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THE DETERNIINATION of the sources and
mechanisms of transport of the contami-
nating bacteria which result in postopera-
tive infection of clean elective surgical
wounds should indicate the means of
shielding these wounds from significant
contamination. Aseptic and antiseptic tech-
nics in the performance of operative pro-
cedures have been designed to reduce the
possibility of exogenous bacterial infection
by direct contact of the wound by contami-
nated personnel or materials. When prop-
erly applied, these technics should accom-
plish that purpose. Endogenous contact in-
fection of clean operative wounds mav
occur as the result of transection of organs
or tissues containing viable microorganisms.

Bacteria may reach operative wounds in
other ways, however, to produce infections.
One of the possibilities frequently men-
tioned is the environmental air of the oper-
ating rooms, which contain large numbers
of bacteria, some of which mav be of
pathogenic types. Previous studies bv other
investigators 1'6 have shown that these
microorganisms are constantly being de-
posited upon all surfaces of the walls,
floors, tables, and other exposed surfaces.

Other studies -3 have demonstrated that
the immediate vicinity of the operative
wound is exposed to larger numbers of
bacteria when the personnel of the surgical
team talk, sneeze, or cough, even though

* Presented before the American Surgical As-
sociation, Boca Raton, Florida, March 21-23, 1961.

accepted methods of wearing masks, caps
and gowns are enforced at the time. Part
of this bacterial pollution may be in the
form of aerosol droplets of moisture con-
taining many bacteria in each droplet. A
clean operative wound may, in this w\Nay,
become contaminated by a large initial
dose of micro-organisms at a single point.
Another possible source of infection of

clean operative wounds may exist. In pa-
tients who have septicemia, the produc-
tion of a locus miinoris resistentiae will
often result in the development of an ab-
scess at that site. Such decreased local
resistance in these patients may be caused
by a minor injury. It has been contended
that certain diagnostic procedures such as
bronchoscopy and esophagoscopy may re-
sult in transient bacteremia, and it is theo-
retically possible that a similar bacteremia
could occur during or following major
operative procedures permitting hemato-
genous bacterial contamination of the
clean operative wound.

Materials and Methods

The present study was undertaken to
explore the possible origins of infection
occurring in clean operative wounds and
to attempt to explain by epidemiological
means the reasons for the development of
such lesions.

All patients on the General Surgical
Service of the Cincinnati General Hospital
who were operated upon in the period of
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14 months between December 1, 1959 and
February 1, 1961 were included in this
study. The patients were placed into four
categories, being classified as having clean,
clean-contaminated, contaminated, or dirty,
on the basis of the type of disease present,
operation performed, or inevitable or obvi-
ous contamination.
A wound was considered to be a clean

operative wound when the procedure had
been performed under aseptic circum-
stances without a major break in technic,
and was an operation which did not tran-
sect the gastro-enteric, genito-urinary or
tracheal-bronchial systems and was not
performed in the vicinity of any apparent
inflammatory reaction. A wound was con-
sidered clean-contaminated when all of
these characteristics were true except that
opening or transection of viscera known
to contain bacteria occurred. It was classi-
fied as contaminated when it was the
result of violence, or associated with gross
spillage at time of transection of a hollow
viscus, or was complicated by a major
break in aseptic technic. Dirty wounds
were those in which there was continuing
contamination by fecal, tracheo-bronchial,
or genito-urinary discharges, or through
which drainage of purulent material was
effected.

Cultures of the flora of the anterior nares
of the personnel active in the operating
rooms were taken every two weeks and
incubated for isolation and identification of
staphylococci, streptococci, or other patho-
genic bacteria. Blood agar culture plates
were placed in a uniform position as near
as practical to the operative field and were
permitted to receive the sedimentation of
dust and bacteria for a period of one hour
during each operation. These plates were
cultured and the number of colonies and
the type of bacteria recovered were care-
fully studied and analyzed.
To determine the bacterial contamina-

tion of the wound itself, cultures were

taken just after the closure of the fascia
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POSTOPERATIVE INFECTION OF CLEAN OPERATIVE WOUNDS

and prior to the closure of the skin. This
was accomplished by the instillation of 30
cc. of sterile saline solution into the par-

tially closed wound and the aspiration of
10 cc. of this fluid for immediate inocula-
tion into tubes of deep meat media. De-
tailed identification of the organisms was

subsequently done. In all wounds which
became infected, careful bacteriologic char-
acterization of the organisms present in the
wound discharge was made.

