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ABSTRACT

Context: Surgical site infections (SSI) remain a significant problem following an operation
and the third most frequently reported nosocomial infections. Aim: The current study was
undertaken to identify aerobic pathogenic bacteria in SSI, to determine their antibiotic
resistance pattern and to study the factors influencing SSI. Material and Methods: The
prospective study was carried out on 418 surgeries. Samples from patients were collected
by following all aseptic precautions and were processed without delay by the standard
microbiological techniques. Chi square test was used for statistical analysis. Results and
Conclusions: The overall infection rate was 20.09%. The SSI rate was 11.53% in clean
surgeries, 23.33% in clean contaminated ones, 38.10% in contaminated ones and 57.14%
in dirty surgeries. Male patients were affected more (21%) than the female patients
(18.88%). The SSI rate increased with increasing age and it also increased significantly
with the increasing duration of pre-operative hospitalization. The SSI rate was significantly
less in patients who received pre-operative antibiotic prophylaxis. The SSI rate was
significantly higher in emergency surgeries as compared to the elective surgeries. The
infection rate was significantly higher as the order and the duration of the surgery
increased. The most commonly isolated organism from surgical site infections was
Staphylococcus aureus (34.44%), followed by Pseudomonas aerogenosa (26.22%) and other
bacteria. Most of the organisms which were isolated were multidrug resistant. The high
rate of resistance to many antibiotics underscored the need for a policy that could
promote a more rational use of antibiotics.

Key Messages:

1.SSIs still remain one of the most important causes of morbidity and mortality in
surgically treated patients.

2.There are various factors which influence SSI.

3.The steps taken to reduce SSI are still not adequate.

4.Proper infection control measures and a sound antibiotic policy should reduce SSI in the
future.

Key words: Factors influencing SSI. , Pseudomonas aerogenosa, Staphylococcus aureus,
Surgical site infections.
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Introduction

Despite the advances made in asepsis,
antimicrobial  drugs, sterilization and
operative techniques, surgical site infections
(SSI) continue to be a major problem in all
branches of surgery in the hospitals.[1] Based
on the National Nosocomial  Infections
Surveillance, SSIs are the third most
frequently reported nosocomial infections,
accounting for 14-16% of all the nosocomial
infections.[2] SSIs are responsible for the
increasing costs and the morbidity and
mortality which are related to surgical
infections.[3] The organisms which cause
surgical infections vary from time to time and
from place to place.[2] The pathogens that
infect surgical wounds can be a part of the
patient’s normal flora or they may be acquired
from the hospital environment.[4] The
objective of the study was to know the rate of
surgical site infections, to determine the
frequencies of various pathogens causing SSI
with their antibiotic resistance patterns and to
study the factors which influence SSI.

Materials And Methods

The present study was conducted between July
2007 to August -2009. The ethical standards
for human experimentation were followed
during the study and permission from the
institutional ethical committee was taken.

The CDC criteria were used for defining the
type of surgical wounds.[5]

Class-I / Clean: An uninfected operative
wound in which no inflammation is
encountered and the respiratory, alimentary,
genital, or uninfected urinary tract is not
entered. In addition, clean wounds are
primarily closed and if necessary, drained with
closed drainage.

Class-II / Clean contaminated: An operative
wound in which the respiratory, alimentary,
genital or urinary tracts are entered under
controlled conditions and without unusual
contamination.

Class III /Contaminated: Open, fresh,
accidental wounds. In addition, operations
with major breaks in sterile techniques or
gross spillage from the GIT and incisions in

which acute, non-purulent inflammations are
encountered.

Class-IV / Dirty: Old traumatic wounds with
retained devitalized tissues and those that
involve the existing clinical infection or
perforated viscera.

CDC’s NNIS (National Nosocomial Infection
Surveillance) System was used for defining
SSIs.[6] According to this system, the
infection was considered to be an SSI, if the
infection occurred within 30 days after the
operation or within 1 year if the implant was in
place and the infection appeared to be related
to the operation. Stitch abscess was not
included under SSIs.

A detailed history regarding pre operative stay,
antibiotic therapy, the type of surgery and the
nature (elective/ emergency), order and the
duration of the operation was taken. Samples
in the form of swabs were collected aseptically
from the wounds at the time of the first
dressing, anytime up to 30 days from the
wounds giving serous, purulent discharge,
showing signs of inflammation, or from
wounds that dehisced spontaneously.

