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Streptococcus milleri Group: Renewed Interest in

an Elusive Pathogen

S.C, Piscitelli!, J, Shwed?, P. Schreckcnberger3, L.H. Danzigerl*

The following review examines the bacteriological characteristics, e'pidemiology,
pathogenicity and antimicrobial susceptibility of the “Streprococcus m:tle:ri gfoug”.
“Streptococcus milleri group” is a term for a large group of streptococci which in-
cludes Streprococcus intermedius, Streptococcus constellatus and Streptoc.occus an-
ginosus. Usually considered commensals, these organisms'arc often associated with
various pyogenic infections including cardiac, abdominal, skin and central nervous sys-
tem infections. Organisms of the “Streptococcus millerz: grm.xp” are oft-en unrecog-
nized pathogens due to the lack of uniformity in classnficatlmgs and d!ﬂ‘icultles in
microbiological identification. Penicillin G, cephalosporins, clmdal.nycm and van-
comycin all possess activity against these streptococci. Use of agents with poor activity
may promote infections with “Streprococcus milleri group"’ a'nd allfbw itto e_x}nbxt its
pathogenicity. An understanding of these organisms may aid in their recognition and

pProper treatment,

Streptococcys milleri group” is the name some-
tlmes used for a large group of medically impor-
ant Streptococci associated with serious pyogenic
'nfections. Guthof (1) was the first to use the
lame “Streptococcus milleri” in 1956 in reference
1o oral non-haemolytic streptococcal species.

ubsequently, Colman and Williams (2) proposed

Al the minute beta-haemolytic streptococci
:llong with other nonhaemolytic streptococci

Efen'?d to as the “Streptococcus milleri group”
?ll 2‘3 Included in the species “Streptococcus mil-

¢ri”. Facklam (3, 4), from the Centers for Disease

« Ontrol, Atlanta, USA, favored the separation of

Stre:p tococcus milleri” into a number of distinct
Species, thus giving rise to two systems of
gf’flleHCIature for these streptococci. Coykendall
toca ; (_5)_ proposed the unification of these strep-

"“OCCl into a single species Streptococcus an-
f‘"OSuS which is the oldest approved name for

hese bacteria and therefore has precedence over
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the name “Streptococcus milleri”. Recently,
Whiley et al. (6) have performed DNA related-
ness studies on strains classified as Streptococcus
anginosus and observed that three DNA homol-
ogy groups could be identified that correspond to
the type strains of Streptococcus constellatus,
Streptococcus intermedius and Streptococcus an-
ginosus. On the basis of the DNA-DNA hybridi-
zation and different phenotypic properties ex-
hibited by these three species, they proposed the
reinstatement of the nomenclature Streptococcus
constellatus, Streptococcus intermedius and Strep-
tococcus anginosus for three distinct species (7).
A comparison of the different classifications used
for the “Streptococcus milleri group” is given in
Table 1.

Although the term “Streptococcus milleri” is not
included on the approved list of bacterial names
(8), it is often used by UK authors and continues
to be used in both the European and American
literature to describe streptococci that are found
in suppurative infections. As such, the term
“Streptococcus milleri” carries a message to
clinicians managing patients. This review will not
address the complexities of identification of the
“Streptococcus milleri group”organisms, but will
describe their characteristics, their antimicrobial
susceptibility and the infections they cause, and
examine the reasons for renewed interest in these
streptococci.
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Table 1: Various classifications of the “Streptococcus milleri group”.

R

Hemolysis  Group UK USA USA Coykendaliet ~ Whileyetal.
antigen Colman and Facklam Facklam al. 1987 (5) 1990, 1991
Williams (2) 1977 (3) 1984 (4) (7,14)
Alphaor none S. milleri S.millerigroup- S.intermedius  S. anginosus S. intermedius
none intermedius
Alphaor none S. milleri S. anginosus- S. constellatus . anginosus S. constellatus
none constallatus
Alphaor F S. milleri notrecognized notrecognized S anginosus S. anginosus
none
Beta F S. milleri S. anginosus S. anginosus S. anginosus S. constellatus
group F
Betla A S. milleri minute colony 8. anginosus S. anginosus S, anginosus
group A group A
Beta C S. milleri minutecolony  §. anginosus S. anginosus S. anginosus
group C group C
Beta G S. milleri minutecolony  S. anginosus S. anginosus S. anginosus
group G groupG
Beta not group S. milleri minutecolony . §. anginosus S. anginosus S. constellatus or
A,B,C,D,F no group no group S. intermedius
orG

—

Bacteriological Characteristics

In general, the streptococci are a heterogenous
group of organisms whose classification is based
on haemolysis patterns observed on blood agar
plates, Lancefield serological reactions, growth
characteristics and biochemical reactions.

