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Using a quantitative sonication method, we cultured 1,681 consecutive vascular catheters submitted to a
clinical microbiology laboratory in a 36-month period. A total of 46% of the cultures were positive; the most
common organisms isolated were coagulase-negative staphylococci (36.4%), Pseudomonas aeruginosa (13.9%),
enterococci (10.0%), yeasts (9.2%), Staphylococcus aureus (5.8%), and Enterobacter species (4.4%). The
frequencies of positive blood cultures within 48 h prior to a positive catheter culture result were as follows:
Candida albicans (68.4%), S. aureus (60%), Enterobacter cloacae (42.9%), Staphylococcus epidermidis (32.1%),
P. aeruginosa (27.7%), and enterococci (23.3%). The sonication method allowed quantification of the number
of CFU removed from a catheter for between 102 and 107 CFU. For catheter cultures in which :102 CFU grew,
a linear regression equation could be calculated: (risk of positive blood culture for the same organism) = 14
[loglo(number of organisms removed from the catheter)] - 21 (r = 0.93). For catheter cultures in which <102
CFU grew, positive blood cultures for the same organism were strongly associated with a proven infection at
a site distant from the catheter (P = 0.001) or probable contamination (S. epidermidis). Our findings indicate
that this technique has considerable potential for use in clinical microbiology laboratories to aid in the diagnosis
of vascular catheter infections and for clinical investigations into the pathogenesis of these infections.

The quantitative relationship between catheter-related
vascular infections and the number of organisms on the
catheter was first demonstrated by the roll-plate culture
technique developed by Maki et al. (11). They found that
greater than 14 colonies growing on a plate correlated with
insertion site infections and that greater than 1,000 colonies
correlated with catheter-related bacteremias caused by the
same organism. These results have been verified by other
investigators (1, 4, 5, 8, 13, 15, 18). As useful as the roll-plate
technique has been in obtaining a better understanding of
catheter-related vascular infections, a possible limitation is
its inability to quantify more than 1,000 colonies per catheter
segment.

Culture techniques that remove organisms from catheters
into broth followed by serial dilutions have allowed the
recovery and quantification of a greater number of organisms
than the roll-plate technique has (2, 3). Earlier methods used
in clinical studies involved flushing the catheter with broth
(3) and centrifuging the catheter in broth (2). Large numbers
of organisms removed by either technique are statistically
associated with catheter-related vascular infections (P <
0.05).

In this study we used a water bath sonication technique
that was first described and used in vitro by Constantinou et
al. (D. Constantinou, G. G. Geesey, and M. Wardle, Abstr.
Annu. Meet. Am. Soc. Microbiol. 1981, L13, p. 80). Using
this method, we have shown that a wide range of organisms
can be reproducibly removed from different types of vascu-
lar catheters in vitro (D. M. Forman, R. J. Sherertz, R.
Johnson, L. C. Koo, and S. O. Heard, Program Abstr. 24th
Intersci. Conf. Antimicrob. Agents Chemother., abstr. no.
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369, 1984). Subsequently, we used this technique in a
prospective study of Swan-Ganz catheters and found that
removal of greater than 103 organisms from the catheter was
associated with positive blood cultures for the same organ-
ism (P < 0.025) (7). Encouraged by these results, we began
culturing all vascular catheters submitted to the clinical
microbiology laboratory by using sonication in broth fol-
lowed by serial dilutions and report here our 36-month
experience with this method.

(This investigation was presented in part previously [A. K.
Belani, R. J. Sherertz, L. C. Koo, J. M. Getchius, and K. H.
Rand, Abstr. Annu. Meet. Am. Soc. Microbiol. 1985, L2, p.
379; R. J. Sherertz, A. Belani, and K. H. Rand, 26th
ICAAC, abstr. no. 1132, 1986].)

