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Definition of Terms.—A glossary of terms
used in this publication is included in a
previous paper.!

The present communication describes a
study carried out in the nurseries of the
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Cincinnati General Hospital and represents
our first controlled investigation utilizing
artificial nasal and umbilical colonization
with strain 502A. These series of observa-
tions provided evidence which further sub-
stantiated the concept of interference be-
tween coagulase positive staphylococeal
strains of bacteria and indicated that this
phenomenon could be used on a practical
scale to terminate an epidemic of staphylo-
coccal disease.

Impetigo and furuncles in recently dis-
charged newborn infants and their family
contacts had been reported intermittently to
one of us (]J.S.), the Director of the nursery
of the Cincinnati General Hospital. This
particular nursery had been under continu-
ous close observation for over two years, and
a previous outbreak of staphylococcal disease
had been intensively investigated.® A system
of weekly discharge cultures had been in-
stituted at that time in order to furnish cur-
rent data of staphylococcal strains present
in the unit. During October and November
of 1961, these routine discharge cultures
indicated a steadily increasing coloniza-
tion rate of infants with two variants of
the 52/52A /80/81-phage complex of staphy-
lococct, henceforth referred to as type 80/81.
By late November, nearly 40% of infants
housed in the nursery became colonized by
these strains prior to the time of their dis-
charge, usually at five days of age (Fig 1).

Materials and Methods

1. The Obstetrical and Nursery Unit.—Approxi-
mately 4,300 infants are born annually at the
Cincinnati General Hospital. Premature babies,
weighing less than 2200 gm, are assigned to a
special unit in a separate building, while all full-
term babies are housed in a suite consisting of three
nurseries sharing common equipment and connected
by open doors (Fig 2). Total nursery space is
1,200 sq ft or 12,000 cu ft. The average daily
census is 40-45 infants.

Full-term newborns are routinely divided into
three groups depending on maternal status: infants
of healthy mothers are assigned to the K Nursery,
and infants of mothers with complications are
housed in the J Nursery. All infants from room
J and K are taken to their mothers for feedings
during the day, with about 60% to 70% of them
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care after initial removal of blood and meconium
with water; cords are not dressed, but alcohol i1s
applied daily with a cotton-tipped applicator stick.
The latter practice was discontinued for the period
of the study, which was the only change made in
the nursery routine. The cleanliness of the nursery
was judged to be adequate; the floors are washed
at regular intervals using a wet mop technique;
equipment is cleaned with either soap and water,
hexachlorophene or commercial antiseptic solutions.

Nursery personnel and physicians entering the
nursery area wear fresh gowns and wash their
hands with a hexachlorophene detergent ( Phisohex)
for two minutes. Hands are also washed each time
an infant has been handled, but gowns are not
changed unless soiled.

The nursery and obstetrical units are staffed by
32 nurses and aides who are sometimes assigned to
other areas within the suite. Nose and throat
cultures were performed on all staff members at
the beginning of the study; four nasal carriers of
staphylococcus type 80/81 were found, 12 attendants
harboret coagulase positive staphylococci of various
other types. All staphylococcal carriers were
permitted to remain on duty, and they were not
informed of their culture status.

2. Bacteriologic Methods—Bacteriologic cultures
from the nares and umbilicus were obtained daily
from all infants throughout the period of study and
processed in the manner described in a previous
publication.* The total number of cultures processed
was over 800 during the hospital study and over
1,200 in the follow-up; 5,870 colonies were identified
by the combined phage and antibiotogram procedure,
an average of more than 50 colonies per infant.

The Staphylococcus aurens employed for artificial
colonization was a coagulase positive, penicillin-
sensitive organism designated as strain 502A and
described in detail in companion communications.™*

3. Techmique of Colonization and Selection of
Infants—During the initial phase of the study,
infants were assigned at random to four groups
depending on the anatomic site to be colonized: (1)
the nose, (2) the umbilicus, (3) both nose and
umbilicus, and (4) no artificial colonization
(control).

On the third day, this procedure proved too
cumbersome, and the number of groups was reduced
to two by colonizing one group of randomly selected
babies both in the nose and on the umbilicus, and
leaving another group of infants as controls.

A microburette * was employved to dispense
0.0005 cc containing 600 to 2,000 organisms. The
exact number of viable bacteria received by an
infant was determined by culturing an aliquot of
each inoculum, utilizing standard dilution and plate
counting techniques.

