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INTRODUCTION 

In the pre-vaccination era transmission of hepatitis B virus (HBV) in medical settings was a severe public health problem. A 
high rate of infections of health care workers (HCW) with HBV was observed and 5-10 % of the infected subjects usually 
became chronic HBV carriers. HBV transmission was especially frequent in areas with direct contacts to blood such as 
surgery, hemodialysis units, or oncology wards. In contrast to hepatitis C, transmission of HBV from patient to HCW can be 
prevented by vaccination. Therefore, the number of HBV infections of HCW dropped significantly during the last 20 years 
(17). This sustained decline in the incidence of hepatitis B among persons with occupational exposure can be attributed 
hepatitis B vaccination of HCWs (19), graduates of medical school (7), and emergency medical technicians (18). Introduction 
of a series of measures to prevent exposure to HBV in addition contributed to the reduction of the rate of HBV infections (2). 
As a result, the incidence of HBV infection among HCWs is now lower than among the general population (11, 16). As more 
than 95% of vaccinees develop protective antibodies, the risk of vaccinated HCW to acquire HBV during their professional 
activities is minimal. However, not all HCW are vaccinated or are responders to vaccine and, therefore, are at risk to 
acquire HBV infection. In Germany each year about 60 HCW who acquired hepatitis B by exposure at work are registered 
by the health care insurance. 

HCW, who became HBV carriers due to infection in early childhood or exposure during their career prior to the beginning 
of HBV vaccination, represent a potential risk for their patients (24). Hasselhorn and Hoffmann reviewed number of accidents 
in which HCW, predominantly medical doctors, had infected 404 patients (13). Similar findings are reported by Koziol et al. 
(16). A most recent, unpublished transmission study in Germany showed that this is an ongoing problem. Thus, one HBV 
positive surgeon infected more than 100 patients with HBV during an 8 year period. To estimate the magnitude of the 
problem we calculated the number of HBV carriers among medical doctors in Germany. Assuming the prevalence of HBsAg 
in the German population of 0.6 % (35) we have to expect about 1800 HBsAg carriers among 290000 medical doctors in 
Germany. In the subgroup of surgeons (n=16,000) or gynaecologists (n=15,000) the number of carriers would be about 
100. This number will gradually decrease over time due to systematic vaccinations of medical students. Nevertheless, there is 
an urgent need to formulate the recommendations on our attitude to the HBV positive HCWs (24). In this paper the residual 
risk of transmission of HBV from HCW to the patients will be discussed. 
 
Determination of Infectivity 
The transmission rate of HBV is directly correlated with the viral titer in the blood, blood products, or body fluids. High 
viremia is also correlated to HBe antigen positivity in patients. It has been known since many years that the risk of a virus 
transmission from HBe- antigen positive mothers (HBV titres of 108 to 109) to their offspring is more than 95%, while the 
transmission rate from anti-HBe positive mothers (HBV titres of 103 to 105) is less than 25 %. As there is no good tissue 
culture system for HBV to determine the infectivity of serum or body fluids, the only way to establish the HBV titer of a given 
inoculum is the experimental infection of chimpanzees with the serial dilutions of the virus-containing material. A number of 
such studies have been performed in the 70’s (32). The infection after intravenous inoculation of these animals was determined 
by seroconversion to anti-HBc/anti-HBs. HBV/HBeAg positive sera demonstrated HBV titers up to 108 chimpanzee 
infection doses per ml (CID50). In contrast, the virus titers in pools of anti-HBe positive sera usually did not exceed 101 per 
ml (32). 
 



Soon after the introduction of highly sensitive techniques for identification of HBV DNA it has been shown that the virus 
genome titre determined by hybridisation or quantitative PCR corresponds quite well to the infectivity titre in chimpanzees 
(36). In these studies the CID50 was one log less than the titre of viral DNA determined by quantitative PCR. In view of the 
existence of e-minus mutants, negative results for HBeAg in a given HCW are not sufficient to exclude the high infectivity of 
his serum. According to some observations, the plasma of several patients with HBe minus mutants may contain rather high 
titres of HBV (12). Many isolates of HBV genotype G, which is most prevalent in mediterranean countries, are unable to 
express HBeAg (15). Thus, in addition of determination of HBeAg, an assessment of HBV DNA titers in serum or plasma by 
quantitative assays was suggested to be used as a possible indicator of infectivity. 
 
