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INCIDENCE OF AND RISK FACTORS FOR  
SURGICAL-SITE INFECTIONS IN A 

PERUVIAN HOSPITAL

Katherine Hernandez, MD; Elizabeth Ramos, MD; Carlos Seas, MD; German Henostroza, MD; Eduardo Gotuzzo, MD

OBJECTIVE: To determine the incidence of and risk fac-
tors for surgical-site infections (SSIs) after abdominal surgery.

DESIGN: A cohort study was conducted from January to 
June 1998. CDC criteria for SSI and the NNIS System risk index 
were used.

SETTING: A tertiary-care hospital in Peru.
PATIENTS: Adult patients undergoing abdominal sur-

gery who consented were enrolled and observed until 30 days 
after surgery. Patients who had undergone surgery at another 
hospital or who died or were transferred to another hospital 
within 24 hours after surgery were excluded.

RESULTS: Four hundred sixty-eight patients were en-
rolled. Their mean age was 37.2 years. One hundred twenty-five 
patients developed SSIs, 18% of which were identified after dis-
charge. The overall incidence rate (IR) was 26.7%. The IR was 

13.9% for clean, 15.9% for clean-contaminated, 13.5% for contam-
inated, and 47.2% for dirty interventions. The IR was 3.6% for 
NNIS System risk index 0 and 60% for index 3. Risk factors for 
SSI on logistic regression analysis were dirty or infected wound 
(RR, 3.8; CI95, 1.7–8.4), drain use longer than 9 days (RR, 6.0; 
CI95, 2.5–12.5), and length of surgery greater than the 75th per-
centile (RR, 2.1; CI95, 1.0–4.4). Patients with SSI had a longer 
hospital stay than did non-infected patients (14.0 vs 6.1 days;  
P < .001).

CONCLUSIONS: SSI is a major problem in this hospital, 
which has a higher IR (especially for clean interventions) than 
those of developed countries. In developing countries, preven-
tion of SSI should include active surveillance and interventions 
targeting modifiable risk factors (Infect Control Hosp Epidemiol 
2005;26:473-477).

ABSTRACT

Nosocomial infections are a major public health 
problem worldwide. According to the Institute of Medicine, 
thousands of deaths are linked to nosocomial infections an-
nually in the United States.1 Surgical-site infections (SSIs) 
are ranked among the most common nosocomial infections, 
along with pneumonia, urinary tract infections, and blood-
stream infections.2 Although SSIs are not associated with 
a high case-fatality rate, they cause significant morbidity. 
Approximately 500,000 episodes of SSI occur in the United 
States every year, accounting for 3.7 million excess hospi-
tal days and more than 1.6 billion dollars of extra hospital 
charges.3

The Centers for Disease Control and Prevention 
(CDC) National Nosocomial Infections Surveillance (NNIS) 
System is the oldest and largest organization collecting data 
regarding hospital-acquired infections.2,4 Significant reduc-
tions in hospital-acquired infections have been observed in 
NNIS System hospitals since it began operating, emphasiz-
ing the importance of implementing such programs.2,5 In 
Peru and many other developing countries, few hospitals 

have established surveillance programs for nosocomial in-
fections. This is likely due to the lack of national policies 
and protocols regarding this issue, scarce human and fis-
cal resources, and the misconception that nosocomial in-
fections are uncommon. Consequently, reports about the 
incidence of and risk factors for acquiring SSI are scarce in 
these countries.

This study sought to evaluate the incidence of SSI at 
a national referral hospital in Lima, Peru, and to identify 
risk factors associated with the development of SSI, using 
the NNIS System risk index. It was thought that data from 
such a study would permit comparison of the incidence of 
SSI with that in other hospitals in the region and abroad and 
would help when designing intervention studies for hospi-
tals in developing countries with scant resources.

METHODS
The study was conducted at the Hospital Nacional 

Cayetano Heredia, a 400-bed, tertiary-care hospital affili-
ated with the Universidad Peruana Cayetano Heredia. The 
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Hospital Nacional Cayetano Heredia has a catchment popu-
lation of approximately 2 million and, along with two other 
hospitals, serves as a referral center for the northern part 
of Lima. Approximately 200 surgical interventions are per-
formed monthly at the Hospital Nacional Cayetano Heredia. 
The surgery department has an emergency service, an am-
bulatory clinic, a surgery ward with 86 beds, and a surgical 
intensive care unit with 4 beds. By the time the study started, 
the hospital had created an infection control committee, but 
no active surveillance for infections was being performed on 
a regular basis.