All the samples were processed aerobically
(anaerobic culture was not included in the
study) as early as possible, by using standard
microbiological techniques.[7] The samples
were cultured on Blood agar and
MacConkey’s agar. The isolates were
identified by routine biochemical tests and
antimicrobial susceptibility testing was done
by the Kirby-Bauer disc diffusion method.

The data was statistically analyzed by the Chi-
square test .P values were calculated by using
the EPI INFO 2002 software from CDC.

Results

A total of 418 surgical wounds were included
in the study. The overall infection rate was
20.09%. The infection rates in different types
of surgeries are shown in [Table/Fig 1]. The
number of infected cases was 30(11.53%) in
clean surgeries, 14 (23.33%) in clean
contaminated ones, 32 (38.09%) in
contaminated ones and 8 (57.14%) in dirty
surgeries. The difference in the rate of
infection in different surgeries was analyzed

3115 Journal of Clinical and Diagnostic Research. 2010 October ;(4):3114-3119



Mahesh C B, et all, A Prospective Study Of Surgical Site Infections In A Teaching Hospital

statistically and was found to be significant
(p=0.000000<)

[Table/Fig 1]: Analysis of infection rate related

to type of

surgery
Type of | Number of Nurrher of | Percentage Total
Surgery infected cazes casesnot

Percentage
infected

Clean 30 11.53 230 8847 360

Clean 14 1.3 48 76.67 [l
Contarrinated

Contaminated | 32 38.00 52 61.01 #

Dirty 08 57.14 08 42.86 14

Total 84 20.09 334 7991 418

XZcal = 41.16, X> tab =16.27. P=0.000000<.

50/238(21%) males and 34/180(18.88%)
females were infected.

18/96 (18.75%) patients in the age group of
0-10  yrs  were infected.  Similarly,
8/62(12.90%) patients in the age group of 11-
20 yrs, 8/50(16%) patients in the age group of
21-30 yrs, 6/58(10.34%) patients in the age
group of 31-40 yrs, 14/46(30.43%) patients in
the age group of 41-50 yrs, 10/58(17.24%)
patients in the age group of 51-60 yrs,
6/18(33.33%) patients in the age group of 61-
70 yrs and 14/30(46.66%) patients in the age
group of >70 yrs were infected. The age wise
distribution of SSIs showed a higher infection
rate in the age group of more than 60 years.

SSIs were seen in 34(13.93%) cases where
pre-operative hospitalization was for one day,
in 32(28.57%) cases where pre-operative
hospitalization was for 1 day to 1 week and in
8(33.33%) cases where  pre-operative
hospitalization was for more than 1 week. As
the duration of the pre-operative stay
increased, the rate of SSIs also increased. The
difference in the rate of infection was analyzed
statistically and was found to be significant
(p=0.00109)

SSIs were seen inl4 (20%) patients who had
not received pre operative antibiotic therapy
and in 16(8.42%) cases in patients who had
received pre operative antibiotic therapy. The
difference in the rate of infection was found to
be significant (p=0.0095)

[Table/Fig 2] shows the infection rate in
elective and emergency surgeries. SSIs were
present in as high as 16(21.05%) cases in
emergency surgeries as compared to their
presence in 14(7.61%) cases in elective
surgeries. The difference in the rate of

infection was analyzed statistically and it was
found to be significant (p=0.002)

[Table/Fig 2]Infection rate in elective and
emergency clean

surgeries.
Type of Tumber  of | pementaze Hawber  of | Pewentage Total
cases cases
Surgery
infected ot infected
Flective 14 751 170 239 184
Emergercy 16 2105 &0 TES T8
Total 30 1154 0 =45 260

X? cal = 9.52, X tab = 6.64, P=0.002.

The infection rate with respect to the order of
the surgery and the duration of surgery is
shown in [Table/Figs 3] and [Table/Figs 4]
respectively. The rate of SSIs increased as the
order and the duration of the surgeries
increased. The difference in the rate of
infection  was  statistically  significant
(p=0.0017 and p=0.018)

[Table/Fig 3]: Infection rate related to order of
operation in O.T in clean surgeries

Oler of |Wuwber  of |Percertage | Wumber  of | Pementage | Total
cpertion i | cases cases
QT

infacted ot infacted
First 08 03 14 E 1]
Second 3 0 4 ET] &0
Third 08 20 E7 Ell 0
Fourth 10 75 g1l £ [l
Total 30 1153 B0 a7 260

X2 cal = 15.07, X tab = 11.34, P=0.0017.