MATERIALS AND METHODS
Catheter culture technique. The study was performed in

the Shands Hospital, a 476-bed university referral hospital at
the University of Florida, Gainesville. All vascular catheters
submitted to the clinical laboratory for culture during a
3-year period were studied. No attempt was made to stan-
dardize the method of catheter insertion, catheter removal,
or catheter transport to the laboratory, as we were interested
in whether the sonication culture method was valid under
realistic hospital conditions.
Each catheter was placed in 10 ml of tryptic soy broth

(Difco Laboratories, Detroit, Mich.), sonicated for 1 min
(55,000 Hz, 125 W; Ultrasonic Industries, Inc., Plainview,
N.Y.), and then vortexed for 15 s. A 0.1-ml sample of the
broth was added to either 0.9 ml (1:10 dilution, first 12
months) or 9.9 ml (1:100 dilution, last 24 months) of saline
and vortexed. Then, 0.1 ml of these dilutions and 0.1 ml of
the sonicated broth were surface plated by using a wire loop
on Trypticase soy agar with 5% sheep blood (BBL Microbi-
ology Systems, Baltimore, Md. [Div. Becton Dickinson and
Co.]) and MacConkey agar (BBL Microbiology Systems).
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SONICATED VASCULAR CATHETER CULTURES 77

The plates and the original broth containing the catheter
were incubated aerobically in 5% C02 for 48 h at 37°C, and
then the number of organisms was quantitated. Accurate
colony counts (CFU) could be made for between 102 and 106
(1:10 dilution) or 107 (1:100 dilution) CFU. Counts below this
range (growth in broth only) were classified as less than 102
CFU, and counts above this range (too numerous to count at
the highest dilution) were called either 106 or 107 CFU for the
two dilutions, respectively.
Organisms were then identified by routine microbiological

techniques, except that the coagulase-negative staphylo-
cocci were not determined to the species level during the
first 24 months of the study period. During the last 12
months, 107 catheter cultures grew coagulase-negative
staphylococci, and the species of all of these organisms were
determined by using the MicroScan Gram-Positive Combo
Panel (Baxter Healthcare Corp., Sacramento, Calif.). For
coagulase-negative staphylococci, when both blood and
catheter cultures grew the same organism, the antimicrobial
susceptibility and biotype data were compared to try to
exclude the possibility of contamination.
Blood cultures. During the 36-month study period, the

blood culture results were reviewed for each patient from
whom a catheter(s) was obtained and cultured to determine
any relationship that might exist between the two types of
cultures. Blood cultures were performed by using the BAC-
TEC 460 system (Johnston Laboratories, Inc., Becton Dick-
inson and Co., Cockeysville, Md.). Because of the retro-
spective nature of this analysis, we could not be certain of
the relationship between the time the catheter was inserted
and the time the blood cultures were drawn. To increase the
likelihood that blood culture results might reflect any asso-
ciated catheter infection, we chose to consider only those
blood cultures that were drawn within 48 h prior to catheter
removal. This interval was selected because virtually all
types of vascular catheters reported in the literature are left
in place for greater than 48 h (6).

Clinical data collection. A retrospective medical chart
review was carried out to look for clinical correlations with
the catheter culture results. We focused on non-burn pa-
tients who had positive catheter cultures and an associated
blood cultures) within the previous 48 h. Burn patients were
excluded because of our inability to establish whether a burn
wound infection existed based only on retrospective medical
chart review. Of 106 patients who fit these criteria, 104 (98%)
had charts available for review. Data collected for this
purpose included diagnosis, antibiotic therapy, documenta-
tion of infections at other sites, evidence of catheter inser-
tion site infection (erythema, pain, tenderness, purulence),
the type of catheter inserted, and the presence of immuno-
suppression.

