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Nosocomial infection

Infection not present, not incubated at the time of
admission/exposure and epidemiologically linked to 
health-care procedures performed in- as well as 
out-side the hospital

Health-care associated infection

( ( including Nosocomial outbreakincluding Nosocomial outbreak))



Health-care associated infection

Infection not present, not incubated at the time of
admission/exposure and epidemiologically linked to health-
care procedures performed in- as well as out-side the hospital

Acute symptomatic infection and/or Documented 
seroconversion

Newly diagnosed infection

! PATIENT TO PATIENT

! PATIENT TO HEALTHCARE WORKER

! HEALTHCARE WORKER TO PATIENT



Health-care associated infection

Infection not present, not incubated at the time of
admission/exposure and epidemiologically linked to health-
care procedures performed in- as well as out-side the hospital

Availability of negative  “time zero”

Nucleic Acid tests

Serology

or at least

Consistent with incubation period 

“window period”



Health-care associated infections

Infection not present, not incubated at the time of
admission/exposure and epidemiologically linked to health-
care procedures

Conventional “classic” epidemiologic investigation 



HCV PATIENT TO PATIENT TRANSMISSION

Reference Setting Suspected 
transmission route

Rieske 1998 unclearPediatric oncology

Allander 1995 Percutaneous procedures
Multidose vials

oncology

Widell 1999 Multidose vialsPediatric oncology
Flushing IV catheters, 
contaminated gloves

Research projectSchvarcz 1997

Procedures performed by 
ancillary staff (not clarified)

In vitro fertilizationLesourd 2000

Bronowicki 1997 colonscopy Endoscope, multidose vials

Ozone therapy Reuse of quartz-glass containerGabriel 1996

Gynecology surgery Multidose vialsMassari 2001

surgery Respiratory circuitHeinsen 2000

Saginur 2001 Research project

Finger-stick devices for glucoseabetic pt

Percutaneous procedures

Desenclose 2001 Unit for di



Health-care associated infections

Infection not present, not incubated at the time of
admission/exposure and epidemiologically linked to 
health-care procedures

Conventional “classic” epidemiologic investigation 

confirmed by

Molecular epidemiology



HCV PATIENT TO PATIENT TRANSMISSION

sequence 
analysis

phylogenetic 
analysis

genotype 
analysis 

Reference

+ E2/HVRAllander 1995

+ HVR1Widell 1999

+ NS5, core +Schvarcz 1997

+ NS3Bronowicki 1997

+ E1, E2, 
HVR1, NS5

+Massari 2001

+ +C-E1Heinsen 2000

+ E1/HVRSaginur 2001

Desenclose 2001 + E2/HVR; NS5b +



HIV
All the 4 cases of HCW-to-Pts transmission of HIV reported

in the literature,
was confirmed by genotype, sequence and phylogenetic

analysis

HCV
In 10 out of 12 cases of HCW-to-Pts transmission of HCV 

reported in the literature for whom data are available,
transmission was confirmed by genotype, sequence and, in 7, 

also by phylogenetic analysis



Cases of occupationally acquired HIV infection are usually categorised 
as either "definite" or "possible", but the definitions used vary slightly 

from country to country



Definite case 

1. Documented HIV seroconversion associated in time with a
specific occupational exposure to a source of HIV. 

2. Subtyping or genotyping of HIV from an infected 
healthcare worker show the strain to be indistinguishable 
from that of the putative source

i.e.  when HIV infectivity of the source not documented or
specific exposure unreported

Possible or probable case 

no other identified risk for infection other than 
occupational exposure.



Exposure prone procedures



Recommendations for Preventing Transmission of Human 
Immunodeficiency Virus and Hepatitis B Virus to Patients During 
Exposure-Prone Invasive Procedures 

Recommendations and Reports

July 12, 1991 / 40(RR08);1-9

Precautions are prudent to prevent HIV and HBV transmission
during procedures that have been 

linked to HCW-to-patient HBV transmission
or 

that are considered exposure-prone,
i.e. procedures in which the likelihood of exposure of the patient to an 

HCW's blood is greater.



Exposure-Prone Procedures 

…….. in the case of the sharp object causing the HCW injury 
recontacted the patient's open wound.

