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ABSTRACT

~F1fty -six strains of vlrldans streptococci were tested In the

Ni n l tek system (881 , Cockeysv ill e , Md.) and the results were com-

pared with those obtained by conventional methods. An overall agree-

ment of 98.9~ was obtained when the M in itek tests were performed as

follows : (1) All disks were incubated anae robically for 48 h

except for escu lin which required 5 - 7  days. (2) The arg inIne

disks were overlaid with 0.1 m l sterile mineral oi l even though

incubated anaerobicall y. (3) The Voges-Proskauer tests were per-

formed under aerobic and anaerobic condit ions. (4) Al l tests for

carbohydrate fermentation except for raffinose and sa li c in were read

following the addition of 2 - 3  drops of 0.025% phenol red . Of all

the tests performed , only the fermentation of starch resulte d in

such poor agreement as to be considered unre li ab l

,y
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Ora l s t rept ococc i cons i s t of a hetero logous group of poorl y defined

or gan ism s commonly ref erred to as the v i r i dans s t rep tococc i , a term not

totall y descr iptive since some oral streptococci may occasionall y p rod uce

comp l ete hemolysis or be nonhemo l y t i c on blood agar  cont a i n i n g sheep red

blood cells (6). Attempts to develop comprehensive schemes for sero-

logica l classification of viridans streptococci have failed , and no

correlation between serologica l and biochemica l characteristics has been

observed (8, 9, 13, 14 , 17). Speciation of viridans streptococci Is

poss i ble on the basis of phy si olog ica l cha rac ter i sti cs as shown by

Fack l am (2) who reported a 97% success rate In the identification of

1227 clinical and 80 stock strains. The biochemical scheme proposed

by Fack lam i s app licabl e af ter al pha and gamma hemol yt ic strains of

groups B , D, N , and Q are serolog i c a l l y ide ntified and excluded from

the key.

Commonly used tests such as sugar fermentations , hy drol ys is of

escul i n and arg i n i ne , and tests for the production of indole and urease

in tubed media are labor i ous and time consuming . To overcome these diffi-

cul t ies , miniaturized systems have been recentl y developed and shown to

be accurate and dependable for characterization of ~~~~~~~~~~~~~~~

(I,,7), lac tobac l l l i (3), and anaerobes (5, 10 , 15). Because of the

reported important role of biochem i ca l characteristics in the identifi-

ca t ion of ora l s t rep tococc i , we have investigated the reliability of

the commerc ia l l y available Iden tification system , Min itek , (11111 , Cockeys-

y u l e , Md.) by comparing it with conventional methods.

I
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MATER IALS AND METHODS

Bacteria. Stra ins of microorganisms used in this study are listed

in Table 1. The majority of strains were obtained from the American Type

Culture Collection , R o c k v i l l e , Md. Additional strains were kindl y sup-

plied by B. Gunn , Wa l ter Reed Army Med i ca l Center , Wash ington , DC; K.C.

Gross , The New Yo rk Hosp it al , New York , N .Y.; L.A. Thomson , National

Institute of Dental Research , Bethesda , Md .; and R.R. Facklam , Center for

Disease Control (CDC), Atlanta , Ga. All cultures were mai ntained on 5%

sheep blood agar p la tes at 37°C in a GasPak jar containing disposable

GasPak generators (H2+C02) (8111 , Cock eysvi lle , Md .) and activated catal yst

rep lacement charges (1181). Lyophili zed cultures (ATCC , Rockvi lle , Md .)

were reconstituted with brain heart infusion broth (Difco , Detroit , Mich .).

Minitek Procedure. The M initek system (11111) includes paper substrate

d isks (a choice of 35 is available) which are p laced into well s stamped in

p lastic p lat .’s. Using th i s system the tests were performed as follows:

Bacterial growth (24 h) from the surface of a blood agar p late was

removed with a dry sterile cotton swab and suspended in 1 - 1 .2 ml of

M in itek ent eric and nonfermenter broth. The resulting suspensions were

dispensed with a 0.05 ml repeating dispenser gun into the in di vidua l we lls

containing the appropriate test disks , overlaid wit h two drops of ster ile

mineral o i l (AP I , Pla invi ew , N.Y.) in accordance with the manufact urer ’s

instruc t ions , and incubated aerobicall y at 37°C in the M ini te k hum i dor for

48 h. A similar procedure was followed us i ng the M initek anaerohe broth ,

which is a supplemented trypticase peptone medium based on the Lombard

Dowell formulation (10). Tests performed using this med i um were

carried out under anaerobic cond t ions (37°C for 48 h In a GasPak jar)
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without an oil overlay . All tests were performed in dup licate.

