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Dissemination of Staphylococci

ARTHUR WHITE, MD, AUGUSTA, GA; JAMES SMITH, MD, BETHESDA, MD; AND

DONALD T. VARGA, MD, LOUISVILLE, KY.

Nasal staphylococci constitute one of the
major reservoirs of staphylococci in the hos-
pital.*® Certain nasal carriers disseminate
organisms into the environment frequently
and in large numbers. These individuals have
been termed “disseminators,” “dangerous
carriers,” or “cloud babies” by various au-

thors.*-®

Previous studies 7 have shown that nasal
carriers of large numbers of coagulase-posi-
tive staphylococci disseminated staphylococci
into the environment more frequently than
carriers of smaller numbers.

The present studies were designed to test
if dissemination of nasal staphylococci from
carriers of similar numbers of these organ-
isms was dependent on the type of staphylo-
cocci carried or upon factors in the host.

Materials and Methods

Two separate groups of patients were studied.
Patients with overt staphylococcal infections or
patients treated with other antibiotics were ex-
cluded from either study. Carriers were defined
as patients with at least two of three consecutive
quantitative nasal cultures containing coagulase-

_positive staphylococci.

Carriers were treated with either 10, 50, or 100
mg of methicillin, or 5 mg of oxacillin per gm of

Received for publication July 7, 1964; accepted
July 7.

Associate Professor of Medicine, Medical Col-
lege of Georgia, and Markle Scholar in Academic
Medicine (Dr. White) ; Clinical Associate, National
Institute of Allergy and Infectious Diseases,
National Institutes of Health (Dr. Smith) ; and
Instructor, Department of Medicine, University of
Louisville, School of Medicine (Dr. Varga),

Supported by Grants No. E-2561 and AI 05683
from the National Institute of Allergy and In-
fectious Diseases, Bethesda, Md, and CC-00060

from the Communicable Disease Center, Atlanta,
Ga.

A portion of this work was published in abstract
form in Clin Res 11:212, 1963.

petrolatum and lanolin ointment. A small amount of
ointment was applied with the patients’ fingers
completely around the anterior nares three times
per day for 1-2 weeks. Quantitative nasal cultures,’
skin cultures of the forearm, and air samples using
slit-samplers® were obtained before therapy and
1-3 times a week during and after therapy. Cul-
tures of the air and skin immediately before treat-
ment were compared with similar cultures obtained
at least one week after different nasal staphylococci
were acquired in numbers equal to pretreatment
nasal cultures.

In another study, 100 patients who were nasal
carriers of coagulase-positive staphylococci by
quantitative nasal cultures were studied for dis-
semination of these organisms by slit-samplers of
air and skin cultures. In this group of patients the
frequency of positive air and skin cultures was
correlated with the number and penicillin-resistance
of nasal staphylococci.

In both groups of patients air samples were
collected near the beds of the patients using slit-
samplers at the rate of 1 cu ft of air per minute.
Since we were attempting to observe conditions
that are generally present on the ward, no attempts
were made to either increase or decrease activity
during the period of sampling. One sampling from
each patient was made while the patient was resting
quietly in bed, and one sampling was made from
each patient while the sheets were shaken lightly
for 15 seconds during the minute-and-a-half
collection period.

One colony of coagulase-positive staphylococci
from each positive air, skin, or nasal culture was
phage-typed,® and its susceptibility to a variety of
antimicrobial agents was determined by plate-dilu-
tion methods.® Staphylococei were considered re-
sistant to penicillin G if they require 10ug/ml
or more for inhibition.

Results
Initially, 100 carriers were studied who
were not treated with topical oxacillin or
methicillin (Table 1). In this group of pa-
tients dissemination of staphylococei was

compared with the number of nasal staphylo-

cocci and their resistance to penicillin G.
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TasLe 1.—Number of Nasal Carriers of
Staphylococei Tested With Air
Samples and Skin Cultures

Number Carriers Carriers
Nasal Sensitive Resistant
Btaph Strains Strains

101-10% 10 5
103108 19 14
~10¢ 21 31

Total 50 50

Staphylococci were isolated more fre-
quently from skin cultures and air samples
around carriers of more than 100,000 organ-
isms per nasal swab than from skin cultures
and air samples from carriers of smaller
numbers of staphylococci. This was true re-
gardless of the penicillin-sensitivity of the
nasal staphylococci isolated (Tables 2, 3,
and 4).