Tokars JI. Percutaneous injuries during surgical procedures. JAMA. 1992 
Injuries occurred during 6.9% of the 1382 procedures.
In 32% of the injuries in surgeons, the sharp object that caused the injury 
recontacted the patient

Evidence: Recontact is frequent and at higher rates in certain surgical 
settings

Deriving Principle: these settings should be considered at high risk



Exposure prone
Surgical specialties linked to  HCW-tp Pts HBV transmission

9 cardiothoracic surgeons
8 obstetric/gynecologic surgeons
8 general surgeons
5 oral surgeons
4 dentists
2 orthopedic surgeons
1 (general, cardiot. & gynecologic surg)
1 (gynecologic surg, orthopedic surg) 
1 urology

39 surgeons



EP  Surgical interventions linked to HCW-tp Pts HBV transmission:

Hysterectomy, Ovariectomy
Repair of prolapse uterus

Caesarean delivery
Deliveries with forceps

Coronary bypass
Valvular replacement
Bypass surgery
Open heart surgery
Heart transplant
Repair of congenital defects
Thymectomy
Open lung biopsy
Pneumonactomy

Total knee arthroplasty
Hip hemiarthroplasty
“bone-pinning”

Cholecystectomy, inguinal hernia repair

gynecological 

obstetric

cardio thoracic

Orthopedic

G-intestinal



Surgical interventions linked to  HCW-tp Pts HCV or HIV transmission

HCV 

3 cardiothoracic surgeons
valvular replacement, coronary bypass

3 obstetric/gynecologic surgeons
cesarean section, Hysterectomy. N.A. 

1 orthopedic surgeons
total hip arthroplasty

7 surgeons

HIV

1 orthopedic         Hip prothesis with bone transplant

1 dentist Unknown

1 gynecologic  Cesarean section



Exposure-Prone Procedures: a descriptive definition

UK Advisory Panel for HCW infected with B-B viruses. 2002

Invasive procedures where there is a risk that injury to the worker  may 
result in the exposure of the patient’s open tissues to the blood of the
worker. 

These include procedures where the worker’s gloved hands may be in 
contact with sharp instruments, needletips or sharp tissues (e.g.
spicules of bone or teeth) inside a patient’s open body cavity, wound or
confined anatomical space where the hands or fingertips may not be 
completely visible at all times.



Department of Health, Dec 2002 Health Clearance for Serious Communicable Diseases

Report from the Ad hoc Risk Assessment Expert Group Exposure-prone procedures



Department of Health, Dec 2002 Health Clearance for Serious Communicable Diseases

Report from the Ad hoc Risk Assessment Expert Group Exposure-prone procedures (EPPs):



Department of Health, Dec 2002 Health Clearance for Serious Communicable Diseases

Report from the Ad hoc Risk Assessment Expert Group Exposure-prone procedures (EPPs):



HCV transmission from
cardiothoracic surgeon - 2002

1992-2001 10.000 interventions 

3 cases documented, 4 highly probable

August 2001: Cardiothoracic surgeon tested HCV positive

Probably, occupationally acquired infection

North Shore University Hospital Policy: 

Double gloves, clamps instead of wires, blunted needles, baseline 
patient’s  HCV testing and informed consent

Continue to operate
www.newsday.com  April 2002



Exposure-Prone Procedures 

Despite adherence to the principles of universal precautions,
certain invasive surgical and dental procedures have been 
implicated in the transmission of HBV from infected HCWs to 
patients, and should be considered exposure-prone.

Deriving Principle: Some invasive procedures would be regarded
as non-exposure prone if conducted in accordance with Standard 
precautions and other preventive measures.

and 

infected HCW who adhere to SP can be allowed to practice

? How to evaluate compliance



Non- Surgical procedures linked to  HCW-tp Pts 
HBV, HCV, HIV  transmission

2 physicians
1 nurse
1 inhalation therapist
2 pump perfusion technicians
1 acupuncturist
1 EEG technician
1 not specified
1 dentist

HBV

HCV

HIV

3 Anesthetists 
(endotracheal intubation i.V. incannulation)

1 Surgical unit nurse







There was no association between the risk

of procedure and transmission rates based on confirmed

and undetermined cases in incidents combined or

separately 





Although the risk during high risk procedures was 7 time 
higher………at least 28% of patients were infected during low 

risk procedures



EXPOSURE-PRONE PROCEDURES

•Interview consultation, dental examination
•Noninvasive examinations or procedures (aural 
testing, electrocardiograph, abdominal 
ultrasound)
•Intact skin palpation (gloves not required)
•Injections/venipuncture (gloves required)