[Table/Fig 4]: Infection rate related to duration
of Surgery in clean Surgeries

Duration Tunber  of |Dercertage | Huwber  of | Pewentage | Total
cases cases
infacted rot infacted
1 hours 4 875 146 9125 Ta
T-2 hours ] 114 ] 58 70
7 o & |08 T = EZET EIl
o
Total 30 115 B0 FAT 280

X2 cal = 7.95, X* tab = 7.82, P = 0.018.

A total of 122 isolates were obtained out of 84
infected wounds. 30 cases showed the growth
of 2 pathogens and 8 cases showed the growth
of 3 pathogens. 42(34.44%) Staphylococcus
aureus were isolated. This was the most
frequent pathogen which was followed by
32(26.22%) P .aerogenosa, 18(14.72%) E.coli,
8(6.55%) P.mirabilis, 6(4.91%)
K.pneumoniae, 4(3.27%) S.epidermidis,
4(3.27%) Enterobacter sps, 4(3.27%) Non
fermenting gram negative bacilli and 4(3.27%)
Enterococcus sps.
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Most of the isolates were multidrug resistant.
[Table/Fig 5] shows the drug resistance pattern
of different isolates.

[Table/Fig 5]: Antibiotic Resistance pattern of
different

Isolates
SN | Crganism (Ho. of | Antibictic [ pewentage of isclates Resistant to ardihiotic)
isclates)
1 Staplyplococcus PIE0SE),0f 33.33), Vall),CO(2E 5T, AT 28 570 ,Ca( 78 5T)
aureus(41)

G66.66), CHAEL 90,064 28) Ti60.04),LZ(0).

2 | Preudommias TI(83 75),G78.12),CAGRS 37),Cs(f2 S0 AKT46 37),
asrogenasa(3d)
CHI73.12),Ca(87 500 Ce( 59 370051 .25).

3 | Eeoli(ls) ACTTINCH T2 22)5(38 58), TS 661 ACI38.08Cs(44.44)
AT(3333),CH161.15),Ca(B8.53) C A2 22) C(44.44),T(66 67)
4 | Protews ACBTS0,.CA 73,675, TI75), Ae(30), Cs(62 STLARTT 50)
noralm s ()

CH75), Co(ET. 30}, CALILC(E2.30,T(75)

5 Klebsiella A(83.35),CE 500,585 55), T 66.67), Ae(S0).Cs(83.33),
preuremias ()

AKT33.33), CRUES 33, Co(83.330.04100), C(50), T33.33)

T | Saplplococem | BLI3), OR(Ta% Vil D0, Col 100), GUISLCI ), LDy,
Epi derrrndis (4) T(50), LA TS0

T | Emercbaster A(100Y, CZ(100),G075),TI(50), Ael), Cs(75), AELS0),CHZS)
we(d Co(50),CALSD),CI0LTETS)

T | Memformerging | TH 000 0L CACSOC 25 AR 100),C RS0, Cal S0, e 15)
Eram

negative bacilli{d)

b BEmterococcus(d) | AC75), VA 0LATS00,Coll 000G 0L CHT S0 C 75, T7S),
C=(75),AK25).

P-Pencillin G, Ox-Oxacillin, Va-Vancomycin. CD-
Clindamycin, AT-Azithromycin, Co-Co.Trimoxazole,
G-Gentamycin, Cf-Ciprofloxacin, C-
Chloramphenicol, T-Tetracycline, Lz-Lenezolid, TI-
Ticarcillin, CA-Ceftazidime, Cs-Cefoperazone, AK-
Amikacin, Ce-Cephotaxime, A-Ampicillin, Cz-
Cefazolin, Ac-Amoxycillin& clavulinic acid,Cs-
Cefoperazone

Discussion

The overall infection rate for a total of the 418
cases was 20.09%. Different studies from
India at different places have shown the SSI
rate to vary from 6.09% to 38.7
%.[11,13],[81,[9],[10],[11]. The infection rate
in Indian hospitals is much higher than that in
other countries; for instance in the USA, it is
2.8% and it is 2-5% in European countries.[12]
The higher infection rate in Indian hospitals
may be due to the poor set up of our hospitals
and also due to the lack of attention towards
the basic infection control measures.

There was increase in rate of SSIs from clean
to dirty surgeries. Similar results were
observed in other studies also.
[91,[13],[14],[15]. Our study showed a high
infection rate in clean surgeries. It could be
due to the poor patients who attended our
hospital, who failed to take proper care of their
post operative wounds. They would get
discharged early, would fail to take the

prescribed antibiotics and would return back
with the infected wounds. The results were
statistically analyzed and it was found that
there existed a significant difference in the rate
of SSIs in different types of surgeries
(p=0.0000<). The difference in the rates of
SSIs between the clean and the clean
contaminated wounds showed the effect of
endogenous contamination and the difference
in the rates of SSIs between the clean
contaminated and the dirty wounds showed the
effect of exogenous contamination. The
endogenous or the exogenous contamination
of the wounds by the organisms had a
profound influence on the SSIs.

