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INTRODUCTION

I. General Background

"/« m/craè/o/ogy, a name denotes an

(7w/r/c, 7989).

m sp/ace m /7ze wor/t/ and cwmofós to .s7gn//iicance m f/ze c/m/c"

The taxonomy of "5/re/?tocücc«.y m/Z/en" strains has

been debated for many years. "5. /«///en" strains,

known for their association with purulent infections,

have been repeatedly classified and reclassified until

they were finally reallocated into three distinct

species, Sfre/?fococcw.s angmavws, 5/̂ re/7/r;coccM5

coftste/fo/ws and S/reptocmrws mfórme<i/w.s- (Whiley,

1991). The changes in classification and

nomenclature of these organisms have hampered their

recognition and identification in the diagnostic

laboratory. Further identification problems arose from

the phenotypic heterogeneity of these organisms. In

addition, the reference phenotypic identification

scheme includes tests that are not traditional for

viridans streptococci (Whiley, 1990). By

consequence, little is known about the precise ecology

of the three "5. /m7/er/" species, and only scanty

information is available about the clinical picture they

are associated with. Furthermore, data on the

antimicrobial susceptibilities and the pathogenicity

of the three species are rarely found in the literature.

Appealing names, such as "ms/d/ows pa/Tzogen"

(Spertini, 1987), "wnrecogm'zed patf/zogen" (Ruoff,

1988), and "e/Ms/vepaf/iogen" (Piscitelli, 1992), have

expressed both the difficult recognition and the poorly

documented pathogenic role of the organism.

At the University Hospital Maastricht, we collected

"5. m///en" strains recovered from clinical specimens

routinely submitted for culture. We designed several

studies to provide further information on the ecology,

the clinical picture, the classification and

identification, the antimicrobial susceptibilities and

the pathogenicity of the three "5. m///en " species as

they are currently described.
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II. Outline of this thesis

The literature on "5. /m7/en " and on S. arcgrnosw.?, 5.

con.ïfé/tafws and S. mtermed/ws is reviewed in Chapter

I. The taxonomie history of these organisms is

reviewed. Clinical picture, pathogenicity and

antimicrobial susceptibilities of the organisms are

discussed, based on data reported on the three distinct

species and on "5. m;7/eri" as a whole.

In Chapters II and III, episodes of bacteraemia due

to "5. mi/feri " organisms are described. The clinical

significance and the blood culture characteristics of

the 5. Wr/dans strains recovered from the blood

stream can be found in Chapter II, as well as

information regarding the performance of two

commercial identification systems (the API 20 Strep

and the Rapid ID 32 Strep systems) in identification

of the viridans streptococci. Chapter III reports the

detailed clinical and microbiological findings of 19

episodes of bacteraemia due to "5. m///en" strains.

In Chapter IV, the serologic and haemolytic properties

of the three species in a collection of consecutively

isolated strains are presented. Information is provided

on the anatomic distribution and the clinical

significance of the three species.

In Chapter V, the "5. mi//en" species identifications

obtained by the Rapid ID 32 Strep system are

compared to those obtained by the reference

phenotypic identification scheme. Chapter VI

explores the genetic interrelationships on the 16S

ribosomal RNA level between the three species by

use of species-specific oligonucleotide probes in a

line blot assay.

In Chapter VII, the three "5. raY/en'" species are tested

for the presence of hydrolytic enzymes, and the

activities detected are related to the clinical

significance of the strains.

The three "5. m/7/en" species are tested for

susceptibilities to a panel of currently used

antimicrobial agents in Chapter VIII.

Chapter IX overviews the results presented in the

previous Chapters with greatest emphasis put on

issues of classification and identification.



CHAPTER I. Review of the literature
Aims of the study



/wterwed/ws versus
and

The "SVre/?roc0CCM.y /m'//<?r/" strains form a

biochemically and serologically heterogeneous

collection of strains included in the Sfrepfococcws

v/m/an.v group. They encompass organisms listed in

the 1986 edition of Bergey's Manual (Hardie, 1986)

as S. arcg/wosMS, S/repfococcMS A/G, S. conste/Zato,

5. /nfórmed/ws " 5. m/7/eri" and minute 6-haemolytic

streptococci of Lancefield groups F and G

(Withworth, 1990). Their normal habitat includes the

oropharynx, the gastrointestinal tract, and the female

genital tract (Poole, 1977; Poole, 1979; Gossling,

1988). The "5. m///en" strains share a common link

in the clinical setting: a striking association with

endogenous pyogenic infections sharply delineates

them from the other viridans streptococci (Parker,

1976; Gossling, 1988). At present, three species are

recognised within the "5. m///en" group: 5.

ang/nosMs, 5. co«ste//afa.s and 5. zntermed/j« (Whiley,

1991).

The epithet "5. m///<?r/" is not included in the

Approved L/stó o/itacfóna/ Ata/nes (amended edition)

(Skerman 1980) neither in the Zmfejt o/7/ïe itactena/

K?av? yVomenctowra/ Changes Pw/?/«/zeJ m f/ie

7950 Approved Zisto o/5acfón'a/ Afames (7

Janwary 7980 to 7 /anwary 7989) (Moore, 1989) and

not validly described in the validation lists and articles

published in the /ntórnariona/ /ot/rmz/ <?ƒ 5j5fómaf«c

5acfór/o/ogy since 1 January 1989. By consequence,

the epithet is not a formal name, and the name has to

be enclosed in quotation marks. Because of its

association with purulent infection, the name "5.

m///m" continues to be used in the medical literature.

In this Chapter, a compact review of the taxonomie

history of the "5. mi'/feri" strains will be offered.

Their identification in the diagnostic laboratory will

be discussed as well as their epidemiology, the clinical

picture they are associated with, their pathogenicity,

their antimicrobial susceptibility and the therapy of

the infections they are involved in. Where available,

data on the three distinct species as currently

described are presented. If species-associated data

are not available, the epithet "5. m/Z/en " will be used.

For reasons of legibility, the quotation marks of this

epithet will be omitted.

The confusing taxonomie history of
5. awgmosws, 5. cowsteJ/atas and

The name 5/re/?tococcM5 mi7/en was first used by

Guthof (1956), following the isolation of a non-

haemolytic and non-groupable streptococcus from a

dental root abscess. The name was given to honour

Dr.W.D.Miller (1853-1907), who is looked upon as

the father of oral microbiology (Anonymous, 1985).

In 1962, Ottens andWinkler isolated a biochemically

similar group of non-haemolytic streptococci from

dental root canals, which they named "indifferent"

streptococci (Ottens, 1962). However, over half of

their strains belonged to Lancefield groups F, G or

C. In 1972, Colman and Williams demonstrated that,

based on cultural characteristics and cell wall

analysis, these organisms belonged to the same

species as Guthof's 5. mi//«ri and expanded the

species further to include other streptococci. Some

of these strains displayed 6-haemolysis: nevertheless,

they included 5. mi/fen in the viridans group of

streptococci (Colman, 1972). Support for this

phenotypic classification has been provided by British

authors (Ball, 1979; Poole, 1979).



Meanwhile, Facklam (Facklam, 1977; Facklam,

1984) from the Centers for Disease Control and

Prevention (CDC) in the USA favoured the separation

of 5. m/7/<?n' into distinct species, which were named

(in the final version) S. öng/nosws, S. corcsfó/tows and

5. mfórmediMS. By consequence, two classification

and nomenclature schemes (one American and one

British) coexisted from 1977 to 1987. The CDC

scheme has been the basis of most commercial

identification kits.

In the 1980s, DNA-DNA reassociation studies

yielded conflicting results with regard to the

taxonomy of the S. mi'f/eri group. Some authors

proposed unification of the 5. m/7/<?n strains into a

single DNAhomology group (Welborn, 1983; Ezaki,

1986; Coykendall, 1987) while others demonstrated

several distinct DNA homology groups (Kilpper-

Balz, 1984; Knight, 1988). It has been acknowledged

that the difference in these results is attributable to

variations in experimental hybridisation stringencies

(Whiley, 1989). The unification of all 5. /n/7/en

strains into a single species was validly published in

1987 (Coykendall, 1987). According to the rules of

nomenclature, this single species was named

S/re/?/r;coccM.s" angmosMS, which is the eldest

approved name for these bacteria (Andrewes, 1906)

and therefore had precedence over the name

v̂ m/7/en.

Some years later, Whiley and Beighton identified on

the basis of DNA-DNA reassociation studies and

different phenotypic properties three homology

groups within the 5. m///en group. These homology

groups corresponded to the type strains of 5.

a«g/«oiM5, 5. coMste/tows and 5. /«termedms and

were consistent with distinct species. The authors

published an emended description of the three species

and consequently reinstated the nomenclature 5.

ang/ncAsw.v, S. consfó/tows and 5. /n/ermed/Ms (Whiley,

1991). It should be noticed that the species described

by Whiley and Beighton do not necessarily

encompass the same strains as did their homonyms

of the Facklam scheme.

The phylogenetic validity of the current taxonomy

has been confirmed by comparisons of rRNA gene

restriction patterns (Doit, 1994) and of 16S rRNA

sequences (Bentley, 1991), but the tumultuous

taxonomie tale probably will not end here. Within

the 5. <3/?g/nosws species, Bergman and coworkers

recognised distinct rRNA populations (Bergman,

1995). Small-subunit rRNA gene sequencing, as used

by Bergman, currently represents one of the most

powerful methods for elucidating phylogenetic

interrelationships of microorganisms (Woese, 1987).

Ribosomal RNA molecules contain segments that are

evolving very slowly, these regions are called highly

conserved regions. Certain of these sequences are

found in all known bacteria, and "broad range" PCR

primers have been designed to recognise these

sequences (Wilson, 1990). On the other hand, there

are other segments of the rRNA that have evolved

much faster, these segments show high variability

and are appropriate targets of genus-, species- and

subspecies-specific hybridisation probes . Study of

the three 5. m///<?n species by this refined molecular

tool will probably contribute to further insights in

their genetic interrelationships.

5. mi'/fen strains: phenotypic
characteristics
Strains belonging to the 5. /m/ten group form at

primary isolation small ("minute") colonies (less than

0.5 mm in diameter) and may require carbon dioxide

for isolation. Many of them have a characteristic

caramel odour when cultured on agar plates

(Gossling, 1988). On Gram stain, they appear as

spherical or ovoid cells which form chains or pairs

in broth culture.



Although they are part of the viridans streptococci,

the 5. m///en strains may display all three haemolytic

patterns ( a-, 6- or y-haemolysis). Beta-haemolytic

strains accounted for 25 - 29% of the strains described

(Ball, 1979; Poole, 1979; Kambal, 1987). 5. mf/fen

strains may carry four Lancefield group antigens (A,

C, F or G) or may be non-groupable. Group F

accounted for some 30-55% of the strains examined,

25 - 30% of the strains were non-groupable and

groups C, G and A were observed in decreasing

frequency (Ball and Parker, 1979; Poole and Wilson,

1979; Miller, 1983). Beta-haemolytic strains tended

to carry more frequently a Lancefield group antigen

than non-haemolytic strains (Poole and Wilson, 1979;

Shlaes, 1981), but this observation was not confirmed

in a collection of consecutively isolated strains (Van

derAuwera, 1985). The proportions of B-haemolytic

5. mi'/feri strains compared to the large-colony 6-

haemolytic pyogenic streptococci for a given

Lancefield group are listed in Table 1.

Table 1. Proportions in percentages of B-haemolytic 5. mi/Zeri strains compared to the large-colony B-haemolytic
pyogenic streptococci for a given Lancefield group (data according to Ruoff, 1985 and Lawrence, 1985).

Lancefield group

Colony type

Minute*

Large**

A

<10

>90

C

56-75

25-44

F

100

0

G

12- 15

85-88

no group

75

25

* Minute colony: 5. /n/Y/er/; ** Large colony: 5. /ryogenes (A), 5.
subspecies zooe/wófem/cws (C), 5. can/5 (G).

(C, G), S. <?gw/ (C), 5

All 5. /«///er/ strains produce acetoin in the Voges-

Proskauer test with the Coblentz method, hydrolyse

arginine (method according to Moeller) and fail to

use sorbitol. The positive reaction in the Voges-

Proskauer tests distinguishes 5. /mY/en from the large-

colony pyogenic streptococci (Bucher, 1984).

Alternatively, rapid differentiation can be performed

with an assay for B-D-glucuronide activity, which is

only present in the large-colony streptococci

(Cimolai, 1991).

Identification to the species level:
5. ««gmosMS, 5.

5. m///er/ strains are phenotypically identified to the

species level on the basis of the scheme of Whiley

and coworkers (Whiley, 1990), which detects

glycosidase enzyme activities by use of 4-

methylumbelliferyl-linked substrates and

hyaluronidase production. Key reactions for the

identification of the three species are listed in table

2.



Table 2. Phenotypic differentiation of SfreptococcMs aragmavws, 5freptococcM5 cowste/tows and
mfórmed/ws (+: 85% or more of the strains are positive, -: 85% or more of the strains are negative, d: 16 to 84%
of the strains are positive) (Whiley 1990).

Test

6-D-fucosidase

B-yV-acetylglucosaminidase

B-7V-acetylgalactosaminidase
sialidase

B-galactosidase

B-glucosidase

-glucosidase

hyaluronidase

S. a«gmo5M5
_

-

-

-

+

d
-

5. C(mst<?//ato

-

-

-

-

-

-

+

+

+

+

+

+

+

d
+

+

Recently, a commercial system (Fluo-Card Milled,

KEY Scientific, Round Rock, Texas, USA) has been

marketed in North-America. The system, which

consists of filter paper strips with circles containing

4-methylumbelliferyl(MU)- -D-glucoside, 4-MU-6-

D-glucoside and 4-MU-B-D-fucoside, is an

abbreviated version of the phenotypic identification

scheme. The system is simple and easy to use and

has been evaluated favourably in comparison with

the reference scheme (Flynn, 1995). It should be

noticed that both the reference scheme and the Fluo-

Card Milled only identify to the species level those

strains that have been identified to the 5. m///en' level

in an earlier step. However, an enlarged version of

the scheme of Whiley also includes the other viridans

streptococcal species (Beighton 1991) and the most

recently updated version (Version 5.1) of the API 20

Strep System (API system, bioMérieux, Marcy-

1'Etoile, France) claims to identify the three 5. mz7/en

species, as does the recently released Rapid ID 32

Strep system from the same manufacturer. Regarding

the species identification of 5. mz//en, the latter

system seemed promising as it incorporates assays

for B-glucosidase, B-galactosidase and B-/V-

acetylglucosaminidase activities (Freney, 1992).

Whiley and coworkers identified 157 5. m//7en strains

to the species level and found the vast majority of

the 5. mfórmed/ws strains to be non-haemolytic,

whereas 38% of the 5. corcsfóZ/afM.s' strains and 12%

of the 5. angmosMs strains showed B-haemolysis. In

their study, both 5. awgmosws and 5. conste/tows

strains displayed serological heterogeneity, and 5.

mtermed/ws strains were mostly non-groupable

(Whiley, 1992). Taketoshi and coworkers (Taketoshi,

1993) slightly modified the identification scheme.

Their findings were comparable to those of Whiley

etal. (Whiley, 1992)

Difficulties in recognition and
identification of the 5. HU7/OT' strains
Traditionally, microbiologists are reluctant to group

streptococci across haemolytic boundaries (Shlaes,

1981) and little interest is paid to those viridans

streptococci that are not associated with a well-

defined clinical picture such as infective endocarditis

(Ruoff, 1988, Hamoudi, 1989). As a result, a 6-

haeinolytic 5. m///en strain may be reported as a 6-

haetitolytic streptococcus with a given Lancefield

group while an -haemolytic 5. m///<?n' strain risks to

be identified only to the 5. vira/ans level (Ruoff,

198&; Piscitelli, 1992). Alternatively, because of the

confusion over the nomenclature, less formal

names tend to be used: 5. m///en strains



have been described according to their growth and

culture characteristics (microaerophilic streptococci,

indifferent streptococci, group F Streptococcus) or

according to their presumed origin (oral streptococci)

(Gossling, 1988).

Conventional species identification of the viridans

streptococci is laborious and time-consuming and

therefore clinical laboratories often rely upon

commercial systems for streptococcal identification.

Unfortunately, several systems perform poorly in

species identification of viridans streptococci in

general and of 5. mi//eri in particular (Hinnebusch,

1988). Moreover, apart from the above cited Fluo-

Card Milled and Rapid ID 32 Strep system,

commercial systems do not incorporate key tests for

differentiation of the three S. m/Weri species. Many

of them were originally designed according to the

Facklam classification scheme (Facklam, 1984). As

already mentioned, the 5. m///ert species as currently

described do not always comprise the same strains

as their homonyms of the Facklam scheme: for

example, in the latter scheme B-haemolytic strains

were exclusively categorised as 5. a/tgrnosMS

(Facklam, 1984), while in the new scheme they are

mostly classified as 5. corcste/tows (Whiley, 1991,

Taketoshi, 1993).

The epidemiology and clinical picture

Apart from numerous case reports and excellent

reviews on the subject (Ruoff, 1988; Gossling, 1988;

Withworth, 1990, Piscitelli, 1992), few studies have

investigated the epidemiology of 5. m///er/

(Bannatyne, 1976; Poole, 1979). In addition,

problems arise when the data reported in the literature

are studied: the composition of strain collections from

reference laboratories may be influenced by the

referral pattern, e.g. they may include predominantly

strains clearly associated with infection (Parker,

1979) or strains that originate from a particular

anatomic site such as the oral cavity (Whiley, 1990).

Moreover, both reference and clinical strain

collections may include a preponderance of 6-

haemolytic strains as a result of a selection process

during the isolation and identification steps (Ball,

1979; Spertini, 1987).

Demogra/?/?/c

The overall incidence of serious infections with 5.

m///en in a 600-bed general hospital in Belgium was

five cases per 1,000 admissions (Van der Auwera,

1985). 5. miZ/eri strains were the most frequently

isolated species in a series of consecutively isolated

clinical S. v/ra/ans strains (Ruoff, 1983). Their

proclivity for abscess formation was first noticed by

Parker and Ball (Parker, 1976) who compared the

distribution of streptococcal species recovered from

purulent lesions. A male-to-female ratio of 1:0.3 was

noted by Gossling who reviewed 192 cases of

suppurative infections with 5. m///en and excluded

those cases in which trauma and alcoholism were

predisposing factors (Gossling, 1988). The age

distribution of infected patients in the above-cited

review was Gaussian (Gossling, 1988).

The overall distribution of serious infections with 5.

m///<?n reflects the natural habitat of these organisms

(Ball, 1979; Shlaes, 1981). Abdominal infections

accounted for 7 - 40% of all significant infections

with S. m/Z/eri (Gossling, 1988). 5. m///en' has been

recovered from the abdominal cavity after

gastrointestinal surgery, colonic perforation and

appendectomy (Gossling, 1988; Libertin, 1985).

Hepatic abscesses have been described following

gastrointestinal perforation in Crohn's disease,

perirectal abscesses, carcinoma of the colon and

abdominal surgery (Chua, 1989). 5. /w///er/' organisms

have been isolated from 56 - 81 % of bacterial brain



abscesses either in pure or mixed culture (Gossling,

1988). The organism has also been recovered from

acute spinal epidural abscesses and subdural

empyema (Gosh, 1988; Gelfand, 1991). The

intrathoracic cavity has been recognised as another

important location of infection, with 5. m///er/ as part

of the offending flora in aspiration pneumonia, pleural

empyema and lung abscess (Shlaes, 1981; Libertin,

1985;Spertini, 1987; Brook, 1988; Plump, 1983). 5.

m«7/en' accounted for 8% of Sfr-eptococcws v/rafans

endocarditis (Murray, 1978). A high incidence of

suppurative metastatic lesions has been reported in

this condition, including vertebral osteomyelitis and

abscess formation in liver, joints, myocardium and

spleen (Murray, 1978;Levandowski, 1985;Barnham,

1989). Reports on obstetrical and neonatal infections

with 5. mi/Zeri are anecdotal (Poole, 1979; Miller,

1983; Cox, 1987). S. m///en strains have been

recovered in pure culture from subcutaneous

abscesses in drug addicts (Muller, 1987; Stocker,

1994) and the implication of S. mi7/er/ in bone and

joint infections has been reported in isolated cases

(Meyes, 1990; Jacobs, 1993). Bacteraemia due to

Streptococcus m///er/ has been rarely described

(Gossling, 1988; Van der Auwera, 1985; Libertin,

1985) but this condition should alert the clinician to

the possible existence of a pyogenic focus (Kambal,

1987; Gossling, 1988; Shlaes, 1981).

to //ze cZ/mca/ p/cfwre

When recovered from purulent infections, S. miï/êri

strains were reported to be part of polymicrobial

infections in 39 to 98% of cases, the highest

proportion was found in abdominal infections. The

accompanying flora included anaerobes, various

£nfóroZ?acfór/aceae, and other streptococcal species

(Spertini, 1987; Shlaes, 1981; Edminston, 1991). A

peculiar association between £/&cnc/Za corrrafens and

5. m///en has been noticed (Stone, 1992; Jacobs,

1993).

In several studies, 8-haemolytic 5. m///<?n' strains were

reported to be more frequently associated with

purulent disease as compared to non-haemolytic 5.

/77///en strains (Spertini, 1987; Shlaes, 1981; Kambal,

1987; Whiley, 1990). This association was not

confirmed in a large study of consecutively isolated

strains (Van der Auwera, 1985). Beta-haemolytic

strains were more frequently recovered from the

throat and the respiratory tract (Ruoff, 1985; Spertini,

1987) and strains displaying wide carbohydrate-

utilisation profiles have been associated with the

female genital tract (Ball, 1979; Ruoff, 1982) and

have occasionally been implicated in cases of

neonatal sepsis (Cox, 1987).

The potential properties of S. m///<?n' strains belonging

to Lancefield group C will be discussed in the section

'pathogenicity'.

The epidemiology of 5.
5. cowste/Zfltas and 5. i

Despite the increasing awareness of the clinical

significance of S. m///eri, little is known about the

association between the particular species and

specific sites of isolation and disease conditions

(Piscitelli, 1992). At the time our investigations

started, only one report gave data on the clinical

correlation of the three distinct species as they are

currently defined (Whiley, 1992). In 1994, a Spanish

group (Gómez-Garcés, 1994) described 70 5. m;7/en

strains that were identified to the species level by the

Rapid ID 32 Strep system, and additional data on

this subject were recently reported by Flynn and

Ruoff (Flynn, 1995) .

Whiley and coworkers (Whiley 1992) examined 153

strains from a reference collection and noted that 5.

mfermecZ/ws was associated with brain and liver

abscesses. S. angmosus was the predominant species

recovered from gastrointestinal and genitourinary

sites while S. conste/Zatas was prevalent in all
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anatomic sites. The data reported by Gómez-Garcés

and colleagues confirmed the above-mentioned

association between liver abscesses and 5.

/n^rmerf/ws, as well as the association of

gastrointestinal abscesses and S. ang/noras (Gómez-

Garcés, 1994). Their study included consecutively

isolated strains which made it possible to establish

the relative proportions of the three species: 5.

ang/ftosas was the most frequently recovered species

(approximately 60%), followed by 5. conste//ato

(approximately 30%) and S. /nterm ĉf/MS. However,

all strains in their study were infection-related and

no colonising strains recovered from superficial sites

were included for comparison. By consequence, it

remained conjectural whether the high prevalence of

S. angwosMS reflected more widespread colonisation

by 5. angmosws, or indicated enhanced pathogenic

mechanisms of this species.

The collection of Flynn and Ruoff (Flynn, 1995)

represented 93 clinically documented infection-related

strains. Again, 5. arcgmoms (51% of the strains) was

more frequently isolated than the two other species

combined. 5. angmosm was more commonly found

in the genitourinary tract as previously noted, and 5.

conste//afws was recovered as frequently as 5.

angmavMS from the abdomen. Again, epidemiological

conclusions regarding the pathogenic potential of the

three species could not be drawn.

Pathogenicity
Infections with 5. m///en strains are thought to arise

by local invasion from their natural habitats (Shlaes,

1981; Miller, 1983). Compromised systemic host

defences such as malignancy, diabetes mellitus or

immunosuppression are predisposing factors but local

disruption of the mucosal barrier appears to be an at

least as important factor: ulceration or perforation,

inflammation or surgery frequently preceded purulent

infections (Shlaes, 1981; Libertin, 1985; Barnham,

1989).

