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•  Burden of SSI in high-income countries  
•  Burden of SSI in low- & middle-income 

countries (LMICs) 
•  Gaps in SSI surveillance with focus on 

LMICs 

Outline  



HAI burden in USA - 2002 
■  Incidence: 5–6%; 1,7 million affected patients 

■  Urinary Tract Infection: 36%; 561,667 episodes, 13,088 deaths 
■  Surgical Site Infection: 20%; 274,098 episodes (1.98%)  
■  Catheter Related Bloodstream Infections: 11%; 250,000 

episodes,  
28,000 deaths 

■  Ventilator Associated Pneumonia: 11%; 5.4/1000 ventilator-days 
 

■  Attributable mortality: 3.6%, approximately 99,000 deaths 
■  Annual economic impact: about US$ 4,5 billion  

Klevens RM, et al. Public Health Reports 2007 



Relative incidence of specific types of HAI in the 
US 

Scott RD. http://www.cdc.gov/ncidod/dhqp/pdf/Scott_CostPaper.pdf. 



Surgical Site Infection Rates in the US: 
NNIS 1992-2004  

Procedure Risk  0 Risk 1 Risk 2 Risk 3 

CABG 1.25 1.5 5.4 9.8 
Small bowel 4.97 7.1 8.63 11.6 
Abd hyster 1.36 2.3 5.17 --- 
Hip 
prosthesis 0.86 1.65 2.52 --- 

Laminectomy 0.88 1.35 2.46 --- 
Colorectal 3.98 5.66 8.54 11.25 

 
Am J Infect Control 2004;32:470-85 





Sievert DM, et al. ICHE; 2013;34:1-14 







Costs of specific types of HAI in the US 

Scott RD. http://www.cdc.gov/ncidod/dhqp/pdf/Scott_CostPaper.pdf.  



HAI burden in Europe 
■  Prevalence: 3.5–14.8% (average: 7.1%) 
■  4 131 000 affected patients  
■  4 544 100 episodes of HAI every year  
■  16 million extra days of hospital stay 
■  37 000 attributable deaths (and contribution to an additional 110 000)  
■  Annual economic impact: about EUR 7 billion per year (including 

direct costs only)     (ECDC, Comm Dis Report 2008) 
 

Country N° of cases/year N° of deaths/year Costs/year 
UK 100,000 5,000 UK£ 1 billion 
Scotland / / UK£ 183 mio 
Switzerland 70,000 / CHF 230-300 mio 



HAI prevalence and burden in Europe 
Prevalence: 5.7% (95%CI, 4.5–7.4%)  
■  3 529 778 (95% CI, 1 941 962-8 250 382) HAI episodes per year 
■  87 539  HAI episodes at any given day  

■  Respiratory tract infection: 23.4% (pneumonia: 19.4%; LRTI: 4.1%)  
■  Surgical Site Infection: 19.6%; 17 399 episodes per day (1.22%) 
■  Urinary Tract Infection: 19% 
■  Gastro-intestinal infections: 7.7% 
■  Bloodstream Infections: 10.7% 

      (ECDC, Point Prev Report 2011-12) 

■  16 million extra days of hospital stay 
■  37 000 attributable deaths (and contribution to an additional 110 000)  
■  Annual economic impact: about EUR 7 billion per year (including 

direct costs only)     (ECDC, Comm Dis Report 2008) 
 



HAI episodes per year in Europe 

(ECDC, Point Prev Report 2011-12) 



Point prevalence survey of healthcare-associated infections 
and antimicrobial use in European acute care hospitals. ECDC Report 2013 



SSI surveillance in Europe 2008-2009 

ECDC Surveillance Report, 2008-2009 
•  13 countries  
•  1 785 hospitals 
•  655 637 surgical operations 



SSI cumulative incidence by operation type – 
2006-2009 

ECDC SSI surveillance report 2008-2009 



SSI cumulative incidence by NNIS index and by 
procedure in Europe 

HELICS, SSI statistical report 2004 

Overall SSI incidence: 3/100 surg. proc. 



Resistance patterns in HA-pathogens in Europe 



Surgical ATB prophylaxis prolongation > 24h 

Average, 59.2%, range 10.7% (UK/N Ireland) - 92.3% (Romania) 



SSI rates 
USA:   2.6/100 surg. proc. 
Europe:  3/100 surg. proc. 
 

