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Abstract 
The operating site infections constitute the major postoperative issue in surgery. Our objectives 
were to determine the hospital frequency, the risk factors, the involved germs as well as the cost 
generated by the operating site infections. Method: Our three months prospective survey run from 
September the 1st to November the 30th 2013 has included all department patients being oper-
ated on and hospitalized. The criteria have been set by CDC d’Atlanta. Results: 374 files were in-
volved, among them 229 (61.2%) were emergencies and 145 (38.8%) were scheduled. The aver-
age age was 41 (extremes 7 and 95 standard deviation 17.46), the sex ratio 1.67. The infective risk 
according to Altmeier has found 17.5% type 1, 25.1% type 2, 11.2% type 3 and 46.3% type 4; ac-
cording to NNISS, 96 (25.7) were NNISS 0; 94 (51.9%) NNISS 1; 80 (21.4%) NNISS 2; and 4 (1.1%) 
NNISS. In the Altmeier class I have not got antibiotic before infection signs appearances. Our over-
all rate of operating site infections was 7.9% (29 cases), with 24 (82.8%) emergency cases. Ac-
cording to Altmeier’s class of infective risk, the rate of operating site infections was 1.54% making 
1 out of 65 type I patients; 4.3% making 4 out of 93 type II patients; 11.9% making 5 out of 42 type 
III patients; 10.9% making 19 out of 174 type IV patients. According to NNISS, the infective risk has 
been assessed and was 2.08% for score 0, we have got 8.25% score 1, and 12.5% for score 2, and 
25% for score 3. The bacteriology has been dominated by Escherichia coli (51.7), Proteus mirabilis 
(13.8), and Klebsiella pneumoniae (10.34). The germs have been resistant to the combination 
Amoxicillin-clavulanic Acid between 50% and 87% of cases. The most active antibiotics on the 
germs have been Cephalosporin, Polypeptides, and aminoglycosides. The hospital stay has been 
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delayed to 12 days on average by operating site infections, making 2.5 times greater than those 
uninfected. The infection has increased the cost of management around 600 Euro. 
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1. Introduction 
Despite the mastery of surgical techniques, the complications are still occurring, mostly the infections [1]. 

An infection is deemed postoperative, when it occurs just after the procedure (30 days) or later (a year), and 
related to the procedure [2]. Many surveys have been carried out about hospital-borne infections. 

In the US and Europe, 2% of surgeries develop an operating site infection. 
In Africa various high rates of prevalence have been published [3]. 
In Senegal, a frequency of 5.3% of operating site infection has been found in 2003 [4]; 8.6% in Ivory Coast. 
In Mali, a survey carried out in 2007 at pediatric surgery department of Gabriel TOURE training Hospital has 

found 4.9% [5] against 8.81% of postoperative infection in 2001 at the service of general surgery and pediatric 
surgery Gabriel TOURE training hospital and 8.3% in 2004 at the same service [6]. 

Our objectives were to determine the hospital frequency, the risk factors, the involved germs as well as the 
cost of operating site infection’s management at the general surgery service of Gabriel TOURE training hospital. 

2. Methods 
Our prospective survey carried out over 3 months, from September the 1st 2013 to November the 30th 2013. 

It has included all patients who had undergone a surgery and hospitalized at least for 3 days at the general 
surgery department of Gabriel TOURE training hospital, complying with CDC ATLANTA’s standards, which 
has set some criteria to determine the hospital connection of the operating site infection [7]. 

The size of the sample has calculated according to the following formula: 
N = 4(PQ)I2 
P = prior operating site infection frequency 
Q = 1 − P 
I = error risk. 
A similar survey has been carried out at our service in 2001, the frequency has been 8.3%, thus P = 8.083 and 

I = 0.05 (error risk = 5%) so the sample size N will be 117. 
The identification of an operating site infection with clinical criteria: (temperature, local symptoms, pus leak-

ing from the site or the drain, a spontaneous dehiscence of the wound) and biological criteria: (wound fluid cul-
ture or drain fluid culture is deemed positive if germs are isolated); is subject to a blood sample collection for 
bacteriological check up plus antibiogram. 

We did an aseptic aspiration of the collections with a single-use syringe and a cotton-swab if the infected 
wound is less leaking. 

The blood samples were introduced in soya tryptase broth and put under scrutiny. We monitor it every morn-
ing over a week. 

The studied parameters have been (administrative data, clinical findings, biological findings, the preoperative 
diagnosis and treatment, The ASA score, the NNISS score, the surgery technique, the preoperative treatment, 
the number of people in the operating room). 

And after the procedure: the clinical data of the post operative infection, the biological check up plus antibio-
gram findings; the antibacterial treatment, the cost related to the operating site infection (check up fees, medi-
cines and hospital stay); and the hospitalization duration). 