* Manufactured by Calab, Berkeley, Calif.
157 Shinefield et al
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4. Follow-U p.—Follow-up visits were made by a
public health nurse trained in epidemiology, who
visited each infant’s home at regular four to five
week intervals following the baby's discharge from
the hospital. On the occasion of each visit, nasal
and umbilical cultures were taken from the baby,
and nose cultures were obtained from mothers and
other household members. All lesions observed were
cultured. Specimens were streaked immediately on
mannitol salt agar plates which were processed in
the same manner as cultures taken in the hospital.
By means of a standard form, information con-
cerning illnesses and social data was also obtained
at the time of the visit.

5. Results.—A. Incidence of Successful Inocula-
tions: A total of 27 infants was deliberately
colonized with strain 502A ; the umbilicus only was
inoculated in 4, the nose only in 10, and both sites
in 13. By criteria previously defined, 18 infants
(83%) were successfully colonized in the nose and
15 (83%) on the umbilicus (Table 1).

B. Nasal Colonization with 502A: None of the
18 infants with successful “takes” of strain 502A in
the nose became colonized with type 80/81 during
the hospital stay (Table 2), although two were
colonized with coagulase positive staphylococci other
than tvpe 80/81 or strain 502A. This represents a
total colonization rate with coagulase positive
staphylococet not strain 502A of 11%. In the
control group of 28 infants, 3 became spontaneously
colonized with type 80/81 and 10 with coagulase
positive staphylococci other than type 80/81 or strain
502A. Thus, a total of 13 of the 28 control infants
became colonized with a coagulase positive staphy-
lococcus other than strain 502A. Differences in the
rate of colonization between inoculated “take” and
control infants are significant at a level of P
=0.013.7 At age four weeks, two infants in the
inoculated “take” group were found to be colonized
with staphyvlococci other than the 502A strain, while
in the control group 16 of 25 babies were colonized
with coagulase positive staphylococci other than

T Statistical analyses were performed using x:
with Yates correction term. If numbers totaled
less than 30 or contained a zero Fisher's exact test
was used.

TaBLE 1.—Site and Number of Takes* in Infants
Inoculated with Strain 5024

Controls, Number ¢

Site No. Inoculated Take (%) No Take
Nose 28 23 18 (83) 5
Umbilicus 33 18 15 (83) 3

* Take—presence of straln 502A detected 24 hours after inoce
ulation.

t Some infants inoculated only on nasal mucosa or umbili-
cus; others at both sites.
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TaBLE 2—Nasal Colonization Rates With Coagulase Positive Staphylococes, Other

Than 5024, in Control and Inoculated Take Infants During Hospital Stay and
Initial Follow-Up

Coagulase Pogitive Staphylo- Total Coagulase
80/81 cocel  Not 80/81 or 502A Positive not 502A
Lufunts H! Ft H } F1 Ht Fi
Inoculated takes § 0/18 * (0 %) 1/14 (7.1 %) 2181 (1.1%) 114 ( 71 %) 2/18 1 (11.1%)  2/14 (14.2%,)
Control 3/28 (10.7%)  6/25 (24.0%) 10/28 (35.7%) 10/25 (40.0%) 13/28 (46.49,) 16/25 (64.0 %)
P =0013 P = 0.003

* Infants colonized/total number of infants.

t Second strain colonization = >one colony of the second strain isolated during H or F.

t H, hospital stay; F, follow-up at one month.

§ Take, presence of strain 502A detected 24 hours after inoculation.
| Five inoculated infants without “takes' excluded from analysis of data.

TasLe 3.—Umbilical Colonization Rates With Coagulase Positive Staphylococet, Other
Than 502A4, in Control and Inoculated Take Infants During Hospital Stay and
Initial Follow-Up

Coagulase Positive Staphylo- Total Coagulase
80/81 cocel t Not 80/81 or 502A Positive not 02A
Infants Ht Ft Ht Fi H? F3$
Inoculated takes § 0/15*1(0%)  0/13 (0%) 0/15] ( 0%) 1/13(76%)  0/151(0%) 1/13 (7.6 %)
Control 11/33 (33.3 %) 4/29 (13.7 %) 15/33 (454 %) 14/29 (48.2 %) 26/33 (78.7%) 18/20 (62.1%)
P = <0.0001 P= <0.01

* Infants colonized/total number of infants.

t Second strain colonization = one colony of the second strain isolated during H or F.