Methods for Quantitative Determination of HBV DNA
Quantitative determination of HBV DNA levels in peripheral blood has been increasingly used during the last few years to 
monitor the efficacy of the antiviral therapy. An objective measure of virus load is also of paramount importance for a 
prediction of a likelihood of viral transmission from an infected individual. A number of techniques for HBV DNA 
quantification are being used nowadays, including the Quantiplex HBV DNA Assay (bDNA) (Chiron), the Amplicor HBV 
Monitor Test (Roche), and the Digene Hybrid Capture System HBV DNA Assay (Digene) (4, 21). At present, the Roche 
Monitor test is the only assay to maintain the linear delectability below 105 copies per ml and, therefore, is most suited for 
investigation of individuals of lower infectivity (10). One should mention, however, the necessity of at least duplicate testing of 
all probes. Several trials were organized by WHO to evaluate performance of HBV DNA quantification in different labs. A 
good correlation of determined genome equivalents and a high sensitivity in the majority of participants was observed (29-31). 

 
Proof of Transmission
Transmission of HBV by HCW to patients is not only a public health or insurance problem but also a legal issue. Therefore 
the proof of HBV transmission from HCW to a patient should be unequivocal. There are many ways of acquiring hepatitis B 
like mother-child transmission, sexual contacts, family contacts, i.v. drug use, and blood units (11). These modes of 
transmission have to be excluded in the investigation of HCW-Patient-transmission. Transmission can be proven by direct 
comparison of the sequence of the HBV genome of the HCW and the recipient patient. Typing of genomes obtained from 
HCW and patient is a first step in the verification of transmission (23). Different genotypes make a transmission highly unlikely. 
Genotype A is most prevalent in Northern Europe therefore sequencing of HBV isolates has to be performed in most 
instances. There is a high probability of transmission when an identical sequence is found in the HCW and the patient. 
However, sequencing of short fragments of genomes of HBV after PCR amplification is not always sufficient e.g. core region 
(20) or S gene (37) to determine identity of isolate of HCW and recipient. Uy et al. have shown that the preS1 sequence of 
genotype A was identical in four of seven instances of a presumed transmission in Northern German patients (37). 

 
The best proof of identity of different isolates is obtained by sequencing the full length genomes (5, 22, 33). However, in some 
instances e.g. low viremia only parts of the genome can be amplified and sequenced. The optimal region to do subgenomic 
sequencing remains to be determined. In addition to the isolates from the HCW and the patient several isolates from the 
same area have to be determined to exclude other routes of transmission. 
 
The S-region is optimal to determine the genotype and in some instances reveals nucleotide exchanges peculiar to the 
investigated case. However, due to the high conservation of the HBs sequence in a given geographic region identical 
fragments can often be found in presumed recipients of HBV in an infection chain and uninvolved patients that had no contact 
with the source (37).  In contrast, the preC region is less stable during chronic infection and can accumulate abundant and rare 
variants in an infection source. Thus, if the abundant variant is transmitted to the recipient, the identification of the infection 
chain is facilitated due to higher likeliness of peculiar exchanges in this region. However, if the variant which is less abundant 
in the source is transmitted, a proof of transmission can be extremely difficult because of the difficulties in detecting the low 
abundant variant in a large majority of wild type or other variants (20). The proof that sequence identity indicates high 
probability of a specific transmission is illustrated by a transmission event in which a surgeon infected most probably over 
100 patients during a period of seven years (Ritter et al., unpublished results), nine patients became chronic HBV carriers. 
Eight of these nine patients were chronically infected with HBV of genotype D and of identical sequence (s-gene) when 
compared to the isolate from the surgeon (S. Schaefer, personal communication). This sequence was detected only once by 
comparing it to 450 HBV genomes present in the gene bank. The probability that all eight patients had by chance the 
identical sequence but are infected from different sources is extremely low. In addition, this case demonstrates that the 



probability of a false correlation decreases with the number of patients being infected by the same HCW. 
 
Determination of the Risk to Transmit HBV in Medical Setting
There are several determinants of risk of HBV transmission from HCW to patients during invasive surgical procedures: 
prevalence of HBV positivity in medical staff, frequency of percutaneous injuries, frequency of a sharp object’s recontact 
with susceptible patients, and frequency of HBV transmission after exposure e.g. by needle stick injuries. The risk estimate 
for HBV in this model including all four determinants is 2400 transmission of HBV per 1 million of surgical procedures (1). 
For comparison, the corresponding risks for hepatitis C is about 140 per million (26, 27) and for HIV, is about 24 per million 
(1) of surgical procedures. In this calculation the influence of differences in surgeons HBV titres was not considered, although 
this factor should also play an important role and should have evident impact on the rate of HBV transmission. Overall, the 
available estimates indicate that the risk of transmission of the virus from infected medical personnel to patients is much higher 
for HBV than for HCV or HIV. 
 