Definite infections at other locations were defined based
on the following criteria: a culture growing a single organism
which was the same as the bloodstream isolate and (i)
pneumonia documented by a chest X ray and physician
evaluation plus a sputum culture with at least 2+ (0 to 4+
scale) growth on the plate, (ii) a urinary tract infection
defined by the growth of more than 100,000 CFU/ml from a
clean-catch urine sample or more than 1,000 CFU/ml from a
catheterized urine sample, or (iii) an intra-abdominal infec-
tion diagnosed by a physician.
Data analysis. Colony counts were expressed as geometric

means because of a wide range of datum points. To deter-
mine whether a quantitative relationship existed between the
number of organisms removed from catheters by sonication
and the frequency of positive blood cultures for the same

organism, catheter culture results were grouped by powers
of 10 (e.g., .102 to <103, 2103 to <104). The mean number
of organisms (log1,) in each group was calculated to be used
as the x coordinate. For these same groups, the percentage
of catheter culture isolates that had blood cultures growing
the same organism was used as the y coordinate. The x and
y pairs from each quantitative catheter culture group were
then used to perform linear regression, which was accom-
plished by a least-squares method.

Predictive values for positive blood cultures were calcu-
lated for the six most common catheter culture isolates by
using 2 by 2 tables. Cell a contained the number of catheter
cultures growing the organism in question in the high-titer
range with associated positive blood cultures for the same
organism within the previous 48 h. Cell b contained the
number of catheter cultures growing the organism in ques-
tion in the high-titer range with associated negative blood
cultures for the organism in question. Cell c contained the
number of catheter cultures growing the organism in ques-
tion in the low-titer range with associated positive blood
cultures for the same organism within the previous 48 h. Cell
d contained the number of catheter cultures growing the
organism in question in the low-titer range with associated
negative blood cultures for the organism in question. Thus,
the positive predictive value was equal to [(a)I(a + b)] x 100,
and the negative predictive value was equal to [(d)l(c + d)] x
100.
The Student t test or Mann-Whitney rank sum test was

used to analyze the quantitative culture data. Differences
between proportions were tested by the chi-square test or
the Fisher exact test. All statistical tests were done by using
True Epistat software (Epistat Services, Richardson, Tex.)
on a microcomputer (PC XT; International Business Ma-
chines).

RESULTS

Catheter cultures. During the 36-month period, 1,681 cath-
eters from 355 patients were cultured (Fig. 1). Burn patients
(92 [25.9%]) made up the single largest group of patients, and
significantly more catheter cultures were performed per burn
patient than per non-burn patient (12.2 + 13.0 versus 1.9 ±
1.7 catheter cultures, respectively; P < 0.0001). This finding
was undoubtedly related to a burn unit protocol which
specified that ail vascular catheters in burn patients be
changed (usually over a guidewire) at least every 3 days and
sent for culture. Non-burn patients were significantly more
likely to have a positive catheter culture than burn patients
were (292 of 508 non-burn patient catheters [57.5%] versus
482 of 1,173 burn patient catheters [41.1%]; chi-square =

37.7; P < 0.001). In prospective studies of vascular catheter
infections in burn patients (10) and non-burn patients (11),
Maki et al. found that burn patients have a much higher risk
of catheter-related infection (16 of 50 burn patient catheters
grew greater than 14 CFU versus 25 of 250 non-burn patient
catheters; P < 0.001). This could mean that our burn patient
population was different from their patient population or that
the frequent changing of catheters in our burn unit decreased
the risk of infection. Alternatively, and more likely, it may
only indicate that the risk of a positive catheter culture was
higher in our non-burn patients because those catheters were
cultured because of suspected infection rather than because
of a burn unit protocol.
There were more catheters from which a single organism

grew (590 catheters [76.3%]) than from which multiple
organisms grew. There were 184 catheters with polymicro-
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78 SHERERTZ ET AL.

355 Patents (1681 Catheters) 1681 Caihetes

92 Burn Pcatlents

~1
1173 Catheters

482 Pos 691 Neg

263 Nonbum Patlents

J1
508 Catheters

292 Pos 216 Neg

907 Caiheters
no grwth

489 Ccihetes
no oesockitd

kbl bbod culture

418 Caihotes
had associted
bbood culture

774 Caltheter
culture posmve

369 Cthote
no aooclated

\ 6 blood cultures

405 Caihetei
hod seoëlated
bbood cultures

544 Caiheter Organime

220/292 Catheters
had aoclated blood cultures
In 106 poatents. Charter were
avdlable for 104 patients
(216 catheters).

