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ABSTRACT: Topical emollient therapy may reduce the incidence of
serious infections and mortality of preterm infants in developing
countries. We tested whether emollient therapy reduced the burden of
pathogens on skin and/or prevented bacterial translocation. Neonates
�33 wk gestational age were randomized to treatment with sun-
flower seed oil (SSO) or Aquaphor or the untreated control group.
Skin condition score and skin cultures were obtained at enrollment
and on d 3, 7, and weekly thereafter, and blood cultures were
obtained for episodes of suspected nosocomial sepsis. For analysis,
blood cultures were paired with skin cultures obtained 0–3 d before
the blood culture. Skin condition scores at 3 d were better in patients
treated with either emollient compared with untreated controls; how-
ever, skin flora was similar across the groups. The SSO group
showed a 72% elevated odds of having a false-positive (FP) skin
culture associated with a negative blood culture (i.e. skin flora
blocked from entry into blood) compared with the control group.
Topical therapy with SSO reduced the passage of pathogens from the
skin surface into the bloodstream of preterm infants. (Pediatr Res
61: 588–593, 2007)

Recent evidence suggests that health and development of
the skin barrier is a critical determinant in risk of serious

infections and mortality in preterm low birth weight (LBW)
infants in developing countries (1). In a community-based
trial in Nepal, a single cleansing of the skin of LBW new-
borns using dilute chlorhexidine antiseptic solution as soon as
possible after birth reduced mortality by 28% (2). Application
of oils to the skin of newborn infants is nearly a universal
domiciliary practice in South Asia (3,4). This practice has
evolved empirically, however, and recent evidence suggests
that the most commonly used oil (mustard oil) during neonatal
massage may be toxic to the skin barrier, whereas use of
alternative skin barrier–enhancing products may be of sub-

stantial public health benefit (5). In Egypt (6) and Bangladesh
(7), topical applications of emollients to enhance skin barrier
function in preterm infants reduced the incidence of nosoco-
mial, culture-proven sepsis by about 40%–55%, and also
reduced mortality in the trial in Bangladesh (GL Darmstadt,
unpublished data).

Although topical emollient therapy has been shown to have
a number of potential benefits that stem from improved skin
barrier function (8–10), widespread adoption of strategies to
improve skin barrier function as a means to improve newborn
health and survival has not yet occurred. Further information
is needed on the impact of topical emollient therapy in a
variety of developing country hospital and community settings
and on the mechanism for reduction of nosocomial infections.
The skin is recognized as an important potential portal for
invasion of pathogens into the bloodstream, based on data
from laboratory and animal experiments as well as observa-
tions of human diseases such as invasive streptococcal skin
infections (2,11,12). To date, however, few clinical data are
available on the mechanism for the modulating effect of skin
barrier–enhancing products on entry of skin pathogens into
the bloodstream to cause sepsis. Previous research has sug-
gested, however, that emollient therapy does not quantita-
tively or qualitatively change the skin flora (13,14), raising the
untested hypothesis that passage of pathogens residing on the
skin into the blood may be impeded.

A trial in Bangladesh to assess the impact of topical emol-
lient therapy on incidence of sepsis and mortality provided the
opportunity to test the following potential mechanisms for
reduction in risk of sepsis: (1) reduction in the presence of
pathogens on the skin (i.e. an antibacterial effect on the skin
flora) and (2) increased skin barrier function, resulting in
prevention of bacterial translocation through the skin.

METHODS

Patients. This study was nested in a prospective, randomized, controlled
trial of the impact of topical emollient therapy on health and survival of
preterm infants was conducted from December 1998 to July 2003 in the
Special Care Nursery of Dhaka Shishu Hospital, the largest tertiary care
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children’s hospital in Bangladesh. The hospital has no delivery facility, and
all neonates were out-born. Preterm (gestational age �33 wk) neonates �72
h old at the time of admission were eligible for the study. Gestational age was
determined by maternal dates and the Ballard et al. (15) and the Dubowitz et
al. (16) criteria and averaged to determine eligibility. We excluded infants
with (1) major congenital anomalies or hydrops fetalis, (2) generalized skin
disease likely to produce a defect in epidermal barrier function, (3) a structural
defect of the skin involving �5% body surface area, (4) conditions requiring
a major surgical procedure attended by a high rate of infectious complications,
(5) clinically evident skin infection, and (6) those whom the admitting
physician, based on clinical judgment, thought would die within 48 h.
Background information on demographic and clinical characteristics of pa-
tients and their mothers was obtained, including maternal obstetric history,
birth history, and patient medical history before enrollment.

