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During Prolonged lsolator Confinenicnt

CAPT S. SHADOMY, MSC, AUS; MAJ MIKIAM K. GINSBERG, ANC, USA; AND
E. ZEIGER, BS, WASHINGTON, DC

A NEW APPROACH to prevention of sec-
ondary or nosocomial cross infections in the
debilitated patient has been taken in the devel-
opment of self-contained or unitized systems
for total isolation of the individual patient!-?
Such systems, or isolators, have as their basic
purpose the exclusion of all microbial contact
between the patient and his external environ-
ment without interfering with his normal
routine care and treatment. These systems con-
sist basically of three integral components: the
flexible plastic isolation enclosure or tent; a
system of blowers and filters which provide a
supply of sterile air within the isolator; and
pass-through chambers, or locks, for intro-
ducing or removing items of patient care or
treatment without breaching the isolation bar-
rier. The feasibility as well as practicability of
one such system * have been under examination.
The effectiveness and reliability of the different
systems and procedures involved in steriliza-
tion, concurrent sanitization, and continued
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maintenance of the microbial barrier have been
described previously.* This report is concerned
with an examination of the combined effects of
prolonged isolation and intensive procedures for
skin hygiene on the external microflora of the
confined patient. In addition, bacteriological
evidence was also sought as to any penetration
of the isolator’s barrier by microorganisms
indigenous to the external hospital environ-
ment,

Procedures

A. The [solator System—A detailed de -ription of
the isolator (Fig 17 has been presented clsewhere®
and only limited specifications need be enumerated.

The isolation tent, which surrounds but does not
encompass a standard mechanical hospital bed, is
fabricated from clear flexible polyvinyl chloride
plastic. Unlimited access to the patient is provided
by two sets of paired gauntleted gloves. Clear, rigid
plastic face plates set in the walls of the tent provide
unrestricted visibility. Sterile air is provided by a
combined blower and fltration system contaired in
the console unit which forms the foot of the bed.
The filtration system utilizes two ultrahigh efficiency
filter units + capable of retaining more than 99.997%
of all particles over 03u in diameter. The console
also contains two double-door pass-through locks,
controls for the adjustment of the mechanical bed, an
alarm system, and other ancillary controls.  The
pass-through locks are each fitted with four G-8T3
ultraviolet lamps. Attachments for sphygmomanom-
eters, electrodes, stethoscope, transfusion or venoclysis
tubing, and other devices are made via special
adapters set in the flexible walls of the tent.

St

* “Life Island” Hospital [solator System, Matthews ¥ Cambridge Absolute Filter,~~Cambridge— ipppmemm——
Research, Inc., Alexandria, Va Corp.. Syracuse, \'\l Corles NOT avallable
tuo DDC or Clearinghouse f
custcmers \
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Fig 1.--Unitized patient isolator system (“Life Island, Mark V”). Shown are the control console {fore-
ground) with pass-through locks, master controls, and inlet for the air filtration and supply system; the
clear, flexible plastic patient enclosure with rigid plastic view plate, gauntlet-gloves, and overhead suspen-
sion system; also shown are the isolator interior with bed, bed rails and straps, and overbed tray. The me-
chanical components of the bed are contained within an inner plastic tuniicl which sets them outside, topo-
logically. from the isolator intesior. (US Army photograph, Walter Reed Army Institite of Risearch’

B. Preparati:n and  Samitization of the Isolator
Tent.—Initia! sterilization of the interior of the tent
was achieved through surface treatment and aero-
solization with a 3% solution of peracetic acid. A
total of 24 hours was required tor this procedure;
exposure time to the sterilizing agent was one hour
followed by a period of exhaust and ventilation for
the remaining time. Efficiency of the sterilizing pro-
cedure had been previously verified using test strips
impregnated with spores of Bacillus subtilis (variety
globigit) T Simiiar strips exposed during the initial
steribzation preparatory to  this clinical trial and
removed after ventilation were cultured and deter-
mined to be negative for growth at 48 hours and after

~even days.

t Sporodex  Bacterial  Spore  Strips,  American
Sterilizer Co.

Concurrent sanitization of the interior of the tent

was accomplished through periodic washings of the
inner plastic surfaces and meta' fittings with a
1:750 solution of benzalkonium chloride.§ Selection
of benzalkonium chloride as the sanitizing agent of
choice was based on data previously presented. The
schedule for tent samitization (Table 1) was estab-
lished when bacteriological evidence indicated the
need for such a procedure.

