
erogeneous groups of microorganisms with variable hemo-
lytic, biochemical, and Lancefield group patterns [1-4].
Until the 2000s, most clinical microbiology laboratories
did not routinely distinguish SMG species from among
other commensal viridans streptococci, mainly because of
the labor-intensive techniques required and the confusing
results concerning terminology and classification [1], and
partly because of the low awareness of the clinical signifi-
cance of such distinction. With the advent of automated
identification systems, especially their second and third
generations, the identification of viridans streptococci to
the species level became more widely available, mostly in
well-equipped academic laboratories. Furthermore, aware-
ness of their particular pathogenicity compared to other
viridans streptococci provoked renewed interest in this spe-
cific group of microorganisms [2]. Although the unique
propensity of SMG to cause pyogenic infection was known
for years [3, 4], the entire clinical spectrum has not been
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widely studied, even recently. Clinical studies performed
before the wide availability of advanced automated systems
mostly included selected isolates for which a clinical situa-
tion urged microbiological workup, such as cases of bacter-
emia [5—10]. Other reports mostly dealt with either single-
source isolates (thoracic cavity, brain, appendix, perianal
site, sinuses, etc.) or specific groups of patients (pediatric
population, solid organ recipients, cystic fibrosis patients,
etc.) [11-22], but population-based comprehensive clinical
studies on all-source isolates of SMG are still scarce
[23-26].

This study investigated the epidemiology, sources, and
foci of infection and clinical relevance of all consecutive
isolates of SMG during a period of three years in a large,
tertiary care university hospital in Tel-Aviv, Israel, providing
a comprehensive review of the pathogenic role and the
spectrum of disease of SMG in an everyday clinical setting.

Materials and methods
Patients and clinical data collection

The Tel-Aviv Sourasky Medical Center is a 1,150-bed ter-
tiary care teaching hospital located in central Tel-Aviv and
serving a population of about 700,000, with approximately
90,000 admissions annually. All cases with growth of SMG
(S. anginosus, S. constellatus, and S. intermedius) from any
specimen during a 37-month period (1/12/00 to 31/12/03)
were included in this study. In case of more than one isolate
per patient, it was counted only once, thus, computing only
patient-unique isolates. The medical records and infectious
diseases files of the patients were reviewed, pertinent demo-
graphic, bacteriological, and clinical data were collected,
and the presumptive focus of infection was determined by
an infectious diseases specialist, considering all of the avail-
able information together.

Bacteriological methods

Isolates were identified by standard bacteriologic methods
and the automated VITEK 2 system (bioMérieux, Durham,
NC, USA), and in accordance with the Clinical and Labo-
ratory Standards Institute (CLSI) guidelines. Streptococci
were identified to the species level by the use of the ID-
GP card within the VITEK 2 system. Blood cultures were
incubated in the BacT/ALERT system (bioMérieux, Dur-
ham, NC, USA).

Definitions

Community-acquired (CA) infection was defined when the
specimen was taken within the first 72 h of admission.
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Hospital-acquired (HA) infection was defined when the
specimen was taken after the first 72 h or when the infection
has developed following recent previous hospitalization.

Mixed infection was defined when additional micro-
organisms grew from the specimen that grew SMG or
from another specimen taken from the same site on the
same date.

Urinary tract infection (UTI) was defined in patients
who had SMG growing from urine in counts of at least
10* cells/ml (or from blood in the absence of clinical find-
ings suggesting another focus of infection), and had urinary
symptoms and/or inflammatory findings in urinalysis. Oth-
erwise, the growth of SMG from urine was defined as
nonsignificant bacteriuria.

Statistical analysis

Comparisons among patient groups for categorical variables
were performed using Chi-square analysis or Fisher’s exact
test, as applicable.

Results

A total of 346 patient-unique isolates of SMG were consec-
utively recovered during the 37-month study period. Clini-
cal information from hospital records could be retrieved for
245 patients who were hospitalized either at the time of
specimen collection or shortly before or after this date. No
clinical information could be retrieved for 101 patients,
most of whom were not hospitalized. The annual incidence
of SMG isolation was estimated to be 8.8/10,000 hospital
admissions.