A data safety and monitoring board reviewed study progress once or twice
yearly. Oral consent from parents or guardian was required before enrollment.
The study protocol was approved by the Johns Hopkins Committee for
Human Research and the Ethical Review Committee of Dhaka Shishu Hos-
pital and was registered at www.clinicaltrials.gov, #98-04-21-03-2.

Study design. Eligible neonates were allocated to strata based on gesta-
tional age [(1) �30 wk or (2) �30 wk] and randomly assigned by a study
nurse to one of two treatment groups [high-linoleate SSO (Omega Nutrition,
Bellingham, WA) or Aquaphor Original Emollient Ointment (Beiersdorf,
Norwalk, CT)] or the untreated control group. Physicians were unaware of the
randomization results. Detailed information on randomization and masking
among physicians was described previously (6).

Emollient treatment. All neonates received an initial bath in lukewarm
water to remove potential exogenous substances from the skin. Emollient was
applied by nurses to the entire body surface, except for the scalp and face or
intravascular catheter sites of neonates assigned to the treatment arms three
times daily for the first 14 d and then twice daily until discharge. A dosing
schedule (4 g of emollient per kg body weight per treatment) was used, and
nurses were trained and supervised in proper application techniques to
minimize the risk of skin injury and the potential for spread of fecal flora, as
described previously (6). To reduce the potential for contamination and
oxidative breakdown of emollients, we refrigerated them, replaced the stock
with fresh products every 2 mo, prepared fresh containers of SSO every 2–3
d for use at the bedside of individual patients, enforced adherence to sterile
procedures during dispensing and application, and evaluated weekly cultures
of individual patient SSO samples for contamination. Aquaphor was supplied
by Beiersdorf in small tubes that contained enough ointment for just one to
two applications, obviating risk of contamination.

Neonates in the control group received standard skin care for the Special
Care Nursery, which did not include application of topical emollients or other
measures to prevent skin breakdown or modify skin barrier function. Neo-
nates in the treatment and control groups otherwise received the same general
care, as described previously (6). Patients were kept in an open crib or
nonhumidified isolette. Indwelling intravascular catheters, oxygen therapy,
and gavage feeding were available in the nursery; however, no patients
received mechanical ventilation or parenteral alimentation.

Outcome assessment. Skin condition, as a gross measure of barrier
integrity, was assessed at the time of enrollment and on d 3, 7, 14, 21, and 28,
as long as the infant remained in the hospital, based on a 9-point scale scoring
system (7).

Baseline blood cultures were obtained for all neonates within 48 h of
enrollment to identify preexisting infection before initiating emollient or
antibiotic treatment. A subsequent blood culture was obtained if sepsis was
suspected clinically. Further information on clinical indications for blood
cultures, culture methods, and quality control measures and the algorithm
used to identify nosocomial infections were described in detail elsewhere (6).
Bacterial pathogens were identified in blood cultures using standard tech-
niques (17). Any culture with multiple organisms was considered contami-
nated and was excluded from the study.

To assess the cutaneous flora, skin swabs were obtained from three body
sites (right axilla, supraumbilical, and right inguinal regions) of each neonate
and processed by a modified swab-wash method (13,18). Skin swab speci-
mens were collected from a 4-cm2 area of skin, delineated by a sterile
template, at the indicated site using a sterile swab by rubbing gently five times
horizontally and twice vertically within the sampling area. Baseline skin
cultures were obtained from all neonates at enrollment, before any treatment.
Follow-up cultures were taken routinely on d 3, 7, 14, and 21 of hospitaliza-
tion. Follow-up cultures were obtained 8 h after the previous application of
emollient.