¢ H, hospital stay; F, follow-up at one month.

§ Take = presence of strain 502A detected 24 hours after inoculation.
] Three inoculated infants without takes excluded from analysis of data.

strain 502A. This difference is significant at a
level of P =0.003.

C. Umbilical Colonization: A total of 15 infants
was successfully colonized at the umbilical site with
strain 502A. None of these infants later became
colonized at this site by staphylococcus type 80/81
or by other coagulase positive organisms during the
nursery stay. At one month of age, one infant was
colonized with a coagulase positive staphylococcal
strain other than 80/81 or 502A (Table 3). Of the
33 control infants, 11 were found infected with type
80/81 and 15 were colonized with a coagulase
positive staphylococcus other than type 80/81 during
the hospital stay. The differences between
artificially colonized infants and the control group
are significant at a level of P=<0.001.

D. Isolation of Two or More Strains of Staphy-
lococci from the Same Infant: Two infants in
both the inoculated “take” and control groups
harbored two or more strains on the nasal mucosa
during their hospital stay (Table 4). At the
umbilical site, two or more staphylococcal strains
were isolated from 10 of 33 control infants, while
only strain 502A was found in the 15 infants whose
- umbilical site had been successfully colonized. This
difference between the control and umbilical “take”
infants is significant at P=0.014.

E. Lesions: During the follow-up period, 10
infants or their household contacts developed 11
lesions from which staphylococci could be recovered

TaBLE 4—Isolation g{ Two * or More Strains of
Coagulase Positive taphg}’ocacci: From a Single

Infant During Hospital Stay
Nose
Total Number with
Number of 2 or more
Infants Strains (%)
Inoculated Take t 18 2 (13.3)
Control 28 2(7.1
Umbilicus
Total Number with
Number of 2 or more
Infants Strains, (%)
Inoculated Take 15 0, (0)
Control 33 10, (30.3)
P = 0.014

* Second strain colonization = one colony of the second strain
isolated during hospital stay,

t Take = presence of inoculated 302A strain detected at 24
hours after inoculation.
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TasLe 5. —Relationship of Type of Staphylococcus Carried in the Infant’s Nose to
Development of Lesions m Infant and Household Contacts

Nasal Colonization Status *

80/81 + Others Other Coag. Non Coag.
Lesions t 80/81 Coag. Pos. Staph § 502A Pos. Staph Pos. Staph
Infants
Impetigo 2 1 1§ 2 0
Conjunctivitis 0 1 1 (1t 0
Abscess 0 0 0 0 0
Household
Abscess 0 1 149 0 0
Total Legions/Total No. Colonized 2/4 3/4 3/18 3/22 0/3

* Isolation of more than one colony of a coagulase positive staphylocoeci at any time during the nursery stay or during first or

second follow-up.

t Coagulase positive staphylococei recovered from all lesions except one ( ).
$ Three infants colonized with both type 80/81 and 77. One Infant colonized with both type 80/81 and 502A. Al lesions yielded

type 80/81.

§ Lesion yielded type 80/81; Infant only inoculated on nasal mucosa—umbilical culture at discharge was type 80/81.
| Type 80/81 isolation from abscess of sib who carrled type 80/81 nasally.

(Table 3). Five lesions occurred in the eight infants
whose nose had become colonized either with type
80/81 or with this organism plus another staphy-
lococcus. The cultures from these five lesions grew
Staphylococcus aureus type 80/81. In 18 infants who
were nasally colonized with strain 502A, three
lesions developed in the babies or in their household
contacts. One infant in the group had been inocu-
lated with strain 502A on the nasal mucosa but not
on the umbilicus. At discharge, culture from the
nose yielded strain 502A but from the umbilicus type
80/81 was grown. The organism isolated from the
infant’s skin lesion was Staphylococcus aureus type
80/81.

Staphylococei type 80/81 were isolated from an
abscess in a sibling of a “take” infant. This sibling
was found also to be a type 80/81 nasal carrier,
while the index infant was colonized with strain
S02A and never acquired the 80/81 organism. No

skin lesions due to 502A were found in infants
nasally colonized with 502A; however, one baby
infected by strain 502A was noted to have a mild,
purulent conjunctivitis, and the marker strain was
1solated from this site.