Low-risk
procedures

•Minor dental procedures (excluding 
examination), routine dental extractions
•Internal/instrument examination/biopsy (e.g. 
endoscopy, vaginal examination, laparoscopy)
•Minor skin surgery

Variable-risk 
procedures

•Any submucosal invasion with sharp, hand-held 
instruments or procedures dealing with sharp 
pathology/bone spicules, usually in poorly 
visualised or confined spaces (e.g. orthopaedic 
surgery, trauma, internal cavity surgery)

High-risk or 
“exposure prone” 
procedures

ProcedureRisk

Demediuk N 2002 www.ashm.org.a



EXPOSURE-PRONE PROCEDURES

• all the othersLow-risk 
procedures

those with potential for direct contact between
the skin (usually finger or thumb) of the

healthcare worker and sharp surgical 
instruments, needles, or sharp tissues

(spicules of bone or teeth) in body cavities or 
in poorly visualised or confined body sites”.”

• include surgeons, operating room nurses, intensive 
care staff, interventional radiologists and their 
assistants, and emergency department staff. 

High-risk or 
“exposure prone” 
procedures

high transmitter risk

ProcedureRisk

Medical Journal Australia  2003; 179 (3): 153-157



EXPOSURE PRONE PROCEDURES

" CATEGORY 1

" CATEGORY 2

" CATEGORY 3

UKAP



EXPOSURE PRONE PROCEDURES

CATEGORY 1

THE HANDS AND FINGERTIPS OF THE WORKER ARE 
USUALLY VISIBLE AND OUTSIDE THE BODY MOST OF THE 
TIME.

THE POSSIBILITY OF INJURY IS SLIGHT. 

THE RISK OF THE HEALTH CARE WORKER BLEEDING INTO 
A PATIENT’S OPEN TISSUES SHOULD BE REMOTE.

EXAMPLES: 
LOCAL ANAESTHETIC INJECTIONS IN DENTISTRY, 
REMOVAL OF HAEMORRHOIDS, INTRAVENOUS 
CANNULATION AND ENDOTRACHEAL INTUBATION



EXPOSURE PRONE PROCEDURES

CATEGORY 2

THE FINGERTIPS MAY NOT BE VISIBLE AT ALL TIMES BUT 
INJURY TO THE WORKER’S GLOVED HANDS FROM SHARP 
INSTRUMENTS AND/OR TISSUES IS UNLIKELY.

IF INJURY OCCURS IT IS LIKELY TO BE NOTICED AND 
ACTED UPON QUICKLY TO AVOID THE HEALTH CARE
WORKER’S BLOOD CONTAMINATING A PATIENTS OPEN 
TISSUES.

EXAMPLES: 
ROUTINE TOOTH EXTRACTIONS, APPENDICECTOMY.



EXPOSURE PRONE PROCEDURES

CATEGORY 3

THE FINGERTIPS ARE OUT OF SIGHT FOR A SIGNIFICANT 
PART OF THE PROCEDURE, OR DURING CERTAIN CRITICAL 
STAGES.

THERE IS A DISTINCT RISK OF INJURY TO THE WORKERS 
GLOVED HANDS FROM SHARP INSTRUMENTS AND/OR 
TISSUES. 

IT IS POSSIBLE THAT EXPOSURE OF THE PATIENT’S OPEN 
TISSUES TO THE HEALTH CARE WORKERS BLOOD MAY GO 
UNNOTICED OR WOULD NOT BE NOTICED IMMEDIATELY.

EXAMPLES:
HYSTERECTOMIES, CAESAREAN SECTIONS, OPEN 

CARDIAC SURGICAL PROCEDURES.



Threshold of Infectivity

Level of viremia below which transmission 
does not occur or it is unlikely

Level of viremia below which the HCW can 
continue to work (to perform EPP)



HBV



Cases of HCW-to-pts HBV transmission

Spijkerman et al
2002

Molyneaux et al
2000

Incident 
Investigation 
Team 1997

Harpaz et al
1996

Ref. (year)

5 x 109N.A.

1 x 106N.A.

