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Hepatitis Viruses

By Nader Alaridah MD, PhD



Hepatitis B virus

* Hepadnavirus , Partially —Double
stranded circular DNA genome.

* Enveloped

* lcosahedral nucleocapsid

* Antigens:

* The main components of the virus

HBsAgQ

include the core - hepatitis B core
antigen (HBcAg) and the pre-core
hepatitis B e antigen (HBeAg), and

the envelope of the virus contains
the hepatitis B surface antigen
(HBsAg)

@@ HBCcAg

@O 5 DNA Polymerase

: x@

%

)

42nm 8

0 @? HBeAg
© 00" -
©© ®

Y ®©©®@©




It’s partiallydouble stranded DNA ,usually with a short and a single stranded piece.
It’s also the smallest DNA virus known with 3200 nucleotides.

It has 3 main antigens :1) HBcAg 2) HBeAg ,that indicateinfectivity and replication.
3)and the envelope of the virus contains HBsAg.

It’s asymptomatic or limited illness in 90% of patients, showing jaundice and fever for
few days to weeks.

It becomes chronic in up to 10% of patients which might develop to liver cirhhosis or
hepatocellular carcinoma.

It has its own DNA polymerase(DNA dependent polymerase) with only one serotype .
Thereis a vaccine for hepatitis B virus

It has 3 different types of particles: virions, spheres, and filaments.

For epidemiological and medicolegal purposes, Hepatitis B virus (HBV) is classified
into four strains based on the serologic subtypes of the surface antigen (HBsAg):
group-specific, usually given abbreviation A, and two sets of mutually exclusive sets
of epitopes, eitherD or Y, as well as W or R.




Hepatitis B virus

» Transmission:
e Parenteral via blood or plasma, needle stick injury

e Vertically: mother to baby

. mepatitis B virus (HBV) is distributed globally, with \
* BOdV fluids i an estimated 2 billion people having markers of HBV
Semen and saliva . . . e )

infection. Among these individuals, approximately
400 million have a chronic infection with HBV. This

> Risk groups: means there are 400 million carriers of the virus
worldwide.The incidence of death attributableto
* Health care workers HBV-related complicationsis approximately 1

e Drug abusers Qnillion peryear /

e Recipients of blood or its products (blood should be ideally screened)

* Dialysis patients, Homosexual men...




/\/ The spread of the hepatitis B virus (HBV), known as serum hepatitis, occurs \
throughintravenousroutes such as transfusions of infected blood or through
contaminated needlesused by drug addicts, as well as through practices like
tattoos and acupuncture. It can also be transmitted through close personal

contact, including sexualintercourse, particularlyamong male homosexuals.

v HBV can be found in semen and saliva, and vertical transmission during childbirth
or shortly after birth has been documented. Needlestickinjuries pose a higherrisk
K of HBV transmission, especiallyamong medical personnel /




Hepatitis B virus

e Pathogenesis:

* Blood borne > liver cells > hepatocytes injury and necrosis (piecemeal necrosis) --
-Largely cell mediated.

e Clinically :
* Incubation period: 1-4 months (infectious dose)

v’ Asymptomatic: 90% of children and 50% of adults (increased liver enzymes)

v'Symptomatic:

e Preicteric phase: flu like symptoms nausea, anorexia, malaise

* |cteric phase: Jaundice, pale stool, dark- coloured urine, increased liver enzymes
and billirubin




Piecemeal necrosis (also called interface hepatitis): is a common form of
necrosis seen in hepatitis, it’s characterized by inflammation extending from
the portal tractto the periportalzone (the zone around the portal veins) with
necrosis in the periportal hepatocytes.

Theincubation period is from 7 days to 160 days (mean : 10 weeks or 70 days).
The patient could be symptomatic or asymptomatic based on theimmune
response.

In acute hepatitis B infection, patientstypically experience a gradual onset of
symptoms including fatigue, loss of appetite, nausea, and pain or fullnessin
therightupper quadrant of the abdomen. In the early stages of the disease,
patients may also experience pain and swelling of the joints, as well as
occasionaltransientarthritis. These symptoms are often mediated by antigen-
antibody complexes. Additionally, some patients may develop arash as a
manifestation of theimmuneresponse to the virus.

Hepatitiscauses cholestasis which makes light colored stool and dark
colored urine and jaundice.