The 245 hospitalized patients included 110 (45%) men
and 135 women. The mean age was 53422, range 2 months
to 94 years, median 55. Ninety-eight (40%) patients were
61 years or older, 75 (31%) were 40—60 years old, 55 (22%)
were 19-39 years old, and 17 (7%) patients were 18 years or
younger (seven of whom were under 10 years old).

S. anginosus was, by far, the most common species with
202 (82%) isolates, followed by S. constellatus (11%) and S.
intermedius (6%) (Table 1).

One hundred and thirty-eight (56%) patients had one or
more underlying conditions; 50 had malignant diseases (half
of which were tumors of the gastrointestinal tract), 30 had
diabetes mellitus, seven were injecting illicit drugs, seven
had obstructive uropathy, five had kidney transplant, five
had inflammatory bowel disease, and others had various
additional co-morbidities.

The most common source of isolation of SMG was pus
from various anatomic locations (appendix, perianal site,
intraabdominal collection, and others), constituting together
35% (86/245) of cases, closely followed by urine with 29%
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Table 1 Sites of isolation and

species distribution of 245 Isolation site

S. anginosus

S. constellatus

S. intermedius

Total

patient-unique isolates of milleri
group streptococcei® Blood

Purulent collection:
Appendix

Perianal

Other intraabdominal

. Urine
“In case of more than one isolate

per patient (which was true for
four bacteremic patients), only
the blood isolate was counted

Wound (surgical and nonsurgical)
Gall bladder/bile
Other body fluids®

"Pleural effusion 3, peritoneal Total

fluid 5, sputum 1

19/28 (68%)
71/86 (83%)
12

19

40

66/71 (93%)
29/41 (71%)
10/10 (100%)
719 (78%)
202/245 (82%)

8/28 (29%)
12/86 (14%)
6

4

2

1/71 (1%)
6/41 (15%)

0

1/9 (11%)
28/245 (11%)

1/28 (4%)
3/86 (3%)

1

2

4/71 (6%)
6/41 (15%)
0

1/9 (11%)
15/245 (6%)

28/245 (11%)
86/245 (35%)
19

23

44

71/245 (29%)
41/245 (17%)
10/245 (4%)
9/245 (4%)
245 (100%)

(71/245) of cases (Table 1). Isolation from blood constituted
11% (28/245) of cases.

Of note, there was a higher relative representation of
S. constellatus among blood isolates than that among the
total isolates (8/28, 29% vs. 28/245, 11%, p<0.01), whereas
S. intermedius was recovered from wounds more often than
its relative proportion among all isolates (6/41, 15% vs.
15/245, 6%, p=0.05).

Seventy-one patients had SMG growing from urine, 22 of
whom had UTI and 49 were defined as having nonsignifi-
cant bacteriuria. Among the 24 patients with true UTI (in-
cluding two with bacteremia and no bacteriuria), six patients
had various relevant associated conditions: nephrolithiasis
(3), other obstructive uropathy (2), and bladder tumor (1),
and five others had recurrent UTI without underlying cofac-
tors. The 24 species from UTI cases were S. anginosus (21),
S. constellatus (2), and S. intermedius (1), and three of the S.
anginosus cases were mixed with E. coli (2) and Proteus (1).

The 49 patients with nonsignificant bacteriuria (20% of
245 patients, 42 women and seven men) were hospitalized
for various noninfectious diagnoses, although four of them
were admitted with suspected infectious diarrhea that re-
solved rapidly (one of whom had Campylobacter in stool).
Nine of the 49 patients had various conditions that could be
linked with bacteriuria [kidney transplant (5), bladder tumor
(2), and nephrolithiasis (2)].