The exact mechanisms by which S. m///m strains

are able to cause purulent infection once they have

gained access to deep tissues and organs are not yet

understood (Gossling, 1988). Several factors can be

offered as explanation, they are briefly discussed: the

presence of hydrolytic enzymes, protection against

phagocytosis and the host's immune system,

haemagglutinating activity, aggregation of human

platelets, glycosidase activities and a selective

advantage due to inappropriate antimicrobial

prophylaxis in surgery.

Hydrolytic enzymes are generally considered to be

potentially virulence factors (Homer, 1993). It is

thought that these extracellular enzymes contribute

to pathogenicity by facilitating liquefaction of pus

(deoxyribonuclease, ribonuclease) or by facilitating

the spread of the organisms through tissue planes

(hyaluronidase, chondroitin sulfatase) (Ruoff, 1987).

Production of ribonuclease, deoxyribonuclease,

gelatinase, chondroitin sulfatase and collagenase has

been demonstrated in 5. m///<?n (Pulliam, 1980;

Marshall, 1981; Steffen, 1981; Osano, 1987; Homer,

1993), but protein and lipid-degrading activities were

not found (Ruoff, 1987). Hyaluronidase activity was

observed mainly in 8-haemolytic strains (Poole and

Wilson, 1979;Unsworth, 1989). Only one of the cited

studies evaluated the correlation between the enzyme

activity tested for and the clinical significance of the

strains examined (Unsworth, 1989). Regarding the

three species, Whiley and coworkers (Whiley, 1990;

Whiley, 1992) noted hyaluronidase activity almost

exclusively to be linked to 5. consfó//a?MS and 5.

The presence of a polysaccharide capsule preventing

phagocytosis has been suggested to play a role in

suppurative infection caused by S. m///en (Brook and

Walker 1985), but this was not confirmed in other

observations (Lewis 1993). An immunosuppressive

substance released by 5. m/Z/en has been described



and characterized (Arala-Chaves, 1979, Lima, 1992).

Recently, synergy between 5. mz//en and Pr<?vofó//a

mter/nedia was demonstrated by both in-viïro and

animal studies (Shinzato 1994). Haemagglutinating

activity was demonstrated in 66/148 (44.6%) of oral

S. mferme<i/ws strains (Yamagushi 1993) and the

presence of glycosidase enzymes has been postulated

to favour persistence of the strain once it has entered

the blood stream (Homer, 1994).

Over the past few years, studies performed by Willcox

and coworkers contributed to further insights in the

pathogenesis of 5. m///en infections. These authors

demonstrated that 5. miV/en strains of Lancefield

group C, irrespective of the species they belonged

to, aggregated human platelets (Willcox, 1994). They

suggested that this phenomenon, which did not occur

in 5. m/7/ér/ strains belonging to other Lancefield

groups, might be an important factor in the initiation

and progression of infective endocarditis. The

platelet-interacting substance on the surface of the

Lancefield group C 5. miV/en strains appeared to be

proteinaceous (Willcox, 1994). In addition, the

authors reported that 5. m;7/eri strains of Lancefield

group C were the only S. m///eri strains that were

able to bind large amounts of albumin on their surface

(Willcox, 1990, Willcox, 1994). They explained this

finding as another mechanism of streptococcal-

platelet interaction or, alternatively, as a protection

from intracellular killing by abscess-derived

neutrophils. Finally, they demonstrated that the

albumin receptor on the S. m///er/ strains of

Lancefield group C was related to the albumin

receptor of S. egw/s/wfe a species that forms part

of the large-colony group C streptococci (Willcox,

1994). Interestingly, a recent numerical taxonomie

study allocated 5. ON"//^/ strains of Lancefield group

C to a distinct group (Winstanley, 1992).

Lastly, the prophyl^ic use in surgery of antibiotic

regimens which la<^ activity against S. m///en has

been postulated as a factor possibly promoting the

emergence of 5. mi/fen as a significant pathogen, by

giving it an ecologie advantage. One such regimen

is the combination of gentamicin and metronidazole,

which is used in colorectal surgery. (Tresadern, 1983;

Madden, 1985).

Antimicrobial susceptibility - therapy
of serious infections with S. mi'/fen
Only one report gives details on the antimicrobial

susceptibilities of the three species as currently

described (Gómez-Garcés, 1994). The literature on

antibiotic susceptibility of 5. m///en as a whole has

been extensively reviewed (Gossling, 1988; Piscitelli,

1992). The authors noted a wide variety in

susceptibility test systems, making comparisons

difficult. S. m/7/eri strains are generally susceptible

to penicillin, ampicillin, penicillinase-resistant

semisynthetic penicillins, cephalosporins and other

antibiotics frequently used against grampositive

bacteria (Gossling, 1988; Piscitelli, 1992). Recently,

an increasing antimicrobial resistance among viridans

streptococci has been noted (Potgieter, 1992) and

anecdotally, penicillin-resistant strains among 5.

m///en were demonstrated (Quinn, 1988). The above

cited Spanish study reported alarming resistance rates

that contrasted with previously reported data: for

erythromycin, clindamycin and tetracycline,

resistance rates of respectively 14.3%, 12.8%, and

37.1 % were found. Tetracycline resistance was most

obvious in the S. ang/nosws strains, with a MIC 50 of

> 8 mg/L (Gómez-Garcés, 1994).

As for 5?re/7tococcM^ pnewmomae, the antibiotic

resistance determinants are located on the

chromosome. These chromosomal antibiotic

resistance is conjugative and the determinants (except

the determinant for penicillin resistance) transfer en

6/oc at low frequencies (10"* to 10" per donor)

(Clermont, 1990). No resistance markers on plasmids

have been found. The antibiotic resistance genes are



frequently found in streptococci, enterococci and

aerococci (Clermont, 1990; Charpentier, 1994).

The pronounced tendency of 5. m///ert to cause

abscesses precludes effective therapy with antibiotics

alone: combined medial-surgical therapy is

warranted. In-vitro synergism between an

aminoglycoside and a penicillin has been reported

once (Francioli, 1985), but clinical evidence that

proves the benefit of this regimen has not yet been

reported.

Aims of the study
Despite the rather extensive literature on the subject,

it is clear that many open questions remain,

particularly regarding the clinical relevance of species

identification of 5. m/7/<?n'.

Therefore, we used a collection of consecutively

isolated "S. miV/eri" strains recovered from clinical

specimens. We wanted to establish the possible

clinical significance of species identification of these

organisms in the diagnostic microbiological

laboratory. For this purpose, we investigated the

prevalence, the anatomic distribution, the clinical

spectrum, the culture characteristics, the phenotypic

properties and the antimicrobial susceptibilities of the

three species in the present setting. In addition, we

attempted an evaluation of the Rapid ID 32 Strep

system for phenotypic identification of the three 5.

mi/feri species, and an exploration of the possible

genotypic diversity within the 5. mi//en species at

the level of the 16S ribosomal RNA sequence.

Furthermore, we wanted to provide epidemiological

evidence for the production of hydrolytic enzymes

as possible factors of pathogenicity.
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ELSEVIER

Viridans streptococci Isolated from
the Bloodstream
Relevance of Species Identification

J.A. Jacobs, H.C. Schouten, E.E. Stobberingh,
and P.B. Soeters

Oz>er a 4-year-period, 104 iso/ates be/onging fo f/
streptococci were recovered /rom t/ie b/ood and ufenfr/i'ai to f/ie
species according to Bet tor / and co-worfcers. Streptococcus
oralis was t/ie species most /requentZy recovered /rom patients
in t/ie hemato/ogy ««it [29 o/ 39 (74%)/. Streptococcus mi-
tis ranfced second [sewen o/39 (28%)/. Bot/j species were asso-
ciated with oromucositis. /so/ates presenf/y idenfi/ied as S.
oralis are mainty those prezróws/y identt/ieii as S. mitis or
Streptococcus sanguis II. Streptococcus milleri was most
/rea.uent/y iso/ated in t/ie patients /rom f/ie genera/ «ospifa/

popu/afion [28 o/ 65 (43%) iso/afesj: Streptococcus angino-
sus (n = 20), Streptococcus constellatus (n = 4), and
Streptococcus intermedius (n = 4). /n 24 episodes /rom
the genera/ hospita/ popu/ation, c/inica/ significance was
fudged owestionab/e. From this part o/ tne /aboratory, c/inica/
significance co»/d not be predicted /rom tne number o/ b/ood
cw/twres grown, nor/rom tne de/ay o/growth defection. The
Rapid ID 32 Strep system agreed we// with the identifications
according to the scheme o/ Beighton ef a/., whereas the API 20
Strep system did not.

INTRODUCTION
Viridans streptococci (VS) are oral inhabitants well
known for their involvement in infective endocardi-
tis and dental caries (Coykendall, 1989). A decade
ago, Sfrepfococcws sanguz's and Sfrepfococcws rm'h's
emerged as a leading cause of bacteremia in neutro-
penic patients (Cohen et al., 1983). The Streptococcus
rmZZen group, which includes the newly described
species Streptococcus flrzgmosws, Streptococcus amste/-
/atus, and Streptococcus ittfermediws (Whiley and
Beighton, 1991), has been associated with purulent
disease (Gossling, 1988). However, clearer delinea-
tion of the pathogenic potential of individual viri-
dans species has been hampered by difficulties in
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taxonomy and identification (Beighton et al., 1991),
and species identification of VS has been judged
valuable only in well-defined clinical conditions
such as infective endocarditis and immunosuppres-
sion (Hamoudi et al., 1989). Beighton and co-
workers (1991) recently proposed an identification
scheme based on fluorogenic detection of glycosidic
enzyme activities and conventional fermentation
tests. This scheme enabled differentiation of all cur-
rently recognized viridans species.

In this study, we wanted to trace possible asso-
ciations between distinct viridans species isolated
from blood on the one hand, and specific diseases
on the other. In addition, we wanted to evaluate the
number of blood cultures grown and the delay of
growth detection as possible criteria to predict the
clinical significance of VS isolated from the blood.
We retrospectively identified 104 consecutive iso-
lates to the species according to the method of
Beighton and co-workers (1991), and looked for clin-
ical relevance. We compared the identifications to
those obtained with two commercial identification
systems: the API 20 Strep and the Rapid ID 32 Strep
systems (BioMérieux, Marcy-L'Etoile, France).

0732-8893/95/$9.50
SSDI 0732-8893(95)00137-4
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MATERIALS AND METHODS

Information concerning blood cultures performed at
the University Hospital of Maastricht over a 4-year-
period (June 1990-June 1994) was obtained from the
report forms of the microbiology laboratory. We
consulted the hospital information system for infor-
mation regarding those patients for whom one or
more blood cultures were positive for VS. Gender,
age, underlying disease, and diagnosis were re-
corded. If these data were lacking, the medical rec-
ord of the patient was reviewed. According to Cen-
ters for Disease Control (CDC) criteria (Garner et al.,
1988), judgment on clinical significance of the isolate
was based on the opinion of the clinician treating
the patient at the time of the bacteremia and was
noted as (a) clinically significant or (b) of question-
able significance. For each isolate, the growth char-
acteristics were recorded: number of blood cultures
grown and delay of growth detection.

Organisms were isolated from an infrared CO2 de-
tection blood culture system (BACTEC 9240; Becton
Dickinson, Cockeysville, MD, USA). Streptococcal iso-
lates were presumptively identified at the VS level by
their colony morphology and pattern of hemolysis on
5% sheep blood agar, their resistance to optochin- and
bacitracin-coated disks, and (except for Sfrepfococcws
bouis) their negative reaction in the bile-esculin test.
The isolates were maintained at -70°C on porous
beads in cryopreservative (Microbank; Pro-Lab Diag-
nostics, Richmond Hill, Ontario, Canada). They were
retrieved on blood agar base (Oxoid, Basingstoke, UK)
supplemented with sheep blood 5% v/v, checked for
purity, and subsequently streaked on secondary
plates for identification.

Species identification was performed on the
basis of the scheme described by Beighton and
co-workers (1991), supplemented with the reac-
tion scheme for S. fewfs provided by Douglas and
co-workers (1993). Isolates were tested for
the production of p-D-fucosidase, N-acetyl-@-D-
galactosaminidase, sialidase, a-L-fucosidase,
N-acetyl-p-D-glucosaminidase, a-D-glucosidase,
(B-D-glucosidase, and a-L-arabinosidase with 4-
methylum belliferyl-linked substrates (Sigma, St.
Louis, MO, USA). The bacteria were grown for 24 h
on blood agar base (Oxoid) supplemented with
sheep blood (5% v/v) at 35°C under enhanced CO2
tension. They were removed from the plates with
swabs and suspended in 1 ml of 50 mM Hepes
buffer (Sigma), pH 7.5, to an optical density (at 620
nm) of —0.1. The 4-methylumbelliferyl-linked sub-
strates were dissolved in a small volume of dimethyl
sulfoxide (Sigma) and further diluted in 50 mM
Hepes buffer to a concentration of 100 |xg/ml. To 50
H.1 of each substrate solution, 100 p.1 of the bacterial
suspension was added. The tests were performed in

flat-bottomed microtitration trays (Hospidex,
Nieuwkoop, The Netherlands), which were incu-
bated for 4 h at 35°C. Substrate hydrolysis resulted
in release of 4-methylumbelliferone and was consid-
ered positive as a distinct blue fluorescence, by plac-
ing the microtitration trays on an ultraviolet light
box. For assessment of the production of acid from
carbohydrates (amygdalin, inulin, mannitol, raffi-
nose, and N-acetylglucosamine), sugars (1% w/v)
were included in a basal medium composed of Pur-
ple Broth Base (Difco, Detroit, MI, USA), 16 g/liter
and thioglycollate broth without dextrose or indica-
tor (Difco), 24 g/liter, pH 7.O. Bacteria were grown
for 48 h in 2-ml vol of Todd-Hewitt broth (Oxoid).
Flat-bottomed microtitration trays were inoculated
with 200 |xl of medium and 50 |JL1 of culture, incu-
bated with an oil overlay at 35°C, and assessed after
24, 48, and 72 h. Formation of ammonia from argi-
nine was determined with M0eller decarboxylase
medium (Nash and Krenz, 1991). We compared test
reactions of the isolates with the identification tables
published (Beighton et al., 1991; Douglas et al.,
1993), with the greatest emphasis put on those re-
actions reported as 100% for particular species.
When an isolate could not be identified to within
three test reactions, we labeled it as "no identifica-
tion." We did not distinguish among the three bio-
types of S. stfngwis.

The isolates were also identified by the API 20
Strep system and the Rapid ID 32 Strep system (API
System), according to the manufacturer's instruc-
tions. From the inoculation suspension, a 0.01-ml
suspension was streaked onto blood agar to check
for purity. A reading of the API 20 Strep system was
obtained after 4 and 24 h of incubation. The Rapid
ID 32 Strep strips were read visually. Interpretation
of the numeric profiles was performed with the
APILAB computer program supplied with API 20
Strep data base version 5.1 and Rapid ID 32 Strep
data base version 1.1. No distinction was made be-
tween the API biotypes S. mihs 1 and S. fnifr's 2.
Identifications were compared using the method of
Beighton and co-workers and classified as (a) correct
for species (corresponding to excellent, very good,
good, or acceptable identifications as provided by
the APILAB data base); (b) good likelihood but low
selectivity (GLLS), which included a correct identi-
fication among a spectrum of possibilities (the first
of a list of likelihoods was still taken as GLLS); (c)
incorrect identifications and those quoted as doubt-
ful by the APILAB computer program; or (d) no or
unacceptable identifications as provided by the
APILAB computer program.

The reference strains used in this study were type
strains of S. orate (ATCC 10557), S. sanguzs (ATCC
10556), S. constó/fl^s (ATCC 27823), S. mtemzedius
(ATCC 27335), and S. angznosHS (ATCC 33397). We
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assessed the reproducibility of the systems by test-
ing five isolates on 5 consecutive days. Proportions
were compared statistically by means of x̂  test.

RESULTS , ,"

A total of 116 isolates were recovered, representing
an incidence of 1.3/1000 admissions (5.9% of all bac-
teremias). Twelve isolates were no longer viable and
were removed from the study, resulting in a collec-
tion of 104 isolates recovered in 100 patients. In one
patient two distinct isolates grew from the same cul-
ture, whereas in three other patients two isolates
were recovered during separate bacteremic epi-
sodes. The male-to-female ratio was 1:1. For male
patients, the mean age ± SD was 48.2 ± 24.2 years,
and the median age was 51 years (range 1 day to 86
years). The mean age ± SD for female patients was
52.6 ± 20.2 years; their median age was 55 years
(range 1 day to 90 years). ,, ' . ,

Test Systems '••"• - w '

All three test systems proved to be reproducible.
The reference strains were correctly identified by
the three systems except for the type strains of S.
sarzguz's and S. anginosws, which were identified re-
spectively as S. mz'Zz's and S. conste/Zatus by the API 20
Strep system.

For the scheme of Beighton and co-workers,
nearly half of the isolates [49 (47%)] fit the identifi-
cation scheme exactly. The remaining isolates were
identified to within one (n = 48) or two (rc = 4) test

reactions except for three isolates for which no iden-
tification could be assigned. Table 1 compares the
results of the three identification systems. The iden-
tifications obtained with the Rapid ID 32 Strep sys-
tem agreed reasonably when identifications with
low specificity (GLLS) were included [83 of 101
(83%)]. The API 20 Strep system performed less sat-
isfactorily: Of those isolates identified as S. oraZz's
according to the scheme of Beighton et al., 17 of 43
(40%) were incorrectly identified. A total of 14 of
these isolates were designated as S. mzfz's and three
as S. sarcgwz's. Discrepancies were also noted for S.
angmosws and S. co«sfe/Zaf«s, which were mostly
identified as S. mtermedz'ws.

Species Distribution and Relevance , -

We recovered 39 isolates from patients in the hema-
tology unit and 65 isolates from the general hospital
population, including three from neonates.

In 36 of 39 patients from the hematology unit
(92.3%), the white blood cell count was <0.5 10*/
liter. A total of 21 patients passed through the neu-
tropenic phase after bone marrow transplantation.
All patients received amphotericin B or nystatin in
combination with ciprofloxacin as selective decon-
tamination of gut flora. All isolates were considered
clinically significant. Growth was detected within 2
days in 33 isolates (85%) and within 3 days in the
remaining isolates. We recovered 10 isolates (26%)
from a single blood culture: S. oraZz's (rc = 7), S. an-
gmosz«, S. mz'h's, and S. sflMgwz's (one isolate each). In
six of these isolates, one or multiple other blood
cultures remained sterile. According to the identifi-

TABLE 1 Comparison of Identifications According to Beighton and Co-workers with Those of the Rapid
ID 32 Strep and API 20 Strep Systems"

Streptococcus :

Identification
According to Beighton

and Co-workers

S. bow's
S. gordom'z'
S. mz'ti's
S. mutans

. S. angzMosws

S. cottste/Zflfus

S. m termed/us

S. oraZz's

S. parasangu/s

S. saZróanMS

S. sarcgwzs

Total

N

3
1

10
3

21
4
4

43
1
5
6

101*

Correct

— •

3
1

17
2
2

27
—

f - v •••

56

Rapid ID

GLLS

.—
5

-—
3
2
1

13
- 7 7 -

27

32 Strep

Incorrect/
Doubtful

_

—
2
2
1.

—
1
2
1

—
—

9

None

1
1

—
—
—
—
—
1

—
3
3

9

Correct

3
—

6
2

—
—

3
14
—

3
2

33

API

GLLS

—
2

—
—

1
1

11
—

2
3

20

20 Strep

Incorrect/
Doubtful

1
2
1

20
3

__
17
1

1

46

None

— •

1

1
—

—

2

"For definition of the categories, see MATERIALS AND METHODS.
*Three isolates remained unidentified.
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cation scheme of Beighton and co-workers (1991), S.
ora/z's was the most prevalent species [29 of 39 iso-
lates (74%)] and occurred significantly more in this
patient group than in the patients of the other wards
(P < .001). Streptococcus miffs was second in rank of
frequency (n = 7; 18%), followed by S. sanguz's (« =
2) and S. angz'nosus (rc = 1). Bacteremia due to S.
orafe was associated with oromucositis in 19 of 29 S.
orafe isolates (66%) and in all seven S. mztzs isolates.

In the general hospital population, isolates be-
longing to the S. mz'ZIerz' group were the most fre-
quently isolated; they occurred significantly more in
these patients than in the patient group from the
hematology unit (P < .001) and included S. angz'no-
sws (n = 20), S. conste/totus (w = 4), and S. mferme-
dz'ws (n = 4). They were all considered to be clinically
significant, and 24 of 28 (85.7%) of them were asso-
ciated with deep-seated infections: In 14 of isolates,
an identical one was recovered from an associated
site of infection; in the other isolates, an associated
site of infection was obvious by X-ray examination
(n = 3) and/or during surgical intervention (« = 7).
In 11 isolates, growth occurred from only one blood
culture: In six, a culture-confirmed source of infec-
tion was disclosed; in four, the source of infection
was identified by surgery and/or X-ray examination;
and in one, significance was established by the
symptoms of fever and chills, which resolved
promptly after the installation of empirical antibiotic
treatment. Nine S. wiz'z7en isolates (31%) were de-
tected only after 3 or more days of incubation. In
two patients, recurrent bacteremia originated from
abdominal abscesses. In each patient, two similar
isolates were recovered within a >2-week time in-
terval. Except for two, all isolates recovered from
the blood in patients with bacterial endocarditis («
= 9) grew in multiple blood cultures within 2 days
of incubation. The offending organisms were iden-
tified as S. ora/z's (n = 3), S. mutens (n = 2), S. saMgHz's
(n = 2), S. mz'h's (n = 1), and S. sfl/raarzws (n = 1).
Streptococcus frouz's was isolated from multiple blood
cultures in three patients and considered to be clin-
ically significant: Colonic malignancy was present in
two patients and cholecystitis with peritonitis in a
third.

We recovered three isolates from blood in neo-
nates: In one patient, the organism (S. orafe) was
considered to be of questionable clinical signifi-
cance. The second isolate (S. orafe) grew from the
blood of an 8-day-old premature boy with hypother-
mia and respiratory distress. No species identifica-
tion could be assigned to the third isolate; it grew
together with Esc/zerz'dzz'a co/z' from the blood of a
newborn delivered by cesarean section to a woman
with premature rupture of membranes.

Table 2 lists the clinical presentations and blood
culture results associated with the 22 remaining iso-
lates from the general hospital population. Nine of

21 isolates for which clinical data were available
were considered significant. In 12 episodes, clinical
significance was questionable: Although all of these
isolates were recovered from only one blood cul-
ture, this criterion lacked specificity to differentiate
them from the significant isolates. In addition, the
delay of growth detection of the isolates did not
differ from the detection delay of the clinically sig-
nificant isolates.

DISCUSSION "

Until recently, the VS seemed to be refractory to
taxonomy. Two classification schemes coexisted: a
European (Colman and Williams, 1972) and an
American one. The latter scheme, from the CDC
(Facklam, 1977) has been the basis of several com-
mercial identification kits. During the past decade,
taxonomie relationships among VS have been clari-
fied by the application of molecular techniques, and
several new species have been described (Kilian et
al., 1989, Whiley and Beighton 1991).

Test Systems

We found the scheme of Beighton and co-workers to
be reproducible and managed to identify the major-
ity of clinical isolates. Isolates assigned to the S. ora-
fe and S. zntermedius species produced strongly pos-
itive results with clearly distinguishable patterns.
Isolates identified as S. mzhs produced less discern-
ible patterns, and in our opinion, the scheme lacked
discriminating power to distinguish clearly between
S. mutaws and S. frouzs and between S. angz'rcosus and
S. sawgwz's. Three of 104 strains could not be identi-
fied; similar proportions have been reported in pre-
vious studies (Douglas et al., 1993; Beighton et al.,
1994). However, the method is somewhat time-
consuming and laborious. Faced with the demand
for speed and standardization, the clinical labora-
tory often relies on commercial kits for streptococcal
identification. For these reasons, we elected to use
the API 20 Strep and Rapid ID 32 Strep systems
without complementary tests. The API 20 Strep sys-
tem performed poorly in this collection. Its revised
data base (version 5.1) includes S. anginosus, S. cow-
sfeltóus, and S. zrzfermedzus, but the biochemical gal-
lery appeared not to include appropriate tests to dis-
criminate among the three species. Streptococcus
orafe represented the other species responsible for
the high number of incorrect identifications. Al-
though the number of isolates tested was too low to
reach significant conclusions, it was clear that the
Rapid ID 32 Strep system performed reasonably
well for the species tested, Difficulties with species
such as S. oraiz's and S. wn'fz's have been reported
(Freney et al., 1992), and the system was found to

26



Viridans Streptococci Isolated from Blood

TABLE 2 Streptococcal Isolates Not Described in the Text: Growth Characteristics and Clinical Data

No.