An observational study was conducted between 
January and June 1998. Patients older than 14 years who 
required abdominal surgery were included in the study. 
Patients were excluded if they had undergone surgical in-
terventions at another hospital or died or were transferred 
to another hospital within the first 24 hours after surgery. 
Two physicians who were specifically trained for this study 
interviewed and closely observed the patients during their 
hospitalization, searching daily for SSI and potential risk 
factors. Clinical charts were systematically reviewed and, 
if necessary, the medical staff in charge of a patient were 
interviewed. Data regarding SSI were obtained from all 

patients daily during their hospitalization and until 30 days 
after surgical intervention. Clinical evaluation in the out-
patient clinic, telephone contact, or chart review was used 
when patients were discharged prior to the 30 days.

CDC definitions for SSI and other nosocomial infec-
tions were followed to detect all postoperative nosocomial 
infections.6,7 The NNIS System risk index was calculated 
based on three risk factors, each worth one point: contami-
nated or dirty surgical wound, American Society of Anesthe-
siologists (ASA) score greater than 2, and duration of sur-
gery greater than the 75th percentile for a specific group of 
surgical procedures. The NNIS System index ranges from 
0 to 3.8,9 The National Research Council operative-site clas-
sification was also used10; it classifies surgical wounds as 
clean, clean-contaminated, contaminated, and dirty. A form 
was devised to collect data on age, gender, presence of un-
derlying diseases, type of surgery (elective vs emergency), 
preoperative stay (in hours), total length of hospitalization 
(in days), and ASA preoperative assessment score.11,12 Use 
and duration of antibiotic prophylaxis, length of surgery (in 
minutes), the 75th percentile duration of every surgical pro-
cedure, number of surgical interventions per patient, and 
use and duration of drainage were also recorded. Surgical 
interventions were categorized into groups according to 
the injured organ. No attempt was made to isolate microbes 
from the surgical wounds.

Data were analyzed by a microcomputer using SPSS 
software for Windows (version 10.0.7; SPSS, Inc., Chicago, 
IL). Categorical variables were compared using chi-square 
with continuity correction or Fisher’s exact test as needed. 
Continuous variables were compared using the Student’s 
t test for normally distributed data; otherwise, the Mann–
Whitney test was used. A P value of less than .05 was consid-
ered significant, and all tests were two-tailed. Relative risks 
(RRs) and 95% confidence intervals (CI95) were calculated 
using Epi-Info software (version 6.0; CDC, Atlanta, GA). A 
logistic regression analysis was performed to identify inde-
pendent predictors for the development of SSI; variables 
that attained a P value of less than .1 on univariate analy-
sis were included in stepwise fashion in the multivariate 
analysis. All patients were requested to give oral consent to 
participate in the study. The protocol was approved by the 
Institutional Ethics Review Board of the hospital.

RESULTS
A total of 468 consecutive abdominal interventions 

were evaluated. Characteristics of the patients included 
in the study are summarized in Table 1. The cohort was 
mainly composed of young patients (mean age, 37.2 ± 18.0 
years), and 59.8% were men. Most of the surgical procedures 
(83.3%) were classified as emergency procedures, with ap-
pendectomy being the most common surgical procedure. 
When cases were grouped by wound classification, there 
were 7.7% clean, 14.7% clean-contaminated, 39.5% contami-
nated, and 38% dirty procedures. There were a total of 125 
SSIs, 23 (18.4%) of which were identified after discharge. 
One hundred eight (86.4%) occurred in patients who had 
undergone emergency procedures and 17 (13.6%) occurred 

TABLE 1
CHARACTERISTICS OF THE 468 PATIENTS INCLUDED IN THE 
COHORT STUDY

Characteristic No. (%)

Male 280 (59.8)

Wound classification

Clean 36 (7.7)

Clean-contaminated 69 (14.7)

Contaminated 185 (39.5)

Dirty or infected 178 (38)

ASA score > 2 78 (16.7)

Preoperative stay > 24 h 120 (25.6)

Emergency surgery 390 (83.3)

Median duration of surgery, min  
(25th–75th percentile)

80 (55–120)

Drain use 193 (41.2)

Surgical procedure

Appendectomy 237 (50.6)

Gallbladder and biliary tract surgery 90 (19.2)

Liver surgery 13 (2.8)

Gastric surgery 9 (1.9)

Small bowel surgery 15 (3.2)

Colorectal surgery 34 (7.3)

Herniorrhaphy 33 (7.1)

Laparotomy 9 (1.9)

Other 28 (6.0)

Nosocomial infection other than SSI 73 (15.6)

Median length of stay, d (25th–75th percentile) 6 (3–10)

ASA = American Society of Anesthesiologists; SSI = surgical-site infection.
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in patients who had undergone elective procedures. The 
overall incidence rate of SSI was 26.7%. The median time 
to development of SSI was 6 days (25th percentile, 4 days; 
75th percentile, 10 days). Nosocomial infections other than 
SSI were observed in 73 patients: urinary tract infections 
(n = 42), pneumonia (n = 21), gastrointestinal infections 
(n = 5), skin and soft tissue infections (n = 3), and catheter-
related infections (n = 2).