Results

In this study, 1,161 specimens of the flora

of the nares of the personnel, were ob-
tained, and 1,093 showed the presence

of staphylococci or streptococci. In the 825
plates which were exposed to the environ-
mental air of the operating room, sedimen-
tation of bacteria occurred with an average
colony count of 8.4 colonies per plate. In
some instances, during emergency opera-

tive procedures, sedimentation plates were

not exposed. It was, however, possible to
obtain cultures of the operative wounds in
838 patients. Bacteria were cultured in 263
of these with an average of 1.2 species per

wound. It is noteworthy that the hemolytic
Staphylococcus aureus was isolated from
23 wounds and that the beta Streptococcus
hemolyticus was isolated from nine wounds
at time of completion of the surgical pro-
cedure.

In the 14-month period prior to Febru-
ary 1, 1961, 817 operations were performed
on patients who were classified as having
clean operative wounds. Of these 817 pa-
tients, six developed wound infections-an
incidence of 0.7 per cent. Table 1 indicates
the characteristics of the patients, the type
of operation performed and the bacterial
data in the four parameters studied.

In the patients with infections occurring
in wounds classified as clean, the age
varied from 25 to 72 years. No two opera-
tions were of the same type and the dura-
tion of the surgical procedure varied from
one hour and 20 minutes to five hours and

15 minutes. Cultures of the personnel at-

tendant at the operations in this group in-
dicate that in six instances representatives
carried the hemolytic Staphylococcus au-

reus in their upper respiratory tract.

One infection was monomicrobic and the
remaining five were polymicrobic. The
hemolytic Staphylococcus aureus and the
colon and paracolon bacilli were recovered
in three each of the infected wounds.
There is a striking lack of correlation

between infecting bacteria and those re-

covered from the nasal flora of the operat-
ing personnel or the environmental air. It
is interesting to note that the bacteria
recovered from the wound at the end of
the operation in two instances were the
same as those recovered from the subse-
quent wound infection.

Unfortunately, cultures were not ob-
tained from the hands or gloves of the
operating personnel or from the patients'
skin or excised tissues such as gallbladder
or lymph nodes.
A similar analysis was done of the 333

patients who were classified as having
clean-contaminated operative wounds, dur-
ing the same period. Seventeen of these
became infected, giving an incidence of 5.1
per cent. The pertinent data are reported
in Table 2.

In the group of 17 patients who had in-
fections occurring in wounds classified as

clean-contaminated, the ages varied from
14 to 75, and the length of the operation
ranged from 30 minutes to six hours.

Fourteen of the 17 patients had opera-

tions which included resection of, or entry
into, organs of the digestive system. In four
of these the operation was cholecystectomy.
In the remaining nine, the surgical pro-

cedure involved the colon in six instances,
the esophagus in one instance, the small
intestine in two, and the appendix in one.

The infections were monomicrobic in
seven infected patients and polymicrobic
in nine, one being reported as having a

negative culture.
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The Staphylococcus aureus was found in
10 of the infected wounds, being of the
bacteriophage type 80/81 in two cases,
but being untypable in the remaining eight.
Various types of gram negative intestinal
bacilli were also noted in 10. The beta
Streptococcus hemolyticus was found in
two. The source of the 80/81 type Staphy-
lococcal infections was not apparent since
none of the operating room personnel con-
cerned harbored this organism then. In the
case of the untypable strains of Staphylo-
coccus aureus, there was a suggestive cor-
relation between the nasal flora of the sur-
gical team and the infected wound. There
was no evidence of significant bacterial
infection from aerial spread as monitored
by the sedimentation plates.

In six patients the operative wound cul-
ture revealed a type similar to that respon-
sible for the subsequent wound infection.
These two patients developed wound in-
fections caused primarily by the hemo-
lytic Staphylococcus aureus, bacteriophage
type 80/81, which is most commonly en-
countered in the hospital environment and
which is responsible for most of the epi-
demics of hospital acquired staphylococcal
infections. This particular causative organ-
ism could not be found in the nasopharynx
of the operating personnel or in the general
sedimentation from the air of the operating
room concerned with the operations on
these two patients. It is particularly inter-
esting to note that at least three of the
operating personnel concerned with Case
14 were carriers of the beta Streptococcus
hemolyticus in their nasopharynx, and that
the wound operative culture at the comple-
tion of the operation showed the presence
of this same organism. The subsequent in-
fection which developed, however, was not
caused by Streptococcus hernolyticus, but
by completely different organism. This sug-
gests the possibility that the bacteria
reached the patient's wound by the hema-
togenous route.

In Cases 15, 16 and 17, the available in-

formation is so inadequate that no specu-
lation can be made concerning the souirces
of the infecting organism.

Summary

Wound infections occurring in clean
operative wounds may result from con-
tamination by bacteria in several ways.
These include direct contact from exo-
genous sources, direct contact from endo-
genous sources, sedimentation from envi-
ronmental air or from endogenous bactere-
mic sources.

In this study, the comparison of the
sources and mechanisms resulting in infec-
tion of the clean operative wounds with
the same factors relating to clean-contami-
nated operative wounds strongly sug-
gests that contamination by direct contact
is responsible for the majority of these
infections.
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