The procedures for sanitization of the mterior of
the occupied isolator were as follows: Debris, waste,
and similar materials were collected and either re-
moved through one of the pass-through locks or
flushed, under positive pressure, from the bottoin of
the tent through a plastic sleeve provided fer such

§ Benzalhonium  chloride  solution.  USP, 109,

Certified Laboratories, Inc.
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purposes.  ‘The solution of benzalkonium chioride,
prepared with sterile water, was introduced into
the tent together with ; supply of sterile gauze and
toweling. The solution was applied with the gauze
to the entire inner surface of the tent and to all
exposed fittings, shelving, cte. Fxtra sheeting was
provided for protection of the patient. TFollowing a
minimum contact time of ten minutes, the treated
syrfaces were rinced and then dried with sterile
toweling, Excess or waste fluids which had been
permitted to collect at the bottom of the tent were
drained, under positive pressure, through the plastic
cleeve into a collection basin.

C. Clinical end Nwrsing Care Data—A man, con-
valescing from acmute myocarditis, served as patient-
volunteer  for ehinteal trial of the nolater
Selection of a tes® patient not necessaruy prone to
bacterial superiniestion was based on the premise that
the effects of prolonged isolation upon the scology
of the normal human microflora were as yet unknown.

Prior to his introduction into the isolator, the
patient was bathed and shampooed with a commercial
skin cleansing lotion containing 3% hexachlurophene, i
dressed in sterile pajamas, and wrapped in sterile
sheets for transfer into the tent. Antibiotics or other
antibacterial agents were not administered either
before or during the period of isolation. The total
period of confinement within the isolator was 12 days.

The procedures used in bathing the patient while
confined within the isolator employed, initially, a
commercial “antibacterial” bar soap{ containing both
27% hexachlorophene and an unstated amount of
34 4-trichlorocarbinilide. This product was replaced
after seven days by the 3% hexachlorophene lotion.
The procedures were essentially the same as those
emplaved in routine nursing care under normal con-
Aitions  for bathing of the nonambulatory patient.
They included both an intermittent washing of the
face, hands, and upper portions of the bady and a
complete or total body  bath, hut no shampoo
{ Table 1).

D. Preparation of Items for Patimi Care-—All
items used for care, comfort. or feeding of the
patient were introduced into the isolator through one
of the ultraviolet irradiated pass-through locks. Used
or discarded items, bedpans, and other expended ma-
terials were removed in a similar manner through
the second lock. Most materials were introduced
into the isolator after presterilization in double-
wrapped packages by either gas or steam autoclave
provedures.

Wherever possible all items were brought to the
isolator in their druble wrappings and introduced
into the pass-through lock simultaneously with re-
moval of the outer wrapping. Exposure time to the
ultraviolet light within the lock was thiee 10 five
minutes depending on the nature of the item being
exposed. This procedure was intended primarily for
the destruction of microorganisms present in the

I pHisoHex brand. Winthrop Laboratories, Division
of Sterling Drug, Inc., New York.

1 Dial <oap. Armour and Co, Chicago.

ihis
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Vanrr L—Schedule for Hyqiemic Pationt Care and
Plastic Isolator Enclosure Cicaming and
Sanitization; [2-Day Perwd

{*ay of Patient Isolssor Tent
Isolator Hygienic Care Cleaning &
Confinement * Procedure ¢ Sanitization 1
2 Purtial bath None
3 Complete bath None
L] Parsial bath None
I3 Compiets bath None
& Partial bath None
H Complete bath None
] Camplete bath Iuterior surfaces washed
] Complete bath Interior surfoves washed
3] Complete bath Interior sutfuces woshed
13 Compiete bath Interice surfaces washed
12 Ceomplets bath None

* Patient intmduced intn fsolator on afterncon of preceding day
following complete bath and shampoo with hexachlorophene (pHiso.
Hez) Jotion.

t Patient bathing employed Dial bar soap for days 2-7; pHisoHex
lotion was substituted in bathing procedures for days 812

t Procedure included sponging of all interior plastic and nietal
sutfaces with a 1:750 solution of benraikonium vhiloride.

rather large volumes of air, which were displaced
during manipulation of the doors of the pass-through
locks. Surface decontamination of materials acci-
dentally contaminated during their introduction into
the lock was also accumplished during the irradiation
period. Those items which required surface steriliza-
tion only, as, for example, commercially prepared
sterile articles, were exposed for a minimum of ten
minutes.

