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The Role of Bacterial Contamination in the Development of Surgical Site Infection
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The degree of bacterial contamination remains a major determinant in the
development of surgical site infections (SS1), which continue to be a leading
cause of morbidity among surgical patients. For this reason, we performed
a prospective survey on the relative frequency of surgical site infections
based on bacterial contamination categories. Of the 774 operations in our
department over a six-month period from January 1 to July 31, 1989, the
overall surgical site infection rate was 7.8% with specific surgical site
infection rates of 2.5%,5.8%,14.7% and 16.9% on clean, clean-contami-
nated, contaminated and dirty operations respectively. A comparison with
published acceptable surgical wound infection rates among the different
bacterial contamination categories showed com parable results except for
contaminated cases (p = 0.0376). Deep incisional SSI tended to be higher
among dirty operations with a risk eight times higher compared with clean
operations.

The use of prophylactic antibibotics was also noted as they were
practiced by the different surgeons, without specific guidelines as to their
nse. An in-depth study is needed to determine the effects of antibiotic
prophylaxis on surgical site infection rate.
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Surgical site infection (SSI) remains a problem in this modern
era of surgery. Despite the advances in antibiotic therapy, its
eradication is almost an impossibility and its prevention remains
one of the most challenging aspects in the care of surgical
patients. Being one of the most common nosocomial infections,
SSI contributes significantly to the morbidity and mortality of
surgical patients, prolongs their hospital stay and increases the
cost of hospitalization'F.

In general terms, the determinant factors in any form of
infection are the dose and virulence of the invading organisms
and the resistance of the host. To reduce infection then would
entail a reduction of the first two factors and an increase in the
third one. Antimicrobial agents have likewise been utilized in
the hope of overcoming the risk of developing infections.

A prospective survey to determine the SSI rates in the
different types of operations based on the degree of bacterial
contamination was undertaken. The results were compared with
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the accepted SSI rates in each category and an attempt was made
to determine the effect of perioperative antibiotics in the
development of SSI.

Methods

All patients who underwent an operation in the Department of
Surgery of the Cebu (Velez) General Hospital from January 1 to
July 31, 1989 were included in this prospective survey of
surgical site infections. The operations were classified accord-
ing to the degree of bacterial contamination into four categories
based on the recommendations by the Committee on Control of
Surgical Infections of the American College of Surgeons:

A. Clean Operation - is a non-traumatic, uninfective opera-
tive procedure in which neither the alimentary, respiratory and
genitourinary tract nor the oropharyngeal cavities are entered.
Clean wounds are elective, primarily closed and undrained.

B. Clean-contaminated Operation - is a procedure in which
the alimentary, respiratory and genitourinary tract is entered
without undue contamination or a wound which is mechanically
drained.

C. Contaminated Operation - includes fresh, open trau-
matic wounds, operations with a major break in the sterile
technique (e.g. open cardiac massage) and incisions encounter-
ing acute non purulent inflammation.

D. Dirty and Infected Operation - includes old traumatic
wounds and those involving clinical infection or perforated
viscera.

Furthermore, incisional SSIs have been divided into two
types: superficial incisional SSI and deep incisional SSl. 3

A. SUPERFICIAL INCISIONAL SSI - must have these three
criteria:

1. The patient has at least one of the following:
a. purulent drainage, with or without laboratory confir-

mation, from the incision or from a drain located above
the fascia.

b. organism isolated from the culture of fluid from a
wound closed primarily.
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c. at least one of the following signs and symptoms of
infection: pain or tenderness, localized swelling,
redness or heat, and the deliberate opening of the
wound by the surgeon unless wound culture is nega-
tive.

2. Involved tissue such as skin, subcutaneous tissue or
muscles located above the fascial layer.

3. The infection noted within 30 days from the date of
operation.

B. DEEP INCISIONAL SSI - must have these 3 criteria:
1. The patient has at least one of the following:

a. purulent drainage from a drain placed beneath the
fascial layer.

b. a wound that spontaneously dehisces or is deliberately
opened by the surgeon, and has at least one of the
following symptoms: fever, (at least 38 degrees per
orem), localized tenderness or pain, unless the wound
culture is negative.

c. an abscess or other evidence of infection seen on direct
examination.

d. a diagnosis of wound infection by surgeon.
? The involved tissues or spaces beneath the fascial layer.
3. Infection noted within 30 days following operation.