The focus of infection and place of acquisition of the
infection could be identified in virtually all of the 196
patients with clinically significant SMG infection (exclud-
ing the 49 nonsignificant bacteriuria cases) (Table 2).

One hundred and forty four patients (73% of 196) had
CA infections, most of whom had a spontaneous purulent
focus of infection originating from the gastrointestinal tract.
Perianal abscesses, appendicitis, cholangitis, peritonitis, and
liver abscesses constituted together 47% (67/144) of the CA
infections. Except for UTI (16%), other foci were also
associated with pus formation (empyema, diabetic septic
foot, tooth abscess, etc.) (Table 2).

Fifty-two patients (27% of 196) had HA infections that
mostly developed as complications of surgery (43/52, 83%),
particularly in abdominal operations (Table 2). All other
nonsurgical infections were also purulent processes, except
for one UTI (not associated with urinary catheter). There
was no difference in the distribution of SMG species be-
tween HA and CA cases.

Eighty-seven patients (44% of 196) had mixed infection,
yielding 106 additional microorganisms: Escherichia coli
(42), Klebsiella-Enterobacter (16), Pseudomonas (8), Pro-
teus-Morganella-Providencia (6), other Gram-negative (5),
Staphylococcus aureus (12), various streptococci (9), En-
terococcus (7), and Candida (1). Six (21%) of the 28 bac-
teremic patients had mixed infections that were included in
the above list of additional microorganisms. They included:
S. aureus in a case of pulmonary infection, streptococcus
group G in a case of an upper arm abscess in a drug addict,
Candida in a case of an intraabdominal abscess, S. bovis
in a case of liver abscess, E. coli and Proteus in a case
of cholangitis, and Klebsiella in a case of unknown focus
(due to paucity of clinical information). Among the 49
patients who had nonsignificant bacteriuria, only five had
additional growth of E. coli in urine. Mixed infection
was slightly more prevalent among HA infections (28/52,
54% vs. 59/144, 41%), but it did not reach statistical
significance.

Twenty-eight of the 196 patients (14%) were bacteremic
with SMG growing from blood, 21 of whom had an identi-
fied focus of infection (Table 2). The same species grew
from the focus of infection and from blood in three cases
(diabetic finger, intraabdominal abscess, and surgical
wound), and one patient with phlegmonous appendicitis
had growth from blood and urine but not from the site of
infection. Seven patients had bacteremia with no identified
focus (one of whom was neutropenic), mostly due to lack of
information.

Three patients died during hospitalization, all of whom
had S. anginosus monomicrobial bacteremia.
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Table 2 Place of acquisition, focus of infection, and clinical data on 196 patients with clinically significant milleri group streptococcal infection

Focus of infection Total no. of patients

Bacteremia (focus)

Isolation site (diagnosis), no. of patients

Community-acquired (144 cases)
Urinary tract infection 23 (16%) 2

Soft tissue infection 26 (18%)

Perianal abscess 23 (16%) 0

Appendicitis or periappendicular abscess 20 (14%)

Biliary tract infection 12 (8%)

Peritonitis or intraabdominal abscess 8 (6%)

Pulmonary infection 7 (5%)

Female genital tract infection 6 (4%) 0
Diabetic septic foot 5 (3%)

Liver abscess 4 (3%) 2
Other foci 5 (3%) 0
Undetermined focus 5° (3%) 5
Hospital-acquired (52 cases)

Surgical site infection, deep and superficial 43 (83%)

Wound infection, nonsurgical 4 (8%)

Pulmonary infection 2 (4%)

Urinary tract infection 1 (2%)

Undetermined focus 2 (4%) 2°¢
Total 196 28

2 (muscle abscess 2)

1 (phlegmonous appendicitis®)
2 (cholangitis 2)

2 (SBP 1, abdominal abscess 1)

3 (pneumonia 2, empyema 1)

2 (septic wound 2)

3 (intraabdominal abscess 2,
surgical wound 1)

1 (decubitus ulcer 1)
1 (lung abscess 1)