Items which were not presterilized included {reshiy
prepared foods and therapeutic drugs. For this study,
reliance was placed upon the pasteurization effect of
normal cooking procedures for the provision of bac-
teriologically “safe” foods. Food trays were prepared
aseptically using presterilized utensils and dishes. No
ready solution to the requirement of providing sterile
drug items was determined and only original phar-
macy pack materials were used in an effort to avoid,
as much as possible, any contamination of hospital or
<taff origin.

E. Bacteriological Monitoring Schedulc and Pro-
cedures.—Specimens  for  bacteriological study were
collected twice daily during the first eight lays of
isolation and once daily for the last four days. The
specimens were collected, using moistened sterile
«wabs which were vigorously applied to a minimum
surface area of 10 sq inches from the following
cutaneocus regions: forearm, including the volar and
ulnar antebrachial surfaces; abdomen, including the
upper pudbic, umbilical and lateral surfaces; upper
anterior and internal surfaces of the thigh; lower
median, sacral and lumbar surfaces of the back; and
rectal region including anal and periaeal surfaces.
Specimens were also collected from the patient's
pharyngeal and nasopharyngeal orifices.  Similar
specimens were also taken from all of the pro-
fessional amnd nonprofessional personnel associated
with the project. Relerence cultures of representative

Arch Ewviron Health—1"0l 11, August, 1965
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‘TasLe 2—Efcct of Isolator Confinement Care om Microflora of the Pharyngedl and

Nasopharyngeal Regions

Pharyngeal Regions

Frequency of

Bacterinl Isolations &  Averngw Hate
Identifications of Reenvery * Recovery ¢

« Streptocoeet <300 i1 TR
8 Btreplocovei <1g 2%
7 Streploeocci 10-100 106 7
Sepidomia < 108 100 S
Souitie <30 Single oecurrence
Pueumucoeei <io Single ovcurrence
Diphtheroids <106 5%
Nelsseria <10 09
Hemophilus <iv Ringle ocrurrence
el <1e Single oreurrenre
K parummnine, 2 <10 37

Totals > 300 1009

Nasopharynges) Regions

R 5 1101 Average Rate Frequeney of Normal
Vajues | nf Recovery Reecavery *aluen
EST 1} =100 10653, <800
>36 >10 8%, <ig

01080 10-100 109 -0
10400 >100 804, <100
< <10 Single wecurrence NR
<10 - - XNR
0100 <i 5% -
<10 <10 Eingle oveurrence NR
NR £ -- — NR
bt : 3 — - NR
<1 <l W% 10.100
300 300 1009, =300

* Average recovery rate: approximate number of colonies recovered after primary gilution and pluting.

1 Frequency of recovery: number of individual specimens cultured fromn which pogitive isolations were reported.
$ Noimal recovery values: based on results of eultured specimens taken from same patient during hospitalization on open ward under eon-

ditions of normal environmental expasute.
§ NR: Not reported.

microorganisms were isolated from these latter
specimens, identified and catalogued for future reier-
ence and comparison if required.

The individual specimens were prepared for plating
on various media by elution, with agitation, in sterile
peptone soy broth. A semiquantitative dilution and
plating procedure® was used to inoculate the {ollow-
ing selective and differential media; 572 sheep’s blood
agar (2 plates), MacCenkey's agar, mannitol salt
agar, “SF” # agar and Sabouraud’s dextrose agar.
Pharyngeal and nasopharyngeal specimens were also
inoculated on chocolated blood agar and chocolated
blood agar with 0.05% potassium tellurite. All plated
media were incubated at 37 C for 48 hours; anaercbic
cultures (ou blood agar) were incubated under
hydrogen in Torbal * jars and chocolated blood agar
plates were incubated under CO..

The various media were examined following incuba-
tion, and data were recorded regarding presumptive
identifications and relative numbers of the various
microbial species which were recovered. Definitive
identifications were made acrording to accepted tax-
onomic ami diagnostic criteria and procedures,

Results

Four pertinent observations were made re-
garding the changes in the patient’s external
microflora during the 12 days of confinement
within the isolator. First, and most significant,
ne transmigration of microorganisms in-
digenous to the external hospital environment
or attendant to the patient could be detected.