/Fulminant hepatitis,characterized by extensive liver necrosis, is arare \
complication of hepatitis B infection, occurringin less than 1% of affected
individuals and can lead to death.
 chronic hepatitisoccurs in 10% of patients. Younger patients are more
likey to develop chronic hepatitis, mostly neonates.
* 20% of chronic patients get hepatocellular carcinoma.
* Hepatocellular carcinomais caused by the integration of the viral DNA with
the DNA of the hepatocyte.
 Approximately90% of affected neonates become chronic carriers of HB
infection; progression to chronic disease is inverselyrelated to the age of

infection
* Having antibodiesto the Hep B surface antigen (HBsAg)gives lifelong
\immunity. /
4 )

Very important:
Hepatocellularinjuryis caused by the immune
response, particularlyCD8+ cytotoxic T cells.
Antigen-antibodycomplex cause the arthritisand
\vasculitis. )




Hepatitis B

4 )

HB patientsin theirlcteric phase :Jaundice,
caused by cholestasis.




Hepatitis B virus

> Qutcome:

* 90-95% recovery

* 5-10% chronic carriers (sAg > 6 months):

 chronic active hepatitis (more fatal)

e 1% fatality

* 1% of HBV chronic carriers develop hepatocellular
carcinoma




gclinical presentation of HBV in childrenis generally less severe thanin adults,h

it may even be asymptomatic. However, clinicallyapparentillness occurs in as many
as 20% of those infected, with the majority (80%) recovering. Recovery is typically
marked by declining fever and renewed appetite.Chronic hepatitisdevelopsin 5-10%
of patients, usually after mild or asymptomaticinitial disease. Approximatelyone
third of these individuals progress to chronic active hepatitis, characterized by
ongoing liver destruction, leading to scarring (cirrhosis), liver failure, or primary
hepatocellularcarcinoma. The remainingtwo thirds may have chronic passive
hepatitis, which s less likely to cause problems. Chronic hepatitis may be
incidentallydetected when elevated liver enzymes are found on routine blood
chemistry profiles.Chronicallyinfectedindividuals are the main source of virus
transmission and are at risk of developing fulminantdisease, especiallyif co-infected
with HDV. Fulminant hepatitis occurs in approximately 1% of icteric patientsand can

Qatal in some cases. /




* Diagnosis of HBV :

1. Clinical picture

Patients with jaundice show antibodies
to Hep B core antigen (HBcAG), and
sometimes (HBsAg).

2. Liver, kidney function tests, other tests to role out other causes e.g: CMV, EBV infection

3. Serology:

* We rely on:

S, e antigens and antibodies
 Anticore antibodies
e DNA detection

(Past infections show anti core or h
surface (or both) antibodiesin the form
\of IgG )

( PCR for Hep B DNA is the most accurate )
| marker. )

(Liver biopsy is heeded to determinethe )

_stage of the disease. )
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Importantto
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the graph
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Titre of antigen
or antibody and DNA

Months
—— DNA — HBeAg mmms  |[Iness
—— HBsAg —— IgM/Anti-HBc/IgG
—— Anti-HBe Anti-HBs




In general:

IgM antibody to HBcAg show acute case of Hep B.

IgG show pastinfection or chronicity.

E antigen show active replication of the virus, therefore infectivity,
the antibodies of e antigen(antibodies of HBeAg) means it stopped
replicating, however patients Wii still be positive for HBsAg.

The DNAin PCRis a more accurateindicator of active replication
thanthe HBeAg.

Hepatitis B Surface antigenis a general marker for infection despite
the stage of the disease, persistingfor more than 6 monthsindicates
chronicity.

The antibody for the surface antigen means the immune system has
successfullykilled the virus and indicatesrecovery.

Notice thereis a difference betweenfinding the antigen itself or
findingits antibody.




In the window phase, the virus is active,
but the surface antigenis not apparent.

TABLE 41-4  Serologic Test Results in Four Stages of HBV Infection

Test Acute Disease Window Phase Complete Recovery Chronic Carrier State
HBsAg Positive Negative Negative Positive

HBsAD hegative Negative Positive Negatwe1

HBcAD Positive’ Positive Positive Positive

Notice that the surface antigenand its
antibody never appear simultaneously.




4 )
Note that pastinfection gives antibodiesto all types
of antigens, while immunization (vaccination)gives

antibodies only to the surface antigen.
\_ J

HEBsAg HBcAb HBcAb HBeAb

HBeAg* lgM lgG

HBV-DNA
Acute infection + + - - -
Window period - +f- 3 + ~
Prior infection - - + + +

Immunization

Chronic infection + - + +f =



Hepatitis B VirUS (-There is no specific treatment for acute hepatitisB

-A high calorie diet is desirable
-Corticosteroid therapy has no value in uncomplicated
\ acute viral hepatitis

1. Pegq Interferon alpha

[-For chronic hepatitisuse, as theyprovide the long-termbenefit usuallyin 1/3 of ]
patients

2. Lamivudine,

(-A potentinhibitor of HIV A
-Active versus Hepatitis B (both in vitro &initial clinical trials)
-Resistanceto this agent develops in about 1/4 of the patients after 12 months of
\therapy Y,