The rates of SSIs in male patients were 21%
and in female patients, they were 18.88%. The
significance of this observation is not well
understood. The infection rate was found to
increase with an increase in age.[1],[9],[16]
This could be due to the deteriorating immune
status and the associated illness in old aged
patients.

The rates of SSIs increased with the increasing
duration of pre operative hospitalization. The
P value was 0.00109, thus indicating that the
difference in the infection rates was
significant. The higher incidence of infections
due to a longer stay in the hospital could be
attributed to the increased colonization of
patients with nosocomial strains in the hospital
[17],[18] and also, a longer pre-operative stay
in the hospital reflected the severity of the
illness and the co-morbid conditions which
required patient work- up and or therapy
before the operation.[19],[20],[21]

The pre operative antibiotic prophylaxis
reduced the rate of SSIs from 20% to 8.42%.
The difference was statistically significant
(p=0.0095). Contrary to the results of our
study, a higher SSI rate in patients who had
received pre operative antibiotics, was
observed by P.K. Agarwal et al.[17] Antibiotic
prophylaxis reduced the microbial burden of
the intra operative contamination to a level
that could not overwhelm the host defenses.
The pre operative antibiotic prophylaxis could
decrease post operative morbidity, shorten the
hospital stay and it could also reduce the
overall costs which were attributable to the
infection.[22]
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The SSI rate in elective surgeries was found to
be 7.61%, which was found to increase to
21.05% in emergency cases. The difference
was statistically significant ( p=0.002).Our
results are comparable well with the results
obtained by other workers [3],[9],[17] The
high rates of infection in emergency surgeries
can be attributed to inadequate pre operative
preparation, the underlying conditions which
predisposed to the emergency surgery and the
more frequency of contaminated or dirty
wounds in emergency surgeries.

A statistically significant association was
observed between the rate of SSIs, the order
of the operation (number of the particular
operation in the OT list on that day) and the
duration of the operation. As the order and the
duration of the operation increased, the rate of
SSIs also increased. The factors which were
incriminated were the onset of fatigue,
resulting in a decline of aseptic measures and
an increase in pollution in the operation theater
with the lapse of time[10], as more
contaminated operations were performed
towards the end of the operation session for
the fear of contaminating the O.T early during
the day.[9]

A total of 122 organisms were isolated from
84 infected patients. 3 different isolates were
grown from 8 patients, 2 different isolates
were grown from 30 patients and one isolate
was obtained from 46 patients. This indicates
that many times, the surgical wound is
infected by more than one organism.
Staphylococcus aureus (34.44%) was the most
commonly isolated organism, followed by
P.aeroginosa (26.22%) and others.
Staphylococcus aureus was the most common
organism which was isolated from SSIs by
Sampson [23] and Prabhakar et al
[24].Klebsiella pneumoniae (26.80%) was
reported as most common isolate from SSIs by
Anvikar etal,[3] E.coli was reported by P.K
Agarwal et al,[2] and Pseudomonas by Umesh
et al [9] and Lateef OA et al.[25] The relative
frequency of different isolates also varied
between different studies. Thus, it can be
concluded that the organisms that cause SSIs
change from place to place and from time to
time in the same place.

The antibiotic sensitivity testing of different
isolates showed multidrug resistance by most

of the isolates. More than 80% isolates of
Staphylococcus aureus were resistant to
penicillin and oxacillin. All Staphylococcus
aureus isolates were sensitive to linezolid and
vancomycin. Pseudomonas was resistant to
most of the drugs which were used. Drug
resistance in most of the isolates for
commonly used drugs was more than 50%.
Enterobacter sps showed 100% sensitivity to
amoxycillin+ clavulinic acid and though
vancomycin resistant Entercocci are now
common, our study revealed 100% sensitivity
to vancomycin, may be because in our study,
the number of Enterococci which were tested,
were very few(4).

The review of literature indicates that there is
gradual increase in drug resistance to many
antibiotics in most of the organisms which are
isolated from surgical patients.

Our study reveals that though SSIs have been
widely studied since a long time, they still
remain as one of the most important causes of
morbidity and mortality in surgically treated
patients. The steps taken to reduce SSIs are
still not adequate. Proper infection control
measures and a sound antibiotic policy should
reduce SSIs in the future.
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