The difference between the incidence of lesions
in infants who carried Staphylococcus aureus type
80/81 and strain 502A in their nose is significant at

—approximately 0.05.

Two skin lesions and one case of conjunctivitis
were found in infants noted to be colonized at
discharge with staphylococei other than strains
S02A or type 80/81. The staphylococcus recovered
from one of these lesions was similar to the strain
isolated from a household contact, while the other
was similar to an organism isolated from the nasal
mucosa of the infant at the time of discharge. No

staphylococcus was recovered from the case of
conjunctivitis.
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TaBLE 6.—Persistence * of Nasal Colonization of 48 Staphylococcal Strains in 46
Infants Followed From I to 7 Months

Discharge Age, Mo
Colonization —
Croup Status 1 3 4 5 ] y
302A strain
Inoculated takes T 18/18 12/14 12/15 6/12 5/12 41/12 4/12 1/12
(100) (86) (80) (50) (42) 133) (33) (33)
80/81 t
Strain 24/25 20/24 18/24 7/22 3/20 3/20 3/18 3/19
( 96) (83) (73) (32) (15) (15) (17) 17)
Other coagulase
Positive staphylococei 10/10 9/10 8/10 3/8 4/8 3/7 3/8 3/8
(100) (90) (80) (38) (50) (43) (38) (38)

* Number with persistence/number colonized initially with strain (%).
t Includes 20 infants spontaneously colonized one week before inoculations begun,

F. Persistence of Colonization at the Nasal Site :
Data on the persistence of the initial staphylococcal
flora have been obtained from 46 infants carrying 48
strains of staphylococci in the nose (Fig 3, Table
6). It was possible to follow 39 of these babies
throughout the seven-month follow-up period.

The infants followed for at least two months
could be divided into five groups depending on
colonization status at discharge: (1) 12 infants
were colonized only with strain 502A, (2) 23
infants were colonized only with type 80/81,
including 20 infants spontaneously infected with
type 80/81 one week before the inoculation study
in the nursery was undertaken and three infants
colonized with type 80/81 during the week of
inoculation, (3) one infant was colonized with
strain 502A and type 80/81, (4) one infant was
colonized with both strain 502A and type 77, and
(5) nine infants were infected with coagulase
positive staphylococci other than 80/81 or 502A.

At four months of age, five of 12 infants
originally colonized with strain 502A and still under
observation were found to carry the same organism.
The following month, recovery of strain 502A was
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possible in four of the 12 babies and this rate did not
change over the next two months.

It is of interest that staphylococcus type 80/81
disappeared more rapidly so that by age four
months, the carrier rate declined to 15% in the 20
babies followed, a rate which remained reasonably
constant for the last three months of the follow-up
period.

The persistence rate in babies nasally colonized
with coagulase positive staphylococci other than
strain 502A or type 80/81 was similar to that ob-
served in infants colonized with strain 302A.

The difference in persistence rate between the
group colonized with type 80/81 and the infants
colonized with other strains of staphylococci is
significant at P—<C0.05. :

G. The Persistence of Colonization at the
Umbilical Site: Umbilical colonization rates in
infants who carried strain 302A fell from 93% at
discharge to 71% and 21% at the one and two month
follow-up period respectively. No recovery of
strain 502A from the umbilicus was possible after
two months of age (Fig 4, Table 7).

At one month of age, nine of 24 (37%) infants
infected with Staphyilococcus aureus type 80/81 on
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TABLE 7.—Persistence* of Umbilical Colonization of 56 Staphylococcal Strains T
from 46 Index Infants

Group
80/81 Strain
502A Strain

Coagulase positive other than 502A or 80/81

Age, Mo
Discharge 1 2 3
23/24 9/24 3/24 1/22
(37 (13) (4)
13/14 10/14 3/14 0/14
(71) 21) (0)
15/18 13/18 8/18 1/18
(72) (44) (6

* Number with persistence/total number in group ( %)-
t Ten infants with two strains,

the umbilicus were found to carry the organism on
this site, a rate which declined to 13% by two
months. After this time, organisms of this type
were isolated from the umbilical site only on a
single occasion.

