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Fourth, for the statistical analysis,
the authors use all catheters “infec-
tions confirmed” and “infections
probable” in a single data pool.

These methodological flaws
result in unreliable results, partic-
ularly those concerning the clini-
cal significance of a positive skin
culture and the discordance
between clinical findings (tem-
perature) and microbiological
results. Thus, we cannot agree
with the following conclusion writ-
ten in the abstract: “Another
source of fever is likely if inflam-
mation is absent and there is...col-
onization by less than 50 colonies
of coagulase-negative staphylo-
cocci at the insertion site.” This
approach would dismiss the cath-
eter as cause of fever in all
patients with hub-related catheter
sepsis.

In our experience (unpub-
lished observations), the sensitiv-
ity and specificity of surveillance
skin cultures are too low to rec-
ommend their routine use. Fur-
thermore, study protocols on
catheter sepsis should incorpo-
rate means to detect endoluminal
catheter contamination in order
to properly identify those cathe-
ters infected through the hub.4
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The authors were asked to
respond to this letter

We are pleased to respond to
the comments of Drs. Segura and
Sitges-Serra. First, we will
respond to their methodological
concerns, and then we will
address the mechanism by which
catheter infections develop as it
relates to their comments about
our conclusions.

The first concern was the
criteria we used for catheter
removal. These criteria have been
published in a related artic1e.l
The second concern was the
method used to remove the cath-
eters to avoid contamination dur-
ing withdrawal of the catheters.
We state in the methods section
that “the insertion site was cul-
tured and then cleaned with an
alcohol pledget. The catheter was
withdrawn at a right angle to the
skin to prevent contamination on
removal.” Alcohol also has been
used by other investigators to
cleanse the skin prior to catheter
removal.2-5

Next, we will respond to the
fourth comment and then discuss
their third comment below when
we examine the data on the patho-
genesis of catheter infections.
Drs. Segura and Sitges-Serra sug-
gest that combining confirmed
catheter infections and probable
catheter infections could lead to
unreliable results. We disagree
with this comment. The only dif-
ference between confirmed cath-
eter infections and probable
catheter infections was that the
latter were removed accidently.
They were cultured promptly
using the same technique. To
compensate for possible contami-
nation of these catheters during
accidental withdrawal, we set the
cutoff for colony counts at more
than three times the criterion
used for catheters removed under
controlled conditions (50 rather
than 15).

As stated in the discussion,
we showed in a related publica-
tion that it was highly likely that
these catheters were infected.’
First, the lowest colony count on
semiquantitative culture of cathe-
ters in the group with probable
infections was 163. Second, the
median colony counts for cathe-
ters with confirmed and probable
infections were similar (>400  and
>31O, respectively), and the
median colony count for unin-
fected catheters was zero. Thus,
there was a wide margin between
the median colony counts for cath-
eters with confirmed and proba-
ble infections and catheters that
were uninfected. Third, six of the
isolates recovered on semiquanti-
tative culture of the catheters with
probable infections are common
causes of catheter infection, and
the catheter infected with Serra-
tia marcescens  yielded confluent
growth on semiquantitative cul-
ture. For these reasons, we feel
that pooling the catheters with
confirmed infection and those
with probable infection was
entirely appropriate.

The remainder of the com-
ments by Drs. Segura and Sitges-
Serra relate to the pathogenesis
of intravascular catheter infec-
tions. They contend that endolu-
minal catheter contamination by
microorganisms that enter at the
catheter hub is an important patho-
genetic mechanism for infection
of intravascular catheters. They
state that failure to take this mech-
anism into account in our study
invalidates our conclusions.