Second, there was no detectable colonizaion
of the patient by microorganisnis which were
T # Difco Laberatories, Detroit, Mich.

* Torsion Balance Co., Clifton, NJ.

not also recoverable at either the onset of the
isolation period or under conditions of normal
environmental exposure.

Third, although the bathing procedures
which were employed were capable of reducing
the indigenous microflora of some of the
cutaneous surfaces to minimal levels, they did
not prevent the rapid repopulation of these areas
by organisms of predominantly fecal origin.
Further, they did not prevent contamination of
the patient or the interior of the isolator by sev-
eral species of potential pathogens for which the
patient was a carrier. These included a man-
nitol-positive strain of Stephylococcus aureus
and a type 111 strain of Klebsiella pneumoniae.
The isolation of such pathogens from an es-
sentially normal individual was clinically un-
reruarkable, However, their persistence during
the period of isolation was considered to be
significant in light of the probable high levels
of susceptibility which would tend to charac-
terize the type of patients for whom care with-
in the isolator might be contemplated.

Fourth, information of value in the selec-
tion and mode of application of agents for
use in personal hygienic and bathing proce-
dures was also obtained from the bacteriologi-
cal data. The extended period of the trial
permitted a comparative study of the effec-
tiveness of several agents.

Values for the composition of the normal
microflora of the patient’s skin and body

Arch Fniirom Health—Vol 11, August, 1965
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MICROBIAL DISTRIBUTION PROFILES OF
SELECTED SKIN SURFACES DURING

PROLONGED ISOLATOR CONFINEMENT

100

S0
Fig 2—Eflects of pro-
fonged isolator confine-
ment on the microflora
of selected regional skin
surfaces during a 12-day
peril  of  confinement.
The distribution profiles
are dervedd from  daily
bacteriological examina-
tions of the total micro-
floca of the different sites
and expressed in terms
of fecovery rates relative
to normal qualitative and
quantitative values ob-
tained for the same
patient under normal
conditions  of exposure.
(US Army photograph,
\Walter Reed Army In-
stitute of Research.)

CULT JRES YaKEN
AFTER PPR-D

TOTAL RECOVERABLE MICROFLORA
PER CENT OF NOMWAL MICROFLONA

L1

BATHNG PROCEDURES

23

PEN CENT OF NORMAL WICROFLORA

TOTAL RECOVERABLE MICROFLORA

T PHISOHEY" ADOPTED FOR PATIENT

O- w O

AM
SEVENTH

PPR — PARTIAL PATIENT BATH
CPB — COMPLETE PATIENT BATH
© - "DIAL" CAKE SOAP

Py - "PHISONEX " LIGUID SOAP

orifices were determined in order tu provide
the basis for a comparative evaluation of the
effects of isolator care and confinement upon
his recoverable microflora. These control
values were based upon a series of daily cul-
tures taken during the patient’s hospitalization
on an open ward under conditions of normal
environmental exposure and also upon avail-
able literature regarding the normal microflora
of man.® Arbitrary values were assigned the
various microorganisms according to their rela-
tive quantitative and qualitative contributions
to the normal flora of the different surfaces
and orifices. These values were then used as
standards for determining. on a percentage
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EIGHTH TENTH ELEVENTH TWELFTH

DAY QOF ISOLATOR CONFINEMENT

1 ez il .

RECTAL BACK ABOOMEN THIGH  FORCARM

ANAL AND LOWER  PUBIC UMM~ ANTEMIOR  VOLAR ARG
PEMNEAL WEDIANAND  ICAL AND an uLmaR

rESIONS Lustan LATERAL ATEIHOR  ANTIBNACHIAL
REGIONS  MEGIONS RELIONS  MCQIONS

basis, the rates of recovery for the various
species isolated under the conditions of this
study.

The microflora of the pharyngeal and naso-
pharyngeal orifices remained within the normal
ranges as defined by the controls described
above throughout the entire period of confine-
ment. The only remarkable finding was the
repeated isolation of the type IIl strain of
K pneumonige previously mentioned (Table
2). Various isolates identified as diphthercids
and species of Neisseria and Hemophilus were
also obtained. These were regarded as being
saprophytic normal flora and were not sub-
jected to further study.