Swabs of the skin were placed immediately in 1.0 mL of phosphate-
buffered saline (pH 7.0) and transported within 30 min to the microbiology
laboratory. The swab in buffer was vortexed, and 10-fold serial dilutions were
made. Sheep blood and MacConkey agar plates were inoculated with 10 �L

of undiluted solution and three consecutive 10-fold dilutions. Plates were
incubated at 37°C, and identification and sensitivity testing of isolates was
done after 48 h following standard procedures (17). If one or more pathogens
was isolated, the skin culture specimen was considered positive.

Analysis. To study the association between blood and skin cultures, we
generated skin-blood comparison pairs from 819 blood and 4371 skin cul-
tures. Blood cultures were considered to be index events, and each skin
culture obtained 0–3 d before the blood culture was compared with the blood
culture because a 3-d incubation time is suggested to be enough to detect
clinical infections (19). An algorithm, adapted from Evans et al. (20), was
used to categorize the relationship of each pair into one of five possibilities as
shown in Figure 1. When multiple organisms were isolated from a skin culture
and a blood culture was positive, we classified the comparison as true positive
(TP) if any of the skin pathogens matched with the blood pathogen, and as FP
if none of the skin pathogens matched with the blood pathogen.

The main specific aim of the study was to explore treatment-differential
entry of skin pathogens into blood, and each classification implied different
treatment effects on systemic infection (Fig. 1). A TP (i.e. the same organism
on the skin and in the blood) implied that the source of systemic infection may
have been pathogens on the skin, although the implication cannot be verified
definitively based on the data presented here, lacking molecular markers. We
examined odds ratios (ORs) of being TP by treatment group among positive
blood-skin pairs and hypothesized that the OR would be �1 if treatment
reduced skin pathogen entry into blood, compared with a no intervention. An
FP (i.e. positive skin culture) with a negative blood culture suggested that a
pathogen on skin did not enter into the blood, potentially due to improved skin
barrier function. We therefore estimated ORs of being FP with a negative
blood culture among positive skin pairs, with the hypothesis that the OR
would be �1 if treatment prevented skin pathogen entry into the blood
compared with no intervention. Finally, FP with a positive blood culture (i.e.
the pathogen on the skin and in the blood did not match) indicated that since
emollient treatment was not expected to alter skin flora (13,14) and the blood
pathogen was not found on the skin, the blood isolate most likely came from
a source other than skin, such as the gastrointestinal tract or lungs, despite the
presence of another type of surface pathogen. We hypothesized that this
mechanism of infection may be altered by topical treatment if the treatment
has distal effects to prevent a pathogen’s entry into the blood through sources
other than the skin. Thus, we additionally estimated ORs among positive skin
pairs of being FP with a positive blood culture.

We stratified skin-blood comparison pairs by timing of the blood culture
into (1) baseline and (2) nosocomial pairs. Baseline pairs were those in which
both the blood and skin cultures were taken within 48 h of enrollment, before
any topical emollient or antibiotic treatment intervention. Nosocomial pairs
were those in which a blood culture was obtained after the first 4 d of
hospitalization and the blood culture met the definition of nosocomial infec-
tion as described previously (6). All other pairs, involving either a blood
culture taken after the baseline but before d 5 of hospitalization or a blood

Figure 1. Algorithm to classify skin cultures, with reference to subsequently
obtained blood cultures.
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culture taken on d 5 or later but that did not meet the nosocomial infection
definition, were excluded from the analysis.

Data were double-entered in Epi Info version 6 (Centers for Disease
Control and Prevention, Atlanta, GA), and analyses were conducted using
STATA 8.0 statistical software (Stata Corporation, College Station, TX). We
analyzed data using the generalized estimating equation model with binomial
link, adjusted for weight at admission. We also used robust variance estima-
tion methods to address intracluster correlation in the model. A p value of 0.05
was considered statistically significant.

RESULTS

Patients. The trial profile of the patients reported in this
nested study was presented previously (6). Demographic and
clinical characteristics of the study patients were similar
across groups, also as shown previously.