We strongly disagree. The
overwhelming bulk of the evi-
dence published in the literature
supports migration of microor-
ganisms on the skin surface into
the subcutaneous catheter tract
with extension to the fibrin
sheath on the intravascular por-
tion of the catheter as the primary
pathogenetic mechanism for devel-
opment of intravascular catheter-
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related infection. These studies
have been published by many
different investigators working in
a variety of institutions in differ-
ent geographic areas. On the
other hand, studies implicating
endoluminal contamination with
spread of microorganisms down
the lumen to the fibrin sheath on
the intravascular portion of the
catheter have, with few excep
tions, been done only by Drs.
Segura and Sitges-Serra and their
co-workers.“12  Maki and Ringer
cultured catheter hubs in a study
of the effect of different types of
dressings applied to the catheter
site.13  Although they found an
association between positive hub
cultures and catheter infection,
they rarely found more than ten
colony-forming units in any cathe-
ter hub. These authors concluded
that most catheter infections
occurred by migration of micro-
organisms into the catheter tract
from the skin and listed eight
categories of data that support
this pathogenetic mechanism for
catheter infection. Flowers and
co-workers could implicate the
hub as a source for catheter infec-
tion in only 8.3% of their
patients.r4 Stotter and colleagues
concluded that the catheter hub
was the source of catheter infec-
tion in their patients.15  They
reported a drop in catheter infec-
tion rates from 39% to 8% after
instituting new procedures to pro-
tect the hub from contamination.
However, their conclusions may
not have been valid, because they
simultaneously changed to a new
type of catheter (Broviac-type sili-
cone rubber catheter), which was
tunneled and had a Dacron cuff to
block ingress of microorganisms
into the catheter tract from the
skin.

There are other weaknesses
in this hypothesis. Drs. Segura
and Sitges-Serra and their col-
leagues have reported difficulty
in recovering bacteria on skin

cultures taken at the catheter
site.7.10  This conflicts with other
studies in which microorganisms
were recovered from the skin at
the  catheter  s i tes  of  many
patients. 13~4~sra  Dr. Sitges-Serra
was the coauthor of an article in
which it was suggested that coag-
ulase-negative staphylococci from
skin may be different from those
on the catheter, and stated that
there is no proof that coagulase-
negative staphylococci recovered
from skin and catheters are the
same microorganisms.20  How-
ever, in a study of peripheral
intravenous catheters, Francioli
and associates showed that micro-
organisms cultured from cathe-
ters correlated much better with
the microorganisms recovered
from skin than with those cul-
tured from hubs.21 Dr. Sitges-
Serra cites the failure of tunneling
to prevent catheter sepsis as evi-
dence against migration of micro-
organisms from the skin surface
into the catheter tract as the patho-
genetic mechanism for catheter
infection.20  However, this argu-
ment conflicts with the apparent
success of tunneling and incorpo-
ration of a Dacron cuff to block
ingress of microorganisms into
the subcutaneous tract in protect-
ing catheters used for long-term
venous access.

Another problem with the
hub hypothesis is the absence of
data on the source of microorgan-
isms that contaminate the hub
and the mode of transmission of
microorganisms to the hub. Is
hub contamination a random
event or perhaps an epiphenom-
enon? Dr. Sitges-Serra and co-
workers did a study of the effect
of tubing changes on catheter
infection rates when tubing was
changed every two or four days
rather than changed every day.
They concluded from these data
comparing study patients with his-
toric controls that catheter hubs
were contaminated during tubing

changes.
One of the most diicult prob

lems with the hub hypothesis has
been trying to resolve the conflict
between positive semiquantitative
cultures of the external surfaces
of catheters from patients with
simultaneously positive cultures
of the hubs.8 Dr. Sitges-Serra and
co-workers’ failure to recover
microorganisms from the skin
does not, in our opinion, resolve
this conflict in favor of hub con-
tamination. In a recently pub-
lished study using an experimen-
tal model, Drs. Segura and
Sitgues-Serra observed that Pseu-
domonas aeruginosa was cultured
from the hub of a catheter and the
skin at the catheter site.12  They
postulated that “...the very mobile
P aeruginosa may have reached
the skin surface after extralumi-
nal backwards migration from the
tip by the capillary action of the
catheter.” Whether applied to an
animal model or a clinical model,
there are no data to support such
a hypothesis. This hypothesis
would require that microorgan-
isms that contaminate the hub
migrate down the lumen of the
catheter, migrate to the fibrin
sheath on the external surface of
the catheter, and then migrate,
against the direction of blood
flow, to a point many centimeters
upstream where the catheter pen-
etrates the wall of the vein. This
would have to be followed by
migration of the microorganisms
into and through the catheter
tract to the surface of the skin.
There is also the problem of the
authors’ observation that most of
their infected catheters have
microorganisms recovered from
the external surfaces on semiquan-
titative culture.

