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Note 

Use of Pulsed Field Gel Electrophoresis 
to Determine the Source of Microbial Contamination 
of Central Venous Catheters 

M.A. Livesley, S.E. Tebbs, H.A. Moss, M.H. Faroqui, P.A. Lambert, 
T.S.J. Elliott 

Abstract Microorganisms detected in situ on the distal tip of central venous cathet- 
ers (CVC) within 90 min of insertion were investigated using pulsed-field gel electro- 
phoresis to analyse genomic fragments obtained with the Sinai restriction enzyme. 
Thirty patients received a triple lumen CVC, which was inserted directly through the 
skin using the Seldinger technique. In a further 30 patients a triple lumen CVC was 
inserted through a Swan sheath, thereby avoiding direct contact of the CVC with the 
skin. Staphylococci were isolated from the distal tips of the catheters in 6 patients (5 
who had the CVC inserted directly through the skin and 1 who had the CVC in- 
serted via a Swan sheath.) Twenty-three staphylococcal isolates were also isolated 
from the insertion equipment and the skin swabs surrounding the insertion site of 
these six patients. All the isolates were genotyped. In one of the patients the organ- 
isms isolated from the skin were identical to those on the CVC tip. In two further 
patients similar organisms were isolated from the insertion equipment and the pa- 
tients' skin. These results, in addition to the reduced colonisation rates observed 
when catheters were introduced through a Swan sheath, support the hypothesis that 
microorganisms from the skin are impacted onto the CVC tip and the CVC insertion 
equipment at catheter insertion. 
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Introduction 

Staphylococcus epidermidis is an important cause of in- 
fection of implanted medical devices such as intravascu- 
lar catheters, prosthetic heart valves, pacemakers, 
chronic ambulatory peritoneal dialysis catheters, and 
orthopaedic devices [1-3]. Infection associated with 
central venous catheters (CVC) is a significant cause of 
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mortality and morbidity and is a major source of bac- 
teraemia and septicaemia in hospitalised patients [4, 5]. 
Intravascular catheter-related sepsis is a principle cause 
of sepsis in the western world with over 5000 cases of 
associated bacteraemias occurring annually in England 
and Wales (6). Microorganisms gain access to catheters 
over varying time periods after insertion resulting in co- 
lonisation or catheter-related sepsis following extralu- 
minal or intraluminal contamination of the catheter. A 
major source of contamination is the skin puncture site. 
Microorganisms primarily from the patient's skin, or 
occasionally from the medical practitioner or environ- 
ment, may migrate from the skin insertion site down 
the intracutaneous tract on the external surface of the 
catheter [4]. This is thought to result in colonisation of 
the catheter distal tip, which may lead to sepsis. Intralu- 
minal contamination involving catheter hub colonisa- 
tion and migration to the distal tip through the internal 
catheter lumen is also an important source of infection 



[7]. M o r e  r ecen t ly  skin  m i c r o o r g a n i s m s  have  b e e n  
shown to be  i m p a c t e d  on to  the  c a t h e t e r  d is ta l  t ip at the  
t ime  of  inse r t ion  [8]. 