Skin condition. Mean skin score gradually increased in all
groups; however, patients treated with SSO or Aquaphor had
lower skin scores (i.e. better skin condition) both at the
baseline and at most follow-up examinations, compared with
the control group (Table 1). The SSO and Aquaphor groups
also showed smaller incremental increases in skin scores
between the baseline and the d-3 follow-up, compared with
the control group; however, there was no group differential in
skin score changes thereafter.

Skin colonization. Patients in the Aquaphor group had
lower baseline skin culture positivity rates, but baseline rates
in the SSO group were similar compared with the control
group (Table 2). There was no group difference in positive
skin culture rates at any follow-up time. Pathogen distribution
among positive skin cultures was comparable across groups,
both at baseline and all follow-up times. A total of nine
bacterial species were isolated from skin cultures. Among the
positive skin cultures, there was no group difference in mean
colony counts per 1 cm2 of surface area at baseline or at any
follow-up time, but all three groups showed a highly skewed
distribution to the right (i.e. with outliers showing signifi-
cantly high colony count values) (results not shown).

Blood-skin pathogen pairs. Blood culture positivity rates
were lower among the baseline cultures (n � 496, 5.6%)
compared with the follow-up cultures (n � 323, 50.5%), but
comparable by group: 3.8% in SSO (n � 159), 7.1% in
Aquaphor (n � 156), and 6.1% in the control (n � 181) group.

A total of 2070 skin-blood comparison pairs were analyzed,
1146 baseline pairs and 624 nosocomial pairs (Table 3). The
association distributions differed markedly between baseline
and nosocomial pairs. Among the baseline and nosocomial
pairs, 51% and 63%, respectively, had positive skin cultures
(i.e. were TP or FP), and 6% and 50%, respectively, had
positive blood cultures [i.e. TP, FP with a positive blood
culture, or false negative (FN)]. Among the positive-skin
pairs, only 2% and 7% were TP from the baseline and
nosocomial pairs, respectively. Furthermore, among the nos-
ocomial pairs, overall only 9% of positive-blood pairs were
TP. The distribution also varied by group among the nosoco-
mial pairs. In particular, among the positive-skin pairs, around
5% were TP in both treatment groups compared with 11% in
the control group. Distributions were similar for nosocomial
pairs analyzed based on an interval of 0–6 d compared with
0–3 d (data not shown).

Blood-skin pairs positive for skin colonization were further
analyzed for estimated, adjusted ORs of three outcome mea-
sures by group (Table 4). Among the baseline comparisons,
before any treatment, there were no significant group differ-
entials in ORs for any outcome measure.

Among the nosocomial comparisons, however, the SSO
group showed a 72% elevated odds of FP with a negative
blood culture and a 38% reduced odds of FP with a positive
blood culture compared with the control group (Table 4). In
addition, neonates �1250 g (n � 225) had a higher odds of
being FP with a negative blood culture (OR � 1.63, 95% CI:
1.06–2.50) and a lower odds of being FP with a positive blood
culture (OR � 0.66, 95% CI: 0.44–0.99) compared with those
�1250 g (n � 270), controlled for group allocation. Interac-
tion between group effects and weight was not significant
(results not shown). We adjusted for skin culture sites, anti-
biotic use before admission, respiratory distress at enrollment,
and number of antibiotic treatment days during hospitaliza-
tion, but there was no meaningful difference in results (results
not shown).

We further analyzed skin and blood pathogen distributions
by classification among the nosocomial pairs. Distributions of
skin pathogens were similar between the two types of FP pairs

Table 1. Skin condition by group

Control Aquaphor Sunflower seed oil

n Mean (SD) n Mean (SD) n Mean (SD)

Skin score
Baseline 178 0.13 (048) 157 0.04 (0.19)* 156 0.03 (0.16)†
3 d 149 0.46 (0.72) 135 0.13 (0.36)† 132 0.19 (0.55)†
7 d 107 1.13 (0.70) 97 0.70 (0.69)† 86 0.77 (0.48)†
14 d 68 1.74 (0.87) 59 1.10 (0.40)† 47 1.23 (0.52)†
21 d 31 2.00 (0.73) 30 1.53 (0.57)† 29 1.93 (0.46)
28 d 9 2.22 (0.97) 9 2.11 (0.33) 8 2.13 (0.35)