1
2

3

4
5

6
7
8

9
10

11
12

13
14
15
16
17
18
19
20
21

22

Gender

F
F

F

F
F

M
M
M

F
M

M
F

M
M
F
F
F
M
F
M
M

M

Age

69
18

63

11
69

74
83
67

65
65

73
78

73
17
39
75
69

3
78

2
48

62

Presentation

Congestive heart failure
Idiopathic proctocolitis-ileoanal *

anastomosis
Multiple myeloma, cerebrovascular

accident .
ND "
Polytrauma, abdominal lesions,

splenectomy
Cerebrovascular accident, oesophagitis
Urinary bladder carcinoma
Cardiac surgery-aortic/mitral valve

replacement
Cardiac failure-respiratory failure
Cerebrovascular accident-aspiration

pneumonia " • •
Pneumonia
Pneumothorax after pacemaker

implantation
Obstruction pneumonia
Cystic fibrosis
Postpartum fever
Non-Hodgkin lymphoma, diverticulitis
Acute asthma attack, respiratory failure
Pneumonia
Myocardial infarction
Tonsillectomy
Pickwickian syndrome, respiratory

failure
Cardiac surgery: coronary artery bypass

graft

Identification"

S. oraZzs

S. oröZis

S. tfn'fz's
S. ora/is

S. mz'fzs
S. oraZzs
S. mutans

S. oraZzs
S. so/i»am<s

S. saZ/zwzws
S. parasangMïs

N o n e
S. oraZzs
S. sflZréan'us
S. oraZzs
S. gordo» if
S. SflZflOTZMS

S. SflngWZS

S. oraZis
S. oraZzs

None

S. sangu/s

Blood

P

1

1

3
1

1
1
2

1
1

1
1

1
1
1
1
2
1
1
1
1

1

1

Cultures''

T

4

2

3
2

1
ND

2

ND
3

1
3

3
3
1
2
3
1
2
3
2

2

3

D

2

2

1
3

2
4
2

3
3

2
1

2
1
1
1
2
1
1
5
3

1

1

Clinical
Significance^

Q

S

s
ND

Q
Q
S

Q " "
Q '

Q
Q

Q
S ;. •:.
Qc/l

s
sC/l

QC
/l

Q

Q

"Identification: method according to the method of Beighton and co-workers (1991).
*T31ood cultures: P, number of blood cultures grown; T, total number of blood cultures drawn; D, days of incubation before detection.
'Clinical significance: S, considered clinically significant; Q, questionable significance; ND, no data available.

perform well when challenged with a collection of
clinical S. mz7fen' isolates (Jacobs and Stobberingh,
1994).

Species Distribution and Relevance

Isolates identified as S. ora/is accounted for the ma-
jority of those recovered in patients of the hematol-
ogy unit. This agrees with a previous study that,
using the same scheme, identified 14 of 23 VS (61%)
isolated from the blood of neutropenic patients as S.
ora/is (Beighton et al., 1994). Bacteremia involving
VS occurs frequently in leukemie patients and bone
marrow transplant recipients (Valteau et al., 1991;
Elting et al., 1992; Burden et al., 1991; van der Lelie
et al., 1991; McWhinney et al., 1991; Bochud et al.,
1994). Most of these studies used the CDC scheme
and found S. mzrz's and S. sangwis to be the most
frequently isolated organisms. Some authors re-
ported associations of S. sflzzguzs // with oromucositis

and S. mz'fr's with adult respiratory distress syn-
drome (ARDS) (McWhinney et al., 1991; Arning et
al., 1990). The absence of S. orah's in these studies is
remarkable but may be explained by the fact that the
emended description of S. oraZzs (Kilpper-Balz et al.,
1985, Kilian et al., 1989) has only recently been pub-
lished. The species has been included only in the
most recent version of the API 20 Strep data base,
version 5.1. We looked for the API 20 Strep profiles
corresponding to the isolates presently identified as
S. ora/z's according to the scheme of Beighton et al.
and decoded them with the previous API 20 Strep
data base (version 4.0); most of these profiles en-
coded for S. mrtz's or S. sarcgwzs /ƒ. As the taxonomy
used in these reports is now superseded, we feel
that possible associations between VS, oromucosi-
tis, and ARDS are to be reassessed. In the present
study, both S. mz'fz's and S. ora/z's were associated
with oromucositis.

The preponderance of S. mz7/m in the nonhema-
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tologic patient group is interesting. Within the VS,
these heterogeneous strains are particularly prone
to misidentification (Ruoff, 1988). In the present col-
lection, the three species could be discriminated un-
ambiguously. Their fastidious growth as compared
with the other viridans species is noteworthy. No
clear association between one particular species and
a distinct clinical presentation was obvious. As
many as 19 of the present episodes have been de-
scribed in detail elsewhere (Jacobs et al., 1994).

Douglas and co-workers (1993) collected 42 VS
isolates from patients with bacterial endocarditis.
They identified these isolates according to the
method of Beighton et al. (1991) and found S. san-
gMi's, S. oraZis, and S. gorrfonn' to be the most preva-
lent species. The latter species was not found
among the present isolates recovered from patients
with infective endocarditis.

Because of the retrospective nature of this study,
it was difficult to establish clinical relevance. In a
pediatrie population, Hamoudi and co-workers
(1989) found the majority of VS isolated from the
blood not to be significant. In the present popula-
tion, the majority of isolates was considered to be
clinically relevant by the physician or surgeon treat-
ing the patient. Clinical significance of the isolates
could not be predicted from their growth character-

istics; although isolates with questionable clinical
significance only grew from a single blood culture,
this criterion was not specific. Neither was the delay
of growth detection a clearcut distinction, as isolates
of the S. mz7/eri group (which were all considered
clinically significant) tended to be detected after a
longer delay. Species identification, however, re-
vealed S. ora/is, S. fowl's, and the S. mi/Zen' group to
be linked to a well-defined clinical picture.

In conclusion, the majority of isolates in this
study were considered to be clinically significant.
For the species tested, the Rapid ID 32 Strep system
performed well, the API 20 Strep system not. Strep-
tococcus orah's was the most prevalent species among
the isolates collected in the hematology unit; the
species of the S. miïïen group were most prevalent
among the isolates from general hospital popula-
tion. Clinical significance could not be predicted
from the number of blood cultures grown, nor from
the delay of growth detection. The present data pro-
vide further insight into the search for the link be-
tween species and the diseases they can cause.

TZie öuf/jors f/ianA: Dr. /. Ver/wegen, Unréersiïi/ Hosp/ta/ Leu-
ven, Belgium, /or his critica/ reüfezü o/ ffre manuscript.
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Bacteremia Involving the " iraVferf' Group: Analysis of 19 Cases
Jan A. Jacobs, Henk G. Pietersen, Ellen E. Stobberingh,
and Peter B. Soeters

Deyjar/menM » M/croWo/ogr anrf Si/rge/r.

During a 3-year study period, 19 patients at the University Hospital of Maastricht developed
bloodstream infections with species of the "•Sfrepfocoaru* /w/7ferf' group, for an incidence of 0.33
per 1,000 admissions. The patients' median age was 48 years; the male-to-female ratio was 2.8.
Eleven patients (57.9%) had underlying diseases, among which malignancy was predominant.
Local trauma to the mucosal barrier was an important risk factor. An associated site of infection
was found most frequently in the abdominal and thoracic cavities (nine and five cases, respec-
tively). Bacteremia was polymicrobial in four of 19 episodes. The 20 infecting S'. miY/en' strains
were identified to the species level; Srre/rtococcus ang/nosus was the most prevalent (16 strains).
Eight strains carried Lancefield group C. The isolates were sensitive to most antibiotics. Abscess
formation was documented in nine cases (47.3%); repeated drainage procedures were required in
half of these episodes. Mortality was high (five of 19 patients, or 26.3%).

and
c0/7s/e//a?MS are collectively referred to as the

H;/7/«T" group and are components of the
flora of the mouth, gastrointestinal tract, and urogenital
tract. These species share a common denominator in the
clinical setting: their marked tendency to cause abscess for-
mation [1]. Because of persistent taxonomie confusion, the
recognition of these organisms in the laboratory has been
hampered and their clinical significance may have been un-
derrated [2]. Recently, Whiley and Beighton [3] delineated
the distinct DNA homology of the three species and dis-
cussed phenotypic tests by which they can be identified. In
several reviews describing the manifestations of infections
due to the 5. /«/'//er; group, only a few cases of bacteremia
were included and the three species were not differentiated
[1.4-6].

Herein we review 19 episodes of S. WI/7/CT7 bacteremia doc-
umented over a 3-year period at the University Hospital of
Maastricht, a 600-bed tertiary-care center. We describe the
relevant clinical features of these episodes and the distribu-
tion of species among the 20 isolated strains. In addition, we
present the results of our analyses of risk factors, associated
sites of infection, clinical presentation, treatment, and out-
come, and we discuss the microbiological characteristics of
the three streptococcal species involved.

Methods

Epidemiology

Episodes of 5. W/7/CTÏ bacteremia occurring at our institu-
tion between April 1990 and April 1993 were identified by

Received 30 November 1993; revised 17 May 1994.
Reprints or correspondence: Dr. Jan A. Jacobs. Department of Medical

Microbiology, University Hospital of Maastricht. P O. Box 5800. 6202 AZ
Maastricht. The Netherlands.
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© 1994 by The University of Chicago. All rights reserved.
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an analysis of the report forms of the microbiology labora-
tory. All cases in which a member of the 5. /«///en group was
isolated from the blood were included in the study, regard-
less of the number of blood cultures performed. We exam-
ined patients' medical records for information on gender,
age, and underlying disease. Predisposing factors, including
surgery, trauma, and time in the hospital before onset of bac-
teremia, were recorded, as were laboratory findings, treat-
ment modalities, and outcome. Identification of the source
of infection was based on culture and/or the clinical judg-
ment of the physician or surgeon treating the patient at the
time of the episode of bacteremia. Proportions were com-
pared statistically by means of the x* test.

Microbiology

Organisms were isolated with a conventional biphasic aer-
obic/anaerobic blood-culture system (Vacutainer; Becton-
Dickinson, Cockeysville, MD). One set of cultures consisted
of two bottles, each containing 45 mL of supplemented pep-
tone broth to which a volume of 5 mL of blood was added.
On arrival of a set of bottles in the laboratory, an agar paddle
was attached to one bottle; then both bottles were incubated
at 35°C for 7 days. Occasionally, blood cultures were termi-
nally subcultured on sheep blood agar and incubated in a
CO2-enriched atmosphere for 48 hours. Microorganisms re-
covered from blood cultures were identified by standard pro-
cedures [7]. Streptococcal isolates were presumptively iden-
tified by their colonial morphology and pattern of hemolysis
on 5% sheep blood agar, their sensitivity to bacitracin- and
optochin-coated disks, and their reaction in the bile-esculin
test. Isolates were identified as members of the S. w/7/er/
group by the API 20 Strep System (bioMérieux, La Balme les
Grottes, France). Strains were stored at —70°C on porous
beads in a cryopreservative (Microbank; Pro-Lab Diagnos-
tics, Richmond Hill, Ontario, Canada). Before a case was
included in the study, each associated strain was retrieved
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and its identity confirmed. One isolate was no longer avail-
able, and the associated episode of bacteremia was excluded
from the study. The Lancefield group was determined for all
isolates, including a-hemolytic and nonhemolytic strains:
the Streptex system (Wellcome Diagnostics. Dartford, UK)
was used. Hemolysis was confirmed by the observation of
subsurface growth in stabbed plates [8].

Strains were identified as S. a«gmasi«, 5. cw7s/e//«n«, or S.
/«/<?/•«;«//;«• on the basis of the identification scheme de-
scribed by Whiley and Beighton [3j. In brief, each strain was
tested for the production of a-galactosidase. /3-galactosidase,
«-glucosidase. /3-glucosidase, ,o-/V-acetylgalactosaminidase.
/S-yV-acetylglucosaminidase, sialidase, and /8-D-fucosidase,
with use of 4-methylumbelliferyl-linked fluorogenic sub-
strates in microtiter plates. The production of hyaluronidase
was assessed by the rapid plate method of Smith and Willett
[9]. Strains with atypical test results were sent to Dr. R. Whi-
ley (The London Hospital Medical College, London. UK),
who kindly confirmed their identities.

The antimicrobial susceptibility of the isolates was as-
sessed by the agar dilution method [10] on Mueller-Hinton
agar(Oxoid. Basingstoke, UK) supplemented with 5% sheep
blood (vol/vol). The antimicrobial agents tested (obtained as
standard reference powders from their respective manufac-
turers in the Netherlands) were penicillin (Brocades-Farma,
Leiderdorp), amoxicillin (Smith-Kline Beecham, Rijswijk),
cefotaxime (Hoechst-Roussel, Hoevelaken), clindamycin
(Upjohn. Ede), doxycycline (Pfizer, Rotterdam), erythromy-
cin (Abbott, Amsterdam), gentamicin (Essex-Schering. Am-
stelveen), teicoplanin (Brocades-Farma), vancomycin (Eli
Lilly, Nieuwegein), and ciprofloxacin (Bayer. Mijdrecht).
Plates were incubated in 7% COj at 35°C for 18 hours. Rec-
ommended breakpoints for susceptibility were used [10].

Results : . .<•• , - '

Clinical Findings

Relevant clinical and demographic features of the 19 epi-
sodes of S. /«///en bacteremia are summarized in table 1.

Zte/Hogra/j/j/'cs/epWem/o/ogv'. Of the 19 patients, 14
(73.7%) were male and 5 were female (ratio, 2.8). Eleven
patients (57.9%) were <60 years of age. The patients were
evenly distributed among all age groups. For the entire group
the median age was 48.0 years, the mean age ± SD was 48.8
± 22.7 years, and the age range was 2-85 years. The mean
age for males was 43.3 years (range, 2-74 years), and that for
females was 58.1 years (range, 30-85 years). Episodes of
bacteremia occurred after a median duration of hospitaliza-
tion of 10 days (range. 1-65 days).

t/w/er/r/wg Erases. Eleven (57.9*?.) of 19 patients had
systemic underlying conditions, including malignancy (5
cases), diabetes mellitus (2 cases), both diabetes mellitus and
malignancy (1 case), paraplegia (2 cases), immunosuppres-

sive therapy after liver transplantation (1 case), and Crohn's
disease (1 case). Seventeen patients (89.5%) had suffered lo-
cal trauma to the mucosal barrier.

//oiy;/7a/ «wrse. An episode of bacteremia developed
postoperatively in four patients. Two of these patients had
been admitted to the hospital for emergency coronary-artery
surgery; and one of the two (episode 18) developed aspira-
tion pneumonia, while the other (episode 4) had an esopha-
geal perforation that gave rise to pleural empyema. In the
latter case, blood cultures yielded 5. aHg/7?o.sM.s and £«/ero-
«;c««/ö«?<z//.s,- despite intensive surgical and antibiotic treat-
ment, the patient died. In the third case of postoperative
bacteremia—involvinga 70-year-old man (episode 7)—anas-
tomotic dehiscence after resection of an esophageal carci-
noma resulted in pleura! empyema. The patient survived the
episode of bacteremia; however, his empyema did not re-
solve despite surgical and antibiotic treatment, and he died 5
months later. In the last case, hemicolectomy in a 75-year-
old man (episode 19) was complicated by an episode of bac-
teremia due to leakage of the anastomosis. A liver abscess
developed, requiring repeated drainage.

Respiratory tract infections presented as pneumonia and
lung abscess, respectively, in a 34-year-old man with dissemi-
nated carcinoma of the lung and in a previously healthy 40-
year-old man with quadriplegia and lung contusion after a
motorcycle accident (episodes 9 and 11).

In two women (episodes 2 and 6), premature rupture of
membranes was complicated by 5. /w/7/en' bacteremia. In the
first case, a cesarean section preceded bacteremia and the
genital tract was considered the site of entry of the pathogen.
In the second, an abdominal infection (probably appendici-
tis) spread to the uterine cavity.

A 2.5-year-old boy (episode 12) who had undergone or-
thotopic liver transplantation 2 years earlier because of tyro-
sinemia presented with fever (38.2°C), gingival and nasal
bleeding, and respiratory distress. S. /«/er»7«A'w5 was isolated
from his blood after his discharge from the hospital.

A 66-year-old man (episode 3) was admitted with fever
(39.0°C), chills, and a pain in the left lower quadrant of the
abdomen. Serum concentrations of hepatic enzymes were
elevated. Fever, symptoms, and laboratory abnormalities rap-
idly resolved after treatment with gentamicin and penicillin.
Diverticulitis was considered the source of bacteremia.

One patient (episode I) was in the neutropenic phase of
bone marrow transplantation for non-Hodgkin lymphoma.
Grade 4 stomatitis developed on day 3 and fever 2 days later.
After blood cultures yielded 5. awgj/KWMJ, the initial empiri-
cal regimen of piperacillin and amikacin was replaced with
penicillin G, and the patient recovered.

Cholangitis developed in one case (episode 15) as a com-
plication of common bile duct stones and in two others (epi-
sodes 5 and 10) as a complication ofcholangiocarcinoma. In
one of these cases (episode 10), a liver abscess developed,
and £.K-/jcr/c/»'a ro// and A7e/Mve//<2 /weu/Momae were subse-
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Table 1. Clinical and demographic features of 19 episodes of 5. /m7/m bacteremia occurring ovgr a 3-year period at the University Hosplal of Maastricht.

Episode

1

2

3

4

5

6

f

f

9

Patient's
age (y)/

sex

32/M

30/F

66/M

74/M

60/F

34/F

$i/F

34/M

Underlying condition

Non-Hodgkin
lymphoma

None

None

Diabetes meltltls.
silicosis

Cholangiocareinema

Gestational diabetes
mellitus

Diabetes mellitus.
esophageal
carcinoma

None

Disseminated lung
carcinoma.
radiation therapv

Reason for
admission

Bone marrow
transplantation

Premature rupture of
membranes at
— 35.5 w of
gestation

Anorexia, fever
(39.0°C), chills.
abdominal pain

Myocardial
ischemia.
coronary artery
surgery

Icterus, fever
(39.8°C)

Periappendicular
mass, premature
rupture of
membranes at
-24 .5 w of
gestation, fever
(40.1°C)

Resection of
esophageal
carcinoma

Acute upper-
abdominal paifi

Hemoptysis

Clinical history

Neutropenia, stomatitis
(grade 4)

Cesarean section.
postoperative fever
(39.8°C)

Diverticulitis, elevated
levels of liver
enzymes

Postoperative
esophageal
perforation and
pleural empyema

Stenosis of
choledochojejunal
anastomosis

Chorioamnionitis,
intraabdominal
abscesses

Anastomotic
dehiscence and
pleural empyema

Perforated gastric ulcer

Progressive respiratory
insufficiency

Associated site/type
of infection

Oropharynx

Intrauterine cavity

Diverticulitis

Pleural empyema

Cholangitis

Periappendicular
abscesses,*
chorioamnionitis

Pleural empyema^

Intraabdominal
abscesses^

Pneumonia

Infecting
species (day*
of isolation)

(12)

(7)

(I)

(42)

(25)

O

(7)

S. «M£/HBS«.S

(65)

(3)'

Antibiotic(s)
administered*

(treatment
duration, d)

Pip, Amik. Pen G
(10)

Amox. Mtz (7)

Pen (20), Gm (5)

Pip. Gm (1)

Amox/CA, Gnj
(7)

Amox/CA, Gm

(7)

Pip.Crn(W)

Pip (4)

Cfur(2)

Surgical
treatment

. . . ~-

Percutaneous and
surgical
drainage of
pleural cavity

Percutaneous
drainage of bile
ducts. ERCP*
with
endoprosthesis

Manual removal
of placenta.
percutaneous
abscess
drainage

Multiple
percutaneous
and surgical
drainages

Percutaneous and
surgical abscess
drainage

•-;••

Outcome

Recovery

Recovery

Recovery

Death

Recovery

Recovery

Death

Death .

Death

Remarks

Child's Apgar score:
8/9

Associated organisms:

/üéTtf//s recovered
from blood cultures

Intrauterine death

Associated organisms:
/L/«*.SI>//U o.Yf/«-a

recovered.; from
blood cultures
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II

56/F Cholangiocarcinoma, Fever (39.2°C). Obstructed Liver abscess,
endoprosthesis, malaise, right endoprosthesis. liver biliary tract
corticosteroid " upper-abdominal abscess
therapy pain

40/M None Motorcycle accident: Aspiration pneumonia, Lungabsce
quadriplegia, lung lung abscess

S. ang/«asus Ampx/CA, Oil), Repeated

(II)

S. a/ig/mpiitf' Amox/CA(IO)
(15)

percutaneous
and surgical
drainage

Death Associated organisms:
£V/«'ivWi/a co//' and

recovered from
blood cultures

Recovery

C

12 2/M Tyrosinemia. liver Fever (38.2°C),
transplantation, tachypnea,
immunosuppressive dyspnea, gingival
therapy and nasal bleeding

13 24/M Crohn's disease Enterocutaneous
fistula

Spontaneous recovery Unknown None

(1)

Surgical exploration of Intraabdominal 5. co/u'/f//a/iu' None
fistula. abscess (21)
intraabdominal
abscesses

Recovery

Repeated surgery Recovery

14

15

16

17

18

19

48/M

67/M

36/M

22/M

72/M

75/M

None

None

None

Paraplegia

None

Diabetes mellitus

Fever (40.2°C).
abdominal pain in
right lower
quadrant

Abdominal pain in
right upper
quadrant

Stab wound to neck

Pain, fever (39.0°C).
malaise

Coronary artery
surgery

Adenocarcinoma in
descending colon

Retroperitoneal
abscess caused by
appendicitis

Cholangitis caused by
common bile duct
stones

Fever (40.0°C).
subcutaneous
emphysema.
thrombus of internal
jugular vein

Osteomyelitis of
femoral head

Postoperative
aspiration
pneumonia

Hemicolectomy
complicated by
postoperative
dehiscence

Abdominal abscess*

Cholangitis*

Infected venous
thrombus

Bone and soft
tissues

Pneumonia*

Liver abscess*

(4)

5. ang/HflX!«
(2)

i'. angi/ion»
(2)

S. Ö«g//KK<«

(7)
S. o/ig//)o««

(9)

S. «rtg/flOSlH

(30)

Pen G (5)

Pip. Gm (7)

Amox/CA (ND|

Amox/CA (48)

Amox/CA (10)

None

Surgery and
percutaneous
drainage

ERCP with
papillotomy

Surgery

Surgery

Repeated
percutaneous
drainage

Recovery ....

Recovery . . .

Recovery Two distinct strains of

recovered

Recovery . . .

Recovery . . .

Recovery . . .

CD

:rer

3

* Day of hospitalization.
* Pip = piperacillin: Amik = amikacin; Pen = penicillin: Amox = amoxicillin; Mtz = metronidazole: Gm = gentamicin: CA = clavulanic acid: Cm = clindamycin: Cfur = cefuroxime and ND ^ no data.
* Endoscopic retrograde cholangiopancreatography.
' Culture-confirmed.
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quently isolated from the blood. The patient died despite
repeated drainage and antibiotic therapy.

Bacteremia originated from multiple abdominal abscesses
caused by gastric perforation in an 85-year-old woman (epi-
sode 8), by intestinal lesions in a patient with Crohn's disease
(episode 13), and by appendicitis in a previously healthy
man (episode 14). In the first case, A7<?/»7'e//ö o.vj'/ooa was
isolated from another set of cultures of blood drawn the same
day as the first. The patient died of cardiorespiratory failure
and diffuse intravascular coagulation. The other two patients
recovered after repeated surgical and percutaneous drainage.

A 36-year-old tourist (episode 16) was admitted with a
stab wound to the neck. He developed fever (40.0°C) within
24 hours. Radiography showed subcutaneous emphysema
adjacent to the left internal jugular vein. On day 4 of hospital-
ization, computed tomography of the neck showed a throm-
bus with gas bubbles in the jugular vein. Cultures of blood
drawn on day 2 of hospitalization yielded two distinct strains
of 5". a«g/m«7«. The patient left the hospital the same day
against the advice of the surgical staff. We were later in-
formed that surgery was later successfully performed in the
patient's own country.