After incubation , the results were examined before and after addition

of 2 - 3  drops of O.025’~ aqueous phenol red . A color change to yellow or

light orange was interpreted as a positive reaction for aerobicall y incu-

bated streptococci. Color change to yellow with no tint of orange Ind i-

cated a positive reaction for anaerobicall y incubated streptococc i .

Conventiona l Method. Acid production from carbohy drates was tested

in tubes containing 5 m l of phenol red broth base (Difco Laboratories ,

Det roit , M ich.) pH 7.2. The media were autoclav ed for 15 mm at 121 °C

before be i ng supp l emented with filter sterilized sugars (Dilco) and

soluble starch (Difco) solution s to give a It final concentration .

Organ i sms were grown in tryptic soy broth (Oifco) for 24 h at 37°C , and

incubated aerobicall y except for strains of St pt~ci ’cc u.~ ~1I oML%-

c,n.~ti~’(tatu~s which were incubated under 5% CO2.

Results were recorded at 48 h , 7, and 14 days . Uninoculated media

incubated hi days served as controls for color comparison . A color

change of the media from red to yellow was recorded as a positive reaction .

The medium of Niven , Smiley , and Sherman (ii) was used for the determ i na-

tion of ammonia production from 1-arginine. Development of an orange-

yellow color following addition of 0.1 ml of Nessler ’s reagent to the 48 h

cultur e indicated ammonia production . Christense n ’s urea broth , Simmons ’

citrate agar , and trypt ic nitrate med ium (Difco) , prepared according to

the manufacturer ’s recommendations , were i noculated and the results

examined as described by Vera and Dumoff (16) after incubation at 37°C

_ _
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for 48 Ii. Esc ulin broth was prepared as described previousl y (15) . A

black preci pitate after 48 h of incubat ion indicated a posit ive reaction .

D i fco MR-VP broth was inoculated for the Voges-Proskauer test which was

performed by the O’Meara modified method (12). Since i nu l in disks are

not present l y manufactured by BBL for use in the M init ek system , resul ts

from conventionall y prepared inu li n broth were utilized in Facklam ’s

key for the identif ication of vi ridans streptococci . -

RESULTS

Al though manni tol , lactose , inu li n , arg inine , esc u l i n , raff i nose ,

sorb i tol, and acetoin (Voges-Proskauer) have been described as diffe r-

entiating tests for ora l streptococci (2,3), seventeen additional tests

(Table 2) were performed and the results compared with conventional

methods to more fully assess the app licability of the Mirii tek system .

The percentof tests in agreement with conventiona l reactions are listed

in Table 2.

8y comparing two methods of performing the M initek system with 
S

conve nti ona l  me thod s common l y used for characte rizing streptococcus

species (Table 2), we were able to demonstrate an overall agreement of

98.9% when the M initek tests were p erformed as follows: (1) A l l disks

we re incubated anaerob i ca l l y for 48 h except for escu lin which requ i red

5-7 days. (2) The argin ine disks were overlaid with 0.1 m l sterile

mine ral o i l even though incuba ted anaerobical ly. (3) The Voges-Proskauer

tests were performed under aerobic and anaerobic conditions. (4) All

tests for carbohydrate fermentation except for raffinose and sa l ici n

were read follow ing the addition of 0.025% phenol red.

I
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Of all the tests performe d , onl y the fermentation of starch resulted

in such poor agreemen t as to be considered unreliable. Of all other

tests performed under optima l condi tions , the poorest agreement (87.5%)

occurred with celloblose .

