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1  ABSTRACT 

1.1 German 

Das Hepatitis C Virus (HCV) repräsentiert eine beträchtliche Gefahr sowohl für 

Beschäftigte in Gesundheitsberufen als auch für PatientInnen. Bisher wurde von 

mehr als 200 Übertragungen von Beschäftigten in Gesundheitsberufen auf 

PatientInnen in wissenschaftlichen Publikationen berichtet. Daher erscheint es von 

großer Bedeutung, Personen mit einer HCV-Infektion, welche in 

Gesundheitsberufen arbeiten, zu identifizieren und Regulationen, wie mit ihnen 

umzugehen ist, einzuführen. 

 

Derzeit gibt es keine übereinstimmenden Empfehlungen, Regulationen oder 

Richtlinien, betreffend der Verhinderung von Übertragung einer HCV-Infektion von 

Beschäftigten im Gesundheitswesen auf PatientInnen. In dieser Diplomarbeit wird 

versucht, Fragen, die in diesem Zusammenhang auftreten, zu beantworten: 

Sollten Beschäftigte im Gesundheitswesen auf HCV „gescreent“ oder individuell 

getestet werden und welche „Assay(s)“ sollen dazu verwendet werden? Wann und 

wie oft sollten Beschäftige in Gesundheitsberufen getestet werden? Was sollte mit 

Personen, welche im Gesundheitswesen arbeiten und mit HCV infiziert sind, 

geschehen? 

 

Basierend auf einem Vergleich bestehender Empfehlungen, Regulationen und 

Richtlinien zu diesem Thema werden in dieser Diplomarbeit Empfehlungen 

entwickelt und nützliche Vorschläge gemacht.  Diese Diplomarbeit, welche zum 

Forschungsfeld „Sustainable Health Research“ der Medizinischen Universität Graz 

gehört, ist in modifizierter Form im „Journal of Clinical Virology“ unter dem Titel 

„Health care worker-to-patient transmission of hepatitis C virus in the health care 

setting: many questions and few answers” im Druck. 
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1.2 English 

Hepatitis C virus (HCV) infection represents a substantial risk to both, health care 

workers and patients. More than 200 cases of health care worker-to-patient 

transmission of HCV have been reported in scientific publications; it is thus of 

major importance to detect health care workers with HCV infection and to establish 

regulations how to deal with infected individuals working in specific health care 

settings. Currently, there are no consistent recommendations, regulations or 

guidelines concerning detection of HCV infected health care workers and efficient 

prevention of health care worker-to-patient transmission of HCV.  

 

Questions arising include: Should health care workers be screened or tested 

individually on HCV infection and what kind of assay(s) should be used? When 

and how often should health care workers be tested? How should the health care 

worker with HCV infection be managed? Based on these questions, this diploma 

thesis reviews existing recommendations, regulations, and guidelines concerning 

this matter. Furthermore, recommendations how to better handle with this problem 

are developed and suggestions useful for establishing a future common regulatory 

framework are provided.   

 

This work which is part of the research area "Sustainable Health Research" of the 

Medical University of Graz will be published in a modified version in the Journal of 

Clinical Virology (“Health care worker-to-patient transmission of hepatitis C virus in 

the health care setting: many questions and few answers”, 2009, in press). 
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2 THE HEPATITIS C VIRUS 

2.1 Morphology 

The hepatitis C Virus (HCV) was first identified in the USA in 1989. Infectious 

hepatic disease had been defined as “non A, non B hepatitis” prior to the 

identification of the causative agent. The characterization of the HCV led to the 

understanding of its primary role as post-transfusion hepatitis and its pathogenic 

tendency to induce persistent chronic liver infection leading to cirrhosis and liver 

cancer. 

The HCV is a small, single-stranded, enveloped 9600-nucleotide RNA molecule of 

positive-polarity classified as a unique genus, designated Hepacivirus in the 

Flaviviridae family (Fig. 1, 2). 

 
Fig. 1: Schematic design of HCV 

  

 
Fig. 2: Electron microscopy of hepatitis C virus 
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2.2 Genome, proteins and replication 

The HCV genome consists of a single large open reading frame that encodes for 

a virus polyprotein of approximately 3000 amino acids. Towards the 5’ end of the 

genome, the E2 and E1 region encoding two highly variable envelope antigens, 

the C region encoding the nucleocapsid protein, and the 5’ noncoding 

(untranslated) region have been described (Fauci et al., 2008). Towards the 3’ 

end of the genome, the NS2, NS3, NS4a, NS4b, NS5A, NS5B regions encoding  

the genes for 6 non-structural proteins and the 3’ noncoding (untranslated) region 

have been described (Fauci et al., 2008). The non-structural regions encode 

replication proteins such as the helicase, the serin protease, and the RNA-

dependent RNA polymerase (Fig. 3). 

 

 
 

Fig. 3: Genome of HCV 

 

There exist six viral genotypes which differ one from another in sequence 

homology by more than 30% and more than 50 subtypes. However, even HCV 

isolates show strong genetic divergence with a huge number of HCVs showing 

small genetic variation referred to as quasispecies in each infected patient. The 

diversity of HCV genomes results from mutations due to high error rates in RNA 

replication and interferes with effective humoral immunity.  Neutralizing antibodies 

to HCV have been described but they do not play an efficient role in immunity 

against HCV infection. Furthermore, neither heterologous nor homologous 

immunity was reported after acute HCV infection (Fauci et al., 2008). The 

distribution of HCV genotypes/subtypes varies in different parts of the world. 

