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AN OUTBREAK OF PYODERMAS AMONG NEONATES

CAUSED BY ULTRASOUND GEL CONTAMINATED WITH

METHICILLIN-SUSCEPTIBLE STAPHYLOCOCCUS AUREUS

Klaus Weist, MD; Constanze Wendt, MD, MPH; Lyle R. Petersen, MD, MPH; Hans Versmold, MD; Henning Rüden, MD

OBJECTIVE: To investigate an outbreak of methicillin-
susceptible Staphylococcus aureus (MSSA) infections in a neonatal
clinic.

DESIGN: Prospective chart review, environmental sam-
pling, and genotyping by two independent methods: pulsed-field
gel electrophoresis (PFGE) and randomly amplified polymorphic
DNA polymerase chain reaction (RAPD-PCR). A case-control
study was performed with 31 controls from the same clinic.

SETTING: A German 1,350-bed tertiary-care teaching uni-
versity hospital.

RESULTS: There was a significant increase in the inci-
dence of pyodermas with MSSA; 10 neonates in good physical con-
dition with no infection immediately after birth developed pyoder-

mas. A shared spatula and ultrasound gel were the only identified
infection sources. The gel contained MSSA and was used for hip-
joint sonographies in all neonates. PFGE and RAPD-PCR patterns
from 6 neonates and from the gel were indistinguishable and thus
genetically related clones. The case-control study revealed no sig-
nificant risk factor with the exception of cesarean section (P=.006).
The attack rate by days of hip-joint sonography between April 15
and April 27, 1994, was 11.8% to 40%.

CONCLUSIONS: Inappropriate hygienic measures in con-
nection with lubricants during routine ultrasound scanning may
lead to nosocomial S aureus infections of the skin. To our knowl-
edge this source of S aureus infections has not previously been
described (Infect Control Hosp Epidemiol 2000;21:761-764).

Few data exist regarding nosocomial infections of
healthy neonates in maternity wards; however, the inci-
dence is assumed to be between 0.3 and 1.7 per 100 new-
borns.1-3 In this setting, nosocomial infections rarely occur
as a result of outbreaks4,5 and may be acquired during
delivery or from exogenous hospital sources. Infection con-
trol measures should prevent outbreaks caused by exoge-
nous contaminations, particularly among infants at high
risk for infection, such as those in the neonatal intensive
care unit (NICU).6-9

Although up to 20% of all healthy newborns are colo-
nized with Staphylococcus aureus after 1 week and up to 40%
after 2 weeks of life,10 pyoderma caused by S aureus is
uncommon, occurring in 3 to 6 infants per 1,000 live births.11

In April 1994, 10 newborns with pyoderma and 1 with red-
ness of the trunk were identified in one hospital, leading to an
epidemiological and microbiological investigation.

METHODS

Setting
The outbreak occurred in a 1,350-bed tertiary-care

teaching German university hospital with approximately

2,200 births per year. Healthy neonates are roomed together
with their mothers in a 44-bed maternity ward (ward D).
Neonates requiring special medical care are admitted to the
20-bed neonatal ward (ward C). Critically ill neonates are
admitted to one of two 10-bed NICUs (wards A and B). Hip-
joint sonography is conducted routinely on all neonates.

On April 25, 1994, the hospital epidemiologist was
informed of three newborns with S aureus pyodermas. To
prevent spread of the infection to other infants, the affected
newborns were put in separate rooms, and the staff and the
mothers were given additional instruction on hygienic pro-
cedures. Nevertheless, within the next 4 days, a total of
eight newborns with oxacillin-susceptible S aureus pyoder-
ma were identified. An investigation was begun.