In this particular study, for convenience, SSI rate will mean
relative frequency of wound infection. The use of perioperative
antibiotics in the different types of operations was also noted and
entered as: prophylactic, therapeutic, or none. Prophylactic
antibiotics were usually given up to 48-72 hours postopera-
tively. Therapeutic antibiotics were given for an average of 5-
7 days or even extended up to 6 weeks at times.

For each SSI clinically identified, gram staining and aerobic
culture were obtained. All patients were regularly followed up
to 30 days postoperatively by the following manner - consult-
ant's clinic visit, hospital patient follow up, by telephone and by
correspondence. All data were initially stored in a prepared
checklist and collected at the conclusion of the last patient follow
up and subsequently entered into a microcomputer using the
Statistical Package for Social Scientists systematic analysis.
Test of significance was done using the test of proportion for
independent variables.

All operations utilizing prosthesis and metallic implants were
excluded from the study since the observation period will be
unduly prolonged.

Results

There were a total of 774 operations from January 1 to July
31, 1989, 446 (57.5%) were males and 328 (42.5%) were
females, with a male to female ratio of 1.36: 1. Majority of the
patients were in the second to the fourth decades of life.

More than half of the cases were from General Surgery
followed by Urology with 73 cases and orthopedics with 32
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cases. The highest infection rate was noted among Orthopedic
cases at 25 % followed by Neurosurgery and General Surgery
with 18.2% and 7% respectively (Table 1).

Table 1. Distribution of surgical site infections according to subspeciaities,
CVGH,1989.

No. of Total
Sections Infected Number Percent

Cases of Cases

I. GENERAL SURGERY

A. Head, Neck, Breast 25 456 5.4
and Soft Tissue
I. Thyroidectomy 3 24 12.5
2. Neck Surgery 3 10 30.0
3. Breast 6 62 9.6
4. Soft Tissues 13 360 3.6

B. Abdomen 17 164 10.3
C. Thoracic Surgery 3 21 14.2

II. ORTHOPEDICS 8 32 25.0
III. UROLOGY 4 73 5.5
IV. NEUROSURGERY 4 22 18.2
V. VASCULAR SURGERY 0 6 0

Clean operations had the most number of cases (36.1 %)
followed by clean-contaminated operations (31.1 %). The re-
maining one third of the cases were more or less equally
distributed among the contaminated and dirty operations. The
specific surgical site infection rates of clean, clean-contami-
nated, contaminated and dirty operations were 2.5%,5.8%,
14.7% and 16.9% respectively with an overall infection rate of
7.8 %. (Table 2) Among the different categories, the commonly
infected surgical operations were: excision biopsy for clean
operations (317), modified radical mastectomy for clean-con- -
taminated operations (4/14), debridement and suturing of trau-
matic wounds for contaminated operations (8/19) and appendec-
tomy (ruptured appendicitis) for dirty operations (7/21).

Most of the SSI's were superficial incisional SSI's account-
ing for 73.7 % (45/61) of all infections. There were more deep
infections noted among dirty operations (8.8 %) compared with
clean-contaminated (0.89%) and contaminated operations (2.6%).
No deep infection was noted among clean operations.

Regarding the use of perioperative antibiotics, no specific
guidelines were followed as to their choice and indication.

Under the category of clean and clean-contaminated opera-
tions, there were a total of 521 cases operated on with an
infection rate of 4.9 %. Antibiotics were not given in 343 cases
(65.8 %) and among these the infection rate was 2.9 %. Prophy-
lactic antibiotics were given in 38 cases with an infection rate of
5.2%. Of 140 cases who received a therapeutic course of
antibiotics, the infection rate was, 10 %. Using the test of
proportions, the use of antibiotics in these operations was
associated with a higher infection rate compared to those with
no antibiotics at all (.00058) (Table 3).

