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Abstract. Bacteremia is often a serious and recurring
problem in children with hemodialysis catheters. We report
an outbreak of Enterococcus bacteremia in a pediatirc he-
modialysis unit occurring from June 1992 to June 1993.
During this period, 18 episodes of bacteremia occurred in
eight children; 11 infections were polymicrobial. En-
terococcus fecalis was associated with 13 infections in five
patients (8 polymicrobial). Other pathogens included En-
terobacter cloacae (5 infections), Staphylococcus (3), Sta-
phylococcus epidermidis (2), and Klebsiella pneumoniae
(2). All Enterococcus infections occurred in patients with
dual-lumen subclavian venous catheters. Skin and catheter
sites were culture negative, except in one patient. Rectal
swabs were positive for Enterococcus in five patients.
Enterococcus was not isolated from any source within the
unit. Serotypes of all Enterococcus isolates were different,
except for 2 isolates in the same patient. Starting in June
1993, catheters were flushed after dialysis with vancomycin
or ampicillin. Since initiating this procedure, further epi-
sodes of Enterococcus bacteremia have not occurred. A
questionnaire sent to other pediatric hemodialysis units
failed to identify Enterococcus among 26 cases of bacter-
emia. In conclusion: (1) Enterococcus is an unusual pa-
thogen for hemodialysis-related bacteremia in children;
(2) patients with dialysis catheters were predisposed to this
infection; (3) a common source for Enterococcus could not
be identified by either culture or by serotyping; (4) flushing
catheters with antibiotics after dialysis was effective pre-
vention.
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Introduction

Dual-lumen venous catheters are widely used for vascular
access in hemodialysis patients. These catheters are espe-
cially useful in children when surgical construction of
ateriovenous fistulas is difficult, if not impossible. By
providing vascular access in small patients, dual-lumen
catheters have permitted the employment of chronic he-
modialysis in infants and children who otherwise could not
receive this life-sustaining treatment.

However, patients with hemodialysis catheters are at
risk for blood-borne bacterial infections. Catheter-related
bacteremia may be mild and easily treated with in-
tradialytic antibiotics, but can also be associated with sig-
nificant problems, including recurrences of infection, loss
of vascular access site, septic shock, and the development
of drug hypersensitivity with the repeated use of anti-
biotics. In this paper, we report an outbreak of bacteremia
secondary to Enterococcus fecalis in a pediatric hemodia-
lysis unit. Our investigation for the source of infection and
our method for eradicating the problem are discussed.

Patients and methods

The pediatric hemodialysis unit is a four-station facility situated within
Egleston Children’s Hospital in Atlanta, (Georgia, USA) and provides
hemodialysis to 12 children. The water supply is provided from a
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Fig. 1. Hemodialysis bacteremia: number of episodes by month from
June 1992 to June 1993



Table 1, Patients with bacteremia: month and organisms
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Fig. 2. Hemodialysis bacteremia: frequency of pathogens

central source and purified by a reverse osmosis system (Continental
Water Systems, Atlanta, Ga., USA). Bacterial cultures are obtained
routinely every month from each individual dialysis machine (Frese-
nius USA, Concord, Calif., USA) and from the reverse osmosis sys-
tem. Blood cultures were obtained in all febrile patients directly from
hemodialysis catheters. Exit site care was performed by dialysis nurses
after each treatment. In June 1993, additional cultures were obtained
from stool, skin catheter exit sites, waste disposal devices, and medi-
cation vials. Isolates of Enterococcus fecalis from blood cultures were
sent to the Centers for Disease Control in Atlanta, Georgia for ser-
otyping. Serotyping of fecal cultures was not performed.

Results

Eighteen episodes of bacteremia in eight children occurred
from June 1992 to June 1993 (Fig. 1). All patients were
febrile (>38°C). Vascular access in these patients included
a polytetrafluoroethylene graft in the lower extremity of
one child; the other seven children had permanent (cuffed)
subclavian venous catheters. All catheters were inserted in
the operating suites by qualified surgeons. Infections were
treated with appropriate antibiotics for 2 weeks. One pa-
tient required hospitalization.

Enterococcus fecalis was the most prevalent organism
identified during this 12-month period and was associated
with 13 infections in five patients, all with permanent
subclavian venous catheters (Fig. 2). From June 1992 to
December 1992, 2 episodes of Enterococcus bacteremia
occurred in one patient (Table 1). Starting in January 1993,
11 episodes of Enterococcus bacteremia occurred in five
patients. Eight infections with Enterococcus were poly-
microbial, and included 3 infections with Enterobacter
cloacae, 3 infections with Staphylococcus aureus, and 2
infections with Staphylococcus epidermidis (Table 1). Five
infections with Enterococcus in four children were mono-
microbial. Three polymicrobial and 2 monomicrobial in-
fections were not associated with Enterococcus (Table 1).