Urine 21, blood 2

Extremity in nonIVDA 6, extremity
in IVDA 35, breast 3, head and neck
3, decubitus ulcer 2, abdominal wall
2, pilonidal cyst 1, oral cavity 1,
unspecified wound 1, blood 2

Perianal site 23

Appendix/periappendicular region
19, blood 1*

Bile/gallbladder 10, blood 2

Abdominal fluid (SBP 1, perforated
bowel 3, perforated peptic ulcer 1,
pelvis abscess 1), blood 2

Pleural effusion 3, lung 1 (abscess),
blood 3

Labia 4, ovary 2

Wound/pus 3, blood 2

Liver/pus 2, blood 2

Tooth 4 (abscess), brain 1 (abscess)
Blood 5

Abdominal wall 20, extremity 4, neck
4, gastric wall 2, vagina 2, biliary
drain 2, pelvis 1, cheek 1, chest 1,
pacemaker 1, groin 1, unknown
site 1, blood 3

Foot 2, scrotum 1, blood 1

Sputum 1 , blood 1

Urine 1

Blood 2

IVDA, intravenous drug addict; SBP, spontaneous bacterial peritonitis

*This patient had acute phlegmonous appendicitis with growth of S. constellatus from blood and urine, but not from the site of infection

° One patient had diarrhea

¢ One patient was neutropenic

Discussion

Although molecular techniques are considered to be the most
sensitive and specific methods for the identification of viri-
dans streptococci to the species level, the VITEK 2 GP iden-
tification card was found to provide reliable results for the
identification of Gram-positive cocci under routine laboratory
conditions, correctly identifying more than 94% of the isolates
tested [27]. Another study that compared pyrosequencing of
the 16S rRNA gene to the VITEK 2 system in diagnosing
alpha-hemolytic streptococci showed some false-negative
results for the latter [28], but, to the best of our knowledge,
no false-positive results were described with the VITEK 2
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system for the identification of SMG. The implication of this
is that our estimates may be either a modest underestimation
or a true assessment of the extent of SMG infection.

The annual incidence of SMG isolation was estimated
here to be 8.8/10,000 hospitalized patients in a tertiary care
institute. The only study that estimated the population-based
incidence of SMG infection found it to be 8.65/100,000
population in the Calgary Health Region, Alberta, Canada
[26]. Moreover, this incidence was significantly higher than
that of each of the other individual pyogenic streptococcus
species, such as group A, B, and C + G (4.27, 3.13, and
2.24/100,000, respectively) [26]. This unexpectedly high
frequency demonstrates the importance of SMG as a
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pathogen, deserving the designation of “the unrecognized
pathogen” [29] and “the elusive pathogen” [2].

Demographically, our study showed that SMG infection
was distributed among all age groups, with some prepon-
derance for adults and the elderly. The few other studies
supplying patients’ demography gave similar results [3, 23,
26]. However, a series of 188 children collected over a
period of 6.5 years at Boston’s Children’s Hospital suggests
that SMG infection is not uncommon among children as
well [18]. In contrast to other studies which demonstrated
significant male predominance [18, 23, 24, 26], the present
study found a slight female preponderance (1.2:1), but this
disappeared when the nonsignificant bacteriuria group was
excluded.

A high frequency of underlying conditions seems to
characterize SMG infections. More than half (56%) of the
patients in this study, as well as 66—77% in other series, had
at least one co-morbidity or a risk factor [3, 23], many of
which were associated with undergoing surgery.

When dealing with purulent infections, it is not surprising
that many of the infections (44% in this study) were poly-
microbial. Most other studies found even higher proportions
of 46-76% of mixed infections [3, 18, 23, 25]. Enterobac-
teriaceae, bowel anaerobes, and FEikenella were the most
common co-pathogens in the other studies, while Enter-
obacteriaceae, S. aureus, and various other streptococci
were more prevalent in the present study.