Epidemiological Investigation
Cases were ascertained by reviewing clinical microbi-

ological records. A case of staphylococcal skin disease was
considered to be a neonate born between January 1 and May
1, 1994, with clinical evidence of pyoderma and a positive cul-
ture for S aureus from the skin lesion. A case-control study
was done to establish possible risk factors for pyoderma.
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Only those case-neonates with pyodermas were included in
the case-control study. Thirty-one control patients with nei-
ther clinical signs of pyoderma nor with S aureus isolated
were chosen randomly among the 289 newborns born in the
university hospital between April 1 and May 1, 1994.

The hospital records of cases and controls were
reviewed using a standardized data collection form to
obtain information about the newborns’ length of hospital
stay, neonatal ward (A, B, C, D), weight, height, head cir-
cumference, Apgar score (0, 5, 10 minutes), gestational
age, breast feeding, vaginal birth or caesarian section,
underlying disease, date of hip-joint sonography and other
diagnostic procedures, as well as the mothers’ age, number
of pregnancies, paring, underlying diseases stated in the
records, and other diagnostic procedures.

Differences in categorical variables were assessed
with Fisher’s Exact Test, and differences in continuous
variables were assessed with the Mann-Whitney U test or
the Student’s t test, as appropriate, using SPSS (version 6.1;
SPSS, Chicago, IL) and Epi Info (version 6.04; Centers for
Disease Control and Prevention, Atlanta, GA). The tests
were performed two-tailed.

Microbiological Investigation
Swabs or Rodac agar plates from the neonates and

the inanimate environment were processed and con-
firmed as S aureus by standard biochemical methods.
Antibiograms were determined by broth microdilution. In
addition, a broth screening test (Iso-Sensitest [Oxoid
GmbH, Wesel, Germany] broth supplemented with 2%
NaCl and 2 mg/L oxacillin) and a disk-diffusion test with 1-
µg oxacillin disc on Iso-Sensitest agar were used to test
oxacillin resistance.12,13

For pulsed-field gel electrophoresis (PFGE), whole
chromosomal DNA in agarose was digested with SmaI.
The restriction fragments were separated in a CHEF DRIII
apparatus (Bio-Rad, Richmond, CA).13 Randomly amplified
polymorphic DNA (RAPD)-polymerase chain reaction
(PCR) was performed using DNA isolation with the QIA-
GEN (QIAGEN GmbH, Hilden, Germany) method.
Oligonucleotide primer M13 (5�-gAgggTggCggTTCT) was
used to generate fragment patterns. Cycling was per-
formed in a GeneAmp PCR System 9600 (Perkin Elmer
Applied Biosystems, Weiterstadt, Germany) and consisted
of the following steps: predenaturation at 94ºC for 4 min-

utes followed by 34 cycles of 20 seconds at 94ºC, 1 minute
at 50ºC, 20 seconds at 72ºC, and 5 minutes at 72ºC.12 For
both PFGE and PCR, the gels were stained with ethidium
bromide, illuminated under UV light, and photographed.
Two observers independently examined the photographs to
detect similarities and differences in banding patterns.14-16

Isolates were considered to be identical only if all bands
matched exactly. In addition, banding patterns were ana-
lyzed by means of a software for cluster analysis (Gel-
Compar 4.0; Applied Maths, Kortrijk, Belgium). 

RESULTS

A total of 11 case-neonates were identified; all had
onset during April (Figure). Three of the 11 were male, 8
were housed on neonatal ward D, and 3 were housed on
maternity ward C. None of the case-neonates were originally
housed in the same room together. All were born healthy,
and none of their mothers had a severe underlying disease
(one insufficiency of the cervix, one myome enucleation, and
one allergy). All 11 case-infants developed symptoms after
their 5th day of life; 10 of the 11 had skin infections on the
trunk or limbs, and all but 1 (case-neonate 7, with only symp-
toms of skin redness) developed pyoderma (Table 1). Six
required treatment with antibiotics intravenously.

All 10 case-neonates with pyoderma and 31 controls
were included in the case-control study. Cases were more
likely to have been born by cesarean section than controls,
but did not otherwise differ from controls (Table 2). All
cases and 90% of the controls had a hip-joint sonography
during their hospital stay (Table 2). 

