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Abstract
Objective

This study aimed to determine the persistence of induced immunity against hepatitis B virus (HBV) among
adults routinely vaccinated during their infancy and correlate the level of induced immunity with participant
characteristics.

Methodology

This was a cross-sectional study conducted among visitors to primary care centers of the Ministry of Health
(MOH) in Riyadh, the Kingdom of Saudi Arabia (KSA) during the period from August 2020 to January 2021.
The study population included healthy adults of both genders who had received full doses of the HBV
vaccine in infancy. Data related to participant characteristics were collected using a self-administered
questionnaire. A blood sample was then taken from each participant to measure the serum level of hepatitis
B surface antigen (HBsAg), antibodies against HBsAg (anti-HBs), and antibodies against hepatitis B core
antigen (ani-HBc).

Results

A total of 400 subjects participated in the study; the mean age of the cohort was 25 years. Almost all of them
were Saudis (99.30%), and more than half (57.50%) were males. Only 24.30% had an anti-HBs antibodies
level of >10 IU/L, and all respondents were negative for HBs antigen. No significant association between
participant characteristics and anti-HBs antibody levels was found.

Conclusion

A decline in immunity many years after HBV vaccinations taken in infancy has been well-documented.
However, for low-risk populations, the boosting of HBV vaccines is probably unnecessary since the immune
memory provides sufficient protection despite low or undetectable anti-HBs antibodies.

Categories: Family/General Practice, Internal Medicine, Gastroenterology
Keywords: virology, prevention, immunization, infectious disease, liver

Introduction

Hepatitis B virus (HBV) is a DNA virus with a small, double-stranded structure and eight genotypes with
variable geographic distribution for each type [1]. HBV infection is a major health issue worldwide.
According to the World Health Organization (WHO), 257 million people were estimated to have chronic HBV
infection in 2015 worldwide [2]. HBV infections result in significant morbidity and mortality, which are
mainly related to chronic liver diseases, such as liver cirrhosis, liver failure, and hepatocellular carcinoma
(HCC) [1]. The safe and effective vaccine against HBV infection has yielded good control of HBV infection,
and hence, has led to a significant reduction of the associated morbidities and mortality rates.

The Kingdom of Saudi Arabia (KSA) is considered an endemic country for HBV infection in the Middle East,
with an estimated prevalence of 1.3-2% [3,4]. The mandatory infant vaccination programs in the country
have successfully reduced the prevalence of HBV infection from its high prevalence, which ranged
between 5 and 10% 40 years ago [4]. However, the incidence of HBV infections is still considered high. The
average annual incidence of HBV seropositivity is 104.6 per 100,000 population [5]. WHO recommends a
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dose of the HBV vaccine to be administered within 24 hours of birth to every infant to prevent perinatal HBV
transmission. This birth dose should be followed by two or three additional doses [6].

In KSA, the vaccination program against HBV was initiated in October 1989 for all infants at an interval of
zero, three, and five months of birth [7]. In 1990 and 1996, subsequent HBV vaccination programs were
initiated by the government in KSA to cover any unvaccinated children at the time of school entry. These
nationwide programs resulted in 99% protection that continued for eight years [3].

A concentration of 210 mIU/mL of the antibody to hepatitis B surface antigen (anti-HBs) measured one to
three months after the completion of the vaccination series is regarded as a reliable measure of protection
against further HBV infection [6]. Nevertheless, very little is known regarding the length of effective
protection provided by HBV vaccination. This lack of understanding may represent a dilemma for clinicians
as to whether a booster dose is needed or not [8]. The anti-HBs concentrations decline quickly after the first
year of initial vaccination, and slowly thereafter. In 15-50% of fully vaccinated children, the anti-HBs
concentrations may be low or undetectable within 5-15 years. In adults, the anti-HBs concentrations will fall
below <10 mIU/mL within 9-11 years in 30-60% of the population [9].