Several subtypes such as 1a, 1b, 2a, and 2b are ubiquitous, while others are 

confined to specific geographic areas. Worldwide, HCV genotype 1 is the most 

common. In a recent Austrian study, HCV genotype 1 was found to be responsible 

for HCV infection in up to 65% of patients investigated (Ferenci et al., 2008).  
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In Europe, subtype 1b appears to be the most common. Several studies 

performed showed consistency with the hypothesis that the relative risk of getting 

cirrhosis or hepatocellular carcinoma may be significantly higher in patients with 

subtype 1b (Bellentani et al., 1999; Roffi et al., 1998). HCV genotype 3 is 

significantly associated to intravenous drug abuse while almost all of the patients 

infected with HCV genotype 4 originate from Middle East countries. HCV 

genotypes 5 and 6 are largely confined to South Africa and Southeast Asia (Fauci 

et al., 2008; Ray at el., 2000). 

 

Only a few facts are known about the HCV lifecycle (Fig. 4). The envelope 

glycoproteins are supposed to be the ligand for receptors on the hepatocytes. 

Several possible receptors for HCV have been identified such as CD81, the 

scavenger receptor class B type I, and the mannose binding lectins DC-SIGN and 

L-SIGN (Pawlotsky et al., 2004). After receptor mediated endocytosis and fusion 

of the virus envelope with the endosomal membrane, the viral nucleocapsid is 

thought to be uncoated and released into the cytoplasm. After IRES mediated 

translation of the viral RNA and processing in the endoplasmatic reticulum, the 

HCV RNA serves as a template for replication and coding of viral proteins is 

performed. After viral packaging and assembly the mature virion is finally released 

via exocytosis. 
 

 
 

Fig. 4: Lifecycle of HCV 
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2.3 Prevalence of HCV Infection 

The HCV infection is endemic in most parts of the world representing a major 

global health care problem (Fig. 5). With more than 170 million people infected 

with HCV worldwide corresponding up to 3% of the world's population, the World 

Health Organization (WHO) has declared HCV infection a major public health 

challenge with heterogeneous geographical and temporal relevance (World 

Health Organization, 1999). In Europe, the estimated prevalence of HCV infection 

ranges between 0.1% and 1.2% in Northern and Central Europe and between 

2.5% and 3.5% in Southern Europe (Esteban et al., 2008). However, in certain 

areas, the HCV prevalence may be significantly higher with up to 26% of the 

general adult population in Southern Italy (Raffaele et al., 2001). In Eastern 

European countries, prevalence of HCV infection has been reported to be 

between 0.9% and 4.9% among blood donors, between 1% and 10% among 

health care workers, 13% to 48% among hemodialysis patients, and up to 92% in 

hemophilic patients (Naoumov et al., 1999). In the United States, national survey 

data suggest that the prevalence there is about 1.8% making it the country's most 

common chronic blood borne infection (Brown et al., 1999). 

 

In contrast to countries with higher socioeconomic status, there is less data 

available about prevalence of HCV infection in countries with lower 

socioeconomic status. In the Eastern Mediterranean region, the HCV prevalence 

is estimated to be 4.6% with the highest seroprevalence rate reported for Egypt 

with 15% to 20% (http://who.int/inf/en; Frank et al., 2000). It is estimated that 

parenteral antischistosomal treatment played a major role in the spread of HCV 

throughout Egypt. In Pakistan, the HCV rate is estimated to be between 4.0% and 

6.5% (Khattak et al., 2002; Luby et al., 1997). In the Western Pacific region and in 

parts of South America, prevalence rates are between 2.5% and 4.9% 

(http://who.int/inf/en). In India, HCV prevalence is estimated to be 0.9% according 

to a community based survey from Eastern India (Chowdhury et al., 2003). There 

is only few data available on HCV prevalence in Africa. In Central Africa, the 

seroprevalence was reported to be up to 6.5% in the general population (Ndong-

Atom et al., 2008). 
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Fig. 5: HCV prevalence worldwide 

 

The risk to health care workers acquiring HCV in the health care setting is well 

recognized (Table 1). In fact, aggregate serological data suggest that healthcare 

workers show a prevalence of HCV infection similar to that of the general 

population (Centers for Disease Control and Prevention, 1998).  
 

 
Study 

size (n) 
Percentage with 

HCV antibodies (%) 
Reference Country 

Healthcare 
workers 

976 1.4 
Geberding, 

1994 
USA 

Healthcare 
workers 

430 0.9 
Germanaud 
et al., 1994 

France 

Healthcare 
workers 

5813 2.0 
Petrosillo et 

al., 1995 
Italy 

Healthcare 
workers 

1949 0.2 
Neal et al., 

1997 
UK 

Liver 
transplantation 

personnel 
57 5.3 

Goetz et al., 
1995 

USA 

Operating room 
personnel 

104 4.4 
Mujeeb et 
al.,1998 

Pakistan 

 
Table 1: Prevalence of HCV antibodies in healthcare professionals 
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According to the WHO model, the worldwide annual incidence of HCV infections 

among health care workers is estimated to reach 16,000 infections due to 

occupational exposure to percutaneous injuries (Esteban et al., 1996). In contrast 

to substantial progress in countries with higher socioeconomic status, protection 

of health care workers is still very incomplete in countries with lower 

socioeconomic status. It is estimated that three million health care workers 

experience the stressful event of a percutaneous injury with a contaminated sharp 

object each year. The average risk of HCV infection after a needle-stick injury with 

HCV-infected blood ranges between 2% and 3% (Table 2). 

