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Predictive value of bacterial analysis of laparotomy wounds

BACKGROUND: Despite improvements in antibiotic prophylaxis, surgical site infections represent the most common post-
operative complication with important clinical consequences for patients.
AIM: The hypothesis that a bacterial analysis of the surgical wound in the operating room could predict the likelihood
of developing a clinical infection, and might allow a tailored and preemptive approach, aimed to reduce the consequences
of an infection, seems appealing. We would like to present a prospective study on the predictive value of the bacterial
analysis of laparotomy wounds.
MATERIAL OF STUDY: Seventy eight prospective patients undergoing surgery were included in the study. To evaluate the
risk factors associated with increased rate of wound infection, we performed a bacterial analysis of the wound.
RESULTS: 48 patients out of 78 (61%) had positive cultures. 23 patients out of 32 patients (72%) who didn’t receive
antibiotic prophylaxis were positive to the wound culture whereas 25 patients out of 46 patients (54%) grew positive
cultures in the group of patients that received antibiotic prophylaxis. None of the 30 patients with negative cultures
developed clinical infection. Only 6 patients out of 48 patients who had positive cultures (12.5%) developed wound
infection. Clinical infection occurred in 5 patients who had gram-negative contamination of the wound. No clinical
infection occurred in patients who had gram-positive contamination.
CONCLUSION: Wound cultures and their positivity are predictive tools to identify the patients that are at risk to devel-
op wound infection. The positive predictive value of the bacterial analysis of the wound was 12.5%.
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Introduction

Nowadays, despite improvements in antibiotic prophy-
laxis, surgical site infections represent the most common
postoperative complication with important clinical con-
sequences for patients. In 2006, it is estimated that more
than 30 millions of surgical interventions were performed
in USA and according to the National Nosocomial

Infections Surveillance (NNIS), infections occurred in
2.6% of the cases 1,2.
Infections of the wound after surgical interventions have
a negative impact on the recovery leading to both fur-
ther surgical intervention and, in rare cases, to the demise
of the patient 1.
Surgical Infections increase medical costs by prolonging
the hospital stay, by increasing antibiotic usage and caus-
ing implementation of measures such as surgical thera-
py, home care therapy and nursing assistance. The eco-
nomical burden of all of these factors is further wors-
ened by the psychological effects on the patients’ well
being who suffer from prolongation of the pain and are
unable to return to work in a timely fashion 3.
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TABLE I - Main characteristics of the patients of the study who had positive cultures

Pat. Sex Age Intervention Antibiotic prophylaxis Class Time of intervention Species Infection
(min)