In a cohort study with a 30-year follow-up period, Bruce et al. found that no significant infections were
diagnosed in vaccinated people during the 30-year period of follow-up after the initial vaccination, and 51%
of them still had anti-HBs levels >10 mIU/mL [10]. Other studies have observed that primary HBV
vaccination can prevent infection for more than 25 years, despite the decline or loss of vaccine-induced anti-
HBs antibodies over time [11-15]. Gilca et al. have reported high seroprotection rates of >10 IU/1 in 88.2%,
86.4%, and 76.7% of Canadians at five, 10, and 15 years post-vaccination, respectively [16]. A low
seroprotection rate was detected one-year post-vaccination in 65% of children in a study carried out in
Iran, which declined significantly over time to 24% by 15 years of vaccination administration [17]. In KSA,
Alfaleh et al. observed that only 38% of the studied cohort (16-18-year olds) retained protective anti-HBs
antibodies post-vaccination [8]. In a study from Egypt, the seroprotection rate was 60.7%, and it was
significantly higher among children aged <5 years compared to older children [18].

This study aimed to determine the persistence of induced immunity against HBV among adults routinely
vaccinated during infancy and correlate the level of induced immunity with participant characteristics.

Materials And Methods

This was a cross-sectional, community-based study conducted among visitors to primary care centers in
Riyadh, KSA during the period from August 2020 to January 2021. The study population included healthy
adults of both genders who were born after 1989, when the routine HBV vaccination was started, and who
had received full doses of the vaccine. Persons with chronic HBV infection, those who had received booster
doses of the HBV vaccine, and those who were incapable of independent communication were excluded from
the study.

The sample size was calculated based on a study by Alfaleh et al., in which it was found that 38% of the
studied cohort retained protective anti-HBs post-vaccination [7]. Using a 95% confidence interval (CI) and a
5% margin of error, the required sample size was estimated to be 362. The sample size was calculated using
the free online OpenEpi epidemiologic calculator. The sample size was increased to 400 to ensure adequate
data. A convenient sampling technique was undertaken.

Data were collected in two stages. In stage one, participant characteristics were documented using a self-
administered questionnaire. The questionnaire included questions about age, gender. nationality, history of
HBYV infection, and the presence of comorbidities, namely hypertension, diabetes mellitus (DM), renal
disease, and dyslipidemia. In stage two, a blood sample was taken from each participant to measure the
serum level of hepatitis B surface antigen (HBsAg), anti-HBs, the antibody against hepatitis B core antigen
(ani-HBc). Persistent seroprotection was defined as the presence of 10 IU/L or more of anti-HBs without the
presence of HBsAg or anti-HBc.

The SPSS Statistics software (IBM, Armonk, NY) was used for data entry and analysis. Numeric presentation
in the form of percentages and frequencies was employed for categorical variables, whereas mean and
standard deviation was used for quantitative variables. Statistical analysis was performed using the chi-
square test for categorical variables and the t-test or one-way analysis of variance (ANOVA) test for the
qualitative variable as appropriate; a p-value <0.05 was considered statistically significant.

Ethical approval was obtained from the Institutional Review Board at King Saud Medical City, Riyadh, KSA.
Informed consent was obtained from all subjects. All information was kept confidential and used for
research purposes only.

Results

A total of 400 subjects participated in the current study, and the mean age of the cohort was 25 +3 years.
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Variables

Age, years

Gender, n

Nationality, n

History of hepatitis infection, n

Chronic disease, n

TABLE 1: Participant characteristics (n=400)

DM: diabetes mellitus

Almost all of them were Saudis (99.30%), and more than half (57.50%) were males. Only four participants

(1%) reported having DM, and none of them had a history of HBV infection (Table ).