Almost all contaminated and dirty operations received thera-
peutic antibiotics. Of the 4 contaminated cases given prophy-
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Table 2. Surgical site infection rates according to type of operation based on degree of contamination, CVGH, 1989

Type of Operation Total Number Number of Infected Cases Infection Rate Overall Infection Rate Accepted Value P
of Cases Incisional Deep Incisional Deep

Clean 280 (36.2%) 7 0 2.5% 0.00% 2.5% 2% 0.2750
Clean-Contaminated 241 (31. 1%) 12 2 4.9% 0.89% 5.8% 5% 0.5000

Contaminated 129 (16.7%) 16 3 12.4% 2.00% 14.7% 10% 0.0376
Dirty 124 (16.0%) 10 II 8.0% 8.80% 16.9% 20% 0.1941

Total 774 (100%) 45 16 5.8% 2.00% 7.8%

Table 3. Relative frequency of surgical site infections based on the use of perioperative antibiotics on clean and clean-contaminated cases, CVGH, 1989.

Total Number Number of Infected Cases Infection Rate Overall Infection Rate P
of Cases Incisional Deep Incisional Deep

Prophylactic 38 (7.2%) I I 2.6% 2.6% 5.2% 0.2225
Therapeutic 140 (26.8%) 13 I 9.2% 0.7% 10.0% 0.00058

No Antibiotic 343 (65.8%) 7 3 20.0% 0.8% 2.92%

Total 521 (16.0%) 21 5 4.0% 0.9%

lactic antibiotics, 2 developed infection with an infection rate of
50% while of the 249 cases given a therapeutic course of
antibiotics, 33 % became infected with an infection rate of
13.2 % (Table 4). A valid comparison cannot be made between
the two because of the skewness in the distribution of the
subjects.

Table 4. Relative frequency of surgical site infections based on the use of
perioperative antibiotics on contaminated and dirty operations, CVGH, 1989.

Number of Number of Infection Rate Overall
Cases Infected Cases Infection

Incisionall Deep Incisionall Deep
Rate

Prophylactic 4 (1.5 %) 2
Therapeutic 249 (98.4 %) 22

50.0% 0.0%
8.8% 4.4%

50.0%
13.2%

o
II

Total 253 9.5% 4.3% 13.8%24 11

The most common aerobic organisms isolated were Staphy-
lococcus aureus, Pseudomonas aeruginosa, Escherichia coli,
Acinetobacter caIcoaciticus, Enterobacter cloacae and Entero-
bacter agglomerans comprising 80 % of all isolates. Most of
these organisms were found to be resistant to the commonl y used
antibiotics and the analysis of its occurrence will be contained
in a separate report.

Discussion

An infected surgical wound can dramatically increase the length
and expense of hospitalization. It was not until well into the 20th
century that serious consideration Was given to attempts at

eliminating infection by removing bacteria from the surgical
environment. 4 In fact, a large proportion of the efforts to
prevent infection had been concentrated on eliminating bacteria
from the operative environment. 5,6 Through this effort, postop-
erative infections were reduced dramatically. This made surgery
one of the major therapeutic arms of medicine today.

In order to grasp the immensityofthe problem of surgical site
infection, it is important to establish a data base that describes
the endemic rates of SSI. 7,8 The importance of the degree of
bacterial contamination as a major determinant is well recog-
nized.P-'?'!'

The incidence of SSI varies according to the degree of
bacterial contamination and from institution to institution. In the
early 1970s, emphasis placed on infection surveillance had
caused a drastic drop in the overall SSI rate which now averages
between 1.4% to 5.1 % (Table 5). In a review by Quirante in
1987, the overall SSI rate in this hospital was 3.4 % with specific
infection rates of 1.3%,2.3%, 10%, and 12.3% for clean,
clean-contaminated, contaminated and dirty operations respec-
tively. (personal communication)

This study showed aq increase in the overall SSI rate of7. 8 %
which is double that of the previous study. The apparenrincrease
may be partly attributed to the close follow up of the patients
undertaken up to.30 days postoperatively.

A direct relationship between SSI rates and the degree of
bacterial contamination was also noted. The rate increased
almost seven fold from clean operations (2.5 %) to dirty opera-
tions (16.8%).

A comparison with published acceptable SSI rates among
different categories of operations based on the degree of bacte-
rial contamination showed similar results «p = 0.275, clean;
p = 0.500, clean-contaminated; p = 0.1949, dirty) but was
different in contaminated cases (p = 0.0376). An interplay of
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Table S. Comparison of the distribution of surgical site infections according
to amount of contamination between different reports.