FIG. 1. Catheter culture results by patient group. The box rep-
resents the data obtained from medical chart review.

bial cultures; in 126 catheter cultures two organisms grew, in
43 catheter cultures three organisms grew, in 14 catheter
cultures four organisms grew, and in 1 catheter culture five
organisms grew. Burn patients were less likely than non-
burn patients to have polymicrobial catheter cultures (20.7
versus 28.8%, respectively; chi-square = 6.02; P = 0.01).
One patient, a former nurse, used a syringe to self-induce
bacteremias which disappeared when her vascular access
was discontinued. Three of her four positive catheter cul-
tures were polymicrobial, including two cultures with colony
counts of 2105 CFU.
A total of 1,032 organisms were isolated from the 774

culture-positive catheters (Table 1). During the study 107
strains of coagulase-negative staphylococci were determined
to the species level. The frequencies of isolation were as
follows: Staphylococcus epidermidis, 77 (72.0%); Staphylo-
coccus capitis, 21 (19.6%); Staphylococcus haemolyticus, 4
(3.7%); Staphylococcus warneri, 4 (3.7%); and Staphylococ-

TABLE 1. Frequency of microorganism isolation from 774
sonicated catheter cultures

Organism Frequencya %

Coagulase-negative staphylococci 376 36.4
Pseudomonas aeruginosa 143 13.9
Enterococci 103 10.0
Yeasts 95 9.2
Staphylococcus aureus 60 5.8
Enterobacter species 45 4.4
Escherichia coli 40 3.9
Corynebacterium species 34 3.3
Alpha-hemolytic streptococci 27 2.6
Serratia species 19 1.8
Klebsiella species 18 1.7
Bacillus species 18 1.7
Acinetobacter species 12 1.2
Proteus species 10 1.0
Other 32 3.1

a A total of 1,032 organisms were isolated.

337 Oranisms
ln br Iny

207 Organim
gmw > or * 100 cu

FIG. 2. Catheter culture results in relationship to blood culture
results. The box represents the source of data used for linear
regression analysis.

cus hominis, 1 (0.9%). The frequencies of isolation of 93
yeast isolates were as follows: Candida albicans, 65 (69.9%);
Candida tropicalis, 20 (21.5%); Candida parapsilosis, 3
(3.2%); and other, 5 (5.4%).

Relationship between positive catheter cultures and blood
cultures. Blood cultures were done within 48 h of catheter
removal in 49% (823 of 1,681) of the catheter cultures.
Within this group, the risk of a blood culture being positive
was greater if the catheter culture was positive (292 of 405
catheter cultures [72.1%]) than if it was negative (86 of 418
catheter cultures [20.6%]; P < 0.0001). A total of 544
organisms were grown from the 405 catheters with positive
cultures; for 175 (32.2%) of these organisms in the catheter
cultures there were associated blood cultures that grew the
same organism.
An analysis was done to determine whether any quantita-

tive relationship existed between the number of organisms
removed by sonicated catheter culture and the frequency of
associated blood cultures growing the same organism. The
data analyzed came from the 207 catheter cultures from both
burn and non-burn patients that grew greater than or equal to
102 CFU and that had associated blood cultures in the
previous 48 h (Fig. 2). The number of catheter cultures in
each quantitative group was as follows: 102 to <103, 53
cultures; 103 to <104, 54 cultures; 104 to <105, 34 cultures;
105 to <106, 34 cultures; 106 to <107, 18 cultures; and 2107,
14 cultures. The following linear regression equation was
calculated: (frequency of positive blood cultures) = 14 x
[loglo(number ofCFU removed from the catheter)] - 21 (r =
0.93; r2 = 88%, adjusted for degrees of freedom). The linear
regression line is drawn in Fig. 3, along with the 95%
confidence bands.
The regression analysis combined data from burn and

non-burn patients because an analysis of each group individ-
ually (data not shown) demonstrated nearly identical results.
There was no difference in the regression analysis whether
the blood cultures were positive on the day the catheter was
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FIG. 3. Quantitative relationship between the number of organ-

isms removed from 207 catheters by sonication and the frequency of
positive blood cultures for the same organism. The solid line is the
linear regression line, and the dashed lines are the 95% confidence
limits.