Skin score change
Baseline to 3 d 149 0.34 (0.52) 135 0.09 (0.29)† 132 0.16 (0.54)†
3–7 d 107 0.59 (0.49) 97 0.57 (0.68) 86 0.65 (0.50)
7–14 d 68 0.59 (0.55) 59 0.46 (0.50) 47 0.47 (0.58)
14–21 d 31 0.52 (0.63) 30 0.43 (0.57) 29 0.59 (0.50)
21–28 d 9 0.10 (0.10) 9 0.10 (0.10) 8 0.04 (0.07)

* p � 0.05 based on t test/�2 test for differences compared to the control group.
† p � 0.01 based on t test/�2 test for differences compared with the control group.
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(results not shown). Distributions of blood pathogens differed
by classification (Fig. 2). A total of 11 pathogenic bacterial
species were isolated from blood cultures. Although Kleb-
siella pneumoniae and Acinetobacter spp. comprised the ma-
jority of blood pathogens among TPs (82%), Enterobacter
spp., Candida spp., Pseudomonas spp., and Salmonella spp.
together accounted for about 59% and 43% of total pathogens
among FP and FN pairs, respectively.

DISCUSSION

We have shown previously that emollient therapy reduces
the incidence of nosocomial sepsis in preterm infants (6,7).

This study was designed to provide insight into the mecha-
nism for this effect and suggest that topical applications of
SSO reduced the entry of pathogens from skin into the blood-
stream of preterm infants in Bangladesh. This was demon-
strated by analysis showing that infants treated with SSO,
compared with the untreated control infants, had a higher odds
that a given pathogen was found only on the skin surface and
not in the blood (i.e. increased odds of FP with a negative
blood culture), suggesting that skin pathogens were more
likely to be confined to the skin and failed to gain entry into
the bloodstream. The relationship between skin-blood pairs at
baseline did not differ by treatment group, indicating that the

Table 2. Skin colonization by site, timing, and group

Control Aquaphor SSO

Site Timing

n %
Average

positive rate

n %
Average

positive rate

n %
Average

positive rateTotal Positive Total Positive Total Positive

Axilla
Baseline 181 109 (60.2) 157 74 (47.1)* 159 97 (61.0)
3 d 150 97 (64.7) 140 78 (55.7) 141 98 (69.5)
7 d 106 76 (71.7) 93 62 (66.7) 88 56 (63.6)
14 d 63 42 (66.7) 58 38 (65.5) 44 30 (68.2)
21 d 25 13 (52.0) 25 17 (68.0) 27 20 (74.1)

Umbilical
Baseline 181 79 (43.6) 157 48 (30.6)* 159 67 (42.1)
3 d 150 63 (42.0) 140 65 (46.4) 141 67 (47.5)
7 d 106 47 (44.3) 93 45 (48.4) 88 50 (56.8)
14 d 63 30 (47.6) 58 30 (51.7) 44 24 (54.5)
21 d 25 11 (44.0) 25 14 (56.0) 27 16 (59.3)

Inguinal
Baseline 181 106 (58.6) 157 80 (51.0) 159 94 (59.1)
3 d 150 93 (62.0) 140 78 (55.7) 141 93 (66.0)
7 d 106 70 (66.0) 93 60 (64.5) 88 55 (62.5)
14 d 63 38 (60.3) 58 41 (70.7) 44 29 (65.9)
21 d 25 16 (64.0) 25 15 (60.0) 27 23 (85.2)

Pathogen distribution (%)†
Klebsiella pneumoniae 63 (17.7) 42 (17.4) 53 (16.6)
Staphylococcus aureus 78 (21.9) 51 (21.1) 78 (24.5)
Acinetobacter spp. 96 (27.0) 65 (26.9) 82 (25.7)
Pseudomonas aeruginosa 32 (9.0) 19 (7.9) 26 (8.2)
CNS‡ 54 (15.2) 50 (20.7) 61 (19.1)
Others§ 33 (9.3) 15 (6.2) 19 (6.0)
Total 356 (100.0) 242 (100.0) 319 (100.0)

* p � 0.05 based on t test/�2 test for differences compared with the control group.
† Overall distribution of pathogens among positive skin cultures across sites and timing of cultures.
‡ CNS refers to coagulase-negative Staphylococcus.
§ Others include Enterobacter spp., Salmonella spp., Candida spp., and Escherichia coli.

