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ABSTRACT

BACKGROUND

Hepatitis B virus (HBV) has long been recognized as a work-related hazard for
health-care personnel (HCP). HCPs are all paid and unpaid persons giving health
care or working or training in health-care settings, who have reasonably expected
risks for exposure to infectious materials. Post-vaccination serological testing is
suggested 4 to 8 weeks after completion of the primary course in all health care
workers. If the anti - HBs levels are less than 10 mIU / ml 4 - 8 weeks after the
third dose of vaccine, the person's serum has to be tested for markers of HBV.
The objective of the study was to evaluate the immune response after hepatitis B
vaccination in health care workers.

METHODS

This study was a cross-sectional study that was conducted for a period of one year
(January 2016 — December 2016). In this study, blood samples of 211 HCP were
collected and sera were tested for quantitative anti - HBs level using anti - HBs
EIA kit (Diapro, Italy).

RESULTS

75. 83 % of HCP were completely vaccinated and 24.17 % did not complete the
three-dose regimen. 91.87 % of completely vaccinated HCP had an anti- HBs titre
of more than 10mIU/ml while 80.39 % of incompletely vaccinated HCP had
protective antibody levels. 71.42 % of males and 90.35 % of females had
protective antibody titre. The housekeeping staff were the most protected (100
%) while doctors were the least protected (54.54 %). Among the different vaccine,
compliant subgroups 85.96 % of HCP who were completely vaccinated and had
not taken booster dose had protective antibody titre even after five years where
as 90.47 % of HCP who were completely vaccinated and had taken a booster dose
and had protective antibody titre even after 5 years. It was also noted that 95.23
% of HCP who were vaccinated before the age of 20 had a protective antibody
titre while only 70.58 % of those who got vaccinated after the age of forty had a
protective antibody titre.

CONCLUSIONS

The records, if possible retrievable electronic records, should be maintained in
health care centers as a reference in case of occupational exposure or for other
purposes.
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BACKGROUND

Hepatitis B virus (HBV) has long been recognized as an
occupational risk for health-care personnel (HCP).! The virus
remains infectious for prolonged periods on environmental
surfaces and is transmissible in the absence of visible blood.!
HCPs are all paid and unpaid persons giving health care, or
working or training in health-care settings, who have fairly
expected risks for exposure to infectious materials, as well
as blood or body fluids, contaminated medical supplies, and
equipment, or contaminated environmental surfaces.

Children and adults with anti-HBs level > 10 mIU / ml
one to two months after receiving 3 doses of hepatitis B
vaccine are termed as seroprotected or vaccine responders.?
The immunological memory lasts more than the antibody
levels and provides long-term immunity following hepatitis B
vaccination. Testing and booster doses are not required in
such vaccine non-responders.3# Testing is recommended 4
to 8 weeks after completion of the primary course in all
healthcare workers if adequate levels of anti-HBs (= 10 mIU
/ ml) are not achieved in serological tests 4 to 8 weeks. After
the 3rd dose, the possibility of HBV infection should be
investigated by serological marker tests.

It is advisable to give a complete 3 dose series of HBV
vaccine again followed by anti HBs testing one to two
months after the third dose for that HCP with anti - HBS <
10 mIU / ml after completing the primary series rather than
testing after each additional dose. To document the HCP's
vaccine response status for future exposures, anti-HBs
testing should be performed 1 — 2 months after the last dose
of vaccine.

The objective of the study was to evaluate the immune
response after hepatitis B vaccination in health care workers.

METHODS

This study was a cross-sectional study that was conducted
for a period of one year (January 2016 — December 2016)
to evaluate the immune response after hepatitis B
vaccination in health care workers done in a tertiary care
center in South Kerala. The study was started after getting
clearance from the Institutional ethics committee (IEC No 05
/ 2 /2015 / MCT dated 27 / 11 / 2015).