 General surgery 
 3.1%   
 4.5%         
 4.7% 
    
 Abdominal surgery 
 23%         
 11% 
      

Haridas et al, Surgery 2008 

Misteli et al, Arch Surg 2009 

Hawn et al, J Am Coll Surg ‘08 

Greif et al, NEJM 2000 

Duttaroy et al, Surg Infect 2009 

Gaines RP et al, CID 2001 

HELICS, SSI statistical report 2004 



Frequency and impact by type of HAI  
(USA and EU) 

HAI 
Type 

Average 
attributable 
mortality  

Average 
increased 
LOS  

Attributable 
Costs in US 

Dollars 

Range 
  

(%) (days) Mean SD Min Max 
BSI 20 8.5  36,441 37,078 1,822 107,156 
SSI 4.3 6.5  25,546 39,875 1,783 134,602 
VAP 27 5  9,969 2,920 7,904 12,034 

UTI / / 1,006 503 650 1,361 



Allegranzi B et al.  
Lancet 2011;377:228-41  

Published on 5 May 2011 
http://www.who.int/gpsc/en/  

 

Bagheri Nejad S, et al. Bull OMS 
2011;89:757-765 

What about low and middle income countries ? 



WHO Report on the Burden of Endemic Health Care-associated Infection Worldwide 

Europe: 55 

Eastern Mediterranean: 37 

Africa: 21 
Americas: 86  

South East 
Asia: 50 

Western Pacific: 23 

National Surveillance Systems  
in 23/147 (16%) developing countries 

* Studies with any scope (i.e. conducted at the unit, facility, multicenter, or national level) are included  

Total = 276 studies  



Low- and middle-income countries 

WHO Report on the Burden of Endemic Health Care-associated Infection Worldwide 

Range: 5.7-19.1% 
Pooled prevalence: 10.1% (95% CI 8.4-12.2) 

In high-quality papers: 15.5% (95% CI 12.6-18.9)  

Prevalence of health care-associated infection in low-/middle-income countries, 1995-2010 



Africa Americas 
Eastern 

Med. Europe 
South-East 

Asia West Pacific Internat. Total 

 Type of 
infection Adult Ped Adult Ped Adult Ped Adult Ped Adult Ped Adult Ped Adult  Ped Adult Ped All 

HAI 
general 6 1 31 20 14 3 29 4 15 5 7 6 4 0 106 39 145 

SSI 7 3 16 3 8 0 8 0 12 0 5 0 0 0 56 6 62 

VAP 1 1 5 0 8 0 4 1 6 2 1 1 0 0 25 5 30 

BSI  0 0 5 2 1 1 3 1 3 3 0 2 0 0 12 9 21 

HAP 0 1 3 0 0 0 3 0 2 1 0 1 0 0 8 3 11 

UTI 1 0 1 0 2 0 2 0 1 0 0 0 0 0 7 0 7 

Total 15 6 61 25 33 4 49 6 39 11 13 10 4 0 214 62 276 

Type of study by region 



Type of hospital-acquired infection 
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Incidence of surgical site infections (57 studies) 

Range:     0.4-30.9 per 100 surg pts  
    1.2-23.6 per 100 surg procedures 

 

Pooled cumulative incidence:  11.8 per 100 surg pts (95% CI 8.6-16.0) 
     5.6 per 100 surg procedures (95% CI 2.9-10.5) 

 
Allegranzi B et al. Lancet 2011; 377:228-41  

 



SSI risk in developing countries  
according to wound classification 

SSI pooled means:  
11.5, 16.6, 21.3, 38.8 
episodes per 100 SP 
(from clean to dirty 

wound)  

◊ NNIS reports 

Allegranzi B et al.  
Lancet 2011;377:228-41  
  



SSI rates from 30 countries, 4 continents,  
2005-2010 

Rosenthal V et al, ICHE 2013 



Ethiopia: 21% 

                15% 

Tanzania: 19% 

                  24% 

Uganda: 10% 

Nigeria: 16-31% 

Kenya: 19% 

CAR: 18% 

SSI incidence in Africa (studies from1995-2009) 

 

 

 
 

 

Bagheri Nejad S et al. WHO Bull 2011;89:757–765 

Algeria: 12% 



12 853 titles identified 

12 249  abstracts not eligible for inclusion  
(not relevant to the study objective) 

 604 abstracts eligible for inclusion and 
detailed assessment 

  460 articles excluded because not relevant 
to the study objectives or not found 

 144 articles included in the analysis 

Systematic review on SSI epidemiology in LMIC (1995-2014) 
PRELIMINARY RESULTS  

WHO unpublished data 



Brazil  
10% (Obs) 
24% (Obs) 
19% (GS) 
19% (CCH) 
1% (Ortop) 

Ethiopia   
12% & 18% (Obs) 

SSI frequency in specific countries (2010-2014) 

China 
0.7% (Obs) Mexico 

12% (Others) 
45% (Ped) 

Nigeria 
12% (Obs) 
16% (Obs) 
17% (Abd S) 
20% & 24% (Ped) 
 