Enterococcus bacteremia occurred in one child within
3 days of catheter placement; all other infections occurred
4 weeks or later after catheter insertion. Another patient
development Enterococcus bacteremia shortly after trans-
ferring from another dialysis center where there was no
previous history for infection using the same catheter. One

Date Patient no. Organisms
1992
June Klebsiella pneumonia/Enterobacter cloacae

Enterococcus fecalis/S. aureus

1
2

October 2 Enterococcus fecalis/S. aureus
2

December Klebsiella pneumoniae
1993
January 3a S. aureus
4 Enterococcus fecalis
February 5 Enterococcus fecalis/Enterobacter cloacae
March 4 Enterococcus fecalis/S. aureus
6 Enterococcus fecalis/Enterobacter cloacae
April 6 Enterococcus fecalis/Enterobacter cloacae
May 6 Enterococcus fecalis
4 Enterococcus fecalis
7 S. xylasus/Klebsiella oxytoca/Acinetobacter
calcoaceticus
2 Enterococcus fecalis
June 2 Enterococcus fecalislS. epidermidis
7 Enterobacter aerogenes/Xanthomonas
maltiphilia
8 Enterococcus fecalis
6 Enterococcus fecalis/S. epidermidis

S. aureus, Staphylococcus aureus; S. xylosus, Staphylococcus xylosus;
S. epidermidis, Staphylococcus epidermidis
a Polytetrafluoroethylene graft

patient underwent catheter removal and reinsertion at the
contralateral subclavian site after two infections with En-
terococcus in June 1992 and Octoberer 1992 and with
Klebsiella in December 1992. Enterococcus bacteremia
recurred in May 1993 and June 1993.

The cause for this outbreak could not be determined.
Fecal contamination of dialysis lines which were held over
waste disposal cannisters during saline priming was con-
sidered a possible source but could not be verified. En-
terococcus was not isolated from any source within the
dialysis unit, including the waste disposal devices, central
water supply, dialysis baths, intravenous solutions, or
medication vials. Skin and catheter sites were culture
negative for Enterococcus, except in one patient. Rectal
swabs were positive for Enterococcus in all five children
with Enterococcus bacteremia and in one child with bac-
teremia secondary to S. aureus. A common dialysis ma-
chine could not be identified for each infection with En-
terococcus. Serotypes of all Enterococcus isolates were
different, except for 2 isolates from the same patient.

Starting in June 1993, catheters were flushed after dia-
lysis with vancomycin or ampicillin in all patients with
dialysis catheters. The technique is as follows: 1 ml of
vancomycin (50 mg/ml) was added to 250 ml of normal
saline; 0.25 ml (50 png) was mixed with heparin sulfate
(5,000 units/ml) to a total volume appropriate for catheter
size (0.9-1.3 ml) and instilled into each lumen after
completion of dialysis. For ampicillin, the procedure was
the same except that 0.50 mi (100 ug) was added to heparin
sulfate (10,000 units/ml).

We employed the antibiotic-heparin flush technique for
12 months in children with dialysis catheters, and further
episodes of Enterococcus bacteremia did not occur during
this period. Currently, we are not initiating this procedure in



new patients with catheters and have discontinued this
procedure in all but two children. As of 1 January 1995,
Enterococcus bacteremia has not occurred in any patient
receiving dialysis in our unit.

Discussion

The recurrences of catheter-related bacteremia with En-
terococcus fecalis led to an exhaustive search for the cause
of this outbreak, but the source of contamination could not
be identified by cultures. Additionally, serotyping of en-
teroccocal isolates suggested that there was not a common
source for infection. Enterococcus fecalis was recovered
from the stool in all five patients with enterococcal bac-
teremia, suggesting that stool colonization may have served
as a reservoir for this pathogen. Ultimately, by instilling
catheter lumens with a solution of heparin and antibiotics,
we were able to prevent recurrences of Enterococcus bac-
teremia.

Bacterial colonization of hemodialysis catheters has
been reported in 21.6% of adult patients and catheter-re-
lated bacteremia in 9.4% [1], with S. epidermidis and
aureus the most frequently isolated organisms from blood
cultures [1, 2]. The source of infection is usually the skin
exit site or intraluminal contamination [2, 3]. Additionally,
S. aureus nasal carriers are at a higher risk for staphylo-
coccal septicemia than are noncarriers [4]. Rarely, other
organisms such as Enterococcus fecalis are found in iso-
lated cases [2, 5]. Outbreaks of bacteremia with En-
terococcus, such as we described, have not been reported.
A questionnaire was sent to 15 pediatric hemodialysis units
to determine if bacteremia is a frequent problem among
children with permanent catheters. Eight units responded
and reported 26 cases of bacteremia. Seven units consid-
ered bacteremia a significant problem, but did not employ
prophylactic antibiotics. S. aureus was the most prevalent
pathogen; Enterococcus fecalis was not reported from any
unit.

Several techniques for prevention of catheter-related
infections have been described. Levin et al. [4] reduced the
incidence of bacteremia with the application of topical
povidone-iodine ointment to catheter exit sites. The bene-
ficial effect of this technique was most apparent in S.
aureus nasal carriers who were considered a high-risk
group. Others have prevented recurrences of bacteremia by
changing the catheter over a guidewire [6]. The practice of
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flushing catheter lumens with antibiotics was first de-
scribed in a case of recurrent Proteus mirabilis bacteremia
[7]1 and in a child with Staphylococcus and Klebsiella in-
fections [8]. We adopted this technique when our efforts to
identify a source for enterococcal infection proved to be
futile. We had considered removing catheters in children
with recurring infections. This policy would have resulted
in loss of vascular access sites, and we also feared that
bacteremia would recur in new catheters. One patient did
have recurrences of Enterococcus bacteremia after catheter
replacement. By using an antibiotic-heparin flush solition,
we prevented recurrences of Enferococcus infection and
preserved vascular access sites. Potentially, this procedure
could increase the risk for infections with vancomycin-re-
sistant Enterococcus, a problem which was recently re-
ported from another dialysis center [5]. Despite this con-
cern, the antibiotic-heparin flush procedure could be con-
sidered before catheter removal is deemed necessary in
patients with vascular access problems and recurring ca-
theter infections.
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