A 22-year-old man (episode 17) who had been paraplegic
for 11 years developed a decubitus ulcer of the left buttock,
with progression to osteomyelitis of the femoral head. In ad-
dition to surgical treatment, therapy with amoxicillin/
clavulanic acid was administered. The patient made a grad-
ual recovery.

•/4i.soc/a/«/ «7es o/"/«/êc/Zon. In 7 (36.8%) of the 19 epi-
sodes of bacteremia, an isolate identical to that from blood
was recovered from an associated site of infection that was
also considered to be the source of the bloodstream infection
on clinical grounds. In another 11 episodes (57.9%), deep
infectious processes were considered to be the source of bac-
teremia although confirmation by culture was lacking. In the
remaining episode (episode 12), no source was established at
the time of bacteremia. Associated sites of infection were
most often in the abdominal cavity (9 cases, 5 of them cul-
ture-confirmed); next most common were sites in the tho-
racic cavity (5 cases, 2 of them culture-confirmed). The bone
and soft tissues accounted for two episodes, the genital tract
for one, and the oropharynx for one. Endocarditis was not
diagnosed in any of the 19 cases. Clear abscesses developed
in 9 episodes and presented as pleural empyema or as lesions
of the abdomen, pelvis, lung, or liver. We were later in-
formed that surgery was later successfully performed the in
patient's own country.

La/wraroo' /w/mgs. The mean white blood cell (WBC)
count ± SD was 13,900 ± 2,700/VL for the 14 cases in which
data were available and immunosuppressive therapy was not
being administered. The differential WBC count disclosed a
left shift in 8 of 12 cases. Ten of 15 patients had elevated
serum concentrations of aminotransferases and 7-glutamyl-
transpeptidase. In 4 instances (episodes 5, 11, 15, and 19),

these increases were related to underlying disease in the hepa-
tobiliary tract; in one case (episode 11), they occurred in
conjunction with myocardial contusion.

Fraï/wexr. Most patients (16 of 19) initially received an
empirical regimen including antibiotics that were later
judged to be appropriate in light of in vitro susceptibility
tests. The median duration of antibiotic therapy for patients
who survived was 7 days.

When abscesses were documented, endoscopic, transcuta-
neous, or surgical drainage was undertaken. In half of these
cases, repeated drainage was required to eradicate the focus
of infection. Two patients (episodes 13 and 19) were success-
fully treated with surgery only.

0H/«w?e. Five patients (26.3%; three men and two
women) died during hospitalization. Their mean age ± SE
was 68.8 ± 5.5 years. Three patients died within 1 week after
the onset of bacteremia (episodes 4, 8, and 9); two of these
individuals had debilitating disease (episodes 4 and 9). Two
other patients (episodes 7 and 10) recovered from bacter-
emia but died later (after 152 days and 15 days, respectively)
for reasons clearly related to an underlying condition. Out-
come was adversely—although not significantly—affected
by advanced age and by the presence of underlying condi-
tions.

Microbiological Findings

. The 19 patients developing bacteremia repre-
sented an incidence of 0.33 per 1,000 hospital admissions. A
total of 39 blood cultures yielded 20 isolates of the 5. m///m'
group. (As has already been mentioned, two distinct strains
of 5. tfrtg/nasm were recovered in one episode.) At our hospi-
tal, S. /«///en' bacteremia occurred about one-eighth as often
as 57ff/?/ïy/<XY>c«« awra/.v bacteremia and one-third as often
as SW'e/?/fl«;«m /?/jew/jion/ae, AVe/w/W/a species, or ftewc/o-
»)o«a.s floi^/nosfl bacteremia. The average annual number
of episodes of bloodstream infection with 6". m/7/er/ (i.e., 6.3
episodes) exceeded that for S7/-ey?/oco«7« aga/art/ae (5.3 epi-
sodes) and for the large-colony /?-hemolytic streptococci of
groups C and G (1.7 episodes).

CM //«re aa/a. One set of blood cultures was performed in
four episodes, two sets in 12 episodes, and three sets in three
episodes. A species of the S. w?///en' group was recovered
from more than one set of cultures in 10 of the 15 episodes
with more than one set performed. In four of the nine epi-
sodes in which an S. /w/7/er/ species was recovered from only
one set of blood cultures (episodes 8, 14. 18, and 19), a
culture-confirmed source of bacteremia was disclosed; in
four of these episodes (episodes 1, 4, 9, and 13), a probable
focus of infection was identified; and in one episode (episode
12), no associated site of infection was found.

The mean ± SD time of recovery of an 5. /«///e/7 species
from blood cultures was day 3.1 ± 1.8 of hospitalization.
Growth was detectable only after 6 days of incubation in
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Table 2. Hemolytic patterns and Lancefield groups of 20 5". m/7/en isolates from 19 episodes of
bacteremia occurring over a 3-year period at the University Hospital of Maastricht.

Lancefield group

c . ••

F

Nongroupable

Total

t S. CO/I.Wl'//«/l«.
' 5. HHC'/VlK'rf/H.Ï.

: 2*
5*
1*
8»

a

+ 2*
+ 2*

No. of isolates with

• • • v ~ 4 *

0

4* + I*

indicated group and hemolytic

Nonhemolytic

...a*: -..
1*

4* + 1 +

pattern

8*

6 '

2*-

16*

'.-

Total

+ 2 * + It

+ 2' + 2t

three episodes (episodes 2, 17. and 18). The organism was
detected with the same frequency in aerobic and anaerobic
bottles. On two occasions subcultures were prepared at the
end of the incubation period: an 5". /mV/e/7 species was recov-
ered from the anaerobic bottle on both occasions (episodes
17 and 19).

Four of 19 episodes were polymicrobial. The associated
organisms included £. /awa/Vs, Af. o.vv/ora. and /£. «>//' and /C.
/wïeMwo/7/ae (episodes 4. 8, and 10, respectively); in the
fourth episode (episode 16) two distinct strains of S. awg/no-
«« were recovered. No episode of recurrent or persistent bac-
teremia was documented.

D/.y//v7w//0/i a/;d r/ia/w/er/s/zcs o/"s/?«7>.v. Sixteen of the
20 strains isolated were identified as 5. a/ig/nasws, two as 5.
conitó//ö/w5. and two as 5. //J/CTV»J«//WS. The distribution of
hemolytic patterns and Lancefield groups among the 20 iso-
lates is shown in table 2. Only five of 20 strains were /J-hemo-
lytic. while 10 were o-hemolytic. Lancefield group C ac-
counted for eight isolates (40%) and group F for 7 (35%); the
remaining five strains (25%) had no detectable Lancefield
antigen. Of the seven isolates carrying Lancefield group F,
only one (identified as 5". ro«5/e7/a/i/s) was /J-hemolytic. No
association was found between pattern of hemolysis. Lance-
field group, and species on the one hand and associated site
of infection and clinical history on the other.

/Jfl///mc/-o£>/a/ .vM.we/>//M/7 r. All strains exhibited predict-
able patterns of antimicrobial susceptibility (table 3). Three
isolates had an MIC of 0.125 /ig/mL for penicillin—a value
equal to the breakpoint concentration for susceptibility. In
terms of both the MIC90 and the MIC50, the activity of peni-
cillin exceeded that of amoxicillin. The in vitro activity of
ciprofloxacin against species of the 5. />;///«•/'group was poor:
14 (70%) of 20 strains had MIC values equal to the break-
point concentration.

< * ^ -. ' ' r , ' * • • • : ^ J v , - •

Discussion

Strains belonging to the 5. /»///<?/•/ group are components of
the endogenous flora of the mouth, the nasopharynx, the

gastrointestinal tract, and the vagina [11]. Falling within the
category of viridans streptococci, these strains, which encom-
pass three species carrying four Lancefield groups and ex-
hibiting three hemolytic patterns, are prone to misidentifica-
tion [2, 12]. Adding to the confusion was the development of
two classification schemes—one European and the other
American—from 1977 to 1987. The former included only
one species (S/re/?/ofocfM5 m/V/er/), while the latter distin-
guished three species and has been the preferred scheme in
commercial identification systems. From 1987 to 1991, all
strains were unified under the species 5. aflg/rtasws. Recently,
Whiley and co-workers [3] offered an emended description
of three species: 5. az/g/Vmsw.?. 5". /«/erw«//t«, and S. cw;5/e//a-
Ms. It should be borne in mind that these recently estab-
lished species do not always comprise the same strains as in
the Facklam scheme [ 13]; for example, in the latter scheme
/3-hemolytic strains were categorized almost exclusively as S.
artgirtoras [14], while in the new scheme they are usually
classified as 5. rw;.??e//a/i«. The designation •S/re/tforoccws
m/7/<?/7 is no longer formally approved but is still used—gen-
erally with quotation marks—because it has clinical signifi-
cance.

In this study we reviewed 19 episodes of S. /H/7/«7 bacter-
emia and characterized the 20 strains recovered from the
blood during these episodes.

We considered the growth of an S. /«///«•/ species in one
blood-culture bottle to be significant. This criterion is both
highly sensitive and acceptably specific: comparison of epi-
sodes with single and multiple positive blood cultures re-
vealed no differences in clinical presentation, mortality, or
associated site of infection. Since no report has described the
presence of 5. /M/7/CTÏ organisms on the skin [ 1 ], their isola-
tion from blood cultures can hardly be attributed to skin
contamination.

Although the clinical significance of 5. mz7/«7 has recently
been reviewed [1, 2, 6, 12, 15, 16], reports focusing on 5.
w/7/er; bacteremia arc rare and often anecdotal [17, 18]. We
compared our data with those from other series of consecu-
tive isolates from episodes of bacteremia (table 4) [ 16, 19-
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Table 3. Antimicrobial susceptibility of 20 5'. «i/V/i'/v isolates from 19 episodes of bacteremia occur-
ring over a 3-year period at the University Hospital of Maastricht.

Antimicrobial agent

Penicillin
Amoxicilhn

Cefotaxime
Clindamycin
Doxycycline
Erythromycin
Gentamicin
Teicoplanin
Vancomycin
Ciprofloxacin

MIC50

0.06

•fl.*2
• 0.25 -

«0.06

«0.25
«0.25
16

«0.06
1
1

MIC (Mg/i

MIC*,

0.125

0.25
Ö.25
0.125
4

«0.25
32

0.125
1
1

MIC range

«0.015-0.125
«0.06-0.25
«0.06-0.25
«0.06-0.125
«0.25-8
«0.25-«0.25
«4-32
«0.06-0.125
«0.25-1
«0.5-1

Breakpoint

concentration
(Mg/mL)

0.12
0.12
8
0.5
4

0.5
4
8
4
1

Percentage
of isolates

susceptible at

breakpoint
concentration

100
70

100
100

: 90

100
10

100
100
90

23]. 6". /«///er/ bacteremia is rare [1.6, 20]. The incidence in
the present study was similar to figures reported previously in
the literature (table 5) [6. 20. 21. 23]. The age distribution of
our patients was Gaussian; the mean age (48.8 years) and the
male-to-female ratio (2.8) were also similar to the figures
previously reported (table 4) [1, 22]. Compared with previ-
ously described patients, our patients had systemic underly-
ing conditions with identical frequency (—-60%.): malignancy
and immunosuppression were the most prevalent condi-
tions. Local trauma appeared to be at least as important a
predisposing factor: in the majority of past and present epi-
sodes of bacteremia, purulent infections were preceded by
mucosal disruption, ulceration. or perforation: inflamma-
tion; or surgery [ 1. 19, 20, 22], Endocarditis due to species of
the & /»///«•/ group was almost invariably associated with
preexistent cardiac-valve abnormalities [16, 19, 21. 24],

The proclivity for abscess formation in 5. wi/7/m infection
was first established by Parker and Ball [25]. Although no-
torious, this association is not invariable: Awada and co-
workers [23], for example, found clear abscess formation in
only one of eight patients. In our study, abscesses were docu-
mented in nearly half of patients; in contrast, data compiled
from the literature indicated that one-quarter of episodes of
bacteremia were associated with clear abscess formation (ta-
ble 4). In particular, sites ofempyema and liver abscesses are
known to yield 5. /;»7/e/V at a high rate [26-28],

The overall distribution of infectious foci associated with
the reported episodes of bacteremia reflects the natural habi-
tat of\S*. /»///«•/. Abdominal infections accounted for ~7%-
40% of all significant infections caused by 5. //i/7/tr; [ 12], and
the gastrointestinal tract has been recognized as the most
likely portal of entry for bacteremia-related strains [20]. 5.
/H/7/CT/ is often isolated after gastrointestinal surgery, colonic
perforation, or appendectomy [1,21]. Hepatic abscesses due
to 5". /H/7/ér; have been described after gastrointestinal perfo-

ration in Crohn's disease, perirectal abscesses, carcinoma of
the colon, and abdominal surgery [26].

Tresadern and co-workers [29] postulated that prophylac-
tic antibiotic regimens lacking activity against 5. /H;7/«7

(such as the combination of gentamicin and metronidazole)
may promote the emergence of S. m///er/ as a significant
pathogen in patients who have undergone abdominal sur-
gery. In our series, this regimen was given to only one patient
(episode 10).

Intrathoracic infection represents the second important
source of bacteremia: the infection arose from an esophageal
fistula and leakage—a source that has been described previ-
ously—in episodes 4 and 7 [ 19. 20]. Another route is aspira-
tion, which was documented in episodes 11 and 18. Aspira-
tion pneumonia with S. /»/7/e/7 as part of the offending flora
is known to be associated with the complications of pleural
empyema and lung abscess [22. 30. 31].

No case of endocarditis due to .V. w/7/e/7 was found in our
group. In contrast, in the series reviewed, 5". /H/7/«7 ac-
counted for 8% of cases of viridans streptococcal endocarditis
[16], and endocarditis was documented in the majority of
episodes of bacteremia. The lack of endocarditis in our series
might have been attributable to the fact that our hospital is a
referral center; thus most cases of endocarditis are diagnosed
bacteriologically in hospitals elsewhere in our region. This
finding may also have been related to the decreasing inci-
dence of preexisting valvular disease among patients at our
hospital.

A high incidence of suppurative metastatic lesions has
been reported in S. />;///«•; infections, including vertebral os-
teomyelitis and abscess formation in liver, joints, myocar-
dium, and spleen [16. 21, 32]. Reports on obstetric infec-
tions with .9. />;///«•/ are anecdotal [11, 15. 17]. Soft-tissue
infections accounted for one-quarter of episodes of bacter-
emia in one study [22], and the affinity of this group of organ-
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Table 4. Clinical and microbiological findings for previously re-
ported series of episodes of 5. m///«•/ bacteremia.

Finding* [references] Value

Demographic characteristics (H = 24) [19-21 ]
Age: y

Mean ± SD
Median
Range

Male-to-female ratio
Underlying condition: %(n = 26)[I9-21J

Present
Not demonstrated

Associated site/type of infection: 't (n = 60) [16. 19-23]
Endocarditis
Sinus/oral cavity
Lung ' i
Liver/biliary tract
Urogenital tract
Abdominal/pelvic cavity
Bone/soft tissues . • •
Gastrointestinal tract
"No associated site of infection"

Abscess formation: % (» = 60) [16. 19-23]
Outcome: ^. mean age (n = 26) [19-21]

Death .. '
Recovery

Presence of associated organisms: % (n •= 24) [ 19. 22. 23]
Growth characteristics: no. of isolates (/) = 18) [19. 21]

Lancefield group
F
None
No data provided

Hemolytic pattern
a

• 0 • "

No data provided

46.7 ± 20.6
49.5

3-88
3d

61.5
38.5

18.3
8.3
6.6

15.0

5.0
1 1.6
1 1.6
8.3

15.0

26.7

30.7. 66.5 y
69.3. 39.5 /
41.7

7
5
6

10
I
6
I

* Numbers in parentheses indicate number of cases from which informa-
tion was available. Units of measure are shown for each category.

* /" < .05 vs. mean age of patients who died.

isms for bones and joints has been emphasized [33], Al-
though a definite focus of infection could not be ascertained
in a considerable proportion (15%) of reported episodes of
bacteremia. this was true for only one of the episodes in our
study (episode 12). Multiple organ failure complicated bac-
teremia in only one instance (episode 8), and even in that
instance might have been attributable to concomitantly iso-
lated gram-negative organisms.

The antimicrobial susceptibility patterns of the strains in
our study conformed to those previously reported [ 19. 34-
37]. Little information is available on the tolerance of 5.
/»///«/ to penicillin: in vitro synergism between aminoglyco-
sides and penicillins has been reported once [38]. From the
present series, it is clear that surgery constitutes the corner-
stone of effective treatment when abscesses are present. En-

doscopic. transcutaneous, or surgical drainage can be used,
depending on the clinical situation. Two of our patients (epi-
sodes 13 and 19) recovered with surgical treatment only, but
the experience of other investigators indicates that long-term
antibiotic therapy should be used in conjunction with sur-
gery [29]. To our knowledge, no clinical evidence that
proves the benefit of adding an aminoglycoside to a penicil-
lin regimen exists.

The clinical outcome of & «H7/C/V bacteremia varies with
the group of patients considered. The mortality rate in the
present study (26.3%) corresponds with figures reported in
unselected populations of patients (30.7%). Both in our
group and in previously reported series, the risk of death
increased with age. The relation of outcome to underlying
conditions was not statistically significant either in the pres-
ent study or in previously reported series. Whether 5. ;H///«•/
bacteremia contributed to the death of a patient often re-
mained conjectural, especially in the presence of severe un-
derlying conditions and associated surgical pathology (e.g..
episodes 7 and 10). Apart from those who died, several pa-
tients in our series (episodes 7, 13.14. and 19) and in previ-
ously reported studies [20] developed significant morbidity
due to frequently severe focal complications.

Little information is available on the growth characteris-
tics of 5. /mV/cr/ in blood cultures. A mean detection time of
1.9 days was previously reported for /3-hemolytic strepto-
cocci of Lancefield group F [20]. In contrast, the detection
time in our study was twice as long, with recovery of the
organism only after 6 days in three episodes and only on
terminal subculture in two episodes. Polymicrobial infection
of the blood was reported more frequently in other studies
than in ours; in previous investigations the other organisms
isolated included S. a(»"«/.s (three cases), anaerobes (five
cases). Fnterobacteriaceae (four cases), other streptococci
(two cases), and £7At'Mc7/a aww/mf (one case). The distribu-
tions of hemolytic patterns and species among our 20 blood
isolates was roughly the same as among the 200 strains of 5.
/«///«•/consecutively isolated from various other clinical spec-
imens in our laboratory during the same period: the majority
of these strains were identified as 5. a/ig//iayi« and displayed
no /3-hemolysis. However, strains belonging to Lancefield
group C accounted for only 10% of the latter group, while
they represented 40% of isolates from blood.

The limited number of blood isolates and the high prepon-
derance of 5. flfl£/>w.vi*.v among these isolates meant that it
was difficult to identify meaningful associations between
species and their growth characteristics on the one hand and
specific sources of infection and clinical presentations on the
other. The sole published report on the ecology of the three
species of the 5. /H/Y/«7 group in clinical specimens [39]
noted associations of 5. //I/«7>I«//MS with infections involving
the CNS. .S'. örtg/mwi/s with infections of the gastrointestinal
and genitourinary tracts, and 5. «w.s7c7/«m.v with infections
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Table 5. Incidence of 5. /m7/m bacteremia. as reported or calculated from available data.

Years Hospital, country
Relative

incidence*

1.4

1.1

1-2

0.05»
1.5

Overall
incidence*

0.54
N D '

0.17
ND
0.33

Reference

[23]
[21J

w[20]
Present report

1986-1988
1978-1988
Early 1980s (4-year period)
1970-1980
1990-1992

Cancer hospital. Belgium
General hospital. United Kingdom
General hospital, Belgium
Mayo Clinics, United Stales
Tertiary-care hospital. The Netherlands

* Percentage of all episodes of bacteremia.
* Percentage of admissions.
* No data available.
' Includes only /3-hemotytic strains belonging to Lancefield group F.

of the respiratory tract. The strains isolated from obstetric
infections in our study (episodes 2 and 6) did not belong to
the broadly fermentative biotype of 5. w/7/en that has been
recognized as an inhabitant of the female genital tract
[39. 40].

In summary, in this study, S. /»/7/m bacteremia was a rare
event that occurred in all age groups and affected more male
than female patients. Local trauma to the mucosa! barrier
preceded bacteremia in the vast majority of cases. Abscesses
were documented in nearly half of patients and often re-
quired repeated drainage. The heterogeneity of organisms
designated as S. /;//7/m was confirmed, as was the potential
for their fastidious growth to delay their recovery from blood
cultures. S. awg//KWi/.s was the most frequently identified spe-
cies, and most isolates were either a-hemolytic or nonhemo-
lytic. The large proportion of strains belonging to Lancefield
group C was remarkable. The antimicrobial susceptibilities
of the strains were consistent with previously reported pat-
terns. 5. H;;7/er/did not meet all the criteria for an opportunis-
tic pathogen but did cause high mortality and significant mor-
bidity.
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A collection of 518 "SfrepfococcMJ m/7/m" isolates recovered from
clinical specimens was identified to the species level according to re-
cently established criteria. .SrrepfococcMi' an#//i0s«.s was the most fre-
quently isolated species (59.3%), followed by 5* consfeZ/afi/j (30.3%)
and 5 /nfejvm'rffu.j (10.4%). One third (34%) of all isolates were /J-he-
molytic. The majority of .S ang/zioiuj isolates were nonhemolytic, car-
ried l.ancefleld group F, or were nongroupable. Most
/arus isolates were $-hemolytic, as well as 16.6% of i"
strains, Sfreprocoecus un#/n<«uj was recovered more often from the

genital and urinary tracts and 5 co/fSfÉ7/ar(W was recovered from the
thorax. A'rrepfococcuj' interma/iu.? was mostly found in the head and
neck area, but was also isolated from the abdomen and the skin, bone,
and soft tissue. Sfrcprococeus rnfermet/fiK and nonhemolytic isolates
were recovered most often from abscess-related specimens. (Key words:
^rr^/j/ococcui miY/en; Srreptococcuj ang/nosus; Srrep/ococci/i consie/-
/afuj; 5ïiv/>rococc//s i/ifmnei/iÏM; Infection; Identification; Clinical rel-
evance) Am J Clin Pathol 1995; 104:547-553.

Strains belonging to the "S7rc>/?/<?c<xrM.v m/ / /m" group
form a heterogeneous group within the viridans strepto-
cocci. They encompass organisms listed in the 1986 edi-
tion of Bergey's Manual' as 5" a/ig/rtomy, .S/re/tfococms
MG, Sco«5/<?/tous, 5/wtermtfrf/M.j, "S/wY/m, "and min-
ute /3-hemolytic streptococci of Lancefield groups F and
G '. Although the name ".S7r<?/?/oc<%rM.? w/ / /m" is not
included in the approved lists of bacterial names,' the
term remains popular because it conveys clinical signifi-
cance. It refers to those viridans streptococci that may be
associated with abscesses or other purulent infections.*

Recent molecular studies clarified taxonomie relation-
ships within the "iS'/rt-'/̂ ococczw /m'/ferz" group and Whi-
ley and coworkers^ redefined three species: 5 a^'/nomv,
S cort5/e//fl/MA' and 5 //i/mw«//M.y. In addition, they de-
veloped biochemical tests that allow for phenotypic
differentiation between the three species.̂ "

In this study, we were interested in the clinical rele-
vance of the three species within the "5 m///cr/" group.
We retrospectively identified a collection of 518 "5 w//-

Manuscript received February 28. 1995: revision accepted May 30.
1995.

Address reprint requests to Dr. Jacobs: Department of Medical Mi-
crobiology, University Hospital of Maastricht, P.O.Box 5800. 6202 AZ
Maastricht, the Netherlands. -

/<?r/" isolates to the species according to Whiley and co-
workers.'' The collection consisted of mainly consecutive
isolates from clinical specimens. We tried to establish
possible associations between the distinct species, their
anatomic distribution, and the relation with infection
and abscesses. In addition, we described the hemolytic
and serologic characteristics of the three species.

MATERIALS AND METHODS

The streptococci studied were collected over a period
of almost 3 years (July 1991-June 1994), and were con-
secutively recovered from clinical specimens routinely
submitted for culture at the microbiological laboratory
of the University Hospital of Maastricht (azM), a 600-
bed tertiary care center. Streptococci were grown on
blood agar base (Oxoid, Basingsloke, UK) containing 5%
(v/v) sheep blood and on the same plates supplemented
with nalidixic acid (5 mg/L) and polymixin B (10 mg/L).
These plates were incubated in a CXVenriched atmo-
sphere and inspected for growth after 1 and 2 days. Blood
was cultured with a conventional biphasic aerobic/an-
aerobic blood culture system (Vacutainer, Becton Dick-
inson, Sparks, MD) during the first year of the study, and
thereafter with an infrared CO2-detection system (Bactec
9240, Becton Dickinson).