Indication for Look Back Investigations in a Suspected Transmission Event
When patients develop acute hepatitis after blood transfusion a look back investigation is usually initiated as a standard 
procedure. The same approach probably should be employed when a patient developed acute hepatitis after hospitalisation 
(with or without surgery) or after treatment in a private practice. The initiation of a look back study depends very much on 
the physician treating the patient during acute hepatitis B. The predominant risk factors for HBV infection nowadays are 
heterosexual and homosexual exposure and i.v. drug use which accounts for 80.8 % of cases when a risk factor could be 
identified (11). If all these risk factors have been excluded, a look back should be initiated. The look back should include 
testing for markers of a HBV infection of all HCW of a given hospital and other patients who have been treated 
approximately at the same time and at the same ward where the index patient has been treated. Amplification and sequencing 
of the HBV isolates obtained from patients and HCWs has to be performed (see above). In contrast to hepatitis C, where 
more than 70 % of patients develop a chronic HCV infection, in HBV transmission only 5 to 10 %of infected subjects 
develop persistent viremia. This makes it sometimes difficult to prove a transmission of HBV from HCW to a patient when 
the look back starts month or even years after exposure and no samples have been taken during acute phase of the patient 
infection. In those instances epidemiological data have to be taken in consideration to provide evidence for the possible 
occurrence of a transmission event. However, the results of such epidemiological investigations can not be considered as 
unequivocal proof of transmission. The likelihood of transmission is high when the incubation period between exposure and 
appearance of clinical symptoms is in the right time frame, when several patients who have been operated by the same HBV 
positive surgeon at the same operating theatre were involved, when the surgeon was highly viremic and HBeAg positive, and 
when he has done exposure prone surgery. Other sources of infection with HBV in this patient e.g. HBsAg positive family 
members, history of a blood transfusion, i.v. drug use, sexual contacts with infected subjects, have to be also investigated 
and excluded. 
 
Recommendations
Public health authorities of different countries have established recommendations for HBV positive HCWs (e.g. CDC (3), 
England (8), Germany (6), Netherlands). There is a general consensus that HBeAg-positive HBV carriers should not perform 
exposure prone surgery or similar treatment of patients. It has been shown that all cases in which transmission of HBV 
occurred, the titre of HBV was ≥ 107 genome equivalents (34). The only one exception has been reported from England (8). 
These results prompted the British authorities to establish recommendations which exclude surgeons who have HBV titres 
>103 from performing a spectra of medical procedures. In the Netherlands 105 genome equivalence have been chosen as a 
limit (H. Zaaijer, personal communications). In Germany and other European countries no final decision on this important 
issue has been reached.
 
Therapy of Chronic Hepatitis B in HCW
Two major forms of therapy for chronic hepatitis B, interferon-alpha or antiviral drugs like nucleoside analogues, have been 
established. This therapy can dramatically reduce a viral load by several logs. HCWs who are high level carriers of HBV 
without symptoms of chronic hepatitis may be included in therapy studies with interferon-alpha or nucleoside analogues e.g. 
Lamivudine to reduce viremia or even eliminate HBV. One major problem with nucleoside analogues treatment is a high 
frequency of YMDD mutants in the polymerase gene which occur in about 30 % of patients one year after treatment. 
Therefore, frequent quantification of HBV DNA least two or three quantifications per year in HCW has to performed to 



exclude mutations and rise of viral titre. and to prevent a risk for patients.
 
Prevention
Transmission of HBV from HCW to patient can be prevented first of all by vaccination and control of their immunity. 
Neglect of hygienic measures to prevent exposure to HBV/HCV is still a source of transmission (28, 38). Therefore these 
measurements have to be enforced in the education of HCW. HBV carriers among HCW have to be identified by testing all 
staff members of a hospital or private practice and medical students when they enter medical school, prior to start of work. 
HCWs that are not vaccinated or are non responders to vaccine should be frequently tested for possible infection during 
their career. HBeAg-positive HBV carriers should be recommended not to start a career in the health care system or, at 
least, to select a type of work where the risk of transmission is minimal or absent (9). 
 
