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To assess the role of slime in the pathogenesis of nosocomial bloodstream infections caused by coagulase-
negative staphylococci, we compared the characteristics of 27 nosocomial bloodstream isolates with those of 27
skin isolates from non-hospital personnel. Of 27 bloodstream isolates, 14 were judged to be significant by a

clinical index, and 13 were contaminants. Slime production was observed in 13 of 14 significant isolates but in
only 3 of 13 contaminants (P = 0.0003) and 4 of 27 skin isolates (P = 0.0001). The 14 pathogens were identified
as Staphylococcus epidermidis. Only 7 of 13 contaminants and 9 of 27 skin isolates belonged to the same species
(P < 0.006). Slime-producing strains of S. epidermidis represented 13 of 14 pathogens but only 2 of 13
contaminants (P < 0.0003). Neither adherence to Teflon catheters nor phagocytosis and killing of coagulase-
negative staphylococci by polymorplionuclear leukocytes was significantly influenced by slime production.
Nevertheless, the identity of the organism and the slime production test predicted the clinical significance of
blood isolates of coagulase-negative staphylococci with an overall accuracy of 89%.

Primary bloodstream infections, those unrelated to a dis-
tal anatomic site, represent 20 to 45% of endemic and 80%
of epidemic nosocomial bloodstream infections (26, 27).
Recently, gram-positive organisms, especially coagulase-
negative staphylococci, have emerged as important patho-
gens in catheter-related bloodstream infections in our insti-
tution (R. I. Stillman, L. G. Donowitz, and R. P. Wenzel,
Program Abstr. 23rd Intersci. Conf. Antimicrob. Agents
Chemother., abstr. no. 933, 1983) as well as in others (4, 12,
15, 24, 28, 34-36). With electron microscopy studies, the
catheter has been shown to be heavily colonized with
bacteria embedded in a mucoid substance referred to as

slime (5, 22).
Slime production has been shown to play a major role in

the pathogenesis of infections caused by Pseudomonas
aeruginosa (20), Escherichia coli (13, 29), Staphylococcus
aureus (18, 37), and others (8-10). The role of slime in
infections caused by coagulase-negative staphylococci has
also been suggested in animal models (6; L. M. Baddour,
G. D. Christensen, A. L. Bisno, W. A. Simpson, M. G.
Hester, and E. H. Beachey, 24th ICAAC, abstr. no. 328,
1984) and in clinical studies (3, 5). In a study by Christensen
et al. (5), 60% of clinically significant bloodstream isolates of
coagulase-negative staphylococci produced slime, as did
37% of contaminants. Their results showed a statistically
significant, although not striking, association between slime
production and clinical disease. However, hospital strains
were not compared with strains carried on the skin of
healthy subjects.
To assess the relationship between slime and pathogenic-

ity, we evaluated slime production by isolates of coagulase-
negative staphylococci. They were obtained from blood
cultures of hospitalized patients with proven sepsis, from
blood culture contaminants, and from the hands of non-
hospital personnel. We also studied the effect of slime on
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bacterial adherence to catheters and on the bactericidal
activity of polymorphonuclear leukocytes (PMNL).

MATERIALS AND METHODS

Isolation and identification of organisms. We collected 27
coagulase-negative staphylococcal isolates from consecutive
blood cultures obtained from 27 patients in different locations
at the University of Virginia Hospital. We obtained 27 skin
isolates of coagulase-negative staphylococci from the hands
of 11 non-hospital personnel by using cotton swabs. All
isolates were gram-positive, catalase-positive, coagulase-
negative cocci. All were oxidase negative as determined by
the 6% tetramethylphenylenediamine dimethyl sulfoxide
oxidase reagent, thus excluding micrococci (11). Species
identification and biotyping were performed with the
Staph-Ident system (19) (Analytab Products, Plainview,
N.Y.). American Type Culture Collection strains of
Staphylococcus epidermidis (ATCC 14990), S. aureus

