
Hepatitis B virus (HBV) can be manifested either as an 
acute disease, which can lead to fulminant hepatitis, or a 

chronic disease at a carrier state for the rest of life. Children 
infected with the virus by vertical transmission tend to develop 
chronic HBV. The primary complications of chronic HBV are 
liver cirrhosis and hepatocellular carcinoma (HCC) [1]. HBV is 
the most common chronic viral infection in the world, and it is 
transmitted via contact with blood, sexual contact, and vertical-
ly from mother to fetus [1,2]. 

The hepatitis D virus (HDV) is a hepatotrophic, spiral shaped 
RNA virus [3,4], which cannot replicate independently and re-
quires the external envelope of the hepatitis B virus (HBV), us-
ing the HBsAg antigens on the HBV external envelope in its 

replication process [2,4,5,6]. HDV disease is diagnosed using 
tests for anti-HDV immunoglobulin M (IgM)/IgG antibodies 
and HDV-RNA [5]. HDV infection may appear simultaneous 
with HBV infection in two modes: acute infection of both HBV 
and HDV (co-infection) or superimposed HDV infection on 
chronic HBV infection [5-7]. 

The presentation of co-infection may have a fulminant 
course, associated with high mortality rate [7] and a higher rate 
of cirrhosis than with HBV alone [8]. 

A difference from co-infection is the situation in which HDV 
infection occurs in an individual who is already a chronic HBV 
carrier (supra-infection). Supra-infection is considered to be one 
of the most severe chronic viral diseases [8]. It increases the 
risk of hepatic complications such as hepatic cellular carcinoma, 
hepatic failure, and cirrhosis more than chronic HBV infection 
alone [9]. The risk of cirrhosis associated with HDV and HBV 
co-infection was reported to be three times greater than that with 
HBV alone, reaching 77% after 30 years of infection [8]. HDV 
infection also causes a more progressive disease course and 
lower response to treatment [10]. 

HDV prevalence has dropped significantly in most parts of 
the world since the introduction of HBV vaccine, but its threat 
still exists. Epidemiology of HDV varies around the world, with 
reported high prevalence (13–62%) in endemic areas like cen-
tral Africa [2]. Lower rates were reported in Europe (2.1% re-
ported in Britain) [8], and intermediate values were reported in 
Mediterranean countries (2–5% reported in Turkey, Tunisia, and 
Egypt) [6,11]. It is recommended that patients who test positive 
for HBV be tested at least once for HDV [12].

In Israel, the incidence of HBV infection has declined since 
the introduction of the vaccine in 1992 in a routine program for 
newborns, and estimated rates were 0.96% [13].

Israel is characterized by diversity of populations, and in-
cludes Israeli born as well as immigrants from countries from 
all continents and from various cultures. Due to the diversity of 
the population in Israel and the dynamics of continuous immi-
gration, the threat of chronic hepatitis still exits [14]. 

We did not find a report on the epidemiology of hepatitis 
D in Israel. Assessment of valid prevalence of HDV infection 
depends on performance of blood tests for HDV in patients pos-
itive for HBV. 

We conducted a retrospective study using the data-
base of Clalit Health Services.

We found 3367 people were positive for HBsAg 
during the study period; 613 (18%) were tested for hepatitis 
D. People who tested for hepatitis D were younger (47.3 ± 
15 years vs. 50.5) and showed a higher rate of visiting the 
gastroenterology clinic (80.6% vs. 41%). The rate of positive 
blood tests for hepatitis D was too small for analysis, but it 
still demonstrated tendency for higher rates in the Ethiopian 
Jewish group. 

The recommendation for performance of blood 
test for hepatitis D virus was followed to a small extent. Con-
sidering the ethnic diversity of the population in Israel, activi-
ties to raise rates of performance should be considered.
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In this study, we described the information related to preva-
lence of HDV in patients positive for HBsAg in the community, 
the rate of performance, and the outcomes of blood tests. 

We conducted a database cross-sectional study, which included 
adult patients insured by Clalit Health Services (CHS) in northern 
Israel. CHS is one of four health organizations providing care under 
the national health insurance scheme in Israel [15]. Primary care 
is provided in clinics in the community by family physicians and 
consultants. The clinics and health centers are spread around in ev-
ery town and village with high level of accessibility. People insured 
by CHS are affiliated to personal family physician. Visits to family 
physicians are free of charge and to consultants are at low copay-
ment charges. Blood tests are performed in the local clinics with no 
charge. CHS provides primary care to 70% of the inhabitants in the 
northern region of Israel. Information for the CHS database origi-
nates from several sources, including primary care electronic med-
ical and administrative files, files from hospitals, and documents 
from CHS laboratories and laboratories outside the CHS network. 

The study population included adult patients whose blood 
tests for HBsAg during 1998–2016 were recorded as positive. 
We conducted a search of the database to determine the perfor-
mance of blood tests for HDV (HDVAb or HDV-RNA) during 
that period. One blood test was considered for each patient. 
Socio-demographic parameters were also retrieved and includ-
ed age, sex, ethnic origin: Arabs or Jews, and country of birth  
for Jews. 