In addition, staphylococci were isolated
more frequently from air samples and skin
cultures from carriers of more than 100,000
penicillin-resistant staphylococci than from
cultures from carriers of more than 100,000
sensitive bacteria. There was no increase in
the frequency of positive air and skin cul-
tures obtained from carriers of smaller num-
bers of penicillin-resistant staphylococci as
compared to cultures from carriers of smaller
numbers of sensitive strains.

The numbers of staphylococci isolated
from the nose of carriers of more than 100, -
000 penicillin-resistant organisms did not dif-
fer from the number isolated from carriers
of more than 100,000 sensitive staphylococci
(Table 5). Therefore, the increased dissemi-
nation of staphylococci by heavy carriers of
resistant organisms could not be explained

TABLE 2.—Per Cent of Skin Cultures Containing
Coagulase-Positive Staphylococci
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by the presence of larger numbers of
ylococcei in the nose available for diss
tion.

Heavy nasal carriers of penicillin-resist.
ant strains had been hospitalized more fre-
quently, had a higher mortality rate durin
the observation period, and had conditions
such as uremia or leukemia more frequently
than heavy carriers of penicillin-sensitive
staphylococci (Table 6). Those host factors
might have been responsible for the apparent
increased dissemination by carriers of resist-
ant organisms. Therefore, dissemination of
staphylococci  from, carriers of resistant
staphylococci was compared to dissemination
from the same patients when they were car-
riers of sensitive organisms.

Twenty-four nasal carriers of coagulase-
positive staphylococci were treated for 7-10
days with a nasal ointment containing either
oxacillin or methicillin and followed after
treatment until they had reacquired coagu-
lase-positive staphylococci of a different
phage type and more penicillin-susceptibility
than that which was present before therapy.
Patients were included in this study only if
more than 100,000 staphylococci per nasal
swab were isolated both before and after
therapy. There were no differences in the
numbers of staphylococci isolated from nasal
cultures of patients when these were carriers
of penicillin-sensitive strains as compared to
the numbers isolated from the same patients
when they were carriers of penicillin-resist-
ant organisms (Table 7).

Fourteen patients were carriers of penicil-
lin-sensitive strains and acquired resistant
ones after therapy, and ten who were orig-
inally carriers of resistant strains acquired

staph-
€ming-

TABLE 3.—Per Cent of Air Samples Containing

Coagulase-Positive Staphylococci Around
Nasal Carriers At Rest

Number Carriers Carrlers
Nasal Sensitive Resistant
Staph Strains Strains

1011012 10 0
102108 16 14
=108 29¢

Number Carrlers Carrlers
Nasal Sensitive Resistant
Staph Strains Strains

10103 0 0
102108
>10%

* xt P <0.059.

* x! P <0.001.

Vol 114, Not

Number
Nasal
Staph

105102
103-10%
108

. -"K’P": |

txtP < |

penicilli
py. The
nasal st
are sho
Desp
and ph:
were 1
of posr
while r
activity
Eigh
from 1
or rem
staphy.
15% o
becamt
positiv

Int
studies
group
penict
nated
skin r
riers
other
[Jt‘llil’.‘i
nose
semin

Th:
ports
of st:
vioco

I hat




umbers of staph-

le for dissem;
tor dissemina-

penicillin-resist-

:lli""‘\i mor f

Z€U more tre-
e -C
ality rate fim'mg
1 had conditions
more frequently

2nicillin-sensitive
10se host factors
for the apparent
arriers of resist-

disser

ssemination of
rs of resistant
to dissemination

n they were car-
1S.

ts of coagulase-
treated for 7-10
containing either
1 followed after
acquired coagu-
of a different
.fiI]'Sl.iﬁi‘:‘?)li}liiif\'
: before therapy.
s study only if
0COCCI per nasal
efore and after
fferences in the
lated from nasal
25€e were carriers
3 as compared to
he same patients

penicillin-resist-

rriers of penicil-
-quired resistant
who were orig-

strains acquired

mpies Contamming
ococct Around
1"::'.".-)

Carrlers
Resistant
Strains

‘ol 114, Nov, 1964

MEDICINEES

‘,‘:“H.r’:

SWEA

Pt Sl

e Yl

A

PH YLOCOCCI—DISSEMINATION

4—Per Cent of Air Sampfcs.Containing
T?;:gatfmc-Paﬁrizre Staphylococct Around
Nasal Carriers of Staphylococct
During Activity

Strains

Carrlers Sensitive Carriers Resistant

—

% % %o %
Number Positive Air Positive Alr
Nasal Afr Samples Air Samples
gtaph gamples 5 col/cu ft Samples 5 col/cu ft
101-10% 30 10 40 0
10%-10% 37 16 50 29
108 43° 24 1 71* 52 1
* x? P <0.059.

{ xl P <.’__0.Ufl.

penicillin-scnsiﬂ\-’e staphylococci after thera-
py. The phage types and drug resistance of
nasal staphylococci before and after therapy
are shown in Table 8.

Despite changes in penicillin-resistance
and phage types of nasal staphylococei, there
were no significant changes in the frequency
of positive skin cultures, positive air samples
while resting, or positive air samples during
activity (Table 9).

Eighty-five per cent of skin or air samples
from individual patients remained positive
or remained negative despite changes in nasal
staphylococci (Table 10). In the remaining
15% of cultures, positive skin or air cultures
became negative or negative cultures became
positive following nasal treatment.

Comment

In this study, two groups of patients were

studied with contradictory results. In one
group of patients, heavy nasal carriers of
penicillin-resistant ~ staphylococci dissemi-
nated organisms into the air and onto the
skin more frequently than heavy nasal car-
riers of penicillin-sensitive bacteria. In an-
other group of patients, changes in the
penicillin-resistance of staphylococci in the
nose did not change the frequency of dis-
semination.

The study also confirmed previous re-
ports 17 that nasal carriers of larger numbers
of staphylococci tend to disseminate staph-
ylococei more frequently than nasal carriers

White et al
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of small numbers. However, the increased
dissemination by heavy carriers of resistant
staphylococci could not be explained by the
presence of :ncreased numbers of resistant
staphylococci in the nose available for dis-
semination.

The apparent contradiction of the observa-
tions in the two groups of patients suggested
that factors other than penicillin-resistance
of nasal staphylococci were responsible for
increased dissemination by carriers of large
numbers of resistant organisms.

The specific host factors responsible for
increased dissemination by carriers of peni-
cillin-resistant staphylococci were not identi-
fied. However, there were differences in the
two groups as demonstrated by increased
mortality rates, previous hospital admissions,
and uremia in carriers of resistant staphylo-
cocei as compared to carriers of sensitive
ones.

A series of events would seem to be re-
sponsible for additional selective advantages
for the dissemination of resistant organisms
within the hospital. Patients with a variety of
{lnesses ‘would increase dissemination of
nasal staphylococci because of unknown al-
terations in the host. The same illnesses
would increase the probability that patients
would be hospitalized and receive antimicro-
bial agents. Since the administration of anti-
microbial agents to patients in a hospital
markedly increases the frequency with which
resistant staphylococci are acquired,'>1¢ dis-
seminators would tend to acquire nasal
staphylococci which were resistant to penicil-
lin and to further disseminate penicillin-re-
sistant staphylococei into the environment.

TABLE 5.—Numbers of Nasal Staphylococci Isolated
From Carriers of More Than 100,000 Penicillin-
Resistant Strains As Compared to the Numbers
Isolated from Carriers of More than 100,000
Penicillin-Sensitive Organisms

Penicillin Penicillin

Resistant Sansitive

Median 1,170,000 1,200,000
Mean 1,506,000 1,485,000
Standard error of mean 283,000 235,000
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TABLE 6.—Other Differences in Carriers of More
Than 100,000 Penicillin-Resistant Staphylococet
As Compared to Carriers of More T han
100,000 Sensitive Strains

Carriers Carriers
Sensitive Resistant x?
Strains Strains P

No. patients 21 31

No. previously hospital- 5 26
fzed

No. died 3 13

No. with leukemia 4

No. with uremia (BUN 7
>40 mg %)

Although the relationships between man,
staphylococci, and the environment are com-
plex, several factors have been identified.
One important factor is the drug-resistance
of staphylococci in carriers which permits a
selective advantage of resistant staphylococci
in treated patients as discussed above.