Table 3. Distribution of comparison pairs by timing of blood culture and treatment group

Blood-skin culture comparison
pairs (see Fig. 1)

Baseline pairs,
total (n � 1446)

n (%)

Nosocomial pairs,
total* (n � 624)

n (%)

Treatment group
(among nosocomial pairs)

Control (n � 213)
n (%)

Aquaphor† (n � 159)
n (%)

SSO† (n � 252)
n (%)

TP 11 (0.8) 28 (4.5) 15 (7.0) 5 (3.1) 8 (3.2)
FP with a positive blood culture 33 (2.3) 172 (27.6) 75 (35.2) 35 (22.0) 62 (24.6)
FP with a negative blood culture 688 (47.6) 191 (30.6) 53 (24.9) 48 (30.2) 90 (35.7)
FN 40 (2.8) 109 (17.5) 42 (19.7) 26 (16.4) 41 (16.3)
TN 674 (46.6) 124 (19.9) 28 (13.1) 45 (28.3) 51 (20.2)

* p � 0.01 (�2 test) compared to baseline pairs.
† p � 0.01 (�2 test) compared with the control group.
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groups were balanced at enrollment but diverged due to the
treatment effect. Consistent with the finding reported previ-
ously that treatment with Aquaphor had less impact than SSO
on reducing the incidence of nosocomial infections (6), in this
study, we found that Aquaphor treatment had limited effect on
the relationships between skin and blood pathogens (Table 3).
In addition, we did not see significant differentials in odds of
finding a given skin pathogen in the blood (i.e. odds of TP) for
any treatment group.

Although treatment with SSO appeared to reduce the entry
of skin pathogens into blood, our data indicate that only 10%
of cases of nosocomial sepsis may have originated from skin
(i.e. one in 10 positive blood nosocomial pairs was TP). The
reduced odds of FP with a positive blood culture suggests that
treatment with SSO may also prevent sepsis originating from
sites other than the skin. This is further supported by the
observation that SSO treatment reduced the incidence of
nosocomial infections in clinical trials by about half (6,7),
which could only come about if mechanisms other than pre-
vention of skin-derived sepsis were operating, given our data

suggesting that 10% of cases of sepsis may be skin derived.
This effect was not seen with Aquaphor, as expected for a
product that is thought to largely affect mechanical barrier
function (21–23) and to have little potential for systemic
absorption or distal effects. Another possible explanation for
this result is a failure in these instances to detect the pathogen
on the skin while isolating it from blood, when in fact the
blood pathogen came from the skin (i.e. it was TP). This
seems unlikely, however, because we know that the skin flora
was unaffected by emollient treatment, and thus one would not
expect a differential failure of isolation of skin flora in the SSO
arm relative to the control.

The mechanism for this protective effect of SSO at
nonskin sites is unknown, but absorption of topically ap-
plied fatty acids through skin into the bloodstream, which
has been demonstrated in animal models and humans,
including preterm infants (8,24,25), could potentially mod-
ulate barrier function and other aspects of immune function
at other sites for invasion of pathogens, such as the gastro-
intestinal or pulmonary mucosae. Essential fatty acid defi-
ciency has been associated with increased risk of translo-
cation of intestinal bacteria (26), whereas various diets
containing essential fatty acids have been shown to modu-
late inflammation, improve gut barrier function, reduce gut-
derived sepsis, improve pulmonary function, and reduce mor-
tality (27–29).