The data in support of the
migration of microorganisms
from the skin surface into the
subcutaneous tract as the pri-
mary pathogenetic mechanism
for intravascular catheter infec-
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tions are overwhelming com-
pared with the data in support of
the hub hypothesis. First, in addi-
tion to our article, there are six
studies showing a relationship
between colonization of the skin
at the catheter site and subse-
quent catheter infection.73~14,1”1g
Five studies have shown a rela-
tionship between a positive
semiquantitative catheter cul-
t u r e  a n d  c a t h e t e r  i n f e c -
tion.‘2-QJQ3  In a study in which
catheter segments were cultured
semiquantitatively and then gram-
stained on removal, Cooper and

Hopkins made an important obser-
vation in support of the skin- sub-
cutaneous catheter tract patho-
genesis of catheter infection.23
They observed that catheters that
were culture-positive on semiquan-
titative culture had microorgan-
isms limited almost exclusively to
the external surfaces of the cathe-
ters, and in the four catheters
with microorganisms on both the
external and lumenal surfaces,
there were larger numbers of
microorganisms on the external
surface than on the lumenal sur-
face. In addition, the large pro-
spective study of Francioli and
co-workers makes a strong case
for the skin as the source of
microorganisms that cause intra-
vascular catheter-related infec-
tion.21 They found that microor-
ganisms isolated from the exter-
nal surfaces of colonized or
infected peripheral intravenous
catheters on semiquantitative cul-
ture were significantly more likely
to correlate with isolates from
skin than with isolates from the
catheter hub.

Rounding out the evidence
for migration of microorganisms
on the skin into the catheter
tract as the principal pathogen-
etic mechanism for intravascu-
lar catheter-related infections is
the evidence that strategies
designed to prevent ingress of
microorganisms from the skin

into the catheter tract are associ-
ated with significantly lower
rates of infection. Thus, applica-
tion of topical antimicrobial
agents at the point where the
catheter penetrates the skin has
been associated with a signifi-
cant decrease in catheter-related
infections.24T25  Finally, two stud-
ies of subcutaneous collagen cath-
eter cuffs impregnated with
silver ions designed to block the
migration of microorganisms
from the skin surface into the
catheter tract have shown signif-
icant protection of catheters
from infection when compared
with controls. 14,1g

Given the evidence in favor
of the migration of microorgan-
isms from the skin surface into
the subcutaneous catheter tract
as the pathogenetic mechanism
for intravascular catheter-related
infection, we do not agree with
the conclusions of Drs. Segura
and Sitges-Serra from our study.
In our opinion, the data support-
ing the hub hypothesis are too
tenuous to necessitate inclusion
of hub cultures in any study of
intravascular catheter-related
infections. The data and conclu-
sions from our study are consis-
tent with and extend the obser-
vations from the large number
of studies from many different
institutions that support the
migration of microorganisms on
the skin into the subcutaneous
catheter tract as the pathogen-
etic mechanism by which cathe-
ter-related infections develop.
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typed, double spaced, and may not
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purposes of clarity or brevity

Downloaded from https://www.cambridge.org/core. 14 Dec 2025 at 17:16:38, subject to the Cambridge Core terms of use.

https://www.cambridge.org/core


‘Ihere are some

HIV and AIDS. There is help  avail-

for deaf access.

HIV is thevirus that causes AIDS.
Departmen  ofHealth & Human  Servicer,  Public  Health  Service,  Centmjor  Disease  Cmtrol.
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