Then, we have carried out some data crossing to find out the impact of some parameters on the occurrence of 
the operating site infection (see comments). 

The consent of patient was mandatory for ethical constraints of the survey. 
The results have been analyzed on EPI INFO software version 6.04.C.FR; and the typing with WORD soft-
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ware 2007. The statistic tests used to compare our results were KHI 2, and a significant P < 0.05. 

3. Results 
We have included 374 files, among them 299 cases of emergency (61.2%) and 145 cases 38.8% non-emergency. 

The average age 41 (extremes 7 and 95, standard deviation: 17.46), the sex ratio was 1.67. 73/373 (19.5%) 
patients were ASA 1, 150/374 (40.1%) patients were ASA2, and 151/374 (40.4%) patients ASA3. The infection 
risk (scale of contamination) according to ALTEMEIR found (42/374) 11.2% of type 1, 65/374 (17.4%) of type 
2, 94/374 (25.1%) of type 3 and 175/374 (46.3%) of type 4. 

According to NNISS, 96 cases (25.7%) were NNISS 0, 194 cases (51.9%) NNISS 1, 80 cases (21.4%) NNISS 
2, and 4 cases (1.1%) NNISS 3. The class 1 of ALTEMEIR have not had antibiotic before the appearance of in-
fection signs. 

Among the other risk factors, we found the average number of people operating at 5.7 ± 1.24 per patient (ex-
tremes 4 and 13). Anemia in 58 patients (15.5%). The surgeon experience was under 10 years in 189 (50.7%) 
patients, antibiotic prophylaxis in 159 (42.5%) patients. 

Our operating site infection global rate has been 7.8% (29 cases), with 24 (82.2%) emergency cases, 8/29 
(27.6%) of deep operating site infection and 21/29 (72.4%) were shallow. According to the class of infection 
risk of ALTEMEIR, the operating site infection has been 1.54% making 1 out of 65 patients for type 1, 4.3% 
making 4 out of 93 patients for type 2; 11.9% making 5 out 42 patients for type 3, 10.9% making 19 out of 174 
patients for type 4. According to the NNISS score, the operating site infection rate has been evaluated, we found 
2.08% for score 0, 8.25% score 1 and 12.5% score 2 and 25% score 3. The average delay of infection occurrence 
was 4.79 ± 2.93 days (extremes 2 and 15 days). 

The bacteriologic findings has been dominated by E. coli in 15 (51.7%) cases, Proteus mirabilis in 4 (13.8%) 
cases and Klebsiella pneumoniae in 3 (10.34%) cases, Staphylococcus aureus in 2 (6.89%) cases, and Proteus 
vulgaris in 1 (3.45%). 

The germs have been resistant to Amoxicillin plus Clavulanic Acid association between 50% and 87% cases. 
The most active antibiotics on germs have been the cephaloporins, the Polypeptides, the Aminoglycosides. 
The susceptibility of the 3 major germs to antibiotics is represented in Table 1. 
The average duration of hospitalization has been 21.4 ± 10.44 days (extremes 8 and 49 days). 
The hospital stay has been delayed by 12 days on average by operating site infection making 2.5 times longer 

than non-infected patients. We have recorded 3/29 (10.3%) of fatality among patients with operating site infec-
tion, but the fatalities causes were rather the complications related to either the disease which prompted the hos-
pitalization or the surgery (cancers, peritonitis). 

The infection has increased the cost of the management by around 650 Euro. 

4. Comments 
Our operating site infection rate at 7.9% remained high. However, it is statically different from those found in 
African set: Senegalese and Moroccan [4] [8] with P > 0.05. However, it is statically higher than those of de-
veloped countries, as argued by the French and American sets [9] [10] which vary from 0.9% to 2.5%. The op-
erating site infection being of numerous factors can be due to an insufficient preparation of operated emergency- 
patients, the lack of rigor in aseptic measures and in antisepsis, the precarious state of technical materials of the 
operating room. 

We have found no significant negative influence of age on operating site infection occurrence with P = 0.2606 
and Chi 2 = 5.2706. 

 
Table 1. Susceptibility of the 3 major germs to antibiotics. 

Antibiotics/Germs Ceftriaxone Amoxilline + Acide clavulanique Ciprofloxacine Gentamycine Colistine 

Escherichia coli 87 13% 33% 87% 93% 

Proteus mirabilis 75% 25% 25% 100% - 

Klebsiella pneumoniae 100% 33% 33% 100% 63% 
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We have found no significant difference between gender and operating site infection occurrence with P = 
0.461. 

Unlikely, some others suggest that operating site infection is more common in females as they have more fat 
tissue than males [11]. 

We found a negative influence of ASA class on operating site infection with P = 0.032, but we have noticed 
an influence of ALTEMEIR risk class on operating site infection with P = 0.0366 and Chi 2 = 8.51. 