The species comprising the “Streptococcus milleri
group” are commensals commonly isolated from
the mouth, oropharynx, gastrointestinal tract and
vagina, and are responsible for a variety of human
and animal infections (9, 10). Sometimes mis-
taken for anaerobic streptococci, they form
minute colonies (less than 0.5 mm in diameter),
may require carbon dioxide for isolation, and
have a characteristic caramel odor when cultured
on agar plates (10, 11). On Gram stain they char-
acteristically appear as spherical or ovoid cells
which form chains or pairs in broth culture.

Misidentification of “Streptococcus milleri
group” organisms commonly occurs due to the
variety of physiologic and serologic charac-
teristics exhibited. Most of the “Streptococcus
milleri group” display beta-haemolytic or non-
haemolytic reactions on blood agar plates. Of the
259 isolates described by Ball and Parker (12),
56 % were non-haemolytic, 25 % were beta-
haemolytic and 19 % were alpha-haemolytic.

Poole and Wilson (13) reported 75 % of their
strains of the “Streptococcus milleri group” as
non-haemolytic. Kambal (11) reported on 80
strains of the “Streptococcus milleri group” of
which 54 % were non-haemolytic, 29 % beta-
haemolytic and 17 % alpha-haemolytic. Whiley
et al. (14) examined 157 strains of the “Strep-
tococcus milleri group” and found that virtually
all Streptococcus intermedius (93 %) were non-
haemolytic (alpha- or gamma-haemolysis),
whereas 38 % of the Streptococcus constellatus
and 12 % of Streptococcus anginosus were beta-
haemolytic. They further showed that of those
strains of Streptococcus constellatus and Strep-
tococcus anginosus that belonged to Lancefield
serological group F, nearly all of the Streprococ-
cus constellatus were beta-haemolytic and all of
the Streptococcus anginosus were non-haemo-
lytic.

Lancefield antigenic serologic reactions are of
little value in identifying “Streptococcus milleri
group” organisms because a variety of antigens
may be exhibited. Some 30-55 % of isolates are
group F, 25-30 % of the “Streptococcus milleri
group” are non-typable, while a representative
portion of the remaining typable isolates are of
group A, Cand G (12,13, 15, 16). Strains carrying
the group F antigen may also cross-react with the
other grouping sera.
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:Ifl_lg g}versity of serologic haemolytic reactions,
a sagreement regarding the speciation and
Xonomy of the “Streptococcus milleri group”
may contribute to a lack of recognition of these
gathogen.& Many laboratories will identify beta-
aemolytic “Streptococcus milleri group” or-
| ganisms as beta-haemolytic streptococci with a
lgl;f}‘,n“Lam:efic:ld classification while non-haemo-
iﬁéct‘ gf" eptococcus milleri group” organisms are
id nt }ed as viridans streptococci without further
entification to species level. Some laboratories
ggay rePOIt. thpse organisms as microaerophilic
Teptococci since they tend to grow better in
2?::“;13& condition:q or when incubated with in-
levelszf CO,. Routine identification to species
consid viridans streptococci (non-group D) is not
usall ered necessary by some because they are
differy SUSC?ptlble‘tO' penicillin (17)..ngever,
tweenences In antimicrobial susceptibility be-
la organisms may be unrecognized due to the
ck of exact speciation.

ionilv'entlonal biochemical testing (Table 2)
viri ;l;ﬂs the method of choice for identification of
cus 1S streptococci including the “Streptococ-
evalmdlen group”. Hinnebusch et al. (18) have
Poy lIIIa)ted five commercial systems (API Rapid
tor Mic Analytab ?roducts, Plainview, NY; Bax-
Scan 1%{, oScan Rapid Pos ID Panel,Ba:fte:r Micr_o«
forar e€st Sacramento, CA; BBL Minitek Dif-