In addition, the number of staphylococci
present in the nose is important in the fre-
quency with which staphylococei are dis-
seminated into the environment.? There is no
established explanation for certain untreated
individuals being carriers of large numbers
of staphylococci, while others are carriers of
only small numbers. In a previous study 14
there was no correlation between antimicro-
bial resistance or phage types of staphylo-
cocci and the numbers which can be isolated
from untreated nasal carriers. However,
Ehrenkranz has shown that treatment with
tetracycline can increase the number of
tetracycline-resistant staphylococci in  the
nose and at the same time increase dissemina-
tion into the environment.16

Certain staphylococci, such as the 80/81
strain, are frequently isolated from lesions

arriers of
lococci

Penicillin- Penieillin-
Resistant Sensitive

1,320,000 1.260,000

1,467,000 1,539,000
Btandard error of mean 179,000 105,000

ARCHIVES OF INTERNAL MED!C!NE

TABLE 8.—Phage Types and Drug-Re
Nasal Staphylococei Isolated Befo
After Treatment *

___‘—'—-——__—_'_'_‘—:--—...______________

Sistance of
re and

Treatment

__'_‘——-—-—-_.______‘
Before After

e
Phage Type Resistant To Phaga'l‘ype Resistant g

7 80

. 52a/79 N.T.
.8A/3B 77
.29 7
.3C/6/73 /77
80/81
80/81
N.T.
Sensitive 81

80
.80 80/81
. 80 80/81
. 79/42D 80

« LT, 80

. 3B/55 3a

. N.T. 80

. 80/81 29

. 187 N.T.
. 80/81 N.T.
. 80/81 3A/3B/55

. 80 3B/55 Sensitive
. 80/81 29
23. N. 7. da

24, 80 3a/55/71
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* N.T., not typeable; P, penicillin G; T, tetracycline; E
erythromyein; C, chloramphenicol.,

and are readily disseminated from nasal car-
riers. Other coagulase-positive staphylococci
which are readily disseminated are infre-
quent causes of overt infections. Staphylo-
cocci which are disseminated frequently but
are infrequent causes of infections have been
deliberately introduced into nurseries to con-
trol epidemics by preventing colonization of
the nose with staphylococci which are fre-
quent causes of infection.18 Apparently dis-
semination is not the only factor responsible
for clinical infection.

Factors affecting the host can increase the
frequency of dissemination. This has been
documented in newborn nurseries 6 in which
increased dissemination by “cloud babies”
was correlated with viral infections due to
adenoviruses. As mentioned by the authors,
viral infections may have increased dissemi-
nation by increasing the number of staphylo-
cocci in the nose available for dissemination.

If our interpretation of the findings in the
present study is correct, other host factors
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ncreased dissemination of nasal staphylo-
cocci and at the same time increased the
probability that resistant staphylococci were
acquired and further disseminated. Dissemi-
nation was independent of the drug resist-
ance or phage type of the staphylococci
carried, since changes in nasal staphylococci
did not change dissemination into the envi-

ronment.
Summary

Heavy nasal carriers of penicillin-resistant
staphylococci disseminated organisms onto
the skin and into the air more frequently than
heavy nasal carriers of penicillin-sensitive
strains. However, changes in the penicillin-
resistance or phage types of staphylococci in
the nose of another group of nasal carriers
did not alter the frequency of dissemination.

Although staphylococci were isolated more
frequently from the environment of nasal
carriers of larger numbers of organisms, the
increased dissemination by heavy nasal car-
riers of resistant staphylococci could not be
explained by the availability of increased
numbers of resistant staphylococci in the
nose.

The increase in dissemination of resistant
staphylococci was related to the increased
frequency with which disseminators had pre-
viously received antimicrobial agents within
hospitals and thereby acquired resistant
staphylococci to disseminate, and not pri-
marily to the staphylococci carried.

Arthur C. White, MD, Associate Professor of

Medicine, Medical College of Georgia, Augusta, Ga
30902.

Generic and Trade Names of Drugs
Sodium Methicillin—Dimocillin-RT, Staphcillin.
Sodium oxacillin—Prostaphlin, Resistopen.