Arch Encirom Health—170l H, August, 1965
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Tante 3 —~Efect of lsotator Confiement Care om the Microflory of Sclected Regional
Patient Skin Swurfaces

Abduminal Surfaces
Pubic, Umbliles] & Lateral Regious

Average Recovery Rate {C FU range) ¢ Freqtieney of Resovery ¢

Normal
First Second Firat Second Recovery
HBuclerisi lsolations & identifications Pertod Pericd Period § Period Values §

« Sttepiococe! CERN § CRN - - 1)-10
8 Streptocoeel CRN CRN - — CRN
+ Streptococet <10 CRN H - 10-100
8 epidermidia 10-100 16-100 5 2 >100
N atireyd <io <io 2 2 <io
3 fuccelts <0 NR 1 -~ 10-100
E eoli < <18 3 H 10-100
Klehplella- A2rabaeter [83 34 CRN — — <36
Others NR % NR - ~ 10.300

Totsls <o 10-100 611 2:7 =300

(% positive cultures; (559%) (29%)

Hectal Burfaces
Anal & Perineal Regions
Bacterial Isolations and Identifications ————

« Streptococet <10 <10 4 4 10.100
4 Streptococe] CRN CRN - CRN
¥ Btreptococct 10-100 <10 9 3 >100
S epidermidis >100 <100 11 7 >100
S aureus <10 <19 L ] 10-100
S faecalis <1 <10 ¢ 3 10-100
E eoli >100 10-100 i) 7 >100
Klebslella-Aerobacter <I6 <10 10 5 10-100
Others 16-100 NR 2 — >100

Totals >300 =W 13 7 >300

(% positive cuitures; 100 %) (100 %}

Back Surfaces
Tower Median, S8scral & Lumbar Regions
Bacterial Isolations & ldentiBestions ~———

s Btreptocoeci CRN CRN - - <10
8 Streptococct CRN CRN - — CBN
¥ Btreptococci CRN CRN - — 10-100
8 epidermidis 10-100 <o 10 4 >300
8 aureus <18 <16 & 2 10-100
8 faccalis <19 CRN 2 — 10-100
E cali <10 CRN 2 - 10-100
Klebriella- Aerobacter <10 CRN 4 - <10
Others NR <10 — 1 10-100

Totals <100 <1 10:11 337 >300

(% positive cultures) {18 “43%)

Forearm Surfaces
Volar & Ulnar Antibrachial Kegions
Bacterial Isolations and Identifications —

« Streptococei <10 CRN ] - 10-100
8 Streptococei CRN CRN — - <10
v 8treptococci CRN CRN — - 10-100
S epidermidia <10 <10 ) - 10-100
S surets <10 <l 1 <10
S faccalis NR NR - 1 NR
E celi CRN CRN - -~ CRN
Klsbeiella- Asrobacter CR - CRN - - CRN
Others NL NR — — NR

Totals <100 <10 L1 | i >300

(% positive cultures) (55%) A4 %

Arch Emviwon Health—Vol 11, 4ugust, 1965
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Tasie 3-~Effeet of fsofatrr Confincment Care on the Microficrs of Selrcted Regiona

First
Bucivrial Isolations & Idontifications Period

& dtreptoeneed CrN
i BPepiconel CRN
¥ Btreptococci <18
Nepidermidis 10100
Kansews <9
S faecqlis NR
E coli <1
Klebsiella- Aesedmicter RN
{thers <16

Totals <

« %% positive cdlttifes.

Patient Skin Nurfaces—

Average Recovery Rate (CFU range: » Frequency of Recovery ¢

Continued

Thigh sSurluces
Anterior & Initerior Reglons

- Nofmal
Hecuhd First Necond Recovery
Perind Period § Prering Values ¢
CRN - - iB-hm
RN RN
CRN H <1¢
<i@ 4 3 > 300
< 2 z <1¢
NR - -l
CRXY [ - 10-100
CRN - - <j0
NR i 10-100
< H# LR 3.7 308
455 4391

¢ Average “ucovery rate: approstinate number of colony forming units (CFU) recovered on primary dilation and plating.

t Frequercy of “ecovery: number of cultures examined in which positive Isolations were reported.

1 Nermal recovery values: based on cultures taken froma the same patient on an open ward in s normal hospital environment.