REFERENCES
 

1. Bell DM, Shapiro CN, Culver DH, Martone WJ, Curran JW, and Hughes JM (1992). Risk of hepatitis B 
and human immunodeficiency virus transmission to a patient from an infected surgeon due to 
percutaneous injury during an invasive procedure: estimates based on a model. Infect Agents Dis 1: 
263-269. 

2.     Centers for Disease Control and Prevention (1989). Guidelines for prevention of transmission of 
human immunodeficiency virus and hepatitis B virus to health-care and public-safety workers. Morb 
Mortal Wkly Rep 38: 1-37.

3. Centers for Disease Control and Prevention (CDC) (1991). Recommendations for preventing 
transmission of human immunodeficiency virus and hepatitis B virus to patients during exposure-prone 
invasive procedures. Morb Mortal Wkly Rep 40: 4-6. 

4. Chan HLY, Leung NWY, Lau TCM, Wong ML, and Sung JJY (2000). Comparison of three different 
sensitive assays for hepatitis B virus DNA in monitoring of response to antiviral therapy. J Clin 
Microbiol 38: 3205-3208. 

5. del Canho R, Grosheide PM, Schalm SW, de Vries RR, and Heijting RA (1994). Failure of neonatal 
hepatitis B vaccination : the role jof HBV-DNA levels in hepatitis B carrier mothers and HLA antigens 
in neonates. J Hepatol 20: 483-486. 

6. Deutsche Vereinigung zur Bekämpfung von Viruskrankheiten e.V. (DVV) (1999). Empfehlungen zur 
Verhütung der Übertragung von Hepatitis B-Virus durch infiziertes Personal im Gesundheitsdienst. 
Epidem Bull 30: 222-223 

7. Diekma DJ, Alanese MA, Densen P, and Doebbeling BN (1996). Student health policies of US medical 
schools. Acad Med 71: 1090-1092. 

8. Expert Advisory Group on Hepatitis (1993). Protecting health care workers and patients from 
hepatitis B. UK Health Departments, London. 

9. Gerlich WH, Gesellschaft für Virologie, DVV (1992). Berufstätigkeit von HBs-Antigen-positiven 
Chirurgen. Dtsch med Wschr 117: 359-360. 

10. Gilbert N, Corden S, Ijaz S, Grant PR, Tedder RS, and Boxhall EH (2002). Comparison of commercial 
assays for the quantification of HBV DNA load in health care workers: calibration differences. J Virol 
Methods 100: 37-47. 

11. Goldstein ST, Alter MJ, Williams IT, Moyer LA, Judson FN, Mottram K, Fleenor M, Ryder PL, and 
Margolis HS (2002). Incidence and risk factors for acute hepatitis B in the United States, 1982-1998: 
Implications for vaccination programs. J Infect Dis 185:713-719. 

12. Günther S, Fischer L, Pult I, Sterneck M, and Will H (1999). Naturally occurring variants of hepatitis 
B virus. Advances in Virus Res 52: 25. 

13. Hasselhorn HM and Hofmann F (2000). Transmission of HBV, HCV, and HIV by infectious medical 
personnel: presentation of an overview. Chirurg 71: 389-395. 

14. Hannoun C, Horal P, Lindh M. (2000). Long-term mutation rates in the hepatitis B virus genome. J 
Gen Virol 81:75-83. 

15. Kato H, Orito E, Gish RG, Sugauchi F, Suzuki S, Ueda R, Miyakawa Y, and Mizokami M (2002). 
Characteristics of hepatitis B virus isolates of genotype G and their phylogenetic differences from the 
other six genotypes (A through F). J Virol 76: 6131-6137. 



16. Koziol DE and Henderson DK(1996). Nosocomial viral hepatitis in health care workers. In: Mayhall 
CG (ed.) Hospital epidemiology and infection control. Baltimore MD: Williams & Wilkins, pp. 829-837. 

17. Kralj N, Hofmann F, and Rieger MA (2000). Hepatitis B- and hepatitis C epidemiology in health care 
workers. In: Selmair H and Manns M (eds.) Virushepatitis als Berufskrankheit, Eco med, pp 71-81. 

18. Lee DJ, Carrillo L, and Fleming L (1997). Epidemiology of hepatitis B vaccine acceptance among 
urban paramedics and emergency medical technicians. Am J Infect Control 25: 421-423 

19. Mahoney FJ, Stewart K, Hu H, Coleman P, and Alter MJ (1997). Progress toward th elimination of 
hepatitis B virus transmission among health care workers in the United States. Arch Intern Med 157: 
2601-2605. 