The results of univariate analysis to identify risk fac-
tors for SSI are given in Table 2. Age, gender, and emergen-
cy procedures were not associated with SSI. The incidence 
rate of SSI differed by wound classification: 13.9% for clean, 
15.9% for clean-contaminated, 13.5% for contaminated, and 
47.2% for dirty wounds (P < .001). The duration of the pro-
cedure had a marked effect on the incidence of SSI. The 
incidence of SSI for procedures lasting longer than the 75th 
percentile was twice as high as that for shorter procedures 
(43.7% vs 20.5%, respectively; P < .001). Additionally, com-
pared with procedures lasting 1 hour or less, the incidence 
of SSI was 1.6-fold higher for procedures lasting 2 hours, 
2-fold higher for procedures lasting 3 hours, and 2.8-fold 
higher for procedures lasting 4 hours or more.

The use of open drains in the abdominal cavity and 
the duration of drainage, but not the number of drains, were 
associated with the development of SSI. When the cutoff for 
the duration of drainage was 9 days, the incidence of SSI 
was almost 3 times higher for patients with a duration above 

this cutoff compared with patients with a duration below 
this cutoff (60.0% vs 19.4%, respectively; P < .001). Patients 
who had more than one surgical procedure performed had 
an incidence of SSI approximately twice as high as that of 
patients with only one intervention (55.6% vs 25.6%, respec-
tively; P = .005). Patients who developed SSI had a longer 
hospital stay than those who did not develop SSI (median 
[25th to 75th percentiles], 12 [8 to 18] vs 4 [2 to 7] days, 
respectively; P < .001). The development of a nosocomial 
infection other than a SSI was associated with increased 
risk for SSI. Thirty-six patients with SSI (28.8%) developed 
another nosocomial infection. These patients had higher 
incidence rates of SSI than those who did not develop an-
other nosocomial infection (49.3% vs 22.5%, respectively; 
P < .001). Other nosocomial infections found in patients 
with SSI were urinary tract infection (n = 18), pneumonia 
(n = 12), gastrointestinal infection (n = 5), and catheter-re-
lated infection (n = 1).

Dirty or infected wounds (RR, 3.8; CI95, 1.7 to 8.4), 
use of drains for longer than 9 days (RR, 6.0; CI95, 2.5 to 
12.5), and length of surgery greater than the 75th percen-
tile (RR, 2.1; CI95, 1.0 to 4.4) remained independently associ-
ated with SSI on logistic regression analysis. The incidence 
of SSI according to the NNIS System risk index is provided 
in Table 3. A marked increase in the incidence of SSI and 
in the RR to develop SSI was observed as the NNIS System 
risk index increased.

TABLE 2
UNIVARIATE ANALYSIS OF RISK FACTORS FOR SURGICAL-SITE INFECTIONS*

Risk Factor No SSI (n = 343) SSI (n = 125) P

Mean age, y (± SD) 37.6 (18.2) 36.2 (17.6) .5

Male 198 (57.7) 82 (65.6) .12

Emergency surgery 282 (82.2) 108 (86.4) .28

Preoperative stay > 24 h 83 (24.2) 37 (29.6) .24

Wound classification

Clean 31 (9.0) 5 (4.0)

Clean-contaminated 58 (16.9) 11 (8.8)

Contaminated 160 (46.7) 25 (20.0)

Dirty or infected 94 (27.4) 84 (67.2) < .001

Received antibiotic prophylaxis 296 (86.3) 114 (91.2) .15

Duration of surgery > 75th percentile 71 (20.7) 55 (44.0) .01

Use of drains 111 (32.4) 82 (65.6) < .001

Duration of drainage  9 d 32 (9.3) 50 (40.0) < .001

More than one drain 25 (7.3) 21 (16.8) .62

More than one surgical intervention 8 (2.3) 10 (8.0) .05

Presence of comorbidities 36 (10.5) 7 (5.6) .11

Concomitant nosocomial infection 37 (10.8) 36 (28.8) < .001

SSI = surgical-site infection; SD = standard deviation. 
*Data are number of patients (%) unless otherwise noted.
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DISCUSSION
Hospital infection control programs are an essential 

component of the quality of healthcare. Results from these 
programs are regularly used to evaluate the performance 
of hospitals.13 SSIs are the second or third most common 
type of hospital-acquired infection, and feedback of rates 
has been associated with improvement. Therefore, an ef-
fective surveillance program for SSI should be a critical 
component of any hospital infection control program.14 This 
study provided data on SSI in a place where no surveillance 
or feedback of SSI rates had been implemented, a common 
scenario in developing countries.