§ First period: through morning of seventh day, [>ial sosp used in patient hathing procedures. 11 cultures taken; seeond period: from after-
noun of seventh day through last day of isolation, pHisoFlex used in patient hathing procedures.

{1 CRN, culture reports negative.
€ NR, not reported.

Average rates and frequencie. of recovery are derived from bacteriologicsl data obiained during two ronsecntive periods of seven g flve
days, respectively, during which two different skin cleansing agents were employed in the patient bathing procedures.

The microorganisms isolated most frequent-
ly from the various skin surfaces included §
aureus, E coli, and several distinctive strains
of Staphylococcus epidermidis. Tsolations were
also reported for both the type IIT strain of
K pncumoniae and serologically nontypable
strains of Klebsiella-Aerobacter (Table 3). A
veast-like organism identified as Candida
krusei, recovered from the dorsal surfaces of
the hand, was the only mycotic isolate.

Data accumuiated during the first half of
the study indicated that the procedures being
employed for patient bathing and personal
hygiene were having little effect on the recov-
erable microflora of the patient’s skin. As
noted in Section C above, the 3% hexachloro-
phene skin lotion was substituted after the
seventh day of confinement for the oryinal
bar soap product used at the onset of the study.
The change in skin cleansing agents wis ac-
companied by a marked reduction in the total
numbers of microorganisms i1ccoverable from
all of the monitored skin surfaces including
those of the rectal surfaces (Fig 2).

The extent to which the change in cleansing
agents affected the microflora which coulil be
recovered from the various skin surfaces may
be summarized as follows: The overall com-

bined or average rate of microbial recovery
for all of the monitored areas, excluding those
of the rectal region and the small of the back,
approximated 109 of the normal or control
values during the first seven days of the studv.
On several occasions the daily total recovery
rates fur all of the monitored surfaces, again
with the above exceptions, exceeded the nor-
mal 50%% value. Following the change to the
3%¢ hexachlorophene lotion, the total combined
recovery rates for the same regions was re-
duced to a daily average of 3.2¢ for the final
five-day period. The average recovery rates
for the microflora of the rectal region and skin
surfaces of the small of the back Jduring the
first seven days were found tu be, respectively,
68¢; amd 14¢ of the corresponding normal
values, Following the change in cleansing
agents, the comparable average values four the
same regions were found to be 387 and 297,
respectively.

The recovery rates for the culturable micro-
Houra of the different skin regions were tound
to be directly proportional to the extent of
exposure of the individual surfaces to fecal
contamination. The nonrectal areas determinad
tu be most sensitive in this respect were the
abdomen and surfaces of the lower back. As

Arch Fsiaron Health—1700 11, August, 1965
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previously mentioned, several distinctive strains
of § epidermidis were recovered frum the pa-
tient. One such strain, which was predominant
in the upper respiratory tract, was encounterer
orly infrequently in the various skin surface
cultures. In countrast. the strains of 5 epider-
midis most frequently isolated from skin sur-
faces, particularly the areas of the lower trunk
amd extremities. were the same as those re-
covered from both rectal swabs and stool cul-
tures. The frequent isolation of I/ coli from
several  nonreetal  skin surfaces  provided
further evidence uf the extent of colunization
of such surfaces by microorganisms derived
from the intestinal microflora. Tn all instances
in which E coli was recovered from specimens
taken from the various nonrectal skin surfaces,
fecal strains of § epidermidis were also iso-
lated from the same sites. £ coli was never
isolated from either throat or nasopharyngeal
spectmens.

Isolates presumptively identified as Klebsiel-
la-Aerobacter were recovered from nearly all
of the specimens taken from the rectal region
and in over 50% of the specimens taken from
the upper respiratory tract. All of the latter
isolates proved to be typable as K pneumoniar
type I11. The former included both type 111
strains and nontypable strains which were sub-
sequently reported as A aerogenes. Only two
similar isolations were reported for the other
monitored skin surfaces. Both of these were
from the lower back region and were sero-
logically nontypable.