The study population included doctors, nurses, lab
technicians and housekeeping staff who have been
vaccinated against hepatitis B with the protocol of three
doses (0 — 1 - 6 schedule) and defaulted after one or two
doses.

The exclusion criteria included the following:

1. Chronic liver disease.

2. Prolonged steroid therapy or immunosuppression.

3. Known nonresponse to an adequate series of HBV
vaccination.

4. Renal failure requiring dialysis.

Hematopoietic cell or solid organ transplant.

6. Human immunodeficiency virus (HIV) infection.

b
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After getting the informed consent, the subjects were
requested to fill up a questionnaire giving their personal,
health, and HBV vaccine details. Blood samples were
collected from 211 HCW and serum was stored at below-
20° C until an anti-HBs test was undertaken. Commercially
available anti-HBs EIA kit (DIA.PRO, ITALY) was used for
guantitative assay of anti - HBs (IgG). The assay was
performed as per the manufacturer's instructions. Anti - HBs
positive subjects were defined as those having anti-HBs
levels equal to or more than 10 mIU / ml, while anti - HBs
negative subjects were those having anti-HBs levels of less
than 10 mIU / ml.

HBV vaccine compliant subjects were defined as those
who were administered with minimum of three doses of HBV
vaccine, at a schedule of 0, 1, and 6 months intramuscularly
with a dose of 20 micrograms of HBsAg (hepatitis B surface
Antigen) i.e. completed minimum primary vaccination. They
were further subdivided into groups as (i) Primary
vaccinated < 5 years: Subjects who received primary
vaccination and duration from last vaccine dose were five
years or less on the date of enrolment for the study, (ii) Non-
booster group or Primary vaccination > 5 years :- Primary
vaccinated subjects where time gap from last vaccine dose
and date of enrolment of the study was more than five years
and they have not taken booster dose of vaccine (iii) Booster
group-who received booster dose after five years or more of
primary vaccination.

Statistical Analysis

Data was entered in Microsoft Excel, data cleaning done and
completeness checked. The data was analyzed by SPSS
version 23. The Anti HBS titre was expressed in mIU / ml
using mean and Standard deviation. The qualitative
variables were expressed in percentage.

RESULTS

Blood samples obtained from 211 health care personnel of a
tertiary care center in South Kerala were tested for Anti HBs
antibody. Among them, 75.83 % were completely
vaccinated and 24.17 % did not complete the three-dose
regimen. 91.87 % of completely vaccinated HCP had an anti-
HBs titre of more than 10mIU/ml while 80.39 % of
incompletely vaccinated HCP had protective antibody levels
(Table 1). 71.42 % of males and 90.35 % of females had
protective antibody titre (Table 2). The housekeeping staff
was the most protected (100 %) while doctors were the least
protected (54.54 %) (Table 3). Among the different vaccine
compliant subgroups, 85.96 % of HCP who were completely
vaccinated and had not taken booster dose had protective
antibody titre even after five years whereas 90.47 % of HCP
who were completely vaccinated and had taken a booster
dose had protective antibody titre after 5 years (Table 4). It
was also noted that 95.23 % of HCP who got vaccinated
before the age of 20 had a protective antibody titre while
only 70.58 % of those who got vaccinated after the age of
forty had a protective antibody titre (Table 5).
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Total HCP with Positive HCP with Negative

IVaccination Number of anti HBs Levels anti HBs Levels

Status HCP (>10 mIU/ml) (<10 mIU/ml)
Number % Number %  Number %

Complete 160 75.83 147 91.87 13 8.12
Incomplete 51 24.17 41 80.39 10 19.60
Total 211 188 89.09 23 10.90

Table 1. Distribution of Anti HBs Levels in HCP

Anti HBs Levels>10 Anti HBs Levels<10

Gender Total mIU/ml mIU/ml
Number Percentage Number Percentage
Male 14 10 71.42 4 28.57
Female 197 178 90.35 19 9.64
Total 211 188 89.09 23 10.90