 

 Risk (%) 
Hepatitis B infection after percutaneous injury (not vaccinated) 30 

Bacterial infection after operation 1 - 15 
HCV infection after percutaneous injury 2 - 3 

HIV infection after needle-stick 0.3 
Anesthesia-associated mortality 0.01 

Mortality after penicillin-associated anaphylaxis 0.01 - 0.002 
 

Table 2: Risk evaluation in the health care setting 
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2.4 Clinical course of HCV infection 

During the acute phase of HCV infection, the vast majority of patients do not show 

any symptoms. Unspecific symptoms if any may include fatigue, nausea, 

vomiting, lethargy, abdominal pain, dark urine, and light (acholic) stool. In rare 

cases, more specific symptoms such as jaundice and hepatosplenomegaly may 

be present. The minority of newly infected patients is able to clear the infection. 

Because of the high mutability of the HCV genome and its ability to escape the 

immune system, the vast majority of infected patients develop a chronic HCV 

infection (Wong et al., 2006). 

 

Chronic infection is defined as continuing disease for at least six months. It may 

be asymptomatic for several years until evidence of liver failure becomes clinically 

apparent. Some patients experience nausea, malaise, abdominal pain and/or 

pruritus. In the end stage of HCV infection, patients may develop spider 

angiomata, palmar erythema, and teleangiectasia. Chronic HCV infection causes 

chronic inflammation of the liver which leads to fibrosis and finally progresses to 

cirrhosis (Fig. 6). In case of advanced cirrhosis, splenomegaly, ascites, hepatic 

encephalopathy and/or esophageal varices may be observed. Cirrhosis develops 

in about 10% to 20% of patients with chronic infection and hepatocellular 

carcinoma develops in 1% to 5% of patients with chronic infection over a period of 

20 to 30 years (Fig. 7). 

 

   
Fig. 6:  Liver showing macronodular   Fig. 7: Magnetic resonance image 

cirrhosis      of the upper abdomen of a patient  

       with hepatocellular carcinoma 



 

2.5 Diagnosis of HCV infection 

The clinical course of acute hepatitis C begins with an incubation period that 

ranges from 15 to 150 days. During the incubation period, usually 1 to 2 weeks 

following exposure, HCV RNA can be detected in serum, well before the 

appearance of HCV antibodies. HCV antibodies are usually detectable from 6 

weeks after infection onwards (Fig. 8).  

 

The majority of chronically infected patients are accidentally diagnosed, e.g. 

during admission to hospital when serum aminotransferase elevation becomes 

evident.  

 

 
 

Fig.8: Laboratory parameters in acute and chronic HCV infection 
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2.6 Epidemiology and routes of transmission 

HCV is primarily spread by direct contact with human blood. Transmission through 

transfusions that are not screened for HCV infection, through the reuse of 

inadequate sterilized needles, syringes or other medical equipment or through 

needle-sharing among drug users, is well documented (http://www.who.int/en/).  

 

Sexual and perinatal transmission may also occur, although less frequently. Sex 

with an infected partner and with multiple partners has been identified as risk 

factors for HCV transmission but sexual transmission is far less efficient than that 

of other sexually transmitted pathogens. There exist no sufficient data showing 

whether specific sexually transmitted coinfections or particular sexual practices 

increase the likelihood of sexual transmission of HCV (Shepard et al., 2005). 

Acquisition of HCV infection through perinatal transmission is estimated to occur in 

2.7% to 8.4% of infants born to HCV-infected mothers and is significantly higher 

with HIV coinfection and a high maternal viral load (Ferrero et al., 2003; Thomas et 

al., 1998). 

 

Other modes of transmission such as social, cultural and behavioural practices, 

percutaneous procedures such as piercing and tattooing, acupuncture, shaving in 

barbershops and other procedures in beauty shops may occur if inadequately 

sterilized equipment is used (Alter H. et al., 1997; Haley et al., 2001; Kao et al., 

2000; Mele et al., 1995).  

HCV is not spread by sneezing, hugging, coughing, food or water sharing eating 

utensils or casual contact.  

 

In countries with lower socioeconomic status, the major ways of transmission are 

non-sterilized injection equipment and unscreened blood transfusions. WHO’s 

global database on blood safety estimates that 43% of donated blood in the 

developing world is not screened adequately for transfusion-transmitted infections, 

including HCV (http://www.who.int/bloodsafety/global_database /en/SumRep_ 

English.pdf).  
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A review of transfusion safety in Latin American countries revealed that blood 

products were screened for HCV in only 6 of 12 countries (Schmunis et al., 2001). 

In New Delhi, among 182 anti-HCV-negative hospitalized patients studied 

prospectively following a blood transfusion, HCV infection developed in 5.4% 

(Saxena et al., 1999). In India, HCV screening of blood products is mandated by 

law but usually not done due to financial constraints (Ray et al., 1999). 

 

The epidemiology of HCV infection in the Western World has changed 

dramatically over the past few decades, primary as a result of the identification of 

HCV as the major cause of transfusion associated hepatitis and identification of 

the HCV genome (Henderson, 2003). Furthermore measures such as adoption of 

an all-volunteer donor system, screening of blood donations with surrogate 

laboratory tests for liver disease e.g. alanine aminotransferase, anti-HCV testing, 

and HCV nucleic acid testing have been introduced. Today, blood is so safe in 

many developed countries that classic methods to measure risk are no longer 

sensitive enough to provide meaningful estimates or document transfusion related 

transmission-events (Busch et al., 2003). 