removed or 1 or 2 days previously. Catheter counts classified
as <102 (positive in broth only) were excluded because they
could represent any catheter count between 1 and 99.
Catheter cultures growing coagulase-negative staphylococci
during the first 2 years of the study were also excluded
because they were not determined to the species level, and
therefore, it could not be determined whether the blood
culture was growing the same organism.
The relationship between positive blood cultures and the

six most common organisms (Table 1) isolated from catheter
cultures is shown in detail in Fig. 4. The frequencies of blood
cultures growing the same organisms as the catheters were
as follows: C. albicans, 68.4%; Staphylococcus aureus,

60%; Enterobacter cloacae, 42.9%; Staphylococcus epider-
midis, 32.1%; Pseudomonas aeruginosa, 27.7%; and Strep-
tococcus faecalis, 23.3%. Catheter cultures positive for C.
albicans were more likely to have associated positive blood
cultures than any other organism except Staphylococcus
aureus (P ' 0.05). Staphylococcus aureus was more likely to
have associated positive blood cultures than Staphylococcus
epidermidis, P. aeruginosa, and Streptococcusfaecalis were
(P < 0.001). Catheter cultures positive for C. albicans were

remarkable in another respect. Sixty-one percent (11 of 18)
of catheter cultures growing C. albicans in broth only were
associated with positive blood cultures for C. albicans (Fig.
4). This frequency was higher than that for any other
organism group but only statistically higher than those for
Staphylococcus epidermidis, P. aeruginosa, and Streptococ-
cus faecalis (P c 0.03).
For these same six organisms, predictive values of posi-

tive and negative catheter culture results for a positive blood
culture with the same organism were calculated (Tables 2
and 3). For C. albicans and Staphylococcus aureus, the
predictive values of a positive catheter culture were -60%,
no matter how many CFU grew from the catheter, whereas
for the other four organisms the predictive values did not
reach this level until at least 105 CFU were grown. The
predictive value of a totally negative test was excellent for all
six organisms (.98%). For positive catheter cultures the
negative predictive value did not vary much, ranging from 57
to 87% for E. cloacae, P. aeruginosa, Streptococcus faeca-
lis, and Staphylococcus epidermidis and from 37 to 57% for
Staphylococcus aureus and C. albicans.
For catheter cultures that were positive in broth only (223

of 405), blood cultures that grew the same organism occurred
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FIG. 4. Relationship between positive blood cultures and the
number of organisms removed from catheters by sonication for the
six most common organisms causing vascular catheter infections.
Symbols: *, positive blood cullture for the same organism done in
the 48 h before the catheter culture; O, negative blood culture for
the catheter culture organism in the 48 h before the catheter culture.

frequently (non-burn patients, 20 of 70 catheter cultures
[28.6%]; burn patients, 42 of 153 catheter cultures [27.4%]).
This rate was similar for blood cultures that grew organisms
that were different from those that grew in the catheter
cultures (non-burn patients, 13 of 70 blood cultures [18.6%];
burn patients, 27 of 153 blood cultures [17.6%]) and for
catheter cultures in which there was no growth (non-burn
patients, 16 of 75 catheter cultures [21.3%]; burn patients, 63
of 331 catheter cultures [19.0%]). These findings collectively
suggest that many of these positive blood cultures may have
little to do with the vascular catheter.

Seventeen catheter cultures grew Staphylococcus epider-
midis and had associated positive blood cultures for a
coagulase-negative staphylococcus (Fig. 4). Susceptibility
testing and biotyping (MicroScan) were performed for all'17
catheter culture isolates, but both were performed for only 9

TABLE 2. Predictive values of positive sonicated vascular
catheter cultures for positive blood cultures

Predictive value (%) for the following
Organism catheter culture results:

>° _102 103 2104 2 W

Candida albicans 68.4 75.0 81.8 81.8 80.0
Staphylococcus aureus 60.0 69.2 68.2 77.8 80.0
Staphylococcus epider- 32.1 37.5 44.4 66.7 66.7

midis
Streptococcus faecalis 23.3 41.2 36.4 36.4 37.5
Pseudomonas aerugi- 27.7 31.3 43.5 43.8 63.6

nosa
Enterobacter cloacae 42.9 50.0 45.5 42.9 60.0
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80 SHERERTZ ET AL.