T h e  ac tua l  source  and  re la t ive  i m p o r t a n c e  of  the  m o d e s  
of  c o n t a m i n a t i o n  by  specif ic  s t aphy lococca l  s t ra ins  tha t  
cause  infec t ions  a s soc ia t ed  wi th  med i ca l  devices ,  such 
as C V C s  have  b e e n  inves t iga t ed  in a n u m b e r  of  s tudies  
by  m o l e c u l a r  e p i d e m i o l o g i c a l  m e t h o d s  [9, 10]. Sens i t ive  
and  accu ra t e  typ ing  m e t h o d s  a re  vi ta l  for  such s tudies .  
T h e  p r e p a r a t i o n  of  m a c r o r e s t r i c t i o n  f r a g m e n t  p rof i l es  
of  c h r o m o s o m a l  D N A  by pu l sed- f i e ld  gel  e l e c t r o p h o r e -  
sis ( P F G E )  is the  mos t  sens i t ive  t e c h n i q u e  cu r r en t l y  
ava i l ab le  s ince  it ana lyses  the  en t i r e  g e n o m e  r a t h e r  
t han  specif ic  sequences .  Staphylococcus epidermidis is 
idea l ly  su i t ed  for  typ ing  by  this m e t h o d  as it exhib i t s  
ex tens ive  d ive r s i ty  [11, 12]. P F G E  has  also b e e n  ap-  
p l i ed  in inves t iga t ions  of  the  course  of  in fec t ion  with  
c o a g u l a s e - n e g a t i v e  s t aphy lococc i  in n e o n a t e s  and  chil-  
d ren  [13, 14]. In  the  p r e s e n t  s tudy  dis ta l  C V C  tips in 
si tu we re  assessed  for  m i c r o b i a l  c o n t a m i n a t i o n  and  
P F G E  was used  to  e x a m i n e  these  i so la tes  t o g e t h e r  wi th  
those  o b t a i n e d  f rom the  skin  en t ry  si te and  c a t h e t e r  in- 
se r t ion  e q u i p m e n t  to  d e t e r m i n e  w h e t h e r  o r  no t  the  skin  
was a p o t e n t i a l  source  of  c o n t a m i n a t i o n  of  C V C  dur ing  
ac tua l  inser t ion .  

Materia ls  and M e t h o d s  

Sixty patients undergoing cardiac surgery who required a CVC 
were studied after giving informed consent. One group of 30 pa- 
tients received a triple lumen polyurethane, 30 cm, 7Fr catheter 
(Deltacath; Becton Dickinson, France), which was inserted over 
guidewires using the Seldinger technique. In the second group of 
30 patients, a Swan sheath catheter was inserted (Argon Medical, 
USA or Baxter Health Care, USA) then a triple lumen catheter 
(Deltacath) was placed through the Swan sheath, thus avoiding 
contact of the CVC with the skin. All catheters were inserted by 
experienced anaesthetists in an operating theatre using strict 
aseptic techniques. The theatre air was HEPA filtered and con- 
tained no detectable microorganisms. Chtorhexidine gluconate 
(0.5%) in alcohol (70%) (DuPuy Healthcare, UK) was applied to 
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the skin CVC insertion site and surrounding area and allowed to 
dry for 2 rain. Sterile drapes were then placed around the inser- 
tion site and non*clean areas. The catheter distal tips were not 
touched by the operators during the insertion procedure. 

All organisms isolated were identified using the API system 
(bioMdrieux, France). The number of organisms at the skin inser- 
tion site and those contaminating the insertion equipment were 
determined as previously described [81 . Microbial contamination 
of the distal tip and distal segment of the CVC was assessed by 
direct sampling during open heart surgery. Before establishing 
the cardiopulmonary by-pass the distal proportion of the catheter 
was identified within the right atrium; it was then drawn through 
the opening in the atrial appendage and a sample taken by pass- 
ing the catheter tip through a folded sterile cellulose acetate 
membrane (Gelman Sciences, USA). An imprint of the distal tip 
was also made on the membrane which was then placed on a 7% 
blood agar plate and processed as described above. Sterility of the 
filters was confirmed by standard microbiological procedures. 
The sterility of the surgeon's gloved finger that was used to with- 
draw the catheter's distal tip from the patient's heart was con- 
firmed by swabbing prior to the catheter being located. The swab 
was subsequently placed in 2 mi Stuart's transfer medium con- 
taining 2% lecithin and 3% Tween and processed as described by 
Elliott et al. [8]. 