 

Prior to these precautions, transfusion and intravenous drug abuse were the most 

common routes of HCV transmission in countries with higher socioeconomic 

status. In the 1980s, the risk for HCV infection associated with transfusion was 

nearly 20% per unit transfused. Once the blood supply could be effectively 

screened for hepatitis C, the most important factor for transmission of HCV in 

developed countries became needle-sharing accounting for up to 60% of 

infections (Henderson, 2003). Intravenous drug abusers not only have the highest 

prevalence of HCV infection but also constitute a potential reservoir of HCV in the 

community (Fig. 9). The incidence varies between 31% to as high as 98% in 

different parts of the world (Memon et al., 2001). The prevalence of HCV infection 

increases proportionally with the duration of intravenous drug abuse. 

 



 

Previously aquired (<1990s)

Transfusion
10%

Occupational
4%

Unknown
10%

Sexual
15%

  Injection 
drug use

60%

Other*
1%

 

Newly acquired (1995-2000)

Sexual
18%

Occupational
4%

Injection 
drug use

68%

Other*
1%

Unknown
9%

 
*Other includes nosocomial, iatrogenic, perinatal 

 
Fig. 9: Sources of HCV transmission  

 

Because hepatitis C is a blood-borne infection and is transmitted efficiently by 

transfusion and needle-sharing, there is no doubt that an occupational risk for 

transmission of HCV in the health care setting exists, including transmission from 

patient-to-patient, from patient-to-health care worker, and from health care worker-

to-patient. 
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2.6.1 Patient-to-patient transmission 

Patient-to-patient transmission has been reported as the major way of 

transmission of HCV in the healthcare setting. In this context, the transmission of 

HCV in hemodialysis units requires special attention. The prevalence of HCV 

infected patients attending hemodialysis units, ranges between 3.9% and 71% in 

some countries (Wreghitt et al., 1999). The probability of acquiring HCV infection 

may be up to 12% per 100 treatment years (Forns et al., 2005). Environmental 

contamination, the dialysis apparatus, no separation of infected and non-infected 

patients, and lack of well-trained personnel have been recognized as possible 

reason for HCV transmission within hemodialysis units (Abacioglu et al., 2000; 

Alfurayh et al., 2000; Allander et al., 1995, Aucella et al., 2000; Bracho et al., 

2005; Delarocque-Astagneau et al., 2002; Grethe et al., 2000; Katsoulidou et al., 

1999; Kokubo et al., 2002; Kondili et al., 2006; Ross et al., 2009; Savey et al., 

2005). Further possibilities for HCV transmission in the healthcare setting include 

unsafe injection practice, contamination of multidose vials, contaminated 

immunoglobulins, and organ transplantation (Chapel et al., 2001; Frank et al., 

2000; Germain et al., 2005; Kahn et al 2000; Montella et al., 2003; Smith et al., 

1999, Wreghitt et al., 1994). In general, the lack of sufficient hygienic standards 

has been described as major reason of HCV transmission in various healthcare 

settings such as hemodialysis units, plasmapheresis units, colonoscopy, 

endoscopy, anesthesia and gynecological procedures (Bronowicki et al., 1997; 

Datz et al., 1999; Izopet et al., 2005; Muscarella et al., 2001; Massari et al., 2001). 
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2.6.2 Patient-to-health care worker transmission 

A number of case reports have documented occupational HCV transmission from 

anti-HCV positive patients to health care worker in a variety of settings 

(Marranconi et al., 1992; Mizuno et al., 1997; Nakano et al., 1995; Noguchi et al., 

1997; Norder et al., 1998; Perez-Trallero et al., 1994; Ridzon et al., 1997; 

Schlipköter et al., 1990). In the majority of these events, direct percutaneous 

exposure to blood represented the route of transmission of HCV from the patient 

to the health care worker. The most common percutaneous injury resulting in 

occupational infection is the needle-stick with a hollow-bore, injection-style needle 

contaminated with HCV infected blood.  

 

It is also documented that HCV has been transmitted after human bites and by a 

punch in the eye (Abel et al., 2000; Dusheiko et al., 1990). 

Furthermore, there have been case reports of HCV transmission as a result of a 

blood splash to the conjunctiva (Hosoglu et al., 2003; Sartori et al., 1993). 

Although HCV RNA has been detected in several body fluids from infected 

patients including saliva, urine, seminal fluid, menstrual blood, ascites and spinal 

fluid, no transmission has been documented yet. Substantially lower viral loads in 

these fluids in comparison with those in blood may be the reason (Laskus et al., 

2002; Liou et al., 1992; Silverman et al., 1994). 



 

16 

 

 

2.6.3 Health care worker-to-patient transmission 

The occupational risk to health care workers of acquiring hepatitis C virus in the 

health care setting is well recognized but during recent years patients as well as 

public health authorities became increasingly concerned about HCV transmission 

in the opposite direction, i.e. from the health care worker to the patient. 

 

Transmission of HCV infection from health care workers to patients may be 

common, even in countries with high sanitary standard. More than 200 cases of 

health care worker-to-patient transmission of HCV have been reported in scientific 

publications and risk factors such as intravenous drug abuse or insufficient 

sanitary standard have been described (Bosch, 1998; Brown, 1999; Cody et al., 

2002; Duckworth et al., 1999; Esteban et al., 1996; Mawdsley et al., 2005; Ross et 

al., 2002; Ross et al., 2002; Ross et al., 2000; Stark et al., 2006). 

 

With regard to the incidence of health care worker-to-patient transmission just a 

few look-back investigations have been performed up to date. 