1 M 72 Nephrectomy ciprofloxacin II 125 S. epidermidis
2 M 69 Hernioplasty piperacillin/tazobactam I 40 S. epidermidis
3 M 66 Hernioplasty No I 55 S. epidermidis
4 M 54 Laparoscopic cholecystectomy piperacillin/tazobactam II 60 S. aureus
5 M 62 Hernioplasty No I 30 S. epidermidis
6 F 72 Anterior resection of rectum imipenem+metronidazole III 200 S. epidermidis
7 M 19 Liver suture piperacillin/tazobactam II 110 S. epidermidis
8 M 36 Laparoscopic cholecystectomy piperacillin/tazobactam II 45 S. epidermidis
9 M 65 Hernioplasty No I 35 S. epidermidis
10 M 48 Hernioplasty No I 60 S. epidermidis
11 M 75 Hernioplasty No I 45 S. epidermidis
12 M 50 Laparoscopic cholecystectomy piperacillin/tazobactam II 55 S. epidermidis
13 M 47 Right hemicolectomy imipenem+metronidazole III 130 S. hominis
14 M 65 Right hemicolectomy imipenem+metronidazole III 140 B. fragilis B. fragilis
15 F 58 Splenectomy No II 110 B.fragilis B. fragilis
16 M 86 Right hemicolectomy imipenem + metronidazole III 120 S. epidermidis
17 F 35 Hernioplasty No I 35 S. epidermidis
18 M 56 laparoscopic cholecystectomy piperacillin/tazobactam II 60 S. epidermidis
19 F 75 Hernioplasty No I 40 S. epidermidis
20 F 75 Left hemicolectomy imipenem + metronidazole III 180 S. epidermidis
21 M 66 Hernioplasty No I 35 S. epidermidis
22 M 62 Left hemicolectomy imipenem + metronidazole III 170 S. epidermidis
23 M 75 Hernioplasty No I 40 S. xilosus
24 M 71 Hernioplasty No I 50 S. epidermidis
25 F 47 Ulcoraffia No II 130 E. coli E. coli
26 F 31 Laparoscopic cholecystectomy piperacillin/tazobactam II 45 S. epidermidis
27 M 34 Appendectomy Ceftazidime II 55 E. coli
28 F 49 Hernioplasty (ileal resection) No III 75 E. cloacae E.cloacae
29 M 57 Hernioplasty No I 50 E. aerogenes
30 M 81 Left hemicolectomy imipenem+metronidazole III 190 S. epidermidis
31 M 65 Laparoscopic cholecystectomy piperacillin/tazobactam II 50 S. marcescens
32 M 67 Laparoscopic cholecystectomy piperacillin/tazobactam II 45 S. epidermidis
33 M 61 Hernioplasty No I 30 E. coli
34 M 77 Hernioplasty No I 40 S. hominis
35 F 32 Hernioplasty piperacillin/tazobactam I 30 S. simulans
36 M 37 Hernioplasty No I 45 E. coli
37 M 69 Hernioplasty piperacillin/tazobactam I 40 S. epidermidis
38 F 81 Right hemicolectomy No III 120 E. coli E. coli
39 M 62 Left hemicolectomy imipenem + metronidazole III 170 S. epidermidis
40 M 55 Hernioplasty No I 50 S. epidermidis
41 M 66 Hernioplasty No I 50 S. epidermidis
42 M 34 Hernioplasty No I 35 S. aureus
43 M 57 Laparoscopic cholecystectomy piperacillin/tazobactam II 45 S.saprophyticus
44 M 63 Total gastrectomy imipenem III 240 E. coli
45 F 65 Laparoscopic cholecystectomy imipenem II 70 S. epidermidis
46 M 66 Laparoscopic cholecystectomy piperacillin/tazobactam II 40 E. coli
47 M 69 Hernioplasty No I 30 S. epidermidis
48 M 58 Total gastrectomy No III 190 C. albicans C. albicans

Prevention of surgical infections then seems to be an essen-
tial step in the management of the patients and a tailored
antibiotic prophylaxis might be a useful adjunct to pre-
vent infections. Furthermore, this intervention might lessen
the psychological consequences on the patients and reduce
the economical impact on medical resources.
The hypothesis that a bacterial analysis of the surgical
wound in the operating room could predict the like-

lihood of developing a clinical infection, and might
allow a tailored and preemptive approach, aimed to
reduce the consequences of an infection, seems appeal-
ing 4,5.
We would like to present a prospective study on the
predictive value of the bacterial analysis of laparotomy
wounds and the relationship with clinical risk factors and
type of antibiotic prophylaxis.
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Materials and Methods