(ATCC 25923), Staphylococcus sceuri (ATCC 29060), and
Staphylococcus simulans (ATCC 27851) were used as control
organisms. Duplicate isolates from the same subject were
excluded if they had the same biotype and slime production
test results. The clinical significance of the bloodstream
isolates was determined with a grading score by using the
following criteria: (i) organism growing in more than one
blood culture bottle or in more than one blood culture set; (ii)
blood culture positive within the first 3 days; (iii) another site
(i.e., catheter) growing the same organism, as determined by
species, biotype (using Staph-Ident), and the slime test result;
(iv) inflammatory signs at site of intravascular catheter; (v)
fever (temperature of >38°C for more than 24 h); (vi)
significant decrease in blood pressure (systolic pressure, less
than 100 mm Hg); (vii) increase in creatinine value by at least
20% or significant decrease in urine output, or both; (viii)
significant increase in leukocyte count over base-line level;
(ix) belief of physician that patient is septic and entry of this
on chart; and (x) rapid improvement after specific therapy or
follow-up consistent with true infection. From these data, a
clinical index score was calculated which represented the
percentage offulfilled criteria. A clinical index score of>50%
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FIG. 1. Distribution of clinical index scores of patients with coagulase-negative staphylococcal bloodstream isolates. Distributions were
determined by chart review and expressed as the percentage of fulfilled criteria. Clinical index scores were grouped in intervals. Each bar
represents the midpoint score of the corresponding interval. Two distinct distributions of clinical index scores can be observed, one with a
mode of 35%, the other with a mode of 85%.

on criteria which could be evaluated was considered to
represent a true infection.

Slime production test. Slime production was assessed as
described by Christensen et al. (5). We transferred 4 colonies
from fresh 5% sheep blood agar plates to 10 ml of tryptic soy
broth (Difco Laboratories, Detroit, Mich.) contained in
15-ml plastic conical tubes (Becton Dickinson Labware,
Oxnard, Calif.). After 18 to 24 h of incubation at 37°C in
ambient air, the culture broth was poured gently, and the
tubes were examined for the presence of a film on the inside
walls. The absence of a film or the mere presence of a ring at
the liquid-air interface was interpreted as a negative result.
Positive results were recorded as 1 + if the film covered only
the cone of the tube and 2+ if it covered the entire inner
surface of the tube. Ail isolates were coded before we
conducted the test so that the interpreter was unaware of the
origin of the isolates. In addition, each test was interpreted
by two different observers. A minor discrepancy was defined
as a disagreement between the two observers on the inten-
sity of a positive result; a major discrepancy was defined as
that in which one observer recorded a negative result and the
other recorded a positive result. One minor discrepancy
occurred, but no major discrepancies occurred between the
two observers in 54 tests.

Adherence test. We evaluated the adherence of our clinical
isolates to Teflon catheters by the method described by
Sheth et al. (32). Segments of 5 cm each of a sterile catheter
were cut with a scalpel. Organisms were grown in tryptic soy
broth for 4 h at 37°C without shaking, centrifuged at 2,000 x
g for 10 min, and washed twice in 0.01 M phosphate-buffered
saline, pH 7.2. After the organisms were resuspended in
phosphate-buffered saline, the final turbidity was adjusted to
one-half of McFarland standard 1.0. A dilution (1:100) of this
suspension was prepared by transferring 0.1 ml of it to 9.9 ml
of phosphate-buffered saline, yielding a final inoculum of
approximately 5 x 105 CFU/ml as determined by plate
counts. The catheter segments were immersed in the sus-
pension for 30 min at 37°C. They were then removed, rinsed
with sterile distilled water, and rolled over the surface of a
5% sheep blood agar plate. We counted the colonies growing
and recorded the number after overnight incubation of the
plates at 37°C. Each test was done in duplicate, and the mean
of both counts was used for statistical analysis.

Phagocytic killing of PMNL. The bactericidal activity of
PMNL was tested against five slime-producing, clinically
significant organisms and five slime-negative contaminants.
PMNL were obtained from the same donor in all experi-
ments by centrifugation after dextran sedimentation (30).
Phagocytosis and intracellular killing by PMNL were quan-
titated by previously described methods (7). The organisms
were mixed with PMNL in a ratio of 1:1 at a final concen-
tration of 1 x 106 to 5 x 10' cells per ml. Phagocytosis and
bactericidal activity of PMNL weçf assessed at 0, 15, 30, 60,
120, and 180 min. A strain of S. aureus Wood 46 served as a
control organism. In addition, slime production was retested
concomitantly for each strain.

Statistical analysis. Rates were compared by the exact test
of Fisher. Student's t test and Mann-Whitney test were used
to compare means.

RESULTS

Clinical significance of blood isolates. The clinical index
scores obtained by chart review show a bimodal distribution
(Fig. 1). One group of patients had a distribution of clinical
scores with a mode of 35% and a mean of 29%; another
group of patients had a mode of 85% and a mean clinical
score of 80%. The probability of obtaining such a distribu-
tion by chance alone is less than 0.0001. A score of >50%
was used to distinguish one population (pathogens; n = 14)
from the other (contaminants; n = 13).