Skin condition scores, a gross indication of skin barrier
health, were better in both treatment groups in the first few
days after starting topical therapy, suggesting that improved
skin barrier function may play a role, particularly during the
first few days after starting therapy. Others have reported
improved skin condition (7,13) and reduced rates of transepi-
dermal water loss, a more precise surrogate measure of skin
barrier function (13,14,30), with emollient treatment. How-
ever, we were unable to measure transepidermal water loss in
the study setting, and thus we lack direct, definitive data on
skin barrier function in this study. Nevertheless, we were able
to rule out changes in skin flora as the reason for the results
that we observed. Moreover, our tests for antibacterial prop-
erties of SSO and Aquaphor have indicated that growth in the
laboratory is unaffected.

Analysis of blood pathogens according to their relationship
to skin isolates (Fig. 2) suggests that blood pathogens that
could not have come from skin (i.e. FP with a positive blood
culture or FN) were a mix of various pathogens typically
associated with gut-derived sepsis. Of note, the pattern of
blood isolates with a potential skin source (i.e. TP) differed
markedly and was weighted toward Klebsiella or Acineto-
bacter spp., suggesting that these organisms have a relatively
greater propensity for entry through the skin. In contrast,
several common pathogens in neonatal species were rare to
nonexistent among the TPs (i.e. Enterobacter spp, Pseudomo-
nas aeruginosa, Candida spp., Salmonella spp.), suggesting
that these organisms gain entry primarily through nonskin
sites. In addition, distributions of skin pathogens were com-
parable between FP with a positive and FP with a negative
blood culture, implying that infection through sources other
than skin was independent of skin pathogen type.

Table 4. Adjusted ORs of preventing skin-to-blood entry of a
pathogen among positive skin culture comparison pairs

Treatment group Adjusted OR* (95% CI) p

Baseline (n � 728)
TP

Aquaphor 1.55 (0.75–3.20) 0.239
SSO 0.83 (0.34–2.04) 0.683

FP with a negative blood culture
Aquaphor 0.86 (0.53–1.39) 0.531
SSO 1.39 (0.81–2.39) 0.236

FP with a positive blood culture
Aquaphor 0.99 (0.59–1.67) 0.977
SSO 0.71 (0.29–1.27) 0.246

Nosocomial (n � 391)
TP

Aquaphor 0.84 (0.41–1.71) 0.636
SSO 0.82 (0.45–1.50) 0.511

FP with a negative blood culture
Aquaphor 1.50 (0.87–2.60) 0.149
SSO 1.72 (1.06–2.81) 0.030

FP with a positive blood culture
Aquaphor 0.69 (0.41–1.17) 0.169
SSO 0.62 (0.39–0.98) 0.039

*Adjusted for weight at admission (�1250 g vs �1250 g).

Figure 2. Distribution of blood pathogens by classification.
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Our matching for skin-blood isolates was done only on the
basis of organism identification; future research using mo-
lecular methods could demonstrate conclusively whether
skin-blood matching pairs (e.g. TPs) were composed of the
identical isolate, providing further evidence that a given
organism found in the blood could have originated from the
skin. A limited number of putative virulence factors asso-
ciated with clinical syndromes caused by K. pneumoniae
and Acinetobacter spp. have been identified (31,32); how-
ever, further research is needed to define factors associated
with their invasiveness through the skin barrier to cause
sepsis.

In conclusion, the skin is a potentially important portal of
entry for pathogens that cause sepsis in preterm infants in
Bangladesh, particularly Klebsiella and Acinetobacter, the
two main pathogens in nosocomial neonatal sepsis in this
setting. We furthermore demonstrate that topical therapy with
SSO modulated this relationship and prevented sepsis due to
organisms colonizing the skin. However, topical therapy also
may have reduced the risk of sepsis via other portals, such as
the gastrointestinal tract, although this is unproven. Further
research is needed to elucidate the relationship between skin
therapy and modulation of infection through both skin and
nonskin portals of entry. Meanwhile, skin barrier therapy is
a promising strategy for reducing sepsis among preterm
hospitalized newborns, and further research is also needed
to evaluate the impact of this intervention in other settings,
such as in developing country communities where the major-
ity of global neonatal deaths due to sepsis occur.
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