Categorical comparisons were performed using Chi-square test 
for discrete variables and using the -test for continuous vari-
ables.

Categorical variables were performed using prevalence and 
percentages and continuous variables were presented using 
standard distribution measures (e.g., mean, standard deviation, 
median). Statistical analyses were performed using SAS 9.4 
software (SAS Institute Inc., Cary, NC, USA). A value < 0.05 
was considered to be statistically significant.

During the study period we identified blood tests that were 
positive for HBsAg from 3367 people. From these people, 613 
(18%) were tested for HDV. 

The people who underwent tests for HDV were compared 
to those who did not. We found age was younger (47.3 ± 15 vs. 
50.5 ± 16, < 0.0001), and they had a higher rate of documented 
visits to gastroenterology clinics (80.6% vs. 41%, < 0.0001). 
There was no difference in sex or ethnic origin [Table 1]. 

The sample size of the patients who were found positive for 
HDV was too small for analysis (n=32), but we felt that, com-
pared to patients who were found negative for HDV, there were 
more Jews, and among Jews, Ethiopian Jews were more fre-
quent [Figure 1]. Patients with blood tests that were positive for 
HDV were older (58 years vs. 47). The rate of patient visits to 
gastroenterology clinics was similar between the groups (84% 
vs. 80%)



The outcomes of our study show that the recommendation to 
screen for HDV in all patients who tested positive for HBV was 
met to a limited extent. 

A low rate of blood tests for detection of HDV was performed 
in people whose blood tests were found positive for HBV. The 
small sample did not allow us to make conclusions about the 
characteristics of patients whose blood tests were positive for 
HDV, but there seemed to be a trend of higher rates among Jews 
born in Ethiopia. This finding shows the implications of het-
erogeneity for the origins of Jews in Israel from countries with 
various levels of prevalence of HBV. 

The rate of hepatitis B in Israel is relatively low, but we 
should be aware of the heterogeneous compositions of the pop-
ulation of people who immigrated from high and low income 
countries. People who performed blood tests for HDV tended to 
be younger and were treated in the gastroenterology clinics in 
the hospital. Identifying patients with HDV in the carrier state 
of HBV is of great importance for preventing development of 
supra-infection in the chronic carriers of HBsAg. As more pa-
tients are visiting the liver clinic, we are able to increase the 
number of laboratory tests performed. It is important to focus 
on the community. 

We presented evidence from the primary care setting on real-life 

performance in a large population served by CHS, a public 

healthcare provider. The data are valid and reflect real perfor-

mance in the community with possible low contribution of so-

cioeconomic situation since patients do not incur fees for blood 

tests. CHS provides care for 70% of the inhabitants in the north 

of Israel. This extensive coverage stresses the importance of the 

outcomes of our study. 

The limitations in our study include its sample size, which 

turned out to be small due to low rate of performance. Future 

studies should emphasize testing more often for HDV in cases 

of HBsAg positivity. 

The study illuminates the low rate of performance of blood test 

for early diagnosis of HDV infection in people who tested pos-

itive for HBsAg. A better level of screening can be achieved in 

the frame of primary care, and family doctors should be advised 

and encouraged to do so. 
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Enteric viruses like norovirus, rotavirus and astrovirus 
have long been accepted as spreading in the population 
through fecal–oral transmission: viruses are shed into 
feces from one host and enter the oral cavity of another, 
bypassing salivary glands (SGs) and reaching the 
intestines to replicate, be shed in feces and repeat the 
transmission cycle. Yet there are viruses (for example, 
rabies) that infect the SGs, making the oral cavity one 
site of replication and saliva one conduit of transmission. 
Ghosh and colleagues reported that enteric viruses 
productively and persistently infect SGs, reaching titers 
comparable to those in the intestines. They demonstrate 
that enteric viruses get released into the saliva, identifying 
a second route of viral transmission. This is particularly 

significant for infected infants, whose saliva directly 
transmits enteric viruses to their mother’s mammary 
glands through backflow during suckling. This sidesteps 
the conventional gut–mammary axis route and leads to 
a rapid surge in maternal milk secretory IgA antibodies. 
Lastly, they show that SG-derived spheroids and cell lines 
can replicate and propagate enteric viruses, generating 
a scalable and manageable system of production. 
Collectively, this research uncovers a new transmission 
route for enteric viruses with implications for therapeutics, 
diagnostics and importantly sanitation measures to 
prevent spread through saliva.

Dealing with pathogens is a constant struggle for many life 
forms, and innate and adaptive immune systems are needed 
to support survival. Essuman and co-authors reviewed the 
latest insights into the Toll/interleukin-1 resistance/receptor 
(TIR) domain proteins, which support immune responses 
across the tree of life, from archaea to bacteria to plants to 
humans. TIR domains function in innate immune signaling 
pathways, as well as in axon degeneration in animals. 

Some, but not all, TIR domains have enzymatic activity. 
TIR nicotinamide adenine dinucleotide hydrolase activity 
starves phages as they infect prokaryotes and promotes 
hypersensitive cell death in a plant’s response to pathogens. 
Plant TIR domains can also synthesize small, nucleotide-
based second messengers that initiate an immune response.