Tential System, Becton Dickinson Microbiology

Systems, Cockeysville, MD; IDS RapID STR sys-
tem, Innovative Diagnostic Systems, Atlanta,
GA,; and Vitek GPI, bioMérieux Vitek, Hazel-
wood, MO) for identification of viridans strep-
tococci. They reported that none of the systems
showed more than 74 % agreement with conven-
tional biochemical tests. Of the pathogenic
species, those most frequently identified incor-
rectly or not identified were Streptococcus con-
stellatus, Streptococcus intermedius and Strep-
tococcus sanguis 1 (18).

Epidemiology

“Streptococcus milleri group” organisms have
been isolated from the developing lesions of den-
tal caries and periodontal disease; however, their
pathogenicity has not been determined (11).
They are responsible for the development of
deep-seated, necrotic odontogenic abscesses (19~
21). When isolated from blood, they are as-
sociated with a pyogenic focus (10, 11, 17). The
“Streptococcus milleri group” comprises 3-15 %
of all viridans streptococci isolated from endocar-
ditis and is associated with preceding dental
trauma, gastrointestinal carcinoma or gastro-
intestinal perforation (22-24). “Streptococcus
milleri group” endocarditis is commonly as-

Table 2: Phenotypic differentiation of Streptococcus constellatus, Streptococcus intermedius, and
Streptococcus anginosus within the “Streptococcus milleri group” (data from Reference 14).

Test S. constellatus S. intermedius S. anginosus
Esculin hydrolysis positive positive positive
Voges-Proskauer Test positive positive pOS{tEVc
Arginine dihydrolase positive positive positive
Production of:
Beta-D-fucosidase negative positive negative
Beta-N-acetylglucosaminidase negative positive negative
Beta-N-acetylgalactosaminidase negative positive negative
Sialidase negative positive negative
Beta-galactosidase negative positive negative
Beta-glucosidase negative variable positive
Alpha-glucosidase positive positive variable
Hyaluronidase variable positive negative
Hydrogen peroxide negative negative variable
Acid from:
Amygdalin variable variable positive
Lactose variable positive positive
Mannitol negative negative variable
Raifinose negative negative variable

Positive = 90 % or more of strains positive; negative = 90 % or more of strains negative; variable

=11 %89 % of strains positive.
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sociated with the development of pyogenic com-
plications and myocardial abscess formation (22,
24-26). Pericarditis has also been reported to
occur following dental trauma (27). “Streptococ-
cus milleri group” organisms have been isolated
from 56-81 % of bacterial brain abscesses either
in pure or mixed culture (10). Factors associated
with “Streptococcus milleri group” brain abscess
include congenital heart defects, sinusitis, otitis
media, liver disease and trauma (10).

“Streptococcus milleri group” organisms rarely
cause meningitis; however when they do, it is
often preceded by trauma or purulent infection at
another site (28, 29). In addition to these central
nervous system (CNS) infections, these or-
ganisms have also been isolated from acute spinal
epidural abscesses and a subdural empyema (30,
3n.

Approximately, 7-40 % of all infections caused
by these organisms occur within the abdominal
cavity. They are often infecting pathogens follow-
ing gastrointestinal surgery, appendectomy or
colonic perforation (10). Hepatic abscesses have
occurred following gastrointestinal perforation in
Crohn’s disease, perirectal abscess, colon car-
cinoma and abdominal surgery (32-36). In a
review of 15 cases involving organisms of the
“Streptococcus milleri group” in liver abscesses,
overall mortality was reported to be 13 %. The
organism was isolated from the abscess in pure
culture in 13 of 15 patients, while blood cultures
were positive in 65 % of the cases (37). Hepatic
abscess with “Streptococcus milleri group” or-
ganisms has also been reported in association
with use of an intrauterine device (38). “Strep-
tococcus milleri group” organisms have been iso-
lated in pure and mixed culture from abdominal
wound infections, peritonitis, subphrenic and pel-
vic abscesses, and cholangitis (10).