TABLE 3. Predictive values of negative sonicated vascular
catheter cultures for positive blood cultures

Predictive value (%) for the following catheter
Organism culture results:

>0 .102 103 i104 .io5

Candida albicans 98.8 38.9 37.0 37.0 35.7
Staphylococcus 99.3 57.1 50.0 54.5 52.0

aureus
Staphylococcus 99.3 72.4 74.3 75.0 70.0

epidermidis
Streptococcus 98.4 86.7 76.2 73.6 73.2
faecalis

Pseudomonas 98.7 75.8 81.0 77.6 79.6
aeruginosa

Enterobacter clo- 99.4 66.7 60.0 57.1 60.0
acae

of the blood culture isolates. For the nine pairs of organisms
(catheter culture and blood culture) for which both suscep-
tibilities and biotypes were available, five pairs were identi-
cal (differing by <1 antibiotic susceptibility or biotype) and
four pairs were different. For the five identical pairs, the
mean quantitative catheter culture result was 4.4 ± 1.9
(standard deviation) versus 2.2 ± 0.6 CFU for the others (P
= 0.06 by the Student t test). This suggests that when low
numbers of Staphylococcus epidermidis were removed from
the catheter by sonication and the associated blood culture
was positive for Staphylococcus epidermidis, one or the
other isolate was likely to be a contaminant.

Clinical correlations. The medical charts of 104 non-burn
patients with 216 positive catheter cultures were reviewed
(Fig. 1). The most common underlying medical problems
were trauma (13.5%) and cancer (13.5%). Seventy-two per-
cent of these patients resided in an intensive care unit at the
time of their catheter infection(s); they were most commonly
on a general surgery (26.9%), pediatric (25%), or general
medicine (21.2%) service. Eight of the patients died during
their hospitalization. Immunosuppression was relatively in-
frequent, except for the use of steroids (17.3%). The type of
catheter used was recorded too infrequently to provide any
useful data.
Of the 216 positive catheter cultures evaluated in the

medical chart review, 24 grew <102 CFU (positive in broth
only) and had associated positive blood cultures for the same
organism. Of these 24 catheter cultures, 11 (45.8%) were
associated with another definite site of infection with the
same organism compared with 5 of 73 catheter cultures
(6.8%; P < 0.0001 by the Fisher exact test) that grew >102
CFU. Of these 11 infections, 6 were endovascular in location
(5 were from other vascular catheters and 1 was from a case

of endocarditis) and 4 were urinary tract infections (all
caused by C. albicans). Furthermore, for catheter cultures
that were positive in broth only and that were associated
with negative blood cultures or blood cultures that grew

different organisms from the catheter, the incidence of a
documented infection caused by the same organism as that
isolated from the catheter was much lower (12.1% [8 of 66
catheter cultures]; P = 0.001 by the Fisher exact test). These
data suggest that the true incidence of positive blood cul-
tures caused by catheters with low numbers of organisms
(i.e., in broth only) was very low (probably <15%).
Although there was a very strong correlation between

positive blood cultures for the catheter organism and the
number of colonies removed from the catheter by sonica-
tion, it was possible that antibiotic use may have resulted in

TABLE 4. Clinical findings in non-burn patients associated with
vascular catheter cultures

No. of catheter cultures with the associated
clinical findings:

Organism Definite Catheter
Total +BC- other site site Fever

infections purulence

Staphylococcus 15 12 0 6 12
aureus

Candida albicans 13 9 5 0 il
Enterobacter clo- il 6 2 3 9
acae

Staphylococcus 28 9 2 1 21
epidermidis

Pseudomonas 22 6 8 1 18
aeruginosa

Streptococcus 24 5 2 5 18
faecalis
a Blood cultures positive (+BC) for the same organism as the catheter

culture.
b Infection with the same organism at a site distant from the vascular

catheter.