 

Sudan   
25% (GS) 

Venezuela   
15% & 32% (GS) 

Tanzania 
26% (GS) 
 
 

Mongolia  
4% (GS) 

Kenya 
7% (Ped) 
 
 

Burkina   
24% (GS) Colombia   

14% (GS) 

Romania   
7% (GS) 

Mali   
12% (Ped) 

Egypt   
17% (GS) 

Pakistan  
9% (GS) 
10% (CCH) 

Serbia   
23% (Ortop) 



Ethiopia   
12% & 18% (Obs) 

SSI frequency in specific African countries  
(studies from 2010- 2013) 

Nigeria 
12% (Obs) 
16% (Obs) 
17% (Abd S) 
20% & 24% (Ped) 
 
 

Sudan   
25% (GS) 

Tanzania 
26% (GS) 
 
 

Kenya 
7% (Ped) 
 
 

Burkina   
24% (GS) 

Mali   
12% (Ped) 

Egypt   
17% (GS) 



  Pathogens Number of isolates (%) (total number of  studies 36)  

  
BSI  

(5 studies) % 
SSI  

(20studies) % 
UTI  

(4 studies) % 
VAP/HAP 

(7 studies) % Total  % 

S. aureus 62 14.5 245 20.3 4 1.1 47 10.2 358 14.6 

Coagulase Neg Staph 92 21.5 92 7.6 1 0.3 15 3.3 200 8.2 

Enterococcus spp 48 11.2 38 3.1 42 12.0 1 0.2 129 5.3 

E. coli 25 5.8 245 20.3 55 15.7 6 1.3 331 13.5 

Pseudomonas spp 52 12.1 210 17.4 53 15.1 134 29.2 449 18.3 

Enterobacteriaceae 
(excl E coli) 49 11.4 311 25.7 37 10.5 92 20.0 489 20.0 

Acinebacter spp 53 12.4 18 1.5 23 6.6 110 24.0 204 8.3 

Candida spp 30 7.0 13 1.1 130 37.0 1 0.2 174 7.1 

Other 17 4.0 37 3.1 6 1.7 53 11.5 113 4.6 

Total 428 100 1209 100 351 100 459 100 2447 100 

Allegranzi B et al.  
Lancet 2011;377:228-41  



North America 
VRE (E. faecium)   66.1% 

MRSA   50.6% 

ESBL-K. pneumoniae    9.8% 

A. baumannii (IMP-R)  10.9% 

P. aeruginosa (IMP-R)   7.7% 
Enterobacter spp. (CPE-R)   2.1% 

Europe 
VRE (E. faecium)  14.4% 

MRSA  24.8% 

ESBL-K. pneumoniae  17.0% 

A. baumannii (IMP-R)  13.4% 

P. aeruginosa (IMP-R)    9.1% 
Enterobacter spp. (CPE-R)    6.5% 

Asia Pacific 
VRE (E. faecium)   21.7% 

MRSA    45.0% 

ESBL-K. pneumoniae   22.8% 

A. baumannii (IMP-R)   24.2% 

P. aeruginosa (IMP-R)   9.6% 
Enterobacter spp. (CPE-R)  8.4% 

Latin America 
VRE (E. faecium)   38.8% 

MRSA    46.6% 

ESBL-K. pneumoniae   36.2% 

A. baumannii (IMP-R)   33.5% 

P. aeruginosa (IMP-R)   18.0% 
Enterobacter spp. (CPE-R)  13.5% 

Resistance rates in hospitals  worldwide 

www.testsurveillance.com.  Courtesy, Dr Kurup A  



MRSA prevalence in hospital settings 

Song JH, Chung DR. et al. 2011;66:1061-9 
Grundmann H, et al. Lancet 2006;368:874-85 
Stefani S, Chung DR, et al. Int J Antimicrob Agents 2012;39:273-82 Courtesy, Chung DR  



Independent risk factors for SSI in LMIC 
Independent risk factors for SSI in LMIC (systematic review 1995-2013) 

Risk factors Number 
of articles of articles 

Duration of surgery Duration of surgery 12 12 
Underlying pathology (diabetes) Underlying pathology (diabetes) 10 10 
Wound class Wound class 9 9 
ASA ASA 7 7 
Age Age 4 4 
Obesity Obesity 4 4 
Duration of admission Duration of admission 3 3 
Drain ( use, duration) 3 3 
Malnutrition Malnutrition 2 
Sex (female) Sex (female) 2 2 



Author, year, 
country 

Population LOS, days Mortality Costs 

Nigeria , 2009, 
Nigeria 

 Paediatrics 
vs 18.0 (1–99) without  18.0 (1–99) 

without 

vs 4.1% vs 4.1% NA 

Bhatia, 2003, 
India (CABG) bypass graft 

(CABG) 
moderate 20 , 
severe 25) moderate 20 , 
severe 25) 