All isolates were cultured in Mueller-Hinton broth, pelleted and 
resuspended at a concentration equivalent to 40mg/ml wet 
weight prior to preparation for PFGE. The PFGE method used 
was based on that of Lina et al. t i l l  using the Sinai restriction 
enzyme (Boehringer, Germany). The electrophoresis conditions 
were optimised for the separation of fragments as follows: 22 h in 
1% (w/v) agarose (molecular biology grade; Bio Rad, USA) in 
0.5 x TBE buffer (45 mM Tris-borate of pH 8.0, i mM EDTA) 
maintained at 10 ~ (CHEF-DRIII system, Bio Rad), employing a 
start pulse time of 10 sec and a final pulse time of 60 sec at 6 V/cm 
with a 120 ~ angle. Gels were stained with ethidium bromide 
(0.5 txg/ml) for 30 min followed by destaining in distilled water 
(90 min), and visualised using a scanner (UVP Products, UK). 
Molecular weight standards (A concatamers) were included to 
permit sizing and identification of bands. 

The guidelines of Tenover et al. [15] were adopted for the inter- 
pretation of the PFGE profiles obtained. In each case the PFGE 
profiles of the organisms isolated from the CVC tip and the skin 
of a patient were compared with the profiles of isolates from the 
catheter insertion equipment. Comparisons were classified ac- 
cording to the criteria of Tenover et al. [15] as follows: indistin- 
guishable (no fragment differences); closely related (2-3 fragment 
differences); possibly related (4-6 fragment differences); and dif- 
ferent (_> 7 fragment differences). 

Table 1 Frequency of microbial contamination of the CVC distal tip, skin insertion site and insertion equipment 

Patient group Frequency of microbial contamination/Number sampled 

CVC distal Skin insertion Insertion Insertion Guidewire CVC dilator Swan sheath Scalpel 
tip site cannula and needle a introducer 

needle a 

CVC inserted 5/30 20/30 2/10 7/20 15/30 14/29 - 2/14 
directly 
through skin 
CVC inserted t/30 23/30 2/14 3/16 12/40 5/16 tl/30 7/30 
through Swan 
sheath 

a Some operators used a combination of a plastic insertion cannula with a needIe; others used a needle alone for the initial skin 
puncture 
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Table 2 Results of investigations of organisms present on the skin, catheter tips and insertion equipment. The CVC was inserted 
directly through the skin in all patients except patient no. 6 where the CVC was inserted through a Swan sheath 

Patient Source Species API Sinai restric- Antibiotic sensitivity t~ 
no. profile tion pattern ~ 

(a) (b) (c) 
P V R E F G M 

1 guidewire 1 S. epidermidis 6306152 D I I + + + + + + + 
guidewire 2 S. epidermidis 6706113 D D D - + + + + + + 
guidewire 3 no ID 6211113 D PR PR + + + + + + + 
cVC tip S. epidermidis 6706113 na D D - + + + + - - 
skin 1 S. epidermidis 6306152 D na I + + + § + + + 
skin 2 S. epidermidis 6306112 D I na + + + + +. + + 
dilator S. epidermidis 6306112 D I I - + . . . . . .  

2 guidewire 1 no ID 6716173 D PR D + + + + + + + 
guidewire 2 no ID 6716173 no result + + + + + + + 
guidewire 3 S. epidermidis 6606113 D PR D + + + + + + + 
skin 1 S. epidermidis 6706113 D na D + + + + + + + 
skin 2 S. epidermidis 6706112 I D na + + + + + + + 
dilator 1 no ID 6716173 D PR D + + + + + + + 
dilator 2 S. epidermidis 6706113 D PR D + + + + + + + 
cVC tip S. epidermidis 6706112 na D I + + + + + + + 

3 guidewire S. aureus 6734153 D na na - + + - - + + 
cVC tip S. epidermidis 6706112 na na na - + - + + + + 

4 skin S. hominis/ 6716133 PR na na - + + + + + + 
S. epidermidis 

scalpel S. warneri/ 6236113 D D na - + + + - + + 
S. hominis 

cVC tip S. epidermidis 6706113 na D na - + + - + - - 
guidewlre 5;. epidermidis 6706113 D D na - + + + + + + 