Streptococcal colonies were selected for further identi-
fication if they were grown in any quantity from nor-
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mally sterile body fluids or when they were recovered in
moderate, predominant, or pure culture from other
specimens. Colonies were selected regardless of their he-
molytic behavior. They were identified to the "S/rQtfo-
a ; r a« v/m/a«.y" level by colony morphology, negative
catalase reaction, sensitivity to vancomycin, resistance
to bacitracin (0.04 U) and optochin-coated disks, and a
negative reaction in the bile-esculin test. They were iden-
tified and reported as "S?A?/?/OC"OCCW.Y m///m "if they pro-
duced acetoin in the Voges-Proskauer (VP) test with the
Coblentz test method/ hydrolyzed arginine (method ac-
cording to Moeller'), and failed to use sorbitol (Rosco
Diagnostica, Taastrup, Denmark).

The isolates were stored at -70 °C on porous beads in
cryopreservative (Microbank, Pro-Lab Diagnostics,
Richmond Hill, Ontario, Canada). Before inclusion in
the study, they were retrieved and the identification was
confirmed with the API 20 Strep system supplied with
the database 4.0 (bioMérieux. Marcy-l'Etoile, France).
Hemolysis was assessed by observation of the subsurface
growth in sheep blood agar plates/ Both a- and ^-hemol-
ysis were recorded as "nonhemolytic." Lancefield group-
ing was performed on all isolates (Streptex, Wellcome
Diagnostics, Dartford, UK).

Assignment of strains to either 5 a «gmomy, 5 cofls/c/-
/tf/H.y. or 5 /«fc'fmt'(/iiM was determined by the identifi-
cation scheme described by Whiley and coworkers.*
Briefly, strains were tested for production of a-galactosi-
dase. /3-galactosidase. a-glucosidase, /3-glucosidase, 7V-
acetyl-/3-D-galactosaminidase, jV-acetyl-j3-D-glucosami-
nidase, sialidase and /3-D-fucosidase by using 4-methyl-
umbelliferyl-linked fluorogenic substrates (Sigma, St.
Louis, MO) in flat-bottomed microtiter plates (Hos-
pidex. Nieuwkoop, the Netherlands). Hyaluronidase
production was assessed by the rapid plate method of
Smith and Willett.* Reference strains were the type
strains of the three species: S a«£j«o.y;«: ATCC 33397,
S" cww/fltof/.v: ATCC 27823 and S /n/'tTmcü'/M.sv ATCC
27335. Reproducibility of the identification method was
assessed by testing five isolates on 5 consecutive days.

Strains isolated from brain abscesses (n = 9), blood (n
= 9) and other body parts (abdomen: 9: oral cavity: 3;
skin and soft tissues: 3; genital tract: I: and thoracic cav-
ity: 8) were kindly provided by Dr. J. Verhaegen (Uni-
versity Hospital, Leuven, Belgium) and Dr. M. Visser
(University Hospital, Utrecht, the Netherlands). In both
laboratories, methods for isolation were similar to those
used in the azM. The identification of these isolates was
confirmed by the API 20 Strep system before they were
included in the collection.

Strains were assigned to one of the following broad ana-
tomic categories: (1) head and neck (including the oral cav-

ity); (2) thoracic cavity (including the respiratory tract); (3)
abdomen; (4) genital tract; (5) urinary tract; (6) skin, bone
and soft tissues; and (7) blood. Isolates recovered from neo-
natal skin cultures or neonatal gastric aspirates were sepa-
rately classified. According to Centers for Disease Control
and Prevention (CDC) definitions/ isolates were consid-
ered infection-related based on the opinion of the clinician
treating the patient. Specimens obtained from abscesses
were separately recorded. If clinical evidence was not con-
clusive or if the specimen might have been contaminated
by saprophytic flora, the culture result was labelled as of
questionable significance.

One isolate per species per patient was included, unless
the isolates differed in hemolytic pattern or Lancefield
group or unless they were recovered from distinctive
body sites. The accompanying flora recovered with the
"5 m/7/<?n" strains was recorded. For statistical evalua-
tion, proportions were compared by means of the chi-
square test.

RESULTS

During the study period, 561 isolates were collected.
Eleven isolates were no more viable at retrieval. The API
20 Strep system did not confirm another 32 isolates as "S
/WY/ÉT/. " The profiles of 16 of these strains corresponded
with unacceptable identifications or identifications of low
probability. Among the other 16 strains, profiles coding for
•S i<7«g«;.y (n = 5) and Lac/octfcmv spp. were noted. The
final collection consisted of 518 isolates. The method of
Whiley and coworkers proved to be reproducible. When
tested with this method, 294 (56.8%) isolates fit the identi-
fication scheme exactly. One hundred eighty (34.7%) were
identified to within 1 test reaction. Most of them (n = 128)
were 5* a«£Y>7av!/.y isolates that produced /ï-galactosidase.
More than half of these isolates were recovered from the
urogenital tract or from neonates. Isolates that differed in
two or three test results from the method of Whiley and
coworkers'' were assigned to the species on the basis of those
tests reported as 100% positive for a particular species.
These isolates (n = 44, 8.5%) were mostly designated as 5"
crw5/c//a/z« and 5 /fl/<?mj«//M.y.

Information on age and gender was available in 511
isolates. These isolates were recovered from 483 patients.
Two distinct isolates recovered from the same culture
specimen were seen in nine patients. In 19 patients, iso-
lates of the same species were recovered from distinct
body sites: among them, 11 blood culture isolates with
corresponding focus-related strains. Overall, the mean
age (±standard deviation [SD]) of the patient population
was 46.7 ± 22.2 years, ranging from 1 day to 92 years.
The mean age for males was 46.9 ± 20.3 years (range 1
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TABLE I.

A#? Group (yr)

0-9
10-19
20-29
30-39
40-49
50-59
60-69
70-79
>80

Total
Mean
SD
Median
Male to female ratio

S

DEMOGRAPHIC

Ma/e

5
9
7
9

11
19>
17
12
4

93
49.3
21.8
53

anginosus, S constellatus awrf S

DATA ACCORDING

«?.vf/0MaMe

ƒ•>/»«/<'

13
4

20
24
12
11
16
27

9

136
47.6
25.4
45

1:1.5

intermedius

TO CLINICAL SIGNIFICANCE OF THE

M e

3
2
7

18
11
13
12
11
1

78
47.5
19.8
4t

fection-re/ated

Fcmafe

3
3
7

10
5
6
7
3

. * " ' • . ' • ' . . . .

48
16.1
22.6
4 4 • -

1:0.6

ISOLATES*

Abxcesi-re/ated

Mo/f

1
11
17
17
15
15
10
10
2

98
44.3
19.3
44

-

1:0.6

4
4

. i.
s9

10

2

58
45.1
21.2
43

* From seven isolates, no data were available.

day-87 years), and for females, 46.4 ± 24.2 years (range
1 day-92 years). The demographic data according to the
clinical significance of the isolates are listed in Table 1.

Table 2 represents the anatomic distribution of the
strains with the clinical category they were assigned to.
The head and neck area included 13 isolates recovered
from the central nervous system (CNS): 12 isolates from
brain abscesses and 1 from subdural empyema. The
highest proportion of abscess-related isolates was found
in the abdomen. These isolates were frequently recov-
ered from abscesses in the anal region (n = 19) or related
to appendicitis (n = 13). The urinary and genital tracts
accounted for a majority of strains with questionable
clinical significance. Most strains from the thorax group
were isolated in mixed cultures from sputum specimens
and not considered infection related. Among abscesses
in the skin, bone and soft tissue group, eight subcutane-
ous abscesses in intravenous drug abusers were included.

The results of the species identification, the hemolytic
reaclion, and Lancefield group are listed in Table 3. The

relative proportions of the three strains were not affected
when the isolates provided by the other laboratories were
subtracted. /3-hemolytic strains carried more frequently
a Lancefield antigen than the nonhemolytic strains
(P <.001), particularly groups C and G. The majority of
strains identified as £ a«£/«avws were nonhemolytic, and
they were nongroupable or belonged to Lancefield group
F. Although only 23 (7.5%) of 5a«#/«oms' strains carried
group G, they encompassed the majority (23 of 26,
88.5%) of the strains carrying this Lancefield group. The
majority of j8-hemolytic strains (117 of 176,66.5%,) were
identified as 5 c<ms/£//a/ws. Although most isolates iden-
tified as S m/mTW/ws were nonhemolytic, a proportion
(9 of 54, 16.7%) displayed 0-hemolysis.

Table 4 represents the anatomic distribution of the
three species, matched with their Lancefield group. The
genital and urinary tracts most frequently harbored San-

/ (ƒ* <.001), whereas proportionally more 5 co«-
strains were recovered from the thorax

<.001). The highest proportion of 6*

TABLE 2. ANATOMICAL DISTRIBUTION OF THE S MJZXEKf STRAINS IN RELATION TO CLINICAL SIGNIFICANCE

Anatomic'Site

Abdomen
Head and neck
Thorax
Skin, bone, and soft tissues '
Blood
Genital tract
Urinary tract
Neonate

Total (%)

31
22
69
13
0

47
36
11

229(44.2)

/n/ection-re/ated

55
12
7

16
11

8
0
2

121(23.3)

75
32
6

26
15
4

10
0

168(32.4)

rota; f%)

161(31.1)
66(12.7)
82(15.8)
55(10.6)
36 (6.9)
59(11.4)
46(8.9)
13(2.5)

518
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TABLE 3. SPECIES DISTRIBUTION, HEMOLYTIC REACTION, AND LANCEFIELD GROUP OF THE S M/IXERJ ISOLATES

Itamrfytó

Lancefield group
A
€ - • • .

F
G
No group

Subtotal
Total (%)

S anginosus

-

2
18

144
9

84

257
307 (59.3)

+

0
22

3
14
11

50

-

0
0
7
1

32

40

S constellatus

+

1
14
75
2

25

117
157(30.3)

s

-

0
2

18
0

25

45

intermcdius

-f-

0
4
'2
0 •
3

9
54(10.4)

ToftfZ ('"/o)

3(0.6)
60(11.6)

249(48.1)
26 (5.0)

180(34.7)

518

strains were found in the head and neck area (P <.001),
with 9 of 13 strains isolated from the CNS identified as 5"
/fl£ÉY7Wfif/M.s' (the other central nervous system strains
were identified as 5 awg/rtomy [n = 1 ] and 5 com/f//afw.v
[n = 3]). Three isolates recovered from liver abscesses
were identified as 5a«g/«oi(« (n = 2) and 5 /«/mwa'/z/.s
(n = 1). /3-hemolytic strains were most frequently found
in the thorax (P <.001), nonhemolytic strains were most
prevalent in the genital tract (P <.001), the urinary tract
(P <.()5) and the blood (P <.05). Strains carrying Lance-
field group C were proportionally more often recovered
from the blood (P<.05).

From the three species. 5 /«/ernied/ftf was more often
recovered from infections and abscesses (P <.001, Table 5).
Nonhemolytic isolates were more associated with infec-
tions and abscesses than /3-hemolytic strains (P <.001). No
relationship could be established between Lancefield group
and clinical significance.

Information on accompanying flora was available for
133 of the abscess-related isolates. In 83 (62.4%) ab-
scesses, accompanying flora was present. Members of the

(with a marked predominance of

fsc/zme/z/ö «?//') accounted for nearly half (48.7%) of the
accompanying organisms, and anaerobes accounted for
27.7%. Abscesses with polymicrobial flora were found
more often in the abdomen (57 of 68, P <.001). "SYrep-
tococcM.y /w//<?n" was recovered more frequently in pure
culture from abscesses in the head and neck area (9 of
21, P <.05) and in the skin, bone, and soft tissues (9 of
25, P <.05). Coinfection with more than one "Sm/V/m"
strain occurred in two abscesses.

DISCUSSION

Strains belonging to the "5 m/7/m " group have been
resistant to uniform classification and unequivocal no-
menclature until recently. Two classification schemes
coexisted from 1977 to 1987: a British scheme that uni-
fied all strains into the species "5 m/7/m "'" and an Amer-
ican scheme (from Facklam at the CDC") that distin-
guished between three species, that were named (in the
final version), 5Ö«^//7(MIM, Scom'/éV/afttf, and 5 /nferwe-

From 1987 to 1991, all strains were considered to
belong to one single species, S a/2g/Httyi«\'~ Recently,

TABLE 4. ANATOMICAL DISTRIBUTION OF THE 5 Af/ZXEK/ SPECIES IN RELATION TO LANCEFIELD GROUP

Abdomen
Head and neck
Thorax
Skin, bone, and soft tissues
Blood
Genital tract
Urinary tract
Neonate

Total

A. C. F. and Ci = Lanccticld groups; NO

/i

i
i
0
0
0
i
0
0
-)

= no

S ang

(.'

18

1 1

7
0
0
0

40

nosus fn -

/ • •

48
7
S

15
14
30
21

7

147

.aniretield group.

307;

O'

10
4
3
7

1
1
-Ï

0

23

,VG

27
3

14
9
3

19
15
5

95

/I

0
1
0
0
0
0
0
0

1

S constellatus fn

C

T

*>

6
1
1
1
1
0

14

f

20
16
24
11
3
4
4
0

82

= 757)

6"

0
0
1
1
0
1
0
0

3

NC;

14
15
14
6
i

3
• )

1

57

e:

• >

i
T

0
1
0
0
0

6

S intcrmedius
fn = 54)

F

1 1
4
0
4
0
0
1
0

20

JVC

8
10
2
4
4
0
0
0

28

A.J.C.P.-November 1TO5

50
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Infection-related
Questionable significance

Total
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S anginosus, S constellatus tf«d S intermcdius

SIGNIFICANCE OF THE 5 M/LLER/ SPECIES IN RELATION TO THEIR

-

75
71

111

257

S anginosus

+ row/ c%;

.- 8 83(27)
9 80(26)

33 144(47)

50 307

18
13
9

40

S constellatus

4 7Y>/a/ f&;

28 46(31)
23 26(18)
66 75(51)

117 157

551

HEMOLYTIC PATTERN

26
13
6

45

S intermedium

+

3
2

4

9

7-^ /W

29(54)
15(28)
10(18)

54

molecular techniques delineated three species, which for
reasons of nomenclature were given the same names as
those used by the Facklam scheme."" The designation
"S/rc/rtococcM.s m/7/m" is not formally approved but is
still in use—generally with quotation marks. Recogni-
tion of "S W/Y/OT" isolates in the clinical laboratory is
difficult,"" and in the traditional diagnostic approach,
species identification of viridans streptococci is generally
considered unnecessary.''' Moreover, the three species as
redefined by Whiley and coworkers' do not overlap their
homonyms of the Facklam classification scheme.'' For
these reasons, little is known about "5 w/7/fr/" in gen-
eral'^ and about the association between the individual
species and specific sites of isolation or clinical relevance
in particular."'- •'"

We used the scheme described by Whiley and cowork-
ers.* The key tests include detection of several glycosi-
dase activities using fluorogenic substrates. Although not
traditional for the viridans streptococci, this approach
has been enlarged to include all species within the
"Sïre/tforocrMj" v/r/fiffl«.v" group'^ and has proved to be
reliable in other collections.''' As in the present study,
Whiley and coworkers'"" reported a high proportion of S
a«g/«o.ra.s producing 0-galactosidase in their collection,
largely because of the inclusion of isolates from urogeni-
tal sources.

The demographic data in this study showed an obvi-
ous male predominance when infection- and/or abscess-
related isolates were compared. This male predominance
was similar to the ratio of 1:0.6 that was noted in a col-
lection consisting mainly of infection-related isolates,'"
but was not as marked as the 1:0.3 ratio quoted in a re-
view of 192 cases of suppurative infections.'' The pa-
tients in our study were evenly distributed among all age
groups. This finding corresponds with the age distribu-
tion compiled by Gossling'*' and this distinguishes "S
w// /m" strains from truly opportunistic bacteria.

The distribution of the isolates and their clinical sig-
nificance reflected the patient population at our hospital.
The overall distribution of clinical "5 m/7/frf' isolates
was comparable to data reviewed from the literature,'"'''''

except for the absence of strains isolated from dental
plaque or odontogenic abscesses in the present collec-
tion. It should be noted that along with the progression
of the study period, the isolation rate of "5 m/7/m"in
our laboratory gradually increased. This probably re-
flected increased microbiological experience. It influ-
enced the ultimate composition of the collection by add-
ing more strains of questionable clinical significance (eg,
strains isolated in mixed flora from sputum or urogenital
specimens).

The relative proportions of the three species agree with
those reported by Gómcz-Garcés and coworkers." In
their study, 75 consecutive "5 m/7/ér/" isolates were
identified to the species level by use of the Rapid ID 32
Strep system (bioMérieux, Marcy-l'Etoile, France) that
is in agreement with the method of Beighton and co-
workers."" The hemolytic reaction and Lancefield groups
of the isolates in this study were similar to the patterns
recorded in two reference collections.^'* However, the 5
/«/CT777e<i/!« isolates described in the cited reports were
virtually all nonhemolytic and nongroupable. However,
in these collections, the vast majority of the 5 /« /mw-
üfatf isolates originated in the oral cavity, whereas in the
present study, they were mainly recruited from the abdo-
men and the skin, bone, and soft tissue group. For 5co«-
5?f//a/i«, and to a lesser degree for ,9 a«j?//javz/.v, we found
more jö-hemolytic and groupable strains compared to the
previous reports.""'* As for 5 /«/É77m'flï//A\ the previously
described collections included for both species a consid-
erable number of strains isolated from the oral cavity,'*
dental plaque and dental abscesses,'' which are sites rep-
resented in our collection.

We observed a wide anatomic distribution of 5 ang/no-
sws and 5 cc»«.v/t'//a/;« strains, with a high prevalence of S
aHg/rtoras (nonhemolytic, nongroupable) in the genitouri-
nary tract. These observations are consistent with those
previously reported.*"'* Gómez-Garcés and «workers'* re-
covered most of their isolates from the abdomen, but their
study did not include isolates from the genitourinary tract.
If isolates from the thoracic cavity and the genitourinary
tract in our population were subtracted, the relative distri-
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bution of the isolates was in agreement with those reported
by Gómez-Garcés and coworkers."" Contrary to previous
observations,*' ' ^" we found the distribution of S zM/mwe-
ÉZÏWS strains not exclusively limited to the head and neck
area. In addition to this area, we recovered the species in
considerable proportions from the skin, bone, and soft tis-
sue group, as well as from the abdomen and the thorax.
We confirmed the involvement of 5 zw/<?m7«/zM.y in central
nervous system infections," but the number of isolates re-
covered from liver abscesses in our study was too low to
confirm the reported association between 5" wférm«//«.j
and liver abscesses."•"* Twenty isolates recovered from the
bloodstream have been described in detail,^' the additional
isolates exhibited the same species and Lancefield group
distribution.

From the three species, 5 z'«/er/n«ftw.s was proportionally
more associated with infection and abscesses (Table 5).
Factors that might contribute to its pathogenicity are its
broad range of glycosidase activities: 7V-acetyl-/3-D-galac-
tosaminidase, /V-acetyl-j3-D-glucosaminidase, and sialidase
(substrates for these glycosidases are incorporated in the
identification scheme). These glycosidases are specific to
acetylamino sugars, which are important constituents of
naturally occurring polysaccharides and glycoproteins.^ In
addition, 5 /«/erwecfrzis produces hyaluronidase, an en-
zyme that has been related to abscess formation.^ Among
infection- and abscess-related specimens, we found a higher
isolation rate of nonhemolytic strains compared to /3-he-
molytic strains. Two studies reported 0-hemolytic strains
to be associated with suppurative infections.'"""' However,
the implicated numbers in both studies were limited. In
one study, the possibility of selective isolation of /3-hemo-
lytic strains was mentioned.'* In a larger collection, no re-
lationship between hemolytic pattern or Lancefield group
and clinical spectrum was found."' In view of the high pro-
portion of nonhemolytic strains recovered from abscess-
related specimens, we recommend more biochemical test-
ing of all viridans strains isolated from those specimens,
regardless of their hemolytic pattern. The presumptive
screening tests we used (VP test, hydrolysis of arginine, fer-
mentation of sorbitol) are suggested.

When recovered from purulent infections, "S/M/7/m"
strains were reported to be part of polymicrobial infec-
tions in 39% to 98% of cases. The accompanying organ-
isms in our study were consistent with those re-
ported.'*"""' In one study, polymicrobial infections
were found more frequently in abdominal infections
than in supradiaphragmatic infections.^'

In summary, in the present study, we analyzed sero-
Iogic and hemolytic patterns of the three species of the
"5 mz'zVm" group. The study provided information on

the ecology of the three "SmzV/m"'species in the clinical
setting and their relation to infection. The different pat-
tern of clinical infections and abscess formation suggests
that "5* w/7/er/" isolates recovered in the diagnostic lab-
oratory be designated to the species level. Future investi-
gations concerning the pathogenic properties of "5 mzV-
/ m " strains may build upon the findings of this study.
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Summary

A total of 250 "S/r^p/'ococcu.s' mz7/en" strains were identified to species
according to Whiley et al. (J.Clin.Microbiol. 1990;28:1497-501) and with
the Rapid ID 32 Strep system (bioMérieux, France). Both systems agreed
in 56.4% of all identifications, a value that increased to 70.2% when
doubtful Rapid ID profiles were included. The best agreement was
reached with S.aflg/noms-, most discrepancies occurred with

Introduction

/grmerf/w.s', iSyrep/ococcws angmo.sa.s' and

are collectively referred to as the "5rréprococcM5 /mV

group. They are part of the flora of the oropharynx, the gastrointestinal

tract, and the vagina (5), and are known for their proclivity to cause

abscess formation (9). Their turbulent taxonomie history witnessed the

coexistence of two classification schemes: a European and an American

one. The latter (Facklam) scheme distinguished three species and has been
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the basis of commercial identification kits while the former scheme

recognised one species named "S/re/tfoccocus m///eri" (2).

Although no longer approved, this term continues to be used because it

conveys clinical significance. From 1987 to 1991, "5./n///er/" strains

were considered to belong to one species, S.a/rg/no.s'w.y. Based on DNA

homology studies, Whiley et al. (12) recognised three species and

identified them phenotypically by detection of glycosidase activities using

fluorogenic substrates (11). It should be noted that these recently

described species do not overlap their homonyms of the Facklam scheme.

The Rapid ID 32 Strep system (bioMérieux, La Balme les Grottes,

France) allows the identification within 4 h of most streptococci and

related genera of medical importance. We identified 250 "S.m/Z/m"

strains using this system and compared the results of speciation to those

obtained with the scheme of Whiley and coworkers (11).

Materials and Methods

s/rams. During a 2-year period, 250 strains belonging to the

ri" group were collected from clinical specimens: blood (n, 30),

head and neck (n, 28), skin and soft tissues (n, 34), urogenital tract

(n, 48), abdomen (n, 82), and thorax, i.e., strains isolated from sputum

(n, 20), pleural fluid (n, 4) and bronchial aspirate (n, 6). Ninety-one

(36%) strains were associated with abscess formation. Distribution of

hemolysis and Lancefield groups are depicted in Table 1.

Streptococcal isolates were tentatively identified by Gram stain, colony

morphology, pattern of hemolysis on 5% (v/v) sheep blood agar, negative

catalase reaction, susceptibility to vancomycin (30/ng disk), resistance to

optochin and bacitracin (0.04U disk), and a negative bile-esculin test.
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Table 1. Lancefield group and hemolysis of the "5". w«7/en" strains.