That leaves us with :
3. Tenofovir, entecavir

-these are nucleotide analog adenosine monophosphate
-They are newly approved for the treatment of chronic
hepatitisB




Hepatitis B virus

ﬁl‘he safe practices and avoidance of
needle stick injuries especially for:

* 1 1 o
1. Immunoglobulin / passive [ More explanation in next ] * medicalpersonnel

slide* Or
Accidental exposure in non-vaccinated N hisctiondrug abusers
Newborns Of infected mothers (they are the approaches that can be
used to diminish the risk of hepatitis B
-vaccinationis highly effective against HBV Q"fec’tion)
[infection J

2. Vaccine (Recombinant HBsAg) 3 I.M doses at 0, 1, 2 OR 6 months /

e Thevaccinecan be

* Fridge storage given to those who are
_ _ , . atincreasedrisk of
 Check response by measuring anti HBsAg (anti hepatitis B Hepatitis
surface antigen) antibodies 2 months after last dose Virus infection suchas:
(>10miIU/ml is protective) * Healthcareworkers

. / Part of ministry of health vaccination program (2, 3, 4 months) | -Alsogivenroutinelyto
neonate in many countries

‘/[ More than 10 million internationalunit/ml---->protective ]




ﬁapatitisB immunoglobulin may be used to: \

-protect persons who are exposed to hepatitisB

(it is officious within 48 hours of the incidence post prophylaxis post
exposure)

ALSO, may be given to:

-Neonateswho are atincreased risk of contracting hepatitis

**Other measuresinclude:
 Screeningof blood donors as well as the blood itself and other body fluids.

**Here in Jordan, we have the hepatitis B virus as part of the Hexaxim vaccine

(ot pgakasll) and it's given as 3 doses, Typically at the second, third, and
{urth month of the infant’s life /




Hepatitis D virus wiicause—>(Delta hepatitis/ Hepatitis D)

[Explanation in next slide ] **HDV is a small single

Note: for this part read the doctor's )
notes first ( it's simple, don’t worry) stranded RNA virus that
requires the presence of

* |t needs HBV to replicate (provide the envelop) hepatitis B surface antigen
o for its transmission ---->
* Route of transmission: thus found only in presence
v of chronic or acute hepatitis
As HBV B infection
v' conditions:  Deltahepatitisis most
. _ ' prevalentin group at high
v Co- infection with HBv risk of hepatitis B
. . . . . injectiondrugusers ( as
v’ Super infection of HBV chronically infected patients ; = (

. . . - many as 50% of such
(High risk of liver failure) T T v e e

IgG antibodyto the delta
virus antigen.

° Rx: as HBV \°Other risks include

Diagnosis: serology

dialysis




**Two major types of delta infection have been noted:
 Simultaneouslyinfectedwith both (delta + hepatitis B) as a co-infection.
-->resultsin clinical hepatitis thatis indistinguishable from acute hepatitis A or B.
--> fulminant hepatitis is much more common than with the hepatitis B virus infection alone
e Deltasuper infection ( in those with chronic hepatitis B who acquire infection with hepatitis D) :
-suffer relapse of Jaundice
&
-have high likelihood of developing chronic cirrhosis.
**Diagnosis:
Most commonly by demonstrating IgM or IgG antibodies or both (delta antigen in the serum)
-IlgM : appear within 3 weeks of infection

Persist-> for several weeks
-IgG: Persist->foryears!!




4 A

**Response to treatment (infection delta + HBV << HBV alone )
-recommended doses for ( delta + HBV ) are :

Higher

May produce sustained improvement only in % of the patients(because the capsid of delta
hepatitis is hepatitis B surface antigen measured end at limiting the transmission of hepatitis B
**to prevent the transmission of delta hepatitis:

individual with hepatitis B or D should not donate ( blood, organ tissue or Semen)

Methods to reduce transmission: decrease the use of contaminated needles and syringes by
injection drug users (will reduce the transmission)

Use of needle safety devices by healthcare workers

" /




Hepatitis C virus

* Flavivirus (family name), Enveloped , single stranded , positive sense

RNA virus

-It has a very simple genome consistingjust ( 3 structural & 5 non-structuralgenes)

* No polymerase in the virion [

quasi species

Hyper variable regions in the envelope glycol protein and it’s called

J

* 6 genotypes(and multiple subtype): needed for Rx and medicolegal

e Spread(transmission) via: [

Transmissionis less well understoodthan

hepatitisA,B and D ]

- infected blood(well documented indeed until screening blood for transfusions
was introduced it caused the great majority of cases of post-transfusion hepatitis)

- sexual contact(maybe transmitted but to a much lesser degree than HBV)
-Needle sharing (accounts for up to 40% of the cases