5 skin S. schleiferi 6106141 D na na - + + + + + + 
cVC tip S. cohnii 6274100 na D na - + - + + + + 

6 guidewire S. aureus 6716151 PR D na - + - + + + - 
skin S. capitis 6102110 D na na + + + + + + + 
cVC tip S. capitis 6122100 na D na + + + + + + + 
scalpel S. aureus 6716151 t D na - + - + + + - 
needle S. aureus 6716151 I D na - + - + + + - 
swan S. aureus 6716151 D D na - + - + + + - 
catheter 
introducer 

Comparison of the restriction pattern of the source isolate with that of (a) the CVC tip isolate, (b) skin 1 isolate and (c) skin 2 isolate 
(patients no. 1 and 2 only). Results were classified as follows: indistinguishable, I (no fragment difference) closely related, CR (2-3 
fragment differences); possibly related; PR (4-6 fragment differences) and different; D (>_7 fragment differences); na, not applica- 
ble 

b +,  sensitive; --, resistant; E, erythromycin; F, fusidic acid; M, methicillin P, penicillin; R, rifampicin; V, vancomycin 

Results and Discussion 

T h e  f r e q u e n c y  o f  m i c r o b i a l  c o n t a m i n a t i o n  o f  t h e  C V C  
dis ta l  t ip ,  sk in  i n s e r t i o n  s i te  a n d  i n s e r t i o n  e q u i p m e n t  is 
s h o w n  in T a b l e  1. T h e  r a t e  o f  c o n t a m i n a t i o n  o f  t h e  
C V C  d i s t a l  t ips  w h e n  t h e  c a t h e t e r  w a s  d i r e c t l y  i n s e r t e d  
t h r o u g h  t h e  sk in  w a s  17% (5/30).  In  c o m p a r i s o n ,  w h e n  
t h e  C V C  w a s  i n s e r t e d  t h r o u g h  a S w a n  s h e a t h  t h e  r a t e  
o f  c o n t a m i n a t i o n  o f  t h e  C V C  d i s t a l  t ip  w a s  3 %  (1/30)) ,  
a l t h o u g h  th is  f i g u r e  d id  n o t  r e a c h  s t a t i s t i ca l  s i g n i f i c a n c e  
( P > 0 . 0 5  c h i - s q u a r e  t e s t ) .  T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  
sk in  is a m a j o r  s o u r c e  o f  m i c r o o r g a n i s m s  a n d  if C V C  
c o n t a c t  w i t h  t h e  sk in  is a v o i d e d  t h e  r i sk  o f  c a t h e t e r  c o n -  
t a m i n a t i o n  o n  i n s e r t i o n  is r e d u c e d .  T h e  r e su l t s  a l so  
s h o w e d  t h a t  t h e  i n s e r t i o n  e q u i p m e n t  b e c a m e  c o n t a m i -  
n a t e d  w i t h  o r g a n i s m s  d u r i n g  c a t h e t e r i s a t i o n .  C o m p o -  
n e n t s  u s e d  s u c h  as t h e  g u i d e w i r e  c o u l d  t h e n  p o t e n t i a l l y  
c o n t a m i n a t e  t h e  S w a n  s h e a t h  a n d  t h e  C V C .  