 

In most cases, the surgeon is considered to be the source of infection through 

accidental exposure to his blood via abrasions or small cuts sustained by the 

surgeon during surgery (Table 3).  

 

A retrospective study from 1992 to 1994 could prove that a Spanish cardiac 

surgeon with chronic hepatitis C transmitted HCV to five of his patients during 

open-heart surgery (Esteban et al., 1996). Their study could not clearly pinpoint 

the circumstances and mechanism of transmission but as injuries do regularly 

occur in the course of tying the wires during closure of the sternum, transmission 

is suggested to be associated with these percoutaneous wire injuries. According to 

the study the surgeon reported an overall incidence of about 20 percoutaneous 

injuries per 100 procedures and that he did not notice the glove perforation and 

the injury until after the procedure in many cases. 
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In 1999 three transmissions have been documented during gynecological 

procedures such as hysterectomy and cesarean section in the UK (Brown, 1999). 

In 2002 a study from Germany could prove HCV transmission during a cesarean 

section (Ross et al., 2002). According to a report by the Senate of Surgery of 

Great Britain and Ireland, which represents the surgeons' royal colleges and 

others, gynecology is one of the highest risk specialties for surgeon injury, with 

sharps injuries occurring in 10% of all procedures and up to 21% of vaginal 

hysterectomies (Brown, 1999). 

 

The first HCV transmission by an orthopedic surgeon was documented in 2002. 

During a total hip arthroplasty, an additional trochanteric osteotomy was necessary 

and the trochanter had to be reattached by wire fixation. Although the operating 

team could not recall any circumstances that may have caused the transmission, 

an injury due to the wires could possibly have led to a percutaneous injury of the 

surgeon (Ross et al., 2002). 

 

Reports of transmission from infected anesthetists or anesthetic assistants are 

rarer than reports of transmission involving infected surgeons (Table 4). A 

retrospective study performed in Germany provides evidence for the first time that 

a non-surgical staff member infected with HCV transmitted the virus to five 

patients, which has only been reported for hepatitis B virus so far (Ross et al., 

2000). According to that study, the assistant was almost entirely responsible for 

the administration of the anesthesia including preparation of the narcotic drugs, 

venous and arterial puncture and intubation of the patients. A wound on the 

assistant’s right was reported to be the most plausible way of transmission, as he 

admitted usually not to wear gloves in the operating room because of diminution of 

his sense of touch. Cody et al. (2002) described transmission of HCV from an 

anesthetist to a patient in which the only anesthetic procedures performed were 

endotracheal intubation and peripheral intravenous puncture and no plausible way 

of transmission could be made out. 
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Comparable with these two incidents, another study from 2005 could prove the 

first case of HCV transmission during an anesthetic procedure in the UK. In 

contrast to the studies described above, the anesthetist was known to be hepatitis 

C positive and thus obliged to all existing infection measures, had washed his 

hands before the operation and had worn gloves throughout (Mawdsley et al., 

2005). 

 

Bosch et al. (1998) describes a Spanish anesthesiologist addicted to narcotics 

who injected himself with patient’s narcotics before injecting them in the patient 

with the identical needle and syringe (Table 5). He was sentenced for more than 

2000 years in prison for having infected more than 240 patients consciously (not 

yet published). 

 

 
Study 

size (n) 

No. of 
patients 
infected

Transmission 
rate (%) 

Reference 

Surgeon (UK) 1900 3 0.2 Brown, 1999 

Cardiac Surgeon (UK) 278 1 0.4 
Duckworth et 

al., 1999 

Anesthetist (USA) 348 1 0.3 
Cody et al., 

2002 

Gynecologist (D) 2285 1 0.04 
Ross et al., 

2002 

Orthopedic Surgeon (D) 207 1 0.5 
Ross et al., 

2002 

Cardiac Surgeon (SP) 222 5 2.3 
Esteban et al., 

1996 

Gynecologist (UK) 4500 8 0.2 
Pugliese et 

al., 2000 
 

Table 3: Evidence of HCV Infection among surgical patients 
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No. of patients 

infected 
Reference 

Anesthesia assistant (D) 5 Ross et al.,2000 

Anesthetist (USA) 1 Cody et al., 2002 

Anesthetist (UK) 1 Mawdsley at al., 2005 

Anesthetist (D) 3 Stark et al., 2006 

 

Table 4: Evidence of HCV infection among surgical patients; 

risk factor: lack of hygiene 
 

 

 
No. of patients 

infected 
Reference 

Anesthetist (SP) 240 Bosch, 1998 

Operating room technician 
(USA) 

40 Sehulster et al., 1997 

 

Table 5: Evidence of HCV infection among surgical patients;  

risk factor: intravenous drug abuse 
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3 STRATEGIES TO PREVENT HEALTH CARE WORKER-
TO-PATIENT TRANSMISSION 

3.1 Recommendations, regulations, and guidelines concerning 

prevention of health care worker-to-patient transmission of HCV  

There are neither clear-cut nor uniform guidelines for the identification and 

management of HCV infected individuals employed in the health care setting. In 

Europe, most countries have no national policy for HCV infected health care 

workers; only in a few countries including Germany, Italy, and UK as well as in the 

USA (in alphabetical order) guidelines exist. In a few other countries, policies or 

instruments on the identification of infected health care workers and restrictions on 

their work have been implemented. However, all recommendations, regulations, 

and guidelines existing so far have been incoherent and incomprehensive with no 

general consensus on the question how to deal with HCV infected health care 

workers in a health care setting. 

 

In this context, a clear definition of exposure-prone procedures is urgently needed. 