Following anaerobic incubation , the addition of 2-3 drops of 0.025%

aqueous phenol red (pH 7.2) to the carbohydrate disks was found to

greatl y facilitate interpretation by eliminating borderlin e colors ana

thereby improving the overall agreement with convent ional me t hods by

1 .3% . On ly the raffinose and sa l icin tests gave better agreement when

no phenol red was added . Results (Table 2) show that the Minitek-a naerobic

method read with phenol red exhibited an overall agreement of 98.2? with

the conventionall y tubed media , whereas , the aerobic M init e k-oll method

read with phenol red exhibited an agreement of 94.9%. Following the use

of phenol red , a ~.1% decrease in overall agreement between conventiona l

and aerobic-oil Minitek results was observed ; but only a 1.8% decrease

between conventional and ana erob ic-Mi nit ek was noted . This represents

a 3.3% increase in agreement with conventiona l methods for the Min it e k-

anaerobic method .

A 100% agreement was observed for the urea test which was included

in this stud y since 50% of the strain s of St~~pt occu S ‘ ‘tt~~~u .~ hav e

been reported (6) to be urea positive.

DISCUSSION

We have observed frequent false negat i ve reactions associated with

certain species of oral streptococc i (particularl y strains of S. ~~~~uc’~u.~-

coIt~t~et~ttt~) in the M initek system when performed under aerobic conditions

I
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even though the disks were overlaid with oil. Anaei,.~.4c incubation for

48 h eliminated these false negative reaction s except for the escu lin

test which requ i red an extended incubation of 5-7 days. An accurate

esc&in test was essential in Facklam ’s key for the differentiation of

S. cutg.Lno4a4-con4.teJla5ta4 from Stt~p~tococcw~ mcs’thiJ1o~’uwn. The more

luxuriant growth of most streptococci occurring under anaerobic condi-

tions decreased the incubation period requ i red for completion of the

tests. Accurate test results were observed for S-tJtep-tococau4 mu~tano

(ATCC 25175) within 5 h under anaerobic conditions in Lombard Dowell

media , whe reas , 48 h were required when inoculated Minitek enter ic and

nonfermenter broth was incubated aerobica ll y. Under anaerobic cond i-

tions , the arg inine disk required a 0.1 ml minera l oil overlay to pre-

vent escape of ammonia from the media which resulted in false negative

or borderline reactions. Under these conditions a 100% agreement with

the conventional argi nine test was obtained.

Since the Voges-Proskauer test depended upon the oxidation of

acety~~e thy lcarbi nol in alka line media to form diacety ) (I), d i sso lved

oxygen existing in the aerobicall y incubated media enhanced the pink

color required for a positive reaction . Consequentl y, organisms capable

of grow ing aerobicall y gave the strongest positive reaction under aerobic

conditions. Due to poor growth aerob i cal l y, the microaeroph i l i c  oral

streptococc i requ i red an anaerobic environmen t to facilitate the abun-

dan t growth necessary for a positive Voges-Proskauer reaction . There-

fore , it is recommended that this test be performed both aerobicall y and

anaerob i cal l y, wit h a color change under ei ther cond iti on cons i dered a

_ _ _ _ _  5 -—-~~~~~-- ~~~~~~~~~~~~~~~~~~~~~ . -- -~~~~~~~
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p ositive reaction for the Voges-Proskauer test. The difficulty

encountered in reading an anaerobicall y incubated Voges-Proskauer test

may be partiall y overcome throug h aeration by vi gorous stirring follow-

ing the addition of reagents.

Kiehn e~t a~ . (7) reported a 97.2% agreement for the Minitek urea

test when compared with the conventional Christensen ’s urea media for

urease produced by the Entc1wbacte5t-tace~te. They observed false nega-

tive urea reactions with Se ’ut-tLa, En.teitobac~te)i, and CA tobac,ten. species.

In a similar stud y, Hansen e~t aL (5) reported a 98.9% agreement. Of

the oral streptococc i , onl y certain strains of S. 4a ~Va)uiJA4 were urease

positive (6). We found 42% of the S. 4aLLvo.~’tA~LL4 strains tested to be

urease positive , and observed a 100% agreement in results obtained by

comparing the two methods.