Kb 

485 

48.5 

1 2 3 4 5 6 7 8  

Figure 1 Restriction fragment profiles on pulsed-field gel e!ec- 
trophoresis (PFGE) of isolates from patient no. 1. Lanes l, 2 and 
3: guidewire isolates 1, 2 and 3; lane 4: CVC tip; lanes 5 and 6: skin 
isolates 1 and 2; lane 7: dilator; lane 8: A bacteriophage concatam- 
ers (molecular weight standards) 



Figure 2 Restriction fragment profiles on PFGE of isolates from 
patient no. 2. Lanes l, 2 and 3: guidewire isolates 1, 2 and 3 (no 
DNA restriction achieved with guidewire 2 isolate); lanes 4 and 5: 
skin isolates 1 and 2; lanes 6 and 7: dilator isolates 1 and 2; lane 8: 
CVC tip; lane 9: A bacteriophage concatamers (molecular weight 
standards) 

The organisms isolated from all sites in the six patients 
who had staphylococci present on the CVC distal tip in 
situ are shown in Table 2. In patients no. 1-5 the CVC 
was inserted directly through the skin; in patient no. 6 
the CVC was inserted via a Swan sheath. Representa- 
tive restriction fragment profiles from patients no. 1 
and 2 are shown in Figures 1 and 2. 

The majority of organisms isolated were identified as 
Staphylococcus epidermidis (14/29), the remainder (15/ 
29) being a variety of other staphylococcal species. The 
29 isolates yielded 21 different restriction fragment pro- 
files. The Staphylococcus epidermidis isolates gave ten 
different profiles, confirming this organism's genomic 
heterogeneity [11-14]. 

In patient no. 1, restriction fragment profiles of organ- 
isms isolated from the guidewire, skin and dilator were 
identical with three high molecular weight bands and a 
cluster of bands of _< 48.5 kb (Figure 1). In the API 
system the organisms were identified as Staphylococcus 
epidermidis, although their number and antibiotic sen- 
sitivity varied. This strongly suggests impaction of Sta- 
phylococcus epiderrnidis from the patient's skin onto 
the guidewire and dilator. In patient no. 2 the restric- 
tion fragment profile of the skin and CVC isolates was 
identical with a cluster of three bands in the molecular 
weight range 290-390 kb (Figure 2); together with their 
identical API  numbers and antibiotic sensitivity pat- 
terns of the isolates this also suggests impaction of skin 
flora onto the CVC tip. Furthermore,  isolates from the 
skin and dilator in patient no. 2 had identical profiles 
again suggesting impaction of organisms onto the inser- 
tion equipment. In patient no. 6, the restriction frag- 
ment profiles of isolates from the scalpel, needle and 
CVC tip were identical (with a characteristic fragment 
at approximately 340 kb), suggesting contamination of 
these objects. 
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In all other patients there was not clear evidence of im- 
paction of organisms onto the CVC tip or insertion 
equipment; however, in patients no. 4 and 6 isolates 
from the guidewire and skin were possibly related to 
the CVC tip isolate. 

The lack of concordance between results for organisms 
isolated from the CVC distal tips and the skin could be 
explained by the fact that many species of co- 
agulase-negative staphylococci are resident within the 
skin at varying depths. Those which were impacted 
onto the insertion equipment and CVC tip may have 
originated from the deeper levels of the skin than those 
obtained from the surface skin swabs. In addition, large 
numbers of isolates were obtained from the skin but 
only the predominant organisms were selected for 
PFGE. Representat ive skin organisms that were im- 
pacted onto the catheter may therefore not have been 
tested. 

Although an association between the restriction frag- 
ment profile of a skin organism and the organisms iso- 
lated from the CVC tip was not demonstrated in all pa- 
tients, these results strongly suggest that organisms 
from the skin can be impacted onto the CVC distal tip 
and insertion equipment during catheterisation, as sug- 
gested elsewhere [8]. In the present study other poten- 
tial sources of contamination were excluded, including 
the surgeon's gloves and the theatre air, which was 
HEPA-f i l tered and had a colony forming unit count of 
0/m 3. 

Strategies for the prevent ion of contamination of CVCs 
and associated insertion equipment during catheterisa- 
tion through the skin therefore need to be developed. 
These may include the use of an antimicrobial-coated 
catheter coated both on the internal and external sur- 
faces [16], or even the use of electrical protective de- 
vices [17]. 
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