H. Household Cross Infection:  Seventeen
mothers and 41 siblings were found to be colonized
with coagulase positive staphylococci before their
exposure to index infants infected with either
strain 502A or type 80/81 (Table 8). One sibling
in this group acquired a staphylococcus similar to
the strain of the index infant. Of the 106 mothers
and siblings not colonized with coagulase positive
staphylococci prior to their exposure to infected
index infants, 12 subsequently became colonized
with strains similar to those carried by the infants,
8 with strain 502A and 4 with type 80/81. The
difference between colonized and noncolonized
household members in their rate of acquisition of
staphylococci is significant at P=0.03.

I. Recolonization of Index Infants: Of the eight
infants who lost strain 502A and the 16 who lost
type 80/81 following discharge, 20 did not reacquire
any strain of coagulase positive staphylococci. Two
of the remaining four infants each acquired and
subsequently lost three different strains of staphy-

lococci which were also concurrently detected in
household members. The staphylococci acquired by

the remaining two infants were not typable and
persisted for a two-month period.

J. Staphylococcal Colonization in the Nursery
After Cessation of Artificial Colonization: After
cessation of artificial colonization a fall in the rate
of colonization of newborns with type 80/81
occurred (Fig 1). During the week after artificial
colonization 21% of the infants were colonized with
coagulase positive staphylococei, none of which
were type 80/81. Over the next three-week period,
the rate of colonization with all strains of coagulase
positive staphylococci increased and type 80/81
colonization reached 11%.

After artificial colonization attempts were stop-
ped, spontaneous colonization with type 502A was
limited to two infants infected over a two-week

period.
Comment

These data offer direct evidence to support
the concept that interference between strains
of coagulase positive staphylococci takes
place in newborn infants under routine nurs-
ery conditions. Differences in colonization
rates at both umbilical stump and nasal
mucosa were observed in a nursery where,
during the period of the study, no significant

TasLe 8 —Nasal Colonization Status of Mothers and Siblings Prior to Exposure to
the Index Infant in the Home

Mothers Siblings
Acquired ACQM
Total  502A 80/81 Total  Total  502A 80/81 Total
Status Before Exposure i 3
Nasal mucosa colonized w/coagulase positive 17 * 0 0 0 41° 0 1 1
staphylococei
Nasal mucosa not colonized w/coagulase 25 3 0 3 81 5 4 9
positive staphylococei
Total 42 3 0 3 122 5 & 10

* Two mothers and six siblings colonized with type 80/81 prior to exposure to index infant.

161 Shinefield et al
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changes had been made in personnel, pro-
cedures, techniques, or in the nursery itself.
The inoculated and control infants had equal
opportunity to be handled by members of
the nursery and obstetrical staffs, 509% of
whom were known to be colonized with co-
agulase positive staphylococci other than
strain 502A.

The incidence of lesions was significantly
different in infants colonized with type 80/81
and those colonized with strain 502A. This
supports the concept that strains of staphy-
lococcei vary in virulence for the infant. The
data do not afford evidence to substantiate the
hypothesis that an unknown host factor dur-
ing an epidemic induces increased pathogen-
icity of a strain of staphylococcus.

All lesions occurring during this epidemic
were relatively minor, supporting previous
observations that strains of type 80/81 in
different epidemics are associated with vary-
ing degrees of severity of disease.*

Summary

Interference between strains of coagulase
positive staphyloccocci under natural condi-
tions was observed in newborn infants at the
nasal and umbilical sites. Interference was
also evident in household members exposed
to index infants.

Nasal colonization persisted for a shorter
period of time in infants colonized with type
80/81 than in infants colonized with strain
S0ZA or other coagulase positive staphylo-
cocci. Umbilical colonization had nearly dis-
appeared by the time the infant was three
months old, no matter which type staphylo-
coccus was involved.

AMERICAN JOURNAL OF DISEASES OF CHILDREN

The incidence of disease was significantly
greater in infants colonized with staphylo-
coccus type 80/81 than in infants colonized
with strain 502A. Only one mild case of
conjunctivitis was associated with the pres-
ence of strain 502A.

Following termination of the artificial colo-
nization study, the 80/81 type disappeared
completely from infants in the nursery for
one week and then gradually returned.

We would like to acknowledge gratefully the
technical assistance of Miss Ruth Hotz, Mrs. Mary
Ann Shilkret, Mrs. Doris Walls, Miss Laurine
Cochran, RN, Mrs. Doris Newman, RN, and Miss
Catherine Lickvar.
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Epidemiology Branch of Communicable Disease
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