20. Ngui SL, Teo CG (1997). Hepatitis B virus genomic heterogeneity: variation between quasispecies may 
confound molecular epidemiological analyses of transmission incidents. J Viral Hepat 4:309-315. 

21. Pawlotsky JM, Basie A, Hezode C, Lonjon I, Darthuy F, Remire J, and Dhumeaux D (2000). Routine 
detection and quantification of hepatitis B virus DNA in clinical laboratories: performance of three 
commercial assays. J Virol Methods 85: 11-21. 

22. Petrosillo N, Ippolito G, Solforosi L, Varaldo PE, Clementi M, Manzin A (2000). Molecular 
epidemiology of an outbreak of fulminant hepatitis B. J Clin Microbiol 38:2975-2981. 

23. Repp R, et al. (1993). Genotyping by multiplex polymerase chain reaction for detection of endemic 
hepatitis B virus transmission. J Clin Microbiol 31: 1095-1102. 

24. Ristinen E and Mamtani R (1998). Ethics of transmission of hepatitis B virus by health-care workers. 
Lancet 352: 1381-1383. 

25. Robert Koch-Institut (1999). Zur Verhütung von Hepatitis B-Virusinfektionen im Gesundheitsdienst. 
Epidem Bull 30: 221-222. 

26. Ross RS, Viazov S, and Roggendorf M (2000). Risk of hepatitis C transmission from infected medical 
staff to patients. Model-based calculations for surgical settings. Arch Intern Med  160: 2313-2316. 

27. Ross RS, Viazov S, Thormählen M, Bartz L, Tamm J, Rautenberg P, Roggendorf M, Deister A, and the 
Incident Investigation Team (2002). Risk of hepatitis C virus transmission from an infected 
gynecologist to patients: Results of a 7-year look-back investigation. Arch Intern Med 162: 805-810. 

28. Ross RS, Viazov S, Gross T, Hofmann F, Seipp HM, and Roggendorf M (2000). Transmission of the 
hepatitis C virus from a patient to an anaesthesiology assistant to five patients. New Engl J Med 343: 
1851-1854. 

29. Saldanha J, Gerlich W, Lelie N. Dawson P, Heermann K, Heath A, and The WHO Collaborative Study 
Group (2001). An international collaborative study to establish a World Health Organization 
international standard for hepatitis B virus DNA nucleic acid amplification techniques. Vox Sang 80: 
63-71. 

30. Saldanha J (1999). Standardization: a progress report. Biologicals 27: 285-289. 
31. Saldanha J (2001). Validation and standardisation of nucleic acid amplification technology (NAT) 

assays for the detection of viral contamination of blood and blood products. J Clin Virol 20: 7-13. 
32. Shikata T, Karaswas T, Abe K, Uzawa T, Suzuki H, Oda T, Imai M, Mayumi M, and Moritsugu Y 

(1977). Hepatitis B e antigen and infectivity of hepatitis B virus. J Infect Dis 136: 571-576. 
33. Sugauchi F, Mizokami M, Orito E, Ohno T, Hayashi K, Kato T, Tanaka Y, et al. (2000). Molecular 

evolutionary analysis of the complete nucleotide sequence of hepatitis B virus (HBV) in a case of HBV 
infection acquired through a needlestick accident. Clin Infect Dis 31:1195-1201. 

34. The Incident Investigation Team and Others (1997). New Engl J Med 336: 178-184.  
35. Thierfelder W, Hellenbrand W, Meisel H, Schreier E, and Dortschy R (2001). Prevalence of markers 

for hepatitis A, B and C in the German population. Results of the German National Health Interview 
and Examination Survey 1998. Eur J Epidemiol 17: 429-35. 

36. Ulrich PP, Bhat RA, Sero B, Mack D, Sninsky J, and Vyas GN (1989). Enzymatic amplification of 
hepatitis B virus DNA in serum compared with infectivity testing in chimpanzees. J Infect Dis 160: 37-
43. 

37. Uy A, Wunderlich G, Olsen DB, Heermann KH, Gerlich WH, and Thomssen R (1992). Genomic 
variability in the preS2 region and determination of routes of transmission of hepatitis B virus. J Gen 
Virol 73: 3005-3009. 

38. Webster GJ, et al. (2000). Molecular epidemiology of a large outbreak of hepatitis B linked to 



autohaemotherapy. Lancet 356: 379-384. 