Minimum

Maximum

Mean

Male

Female

Saudi

Non-Saudi

Yes

Values

18

28

25

230

170

397

400

396

%

57.50%

42.50%

99.25%

0.75%

0.00%

100.00%

1.00%

99.00%

Variables

Anti-HBs

HBs antigen

Anti-HBc

The results of the current study revealed that only 24.30% had an anti-HBs level of >10 IU/L. Besides, all
respondents were negative for HBs antigen. Regarding anti-HBc levels, 99.80% were negative, and only one

patient showed a positive anti-HBc result. The data are shown in Table 2.

<10 IU/L
210 IU/L
Positive
Negative
Positive

Negative

TABLE 2: HBV serology (n=400)

303

97

400

399

%

75.75%

24.25%

0.00%

100.00%

0.25%

99.75%

The percentage of males who showed anti-HBs level >10 IU/L was higher than that of females (26.10% vs.
21.80%), but this was not statistically significant (p=0.346). In addition, there was no significant association
between the age of the participants and the level of anti-HBs (p=0.759). Table 3 presents the level of
seroprotection anti-HBs antibodies among the participants.
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Anti-HBs antibody levels
10-<50

50-<100

100-<500

500-<1000

>1000

Total

N %

62 64.00%
8 8.25%
20 20.60%
5 5.15%

2 20.00%
97 100.00%

TABLE 3: Seroprotective anti-HBs antibody levels (IU/L) (n=97)

Discussion

The current study findings showed that only one-quarter of the participants had persistent seroprotection
after a minimum of 18 years from the time of vaccination. Several studies performed with long-term follow-
up in different countries have shown that 5-15 years after vaccination in infancy, about 10%-50% of
individuals had low or undetectable levels of seroprotection [19-23]. Our findings are similar to those
reported in an Iranian study conducted in a similar community [17]. On the other hand, higher protection
rates have been reported by some other studies. For instance, two Egyptian studies have found that about
half of the studied children, aged nine months to 16 years, who completed the HBV vaccination regimen
during infancy, have a seroprotection level of antibodies [18,24].

Similarly, in a cohort study conducted in the United States with a 30-year follow-up period, Bruce et al.
found that 51% of subjects still had anti-HBs levels >10 mIU/mL [10]. Moreover, Gilca et al, in a study from
Canada, reported a higher prevalence of seroprotection rates as they found that 76.7% of cases had a level
>10 IU/1 at 15 years post-vaccination [16]. A study from Thailand has found that 64% of the studied subjects
have anti-HBs levels >10 mIU/mL 20 years post-vaccination [11]. Italian and Chinees studies have reported
similar figures [12,25]. Floreani et al. conducted an 18-year follow-up study on vaccinated healthcare
workers and found that an effective seroprotection level persisted in >85% of subjects after 10 years [26].

When comparing our findings with a local study, a higher seroprotection rate (38%) was reported by Alfaleh
et al. [7]. It should be noted that the age of the cohort studied by Alfaleh et al. ranged from 16 to 18 years,
while in our study it was 18-28 years, which might explain the difference in results. Mahallawi, in another
local study, investigated the persistence of seroprotection in 335 medical students in Al Madina, KSA, who
had completed the HBV vaccination series in infancy; 51% of the studied group reported having anti-HBs
levels <10 mIU/mL [27]. Overall, the wide variation between the findings of different studies in reported
seroprotection levels may be attributed to the variation in the prevalence of HBV infection, the age groups of
the population studied, types of vaccine, and/or natural history of the HBV infection [18].

It was concluded from several studies that the initial anti-HBs level after primary vaccination and the age at
which vaccination was given play an essential role in the persistence of seroprotective antibodies [11-
15,21,23]. Following the vaccination, the magnitude of anti-HBs titer will determine the duration it takes to
decline [21]. Schonberger et al., in a meta-analysis, identified the determinants of long-term protection after
HBV vaccination in infancy. According to their findings, maternal carrier status, lower vaccine dosage than
presently recommended, and the gap between the last and the preceding dose of the primary vaccine

series were considered determinants for the persistence of anti-HBs antibodies >10 [28]. However, in our
study, the anti-HBs level was not correlated with any of the participants' demographic characteristics.