Lancefield
group

A

C

F

G

NG (no group)

Total (%)

6-hemolysis

1

12

28

6

26

73 (29.2)

no B
(a or

0

14

80

2

81

177

hemolysis
7)

(70.8)

Tota

1

26

108

8

107

250

1 (%)

(0.4)

(10.4)

(43.2)

(3.2)

(42.8)

Identification on the "S./m7/eri" level was reached by a positive Voges-

Proskauer (VP) test (Coblentz method(3)). In addition, Lancefield

grouping was performed (Streptex, Wellcome Diagnostics, U.K.). In

doubtful cases, identification was confirmed with the API 20 Strep system

(bioMérieux, La Balme les Grottes, France). The strains were stored at

-70°C on porous beads (Microbank, Pro-Lab Diagnostics, Canada). They

were retrieved on sheep blood agar. Identification reactions were repeated

before entry in the study. Reference strains used in the study were

(ATCC 33397), £ co/w/e//flft« (ATCC 27823) and

(ATCC 27335).

ro WMey er a/ (7/J. Assignment of strains to

either S.angmo.s'w.S', 5".coAzste/Zofus or 5". mf<?rme<#w.s was made according to

Whiley et al. (11). Briefly, strains were tested for production of

a-galactosidase, /3-galactosidase, a-glucosidase, /3-glucosidase,

iV-acetyl-B-D-galactosaminidase, N-acetyl-B-D-glucosaminidase, sialidase

and jö-D-fucosidase by using 4-methylumbelliferyl-linked fluorogenic
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substrates (Sigma, U.S.A.) in flat-bottomed microtiter plates (Hospidex,

The Netherlands). After incubation for 3 h at 35°C, hydrolysis of

substrates was visualized as a distinct fluorescence by placing the

microtiter plates on an ultraviolet light box. Hyaluronidase production was

assessed by the plate method of Smith and Willett (10), with hyaluronic

acid obtained from Sigma (U.S.A).

/fop/rf /DJ2 Sfrt?p System. The rapid ID 32 Strep strip includes 32

wells containing dehydrated substances which enable the performance of 7

osidase reactions, 3 arylamidase reactions, alkaline phosphatase, 4

conventional biochemical tests (arginine dihydrolase, Voges-Proskauer,

hippurate hydrolysis, and urease) and 17 carbon substrate fermentations.

After growth on Columbia agar with 5% (v/v) sheep blood, a suspension

was prepared in 2ml of demineralized water and adjusted to a McFarland

4.0 standard turbidity. Of this suspension, 55 /xl per well were deposited

with an electronic pipette. After a 4-h incubation at 35°C, reagents (API

System, France) were added: VP A and B reagents for the VP reaction,

FB reagent for the arylamidases, /3-galactosidase, and yV-acetyl-/3-

glucosaminidase, and NIN reagent for the hippurate hydrolysis test.

Within the prescribed reading time, the color of the wells was visually

compared to the reading table. The resulting 11 -digit numerical profile

was decoded from the Rapid ID 32 Strep data base in its version 1.1 by

use of the APILAB computer program. A 0.01-ml sample from the

inoculated suspension was streaked onto blood agar to check for purity.

Reproducibility of the systems was assessed by testing three different

strains on five consecutive days.
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Results

Table 2 lists the identifications according to Whiley et al. (11).

Table 3 compares these results with those obtained by the Rapid ID 32

Strep system.

Table 2. Identification
to Whiley et al.

S.anginosus

S.constellatus

S.intermedius

Table 3. Comparison of
al.(ll) and those

Rapid ID 32 Strep

S.anginosus*

SA doubtful profile

S.constellatus*

SC doubtful profile

S.intermedius*

SI doubtful profile

of the
(11)

Lancefield
A C

1

0

0

16

3

7

//ten'" strains according

group Total ( % )
F G none

69

28

11

results obtained
obtained by the

Identification to SM level

Other profile

Total

SA, S.anginosus; SC, S
*: excellent, very good,

4 55 145 (58.0)

0 23 54 (21.6)

4 29 51 (20.4)

by the scheme of Whiley et
Rapid ID 32 Strep system.

Whiley et al.
SA SC SI Total

104 9 10

15

4 23 1

13

14

8

10 4 5

12 5 13

145 54 51

i.constellatus; SI, S.intermedius; SM, S.milled
, good, and acceptable profiles

123

15

28

13

14

8

19

30

250
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Both identification systems correctly identified the reference strains

and were reproducible. Visual reading of the Rapid ID 32 Strep system

required some experience due to the different colors of the test results and

the compact lay-out of the result sheet. Complementary tests were

suggested by the APILAB Computer Program in 6 profiles but results of

these tests did not allow more acceptable identification profiles.

Discussion

Strains belonging to the "S.AmV/eri" group are notoriously difficult to

recognize (9). In addition, they seemed to be refractory to classification

until they were allocated into three redefined species (12). Together with

other newly described species within the viridans streptococci (1), they

await reliable phenotypic tests for identification in the clinical laboratory.

The Rapid ID 32 Strep system claims to identify the redefined S.a/zg/no-

ms, 5.co«5/e//a/'u^ and S. mférmerf/w.s (4). We challenged the system with

a collection of heterogeneous clinical strains and compared it to the

reference identification method. Commercial kits designed for

identification of streptococci tend to agree moderately when strains

belonging to the "&m///er/" group are tested (6,8). The two identification

systems used by us have in common only three reactions (/3-glucosidase,

i8-galactosidase and /V-acetyl-j3-D-glucosaminidase) and it is known that

glycosidase activities detected with different reagents may not necessarily

agree (1). In addition, it is possible that electronic reading (e.g., with the

ATB 1520 reader) would generate fewer doubtful profiles than visual

reading.

Taking these limitations into account, we feel that both systems agreed

reasonably well. Overall agreement within the good, very good or
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excellent identifications of the Rapid ID 32 Strep system was 56.4%, and

this value increased to 70.8% when doubtful profiles were included for

comparison. The highest agreement was reached with S.angmomy

(71.7%; with inclusion of doubtful profiles, 82%). We did not find any

test in the Rapid ID 32 Strep system for which a change in the test result

could have augmented the number of acceptable identifications or the

level of agreement with the scheme of Whiley et al.(ll). Discrepancies

occurred most frequently with iS.mterme^/ws, 10/51 strains of this species

being allocated to S.flAzg/floms' by the Rapid ID 32 Strep system. This is

remarkable because S. mtermed/u.y can be clearly delineated in the

fluorogenic system due to its production of multiple glycosidases, of

which sialidase might be related to pathogenicity (7).

"Other profiles" in Table 3 represent doubtful or unacceptable profiles

referring to identifications limited to the genus .S7re/?tococcus or related

genera. An exception within these profiles were those coding for good or

very good identification of Lac/ococaw /ac/fs/cre/nom (n, 9). These

profiles represent poorly reactive strains in the Rapid ID 32 system. Five

of these strains carried Lancefield group F, the other strains were non-

groupable. It is possible that revision of the traditional inclusion criteria

for "5.Aw7/m" can further elucidate this problem.
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Abstract
A collection of 399 "SYreptococcws mi'/feri" strains

was identified to the species level in a line blot assay:

PCR amplified 16S ribosomal RNA gene was

hybridized with species-specific 5'biotinylated

oligonucleotide probes homologous to the 213-231

base region of the 16S rRNA gene sequences of the

type strains S/reptococcws angmavw.? ATCC 33397,

5rre/?/oroccw.v co/i.vre//ams ATCC 27823 and

SfreptocflccM.v /n^rmet/Zw.v ATCC 27335. The

hybridization results were compared with the

reference phenotypic identification (R.A.Whiley,

H.Fraser, J.M.Hardie and D.Beighton,

J.Clin.Microbiol.28: 1497-1501, 1990). Most strains

(357/399, 89.5%) reacted unambiguously with only

one probe. However, 42/399 (10.5%) strains reacted

with both the S. cw?sfó//afws and 5. m

specific probes, 41 of them were phenotypically

identified as 5. owste/foto. These dually reactive

strains hybridized with a 5'biotinylated probe based

on the 213-231 base region of the 16S rRNA gene

sequence of one of them. Analysis of the 5' end of

the 16S rRNA gene sequence (487 bp) demonstrated

that the dual reactive strains represent a distinct rRNA

population sharing 98.1% sequence similarity with

5. omvte/toMS. Phenotypic consistency between the

dual reactive strains and the S. con.ste//a/ws strains

was not demonstrated. Line blot hybridization proved

to be a simple and inexpensive method to screen large

numbers of strains for genetic relatedness, and

allowed detection of a distinct 16S rRNA type within

the "5. m/i/en " group.

(57



Introduction
In contrast to other viridans species, organisms

belonging to the "SrreptococcMS /n///er/" group are

notable as agents of purulent infections (5). They are

difficult to recognize because they exhibit

heterogeneous biochemical, hemolytic and serologic

characteristics (10,12). Moreover, two classification

schemes - one European and one American -

coexisted from 1977 to 1987, and added to the

difficulties concerning the identification and the

nomenclature of these organisms. On the basis of

DNA-DNA reassociation studies, Whiley and

coworkers (18) divided the "5. m/Weri" group into

three distinct species (S. angmosws, S. cons/e/tous

and 5. mtermeJ/Ms). The phylogenetic validity of the

current taxonomy has been confirmed by

comparisons of rRNA gene restriction patterns (4)

and of 16S rRNA sequences (1). However, within

the 5. mi/Zeri group, distinct rRNA populations (2)

have been recognized. Phenotypic differentiation of

the three species is performed by detection of

glycosidase activities using fluorogenic substrates

(17).

Nucleotide sequences found in the 16S ribosomal

RNA gene yield valuable information on the

phylogenetic interrelationships of microorganisms

(19), and can be studied by the use of DNA

amplification technology (15). In a preliminary study,

we hybridized the PCR products of the 16S ribosomal

RNA gene of small numbers of "5. m///en'" strains

with species-specific oligonucleotide probes. During

that study, we found that a few strains hybridized

with both the probe specific for the 5.

species and the probe specific for the 5. m

species. Because we recently collected a large number

of clinical "5. m///eri" strains, we wanted to study

the prevalence of these dually reactive strains, their

phylogenetic interrelationships and their phenotypic

properties.

Materials and Methods

The streptococci studied were recovered during the

period July 1991 - October 1995 from clinical

specimens submitted for culture at the

microbiological laboratory of the University Hospital

of Maastricht. Streptococci were included in the study

if they were identified as "SYreptococcws m;7feri" by

the API 20 Strep system supplied with the data base

4.0 (bioMérieux, Marcy-l'Etoile, France). Hemolysis

was assessed by observation of the subsurface growth

in stabbed sheep blood agar plates (12). Lancefield

grouping was performed on all isolates (Streptex,

Murex Diagnostics, Dartford, U.K.). The isolates

were stored at -70 C on porous beads in

cryopreservative (Microbank, Pro-Lab Diagnostics,

Richmond Hill, Canada). Assignment of strains to

either 5. angmo.s«.s, 5. corcste/toMS or 5.

was determined by the scheme of Whiley and

coworkers (16). Briefly, strains were tested for a

panel of seven glycosidase reactions using 4-methyl-

umbelliferyl-linked fluorogenic substrates (Sigma,

St.Louis, M.O., U.S.A.) in flat-bottomed microtiter

plates, and for the production of hyaluronidase

(Sigma) in a plate assay. Strains that were

phenotypically identified as 5. mtermed/ws (n = 63)

were all included in the study, the 5. angmo.ras' (n =

200) and 5. corcste/Zatas (n = 136) strains were

randomly selected from the entire collection

recovered during the study period (approximately 700

strains). Strains were assigned to broad anatomic and

clinical categories as previously described (5). One

strain per species per patient was included, unless



the strains differed in hemolytic pattern or Lancefield

group or unless they were recovered from distinct

body sites. Reference strains were the type strains S.

a/igmasMs: ATCC 33397, 5. co/wte//a/M.Y: ATCC

27823 and 5. /nte/wd/ws: ATCC 27335.

PC7? amp/t/ïcarion

The isolates were retrieved on blood agar base

(Oxoid, Basingstoke, U.K.) supplemented with sheep

blood 5% v/v, checked for purity and streaked on

secondary plates. The cells were removed from the

plates and transferred to a microcentrifuge tube. They

were spun twice, first in a 100 |il volume and

subsequently in a 900 |ll volume of 10 mM Tris/

150 mM NaCl buffer pH 8.0. The supernatant was

discarded, and the cells were resuspended in 100 jul

TE buffer (10 mM Tris HC1/ 1 mM EDTA buffer pH

8.0) and heated at 99"C for 10 min.

Primers based on the highly conserved regions of the

eubacterial 16S rRNA gene were used to amplify the

5' end of the 16S rRNA gene sequence. These primers

correspond to residues 8 - 27 (primer 16S1F) and

575-556 (16S1 RR) of the Esc/ié?ric/Hfl co//16S rRNA

gene sequence (3) (Table 1). Amplification was done

in 25 (j.1 reaction volumes, in an OmniGene Thermal

Cycler (Hybaid, Teddington, U.K.). Each sample

contained 1 pmol of both primers, 0.25 units of super

Tth DNA polymerase (HT Biotechnology,

Cambridge, U.K.) and standard amounts of

amplification reagents (200 (iM [each]

deoxynucleoside triphosphate, 50 mM Tris-HCl [pH

9.0], 50 mM KC1, 1.5 mM MgCl,, 0.01% gelatin,

0.1 % Triton X-100). A 25 u.1 overlay of sterile mineral

oil was added to the tubes. The PCR program used

was 3 min at 95°C, followed by 25 cycles of

amplification that consisted of 20 sec at 95°C, 30 sec

at 55"C, and 30 sec at 72"C.

Table 1. Oligonucleotide sequences of primers and probes used in PCR, sequencing and line blot hybridization.

Designation

16S1F

16S1RR

SA

SC

SI

SCI

Target

Eubacterial !6SrRNA

Eubacterial 16SrRNA

S. anginosus 16S rRNA

S.constellatusI6SrRNA

S. intermedius 16SrRNA

CI strain 16S rRNA

Nucleotide sequence

TGTAAAACGACGGCCAGTAGAGTTTGATC(A/C)TGG(T/C)TCAG

CAGGAAACAGCTATGACCCTTTACGCCCA(A/G)T(G/A)A(A/T)TC

ATGCAATTGCATCGCTAGT

GTGCAAGAGCATCACTACC

GTGCAAATGCATCACTACC

GTGCAAAAGCATCACTACC

Position on the

16S rRNA gene

8-27

575-556

213-231

213-231

213-231

213-231

Reference

3

3

This study

This study

This study

This study

Wor /ryèr/üf/zütf/on o/PC/? proofw

Hybridization was performed in a line blot assay

based on the reverse line blot assay described by

Kaufhold and coworkers (7). Species-specific 5'

biotinylated oligonucleotide probes were designed

homologous to the 213-231 base region of the 16S

rRNA gene of the ATCC type strains 5. ang/nosws, S.

ws and 5. mrermef//«5' respectively and a

probe was designed based on the 213-231 region 16S

rRNA sequence of a dually reactive strain (Table 1).

A volume of 300 (ll of 2 x SSPE (360 mM NaCl, 20

mM Na^HPO/Hp, 2 mM EDTA) was added to the

amplification products. After a 5 min denaturation

step at 99°C, the mixtures were immediately placed

on ice and 140 |J.1 of each sample was loaded into a

separate channel of a Miniblotter 45 (Immunetics,
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Cambridge, M.A., U.S.A.), in which device a nylon

membrane (Hybond-N+, Amersham, 's-

Hertogenbosch, The Netherlands) was mounted.

After a 10 min incubation at room temperature, the

samples were removed by aspiration and the

membrane was taken from the Miniblotter. The PCR

products (43 samples in separate lanes on one single

membrane) were fixed by placing the membrane for

5 min on a pad of adsorbent filter paper soaked in

0.4MNaOH.

The membrane containing PCR products was washed

twice at 50°C for 10 min in 150 ml of 2 x SSPE and

0.5% SDS and then placed again in the Miniblotter,

rotated 90 degrees from its original orientation

(Figure 1). The oligonucleotide probes were diluted

in 2x SSPE and 0.1 % SDS to a concentration of 0.02

pmol/1 and a volume of 140 |il of these suspensions

was injected in separate channels of the Miniblotter.

Hybridization was done in the Miniblotter for 45 min

at 50"C, after which the channels were emptied by

aspiration. The membrane was removed from the

Miniblotter and subjected to two 10-min washing

steps at either 50°C or 56"C with 150 ml of 2x SSPE

and 0.5% SDS. Subsequently, the membranes were

incubated -with 1:4000 diluted streptavidin-

peroxidase conjugate (Boehringer Mannheim,

Mannheim, Germany) for 45 min at 42°C in 10 ml of

2x SSPE and 0.5% SDS and then washed twice (10

min each) with 150 ml of 2x SSPE and 0.5% SDS at

42"C. After a final 5-min wash step with 2 x SSPE,

the membranes were incubated with ECL detection

reagents (Amersham) for 1 min and used to expose

an ECL hyperfilm (Amersham) for 5 min to visualize

hybridization.

^

Apply PCR products in an
array using a Miniblotter

PCR products are bound in
line pattern on membrane

I

Rotate membrane 90°, apply
biotin-labeled oligo probes and
hybridize

Incubate with peroxidase
-labeled streptavidin and
substrate and expose X-ray
film

F/gare 7. Dz'agram <?ƒ me essenf/a/ /ea/Mras 6>/me /me
For s/mp/zczYy, on/y 9 o/45 c/ia«ne/5 are

/zy/3r/ufea/vY.w away.



Determination and analysis of 16S rRNA gene

sequence

The partial sequences of the 16S rRNA gene of

various "5. /m7/en " strains were determined by direct

sequencing of the PCR products obtained by

amplification with the broad host range primers

16S IF and 16S1RR (3). Briefly, PCR fragments were

separated on agarose gel, cut out of the gel and

purified by the QIAquick PCR purification kit

(Qiagen, Hilden, Germany) according to the

manufacturer's instructions. The PCR products were

sequenced directly using the fluorescent dye

terminator cycling sequencing system (Applied

Biosystems/Perkin-Elmer, Gouda, The Netherlands).

The primers used for sequencing were the primers

16S1F and 16S1RR. The sequencing data were

compared with all other known DNA sequences in

the EMBL nucleotide sequence data base (release 37)

using the Fast A DNA comparison program (9).

Multiple alignment and construction of the

phylogenetic tree was performed using the megalign

module of the DNAStar program (DNAStar,

Madison, Wisconsin, U.S.A.).

Reproducibility of the species identifications was

assessed by testing 20 strains on three consecutive

days. When strains gave discrepant results in the two

identification methods, they were retested by both

the phenotypic identification and the line blot

hybridization. For statistical evaluation, proportions

were compared by means of the chi-square test.

Results

Three hundred and ninety nine strains were included

in this study. Both the phenotypic identification

method and the line blot hybridization assay proved

to be reproducible. When tested with the method of

Whiley and coworkers (16), 350/399 (87.7%) strains

fit the identification exactly or differed in only one

test reaction from the reference identification scheme.

Thirty nine (9.8%) and 10 (2.5%) strains differed in

two respectively three test results from the scheme.

They were designated as 5. ang/nosws (n = 6), 5.

conste/tato (n = 32) and S. mfórmeJ/«5 (n = 11).

When hybridized with the oligonucleotide probes

specific for 5. angmasMS, 5. conste/tow* and 5.

mtermed/MS in the line blot assay, the majority (357/

399, 89.5%) of the strains displayed an unequivocal

signal with one of the three oligonucleotide probes,

but the remaining strains (42/399, 10.5%) gave faint

signals with both the 5. con.ste//arw.v and the 5.

mtermedms specific probes, these dually reactive

strains will be referred to as CI strains (Figure 2A).

Table 2 lists the results of the two identification

methods, matched with each other. Most strains (22/

32, 68.8%) that displayed discrepant results when

tested by the two identification schemes belonged to

the 5. consteZ/afMs species as identified by the

phenotypic scheme, and were identified by line blot

hybridization as 5. /«termeüf/ws. Fourteen of the 32

strains that displayed discrepant results differed in

more than one test reaction from the reference

phenotypic profile as described by Whiley and

coworkers (16) (p < 0.001).

7/



Table2. Species identification within the "S. m/7/en" strains: comparison of phenotypic identification (according reference No. 17)

and identification obtained by line blot hybridization of 16S ribosomai RNA gene with species-specific oligonucleotide probes.

Identification obtained by 16S ribosomai RNA gene line blot hybridization.

S. ang/nosus S. consfe//aftvs Cl strains* S. /ntermed/us Total

Phenotypic identification

Sang/nosus 199 200

S.conste//afus 73 41 22 136

S./nfermed/us 53 63

Total 201 81 42 75 399

' Cl strains: strains that hybridized with both S. consfe//afus and S. /nfermed/us specific probes.

SA SC SI SA SC SI

• « « *

SCI

B.

paffórrcs o/r/ze PC7? prodwcte o//7?<? "5. m///er/"
/o r S. aMgz'nosMS (&4), S. con5?e//arM5 (5Cj, 5.

o/50"C

S. ang/nosus ATCC 33397
S. mtemjetf/us ATCC 27335
S. conste/Vafus ATCC 27823

2
3
4
5
6
7
8
9

10
11
12
13
14
15-"

Clinical S. m/7/en isolates

//ze ^MaZ/y reacr/vé' C/

"C (ƒ*"#. 2 5 j .
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76S r7?/V/4 gene .vegwence ana/ym o/7>C7? prod

/jyèr/J/za^'on vv/r/z ?/ze SC7 probe

In order to further study the nature of the dually

reactivity CI strains, the 5' end of the 16S rRNA gene

sequences (487 bp) of three CI strains (strain 259,

268 and 372) were determined. These three sequences

were shown to be identical. Comparison with the S.

fl«gmo5M5, S. cwzsfó//a/MS and 5. mtermed/ws 16S

rRNA gene sequences present in the EMBL and

GenBank databases revealed that the CI strains were

closely related to 5. con f̂ó/Za/M .̂ However, the 16S

rRNA sequences of 5. ang/nosas, 5. conste/toa* and

5. mfórmerf/M.y in the EMBL and GenBank contained

too many ambiguous bases, making accurate

comparison difficult. Therefore, we also sequenced

the 5' end of the 16S rRNA gene of the three ATCC

strains and those of a randomly picked 5. arcg/nosws,

S. consfó//a/ws and 5. znrerraed/w.s strain present in

our collection and identified as such by both

genotypic and phenotypic methods.

Multiple alignment and the construction of a

phylogenetic tree were performed and showed that

the CI strains were indeed closely related to 5.

consre/Varws, differing in only 4 bases of the 487 bp

sequenced. A phylogenetic tree sequence similarity,

the genetic distances and part of the 16S rRNA gene

sequences are shown in figure 3.

A 5'biotinylated probe SCI homologous to the 213 -

231 base region of the 16S rRNA gene sequence of

the three dually reactive CI strains was designed. PCR

products of the CI strains (n = 36) and of the three

"5. m('l/en" species (n = 20 for each species) were

hybridized with this newly designed probe and the

species-specific probes. All samples gave

unequivocal signals restricted to their corresponding

probe when the post-hybridization washing

temperature was increased to 56°C (Fig. 2B).

7.6-

S. ang/nosus
• S. conste//a(us

CI strain
S /nfermed/us

S. bows
S.sangu/s

B

Percent Similarity

1

2

3

4

5

6

1

1.9

B.4

0.8

7.5

8.1

1

2

97,1

6.B

2.3

a.•)

8.6

2

3

90.1

92.8

9.1

8.0

10.1

3

4

98,1

97.7

90.5

8.3

8. a

4

5

88.S

87.9

88.5

885

5.8

5

6

83.3

83.1

81.0

82.6

88.3

6

1

2

3

4

5

6

S.

S. /

S. angmosus

CI strain

S. bows

S. sangu/s

ACTGCATGGTAGATGTTTAAAAG 3TGCAAGAGCATCACTACCAGATGGACCTGC S. consfe/fatos

. A C A . . . T C . . G

. A . .

.AT.
TT G. ,.GT

CI strain
S. (nfermed/us
S angmosus

3. Gener/c

JA.

3C.

5. aMgmosw.9, 5. 5. /«rermed/ws and r/ze dz/a/7y reacr/ve
C/ s?ram.s based o« r/ze part/a/ jegwence o/7/ze 76S rz'bosoma/ 7?M4 gene
f/nroo/eJ /?n;y/ogene?/c /ree snow/ng rne /nrerre/a//on5n//?s herween 5.
S. /n/ermed/MS, rne d«a//j reacf/'ve C/ srra/ns and retoed ?axa.
Leve/s <?ƒ 76S 7?M4 seawercce re/aredness o/ S. ang/no^M ,̂ 5. con.ste//afws, S.
reac/y've C7 s/*ra/n5 and re/az*ed toxa.
/l//gnnienr o/ rne parr/a/ 765 r/bosoma/ 7?Â 4 seawences qf S.
/n/ermed/M* and rne d«a//y reac//ve C7 s/ra/ns wn/cn w/// i»e ava//ab/e /n
wnder acce^/on nwm&eri- Z690J8, Z6904/, Z69040, and Z690J7,

f 487
, S.