“Streptococcus milleri group” organisms are oc-
casionally isolated in obstetrical infections and
neonatal sepsis (39, 40). Additionally, sub-
cutaneous abscesses in intravenous drug abusers
and hidradenitis caused by these organisms have
been reported (41, 42). Septic arthritis and os-
teomyelitis have also occurred in isolated cases
(13, 43,44).

“Streptococcus milleri group” organisms have
also been implicated in the development of
purulent empyema or lung abscess following
aspiration pneumonia (39). Brook et al. (45)
described two cases of “Streptococcus milleri
group” lung infections: one a large abscess, the
other a complication of previously scarred lung.

In both reports the organism could not be isolated
in expectorated sputum but required needle
aspiration and blood cultures for isolation.

A case of community-acquired “Streptococcus
milleri group” bacteremia secondary to probable
tricuspid endocarditis was reported in a patient
with AIDS (46). The patient, an i.v. drug abuser,
developed a secondary meningitis but responded
to a six-week course of therapy with vancomycin.

Despite the increasing awareness of the clinical
significance of the “Streptococcus milleri group”,
the association between particular species and
specific sites of isolation and disease conditions
has not been clear. Whiley et al. (47) have recent-
ly reported on the association of Streptococcus in-
termedius, Streptococcus constellatus and Strep-
tococcus anginosus with clinical infections, and
sites of isolation. In their study there was a
marked association of Streptococcus intermedius
with infections involving the central nervous sys-
tem.

Streptococcus anginosus was the species most fre-
quently identified in the gastrointestinal tract and
genitourinary specimens, while Streptococcus
constellatus was the species most frequently iden-
tified in specimens from the respiratory tract (47).

One common denominator in infections as-
sociated with the “Streptococcus milleri group” is
the tendency of the organisms to cause abscess
formation, either alone or in combination with
anaerobic  organisms and gram-negative
pathogens. The means by which these organisms
survive within an abscess have not been deter-
mined.

Antimicrobial Susceptibility

Minimum inhibitory concentrations (MICs) of
various antibiotics for the “Streptococcus milleri
group” are listed in Table 3. Penicillin G is usually
very active against the “Streptococcus milleri
group”. Most strains have MICs <0.25 pug/ml (17,
48-50). Occasionally, strains of the “Streptococ-
cus milleri group” may require penicillin G con-
centrations of 4-8 ug/ml for inhibition (50).
Therefore, uniform susceptibility to penicillin
cannot be assumed. “Streptococcus milleri group”
organisms are also susceptible to methicillin and
ampicillin; however, MICs for ampicillin are oc-
casionally 2 0.5 ug/ml. Cephalosporins such as
cephalothin and cefotaxime possess excellent ac-
tivity against the “Streptococcus milleri group” as
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Table 3: In vitro activity of various antibiotics against the “Streptococcus milleri group” (adapted

from References 15,17, 46-48,59).

Antimicrobial agent MICrange No. of strains
(ug/ml) tested
Penicillin G <0.125-1.0 133
Methicillin 0.5-2.0 68
Nafcillin 1.0-2.0 18
Ampicillin 0.25-1.0 68
Cephalothin 1.0-4.0 68
Chloramphenic()l <0.5-8.0 68
Clindamycin £0.25 133
Vancomycin 2.0 20
Teicoplanin <0.015-1.0 33
Trimethoprim 0.03-2.0 68
Gentamicin 0.24-4.0 68
Amikacin 16.0-128 30
Rifampin 0.06-0.12 18
Tetracycline <0.25-0.5 68
Erythromycin <0.25-20 77
Nitrofurantoin 4.0-64.0 68
Sulfamethoxazole 16.0-512 68
Imipenem 0.007-0.25 33

gg e clindamycin and vancomycin. Chloram-
sui thOL er)’thrqmycm and tetracycline are
itable alternative antimicrobial agents in
Ig):mCllll'n.-allergic patients. Other agents such as
ntamlqm, nitrofurantoin and sulfamethoxazole
ave activity against the “Streptococcus milleri

8roup” as well, however resistance may be ex-
hibited (48, 49).