Of all the tests performed onl y the fermentation of starch resulted

in such poor agreement as to be considered unreliable.

Although 100% agreement for all substrate disks and all organ i sms

may not be attainable , a 98.2% agreement is sufficientl y high as to offer

a reasonable substi fute for the more expensive conventional method s, the

utilization of which is more cumbersome and time consuming. As is

reasonabl y expected , prope r application and familiarity with the system

is required . it has been suggested (2) that past failures to success-

f u l l y use biochemical tests to differentiate ora l streptococci occurred

because sufficientl y large groups of tests were not used . The Minitek

system allows the small laboratory easy access to many tests since the

manufac turer claims a two year shelf life for the disks wh i ch convenientl y

_ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _
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require very small amounts of refri gerator/incu bator space. The

miniaturized M i nit ek micronie t hod provides a faster method for the iden-

tification of oral streptococci easil y performe d by the cl i n i c a l  micro-

biology l aboratory.

MILITARY p I SCLA IM~R

Co~mn erc ial materials and equi pment are identified in th i~. r~~p~~rt  to

specif y the investi gative procedures. Such iden tification does not r’~ph

recommendation or endors~”~ient or that the materials and equi pment are

necessaril y the best available for the purpose . Furthermore , the op in ions

expressed herein are those of the authors and are not to he construed ~ s

those of the U. S. Army Medical Department .

_____________ ________  

I ~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~-—- -~~~ 
.-.

~

11

Reprint requests to:

Dr. Jean A. Setterstrom
Division of Oral Biology
U. S. Army In stitute of Dental Research
Walter Reed Army Medica l Center
Washington , DC 20012

_ _ _ _ _ _ _ _ _ _ _ _  .. .~~~ 



---
~

—-
~

- - - -
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -. —~~~~~

TA B LI  1. ST RA INS OP ST RIPTOCOCC I T$ST ED Ii

IDVITIPICATICN WITIj Pp,C~j.N4’~ KEY IDU(TIFICATION NUMBER SENDU’5 LDEWtIPI CATIGN

j. 4dL4. Vdk ~ .u$ ATCC 92:2 S. oa L tw4%tu.&
ATCC 975$ S. uLi.v~ .t~u~ATCC 9759 S. t~ . v* *t ue

ATCC 13 419 S. L4vg44tL4
ATCC 27945 S. 44L~ v~ k~~ o
ATCC 5975 S. odL~ v~ 4I.u4
ATCC 310 67 S. Li.v k~.u4
C~C SS- ’~ 2~ S. iaL~~#~ ts.u~

2068 S. O4L~~Vt4(~o4
2p 9 b S. Odt4~v1t.t&&.I
50 S. o4sgu~.o bioty pe I

S. 4d~I94L 4.4 b i ot y p e  I

S. •~taso ATCC 10035 S. op
ATCC 19641 S. op
ATCC 19642 3. op
ATCC 19643 S. op
ATCC 19645 5. op
ATCC 2 S V S  S. ~u~.ix&
ATCC 2 7 3 5 1  5. m~~~~~~~~~ o

AT CC ~73S:  S.  CUtanO
ATCC 2760 7 S. eut4MO
ATCC 2 7 9 4 7  S. ~Ut4 ~ 4

S. ~4x94L44 biotype I ATCC $144 S. op Lancefield H
ATCC 105 56 S. ~~ U4.O
AT CC 1055 $ S. o4n~ u4.o
ATCC 12396 S.  op Lan cefield H
CDC S~ -g tO ~ S. ~~~~~~~ b i o t y p e  £

66 S. o~~ gu~ o b io type I
11 b S. o4Mgu~ o bio type I

S. Jd~~~~ c4 b loeyp .  I t  ATCC 903 S. s’tttO
A TCC 62 4 9 5 . mj.t~.o
ATCC 10557 S.  44n~ u4.4
ATCC 1591 4 S. C4. t t O type V II
CDC SS-91 14 S. 4,t ,t~~u to b i o type II
JC• 4’~ S. 4iuIg u~. 4 b i o type £1