From January 2008 to December 2008 seventy-eight
prospective patients undergoing surgery at the
Department of Surgery of Guzzardi Hospital in Vittoria,
Italy, were included in the study (Table I). We obtained
informed consent from the patients after having received
the approval from the Ethical Committee of the
University of Catania. To evaluate the risk factors asso-
ciated with increased rate of wound infection, we per-
formed a bacterial analysis of the wound. The analysis
was performed by swabbing the subcutaneous tissue of
laparotomy wounds after fascia closure and before sta-
pling of the skin.
Bacterial cultures were performed following standard pro-
cedures and using selective media (MSA agar, Columbia
Agar with 5% sheep defibrinated blood, MacConkey
agar). The agar plates were incubated in aerobic atmos-
phere at 37 °C for 24 h. Identification of bacteria was
made by colony and cellular morphology, staining char-
acteristics, motility test. Further bacterial identification
was performed using biochemical tests of the VITEK
system (bioMerieux) and API 20 A and rapid ID 32 A
(bioMereux).
The samples from wound infections were cultured in
selective media incubated in aerobic atmosphere and in
atmosphere of 10% CO2 at 37 °C for 48 h and in
anaerobic atmosphere (80% N2, 10% H2 and 10%
CO2) at 37 °C for 72 h. The antimicrobial susceptibil-
ity was performed using VITEK system (BioMerieux).
The indications for the surgical interventions included
clean cases such as incisional hernias, cholecystectomies,
clean contaminated procedures such as colon resections
and gastric resections and contaminated cases such as
strangulated hernias and peptic ulcer perforations.
Antibiotic prophylaxis was performed in 46 patients 1
hour prior to the incision of the skin (Table I). Twelve
patients with neoplastic disease of the colon received
mechanical bowel cleansing with 4 liters of poly-
ethylenglycol solution.
Postoperative assessment of the wound was performed
by 2 independent residents who were blinded to the
results of the bacterial analysis. The follow up was per-
formed for the duration of 4 weeks after surgery.
Statistical analysis was performed using SPSS® statistical
software (version 17.0 for Windows®). Yates Chi-squared
test was applied for comparison of values. P value less
than 0.05 was considered statistically significant.

Results

Forty-eight patients out of seventy-eight (61%) had pos-
itive cultures (47 were mono-microbial and only one was
poli-microbial) (Table I).
Twenty-three patients out of thirty-two patients (72%)
who didn’t receive antibiotic prophylaxis were positive to

the wound culture whereas twenty-five patients out of
forty-six patients (54%) grew positive cultures in the
group of patients that received antibiotic prophylaxis (chi
square P=0,1840 no statistically significant).
None of the thirty patients with negative cultures devel-
oped clinical infection. Only six patients out of forty-
eight patients who had positive cultures (12.5%) devel-
oped wound infection. The microorganisms responsible
for the infection were E.coli in 2 cases, Bacteroides
Fragilis in 2 cases, Enterobacter Cloacae in 1 case,
Candida Albicans in 1 case. The positive predictive val-
ue of the bacterial analysis was 12.5%.
Out of the six cases of wound infections, five occurred
in the cohort of patients that didn’t undergo antibiotic
prophylaxis (5/32, 15%) and only one in the cohort of
patients that received antibiotic prophylaxis (1/46, 2.2%).
At the univariate analysis a difference not statistically sig-
nificant was found (P=0.07). Wound infection was more
common in class 3 (5/19, 26%) when compared with
class 1 and 2 cases pooled together (1/59, 1.6% chi
square test statistically different P= 0.0026).
Among patients with positive culture 5 cases occurred
in the cohort of patients whose operation was longer
than 100 minutes (5/15, 33%) and only 1 wound infec-
tion occurred in the cohort of patients whose operation
lasted less than 100 minutes (1/33, 3%) chi square analy-
sis statistically significant (P=0.0134) (Table IV, V).
Thirty-five Gram -positive aerobic microorganisms and
twelve Gram-negative microorganisms were isolated. One
culture also grew positive for Candida Albicans (Table
I). Gram positive bacteria isolated were: Staphylococcus
aureus in 2 cases, Staphylococcus Epidermidis in 28 cas-
es, Staphylococcus Hominis in 2 cases, Staphylococcus
Saprophyticus in 1case, Staphylococcus Simulans in 1
case, Staphylococcus Xilosus in 1 case. Gram negative
bacteria isolated were: Escherichia Coli in 7 cases,
Enterobacter Spp in 2 cases, Bacillus Fragilis in 2 cases,
Serratia Marcescens in 1 case (Table I, II).
Clinical infection occurred in five patients who had
gram-negative contamination of the  wound. No clini-
cal infection occurred in patients who had gram-positive
contamination (p value= 0,0005) (Table II).
The patterns of antibiotic susceptibility and resistance
for the contaminant Gram- positive species are shown
in Table III. The Staphylococci isolated were sensitive to
Synercid and Vancomycin (Table III).
Coagulase negative Staphyococci (CNS) were found to
be resistant to penicillin in 88% of cases, to oxacillin in
68% of the cases and to erythromycin in 62% of the
cases.
All CNS were sensitive to synercid, vancomycin and
minocycline. Resistance rate equal or more than 20%
was shown for gentamycin, levofloxacin, cotrimoxazole
and tetracycline among CNS positive cultures. Strains
resistant to tetracycline were sensitive to minocycline and
the majority of strains resistant to penicillin were sensi-
tive to fusidic acid. Out of the two positive cultures of
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S.aureus one was resistant to penicillin, erythromycin and
cotrimoxazole and one to oxacillin and gentamycin.
Fourtheen Staphylococcus spp cultures were resistant to
more than 4 antibiotics.
All the cultures of Enterobacteriaceae (100%) were sen-
sitive to imipenem, azthreonam, metilmicine and lev-
ofloxacin; seven out of eight cultures (87.5%) were sen-
sitive to ticarcilli/clavulanic acid, cefotaxime, amikacin,
gentamicin and cotrimoxazole, six out of 8 cultures
(75%) to piperacillin, and four out of eight cultures
(50%) were sensitive to amoxicillin/clavulanic acid. All
cultures were resistant to amoxicillin (100%). The pat-
tern of antibiotic sensitivity showed that the strains iso-
lated from the infected wounds were the same strains
isolated from the site of the surgery. The two strains of