S. con5fó//arM5, 5.
M5L and Genfian^;
. Tne boxed reg/on

/nd/cared rne 27i-2J7 £>/? .segmenr on wn/cn rne s/jec/es-.syjed/ic- o//gonMt7eor/de probes were ba^ed.



C7 scrams - /

The Cl strains closely resembled the 5.

species. Twenty seven out of 42 strains (64.3%) were

B-hemolytic. They belonged to Lancefield groups F

(n = 18) or C (n = 2) or were non-groupable (n = 22).

Physiological characteristics of the CI strains, as

determined by the API 20 Strep system were as

follows: all 42 strains gave positive reactions for

production of acetoin, alkaline phosphatase, and

leucine arylamidase. All of the isolates were negative

for hydrolysis of hippurate, production of

pyrrolidonyl arylamidase, a-galactosidase, B-

galactosidase, B-glucuronidase, and acidification of

ribose, arabinose, mannitol, sorbitol, inulin and

glycogen. Table 3 shows the results of API 20 Strep

tests for which variable reactions were observed and

the results for tests included in the scheme of Whiley

and coworkers. The CI strains were assigned to API

biotype 1 (n = 29) or biotype 2 (n = 12), only one

strain was assigned to biotype 3. No single phenotypic

characteristic, nor any combination of characteristics

was found to be predictive for the CI strains. The CI

strains shared anatomic distribution and clinical

significance with the 5. coaste/Zato strains, with 22/

42 (52.3%) of the CI strains recovered from infection-

or abscess-related samples, and a proportionally high

number of CI strains recovered from the thorax (n =

9) and head and neck (n = 8) area.

Table 3. Variable phenotypic characteristics of the dually reactive CI strains (n = 42)

Test Number of strains positive (%)

Test characteristics determined by the API 20 Strep system

Hydrolysis of esculin

Arginine dihydrolase

Acidification of lactose

Acidification of trehalose

Acidification of raffinose

Acidification of starch

23 (54.8)

38 (90.5)

14 (33.3)

35 (83.3)

1 (2.4)

1 (2-4)

Test characteristics determined by the scheme of Whiley ef a/, (reference No 16)

(3-D-fucosidase • . . 0

A/-acetyl-P-D-glucosaminidase 3 (7.1) .

A/-acetyl-3-D-galactosaminidase 1 (2.4)

sialidase 3 (7.1) •

(3-galactosidase ..., . 7(16.7)

p-glucosidase • , . . . . . . • • 2 (4.8)

a-glucosidase ,/ . 37(88.0)

hyaluronidase 41 (97.6)



Discussion
In this study, we identified 399 clinical "5.

strains to the species level by phenotypic tests and

by 16S rRNA gene hybridization with species-

specific oligonucleotide probes in a line blot

hybridization assay. In the initial experiments, we

used oligonucleotide probes specific for the 16S

rRNA gene sequences of 5". angmosMs, 5. corcsfó/tows

and 5. /wfórmerf/WiV. A relative high number of strains

reacted with both the 5. consr<?//afws and the S.

mtórmeüf/MJ probe. Analysis of the 16S rRNA gene

of three of these dually reactive CI strains revealed

minor differences with the 16S rRNA sequence of 5.

co«ste//ata.s. Subsequently, an oligonucleotide probe

specific for this subset of strains was developed and

used in a slightly modified line blot assay.

Hybridization reactions resulted in the unequivocal

genotypic identification of all strains studied.

Phenotypic consistency of the CI strains was not

demonstrated.

The CI strains represented nearly one third (41/ 136,

30.1%) of the phenotypically identified 5.

conste/tous strains. Their hybridization pattern (faint

signal with both 5. cowste/ZafMS and 5. mtermeüf/ws

specific probes and uniform reaction with the probe

designed to the CI strain) argued their inclusion in a

single genetic group. Comparison of the partial 16S

rRNA gene sequence (487 bp) of the three 5. m;7feri

species and the CI strains revealed that the dually

reactive CI strains and the 5. 6Yw.y/W/a/w.y species

displayed a sequence similarity of 98.1 %.

At such a high level of 16S rRNA gene sequence

similarity, DNA-DNA reassociation studies are

needed to decide whether the CI strains represent a

distinct species or not (14).

The anatomic distribution and clinical significance

as well as the phenotypic profile of the CI strains

confirmed the close relatedness with S. con t̂ó/Zarw .̂

These findings actually do not support the existence

of a distinct species. However, the phenotypic

reference system is based on tests for only eight

enzyme activities and most 5. cons/e//afw.s strains are

known to display positive reactions for only two of

them (a-glucosidase and hyaluronidase) (17):

increasing the number of enzyme activities tested for

may demonstrate more subtle phenotypic differences

among the strains studied. The biochemical gallery

of the API 20 Strep system was originally tailored to

the American classification scheme and does not

include appropriate tests to differentiate the three

currently described "5. m///en" species (7). More

expanded tests galleries such as the Rapid ID 32 Strep

system may be used for further screening of

biochemical markers. In addition, a more detailed

clinical study might reveal minor but significant

differences between the clinical pictures associated

with the CI strains and those associated with the 5.

strains.

Apart from the dually reactive CI strains, both the

phenotypic and the genotypic identifications agreed

well. The relative high proportion of 5. corcste/tows

strains that showed atypical tests results in the

phenotypic identification scheme suggests a possible

heterogeneity within this species. At present, we did

not attempt to characterize the genetic and phenotypic

properties of the 22 strains that were identified as 5.

by the phenotypic method and as 5.

m.y by the line blot assay. Close relatedness

between 5. co/wteZ/atas and 5. /ntermed/us has been

observed in DNA-DNA reassociation studies (16) and

in 16S rRNA gene sequence analysis (1). In this study,

the use of the line blot hybridization assay enabled

us to hybridize PCR samples originating from 43

different strains against 4 species-specific probes on

a single membrane. Reverse line blot hybridization

may be an even more labor-friendly and economical

alternative (8). In the latter assay, probes are first

fixed to the membranes and 5'biotinylated PCR

products are added thereafter: the membranes with
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the fixed probes can be reused at least twenty times.

In addition, this assay seems a promising technique

to detect and differentiate amplified rRNA gene of

fastidious growing organisms directly from clinical

or environmental samples (11).

In summary, we identified a distinct 16S rRNA

population within the "5. m///<?r/" group that

encompassed strains closely related to S.

and represented one third of the phenotypically

identified 5. conste/tows strains. In the present series,

phenotypic consistency of these strains was not

demonstrated. DNA-DNA reassociation studies are

needed to confirm the taxonomie position of this

rRNA population. Further investigations are needed

to devise a rapid phenotypic identification scheme

and to define the clinical significance of these strains.
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A collection of 518 'Sfreptococcus m/7/erf strains
was tested for the presence of hydrolytic enzymes,
and the results were related to the clinical signifi-
cance of the strains. Ribonuclease activity was
equally distributed among the three species while
hyaluronidase activity was linked to Streptococcus
/nfermed/us and Sfrepfococcus conste//afus. Both
enzymes were not significantly associated with in-
fection-related strains. Deoxyribonuclease and
chondroitin sulfatase activity tended to be present
more frequently in S/repfococcus /ntermeoïus and
Sfrepfococcus conste//afus and was associated
with infection-related strains (p < 0.001).

Strains belonging to the 'Sfreprococras
group have a tendency to cause abscess formation
(1). Three newly defined species have been de-
scribed - 5fre/?fococcu.9 ang/nosHS, 5rrep?ococcj«
coHite/Vflftw and Sfre/jfococcMS /«re/wed/MS (2) -
the pathogenic mechanisms of which remain un-
clear (1). Hydrolytic enzymes are generally con-
sidered to be potential virulence factors (3), and
some of them have been demonstrated in the
'Sr/^prococcus ra/7/m" group (3-9). However,
most of these studies predated current taxonomy
and made no distinction between the currently
recognized species. Moreover, only one study
evaluated the correlation between the enzyme ac-
tivity tested for and the clinical significance of the
strains investigated (9). As we were interested in
the pathogenic potential of these organisms, we
screened a collection of 'Srrepfococcitf /n//7m'
group strains for the production of hydrolytic
enzymes. We looked for correlations between
enzyme activity on one hand and species and
clinical significance on the other.

Mfl/m'a/s anrf Mef/ioofs. Five hundred and eight-
een strains were consecutively recovered over a
three-year period (July 1991-June 1994) from
clinical specimens submitted for culture. Strains
were selected irrespective of their hemolytic ac-
tivity and identified as 'Srreptocotrw.v m/Z/en" with
the API 20 Strep system (bioMérieux, France).
They were stored at -70°C. Species identification
was performed using the methods of Whiley et al.
(10). According to CDC definitions (11), strains
were considered infection related on the basis of
the opinion of the clinician treating the patient. If
clinical evidence was not conclusive or if the cul-
ture specimen might have been contaminated by
saprophytic flora, the strain was categorized as
being of questionable clinical significance.

The panel of enzymes included chondroitin sulfa-
tase, hyaluronidase, deoxyribonuclease (DNase)
and ribonuclease (RNase). Unless otherwise
stated, media were purchased from Oxoid, UK.
Chondroitin sulfatase and hyaluronidase were as-
sayed according to Smith and Willett (12) with
biochemicals (chondroitin sulfate A from bovine
trachea, bovine albumin fraction V, and hy-
aluronic acid from bovine trachea) obtained from
Sigma, USA. For the DNase test, DNase agar
supplemented with brain heart infusion (BHI)
broth was used. RNase activity was tested with
BHI agar to which yeast RNA (Boehringer
Mannheim, Germany) was added (6). Strains
were retrieved on blood agar base supplemented
with 5 % v/v sheep blood. After overnight in-
cubation, they were transferred to Todd-Hewitt
broth and incubated for 4 h at 35°C. From these
suspensions, the substrate plates were inoculated
with 10^ cfu/spot via a multipoint inoculator
(Denley, UK). They were incubated at 35°C in the
presence of 5 % CO2 and read after 48 h. All reac-
tions were developed and read according to the
cited investigations, and the recommended con-
trol strains were used. Proportions were com-
pared with the chi-square test.

Department of Medical Microbiology, University Hospital
of Maastricht. PO Box 5800, 6202 AZ Maastricht. The
Netherlands.

a«</D«cui'47on. Table 1 lists the distribu-
tion of the enzymes among the clinical categories
and the three species. S/repfococcMS wifermedtMS
was proportionally the species most frequently
related to infection (p < 0.001). RNase activity
was equally distributed among the species and the
clinical categories, making a pathogenic role for
this enzyme unlikely.

Hyaluronidase activity was more strongly linked
to SfreptococcMs //iter/ne*/«« and Sfreprococcw^
cewfe/taws (p < 0.001), in agreement with the
findings of Whiley et al. (10), who noted the tax-
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Table 1 : Enzyme activity related to species and clinical significance of the strains.

. . • ' . •

Infection related
S. ang/nosus

' S. consfe//aftvs
S./n/ermecy/us - '

, T o t a l ;•. -

Questionable clinical significance
S. ang/nosus
S. co/7sfe//aftjs

_ S. /ntermed/us
Total

Both clinical categories
S. ang/nosus
S. consfe//aftjs
S. /ntermed/i/s
Total

No. of
strains

163
82
44

289

144
75
10

229

307
157
54

518

DNase

Positive

117
48
38

203

77
43

4
124

194
91
42

327

Negative

46
34
6

86

67
32
6

105

113
66
12

191

RNase

Positive

90
30
36

156

84
33
2

119

174
63
38

275

Negative

73
52
8

133

60
42
8

110

133
94
16

243

Hyaluronidase

Positive

11
80
42

133

14
71
8

93

25
151
50

226

Negative

152
2
2

156

130
4
2

136

282
6
4

292

Chondroitin
sulfatase

Positive

1
3

32
36

0
1
2
3

1
4

34
39

Negative

162
79
12

253

144
74
8

226

306
153
20

479

onomic value of this enzyme. Hyaluronidase ac-
tivity has been reported to occur mainly in p-
hemolytic 'Srr<?/?tococcas m«7/en' group strains (4,
9); in the present study the association between
hyaluronidase production and P-hemolysis
(p < 0.001, data not shown) was related to the
high proportion of Sfrepfococatf co«.«e//öta.s
among the p-hemolytic strains. Furthermore, we
found no associations between hyaluronidase ac-
tivity and clinical significance. This suggests that
hyaluronidase activity represents a copheno-
menon associated with Srreprococaw /«rerme^/wi
and 5fre/?rococcMA- co«.«e//orz/.v rather than a
pathogenic factor on its own. Unsworth et al. (9)
noted a correlation between hyaluronidase activ-
ity and abscess-related strains. In addition, it was
demonstrated that strains from dental plaque and
from abscesses both produced the same serotype
of this enzyme, which suggested an oral origin for
abscess-related strains (P.F. Unsworth et al., Pro-
ceedings of the Pathological Society of Great Bri-
tain and Ireland, 1980, Abstract no. 31). In that
study, the aforementioned strains were not iden-
tified to species level, but their characteristics and
origin (dental plaque and brain and liver ab-
scesses) correspond to those of S/rep/ococcMs m-
re/werf/Ms; the reported correlation might be due
to the preponderance of S/reptococcws m/erme-

strains in their collection.

DNase and chondroitin sulfatase activity were
mostly found in 5rreprococc/<5 C0rtsïe//flta.y and
Sfreptococcws mtermed/MS, and the association of
SjA-ep/ococcus mrer/ned/itf with chondroitin sul-
fatase was statistically significant (p < 0.001). In-

fection-related strains demonstrated DNase and
chondroitin sulfatase activity more frequently
(p < 0. 001). Strains that possessed both types of
activity were found exclusively among 5/rep/o-
COCC7W /ftfe/Tned/MA'; the majority of them (31/33,
93.9 %) were infection related. DNase activity
has been reported in 52 of 69 'Sfreptococcw.s'
m///m' group strains (5). In a previous report,
chondroitin sulfatase activity was only demon-
strated in S/reptococcas /nter/nerf/us (10).

The present data provide indirect evidence for
the pathogenic potential of DNase and chon-
droitin sulfatase activity among the '5f/"e/?fococ-
CWJ m/7/e/r group in general and Sfreptococa/s /«-
/ermed/RS in particular. The present observations
may aid in directing further investigations on the
pathogenic properties of the
m/7/erf group.
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In-vitro antimicrobial susceptibility of the '5ïre/tfoc0cci/,s wiV/m' group
and

Jan A. Jacobs* and Ellen E. Stobberingh

, P.O.

A collection of 423 clinical 'S//r/?/0coccw.y m»7/m" strains was speciated and tested
for susceptibilities to twelve antibiotics. Only 1.4% of the strains were of intermediate
susceptibility to penicillin. None of the strains exhibited high-level resistance to
gentamicin. Strains resistant to erythromycin, roxithromycin and clindamycin were
found with a frequency of 2.6%, 2.4% and 2.4% respectively. Doxycycline resistance
was found in 5.7% of the strains and occurred most frequently in S/re/?/ococcwj
0/jg/no.sw.ï. All the strains were susceptible to cefotaxime, vancomycin and
teicoplanin. The results of this study do not indicate changing antibiotic resistance
in strains of the ' 5 . m///en" group, but local differences in antibiotic susceptibilities
may occur.

Introduction

Strains belonging to the '5?/"?p/oc'occi« w/V/m" group are distinct among the viridans
streptococci because of their tendency to cause suppurative infections (Gossling, 1988).
At present, three newly defined species are recognised: S/reprocotrus ««gwo.s'w.s',
SVré'ptococc'M.s co/M/e/Zatas and Sïré'/'tococrw.s w/erwÉ'̂ 'w^ (Whiley & Beighton, 1991).
Strains belonging to the 'S. JW7/OT' group are considered uniformly susceptible to the
antibiotics usually employed for streptococcal infections (Gossling, 1988). However,
anecdotal reports (Quinn e? «/., 1988) as well as studies on strain collections
(Gómez-Garcés, Alós & Cogollos, 1994) have demonstrated the presence of resistant
strains. Moreover, an increasing antimicrobial resistance among viridans streptococci
has been noted (Potgieter er a/., 1992). Apart from one study (Gómez-Garcés e/ a/.,
1994), all studies on antibiotic susceptibility of the '5\ m///m' group were done before
1990 and pre-dated current taxonomy.

For these reasons, we were interested in the current susceptibility patterns of the '5 .
m/7/en' group in general and in the differences in susceptibilities between the three
species in particular. We retrospectively identified a collection of clinical ' 5 . m/7/erf
isolates to the species level and determined susceptibilities to a range of antibiotics in
current use. ^

*Phonc: +31-43-3874644; Fax: +31-43-3876643 ' ^ ' '' '
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Methods

The isolates were recovered over a three-year period (July 1991-June 1994) from clinical
specimens received by the microbiology laboratory of the University Hospital of
Maastricht. Four hundred and twenty three isolates were collected, 224 (53.0%) of
which were infection-related and the remaining 199 (47.0%) were considered of
questionable clinical significance. The isolates were recovered from the abdominal cavity
(« = 118), the urogenital tract (105), head and neck area (56), the thoracic cavity
including the respiratory tract (74), the skin and soft tissues (42), and the blood (28).
They were stored at — 70"C on porous beads in cryopreservative (Microbank, Pro-Lab
Diagnostics, Richmond Hill, Ontario, Canada). Before inclusion in the study, their
identification was confirmed with the API 20 Strep system supplied with the data base
4.0 (API System, bioMérieux, Marcy-rEtoile, France). Isolates were identified as
S\ arcgwosus, S. co/wte/Zö/Ms or S. m/ermÉ-d/w.? using the scheme described by Whiley
e? a/. (1990).

Antimicrobial susceptibility tests were carried out by the agar dilution method
(NCCLS, 1994) on Mueller-Hinton agar (Oxoid, Basingstoke, UK) supplemented
with 5% (vol/vol) sheep blood and containing doubling dilutions of the different
antibiotics. The antibiotics were obtained as standard reference powders of defined
potency from their respective manufacturers in The Netherlands and included:
penicillin (Yamanouchi, Leiderdorp), amoxycillin (SmitlvKline Beecham, Rijswijk),
cefotaxime (Hoechst-Roussel, Hoevelaken), clindamycin (Upjohn, Ede), erythromycin
(Abbott, Amsterdam), roxithromycin (Roussel, Hoevelaken), doxycycline (Pfizer,
Rotterdam), gentamicin (Essex-Schering, Amstelveen), vancomycin (Eli Lilly,
Nieuwegein), teicoplanin (Yamanouchi, Leiderdorp), ciprofloxacin (Bayer, Mijdrecht),
and ofloxacin (Hoechst, Amsterdam). The plates were inoculated with 10*cfu/spot
with a multipoint inoculator and incubated in 7% CO; at 35°C for 18 h.
Control organisms were SVap/y/ococcw.? awm/s ATCC 29213 and £n?m?cc>ccMs
/aecafe ATCC 29212. The susceptibility breakpoint concentrations were as
recommended by the National Committee for Clinical Laboratory Standards (NCCLS,
1994).

• - : . • • •'•;•••• ' "-"•• • - • • • ; . • : . . ••• :•••. Results '

The MIC50, MIC90 and the MIC range of the three species for the different antibiotics
are presented in the Table.

For penicillin, 6/423 (1.4%) isolates were moderately susceptible, and were randomly
distributed among the three species. None of the isolates tested exhibited high-level
resistance (MIC >500mg/L) to gentamicin.

Overall resistance rates to macrolide antibiotics were limited to 2.6% (11 isolates)
for erythromycin and to 2.4% (ten isolates) for both clindamycin and rox-
ithromycin. Resistance was found exclusively among the isolates of S. a«g/rcavw.s
and S. cwM7é7/fl/'M.Y. Resistance to all three aforementioned antibiotics was found in
nine isolates, combined erythromycin and clindamycin resistance in another two
and combined roxithromycin and clindamycin resistance in one. Overall, 351/423
(83.0%) of the organisms studied were susceptible to doxycycline, and 24 (5.7%)
were resistant to this agent. Of the three species, S. a«g/«05w.v was most frequently
resistant.
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Discussion i

Strains belonging to the '5 . w///er/" group encompass a heterogeneous collection of
viridans streptococci. Two classification schemes coexisted from 1977 to 1987: one
British and one American. The American scheme distinguished between three species,
that were named (in the final version), 5. awg/ttosMS, 5. co/?5/e//a/w5 and 5. /'«
From 1987 to 1991, all strains were integrated into one single species, 5.
Recently, molecular techniques delineated three species (Whiley & Beighton, 1991). For
reasons of nomenclature (the principle of priority of publication), they were given the
same names as those used by the American scheme. The name 'S. m/7/érf was used by
British taxonomists, who unified all strains into one species. The name is not
legitimate but is still used because of its association with abscesses and other purulent
infections. Although surgery constitutes the cornerstone of effective treatment of such
infections, prolonged antibiotic therapy may be required (Jacobs cf a/., 1994).

Recent studies on antimicrobial susceptibilities of the \S. w/7/erf group are rare and
only one report gives details of the susceptibilities of the three species described here
(Gómez-Garcés er a/., 1994). The literature on '5 . m/TVerf up to 1988 has been reviewed
by Gossling, who noted a wide variety in the results of susceptibility determinations,
making comparisons difficult (Gossling, 1988).

In the present study, penicillin was shown to be intrinsically more active than
amoxycillin, as reported by others (Gossling, 1988; Gómez-Garcés ?? Ö/., 1994). The
number of isolates moderately susceptible to penicillin G was comparable with the data
reviewed by Gossling (1988) and to the results reported in recent studies (LePennec &
Bérardi-Grassias, 1989; Gómez-Garcés e? #/., 1994). As many life-threatening infections
due to '5 . m/7/<?rf are empirically treated with an antibiotic regimen including a /Mactam
antibiotic (Jacobs ?r a/., 1994), resistance to these agents may have serious
consequences. Quinn ?? a/. (1988) report on a fatal case of post-neurosurgical meningitis
due to a penicillin-resistant 'S. w/Z/érf strain (MIC 4 mg/L); resistance in this strain was
shown to be mediated by alterations of penicillin-binding proteins.

The MIC values for gentamicin in the present study are in line with those found
in previous studies that used comparable methodologies (Gossling, 1988). To our
knowledge, high-level resistance to aminoglycosides has not yet been demonstrated
in '5 . m/7/m'.

The susceptibilities to clindamycin, erythromycin, and roxithromycin in the present
study were similar to the data reviewed by Gossling (1988). Resistance to the
erythromycin-lincomycin-clindamycin group is transferable among the streptococci
(Horaud, Le Bouguenec & Pepper, 1985). One recent study from Spain reported
resistance rates of 14.3% and 12.8% for erythromycin and clindamycin respectively
(Gómez-Garcés e? ̂ /., 1994). Although the authors did not specify the number of
isolates that displayed combined resistance to these agents, these findings argue for
periodic review of susceptibilities and invite a study of the mechanisms responsible for
the resistance. ,,.. ,

The MIC concentrations of doxycycline for the present collection of isolates are in
line with the data compiled for the tetracycline antibiotics (Gossling, 1988). Local
differences in susceptibility are again illustrated by the above-cited Spanish report
(Gómez-Garcés ef #/., 1994), that quoted a resistance rate of 37.1% for tetracycline.
As in the present study, 5. arcg/zwrny was noted to be more frequently resistant to
tetracycline. 0 . - . , -.*,• :•..:• < > v - •-••.--
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As reported in other studies (LePennec & Berardi-Grassias, 1989; Gómez-Garcés
é-r #/., 1994), the MIC values for ciprofloxacin and ofloxacin were close to the breakpoint
susceptibility concentration.