Strains of mannitol-positive staphylococci
were isclated on ten separate occasions from
the rectal regions and nine times from one or
more of the other monitored skin surfaces. On
only oune occasion were mannitol-positive
staphvlococei isolated from a specimen taken
from a skin surface without alsu being recov-
ered from rectal swabs. This recuvery was
fre n the lower back region and subsequent to
a revious culture series in which elevated bac-
te-ial counts were obtained from nearly all of
t ¢ monitored regions. Mannitol-positive
taphylococci were recovered on only one oc-
casion from specimens taken from the upper
respitatory tract. Isolates of this latter strain
as well as those obtained for the mannitol-
positive staphylococei recovered from the vari-
ous skin surfaces were found to be coagulase

PATIENT INGLATUOR SYSTEM -SHADOMY LT AL

positive.  The two strains were biochemically
identical i all respects.

Fxcluding the recovery of
krusei from the hands of the patient, no micro-
hial isolates were recovered from any of the
monitored regions which could not be clearly
attributed to the normal endogenous microflora
of the patient ax described under either condi-
tions of normal environmental exposure or at
the onset of the period of isolation.

inconstant

Comment

The feasibility and practicability of unitized
patient isolators in protecting the debilitated
or infection-prone patient have not been previ-
ously documented. Extensive examinations of
the possible changes in patient microflora re-
sulting from prolonged periods of continuous
confinement within such an isolation system
are essential to an effective assessment or
evaluation of such equipment. Inasmuch as
these systems are designed to sequester the
patient from colonization by potentially patho-
genic microbes indigenous to the hospital en-
vironment, the ultimate proof of their
effectiveness and reliability must rest in the
demonstrable exclusion of such opportunistic
pathogens.

Three broad areas of clinical or experimental
application are immediately concomitant upon
the demonstration of the soundness of the
unitized patient isolator. The mast important
of these is the provision of a reliable means
of “reverse” isolation which is readily employ-
able in any hospital area. The isolator should
prove of critical value in preventing or con-
trolling catastrophic secondary infections in
those patients who have been debilitated by
disease or extensive surgery or who have un-
dergone intensive radiation therapy or treat-
ment with immunosuppressive drugs or
antimetabolic chemotherapeutics.

Second. the isolator may prove to be of value
as a means of direct isolation in controlling
the transmission of highly communicable dis-
ease agents from the infective patient to other
susceptible hosts, However, such a capability
is not the subject of this study and requires
further evaluation.

Third, the isolator also appears to be of
value as an experimental system in which, for
the first time, man's responses to changes in
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his microtloral environment could be examined
under the srictest of experimentally manipu-
lated and controlled conditions.

Results obtained from  the bacteniological
monttoring of the paticnt’s external microtlors
during the perid of conbnement within the
isolator permit several general conclusions re-
zarding the behavior of the varnous mcrubial
populations under the conditiony einpioyed in
this study. First, it is apparent that while the
cutaneous micreflora of several of the skin
regions were not drastically modified as a re-
sult uf the combined procedures uf tutal 1so-
Jation and intensive skin hvgiene, they were
brought under a certuin degree of cuntrol
Demonstration of such control is of merit {o
this study. Unfortunately the lack of com-
parative data, obtainable only from the same
patient and under conditions nlentical to those
employed here except for actual conhnement
within the 1solator, prevents complete assess-
ment of the extent and signihcance of this
control.

It 15 obvious alse that the cutaneous micro-
flora of those areas which were not expused
to fecal contamination were not drastically af-
fected by the combined procedures of isolation
and skin cleansing, The gram-negative enteric
components of the transient aerobic microflora
of these areas persisted hoth on the surfaces
immediately adjacent to the perineum and also
on other surfaces which could have been re-
seeded or recolonized only through indirect
contamination by contact with soiled clothes or
similar vehicles.

.n contrast, surfaces  which were
topologically remote from either direct or in-
direct contamination of fecal origin remained
bacteriologically clean for longer periods fol-
lowing bathing or cleansing. This finding was
attributed to the cumulative inhibitory effects
of hexachlorophene residues on the gram-posi-
tive components of the resident microflora of
these latter surfaces. The persistence of a
gram-negative microflora of enteric origin in
the presence of hexachlorophene residues and
the conclusive demonstration of the spread of
bacterial contamination of fecal origin to other
skin surfaces through contact with soiled cloth-
ing or similar items illustrate the need for
further evaluation of skin cleansing agents
intended for use in isolator care programs.

thuse
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Information regarding the ualtimate origine
of various components of the cutaneous micro
Hora was also developed from the lacterio-
foment dati, Those microorganisms which first
presailed on many of the bacteriologically de-
nuded skin surfaces following bathing with the
hexachlorophene lotion were clearly of enteric
origin. This was the situation for nearly 607
of the total boly skin surfaces, unl_\‘- thuse
areas which were relatively remote from the
rectal region demonstrated an initial recolo
nizatwn by other microorganismes, In this Iatter
situation, involving primarily skin surfaces of
the forearn, lower thigh, and upper thorax,
the recolunization was led by nonfecal <train.
of 8 cpidermidis. In the absence of am
demonstrable exogenous source for this re-
colonization, it could only be concluded that
the reestablished microflora developed from
encrypted  foci in the deeper layers and
emerged only after depletion of the hexa-
chloruphene residues.