Slime production. Pathogenicity was much more likely to
be associated with slime-producing strains than with slime-
negative organisms (odds ratio, 43.3) (Table 1). Further-
more, the proportion of slime producers among clinically
significant strains was much higher than it was among
contaminants and skin isolates (13/14 versus 4/27; P =
0.0001) (Fig. 1 and Table 1).
The species identity also correlated with the clinical

significance of the isolates. S. epidermidis was found more
frequently among pathogenic organisms than it was among
contaminants (14/14 versus 7/13; P = 0.006) or skin isolates
(14/14 versus 9/27; P < 0.0001). Slime production was
associated with the identity of the organism. S. epidermîdis
was also more common among slime producers than it was
among slime-negative organisms (15/16 versus 6/11; P =
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TABLE 1. Characteristics of bloodstream and skin isolates of
coagulase-negative staphylococci

No. of bloodstream isolates
Strain or

characteristic Pathogens Contaminants Skin isolates
(n = 14) (n = 13) (n = 27)

Slime positive 13 3a 4b
S. epidermidis 14 7' gd
Slime-positive 13 2d 2d

S. epidermidis
a P = 0.003 (pathogens versus contaminants).
b P = 0.0001 (pathogens versus skin isolates).
P = 0.006 (pathogens versus contaminants).
dp < 0.0001.

0.027), and produced slime more frequently than did other
species (odds ratio, 12.5).
To determine the relative contribution of each factor to the

determination of the pathogenicity of the organism, we

categorized the clinical isolates into four groups according to
their identity and their ability to produce slime. Although the
numbers in some categories were small, the distribution of
pathogenic isolates was markedly different from that of
contaminants. Slime-producing S. epidermidis strains were

13 of 14 pathogens but only 2 of 13 contaminants (P <
0.0001).
Both slime production and the species of the organism

appeared to be important factors in the determination of
pathogenicity; 13 of 15 slime-positive S. epidermidis strains,
but only 1 of 6 slime-negative S. epidermidis strains, were

clinically significant (P = 0.0006). The effect of slime pro-
duction on the pathogenicity of other species could not be
evaluated, since only one isolate belonged in this category.
Based on the preceding results, we estimated the accuracy

of the slime production test and the species of the organism
in predicting the clinical signficance of bloodstream isolates
(Table 2). Although the species of the organism was a

sensitive predictor, it lacked specificity and thus had a poor
positive predictive value of only 67%. The slime production
test was also a sensitive determinant of pathogenicity. It was
more specific and thus had a better positive predictive value
than did the species of the organism. When both the results
of the slime production test and the species of the organism
were combined, specificity was increased to 85% without
significantly affecting the sensitivity (93%), thus improving
the overall predictive value (87%).
Adherence to Teflon catheters. Slime-positive organisms

adhered to Teflon in higher numbers on the average than did
slime-negative organisms, but the difference was not statis-
tically significant because of wide variations in the counts
obtained with this technique (Table 3).

TABLE 2. Accuracy of slime production test and species identity
in predicting clinical significance of coagulase-negative

staphylococcal bloodstream isolates

.ensit.v.ty specifyy Positive Negative
Predictor Sensi Specificity predictive predictive

value value

Slime positive 93 77 81 91
S. epidermidis 100 46 67 100
Slime-positive 93 85 87 92

S. epidermidis

TABLE 3. Effect of slime on adherence of coagulase-negative
staphylococci to polyvinyl chloride catheters

Mean adherence (CFU)< of:
Slime

production Group 1 Group 2 Overali
(n = 10)b (n = 10)b (n = 20)

+ 71 29 25
28c 7d 9e

aNumber of colonies adhering to a 5-cm catheter segment, mean of
duplicate tests (see the text for details).

b Groups 1 and 2 consisted of five clinically significant slime-positive and
five slime-negative contaminants each. Their results are presented separately
because the tests were performed on different days.

' P = 0.14.
dp = 0.53.
e P = 0.24.

Phagocytic killing by PMNL. No difference between slime-
positive and slime-negative organisms was observed in the
killing curves (Fig. 2).

DISCUSSION
Infections caused by coagulase-negative staphylococci

have occurred in association with implantable medical de-
vices such as ventriculoperitoneal shunts, prosthetic heart
valves, vascular grafts, and hip prostheses (17, 21, 33).
Previous reports have suggested that slime has a role in the
pathogenesis of coagulase-negative staphylococcal infec-
tions of Holter shunts (3), surgical sutures (18), and intrave-
nous catheters (5). Coagulase-negative staphylococci have
been shown by electron microscopy to form microcolonies
on the catheter surface in vitro (5, 23, 31) and in vivo (22). It
has also been suggested that the organisms can multiply on
the catheter surface even in the absence of nutrients in the
surrounding medium (31).