Table 2. Anti HBs Status According to Gender

oo Anti HBs Anti HBs Levels<10
ficp, | Levels>10mIU/ml mIU/ml Total
Number Percentage Number Percentage
Doctors 6 54.54 5 45.45 11
Lab technician 13 81.25 3 18.75 16
Nurses 159 91.9 14 8.09 173
House keeping 11 100 0 0 11
Total 189 89.57 22 10.42 211

Table 3. Anti HBs Status in Different Categories of HCP

Anti HBs Anti HBs
Vaccine Compliant Levels>10 Levels<10 Total
Subgroups mIU/ml mIU/ml
Number % Number %
Fully vaccinated
(non-booster) <5 years 60 98.36 1 1.63 61
Fully vaccinated
(non-booster) >5 years EHEE < s i
Fully vaccinated
(booster taken) >5 years 38 90.47 4 9.52 42
Total 147 91.87 13 8.12 160

Table 4. Anti HBs Status in Various
Vaccine Compliant Subgroups

Anti HBs Levels >10 Anti HBs Levels<10

Vaggﬁac;:fion Number mIU/ml mIU/ml
Number PercentageNumberPercentage
<20 years 105 100 95.23 5 4.76
21-40 years 89 76 85.39 13 14.60
>41 years 17 12 70.58 5 29.41
Total 211 188 23

Table 5. Anti HBs Levels Depending on
the Age of Primary Vaccination

DISCUSSION

In the present study, 75.83 % of HCP were fully vaccinated,
and 24.17 % were partially vaccinated. A similar study done
at New Delhi showed that only 55.4 % of HCP were fully
vaccinated against HBV.> A lower incidence of fully
vaccinated HCP, 42.2 %, was also observed by Kumar et al.®

The percentage of male nonresponders (28.57 %) in the
present study was more than females (9.64 %). Wood et al.
reported a response rate of 18 % and 9 % respectively in
male and female.” According to various studies females are
known to mount a better response. Hepatitis B vaccines are
highly immunogenic, but have decreased immunogenicity
associated with age, obesity, smoking, males, and chronic
disease in older adults.

The category of HCPs in whom the anti-HBs titres were
> 10 m IU / ml and provided protection was the
housekeeping staff and nurses, followed by lab technicians
and doctors. In a study done by Annapurna et al. protective
titres of anti-HBs were 83.1 % in doctors, 85.5 % in nursing
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staff, 88.8 % in technical staff, and 84.6 % in attendant
staff.® A study done by Pavani K et al. showed that the
category of HCP in whom the anti-HBs titres were > 10 m
IU / ml and provided protection was the nursing staff and
the housekeeping workers, followed by doctors who are in
concordance with the present study.® In contrast to the
present study, a study by Sarwat Fathima et al. showed that
doctors were the most vaccinated and protected (86.3 %,
42 %) whereas the least vaccinated and protected were the
paramedics (43 %, 35 %).10

The anti-HBs titre was significantly higher in those who
had been vaccinated within the last 5 years. However, it was
lower in patients vaccinated 5 years ago. A study in Iran
showed that 89 % of subjects with complete vaccination less
than five years achieved protective anti-HBs titres which are
in concordance with the present study.!! In another study
protective titres of anti-HBsAb (= 10 m IU / mL) were seen
in 100 % of the cases who were vaccinated less than 5 years
ago.? Similar findings were also seen in studies by Sukriti et
al. and Mahawal et al.!?

