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LETTERS TO THE EDITOR

Use of Statistics as Another Factor Leading
to an Overestimation of Chlorhexidine’s
Role in Skin Antisepsis

To the Editor—We read with interest the article by Nuntna-
rumit and Sangsuksawang,' describing a randomized clinical
trial of 1% aqueous chlorhexidine (CHX) compared with 10%
aqueous povidone-iodine (PI) for the prevention of blood
culture contamination in neonates. We looked at the reported
outcomes—0 of 172 blood cultures contaminated in the CHX
trial arm and 5 of 172 in the PI arm—for which the authors
claim statistical significance in favor of CHX. Apart from the
unusual definition of blood culture contamination (including
Staphylococcus aureus) and remaining uncertainty about
whether aqueous or alcoholic CHX was used (due to differ-
ences between the text and Table 1), we noticed inconsisten-
cies in the statistical analyses. The “Methods” section states
that Fisher’s exact test and the x* test were used. Our cal-
culations, using 2-tailed P values, show that the effect was
nonsignificant by Fisher’s exact test and the x test with Yates’s
correction and significant only by the x* test without Yates’s
correction. The use of one-tailed P values would be inap-
propriate, because this would assume a priori that only CHX
can be superior. Although there is some debate about Yates’s
correction, standard references recommend using it when at
least one of the expected cell counts is below 5,>* which is
the situation here. That means that 2 out of the 3 applicable
tests, including Fisher’s exact test, show nonsignificant results.
We believe that the reporting was not fully transparent and
that the authors should have indicated that not all test variants
listed in “Methods” gave significant results. Furthermore, the
study combined data from both catheter-drawn and skin-
drawn blood cultures. It is questionable whether a catheter-
drawn blood culture adequately reflects the effect of skin
antisepsis, and the process of drawing through a catheter is
biologically so different that it may not be sensible to combine
data from these 2 methods of blood sampling.

With the present example,' there are now 3 factors in the
published literature that contribute to an overestimation of
CHX’s role in skin antisepsis: (1) a failure to adequately neu-
tralize antiseptics in microbiological tests, (2) a mistaken
attribution of clinical trial outcomes from CHX-alcohol com-
binations to CHX alone, and (3) inconsistent or non-
transparent use of statistics.

First, it is a basic requirement in both US and European
standardized microbiological efficacy testing of antiseptics to
use adequately validated neutralizer substances in the sam-
pling medium, in order to prevent continued killing of mi-
croorganisms after sampling has taken place. Although in
principle this applies to all antiseptics, it is of particular rel-
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evance to CHX, because of documented false-positive efficacy
assessments in the absence of neutralizers or with inadequate
ones.*® Many published microbiological studies and clinical
trials that report microbial skin counts lack adequate infor-
mation about neutralizer use, making their results open to
question. Second, prompted by irregularities in published ar-
ticles, a recent systematic review’ found that trial outcomes
in the areas of skin antisepsis for blood culture collection,
vascular catheter insertion, and surgical skin preparation were
often incorrectly attributed solely to CHX when, in fact,
CHX-alcohol combinations had been used. This affected a
range of 29%-43% (between the 3 applications) of clinical
trials and systematic reviews and led to unsubstantiated rec-
ommendations in prominent clinical-practice guidelines. This
has resulted in a widespread belief in the efficacy of CHX in
the infection control community that was in significant parts
actually based on evidence for the efficacy of the combination
of CHX and alcohol. Remarkably, only about 35% of clinical
trials and systematic reviews both (1) correctly listed the an-
tiseptics that were trialed and their active ingredients and (2)
correctly attributed trial outcomes to the actual antiseptics
tested. Third, the use of statistics in favor of CHX is evident
in another example. A well-known trial of skin antiseptics
for vascular catheter insertion and maintenance® used 3 an-
tiseptics—CHX alone, isopropanol (IPA) alone, and PI
alone—in a parallel 3-arm trial. When comparing CHX alone
against the other 2 groups separately (for the outcome cath-
eter colonization), we found that only the single difference
between CHX and PI was significant; the difference between
CHX and IPA was not. However, the authors concluded that
CHX was superior to IPA and PI, on the basis of analyses
that combined the outcome data from IPA and PI into a
single composite group and compared it against CHX alone.
A clear rationale for combining the two was not provided.
Although a table footnote also mentions an adjustment for
different numbers -of arterial and venous catheters in trial
arms—which may yield significance, depending on further
analyses—there is no mention that the primary numerical
outcomes fail to show a significant difference between IPA
and CHX. This article has been cited in multiple recom-
mendations for CHX for skin antisepsis.

What does this all mean? Of course, it does not mean that
CHX is not superior to alternative substances for some ap-
plications, but it does highlight that the performance of dif-
ferent skin antiseptics has been inappropriately judged on
multiple occasions, often in favor of CHX. Thus, it would be
wise for the infection control community to reevaluate the
role and the usefulness of CHX and other compounds for
skin antisepsis. Ideally, this should be done with a broader,
more holistic approach, incorporating (1) insight from mi-
crobiological testing, (2) outcomes from clinical trials, (3)
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appropriate historical information, and (4) the principle of
biological plausibility.’
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Reply to Maiwald et al

To the Editor—We really appreciate the comments of Maiwald
et al.' on our article’ and would like to respond as follows.

1. The chlorhexidine (CHG) used in our study was in
aqueous solution to make sure that the antiseptic property
was solely of CHG, not of alcohol, and to assess contact
dermatitis secondary to CHG as well. CHG in alcohol so-
lution has been reported to increase the risk of skin irritation,
which may be related to alcohol itself irritating the skin or
to CHG inducing a reaction or hypersensitivity.>*

2. We included Staphylococcus aureus as a contamination
because most infants (330/344 [96%]) in our study had blood
cultures drawn on day 1 (on admission) to rule out infection.
Skin flora organisms, that is, coagulase-negative staphylo-
cocci, or S. aureus, are very unlikely to be the cause of early-
onset sepsis in newborns. For late-onset sepsis, S. aureus is
one of the most common organisms, especially in neonates
with a central venous catheter; however, we would consider
this organism as a cause of infection on the basis of clinical
circumstance, and if this is the case, antibiotics would be
continued with an adequate duration, usually for at least 7
days. This is the reason we defined culture contamination in
such a way that antibiotics have to have been discontinued
before 3 days, together with clinical improvement.

3. We included blood cultures taken from umbilical cath-
eters because umbilical catheterization (UC) is a very com-
mon procedure in neonates on admission and because the
UC procedure is not like other central line access, as steps
of procedure itself, including tapping, holding, and cutting
the cord, are prone to contamination. There is also a chance
of the skin antiseptic preparation not being followed correctly,
for example, inadequate time to let antiseptic dry. We have
seen blood culture contamination from UC on admission in
our unit from time to time.

4. Regarding the statistical issue, we appreciate the com-
ments. As mentioned in the “Discussion” of the original ar-
ticle,> because the incidence of blood culture contamination
was lower than we expected, it is possible that the null hy-
pothesis would not have been rejected if more infants had
been enrolled.
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