B.fragilis were resistant to amoxicillin, amoxi-
cillin/clavulanic acid and cefotaxime and sensitive to lev-
ofloxacin and metronidazolo (data not showed).

Discussion

Post-operative wound infections still represent the most
common hospital infection and they are the most impor-
tant cause of morbidity after surgery 6,7. Wound infec-
tions represent the most common infection after surgery
(38%), they require antibiotic therapy and increase the
length of stay in hospital as well as medical costs 8-11.
The incidence of wound infections varies between 3%
and 20% and it was 5.1% in our cohort of patients 12.
Routine clinical surveillance of the surgical wound is the
recommended method to reduce the incidence of infec-
tions 11-16 and as Nichols et al. pointed out, the inci-
dence of wound infections varies from surgeon to sur-
geon from hospital to hospital from patient to patient
and is dependent on the type of surgical procedure per-
formed 11,16,17. Duration of surgery, cancer, contami-
nated procedures are all risk factors for clinical infection
6,14. 
An adequate antibiotic prophylaxis, in patients at high
risk for infection such as patients undergoing class 2 and
3 procedures and surgical procedures longer than 100
minutes, decreases the incidence of wound infection and
it has been shown to be the best strategy 18,19.
The results of our study show that antibiotic prophy-
laxis doesn’t decrease the risk of bacterial contamination
of the wound in a statistical significant way (p val-
ue=0.1840). In our cohort of patients, wound infections

TABLE II - Characteristics of patients and results of the bacteriology analysis

Characteristics Bacterial Culture
Positive Negative

Total n. patients 78 48 30

(Male/Female) (51/27) (36/12) (15/15)

Average age 59 (19-86) 58,5 (19-86) 58 (32-81)

Type of surgery Number of patients and (%) Right hemicolectomy 4 (5%) Right hemicolectomy 2(2%)
Lap. Cholecystectomy 9 (11%) Cholecystectomy 12(15%)
Prosthetic hernioplasty 22 (28%) Prosthetic hernioplasty11(14%)
Left hemicolectomy 4 (5%) Left hemicolectomy 1(1%)
Low Anterior Resection. 1 (1%) L.A.R. 1(1%)
Appendectomy 1 (1%) Ileal resection 1(1%)
Gastrectomy1 (1%) Gastrectomy 1(1%)
Nephrectomy 1 (1%) Laparoscopic plastic 1(1%)
Laparoscopic prosthetic plastic 1 Exploratory laparotomy 1 (1%)
Suture liver 1 (1%) Splenectomy 1 (1%)
Duodenal Ulcer Repair 1 (1%) Fistulectomy 1 (1%)

Average duration 85 72
of surgery in minutes. 