In a study by Bruce et al., no significant infections were found in vaccinated persons during the 30 years of
follow-up, including in individuals with declined seroprotection [10]. This aligns with our study, where only
one case of anti-HBc positivity was found. In comparison, a local study done in Asir in southern KSA, in
which blood samples were drawn from 10,234 people, a seroprevalence of 0.8% and 1.3% was found among
people aged less than 15 years and those aged 15-24 years, respectively. In that study, anti-HBs levels were
not tested, but both groups were born after the implementation of the HBV vaccination program [29].

Many studies have observed that prevention from HBV infection can be maintained for more than 25 years
after the initial HBV vaccination in spite of low or undetectable anti-HBs antibodies [8,11-15]. This finding
was illustrated by a challenge test with a booster dose of HBV vaccination in which previously fully
vaccinated persons developed an anamnestic response. Anamnestic responses are related to immune
memory where people will develop immunity whenever exposed to HBV [10,12,13,16]. Therefore, current
guidelines do not recommend measuring anti-HBs titers after the complete series of HBV vaccination nor
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giving a booster dose for immunocompetent individuals. It is only recommended for high-risk groups, such
as hemodialysis patients, babies of HBV-infected mothers, relatives of HBV carriers, HIV-positive people,
and healthcare workers [9,10,12,30].

With regard to study limitations, the sample size was relatively small. Moreover, the history of hepatitis
infection and other medical history was recorded based on self-reports and may be prone to inaccuracy or
recall bias.

Conclusions

It has been well-documented that people who receive HBV vaccination in infancy experience a decline in
immunity as years go by. However, for low-risk populations, the boosting of HBV vaccines is probably
unnecessary since the immune memory provides sufficient protection despite low or undetectable anti-HBs
antibodies. This issue is still a matter of debate. Further studies on a larger scale are needed to investigate
the long-term persistence of HBV immunity and the need for and effect of booster doses of HBV vaccines in
low-risk populations.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Institutional Review
Board at King Saud Medical City, Riyadh issued approval HIRI-19-Apr20-01. This study has been approved
by the Institutional Review Board at King Saud Medical City, Riyadh. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.