The glycopeptide antibiotics have been shown to possess excellent in-vitro activity
(LePennec & Berardi-Grassias, 1989; Gómez-Garcés e/ a/., 1994) and the in-vitro

Table. Activity of the antibiotics tested against the three species of the '5 . m/7/m" group

J

1 \
j
1

i

Species («)/
antibiotic

S. ang/«o^M5 (« = 252)
Penicillin
Amoxycillin
Cefotaxime
Erythromycin , , . ,
Roxithromycin
Clindamycin
Doxycycline
Gentamicin
Vancomycin
Teicoplanin
Ciprofloxacin
Ofloxacin

5. conste/tous (« = 130)
Penicillin
Amoxycillin
Cefotaxime
Erythromycin
Roxithromycin
Clindamycin
Doxycycline
G e n t a m i c i n " • - . • •
Vancomycin
Teicoplanin ., .
Ciprofloxacin
Ofloxacin

5. />z/mwéY//i« (« = 41)
Penicillin
Amoxycillin
Cefotaxime
Erythromycin
Roxithromycin
Clindamycin
Doxycycline
Gentamicin
Vancomycin
Teicoplanin
Ciprofloxacin
Ofloxacin

50%

0.06
0.125
0.25
0.125
0.25
0.06
0.25

16
1
0.06
1
1

0.06
0.25
0.25
0.125
0.25
0.06
0.25

16
1

; 0.06
1
1

0.06
0.125
0.125 •
0.125
0.25
0.06
0.25

16
1
0.06
1
1

MIC (mg/L)
90%

0.06
0.25
0.25
0.25

' • 0.25
0.125
8

32
1
0.125
2
2

0.125
0.25

> • . :• 0 . 5

0.125
0.25
0.125
4

32
1
0.125
1
1

0.06
0.25
0.25
0.125
0.25
0.125
0.5

32
1
0.125
2
2

range

< 0.015-0.5
<O.06-O.5
< 0.06-1

<0.125->256
< 0.25-> 256

<0.125->256
< 0.25-32

<4-32
<0.125-l
< 0.06-0.5 '.

< 0 . 5 ^
< 0.5-4

<0.015-0.5
< 0.06-1
< 0.06-1

<0.125->256
<0.25->256
< 0.06-32
< 0.25-16

<4-32 .
<0.25-l
< 0.06-0.5

< 0.5-2
< 0.5-1

<0.015-0.25
< 0.06-0.25
< 0.06-0.5

<0.125-O.125
< 0.25-0.25
< 0.06-0.25
<0.25-16

<4-64
<0.25-l
< 0.06-0.125

<0.5-^
< 0.5-4

Percentage of
strains susceptible

at breakpoint
concentration"

99.2
77.3

100
97.2
95.6
97.2
76.2
4.0 ..-,

100
100
73.0
99.6

97.7
- • • • • • 4 1 . 5

••;.•• 1 0 0
96.9

. 97.7
96.9
80.1
16.2
100
100
93.0

rao

97.6
85.4

1Ö0
100
100
90.2
22.0

W»
100
82.9

100

"See text for details.



Antimicrobial susceptibility of ' 5 . miY/m' 315

activity of teicoplanin has been reported to be superior to that of vancomycin (LePennec
& Berardi-Grassias, 1989).

In conclusion, for the antibiotics studied, we found resistance amongst 'S. /w///erf
group rare. However, as uniform susceptibility cannot be assumed and as these
organisms may be implicated in life-threatening infections, susceptibility studies should
be done on isolates recovered from normally sterile body sites. Resistance to
clindamycin and erythromycin was limited to S. ««g/HO-ws and 5. cwwte/Zato, and
doxycycline resistance was more frequently found among 5. a«g/«05W5. The high
resistance rates to erythromycin, clindamycin and doxycycline reported by others
(Gómez-Garcés e? a/., 1994) contrast with the data in the present study but warrant
periodic review of local antimicrobial susceptibility of '5 . mzYZm".
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GENERAL DISCUSSION

Although the incidence of bacteraemia due to 5.

mi7/er/ was rare (0.33 per 1,000 admissions, Chapter

I), it exceeded that of the pyogenic streptococci.

Moreover, 5. mi/feri represented nearly half (43%)

of the streptococcal species isolated from blood in

non-neutropenic patients. S. m///en strains grew

fastidiously in blood cultures and were invariably

associated with clinical significance. These

observations argue for identification of all

streptococci recovered from the blood stream,

irrespective of the number of blood cultures grown

and the delay of growth detection.

The detailed clinical description of the episodes of

bacteraemia (Chapter II) extended the previously

reported findings. 5. mi/fen' frequently caused

nosocomial bacteraemia and the majority of infected

patients had underlying diseases. To our knowledge,

the organism has never been cultured from the

hospital environment and it is generally accepted that

virtually all infections due to S. m/7/en arise from

endogeneous sources (Whitworth, 1990). In addition,

the incidence of severe infections due to 5. /«///en

did not increase with age, as was demonstrated in

Chapter IV. For these reasons, S. miV/eri should not

be considered a hospital-related opportunistic

pathogen. The term "local opportunist" would better

fit its behaviour, as a local disruption of the mucosal

barrier preceded the majority of the episodes of

bacteraemia described in Chapter III as well as in

those previously reported.

The distribution of the three species among the strains

implicated in the study of bacteraemia did not allow

to establish possible associations between species on

the one hand and clinical picture on the other (Chapter

III). With regard to the phenotypic characteristics of

the implicated 5. m///er/ strains, the number of strains

carrying Lancefield group C was significantly higher

in blood as compared to other locations. This finding

was not observed in previous studies, although it

should be noted that in the present study (Chapter

IV) 4 out of the 9 strains that carried Lancefield group

C were non-haemolytic, and Lancefield grouping

with group C and G antisera is generally not

recommended for the diagnostic work-up of non-

haemolytic streptococci (Facklam, 1991).

The streptococci included in Chapter IV were

consecutive isolates that were recovered

irrespectively of their haemolytic pattern. This

allowed conclusions with regard to the relative

distribution of the three species: 5. arcg/nosMs

outnumbered the two other species, whereas 5.

mteA7nefl[/M,s accounted for only 10% of the 5. m///er/

strains. In addition, based on clinical data, we were

able to demonstrate S. mrermeüfms as the species that

was proportionally more often recovered from

infection- and abscess-related culture specimens. Two

points can be underlined. First, we noticed that the

isolation rate of 5. m///en in our laboratory increased

along with the progression of the collection period.

Of course, this reflected increased microbiological

experience with these organisms, but it also

influenced the ultimate composition of the strain

collection by adding more strains of questionable

clinical significance to the collection. Or, in terms of

species distribution: the number of S. ang/nosas

strains that was added to the collection increased

faster than the number of e.g. clearly abscess-related

S. m?ermed/ws strains. Second, for accurate

comparison of the causative role of the disitinct

species in infections and abscesses, there is a need to

investigate the distribution of the three S. m/7/er/

species colonising the non-hospitalised, healthy host.

Chapter VIII deals with the susceptibilities of the

three 5. m;7/en species to a panel of currently used



antibiotics. Overall, the strains conformed to the

expected susceptibility patterns. The combined

resistance rates to erythromycin and clindamycin

were rare but they are important, as this resistance

pattern is chromosome-borne and transferable among

the streptococci and related genera (Horaud, 1985).

Tetracycline resistance genes teffM) and fó^fOj have

been demonstrated in 5. /n/7/en' strains (Charpentier,

1994), and the fó/(M) gene is known as a broad-host

range conjugative transposon commonly found

among enterococci and streptococci. (Clermont,

1990). The potential of transfer of these resistance

patterns, coupled with differences in antibiotic

selection pressure might explain for the discrepancy

in antibiotic susceptibilities between the present

collection and those reported from Spain (Gómez-

Garcés, 1994): in fact, Spain is one of the many

countries outside North America and Northern

Europe where antibiotics are available without

prescription. It has the dubious distinction of one of

the highest rates in the world of Srr<?/?tococcws

/mew/non/ae resistant to penicillin, tetracycline,

chloramphenicol and erythromycin. (Fenoll, 1991).

Although the exact resistance mechanisms of the 5.

/m7/en strains described by Gómez-Garcés and

coworkers have not been determined (Gómez-Garcés,

1994), the message must be clear: indiscriminate use

of antibiotics has to be avoided.

With regard to immediate patient care, we

demonstrated no clinical benefit in species

identification of the 5. m/7/en' strains. Between the

three species, the differences in ecology and

antimicrobial susceptibilities are too small to be of

any predictive value in the management of the

individual patient. Despite the existence of certain

associations between particular species and specific

anatomic sites or clinical conditions, these

associations were not exclusive, with the result that

for instance in the case of a 5. conste/tows strain

isolated from the blood, any conclusion regarding the

original source of the infection must be questionable.

The same conclusions can be made with regard to

the serologic and haemolytic properties of the strains.

The Rapid ID 32 Strep system was useful to

distinguish the S. m///eri strains within the other

viridans streptococci and proved to be satisfactory

for identification of the other 5. v/nüfans species

(Chapter II). Species identifications of 5. ang/nosHs,

5. conjte/tows and S. mfórmed/w.s' obtained by the

Rapid ID 32 Strep system agreed reasonably well

with those obtained by the reference phenotypic

identification scheme (Chapter V). However,

correlations were not perfect, and this fact, coupled

with the limited need for species identification of the

5. miV/eri strains, raises questions concerning the

place of this identification kit in the daily routine of

the clinical laboratory. A thorough discussion must

include recent data on the performance of other

commercial systems in identification of streptococcal

and enterococcal species, and this is beyond the scope

of this thesis. With regard to the 5. m(7/en strains in

the diagnostic setting, we suggest the Voges-

Proskauer test, the tests for hydrolysis of arginine

and for fermentation of sorbitol (referred to in Chapter

IV) to be performed on suspected colonies, regardless

of the type of haemolysis. In our experience, the

minute colony appearance, the small zone of

haemolysis and the caramel odour are helpful

screening criteria but they are not always present. 1

Strains displaying doubtful or inconclusive test

reactions should be further examined, and for this

purpose we still rely upon the API 20 Strep system.

As stated in Chapter II, this system is not valuable to

differentiate between the three S. m/7/en species. .

However, the API 20 Strep is a potent and

reproducible system to delineate S. m;7/en' strains

from the other streptococcal species and has the

advantage of its biotyping capacity. These factors

contribute to its continued use (in the version 4.0) by

prominent authors in the field (Coykendall, 1989;

Flynn, 1995; Bergman, 1995). We tried to modify its



database to correct for the high proportion of 5.

arcgrnosm strains that were incorrectly assigned to

the 5. intermed/MS species by the database 5.1., but

this modification resulted in a high number of

incorrectly identified S. /«termed/ws strains. We

concluded that the API 20 Strep system did not

contain appropriate tests to discriminate among the

three species (Chapter I) and we adopted the

following approach: we decode the API 20 Strep digit

number with the database 5.1, and when the system

identifies the strain tested as 5. angmosws, 5.

conste/Zatas or 5. mterme^Ms, we report it as "5.

m///en" instead of using its particular species name.

At present, we do not use the Rapid ID 32 Strep

system in daily practice. For optimal performance,

we presumed that the system has to be coupled to an

automatic reader, and we experienced the visual

reading and recording as complicated (Chapter III).

For taxonomie or epidemiologie studies however, it

is of interest to realise that the system generates an

eleven-digit numerical profile. The Fluo-Card Milleri

(Flynn, 1995) seems a promising tool for instant

species differentiation of clinical S. m/7/eri strains.

The simplicity and reproducibility of the system

probably allows its occasional use in those (rare)

situations where species differentiation of a clinical

5. m///er/ strain is required. When the system is

released in Europe, we will certainly consider an

evaluation.

Lancefield grouping is of minor importance for the

identification of the S. m///<?n strains, as far as

individual patient care is concerned. It may give

relevant information for studies regarding the

pathogenicity or epidemiology of these strains,

provided that grouping is performed on all strains,

regardless of their haemolytic pattern.

In Chapter VI, we demonstrated a distinct ribosomal

RNA population (the "CI strains") closely related to

S. comte/tews. From a purely taxonomie perspective,

the question whether the CI strains represent a distinct

species or not awaits a decisive answer from DNA-

DNA reassociation studies, as the latter technique is

superior over RNA gene sequencing for delimiting

species among highly related taxa (Stackebrandt,

1994). Independently from the result of these DNA-

DNA reassociation studies, the question will further

be governed by a practical approach, namely the

phenotypic consistency (Wayne, 1987). As long as

the CI strains and S. co/wte/Za/ws strains remain

phenotypically and clinically indistinguishable, they

will not be allocated to distinct nomenspecies even

when DNA-DNA reassociation studies might reveal

less than 70% homology between the two groups.

Assays such as the line blotting assay used in Chapter

VI allow screening of large collections of strains, and

techniques for sequencing the ribosomal RNA have

become less cumbersome than they were a decade

ago (Amman, 1994). As a result, the chances of

detecting subpopulations at the genetic level are

expected to augment, and some of them (even if they

will proven to be genospecies) will lack phenotypic

characteristics that allow correct phenotypic

identification. Recently, a taxonomie nolc has been

proposed to resolve this problem (Ursing, 1995):

nomenspecies should be allowed to include more than

one genomic group and the term "genomovars"

should apply to those genomic groups that await

reliable and applicable identification schemes to be

phenotypically distinguished from each other.

Chapter VII provides indirect evidence for the

production of deoxyribonuclease and chondroitin

sulfatase as potential pathogenic factors of the S.

m///er/ strains. These enzymes were mostly found in

S. co«ste//a?M,s' and S. /nfermed/ws. Further studies

should include quantitative measurements of the

enzyme production, as described by Homer and

coworkers (Homer, 1993). Properties such as

inducibility of the enzymes are to be investigated and

m-v/vo studies should be done to provide direct

evidence of these enzymes as virulence determinants.
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SUMMARY

Strains belonging to the S£re/?tococc«.s' m;7/eri group

are notorious among the viridans streptococci because

of their assocation with purulent infections.

Unfortunately, they are difficult to recognise in the

laboratory due to their serologic and biochemical

heterogeneity. Furthermore, a long standing dispute

on the classification of these organisms has caused

confusion on their nomenclature, which, in turn, has

added to the difficulties of identification. At present,

three species are recognised within the 5. mi7/eri

group: SYreptococcws

and

In Chapter III, the clinical and microbiological

aspects of nineteen episodes of bacteraemia due to

5. m///eri (including 20 strains) were studied in detail.

S. ang/nosMS was the most prevalent species, and eight

strains carried Lancefield group C. Underlying

diseases were present in nearly 60% of the patients

studied, and local trauma to the mucosal barrier was

an important risk factor. Abscess formation was

present in nine cases, and repeated drainage

procedures were required in half of these cases. The

associated mortality of bacteraemia due to 5.

was 26.3%.

In Chapter I, a literature review on S. m///en and 5.

angmosMS, 5. co«5te//ato and S. mfénned/MS is given.

The different issues regarding the taxonomy of these

strains are reviewed: classification, nomenclature and

identification. The clinical picture, the pathogenic

potential and the antimicrobial susceptibilities of 5.

mi7/eri and the three species are presented.

From these compiled data, it is clear that many

questions regarding these organisms remain open. We

were particularly interested in (i) the clinical

relevance of species identification of the 5. m///en

strains, (ii) the genomic diversity of these organisms,

(iii) the performance of the Rapid ID 32 Strep system

and (iv) the presence of hydrolytic enzyme activities

in relation to infection.

In Chapter II, a collection of viridans streptococci

isolated from the blood was identified to the species

level according to recently established criteria.

Srrepfococcws m///<?n outnumbered the other species

among those strains that were recovered from the

general hospital population. The S. m///(?r/ strains

isolated from the blood were invariably associated

with clinical significance and they tended to grow

fastidiously in blood culture media.

Chapter IV depicts the clinical and phenotypic profile

of a collection of 518 S. m//fen strains recovered from

clinical specimens routinely submitted for culture.

S. <3«g/no.sm was the most frequently isolated species

(59.3%), followed by 5. co/wteZ/afttf (30.3%) and 5".

mfermeüf/ws (10.4%). Most of the 5. consfe//ata.s

strains were 6-haemolytic. S. mfórmed/Ms, although

predominantly recovered from the head and neck

area, was also isolated from the abdomen and the

skin, bone and soft tissues. Non-haemolytic strains

and 5. mfermerf/ws were proportionally more

frequently recovered from abscess-related specimens.

In Chapter V, the Rapid ID 32 Strep system was

challenged with a collection of clinical 5. m///en

strains, in order to study its performance in

differentiation 5. /ni//en strains to the species level.

The results were compared with those obtained by

the reference identification scheme. Both systems

agreed reasonably well, the best agreement was

reached with 5. angwo^w^, while most discrepancies

occurred with S. m

The study presented in Chapter VI describes the

phylogenetic interrelationships between the 5. m/Z/en'



strains at the level of the 16S ribosomal RNA gene.

PCR-amplified 16S rRNA gene was hybridised with

species-specific 5'biotinylated oligonucleotide

probes in a line blot assay. Strains that hybridised

with both the 5. conste/tows and the S. mfórmed/ws

specific probes accounted for nearly one third of those

strains that were phenotypically identified as S.

consteZ/ato. Comparison of the partial 16S rRNA

sequence of these dually reactive strains showed that

they represented a distinct rRNA population sharing

98.1% sequence similarity with 5. consfe//afM.s' type

strain. In addition, the dually reactive strains

hybridised with a 5'biotinylated probe based on the

partial 16S rRNA sequence of one of them.

Phenotypic consistency of the dually reactive strains

was not observed.

related strains, and these enzyme activities tended to

be more often present in 5. /«terme^/ws and 5.

In Chapter VIII the m-v/ta? susceptibilities of the three

5. m/V/eW species to a panel of currently used

antimicrobial agents are described. Only 1.4% of the

strains were intermediate susceptible to penicillin.

Strains resistant to erythromycin, roxithromycin, and

clindamycin were found in a frequency of 2.6%,

2.4%, and 2.4%, repectively. Doxycycline resistance

was found in 5.7% of the strains and occurred most

frequently in 5. ang/nosw.s. Comparison of these

results with recent data from Spain warrant periodic

review of local antimicrobial susceptibilities of the

S. mi'//en' strains.

In Chapter VII, the three 5. m/7/en' species were tested

for the presence of hydrolytic enzymes by a

qualitative plate method. The results were related to

the clinical significance of the strains.

Deoxyribonuclease and chondroitin sulfatase

activities were significantly associated with infection-

In Chapter IX the results presented in the previous

chapters are discussed. It is concluded that

there is no clinical benefit for immediate patient care

in differentiation the S. m///en' strains to the species.

Furthermore, strategies for the identification of the

S. ra/fen strains in the diagnostic setting are outlined.
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SAMENVATTING

Stammen die tot de S/re/?roc(?ccws mil/en' groep

behoren onderscheiden zich van de andere

vergroenende streptococcen door hun relatie met

purulente infecties. Jammer genoeg worden deze

bacteriën vanwege hun heterogene serologische en

biochemische eigenschappen moeilijk herkend in het

laboratorium. Bovendien heeft de langdurige

discussie over de taxonomie van deze bacteriën

onduidelijkheden veroorzaakt aangaande hun

benaming, en dit resulteerde dan weer in problemen

rondom de identificatie. Op dit ogenblik worden er

drie species onderscheiden in de 5. m///en groep:

en S

In Hoodfstuk I wordt de literatuur over S. wn'//en, 5.

ang/nosMs, 5. co«s/e//a/«.s en 5. /ntermeaf/ws

samengevat. De verschillende aspecten met

betrekking tot de taxonomie van deze stammen

worden belicht: classificatie, nomenclatuur en

identificatie. Het klinisch beeld, het pathogeen

vermogen en de antimicrobiële gevoeligheid van 5".

m///er/ en de drie species worden beschreven. Uit

deze gegevens wordt duidelijk dat vele vragen

betreffende deze bacteriën onbeantwoord blijven.

Ons intereseerde in het bijzonder (i) de klinische

relevantie van de speciesidentificatie van de S. m///en'

stammen, (ii) de genetische diversiteit van deze

organismen, (iii) de waarde van het Rapid ID 32 Strep

systeem en (iv) het verband tussen de productie van

hydrolytische enzymes en infectie.

In Hoofdstuk II worden de resultaten beschreven van

een collectie vergroenende streptococcen die volgens

recent gepubliceerde criteria geïdentificeerd werden.

De species behorende tot de S/r<?/?tococcw.v raz/fen

groep waren de meest voorkomende species tussen

de stammen die bij de niet-neutropene ziekenhuis-

populatie gekweekt werden. De 5. ra///en stammen

die uit bloed gekweekt werden waren zonder

uitzondering klinisch relevant en vertoonden soms

een langzame groei in de bloedkweekmedia.

In Hoofdstuk III werden de klinische en

microbiologische aspecten van negentien episodes

van bacteriëmie veroorzaakt door S. m///er/ (in het

totaal 20 stammen) in detail bestudeerd. S. angmosws

was de meest voorkomende species, en acht stammen

behoorden tot Lancefield groep C. Onderliggende

aandoeningen waren aanwezig in bijna 60% van de

bestudeerde patiënten, en lokaal trauma aan de

mucosa was een belangrijke risicofactor. Abcessen

waren aanwezig in negen episodes, en herhaalde

drainage was vereist in bijna de helft van deze

gevallen. De mortaliteit geassocieerd aan 5. m///en

bacteriëmie bedroeg 26.3%.

Hoofdstuk IV beschrijft de klinische en fenotypische

eigenschappen van een collectie van 518 5. mzï/en

stammen die gekweekt werden uit klinische monsters.

5. ang/nosws was het meest voorkomende species

(59.3%), gevolgd door S. co/wtó//flf«j (30.3%) en S.

(10.4%). Het merendeel van de S.

stammen vertoonde G-hemolyse. Hoewel

5. /nfórwzerfms vooral uit het hoofd- en halsgebied

gekweekt werd, werd dit species ook gekweekt uit

monsters afkomstig uit het abdomen en de huid, het

skelet en de weke delen. De niet-hemolytische

stammen en 5. /«termed/as werden in verhouding het

meest frequent gekweekt uit abcessen.

In Hoofdstuk V werd het Rapid ID 32 Strep getest

met een collectie klinische S. m///en' stammen, met

het oog op de prestatie van het systeem in het

onderscheiden van de drie species. De resultaten

werden vergeleken met deze verkregen met het



referentie identificatieschema. De overeenkomst

tussen beide systemen was aanvaardbaar goed, de

beste overeenkomst werd bereikt met 5. ang/nosws,

de 5. mfórmed/M.v stammen leverden de meeste

discrepanties.

De studie in Hoofdstuk VI beschrijft de

fylogenetische verwantschap tussen de 5. mz//en

stammen in het gebied van het 16S ribosomaal RNA.

Het 16S ribosomaal RNA werd door een polymerase

ketting reactie geamplificeerd en vervolgens

gehybridiseerd met species-specifieke

gebiotinyleerde oligonucleotide probes in een zgn.

'line blot assay'. Van de in fenotypische tests als 5.

consfó/tows geïdentificeerde stammen hybridiseerde

bijna één derde met zowel de voor 5. conste/Zato

specifieke probe als met de S. /«termed/Ms specifieke

probe. Vergelijking van een deel van de 16S

ribosomale nucleotidensequentie toonde aan dat deze

stammen een aparte groep vormen die 98.1%

gelijkenis in nucleotidensequentie vertoont met de

S. corafó/toMs type stam. Specifiek onderscheidende

fenotypische kenmerken van deze stammen werden

niet aangetoond.

In Hoofdstuk VII wordt de produktie van

hydrolytische enzymen bij de drie S. mi7/eri species

bepaald door een kwalitatieve plaatmethode. De

resultaten werden vergeleken met de klinische

relevantie van de stammen. Deoxyribonuclease en

chondroïtinesulfatase activiteiten kwamen significant

meer voor bij stammen die afkomstig waren uit

infectieuze monsters, en deze enzymatische

activiteiten kwamen ook meer voor bij 5. /«

en S.

Hoofdstuk VIII beschrijft de m v//ro gevoeligheid

van de drie 5. /«///er/ species aan een aantal

antimicrobiële middelen. Slechts 1.4% van de

onderzochte stammen was matig gevoelig aan

penicilline. Resistentie voor erythromycine,

roxithromycine en clindamycine werd aangetoond bij

respectievelijk 2.6%, 2.4% en 2.4% van de

onderzochte stammen. Resistentie voor doxycycline

werd aangetoond in 5.7% van de onderzochte

stammen en werd het vaakst vastgesteld bij 5.

conste/tows. Een vergelijking van deze cijfers met

recente cijfers uit Spanje onderstreept het belang van

het regelmatig opvolgen van de lokale antmicrobiële

gevoeligheden van de 5. /«///er/ stammen.

In Hoofdstuk IX worden de resultaten van de vorige

hoofdstukken besproken. Besluit is dat voor directe

patiëntenzorg de speciesdifferentiatie van S. m;7/eri

stammen niet relevant is. Daarnaast worden er

strategieën voor de identificatie van S. m///er/

stammen in het diagnostisch laboratorium

uiteengezet.
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