The overall incidence rate of SSI found in our study 
was 26.7%, remarkably higher than incidence rates report-
ed from developed countries such as the United Kingdom 
(3.1%) and the Netherlands (4.3%)15,16 and from other de-
veloping countries in Central and South America such as 
Mexico (9.7%), Brazil (8.7%), and Bolivia (12%).17-19 The 
incidence rates of SSI according to wound classification 
were also higher in our study compared with other stud-
ies from the region,19,20 but comparable to those reported 
from Spain21 and Vietnam.22 Differences in patient charac-
teristics, distributions of surgical procedures, and hospital 
settings may help explain this, but the high incidence of SSI 
after clean procedures was striking. We could not identify 
any specific risk factor associated with this, but it certainly 
deserves further study. Prevalence studies of SSI had previ-
ously been conducted in Peru and showed overall rates sim-
ilar to those of our study23; however, these studies did not 
investigate the development of SSI after hospital discharge 
and were retrospective, likely leading to underestimation 
of the actual rates. This prospective, longitudinal study in-
cluded postdischarge surveillance, which detected 18.4% of 
the cases during the month of follow-up, a value that is con-
sistent with previous international reports.24,25

Three independent risk factors associated with the 
development of SSI were identified in our study: dirty or 
infected wounds (RR, 3.8), length of surgery greater than 
the 75th percentile for the particular surgical procedure 
(RR, 2.1), and use of drains for 9 days or more (RR, 6.0). 
These risk factors are not unique to our setting and have 
been previously reported.26,27 Interestingly, length of sur-
gery and prolonged use of drains are potentially amenable 
to intervention.

Open drains are a well-recognized risk factor for SSI; 

closed-suction drains are preferred over open drains when 
drainage of the abdominal cavity is indicated.28,29 Reducing 
the length of procedures through adequate training of the 
staff on proper surgical techniques, improving surgeons’ 
skills, direct supervision of trainees by more experienced 
surgeons, and adherence to written protocols are clearly 
needed in our hospital. We found that patients with another 
nosocomial infection were at greater risk for developing 
SSI and that patients with SSI had a median excess hospital 
stay of 8 days.30 We did not evaluate the bacterial etiology or 
costs of SSI in this study.

The NNIS System risk index is advocated as a good 
predictor of SSI.9 We found a good correlation between the 
NNIS System risk index and the development of SSI. The 
RR of developing SSI increased significantly from 6.2 for 
patients with an NNIS System risk index of 1 to 16.8 for 
patients with an NNIS System risk index of 3. This correla-
tion between the NNIS System risk index and the develop-
ment of SSI is well recognized.21 More recently, however, 
a study from Santa Cruz, Bolivia, did not find an associa-
tion between the NNIS System risk index and SSI.19 In that 
study, few patients belonged to the highest NNIS System 
risk index, reducing the power to detect an association with 
SSI. In sharp contrast to that study, we found that approxi-
mately 77% of the surgical interventions in our study were 
at the highest risk for SSI, belonging to the categories con-
taminated or dirty according to wound classification.

What are the implications of our study? First, the 
implementation of a surveillance program to control SSI is 
needed in the Hospital Nacional Cayetano Heredia. Second, 
regarding controlling SSI, a surveillance program in this 
setting should set up standards for the duration of surgi-
cal procedures and review the indications for draining the 
abdominal cavity with particular emphasis on the duration 
of drainage and the kind of drains used. Reducing the rate 
of SSI in our hospital will take time and significant effort 
from all of the individuals involved. An initiative for setting 
up an infection control committee in all Peruvian hospitals 
is being promoted by the Peruvian National Institute of 
Health. This initiative is not focusing on any nosocomial in-
fection in particular. Our study emphasizes that controlling 
SSI should be a priority in hospitals such as ours, showing 
preintervention data on SSI to allow evaluation of specific 
interventions.

SSI is a significant problem at the Hospital Nacional 

TABLE 3
INCIDENCE OF SURGICAL-SITE INFECTIONS ACCORDING TO THE NATIONAL NOSOCOMIAL INFECTIONS SURVEILLANCE (NNIS) 
SYSTEM RISK INDEX

NNIS System  
Risk Index

Total No. of  
Procedures

No. of Patients  
With SSI

Incidence Rate  
per 100 Interventions

RR  
(CI95)

0 56 2 3.6% 1

1 277 61 22% 6.2 (1.6–24.5)

2 115 50 43.5% 12.2 (3.1–48.2)

3 20 12 60% 16.8 (4.1–68.6)

SSI = surgical-site infection; RR = relative risk; CI95 = 95% confidence interval.
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Cayetano Heredia, with incidence rates higher than previ-
ously reported in the region, especially for clean interven-
tions. The NNIS System risk index was a good indicator 
of SSI. Preventing SSI in this setting is a challenge that 
requires implementation of routine surveillance of SSI and 
control measures targeting identified risk factors.
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