Type of
Operation

Clean
Conta-

minated
Overall

Dirty Infection
Rate

Clean
Conta-
minated

Foothills Hospital
Calgary" 1.8

Presbyterian SI.
Luke Chicago" 4.2

Howard et al"
1962-1968
n - 15,613 5.1

Olson et al'"
1977-1981
n - 28,193 1.8

Luke"
1983-1985
n - 11 ,200 1.1

Lennard et al'?
1985
n-7,129 0.8

Siguan S et allO

1985
n - 1,383

Mamba S et al16

1986
n - 909 1.05

Siguan et al
(present study)
January to July 1989
n - 774 2.5

Ferraz et al"
1977-1980
n-1,663 13.26

8.9 21.5

6.0

10.8

2.0

1.1

3.4 3.6

38.3 4.80%

10.1 4.80%

21.9* 7.40%

9.9* 2.80%

3.2* 1.40%

9.9 1.7%

4.50%

7.4 2.42%1.68 5.0

5.8 14.7 16.9 7.80%

20.77 14.68 37.14 17.12%

.• combination of contaminated/dirty operation.

several factors may also come into play like the ti'ming of
surgery, length of operation, skill of the surgeon, and associated
medical problems. 15

Most of the infected cases were superficial incisional SSI's
which usually comprised 60-80% of all SSI's. There was a
tendency for deep incisional SSI's to be higher among dirty
operations which in this study was 8 times higher compared to
clean operations.

The lack of specific indications and guidelines to follow in
the use of prophylactic antibiotics resulted in indiscriminate use
of antibiotics even among clean operations. It is generally
believed that no prophylaxis is required in clean operations
except for special situations implying a verified higher risk in
the .development of postoperative infections (i.e. prosthetic
valve replacements). Prophylaxis also varied among the differ-
ent sections of surgery regarding the timing and choice of anti-
biotics. The results of this study showed that the use of
perioperative antibiotics among clean and clean-contaminated
operations did not alter the occurrence of SSI. Paradoxically, a
significantly higher infection rate was noted among clean and
clean-contaminated operations given peri operative antibiotics
(p = 0.00058).
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The effect of antibiotics in SSI rate is a complex one.
However, its role in reducing postoperative SSI has long been
recognized.P:" Many variables inevitably intrude and the
unwelcomed influence of such variables can be reduced only by
their allocation in equal measure to the compared groups. There
is a need to recruit sufficient patients into comparative studies
of surgical procedures given peri operative antibiotics on con-
taminated and dirty cases.

The degree of bacterial contamination remains a major
determinant in the development of SS!. The specific SSI rate
among the different types of operation based on the degree of
bacterial contamination are 2,5 %,5.8 %, 14.7 %, and 16.9 % for
clean, clean-contaminated, contaminated, and dirty operations
respectively.

There is a direct relationship between SSI rate and the degree
of bacterial contamination. The rate increases 7 times from clean
operations to dirty operations.

Most of the infections are incisional (5.8% of overall) but
deep infections tend to be higher in dirty operations with a risk
8 times higher compared to clean operations.

Although an increase in overall SS! rate was observed, the
results are comparable to published acceptable SS! rates among
the different bacterial contamination categories.

The use of perioperative antibiotics has not been proven to
prevent the development of SS! among clean and clean-contami-
nated operations. A paradoxically higher infection rate was
noted with therapeutic use of antibiotics in these categories. In
contaminated and dirty operations, the use of therapeutic anti-
biotics seemingly has a lower infection rate compared with
prophylaxis. However, an in-depth study is needed to remove
the potential for error in interpreting the outcome of a small
sample size. With the result of the study, it is recommended that
a data base for an ongoing active search of surgical wound
infection should be maintained in this institution. It is also
recommended that a systematic analysis of results and a regular
communication of these results be relayed to the surgical staff.

Every effort to reduce operative bacterial contamination
should be undertaken such as: 1) thorough preoperative care 2)
proper use of antiseptics and strict hemostasis and improve-
ments in surgical technique.

Guidelines for the proper use of peri operative antibiotics
should be established and in-depth study of the effect of
antibiotic prophylaxis on surgical wound infection is also
recommended.
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