false-negative blood cultures. Of the catheter cultures which
grew 2105 colonies (53 of 216 catheter cultures), only 1 of 20
catheters with negative blood cultures was associated with
antibiotic therapy compared with 13 of 26 (P = 0.001 by the
Fisher exact test) if the blood culture was positive for the
same organism as the catheter and 4 of 7 if the blood culture
was positive but for a different organism. Antibiotics appar-
ently were used because the patient had a positive blood
culture, appeared ill, or both and did not result in false-
negative blood cultures.
We next focused on whether there were any clinical

findings that were unique to specific organisms. These re-
sults are summarized in Table 4. For the three organisms
that are the most common causes of catheter infections
reported in the literature (6) (Staphylococcus epidermidis,
Staphylococcus aureus, and C. albicans), there were two
interesting findings. Purulence at the catheter insertion site
was documented in the chart with 40% of Staphylococcus
aureus catheter infections, a frequency which was signifi-
cantly higher than that for purulence associated with C.
albicans or Staphylococcus epidermidis infections (P <
0.05). C. albicans was more likely than the other two
organisms to be associated with a definite cause of infection
at a site distant from the catheter (P s 0.05). These findings
must be viewed with caution because of the retrospective
manner in which these data were obtained.

DISCUSSION

Use of the roll-plate method for culturing vascular cathe-
ters has greatly improved our understanding of the patho-
genesis of vascular catheter infections (11). By using this
technique, it has been possible to show associations between
colonization of the skin and the number of organisms on the
catheter (19) and between the number of organisms on the
catheter and insertion site inflammation, insertion site puru-
lence, and catheter-related bacteremia (or fungemia) (11). As
a result, the concept has been advanced that the majority of
vascular access infections develop because of organism
multiplication at the insertion site, with subsequent multipli-
cation around the catheter in the subcutaneous space and
then the bloodstream (11).

J. CLIN. MICROBIOL.
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However, the roll-plate technique is capable of enumerat-
ing fewer than 1,000 organisms; catheter cultures growing
more than 1,000 CFU are lumped into a category of 103
organisms (11). Notably, in the original study of Maki et al.
(11), in all four cases of catheter-related bacteremia quanti-
tative catheter cultures grew -103 organisms, but so did nine
other catheter cultures obtained from patients with no asso-
ciated bacteremia. This observation suggests that useful
information could be obtained if the upper limit of quantita-
tion could be extended. Cleri et al. (3) studied this by
flushing the lumen of the catheter three times with broth and
doing serial dilutions. For different ranges of catheter organ-
ism counts, they found the following frequencies of catheter-
related bacteremia: <103, 0%; 103 to 104, 28.6% (2 of 7); 104
to 106, 50% (6 of 12); >106, 100% (5 of 5). Bjornson et al. (2)
have reported similar results with a centrifugation technique
followed by serial dilutions: <103 organisms per catheter,
14.3% (2 of 14); 103 to 105, 55.6% (5 of 9); >i05, 100% (3 of
3).

In a previous prospective study of Swan-Ganz catheters,
we found that the sonication method for culturing vascular
catheters demonstrated an association between catheter-
related bacteremia and the number of organisms removed
from Swan-Ganz catheters (7). For four of the five catheters
that were associated with catheter-related bacteremia, vas-
cular catheter cultures grew greater than 103 organisms.
Similar observations have been made by other investigators
who used the roll-plate method (12, 16). The present study
solidifies the quantitative relationship between the number
of organisms removed from a vascular catheter by sonication
and the incidence of bacteremia. Among the 207 catheter
cultures that grew .102 CFU and had an associated blood
culture within 48 h prior to catheter removal, there was a
correlation of 0.93 (r2 = 0.88) between the frequency of
concordant positive blood cultures and the number of organ-
isms recovered after sonication. These findings may mean
that the number of organisms on the catheter represent
different points in time on the natural history curve for the
infection. Thus, like urinary tract infections associated with
bladder catheters, small numbers of organisms may repre-
sent early stages of infection and large numbers may repre-
sent late stages of infection (20). This very strong quantita-
tive correlation also raises the possibility that the
quantitation of organisms in clinical microbiology laborato-
ries may help to discriminate between catheter-related pos-
itive blood cultures and bacteremias or fungemias from other
sources. Further prospective investigations are necessary to
address these considerations.
The most remarkable findings of this study were the