In an earlier study of catheter-related sepsis, the associa-
tion between slime and clinical disease, though present, was
not striking (5). In that study, only 22 of 35 suspected
pathogens (63%) produced slime, whereas in our study 13 of
14 (91%) produced slime. However, in the former study,
patients had an average of two strains per infection, one of
which may have been a contaminant, thus affecting the
overall percentage of slime producers among true pathogens.
Recent reports indicate a similarly high correlation (81%)
between slime production and clinical disease (D. S. Daven-
port, R. M. Massanari, M. A. Pfaller, M. Bale, and W. J.
Hierholzer, 24th ICAAC, abstr. no. 452, 1984). The lack of
slime production among random skin isolates from non-
hospital personnel lends further support to the hypothesis
that slime production may be a characteristic specific to
nosocomial pathogenic strains of coagulase-negative staph-
ylococci.

S. epidermidis was more prevalent among pathogens than
it was among contaminant strains of coagulase-negative
staphylococci or among skin isolates of non-hospital person-
nel. This finding confirms that of a recent study (J. Ramos-
Jimenez, S. B. Greenberg, and T. R. Cate, 24th ICAAC,
abstr. no. 471, 1984). A high frequency of slime production
among S. epidermidis strains may underlie this finding (1, 3).
Conversely, slime-negative S. epidermidis strains were less
likely to be pathogenic than slime-positive strains of that
species. Both the species of the organism and its ability to
produce slime seem to be important in determining pathoge-
nicity, but we could not assess the single effect of slime
because of the low number of isolates tested.

It has been suggested that slime may promote adherence
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FIG. 2. Bactericidal activity of PMNL against bloodstream isolates of coagulase-negative staphylococci. Strains 7, 10, 17, and 19 are

slime-producing pathogens. Strains 2, 5, 11, 13, and 14 are non-slime-producing contaminants.

(5, 31). However, we could not show a significant correlation
between adherence to Teflon catheters and slime produc-
tion. Nevertheless, the wide variations observed with this
method suggest that a more reliable technique should be
used to assess this question more accurately (2, 16, 25). By
the use of sonication to release adherent organisms, it was
recently shown that a mucoid strain of S. epidermidis
adhered better to polyvinyl chloride than did a non-mucoid
strain of Staphylococcus hominis (D. M. Forman, R. J.
Sherertz, R. Johnson, L. C. Koo, and S. O. Heard, 24th
ICAAC, abstr. no. 369, 1984). The organisms differed,
however, by more than one factor (species and slime pro-
duction in that case). The type of catheter material should
also be taken into account when comparing adherence of
organisms (16, 32).
No difference in phagocytic killing was observed between

slime-positive and slime-negative organisms. Peters et al.,
using high concentrations of purified slime, inhibited
lymphocytic response to polyclonal activators (14). How-
ever, inhibition occurred only when the lymphocytes were
incubated with slime for at least 2 days, probably too long for
this mechanism to be relevant in vivo. In a more recent
study, slime was shown to inhibit PMNL chemotaxis and
degranulation (G. M. Johnson, W. E. Regelmann, E. D.
Gray, and P. G. Quie, 24th ICAAC, abstr. no. 55, 1984). It is
possible that in our study, before incubation with PMNL,
slime was washed off or its concentration was reduced below
a critical level. Alternatively, slime-producing organisms
may escape phagocytosis only in the presence of a foreign
body (6, 38, 39). These hypotheses need further assessment.
Our results indicate that knowledge of the species of the

organism and its ability to produce slime may assist the
clinician in evaluating the clinical significance of a coagulase-

negative staphylococcal isolate growing from a blood cul-
ture. The predictive values were obtained from data on
bloodstream isolates. Any extrapolation to catheter isolates
should be made with caution, since the organisms colonizing
catheters may be different from those causing septicemia.
The stability of slime production in vitro also needs to be
reassessed. Although Christensen et al. previously reported
that it was a stable parameter (5), we noted that some strains
lost that slime-producing ability after repetitive subculturing.
Finally, the whole concept of slime-mediated virulence must
be reviewed in the light of a possible protective effect
conferred by tissue and serum proteins which have been
shown to inhibit slime-mediated adherence to catheters (2,
18).
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