1 x 107

2.5 x 105

4.4 x 106

5.5 x 106

General

Gyn

1 x 109Thoracic

HBV DNA
g Eq/ml

Surgery

Buster et al Antiviral research 2003; 60: 79-85



HBV DNA levels and transmission of HBV by HBeAg neg HCWs

Corden et al. J Clin Virol 2003; 27:52-58.

*
* *

***

* HBeAg neg transmitting surgeons

!
!
!
!
!

Of the transmission incidents associated with e-antigen negative health care workers 
which have been reported in the UK, only one health care worker had an HBV DNA

level below 105 genome equivalents/ml (3 months after the exp)



anti-Hbe carrier state is a dynamic host/parasite relationship with natural, short lived, fluctuations
of viral load, which, in rare cases, lead to an /3 log increase in viral load (mean 0.89 log).

i.e. from 102/103 to 104/105 copies/ml)



HBV-DNA threshold limit
below which the HCW can continue to perform EPP

US., Canada, Italy:  no level is specified

Australia:                 “high”

UK/Eire, France 103 g Eq/ml 

The Netherlands, Germany 105 g Eq /ml

The European Consensus Group 104 g Eq /ml



In the UK a cut off of 103 copies/ml has lead to the restriction of /58% HBV infected HCWs 

In the Netherlands a cut off of 103 copies/ml would result in the restriction of /94% infected HCWs.

6%

58%

Gunson et al J Clin Virol 2003





No restriction

Return

Treatment

Restriction Definitive restriction

HBV DNA
g Eq/ml

< 103

<103 

> 105> 103 < 105

Every 3 months monitoring



HCV



HCV viral load in anti-HCV-reactive donors and infectivity for their recipients
Transfusion-Transmitted Viruses Study. Transfusion. 2003;43:1433-41.

To determine the minimum level of HCV nucleic acid in donors associated with 
infection of recipients. 

A total of 156 recipients of components from 180 anti-HCV-reactive donors were 
identified; 94 (88%) became infected. 

Eighty-five recipients had donors whose HCV RNA level was quantifiable by RT-
PCR (range, 182 - 3,310,000 copies/mL). 

Eighty-three (98%) seroconverted. 

High rates of transmission were seen at all levels of viremia, and one 
donor transmitted with undetectable levels in the TMA assay. 





Increased Risk of Mother-to-Infant Transmission of Hepatitis C Virus
by Intrapartum Infantile Exposure to Maternal Blood
Steininger et al The Journal of Infectious Diseases 2003;187:345-351

The mothers of infected children had a higher mean HCV load than did mothers of
uninfected children (7.3 × 105 vs. 2.5 × 104 copies/mL), and this difference in HCV load
was even more pronounced among mothers who underwent vaginal delivery (8.1 × 105

vs. 1.4 × 104 copies/mL). However, no statistically significant association could be 
found between maternal HCV RNA level and the risk of mother-to-infant transmission
of HCV, although a trend toward a higher risk of transmission with increasing levels of
maternal viremia was noted



Risk factors for HCV transmission after occupational 
exposure in HCWs: a European case-control study

Cases Controls     Unadjusted OR     p- value

0.0411.0 (1.1-114.1)66>6 log

0.155.5 (0.6-55.5)105>4 < 6

1.0111/12< 4 log10 cp/ml

0.0001RR 1.45 
(1.23-1.72)

42/6137/37HCV RNA + 

Yazdanpanah et al submitted



HCWs to PATIENT TRANSMISSION OF HEPATITIS C

RNA
level

Speciality Country Date Infected 
patients

Cardiothoracic surgeon

Cardiothoracic surgeon

Gynaecologic surgeon

Gynaecologic surgeon

Orthopedic surgeon

Anesthetist

Anesthetist

Anesthetist

Unknown

Unknown 

Cardiothoracic surgeon

E

UK

UK

D

D

D

USA

UK

UK

UK

USA

1988-93

1994

1997

1999

2000

1998

1996

2001

1994-99

n.d.

1993-2002

5

1

1+7*

1

1

5

1

1

3

1

3+4*

2.2 x 106 gEq/ml

1 x 106 gEq/ml

N.A.

2.6 x 105 IU/ml

1.3 x 106 IU/ml

1 x 106 cp/ml

3.7 x 106 gEq/ml

3.7 x 106 cp/ml

N.A.

N.A.

N.A.