No SSI related 
deaths in mild, moderate, 

severe infections in mild, moderate, 
severe infections 

Raka, 2007, 
Kosovo 

Abdominal surgery  4 without  4 
without 

NA NA 

Thailand , 2005, 
Thailand 

Mixed surgery Mean excess 
LOS: 21.3 1355 $ 

Kaya, 2006, 
Turkey 

General surgery Mean excess 
LOS: 8 

NA 
600 $ 

Le, 2006, Vietnam Orthopaedics and 
neurosurgery 

Median excess 
LOS: 18 

No mortality 
difference 

NA 



Gaps in SSI surveillance in LMIC 
No data from many countries  
 

Inconsistent use of  
!  Definitions and surveillance methodologies  
No data from many countries   

Inconsistent use of  ! 
Definitions and surveillance methodologies  ! 
Post-discharge surveillance ! 
Use of N of patients as denominator 

 

Limited data on  ! 

Microbiology and antibiotic resistance ! 
NNIS index and other risk factors  



Many challenges to preventing SSI in Africa 

Patient-related 
!  eg. Co-morbidities inc HIV, malnutrition  

!  Operation-related 
!  eg. Late presentation " contaminated operations 
!  eg. Surgeon with poor handwashing  technique 

!  Microbiological factors 
!  eg. Colonisation with drug-resistant bacteria 

!  Institutional factors 
!  Construction of building, sterilization services, staffing …  
  



Risk Models are Needed to Monitor Performance 

Different patients, different diseases, and different 
operations create different risks of infection  

risk adjustment that accounts for these differences is critical 
to allow for meaningful comparisons between surgeons or 
between hospitals 

 



National Nosocomial Infection Surveillance 
System Risk Index 

One point given for each of the following: 
1.  patient having an American Society of 

Anesthesiologists (ASA) preoperative assessment 
score of 3, 4, or 5 

One point given for each of the following: 1. 
patient having an American Society of 

Anesthesiologists (ASA) preoperative assessment score of 3, 4, or 5 

2. 
an operation classified as either contaminated or 



Crude infection rate or risk-adjusted 
standardised infection ratio? 

Journal of Hospital Infection (2008) 69, 295e300 



The importance of surveillance 



SSI surveillance paper 

Keywords: ssi, surveillance, Kenya 



Telephone calls after discharge 

Clinician review  
= GOLD STANDARD 

No SSI SSI 
P

ho
ne

 c
al

l 
st

at
us

 
  

No SSI 66 7 

SSI 0 16 

On this basis 
 

Sensitivity of phone call = 69.6% (95%CI 47.1-86.8%) 
Specificity of phone call = 100% (95%CI 95-100%) 

When phone calls and clinical reviews were within 48 hours of each other 



Why is there so little SSI surveillance in LMIC? 
 

■    Lack of dedicated human resources and funds 
■    Lack of expertise in epidemiology and infection control 
■    Difficulties in the application of standard definitions: 
#    limited expertise 
#    lack of reliable microbiological and other diagnostic tools 
#    poor-quality information from patient records 
#    need to evaluate clinical evidence 
 

■    Lack or insufficient microbiology laboratory capacity  
■    Lack of skills for data interpretation and use  
■    Existence of different payer sources  
■    Penalization of hospitals and staff by State Inspection Agency 

Allegranzi B et al. Lancet 2011 



It takes just 
5 Moments 
to change 
the world 

Clean your 
hands, stop 
the spread of 
drug-resistant 
germs! 

5 May 2014 
Role of hand hygiene to combat 

antimicrobial resistance  
http://www.who.int/gpsc/5may/en/  



Participate in the WHO 5 May 2014 Global 
Surveys! 

A Global Prevalence Survey on Multidrug- Resistant 
Organisms (MDROs) –  to assess and raise awareness of 
the burden of the five key health case-associated MDROs 
that have been identified at the global level  

 

WHO Global Prevalence Survey on use of SURGICAL 
ANTIBIOTIC PROPHYLAXIS - to assess surgical antibiotic 
prophylaxis prescribing in a wide range of acute health-care 
facilities  

#  Find out how to participate at: 
English http://www.who.int/gpsc/5may/global-surveys/en/  
French http://www.who.int/gpsc/5may/global-surveys/fr/ 
Spanish http://www.who.int/gpsc/5may/global-surveys/es/  





Thank you  
 
  

Find information at www.who.int/gpsc/5may  
Send enquiries to savelives@who.int or 
allegranzib@who.int  

WHO Clean Care is Safer Care 