All 10 case-neonates had received their hip-joint sonog-
raphy in a special room. This was the only common hospital
location where all had been since birth. The sonographies
had been performed by a single nurse from April 15 to 27
(Table 3). During those dates, a total of 70 hip-joint sonogra-
phies had been performed, with attack rates ranging from 0%
to 40% each day (Table 3). The sonography gel came in 500-
mL containers and lasted up to 2 weeks. A container of gel
had been in use since at least since April 18, and the gel had
been applied with a wooden spatula. Contrary to infection
control policies, this spatula was reused. On April 27, cultures
of the gel and the spatula yielded S aureus, and the gel was
removed from further use. 

S aureus isolates from five case-neonates,6-8,12-17 from
neonate 7 with skin redness, and from the sonography gel
were available for genotyping (Table 1). RAPD-PCR and PFGE
revealed the same results; with the exception of neonate 3,
band patterns of all the isolates were indistinguishable.

DISCUSSION

There are several lines of evidence that the ultra-
sound gel was the cause of the outbreak. First, symptom
onsets of all case-neonates began 2 to 5 days after hip
sonography. Second, the case-patients’ only common expo-
sure and hospital location was hip sonography in the
sonography room. Third, the isolate of S aureus found in
the ultrasound gel was clonally related to isolates from the
patients by two different genotyping methods used under

FIGURE. Epidemic curve of Staphylococcus aureus infections of neonates
(symptom onset) from April to May 1994.
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proposed consensus guidelines of the European Study
Group on Epidemiological Markers of the European
Society for Clinical Microbiology and Infectious Diseases.14

Fourth, discontinuation of use of the contaminated ultra-
sound gel stopped the outbreak.

To our knowledge, this is the first outbreak of pyo-
dermas among neonates related to contaminated ultra-
sound gel. Outbreaks of nosocomial infections among
neonates due to Pseudomonas aeruginosa and S marcescens
have occurred due to extrinsically contaminated soap6 or
hand lotion.18 How the ultrasound gel became contaminat-
ed remains unknown, and it is unknown why the attack
rates varied by day of the ultrasound. The variation could

have been due to chance, as the number of neonates given
sonography on any given day was small; to incomplete mix-
ing of the bacteria in the gel within the gel container or on
the spatula; or to different infective doses for the neonates.
The latter explanation might explain the finding that
neonates delivered by cesarean section were at higher risk
for pyoderma after ultrasonography in this outbreak. It is
possible that the slower development of normal flora
among infants born by cesarean section19 could have given
a selective advantage for infection with the outbreak strain.

No attempt was made to test the staff members. The
nurse who performed all hip-joint sonography was not test-
ed for S aureus colonization.

TABLE 1
CHARACTERISTICS OF NEONATES WITH STAPHYLOCOCCUS AUREUS INFECTIONS

Day of Day of Day of 
Infant Day of First Isolation Clinical Symptom Hip-Joint
No. Gender Delivery of S aureus Finding Location Onset Sonography

1 Female April 14 April 23 Pus Periorbital skin, eye April 23 April 18
2 Female April 15 April 25 Abscess Upper limb April 24 April 15
3 Female April 14 April 25 Vesicle Upper limb, trunk April 23 April 18
4 Male April 20 April 25 Vesicle Upper limb, trunk April 25 April 21
5 Female April 22 April 26 Vesicle Trunk April 26 April 22
6 Female April 21 April 27 Vesicle Trunk April 27 April 22
7 Male April 22 April 27 Redness Trunk April 27 April 25
8 Female April 23 April 28 Vesicle Head, lower limb, trunk April 27 April 25
9 Female April 22 April 28 Vesicle Trunk April 28 April 25
10 Female April 25 April 30 Vesicle Trunk April 29 April 27
11 Male April 25 May 1 Vesicle Trunk April 29 April 27