TABLE III - Sensitivity (%) and resistance (%) to several antibiotics
Gram-positive bacteria isolated from wood swabs during surgery (%).

Antibiotic CNS (34) S. auerus (2)
S (%) R (%) S (%) R (%)

Penicillin 12 88 100
Oxacillin 32 68 50 50
Erithromycin 35 62 100
Clindamycin 91 6 100
Synercid 100 100
Vancomycin 100 100
Gentamycin 76 20 50 50
Levofloxacin 58 26 50
Cotrimoxazole 79 20 100
Tetracicline 70 26 100
Minocycline 100 100
Fusidic acid 79 6 100READ-O
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TABLE IV - Relationship between wound infection, surgical interventions longer than 100min and class of the surgical procedure

Patients Sex Age Intervention Class Minutes duration Species Infection

1 M 72 Nephrectomy II 125 S. epidermidis
2 F 72 Anterior resection of the rectum III 200 S. epidermidis
3 M 19 Suture repair of liver injury II 110 S. epidermidis
4 M 47 Right hemicolectomy III 130 S. hominis
5 M 65 Right hemicolectomy III 140 B. fragilis B. fragilis
6 F 58 Splenectomy II 110 B. fragilis B. fragilis
7 M 86 Right hemicolectomy III 120 S. epidermidis
8 F 75 Left hemicolectomy III 180 S. epidermidis
9 M 62 Left hemicolectomy III 170 S. epidermidis
10 F 47 Duodenal Ulcer Repair II 130 E. coli E. coli
11 M 81 Left hemicolectomy III 190 S. epidermidis
12 F 81 Right hemicolectomy III 120 E. coli E. coli
13 M 62 Left hemicolectomy III 170 S. epidermidis
14 M 63 Total gastrectomy III 240 E. coli
15 M 58 Total gastrectomy III 190 Candida albicans Candida albicans

TABLE V - Relationship between wound infection and surgical procedures whose duration was less than 100 min and class of the surgical procedure.

Patients Sex Age Intervention Class Duration Species Infection

1 M 69 Hernioplasty I 40 S. epidermidis
2 M 66 Hernioplasty I 55 S. epidermidis
3 M 54 Laparoscopic Cholecystectomy II 60 S. aureus
4 M 62 Hernioplasty I 30 S. epidermidis
5 M 36 Laparoscopic Cholecystectomy II 45 S. epidermidis
6 M 65 Hernioplasty I 35 S. epidermidis
7 M 48 Hernioplasty I 60 S. epidermidis
8 M 75 Hernioplasty I 45 S. epidermidis
9 M 50 Laparoscopic Cholecystectomy II 55 S. epidermidis
10 F 35 Hernioplasty I 35 S. epidermidis
11 M 56 Laparoscopic Cholecystectomy II 60 S. epidermidis
12 F 75 Hernioplasty I 40 S. epidermidis
13 M 66 Hernioioplasty I 35 S. epidermidis
14 M 75 Hernioplasty I 40 S. xilosus
15 M 71 Hernioplasty I 50 S. epidermidis
16 F 31 Laparoscopic Cholecystectomy II 45 S. epidermidis
17 M 34 Appenectomy II 55 E. coli
18 F 49 Hernioplasty(ileal resection) III 75 E. cloacae E.cloacae
19 M 57 Hernioplasty I 50 E. aerogenes
20 M 65 Laparoscopic Cholecystectomy II 50 S. marcescens
21 M 67 Laparoscopic Cholecystectomy II 45 S. epidermidis
22 M 61 Hernioplasty I 30 E. coli
23 M 77 Hernioplasty I 40 S. hominis
24 F 32 Hernioplasty I 30 S. simulans
25 M 37 Hernioplasty I 45 E. coli
26 M 69 Hernioplasty I 40 S. epidermidis
27 M 55 Hernioplasty I 50 S. epidermidis
28 M 66 Hernioplasty I 50 S. epidermidis
29 M 34 Hernioplasty I 35 S. aureus
30 M 57 Laparoscopic Cholecystectomy II 45 S. saprophyticus
31 F 65 Laparoscopic plastic II 70 S. epidermidis
32 M 66 Laparoscopic Cholecystectomy II 40 E. coli
33 M 69 Hernioplasty I 30 S. epidermidis