* 6- 8 week incubation period / most infections are sub-clinical

e Clinical infections are generally less severe than HBV, damage due to cell

mediated immune response

e HCV has a higher incidence of chronic liver disease than HBV (70-80% of
patients remain viremic for more than 1 year)

e 170 million cases globally

Hepatitis C was the major cause of post-
transfusion hepatitisuntil a serologic test
for screeningblood donors was developed )

ﬁ-lepatitisc is an

ultimatelylead to -->
Qver failure

Insidious disease :

does not usually cause
a clinically evident
acuteillness

~ instead->its first
manifestationin about
Y4 of those infected may
be the presence of
mold during chronic
hepatitisthat may

/
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v" Inthe United States, approximately 3.5 million people have antibodies to hepatitis
C virus (HCV).

v' Screeningdonor blood for hepatitis C antibodies has led to a significantreduction in
theincidence of post-transfusion hepatitis C cases. Specifically, this screening
process has resultedin an 80 to 90% reductionin the transmission of hepatitisC

throughblood transfusions.
v' Otherindividuals considered to be atrisk of hepatitis C infection include chronic
hemodialysis patients and spouses of individuals infected with hepatitis C.

\_ /




Hepatitis C virus

Recovery and
clearance

This slide shows the outcome
of hepatitis C virus infection

ﬁlncubation period of hepatitisc\

average between6 to 12 weeks

**The infection is usually

e asymptomatic

OR

* mild and anicteric( but result
in chronic carrier statein upto
85% of adults of the patients)
- the average time from

infection to the development of

chronic hepatitisis years (10-18

C
6%
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Cirrhosis and hepatocellularcarcinoma
are the Late sequelae of chronic hepatitis
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Hepatitis C virus

1. Anti HCV IgM
2. RNA detection

/( the quantitative assays of hepatitis C RNA ) may be

used for diagnosis, estimating prognosis predicting
interferent responsiveness, and monitoring therapy,
but thereis not a very good correlation between the
\viral load and the histology

J

3. Treatment:

antivirals

/-combination therapy with (Immunoblotting (IB) also "\

known as
Western Blotting, is a
technique used

(interferon alpha + ribavirin) is
the current treatment of choice
**Corticosteroids->are not .

oL . most to confirm the
beneficial in hepatitis C oresence of

\infection J Qutoa ntibodies.

Antigens of hepatitis C are not
detectablein blood --> so diagnhostic
tests attemptto demonstrate
antibodyin HCV infection
-Unfortunately, antibodyresponsein
acute disease remains negative for 1
to 3 weeks after clinicalonsets
and may never become positive in up
to 20% of patients with acuteresolving
disease
-currenttest measure antibodies to
multiple hepatitis C antigen by either:
* Enzymeimmune essay
Or
* Immunoblot
-even with newer assays IgG antibody
to Hepatitis C may not develop for up
to 4 months --> making the
serodiagnosis of acute hepatitisC

J

trydifficult. /




~
-Not clear whether prophylactic

immune serum globulins protect
\against Hepatitis C.

Hepatitis C virus / prevention

*No vaccine
*Blood screening ,important and preventive.

Public Health Service Guidelines

for Counseling Anti-HCV-Positive Persons

_ . **Important preventive measures:
Anti-HCV-positive persons should: . Avoidance of injection drug use

Be considered potentially infectious « Screeningthe blood products

Keep cuts and skin lesions covered

Be informed of the potential for sexual transmission

Be informed of the potential for perinatal fransmission

— no evidence to advise against pregnancy or
breastfeeding

Ant-HCV-positive persons should not:

Donate blood, organs, tissue, or semen
Share household articles {e.g., toothbrushes, razors)



This table explain post-exposure
prophylaxis of different scenarios

Post exposure prophylaxis
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Table 1 summary

Comparison of A, B, D (Delta), C, and E Hepatitis

FEATURE A B D e
Virus type Single-stranded Double-stranded Single-stranded RNA
RNA DNA RINA
Percent of viral hepatitis S0 41 =1 S
Incubation period 15—45 (mean, 23) T=160 (mean, 2845 15—=160
(days) 60—-00) (mean., 30)
Omnset Usually sudden Usually slow Variable Insidious
Age preference Children., young All ages All ages All ages Young adult
adults
Transmission
Fecal—oral + 4+ == + — +4++
Sexual + 4+ 41 + +7
Transfusion — ++ +++ +++ —
Severity Usually mild Moderate Often severe Mild Variable
Chronicity (%) None 10 S0-T70 =>30% MNone
Carner state None Yes Yes Yes ?
Immune serum Yes Yes” Yes*© Uncertain

globulin protective

Abbreviation: Plus and minus signs indicate relative frequencies.

* Many individuals with hepatitis C virus are also infected with the hepatitis G virus,

The end [ 4

b : : -
Hyperimmune globulin more protective.

¢ Prevention of hepatitis B prevents hepatitis D».

which is similar to hepatitis C.
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