Most guidelines offer no, minimal or fairly unspecific guidance as to what 

constitute exposure-prone procedures.  

 

The UK recommendations define all procedures with the risk that injury of the 

worker may result in the exposure of the patient’s open tissues to the blood of the 

worker to be exposure-prone (http://www.doh.gov.uk/hepatitisc). Procedures 

include those where the worker’s gloved hands may be in contact with sharp 

instruments, needle tips or sharp tissues inside a patient’s open body cavity, 

wound or confined anatomical space with the hands or fingertips not completely 

visible at all times. Procedures, where the hands and fingertips of the worker are 

visible and outside the patient’s body like the incision of external abscesses and 

internal examinations as well as simple endoscopic procedures or procedures that 

do not involve a certain risk of injury of the worker’s gloved hands are considered 

not to be exposure-prone. It must be decided individually if a hepatitis C infected 

worker should continue to perform a procedure which itself is not exposure prone, 
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but complications arising could lead into the performance of an exposure-prone 

procedure.  

 

In contrast, a recently published US article defines exposure-prone procedures as 

those during which a laboratory-confirmed clinical case of viral transmission from a 

health care worker to a patient has occurred (Reitsma et al., 2005). In that article 

all health care-related procedures were classified into three different classes of 

procedures (categories I-III).  

 

Category I contains those where the risk of blood-blood contact between physician 

and patient is unlikely and thus only with minimal risk of viral transmission. The 

surgical field and the physician’s hands are well visualized and the procedure is 

either superficial located or with minimal or no involvement of sharp instruments. 

In the absence of documented cases these procedures are considered to be safe 

until proven otherwise. 

 

Category II entails those for which viral transmission is theoretically possible but 

unlikely. The operative field and the physician’s hands are well visualized and 

there have never been any documented cases of transmission. Furthermore no 

deep spaces are reached other than with devices like scopes and catheters so 

that the physician’s hands and sharps are never unseen. 

 

Category III lists procedures for which there is definite risk of viral transmission. It 

consists of procedures that are proven to be exposure-prone as well as those that 

are highly likely to be exposure-prone but have not been documented to date. 

They are considered to be dangerous when performed by hepatitis C positive 

health care workers and are off-limits for infected physicians. 
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3.2 Should health care workers be screened or tested individually 

on HCV and what kind of assay(s) should be used  

In the reviewed literature, the first part of this question has been answered 

controversially. In the majority of recommendations, systemic or periodic screening 

of health care workers on HCV infection has been declined, while few demand for 

screening tests. It must be stated that the group of people to be tested on HCV 

infection has not been clearly defined in the reviewed literature. Especially, the 

question how to deal with transient staff members such as students included in 

exchange programs and volunteers remains unanswered. 

 

In Germany, screening for HCV antibodies is generally recommended for all 

employees working with body fluids, secretions and excretions, and tissues 

(Biostoffverordnung 2006). This also includes medical and dental students and 

self-employed people such as general practitioners and midwives. 

 

In Italy, serological testing and evaluation of several infection markers have been 

recommended for each health care worker who directly performs invasive 

procedures (Mele et al., 2001). However, general screening of health care workers 

in order to identify individuals with HCV infection has been considered 

unnecessary as the number of positives is expected to be low and screening is 

costly and may be influenced by logistical problems. 

 

In the UK, practitioners who are already involved in exposure-prone procedures 

are not legally obliged to undergo screening for HCV antibodies, except when they 

suffer an accidental needle stick. In contrast, each health care worker who plans to 

undertake professional training for a career that relies upon the performance of 

exposure-prone procedures must be screened for HCV antibodies 

(http://www.doh.gov.uk/hepatitisc). In this context, it is recommended that junior 

doctors entering any surgical specialty should be tested before performing 

exposure-prone procedures as well as future students should be tested before 

they enter the dental school. 
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The recommendations published by the United States Centers for Disease Control 

and Prevention (CDC) reject mandatory testing but encourage voluntary testing for 

health care workers who perform invasive procedures (Centers for Disease 

Control and Prevention, 1998). In a recently published article, the need for testing 

on HCV antibodies is strongly acknowledged (Reitsma et al., 2005). 

 

In contrast, there exists consensus on the second part of the question as testing 

on HCV antibodies to be commonly regarded as the sufficient method. 
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3.3 When and how often should health care workers be screened 

Several strategies have been proposed with regard to those issues. The majority 

of strategies are based on HCV antibody and/or alanine transaminase (ALT) 

testing. Primary determination of serum HCV RNA is not considered (Deuffic-

Burban et al., 2009). 

 

In Germany, testing on HCV antibodies should be done prior to the employment 

followed by regular testing (Biostoffverordnung, 2006). Intervals depend on the 

infection risk which has not been defined clearly varying 1 to 3 years. 

 

The Italian recommendations focus on testing health care workers who directly 

perform invasive procedures without indicating a particular time interval (Mele et 

al., 2001). Testing should be repeated only when health care workers report about 

having been exposed to blood or biological fluids. 

 

In the UK, the first time for testing varies depending upon the particular career but 

in general, each medical student must be tested before being involved in 

exposure-prone procedures (Reitsma et al., 2005). Testing should be repeated 

after each accidental needle stick. 

 

In the US, there is no requirement to undergo periodic testing, neither for medical 

students nor for health care workers involved in exposure-prone procedures 

(Centers for Disease Control and Prevention, 1998). 