A unique finding of the present study is the large group
of isolates cultured from urine, none of which represented a
purulent focus in the urinary system. Although SMG is not
known to be associated with UTI, single cases of true UTI
were reported in previous studies among clinically signifi-
cant SMG isolates [9, 23, 26], and larger numbers of isolates
from “genitourinary source” without providing clinical in-
formation or with designations of “no disease” or “question-
able significance” were reported in a few other publications
[3, 4, 24, 25]. All of the 22 patients diagnosed here as
having SMG UTI by urine culture had pure growth (except
for three mixed cultures) of at least 10* cells/ml, and had
signs and symptoms of UTI. Many of these had short
hospitalization with no alternative diagnosis, while a few
had more complicated courses due to their co-morbidities.
Could any of these urine isolates represent a purulent focus
somewhere else with undetected, low-grade bacteremia and
secondary bacteriuria? Such a scenario is theoretically plau-
sible, especially when considering the patient who had
phlegmonous appendicitis and SMG growing only from
blood and urine. However, none of the other 71 patients
with urinary isolates had any clinical hint for the presence of
another focus of infection. The limited referral to urine
isolates in previous studies might be due to not performing
species identification on streptococci from urine or to not
investigating the clinical significance of such a finding.

These data represent a previously unappreciated clinical role
of SMG in causing UTL

Also challenging is the question as to whether there was a
differential pathogenic role among the three species. The
literature review suggested wide variability in the associa-
tion between any particular species and the source of isola-
tion, but most connections did not hold across studies. It was
claimed that S. intermedius was more frequently isolated
from infections of the CNS and liver, S. constellatus more
often from blood and respiratory infections, and S. angino-
sus from most categories excluding CNS infection [4, 18,
24]. Claridge et al. found that S. anginosus was significantly
less associated with abscesses than the other species [25].
The present findings could support only the association of S.
constellatus with bacteremia, but other associations could
not be verified. If any of the species were less involved in
abscesses in the present study, it was S. intermedius (and not
S. anginosus) that was more prevalent among wound cul-
tures than among true abscesses, a difference that does not
seem to be of great importance. Jackson et al. demonstrated
that S. intermedius was more prevalent in children [20];
however, no age—species predilection was noted in the pres-
ent study and no information about species was given in the
large collection of SMG from children [18]. These large
variations among studies may possibly reflect random dif-
ferences between the specific case mix.

Bacteremia was detected in 11% (28/245) of the total
series or 14% when calculated only among clinical signifi-
cant isolates. Similar proportions of 7% and 12%, respec-
tively, were reported in the largest published collection of
518 consecutively recovered all-source isolates [24]. A larg-
er proportion of isolates from blood (27%) was described in
only one study among 122 clinically significant isolates
[25]. Other large collections (one among children) reported
bacteremia in 3% only [4, 10, 18].

Six studies describing only SMG bacteremia [5-10]
were summarized together with data from the present
study, encompassing collectively 215 bacteremic patients
(Table 3). Not surprisingly, the vast majority of cases
represented secondary invasion from purulent foci in var-
ious systems, which indicates the importance of focus
identification in such cases. Endocarditis, being absent
from our series, constituted only 4% of total, and was
significantly represented (6/32) in only one study [6]. Most
features of infection in these seven series on bacteremia
were not essentially different from each other. Wide age
range, male predominance, multiplicity of underlying con-
ditions, presence of polymicrobial growth in about one
quarter of cases, and predominance of CA infection were
similar. The average mortality of 16% in bacteremia stands
in contrast with the absence of mortality in nonbacteremic
cases. Indeed, all three fatal cases in the present series
involved bacteremia (S. anginosus alone).
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In summary, milleri (anginosus) group streptococci were

demonstrated to be pyogenic pathogens, not uncommon in
clinical practice, infecting all types of patients and involving
multiple body sites. In addition, a significant part of the cases
involved UTIL, a previously almost unrecognized clinical
mode of SMG behavior. It seems that identification of viridans
streptococci to the species level has paramount importance in
appreciating their clinical role and pathogenicity.
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