Dissemination to the various <kin surfaces
by microorganisms from the respiratory tract
was not detected. However, this mav have
been a result of the fact that many “of the
organisms of respiratory origin normally as-
sociated  with  droplet  or  droplet  nuclei
contamination are in the so-called “hexachloro-
phene-sensitive” range. It is also apparent
that prolonged periods of isolator confinement
are without effect on the microflora of the
pharyngeal and nasopharyngeal cavities. [t is
of particular interest in this respect that the
type 111 strain of K pnctemoniae for which
the patient was a respiratory carrier was not
lost during the 12 days of isolation.

In all instances where skin contamination or
recolonization uccurred. the responsible mi-
crobes were of demonstrable patient origin.
None of the microbial isolates from either the
patient or from the interior of the isolator
could be equated with any of the bacterial
strains recovered from either the immediately
adjacent hospital environment or attcmlin;{
personnel. Thus, the basic premise upon which
the unitized patient isolator is based—preven-
tion of crossinfection or superinfection in the
highly susceptible patient by excluding all pos-
sible microbial cuntact with £Xogenous en-
vironmental bacteria—appears to be defensible.

1945
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This study clearly demonstrates the limits
to which the detectable levels of the cutaneous
microflora can be reduced through combined
isolator confinement techniques and effective
hygienic procedures. The resuits are even
more remarkable in light of the fact that they
were obtained without manipulation of the pa-
tient’s indigenous microflora by admimstration
of antibio.wcs. The fact that isolation does not
modify the flora of either the upper respiratory
or lower intestinal tracts poses additional prob-
lems, particularly with patients s ich as the
one involved in this study who are proved car-
riers of potential secondary pathogens. The
hazards which may befall the debilitated pa-
tient in the contamination of wounds, burns,
or incisions by organisms of enteric origin
were demonstrated by the rapid and extensive
topological migration in our patient of not only
these organisms but also of .S aureus for which
he was an intestinal carrier.

The recovery of E coli, A aerogcnes, and
fecal strains of § cpidermidis from the abdo-
men, small of the back, and other nonperineal
skin surfaces provides the first absolute evi-
dence of the transmigration of organisms of
enteric origin into nonperineal regions. Hare
has presented evidence which indicated the
existence of such a route for the dispersal of
staphylococci from the perineum to the skin
and clothing of krown carriers.®® The pattern
of dispersal suggested by Hare and demon-
strated here includes initial transfer of the
microorganisms from their site of multiplica-
tion or initiai deposit in the perineum to the

carrier's clothing with subsequent transfer to
nonperineal skin surfaces. The mechanisms
involved in this pattern would include friction
and, as suggested by Hare, convection currents
within the clothing.

Summary

A patient was bactertologically monitored
during a 12-day period of confinement within
a patient isolator. The combined effects of
isolation and  antimicrobial skin cleansing
agents upon the normal cutaneous microflora
were examined.

Data derived from daily microbiological ex-
amination of selected cutancous and body
orifice microflora revealed the following: Use
of a soap containing 2% hexachlorophene af-
fected only a temporary reduction in the skin
microflora; maximum reduction was obtained
with a 3% hexachlorcphene lotion. Repopula-
non of bactericlogically denuded skin surfaces
was due primarily to recolonization by organ-
isms of enteric onigin. no repopulation by
orgamisms of respiratory origin was detected.
The indirect transmigration of enteric micro-
organisms tn nonperineal surfaces was demon-
strated.

At nu time was there basteriological evidence
of a failure in the microbinl harrier of the
isalator.

Generic and Trade Names of Drug

Hexachlorophene—Gamopaen, Hexackloraphene,
pHisoHex. Swurgi-Com. Surofene.
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