were more common if gram-negative organisms were iso-
lated from the wound (p value=0,0005), in surgical pro-
cedures classified as class 3 (p value= 0,0026) and in
procedures longer than 100 minutes (p value= 0,0134).
In our study the positivity of the cultures was not

decreased by the antibiotic prophylaxis and was not relat-
ed to the age of the patients. The infection was more fre-
quent in male patients than female patients (p value=
0,0123). The wounds of patients operated for inguinal her-
nia had more microbial contamination than the laparo-
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scopic cholecistectomy wounds (68% vs 43% respectively,
p value=0,36) (Table I, II) but none of the prostheses used
got infected. Wound contamination was more frequent in
patients undergoing bowel resection (75%). Sensitivity
results showed that 88% of CNS was resistant to peni-
cillin, 68% to oxacillin and 62% to erythromycin. With
regards to aerobic gram-negative bacilli they showed a high
resistance to amoxicillin (100%); the adjunct of clavulan-
ic acid overcame the resistance in 50% of the cases.

Conclusions

Wound cultures and their positivity are predictive tools
to identify the patients that are at risk to develop wound
infection. Wound infection is more common in patients
whose wounds are contaminated by gram-negative bac-
teria, in surgical procedures longer than 100 minutes and
in class 3 surgeries. The positive predictive value of the
bacterial analysis of the wound was 12.5%. Negative
wound cultures are not associated with wound infection.
In view of these results, proper identification of patients
at risks for wound infection and subsequent antibiotic
prophylaxis may prevent wound infection with reduction
of medical costs, morbidity and hospital stay.

Riassunto

Malgrado i progressi nella profilassi antibiotica, l’insorgenza
di una infezione del sito chirurgico rappresenta ancora oggi
la complicanza postoperatoria più frequente ed un evento
che può comportare conseguenze cliniche rilevanti. Si sti-
ma che nel 2006 negli Stati Uniti sono stati effettuati più
di 30 milioni di interventi chirurgici e secondo i dati del
National Nosocomial Infections Surveillance (NNIS)
l’infezione del sito chirurgico si è verificata nel 2,6%.
L’infezione del sito chirurgico è un evento imprevisto che
complica il decorso post-operatorio di un paziente ed
incide negativamente sui risultati e può essere causa di
ulteriori interventi chirurgici che potrebbero comportare
il decesso del paziente. Inoltre l’analisi batteriologica del-
la ferita chirurgica potrebbe costituire un metodo pred-
ittivo di infezione del sito chirurgico dopo chirurgia elet-
tiva addominale. La profilassi antibiotica è utile nel pre-
venire l’infezione della ferita e limitare gli effetti nega-
tivi della infezione sul paziente.
Questo lavoro descrive un studio retrospettivo batteriologi-
co, attraverso l’analisi microbiologica dei tamponi eseguiti
nei tessuti molli delle ferite laparotomiche, dopo la chiusura
della parete muscolare dell’addome. Il valore predittivo del
campionamento batterico viene valutato correlando i germi
che più frequentemente sono coinvolti nel determinismo del-
la contaminazione della ferita e i fattori di rischio di infezione
della ferita nel corso dell’intervento chirurgico addominale.
Inoltre viene valutato il ruolo della profilassi antibiotica nel-
la prevenzione dell’infezione della ferita laparotomica.
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