 

3.4 How should health care workers with HCV be managed 

The general attitude throughout the literature demands limitations for health care 

workers with confirmed HCV infection; i.e., both HCV antibodies and HCV RNA 

are detectable. In contrast, there are usually no limitations recommended for those 

with detectable HCV antibodies but undetectable serum HCV RNA (Fig.10).  

 

HCV antibodies (immunoessay) 

 

 

Positive (reactive)  Negative (not reactive) 
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HCV RNAa                   No HCV infectionb 

 

 

Positive  Not detectable

 

 

HCV infection 
 Probably cured HCV 

infectionc 

 
 

a Diagnostic method of choice in case of tentative HCV infection, 

immunosuppressed  patients, and infants of HCV infected mothers during the 

first 18 months after birth. 
b In case of asymptomatic and not immunosuppressed patients. 
c The immunoblot assay may detect unspecified reactivity of the immunoassay. 

Repetition of detection of HCV RNA is recommended within 6 to 12 months. 

 
Fig. 10: Algorithm of testing for HCV infection 
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Additionally, there is no consensus whether positive health care workers should be 

forced to disclose their HCV status to their patients. Some recommendations 

suggest infected physicians to inform patients of their infection status before 

undertaking an invasive procedure, whereas others leave disclosure of the HCV 

status up to the health care worker. 

 

In Germany, guidelines do not demand any restrictions for health care workers 

with detectable HCV antibodies but undetectable serum HCV RNA or with serum 

HCV RNA concentration below 1x103 IU/ml (Biostoffverordnung, 2006). If the 

serum HCV RNA concentration is found to be between 1x103 and 1x105 IU/ml, an 

expert committee decides whether restrictions are necessary. If the serum HCV 

RNA concentration exceeds 1x105 IU/ml, the health care worker is considered to 

be at high risk of transmitting HCV and excluded to perform exposure-prone 

procedures. According to the German recommendations, there is no reason to 

exclude health care workers with HCV infection from their profession in general. In 

contrast, the forthcoming German recommendations refuse limits for HCV RNA 

and allow health care workers with positive HCV RNA to perform non-exposure-

prone procedures. Health care workers should not be excluded from exposure-

prone procedures in general, but exposure-prone procedures should be reduced 

to a minimum under strict consideration of safe practice. Furthermore, an expert 

committee should give advice in which area of the health care setting the health 

care worker may be employed (not yet published).    

 

In Italy, health care workers with confirmed HCV infection must abstain from 

performing exposure prone procedures (Mele et al., 2001). If the serum HCV RNA 

remains undetectable when tested in a 3 months interval, no limitations are 

necessary. Furthermore, health care workers with sustained remission of infection, 

either as a response to treatment or occurring spontaneously should be re-

evaluated and eventually reassigned their previous duties. Health care workers 

who do not directly perform invasive procedures do not constitute a risk of 

transmission of HCV, regardless of their infectious status; no limitation is thus 

necessary. These recommendations must also be applied to medical school and 

post-graduate students as well as institutions must help students and interns found 
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to be infected to choose a career best-suited to their individual potential. In Italy, 

health care workers are urged to inform their patients of their HCV status but this 

is left to the discretion of the health care worker whose privacy is protected by law. 

However, in situations in which the patient has been clearly exposed to blood or 

other body fluids of the health care worker the patient must be informed. Anyway, 

the institution must make every effort to ensure absolute privacy and confidentiality 

of each health care worker.  

 

In the UK, health care workers with HCV infection should also be excluded from 

performing exposure-prone procedures (http://www.doh.gov.uk/hepatitisc). Health 

care workers with detectable HCV antibodies but undetectable serum HCV RNA 

as well as those who were treated successfully showing sustained virological 

response (undetectable serum HCV RNA for at least 6 months after cessation of 

treatment) and undetectable serum HCV RNA for another 6 months should be 

allowed to continue performing exposure-prone procedures. If health care workers 

with detectable serum HCV RNA intend to undertake professional training for a 

career that relies upon the performance of exposure-prone procedures, they 

should be excluded from such training unless they show a sustained virological 

response to treatment and undetectable serum HCV RNA for another 6 months. 

Furthermore, health care workers performing exposure-prone procedures are 

obliged to seek and follow confidential and professional advice on whether they 

should be tested when they think that they may have been at risk of acquiring 

hepatitis C. Health care workers who assume that they may have been infected 

and intend undertaking professional training relying upon the performance of 

exposure prone procedures but refuse testing should be excluded from such 

training. Similar to the Italian guidelines, it is emphasized that confidentiality and 

privacy of the infected health care worker has always to be ensured and disclosure 

of the HCV status is not necessary unless patients are or have been at risk. 

 

In the United States, presently no working group recommends exclusion of 

infected health care workers from any aspect of patient care. As recommended for 

all health care-workers, those who are HCV positive should follow strict aseptic 

technique and standard precautions, including appropriate use of hand washing, 
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protective barriers, and care in the use and disposal of needles and other sharp 

instruments (American College of Surgeons, 1999; Beltrami et al., 2000; Centers 

for Disease Control and Prevention,1998).  

The Society for Healthcare Epidemiologists of America has recently issued 

guidelines recommending all infected health care worker to use double gloving for 

exposure prone procedures and that infected providers should not be excluded 

from any aspect of patient care unless they are epidemiologically implicated in the 

transmission of infection despite adequate precautions (AIDS/TB Committee of the 

Society for Healthcare Epidemiology of America, 1997). 

The American College of Surgeons has stated that surgeons infected with HCV 

have no reason to alter their practice but should seek expert advice and 

appropriate treatment to prevent chronic liver disease (American College of 

Surgeons, 1999). The CDC recommendation on prevention and control of HCV 

infection does not impose any restriction of professional activities of health care 

workers with HCV infection (Centers for Disease Control and Prevention, 1998). 