S. •u~~c~ o ATCC 4 3 2  S. op
ATCC 9611 S. ~ t C o
ATCC 1590 9 S. ‘~~Cto type I
A TCC 1S 910 S. u’Rtto type II
A TCC 15 9 11 S. a C o  type III
ATCC 15912 S. ‘~(t4.4 type IV
ATCC 15 913 S. “R t .4 O ty pe Vt

S. q oouo -coit o.Cc~t.zCuo ATCC ‘~~13 S. ~Ce ttatuo
CDC S~ ..I111 tt S. 411 8QOu4 ..~~’14t~~tt4Cu4
p. 6510 S. e Utt

s . ~~~~E .5033d S. i~~ t et ~C.36S4d s. ~~uet~P_ L914 d S. ~~~~B.4S3#d s. “~tUt.t~4O9~ S. a L (e s i .

S. UG-o,tt~mtd~ uo ATCC .~~33S S. ~~~~ .m cd~~ o
ATCC 9695 S. ~~t o  type V
CDC SS.$99’~ S. iW- t~ t~ ed~ uo

S. ~~~~ t ts.
S t r a i n ,  o b t a i n e d  f r o. :

~ CX collection .
t’ B. Gunn , Wa lter Reed Ma y ~ed1ca1 Center. Wa,hin$ton . X
~ 1. A. Ttw,son , Nat ional Institute of I~enta1 Resear c h Set hesdn, MI’
‘~ K . C. cross . Laboratory of Mic rob ioLogy . The 5i.w York llo~pt ts1 , New York . NY

_________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S— --— . ~ _~
___
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TABLE 2. PERCENT AGREEHENT FOR RESULTS OBTA INED WHEN 56 STREPTOCOCCAL
STRAINS WERE TESTED NY BOTH THE CONVENT IONAL AND IIIN ITEK SYSTEMS.

AEROBIC - OIL OVERLAY ANAERO BI C . NO OIL OVERLAY
(except a, indicated ) (except a, indicated )

NO P1a1401. RED PHENOL RED NO PHENOL RED PHENOL RED

ARAB INOS I 48.: 92.8 100 100

CELLO IZOSE 78.2 75 .0 ‘5.0 87.5

DEXTROSE 92 .3  89.3  100 100

GLYCEROL 96.2 100 100 100

INOS ITOL 98.2 100 35.7 100

LACTOSE 98.2 91.4 92.8 98.2

MALTOS E 91. 4 91 .4 100 100

MANN ITOL 98 .2 100 96.4 100

MANNOSE 100 91.0 100 100

~ELIIIOSE 9 8 . 2  9 8 . 2  9 8 .2  tOO

RA PPINO SE 98.2 100 96.4 92 .8

RHAMNOSE 100 100 98.2 tOO

SAL IC IN 92 .8 $“ .S 96.4 55. 7

SO RBITOL 96 .4  9 8 . 2  9 1 . 1  9 6 . 4

STARCH 5 .9  0 1 6 . 1  8 . 9

SUCROS E 96 .4  96.4 100 100

TR IHALOSE 9 1 . 4  9 1 . 4  100 100

XILOSE 100 100 100 100

AR GININE $9 .3  N/A 6  1006 N/A

CITRATE iOO~ N/A  100 N/ A

ESCULIN 36.0~ N/A 100 “ A

£NDOL E 1O~~ N/A  100 N A

NITRATE 1004 N/A 100 N/A

UR E A 100 N/A tOO t N/A

VOGES-PROSK AU !R 9$.$ N/A  9~~~4 N/A

MEAN 9 3 . 5  9 4 . 9 ~ 96. 9 9$.~~-9$.9t
(Excluding S t a r ch )

~ ~o oil overlay .

b o~l overlay .

~ Mean calculated using results for non-carbohydrate substrates (Arginine . Voges-Proskauer~tics the aerobic -o i l  -no phenol red colt i.

d Mean calculated using results for non- carbohydrate substrates (Argi n in. - Voges-P ros kauer)
fi cu th. anaerobic - no oi l no phenol red co1u~~ .

~ Mean value beccse s s’8.9~ when tests for raff inos e and sali c in are read in th. absence
of phenol red.

Not A ppl i cab l e.

- . _ i~ -__~~ 
-
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