An inverse relation was observed concerning age and
protective titres of anti-HBs which is consistent with the
findings of Resende et al.!3 Studies by Sukriti et al. and
Mahawal et al. also showed decreased sero protection rates
with increasing time from last vaccination.>!? Studies by
Locquet C et al. FismanDN et al. and Averhoff F et al. also
showed the inverse relation of age at primary vaccination
and anti-HBs positive status.1415:16

In the present study, 90.47 % of HCP who had taken
booster dose of the vaccine had protective antibody titres.
Most of the studies do not recommend booster injections of
the vaccine, but a few advised one dose of the vaccine if the
anti-HBs level is less than 10 mIU / ml after primary
vaccination to provide a stronger antibody response and to
delay the reduction in the protective role of the vaccine. In
the study by Chadha and Arankalla, 34 HCW were monitored
for the long-term presence of an anti-HBs antibody after
primary series of vaccination and it was found on 10 years
follow-up that one booster dose after 3 years was raised
antibody levels from 19 % to 40 %.

Hepatitis B Vaccine
There are 2 types of hepatitis B vaccines: plasma-derived
and recombinant vaccines. There is no difference in
antigenicity, effectiveness, thermal stability and duration of
protection between the two. Plasma-derived vaccines are
made from purified HBsAg obtained from the plasma of
individuals with chronic HBV infection. HBsAg produced by
yeast or mammalian cells by inserting HBsAg / pre HBsAg
gene by plasmids is used in recombinant hepatitis B
vaccines. The route of administration is intramuscular, that
is, the anterolateral aspect of the thigh in children less than
2 years and deltoid in older children and adults. Hepatitis B
vaccines have themselves proven to be safe in people of all
ages.!0 The most frequently reported side effects are pain at
the injection site (3 % — 29 %) and temperature of > 99.9°F
(> 37.7°C) (1 % — 6 %).2

The contraindication for the vaccines are the people with
history of allergy to yeast or any other vaccine component,
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those who had developed serious drug reactions after
receiving the vaccine were denied for additional doses. % As
with other vaccines, vaccination of persons with moderate
or severe acute illness, with or without fever, should be
deferred until the iliness resolves.?

Vaccination is not contraindicated in persons with
history of multiple sclerosis, Guillain-Barré Syndrome,
autoimmune disease (e.g., systemic lupus erythematosus
and rheumatoid arthritis), or other chronic diseases.?
Hepatitis B vaccination is not contraindicated for pregnant or
lactating women!. The hepatitis B vaccine can be given at
the same time as other vaccines, without interference from
the antibody response to other vaccines. If an unanticipated
delay occurs after the first dose, a second dose should be
given as early as possible followed by a third dose in 2
months. If there is a delay in the third dose, it can be
administered at any suitable time.

Dose Routine dosing Accelerated dosing
1 1st day of visit 1st day of visit
2 1-2 months after 1st dose At least 1 month after 1st dose
3 4-6 months after 1st dose At least 2 months after 2nd dose, at least|
4 months after 1st dose
Table 6. Vaccine Sero Protection

The usual vaccination schedule provides an adequate
protection level of anti-HBs in more than 90 % of adults. The
antibody titre increase from 35 % after the first dose to
greater than 90 % after the second dose and the third dose
ensures long-term protection and increases the number of
responders.

Duration of Protection

It is now believed that the hepatitis B vaccine offers
indefinite protection. However, it was previously believed
and suggested that vaccination would only provide effective
coverage for five to seven years, but it was subsequently
recognized that long-term immunity arises from the
immunological memory that survives the loss of antibody
levels, and hence subsequent testing and booster dosing is
not required in immunocompetent individuals who have
been vaccinated successfully.3#

Serological Testing Following Hepatitis B

Vaccination

In the case of children born to mothers with chronic hepatitis

B, Anti-HBs and HBsAg levels should be tested after 3 - 12

months of vaccination.

Other than the above mentioned, a serological test after
vaccination is recommended 4 to 8 weeks after completing
the primary course for people in the following categories:

e Those with a high risk of occupational exposure that is,
health care employees who are frequently exposed to
human tissue, blood, or body fluids

e People who are at risk of severe or complicated HBV
disease that is, people with a weakened immune system
and people with pre-existing liver disease unrelated to
hepatitis B

e Those who may have a poor response to hepatitis B
vaccination, that is, haemodialysis patients, people with
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bleeding disorders who were vaccinated via the

subcutaneous route.
e Partners and close contacts of hepatitis B infected

people.