PatllOgenicity

;h; Mechanisms by which the “Streptococcus
ieri group” becomes pathogenic are unclear.
off:re are several factors involved which can be
. red as explanation. It is thought that extracel-
mi?lr ?nzymc’s produced by the “Streptococcus
and €7l group™ may contribute to its pathogenicity
facilitate the liquification of pus (19).
an%a;llrppidase, which degrades connective tissue
i acilitates the spread of the organism through
SU¢ planes, has been isolated from beta-
Oiemqutic group F “Streptococcus milleri group”
t ffﬁ'sms (51). Whiley et al. (7, 14) have noted
tre Yaluronidase is produced by most strains of
N Ptococcus constellatus, virtually all strains of
S trzp tococcus intermedius, but very few strains of
rib()I)tococcus anginosus. Production of deoxy-
. Nuclease, ribonuclease, gelatinase and col-
“Sgtenase have also been observed (51-53). The
m "eptococcus milleri group” also releases an im-
UNosuppressive substance that has not yet been

identified (54). This substance may promote
pathogenicity and allow the organisms to survive
within an abscess. The ability of the “Streptococ-
cus milleri group” to adhere to buccal epithelial
cells and bind fibronectin may be another factor
contributing to its pathogenicity (55). Additional-
ly, Brook and Walker (56) have suggested that the
presence of a polysaccharide capsule, which
prevents phagocytosis, may be a virulence factor
in suppurative infection.

The “Streptococcus milleri group” may also be-
come pathogenic when antibiotics with minimal
or no activity against the organisms are used in
surgical prophylaxis. Specifically, metronidazole
and gentamicin combinations used to suppress
fecal flora prior to abdominal surgery and to treat
intra-abdominal infections have been associated
with the development of “Streptococcus milleri
group” infections. Tresadern (57) reported the
development of 13 post-operative infections with
“Streptococcus milleri group” in patients who had
undergone colorectal surgery. In 6 of the 13
metronidazole and gentamicin were given as
prophylaxis for surgery. He proposed that the
suppression of anaerobic and enteric gram-nega-
tive organisms and the lack of activity of
metronidazole and gentamicin against “Strep-
tococcus milleri group” allowed its expression as a
pathogen.

Madden and Hart (33), in reviewing 253 appen-
dectomies, identified “Streptococcus milleri
group” organisms as the pathogen in 11 of 38
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children who developed infections post-opera-
tively. Metronidazole and gentamicin were used
prophylactically in 6 of 11 patients from which
“Streptococcus milleri group” organisms were
isolated. The authors claimed that the use of these
agents rendered the organisms pathogenic.

One could also assume that suppression of the
rest of the normal flora gave an ecologic ad-
vantage to members of the “Streptococcus milleri
group”.

Long-term use of metronidazole has also been
implicated in the development of a pyogenic
hepatic abscess (32). A 38-year-old male receiv-
ing metronidazole and methylprednisone for
treatment of Crohn’s disease developed a
perianal abscess from which Peptostreptococcus
was initially identified on culture and therapy
with metronidazole was continued. Subsequently,
a hepatic abscess developed from which a “Strep-
tococcus milleri group” organism was isolated.
Continued use of metronidazole may have
selected the organism, or initial misidentification
of the organism may have led to treatment with
inappropriate antibiotics.

Onderdonk (58) demonstrated the persistence of
“Streptococcus milleri group” organisms in ex-
perimental abscesses caused by these organisms
and Bacteroides fragilis following treatment with
metronidazole. It would appear that choosing
antibiotics which lack activity against the “Strep-
tococcus milleri group” for surgical prophylaxis
or for treatment of intra-abdominal infections
may promote the development of infections with
this potential pathogen.

Conclusion

“Streptococcus milleri group” organisms have
been implicated in various types of infections
(CNS, cardiac, oropharynx, skin, abdominal)
usually associated with abscess formation, either
alone or in mixed culture. “Streptococcus milleri
group” organisms are susceptible to a wide range
of antibiotics including penicillins, cephalo-
sporins, clindamycin, vancomycin and erythro-
mycin, although surgical evacuation is often
necessary for bacterial eradication. The renewed
interest in this group of organisms has been due to
recent reports of the “Streptococcus milleri
group” causing intra-abdominal infections in
patients treated with agents such as metro-
nidazole and aminoglycosides which lack ade-
quate activity. Practitioners need to gain a better

understanding of the “Streptococcus milleri
group” to aid them in recognizing and treating
properly infections with this elusive pathogen.
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