TABLE 9.—Per Cent o Positive Extranasal Cultures
in 24 Patients Who Changed Nasal Staphylococci
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TapLe 10.—Changes in Cultures for Extranasal
Staphylococci in Patients With Penicillin-
Sensitive Nasal Staphylococci as Compared
to Cultures for Extranasal Staphylococct

From the Same Patients When They
¥ ere Nasal Carriers of Penicillin-
Resistant Organisms

Nasal Staphylococel

Penieillin Penicillin
Sensitive, Reslistant,

% %
I*ositive skin cultures 33 33
IPositive air samples at rest 25 25
Positive air samples during activity 50 54

White et al

No. Patients

Afr
Air Samples
Skin Samples During
Cultures at Rest Activity
Positive cultures with penicillin- 1 2 2
sensitive nasal staphylococei;
negative cultures with resistant
organisms

Negative cultures with sensitive 1 2 3
nasal staphylococei; positive
eultures with resistant organisms
Consistently positive 7 4 10
Consistently negative 15 16 9

Tetracycline—Achromycin, Panmycin KM, Poly-
cycline, Tetracyn.

Erythromycin—Erythromycin, Ilotycin.

Chloramphenicol—Chloromycetin, Chloromycetin
Palmitate, Chloromycetin Succinate.

REFERENCES

1. Varga, D. T., and White, A.: Suppression of
Nasal: Skin and Aerial Staphylococci by Nasal
Application of Methicillin, J Clin Invest 40 :2209,
1961.

2. Eleck, S. P., and Fleming, P. C.: New Tech-
nique for Control of Hospital Cross-Infection,
Lancet 2:569, 1960.

3. Williams, R. E. O., et al: Nasal Staphylococci
and Sepsis in Hospital Patients, Brit Med J 2:638,
1959,

4. Penikett, E. J. K.; Knox, R.; and Liddell, j 95
Outbreak of Postoperative Sepsis, Brit Med ]
1:812, 1958.

5. Shooter, R. A., et al: Outbreak of Staphylo-
coccal Infections in Surgical Ward, Brit Med J
1:433, 1957.

6. Eichenwald, H. F.; Kotsevador, O.; and Fasso,
L. A.: “Cloud Baby”: Example of Bacterial-Viral
Interaction, Amer J Dis Child 100:31, 1960.

7. White, A.: Relation Between Quantitative
Nasal Cultures and Dissemination of Staphylococci,
J Lab Clin Med 58:273, 1961.

8. White, A., et al: Studies of Origin of Drug-
Resistant Staphylococci in Mental Hospital, Amer
J Med 27:26, 1959,

9. Wolf, H. W., et al: Sampling Microbiological
Aerosols, Public Health Monograph No. 60, United
States Public Health Service 1959, p 38




10. White, A. C.; Foster, E.; and Knight, V.:
Propagation of Staphylococcal Phages in Liquid
Medium, Antibiot Chemother (Wash) 9:81, 1950,

11. Jackson, G, G., and Finland, M. : Comparison
of Methods for Determining Sensitivity of Bac-
teria to Antibiotics in Vitro, AMA Arch Intern
Med 88:446, 195].

12. White, A.: Quantitative Studies of Nasal
Carriers of Staphylococci Among Hospitalized
Patients, J Clin Invest 40:23, 1961,

13. Knight, V., and White, A.: Drug-Resistant
Staphylococei : 1. Their Distribution in Hospital
Patients, Southern Med ] 49:1173, 1956,

ARCHIVES OF INTERNAL MEDICINE -_

14. White, A.- Increased Infection Rates i,
Heavy Nasal Carriers of COagulase-PositivE
Staphylococci, Antimicrob Agents Chemother 1963
to be published, '

15 Ehrenkranz, N, a2 Person~To-Person Trans-
mission of Staphylococcus Aureuys Quantitative
Characterization of Nasa] Carriers Spreading In.
fection, New Eng J Med, to be published.

16. Shinefield, H, R, et al: Bacteria] Interfer-
ence: Its Effect on Nursery—Acquired Infection
With Staphylococcus Aureus: IT. Ohio Epidemic,
Amer J Dis Child 105 :655, 1963,




	P1116214.JPG
	P1116215.JPG
	P1116216.JPG
	P1116217.JPG
	P1116218.JPG
	P1116219.JPG