TABLE 2
POSSIBLE RISK FACTORS FOR NEONATES DEVELOPING PYODERMA DUE TO STAPHYLOCOCCUS AUREUS

Cases Controls
Risk Factor No.  (%) No.  (%) OR CI95 P

Number 10 (100) 31 (100)
Newborn

Females 7 (70) 15 (48) 2.5 0.5-17.3 .29
Twins 2 (20) 2 (6) 3.6 0.2-55.3 .25
Cesarean section 5 (50) 2 (6) 14.5 1.6-174.4 .006
Gestational age >40 wk 3 (30) 12 (39) 0.7 0.1-3.8 .72
Weight <1,500 g 0 (0) 0 (0) * * *
Weight >4,000 g 0 (0) 6 (19) 0 0.0-2.6 .31
Apgar score 0 min: <8 2 (20) 2 (6) 3.6 0.6-20.6 .25
Apgar score 10 min: <8 0 (0) 0 (0) * * *
Breast feeding 10 (100) 30 (97) * * *
Hip-joint sonography during hospital stay 10 (100) 28 (90) * * .56

Mother
Underlying disease 3 (30) 6 (19) 1.8 0.2-11.2 .66
Age >35 y 2 (20) 4 (13) 1.7 0.1-14.4 .62
No. of pregnancies >1 7 (70) 23 (74) 0.8 0.1-6.1 1.0
No. of births >1 3 (30) 16 (52) 0.4 0.1-2.2 .29

Abbreviations: CI95, 95% confidence interval; OR, odds ratio.
* Denotes not calculable.
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This outbreak reinforces the role of genotyping meth-
ods to identify outbreaks, which can be especially useful if
outbreaks occur due to species with a considerable genetic
diversity, such as some gram-negative rods, or by coagulase-
negative staphylococci.20 As shown previously,20 PFGE and
RAPD-PCR showed indistinguishable band patterns from S
aureus isolates from the outbreak strain, with different pat-
terns from unrelated isolates. Although PFGE represents the
gold standard,15 it is a time-consuming method. In contrast,
RAPD-PCR can be performed within 8 hours.14,15

Hip-joint sonography is a routine screening method
for all neonates in Germany. This outbreak and a previous
outbreak of nosocomial Xanthomonas infections associated
with ultrasound gel21 indicate possible hazards of this seem-
ingly benign procedure. In France, gels were contaminated
with gram-negative organisms of up to 105 colony-forming
units/mL.22 This outbreak occurred even though the gel

contained 20% 1,2-propylene glycol, which should have made
the gel bacteriostatic. Previous studies have shown that
cleaning the skin area with a dry paper towel after sonogra-
phy was found to be sufficient to prevent bacterial growth.23

This outbreak demonstrates that inadequate infection control
procedures for lubricants during routine ultrasound scanning
may lead to nosocomial S aureus infection of the skin.
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TABLE 3
STAPHYLOCOCCUS AUREUS-RELATED PYODERMA ATTACK RATE IN

NEONATES BY DAYS OF HIP-JOINT SONOGRAPHY IN APRIL 1994

No. of Hip-Joint
Sonographies Attack

April (Neonates With Pyoderma) Rate

1 Good Friday
2 Saturday
3 Sunday 
4 Easter Monday 1 0%
5 16 0%
6 14 0%
7 6 0%
8 3 0%
9 Saturday
10 Sunday
11 23 0%
12
13 12 0%
14 9 0%
15 5 (1) 20%
16 Saturday
17 Sunday
18 17 (2) 11.8%
19 8 0%
20 8 0%
21 4 (1) 25%
22 5 (2) 40%
23 Saturday
24 Sunday
25 12 (2) 16.7%
26 1 0%
27* 7 (2) 28.6%
28 1 0%
29 1 0%
30

* Isolation of Staphylococcus aureus from the gel.
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