Disclosure recommendations among individual federal states are controversial. 

The CDC proposes disclosure of the health care worker’s HCV status to the 

patient, whereas a recently published article considers disclosure not necessarily 

effective and appropriate for health care workers (Centers for Disease Control and 

Prevention, 1998; Reitsma et al., 2005). It is argued that the significance of the 

potential for harm is not mitigated nor remedied by disclosure and that it would be 

an invasion of the health care worker’s privacy if the law required disclosure of the 

health care worker’s HCV status (Reitsma et al., 2005). Disclosure of the health 

care worker’s HCV status may not improve the patient’s safety but cause more 

harm because of patient’s anxiety and health care worker’s stigmatization (Closen 

et al., 1996). However, in case that an injury occurs and infection becomes a 

theoretical possibility, immediate notification is necessary for timely serological 

testing and prophylaxis (Reitsma et al., 2005). It has also been stated that the 

acknowledged social risks of disclosure could be avoided by refraining from 

performing procedures that expose patients to the risk of transmission (Fost, 

2000). Evidence-based limits to the practice of health care workers with HCV 

infection may thus be appropriate and may be established according to the 

definition of exposure prone procedures (Reitsma et al., 2005). 
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In a recent article, a European Consensus group could not achieve any consensus 

as how to manage HCV infected health care workers who perform exposure-prone 

procedures (Gunson et al., 2003). On balance, it was not recommended exposure-

prone procedures to be forbidden for any health care worker with HCV infection. 

However, it was recommended that all health care workers performing exposure-

prone procedures know their HCV status as it may have implications for their 

future career. Those found to be infected should be referred to a hepatologist, as 

successful treatment minimizes the risk of transmission of HCV to patients. If there 

is a substantial blood letting into a patient’s body cavity, then the status of the 

health care worker should be made known to the health care setting and the 

patient informed and treated if infection occurred. 
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4 SUGGESTIONS USEFUL FOR ESTABLISHING A 
COMMON REGULATORY FRAMEWORK 

After reviewing the recent literature concerning recommendations, regulations, and 

guidelines on how to deal with health care worker-to-patient transmission of HCV, 

many questions remain unanswered and the need for establishing a national or, 

even better, an international regulatory framework to better handle this problem 

seems obvious. Future regulations and guidelines should be more clear and 

comprehensible for both the health care workers and those who are responsible 

for the appropriate execution of these specific regulations and guidelines. 

Furthermore, it seems to be meaningful to strengthen the health care worker’s 

awareness by encouraging them to increase their self-competence. This may help 

to decrease the number of unreported cases of needle stick injuries or other 

incidents of exposure to blood or body fluids. To achieve this, individual 

institutional seminars on this specific issue should be held on a regular basis with 

obligatory attendance. This should be included in the quality assurance/quality 

control policies of any health care setting. 

 

The question whether screening or individual testing on HCV infection should be 

introduced for health care workers and what kind of assay(s) should be used is of 

vital importance. It appears to be reasonable establishing the HCV status of any 

health care worker as early as possible, preferably before they decide about their 

career. It is thus of major significance demanding for HCV antibody screening for 

all individuals prior to start working in any health care setting including any 

transient members as e.g. students, PhDs, and volunteers, independently of 

exposure prone procedures performed. Health care workers already working in a 

health care setting should also undergo screening on HCV antibodies 

independently of exposure-prone procedures performed. The screening interval 

should be determined as once per year. The annual screening interval appears to 

be well-balanced regarding both the practical, logistical and financial demands and 

the compliance of all those to be tested. In case of detectable HCV antibodies, 

subsequent confirmation by serum HCV RNA testing using a highly sensitive real-

time PCR assay must be done. 
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To evaluate the HCV status of health care workers after a needle stick injury, 

testing on HCV antibodies as soon as possible after the incident should be 

followed by the testing on serum HCV RNA after 2 weeks. In case of undetectable 

HCV RNA, repeat testing after another 4 weeks should be done. This strategy not 

only leads to an earlier detection of HCV transmission but also provides an earlier 

confirmation of the absence of HCV transmission. The period during which the 

health care worker’s quality of life may deteriorate is thus shortened significantly. 

Although this strategy seems to be more expensive at first glance, it appears 

reasonably cost-effective when considering all consequences following such an 

incident. 

 

Health care workers with HCV infection need to be managed by a hepatologist 

regarding further diagnostic procedures including determination of the HCV 

genotype, evaluation for antiviral therapy, and the time period of restriction from 

exposure-prone procedures. When affected health care workers are found to be 

suitable for receiving antiviral therapy, they should be advised to undergo therapy 

after determination of the HCV genotype. As soon as sustained virological 

response is documented, health care workers may be allowed to return working at 

their position without any restrictions on performing exposure-prone procedures. It 

is not advisable to manage health care workers with HCV infection based on their 

HCV viral load as the infective dose for HCV transmission being still unknown, 

different assays for detection of serum HCV RNA having divergent cut-off values 

and thus being not comparable. If viral clearance is not achieved for any reason, 

the health care worker must be excluded from performing exposure-prone 

procedures. 

 

In conclusion, there exists an urgent need for improvement of guidelines 

concerning prevention of health care worker-to-patient transmission of HCV. 

Implementation of improved guidelines may have a significant impact on both 

avoiding health care worker-to-patient transmission of HCV and ensuring patient 

safety in the health care setting in general. 
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