We have also found a negative influence of NNISS score on operating site infection with P = 0.0357 with Chi 
2 = 8.5644. 

The emergency is deemed as risk factor influencing the occurrence of operating site infection in the literature 
[6]. In our study the infection rate was higher in emergency-patients making 24/29 against 5/29 for scheduled 
patients with P = 0.00241, the difference may be linked to insufficient preparation of emergency-patients. 

The delay of infection appearance varied between 5 - 10 days on average during different surveys. Our study 
is not different from those of others set [5] [6] [12]. 

This average delay of appearance could be due to the incubation time and the inflammatory process of the in-
fection [13]. 

It is classically admitted that the preoperative hospitalization duration influences the operating site infection 
rate; in fact, that rate is often related to the seriousness of the disease. During the preoperative hospitalization, 
the skin and digestive tracts germs flora undergo some alterations as soon as the 3rd and 4th day of hospitalization 
[7]. 

As in the literature, we have noticed and increase in infection rate according to ALTEMEIR class [13]. 
Our results range in the interval defined by CDC of Atlanta: <5% for class 1, <10% for class 2, <20% for 

class 3, >30% for class 4 [7]. 
For class 1: any statistic difference has been found between our rate of operating site infection and that of 

other authors with P varying between 0.32 and 0.49. 
Unlikely, for the classes 2, 3, 4 our operating site infection rate was statistically different from those of other 

authors with P varying from 0.018 to 0.000. 
The statistic differences found could be due to the size of the sample that is higher than in developed countries. 

[12]. 
The NNISS score is of multiple factors it represents a better indicator of more complex risk, predicting with a 

better liability. The occurrence of operating site infection, in comparison with ALTEMEIR class alone, we have 
noticed an increase in operating site infection with regard to the NNISS score in various sets [5] [6] [14]. 

During our survey, we have only recorded a patient with score 3 which presented an infection. 
For score 0, we have not found any statistic difference between our rate and that of other authors. Unlikely, 

for score 1, 2, and 3, we got a statistic difference between our rate and those of literature [12] [14] with P vary-
ing from 0.042 to 0.000. That difference may be due to the size of the sample which is higher in some countries. 
[12] [14]. 

In general surgery service, in prior studies, the germs ecology has been dominated by Eschericha coli, Sta-
phyllococcus aureus, Klebsiella pneumoniae, Pseudomonas aeroginosa, Enterococcus [5]. Our survey has found 
the same germs; that is in accordance with the data of literature [15] [16]. The nature of germs according to the 
authors is represented in Table 2. 

The consequences of operating site infection have been of two kinds: 
 
Table 2. The nature of germs according to the authors. 

Germs Authors Effectif total 1er Germe 2ème Germe 3ème Germe 

LEPOUTRE 
France 2006 [20] 19731 Escherichia coli 

(23%) 
Staphylococcus aureus 

(20%) 
Pseudomonas aéroginosa 

(11%) 

MARRONI 
Italie 2004 [21] 18 Staphylococcus aureus 

(16.67%) 
Escherichia coli 

(16.67%) 
Pseudomonas aéroginosa 

(11.1%) 

TOURE [6] 
Chirurgie CHU GT 2006 27 Escherichia coli 

(40.7%) 
Klebsiella pneumoniae 

(14.8%) 
Proteus mirabilis 

(14.8%) 

Notre étude 
Chirurgie CHU GT 2010 29 Escherichia coli 

(51.7%) 
Proteus mirabilis 

(14.8%) 
Klebsiella pneumoniae 

(10.3%) 
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• Prolonged hospital stay: 
The hospitalization duration has been delayed by 12 days for infected patients making 2.5 times longer than 

non-infected patients. 
According to some authors, the delay is 16.6 days [17], and according to others, the delay is 21.4 days [18] 

that could be due to the bad condition of some patients and low economic background. 
• Overspending linked to infection: 

The infection has increased the cost of the management by around 650 Euro, making 15 times the minimum 
wage of Malian which is 43 Euro. 

That extra-spending is related to the hospitalization cost, check-ups, antibiotics and bandage materials. 
The mortality rate was 10.3%. BAILY France in 2002 found a lower rate at 2.4% P = 0.00231. 
Some surveys carried out by some authors have got no direct connection between infection and mortality, but 

suggest that infection may be responsible of 3% of fatalities [19]-[21]. 
The infection has not been the direct cause of any fatality. 
The patients died from the complications of the diseases for which they have been hospitalized or operated 

on. 

5. Conclusions 
The operating sites infection at our service has been negatively influenced by the length of the procedure, the 
ASA class, the type of surgery, the inclusion mode (emergency) and the NNISS score. 

With the prevention measures in our service, the operating site infection rate has slightly decreased, but de-
spite being lower than those of other surveys carried out in Mali and in Africa, nevertheless it remains a regular 
issue in surgery. 
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