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A preponderance of clusters seen on direct Gram stain of blood cultures positive
for gram-positive cocci was 98% sensitive and 100% specific for identification of
staphylococcal species or of Peptococcus. A preponderance of chains, pairs, or
both was 100% sensitive and 98% specific for identifying streptococci. Further
presumptive identification of either staphylococci or streptococci based on micro-
scopic morphology was unreliable. The direct Gram stain is highly reliable for
differentiating staphylococci from streptococci and should be of considerable
value to clinicians selecting initial antimicrobial therapy.

In most clinical laboratories, positive blood
cultures are first detected by encountering mac-
roscopic evidence of growth or by routine direct
Gram-stained smears (2). The initial report to a
physician usually consists of the microscopic
morphology of the organism based on the direct
Gram stain (1). Approximately 12% of the time,
subculture on solid media will provide the first
evidence of a positive culture (2), in which case
considerably more initial characterization of the
organism beyond microscopic morphology is
then possible.
Because morphology based on the direct

Gram stain is largely the sole initial information
pertaining to the identity of a blood isolate, we
questioned the reliability of the smear in differ-
entiating staphylococci from streptococci in
blood cultures positive for gram-positive cocci.
In a survey of neighboring hospital laboratories,
we found that up to one-half of the time the
laboratory reported blood cultures positive for
gram-positive cocci simply as "gram-positive
cocci," without further noting whether clusters,
chains, or pairs were in preponderance. If staph-
ylococci could be reliably distinguished from
streptococci on the direct smear, physicians
might be able to select more appropriate initial
antimicrobial therapy while awaiting complete
microbiological identification of the organisms
and results of susceptibility testing. We report
the results of two studies: (i) a retrospective
review of a 33-month experience in the labora-
tory of our hospital and (ii) a 14-month prospec-
tive study.

MATERLALS AND METHODS
Blood culture techniques. Five milliliters of blood

was aseptically drawn from the patient and transferred

to a closed 50-ml bottle containing tryptic soy broth
with 0.025% sodium polyanethol sulfonate added
(Difco Laboratories). Bottles were not vented unless
yeasts or pseudomonads were suspected and were
incubated at 35°C. At 6 to 12 h and daily thereafter,
bottles were inspected for macroscopic evidence of
growth. Direct Gram-stained smears and subcultures
in thioglycolate broth and on sheep blood agar and
chocolate agar plates were routinely performed at 12
to 24 h, 5 days, and 14 days and whenever bottles
showed macroscopic evidence of growth. Anaerobic
subcultures were performed when aerobic subcultures
of a culture positive on direct Gram stain showed no
growth at 24 h. Isolates were identified by using stan-
dard criteria and techniques.

During the periods reviewed, five to seven techni-
cians working on a rotating basis processed approxi-
mately 500 blood cultures monthly. Between 12 and
15% were positive, approximately one-half of the time
for gram-positive cocci.

Retrospective study. We reviewed the results of
the first positive direct Gram stain and final charac-
terization of all blood cultures drawn between 16 July
1973 and 7 April 1976 yielding gram-positive cocci and
in which the direct Gram stain was recorded as posi-
tive.

Prospective study. Between 7 April 1976 and 7
June 1977, we undertook a prospective study to deter-
mine whether we could further improve this initial
morphological categorization, especially the differen-
tiation of staphylococci from streptococci. Technicians
were requested to note and record as much morpho-
logical detail as possible on review of direct Gram
stains. They were specifically requested to try to rou-
tinely determine whether clusters, chains or paired
forms, or both were predominant. The categorization
"gram-positive cocci" was to be employed only when
further morphological characterization was not possi-
ble.

Parameters determined. Sensitivity and specific-
ity of diagnostic tests have been defined and compre-
hensively discussed by Galen and Gambino (3). A
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preponderance of clusters on direct Gram stain was
considered a true-positive test for staphylococci and
Peptococcus, and a preponderance of pairs, chains, or
both was considered a true-positive test for strepto-
cocci; conversely, clusters predominating in a culture
yielding streptococci and pairs, chains, or both in a
culture containing staphylococci were regarded as
false-positive tests.