* In course



Health Service Circular (HSC) 2002/010
Hepatitis C Infected Health Care Workers

HCV  health care workers who have responded successfully 
to treatment with antiviral therapy should be allowed to 
resume exposure prone procedures.

Successful response to treatment is defined as remaining 
hepatitis C virus RNA negative 6 months after cessation of 
treatment.

Successfully treated health care workers will be allowed to
return to performing exposure prone procedures at that time. 
As a further check, they should be shown still to be hepatitis
C virus RNA negative 6 months later.



HIV



In the case reported in France,  the HIV infected nurse

had a viral load of 83.000 cp/ml, and 95 CD4 cells



First Case of HIV Transmission by an RNA-
Screened Blood Donation

•A case of HIV transmission by red blood cell unit that 
tested negative by MP-NAT (RT-PCR; 24-unit pool) as 
well as anti-HIV Ab and p24 Ag negative. 

•The viral load in the implicated donation plasma was 
150 gEq/mL.

Delwart et al. Vox Sang. 2004 Apr;86(3):171-7



Rate of heterosexual transmission among 
415 couples per 100 person-years

0

5

10

15

20

25

%

<400 400-3499 3500-
9999

10000-
49999

>50000

HIV-RNA copies/ml

male to female
female to male

Vernazza et al. AIDS 1999; 13; 155



Adjusted Rate Ratios of the Risk of Sexual 
Transmission and Acquisition of HIV-1

Serum HIV-1 RNA level 
in HIV-1+ partners  

Risk of Transmission 
among HIV-1+ Partners 

Risk of Acquisition among 
HIV-1- Partners 

< 3500 copies/ml 1.0 1.0 

3500-9999 copies/ml 5.80 (2.26-17.80) 5.81 (2.52-17.91) 

10000-49000 copies/ml  

6.91 (2.96-20.15) 
 

6.84 (2.93-19.97) 

>= 50000 copies/ml 11.87 (5.02-34.88) 12.55 (5.28-36.99) 

Level (per log 
increment) 

 

2.45 (1.85-3.26) 
 

2.45 (1.86-3.26) 

 
 

Quinn et al. NEJM 2000; 342: 921



Ioannidis JPA, et al. 
Perinatal transmission of human immunodeficiency virus type
1 by pregnant women with RNA virus loads < 1000 copies/mL.

Meta-analysis from 7 EU/US studies

Treatment  % Rate 95% CI 
Yes   8/834 1.0 0.4 – 1.9 
No  36/368 9.8 7.0 – 13.4 
    
    

 

 

J Infect Dis 2001; 183:539-45.



ACTG 076: HIV vertical transmission by 
plasma HIV RNA at entry

0
5

10
15
20
25
30
35
40
45

%

</= 1730 1731-5660 5661-15770 > 15700
HIV-RNA copies/ml

ZDV
Placebo

N Engl J Med 1996; 335:1621-29.



Women and Infants Transmission Study Women and Infants Transmission Study 
GroupGroup

34,8
18,8 19,4

8,6
0

19,7
15,4

7,1 6,2 0
6,2 7,7

4 4,2 1,5
4,8 0 0 0 1,8

0

5

10

15

20

25

30

35

%

>30000
>10000-29999

>3500-9999

>400-3499

Undetectable (<400)

HAART

Multi-ART

ZDV Mono

None

Maternal Plasma HIV-1 Copies/mL Cooper ER et al.  JAIDS 
2002; 29: 484-494.



Cases of HIV transmission despite PEP by source viral load

1.540occupationalPerdue et al
1998

20.000sex expCordes et al
AIDS 2004

750.000occupationalBeltrami et al 
ICHE 2002

60.000occupationalHawkins et al 
J infect 2001

25.000Lot et al
1999

2 wks later
< 200   
820

occupationalLot et al
1999

HIV RNA cp/ml


	HCV PATIENT TO PATIENT TRANSMISSION
	Risk factors for HCV transmission after occupational exposure in HCWs: a European case-control study
	Rate of heterosexual transmission among 415 couples per 100 person-years
	Ioannidis JPA, et al. Perinatal transmission of human immunodeficiency virus type 1 by pregnant women with RNA virus loads <
	ACTG 076: HIV vertical transmission by plasma HIV RNA at entry
	Women and Infants Transmission Study Group