striking differences between the microorganisms that caused
infection. While coagulase-negative staphylococci were the
most common isolates from vascular catheters, these organ-
isms, and Staphylococcus epidermidis in particular, were
much less likely to have an associated positive blood culture
than Staphylococcus aureus and C. albicans were. This
study provides the first hard data supporting the long-held
clinical impressions that Staphylococcus aureus and C.
albicans are unique causes of vascular access infections.
Catheter cultures growing Staphylococcus aureus had sta-
tistically higher catheter culture counts and a greater fre-
quency of associated positive blood cultures than did cath-
eter cultures growing any other organism group except the
yeasts. Retrospectively, with Staphylococcus aureus infec-
tions there was a greater frequency of purulence at the
catheter insertion site and very little evidence of infections at
other sites contributing to the process. This implies that

Staphylococcus aureus may have unique virulence charac-
teristics that facilitate its growth in the environment sur-
rounding the vascular catheter.
With C. albicans, as with Staphylococcus aureus, there

was a high frequency of positive blood cultures associated
with catheter cultures that grew greater than 102 CFU (15 of
20 catheter cultures [75%]); there was little evidence of C.
albicans infections at other sites (1 of 8 catheter cultures
[12.5%]). However, there was also a very high frequency of
blood cultures positive for C. albicans associated with
catheter cultures that grew less than 102 CFU (11 of 18
[61%]), in conjunction with a high frequency of documented
other sites of infection (4 of 5 in the medical chart review; P
= 0.03 in comparison with >102 C. albicans by the Fisher
exact test). Bjornson et al. (2) found that a significant
percentage of patients with C. albicans vascular infections
had no C. albicans detectable on the skin at the site of
catheter entry, raising the possibility that C. albicans
reaches the catheter by a source other than the skin. Given
the known ability of C. albicans to stick to fibrin and platelet
matrices (9) and fibronectin (17), this suggests the possibility
of hematogenous seeding of the catheters (14). Thus, the
sonicated culture technique, by expanding the range of
quantitation, can categorize organisms into groups that
suggest differences in the pathogenesis of infection.
The high positive predictive values for catheter-associated

positive blood cultures (.60 to 80%) calculated for C.
albicans and Staphylococcus aureus strongly suggest that
catheters growing any titer of either of these organisms
should be considered infected and to contribute to the
positive blood culture. The much lower positive predictive
values for Staphylococcus epidermidis, Streptococcus
faecalis, and P. aeruginosa, when less than 102 of these
organisms were removed (23 to 32%), suggest that a higher
cutoff value (>102 CFU) should be used to define catheter-
related bacteremia. This was shown quite well when both
catheters and blood cultures grew Staphylococcus epidermi-
dis; for catheter cultures with less than 102 CFU, only one of
four isolates had the same biotype and susceptibility as the
bloodstream isolate versus four of five isolates if the cathe-
ters grew greater than 102 CFU. E. cloacae fell between
these two groups of organisms, and it is not clear how it
should be handled.

In conclusion, sonication is an effective means of remov-
ing organisms from vascular catheters. It greatly increases
the number of organisms that can be quantitated, in compar-
ison with the roll-plate technique. The close relationship
between the number of organisms removed and the risk of
bacteremia in the previous 48 h suggests that it may be very
useful in clinical microbiology laboratories. Perhaps the
most important finding was that this technique provides
sufficient resolution to distinguish differences between or-
ganisms in their ability to cause vascular access infections.
Further prospective investigations are indicated to explore
the potential of this method for culturing vascular catheters.
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