RESULTS
Retrospective study. Details of the Gram

stain morphology based on initial direct smears
were recorded for 443 blood cultures yielding
gram-positive coccal species (Table 1). In 155
instances (34.9%), the initial microscopic de-
scription contained no information further than
gram-positive cocci. However, a preponderance
of clusters was 100.0% sensitive (186/186) and
93.1% specific (95/102) for staphylococci or Pep-
tococcus. A preponderance of chains strongly
suggested streptococci other than Streptococcus
pneumoniae or enterococci; a predominance of
pairs or chains was 93.1% sensitive and 100.0%
specific for streptococcal species.
Prospective study. It was apparent that

with effort, gram-positive cocci seen on a direct
Gram-stained smear could almost uniformly be
categorized as gram-positive cocci, primarily in
clusters, or gram-positive cocci, predominantly
in pairs, in chains, or in pairs and chains (Table
2). A predominance of clusters was 97% sensitive
(77/79) and 100% specific (46/46) for Staphylo-
coccus aureus, coagulase-negative staphylo-
cocci, or Peptococcus; mainly pairs or chains

TABLE 1. Retrospective review of direct Gram
stains of blood cultures positive for gram-positive

cocci

Final identification

Group A streptococci

Group D Streptococcus ..

Groupable streptococci,
other than A or D ....

Viridans streptococci ..

S. pneumoniae .....

Peptostreptococcus spp.

S. aureus ...........

Coagulase-negative staph-
ylococci .............

Peptococcus ............

a Technician's description
culture yielding both staphy
cluded.

Gram-
positive
cocci

Preponderance of:

Clus- Pairs Chains
ters

TABLE 2. Prospective study-efficacy of direct
Gram stain in differentiating staphylococci from
streptococci in blood cultures positive for gram-

positive coccia
Preponderance of:

Final identification Gram-posi- Pairs,tive cocci Clusters chains, or
both

Streptococcal spp.b 1 46
Staphylococcal spp. c 74
Peptococcus spp. 3 2

aTechnician's description of morphology. Two cul-
tures, one yielding both staphylococci and streptococci
and one showing gram-positive cocci on smear but
negative on culture, are excluded.

b Group D streptococci (18 isolates), other groupa-
ble streptococci (17 isolates), S. pneumoniae (11 iso-
lates), Peptostreptococcus spp. (1 isolate).

c S. aureus (34 isolates), coagulase-negative staph-
ylococci (40 isolates).

was commensurately 100% sensitive and 97%
specific for streptococci. No staphylococcal iso-
late failed to show a preponderance of clusters
or, conversely, showed mainly pairs or chains.
Two out of five Peptococcus isolates showed
mainly pairs on direct smear.

It was not possible to differentiate S. aureus
from Staphylococcus epidermidis and other co-
agulase-negative members of the family Micro-
coccus based on Gram stain morphology. Var-
ious streptococci, including S. pneumoniae, were
equally divided between a preponderance of
chains and of pairs. S. pneumoniae could occa-
sionally be identified presumptively based on
the presence of larger lancet-shaped diplococci;
however, overall, attempts to reliably distinguish
streptococcal species on the basis of their micro-
scopic morphology were not successful.

DISCUSSION
1 1 This study demonstrates that, by making a

24 4 2 27 concerted effort to note accurately all details of
microscopic morphology in the initial Gram-

9 2 13 stained smear of a blood culture positive for
gram-positive cocci, staphylococci can be distin-

10 1 25 guished from streptococci with nearly 100%
6 9

specificity. A preponderance of clusters is vir-
3 9 5 tually pathognomonic of staphylococcal species

and chains, pairs, or both of streptococci. Fur-
49 85 ther identification of staphylococci or strepto-

cocci based on microscopic morphology is unre-
50 95 liable.

This information should be of considerable
6 value to clinicians in making therapeutic deci-

of bacterial morphology. One sions pending full characterization of the isolate
tlococci and streptococci is ex- and antimicrobial susceptibility testing. If clus-

ters are present, initial antimicrobial therapy
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should be selected for efficacy against staphylo-
cocci, e.g., a semisynthetic penicillinase-resistant
penicillin, a cephalosporin, clindamycin, or van-
comycin. Ifchains or pairs predominate, aqueous
penicillin G or ampicillin would seem most ap-
propriate, assuming the patient is not allergic to
penicillin. Whether to use ampicillin or penicillin
combined with an aminoglycoside, e.g., for pre-
sumptive enterococcal bacteremia, can usually
be determined by the clinical situation. In both
instances in which a nonstreptococcal species
showed chains rather than clusters, Peptococcus
was involved. However, peptococci are almost
uniformly sensitive to penicillins (4), and thus
false characterization as staphylococci would be
unlikely to have adverse therapeutic conse-
quences.

If a preponderance of clusters is seen, suggest-
ing staphylococci, direct tests can also be set up
for elaboration of coagulase and beta-lactamase
(John A. Washington II, personal communica-
tion).

Hospital laboratories should strive to note
maximal morphological detail of gram-positive
cocci seen on direct Gram stains ofpositive blood
cultures and transmit this information and the

accompanying presumptive identification to the
clinician: i.e., gram-positive cocci in clusters, pre-
sumptive staphylococcal species; gram-positive
cocci in pairs and chains, presumptive strepto-
coccal species.
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