In the above-mentioned categories, if anti-HBs levels, 1
-2 months after primary vaccination is < 10 mIU / ml, the
chance of HBV infection including chronic HBV should be
suspected and all the serological markers should be checked.
In selected cases, if indicated, HBV deoxyribonucleic acid
(DNA) should be checked. If there are no markers for HBV
infection, the person should be treated as a non-responder
to hepatitis B vaccination.

Non-Responders to Primary Vaccination

A non-responder is a person without HBV infection who has
a documented history of the age-appropriate primary course
of the hepatitis B vaccine, but with an anti-HBs level < 10
mIU / mL. Persons who do not achieve protective levels after
primary vaccination with no evidence of chronic HBV
infection should receive additional doses.

A single booster dose (4th dose) of the vaccine can be
given to confirm non-responder status. People who do not
respond after receiving the booster / 4th dose (and for
whom HBV infection has been excluded) should receive 2
doses of the hepatitis B vaccine at a one-month interval and
be tested again at least 4 weeks after the last dose for anti-
HBs levels. The booster / 4t dose received could be counted
as the 1st of the 3 repetitive doses, as recommended for
non-responders. A few studies have shown that protective
levels of anti-HBs are achieved in non-responders with high
dose or double dose for the fourth dose of vaccine. But the
evidence for the above is not consistent.

If individuals at significant risk for hepatitis B (e.g.,
healthcare workers) have anti — HBs levels < 10 mIU / mL
when tested, they should be given a single booster dose (4th
dose) of the vaccine. If there is earlier evidence of the
protective level of antibody, the chance of responding to a
single booster dose is high. If the anti-HBs level is still < 10
mIU / ml, there is a chance for HBV infection and it should
be looked for. If this is ruled out, the person should be
treated as a non-responder to vaccinations. If the anti-HBs
level is > 10 mIU / ml, the person can be considered
immune.

Persistent non-responders should be aware of their risk
of acquiring hepatitis B infection and hence advised to
reduce exposure. They should be given HBIG within 72
hours if suspected of exposure to HBV.

Immunocompetent adults and children with vaccine-
induced anti-HBs levels of > 10 mIU / ml 1 - 2 months after
receiving a full hepatitis B vaccine series with more than or
equal to 3 doses are considered sero protected and are
called vaccine responders.? Long-term immunity after a
hepatitis B vaccination is based on an immunological
memory that survives the loss of antibody levels. As a result,
immune-competent individuals who have been vaccinated
successfully do not require subsequent testing and booster
dosing.3*  Post-vaccination  serological  testing s
recommended 4 to 8 weeks after completing the basic
course for all healthcare workers. If adequate anti-HBs levels
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are not achieved in serological tests 4 to 8 weeks after the
3rd dose, the possibility of HBV infection should be
investigated by tests for serological markers.

HCP with anti - HBs below 10 mIU / ml after receipt of
the primary series should be re-vaccinated. For these HCPs,
giving a second full 3-dose series on an appropriate
schedule, followed by anti - HBs testing 1 - 2 months after
the third dose, is usually more convenient than performing
serologic testing after each additional vaccine dose. Anti-HBs
testing should be performed 1 - 2 months after the last
vaccine dose and the vaccine response status should be
documented for future exposures.

CONCLUSIONS

All HCPs should adhere to infection control guidelines and
follow standard precautions. The records, if possible
retrievable electronic records should be maintained in health
care centers as a reference in case of occupational exposure
or for other purposes. A copy of the hepatitis B vaccination
and anti-HBs test results should be provided to HCP and
urged to keep them with their medical records so that they
can be made readily available to future employers.

Data sharing statement provided by the authors is available with the
full text of this article at jebmh.com.
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