References

1. Liang TJ: Hepatitis B: the virus and disease . Hepatology. 2009, 49:S13-21. 10.1002/hep.22881
2. WHO: global hepatitis report. (2017). Accessed: November 22, 2021:
https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/.
3. Aljumah AA, Babatin M, Hashim A, Abaalkhail F, Bassil N, Safwat M, Sanai FM: Hepatitis B care pathway in
Saudi Arabia: current situation, gaps and actions. Saudi ] Gastroenterol. 2019, 25:73-80.
10.4103/sjg.S]G 421 18
4.  Alghamdi M, Alghamdi AS, Aljedai A, et al.: Revealing hepatitis B virus as a silent killer: a call-to-action for
Saudi Arabia. Cureus. 2021, 13:e14811. 10.7759/cureus.14811
5.  Memish ZA, Knawy BA, El-Saed A: Incidence trends of viral hepatitis A, B, and C seropositivity over eight
years of surveillance in Saudi Arabia. Int | Infect Dis. 2010, 14:e115-20. 10.1016/].ijid.2009.03.027
6. No authors listed: Hepatitis B vaccines. Wkly Epidemiol Rec. 2009, 84:405-19.
7. Alfaleh F, Alshehri S, Alansari S, Aljeffri M, Almazrou Y, Shaffi A, Abdo AA: Long-term protection of
hepatitis B vaccine 18 years after vaccination. ] Infect. 2008, 57:404-9. 10.1016/}.jinf.2008.08.008
8. Van Damme P: Long-term protection after Hepatitis B vaccine. | Infect Dis. 2016, 214:1-3.
10.1093/infdis/jiv750
9. Leuridan E, Van Damme P: Hepatitis B and the need for a booster dose . Clin Infect Dis. 2011, 53:68-75.
10.1093/cid/cir270
10.  Bruce MG, Bruden D, Hurlburt D, et al.: Antibody levels and protection after hepatitis B vaccine: results of a
30-year follow-up study and response to a booster dose. ] Infect Dis. 2016, 214:16-22. 10.1093/infdis/jiv748
11. Poovorawan Y, Chongsrisawat V, Theamboonlers A, Crasta PD, Messier M, Hardt K: Long-term anti-HBs
antibody persistence following infant vaccination against hepatitis B and evaluation of anamnestic
response: a 20-year follow-up study in Thailand. Hum Vaccin Immunother. 2013, 9:1679-84.
10.4161/hv.24844
12.  SpadaE, Romano L, Tosti ME, et al.: Hepatitis Bimmunity in teenagers vaccinated as infants: an Italian 17-
year follow-up study. Clin Microbiol Infect. 2014, 20:0680-6. 10.1111/1469-0691.12591
13.  ZhuCL, Liu P, Chen T, et al.: Presence of immune memory and immunity to hepatitis B virus in adults after
neonatal hepatitis B vaccination. Vaccine. 2011, 29:7835-41. 10.1016/j.vaccine.2011.07.098
14. Ni YH, Chang MH, Wu JF, Hsu HY, Chen HL, Chen DS: Minimization of hepatitis B infection by a 25-year
universal vaccination program. ] Hepatol. 2012, 57:730-5. 10.1016/j.jhep.2012.05.021
15.  Mendy M, Peterson I, Hossin S, et al.: Observational study of vaccine efficacy 24 years after the start of
hepatitis B vaccination in two Gambian villages: no need for a booster dose. PLoS One. 2013, 8:e58029.
10.1371/journal.pone.0058029
16. Gilca V, De Serres G, Boulianne N, et al.: Antibody persistence and the effect of a booster dose given 5, 10 or
15 years after vaccinating preadolescents with a recombinant hepatitis B vaccine. Vaccine. 2013, 31:448-51.
10.1016/j.vaccine.2012.11.037
17.  Rezaei M, Nooripoor S, Ghorbani R, Ramezanshams F, Mamishi S, Mahmoudi S: Seroprotection after
hepatitis B vaccination in children aged 1 to 15 years in central province of Iran, Semnan. ] Prev Med Hyg.
2014, 55:1-3.

2022 AlAteeq et al. Cureus 14(1): €21266. DOI 10.7759/cureus.21266 50f6


https://dx.doi.org/10.1002/hep.22881?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/hep.22881?utm_medium=email&utm_source=transaction
https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/?utm_medium=email&utm_source=transaction
https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/sjg.SJG_421_18?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/sjg.SJG_421_18?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.14811?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7759/cureus.14811?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijid.2009.03.027?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijid.2009.03.027?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/19817017/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jinf.2008.08.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jinf.2008.08.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/infdis/jiv750?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/infdis/jiv750?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/cid/cir270?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/cid/cir270?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/infdis/jiv748?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/infdis/jiv748?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4161/hv.24844?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4161/hv.24844?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/1469-0691.12591?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/1469-0691.12591?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.vaccine.2011.07.098?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.vaccine.2011.07.098?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jhep.2012.05.021?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jhep.2012.05.021?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0058029?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0058029?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.vaccine.2012.11.037?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.vaccine.2012.11.037?utm_medium=email&utm_source=transaction
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4718339/?utm_medium=email&utm_source=transaction

Cureus

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Salama I, Sami S, Saleh R, Mohsen A, Elserougy S, Emam H, Said Z: Immunogenicity of compulsory and
booster doses of hepatitis B vaccine among children in Cairo, Egypt. ] Egypt Public Health Assoc. 2017,
92:77-85. 10.21608/epx.2018.8945

Gilca V, De Serres G, Boulianne N, et al.: Antibody kinetics among 8-10 years old respondents to hepatitis B
vaccination in a low endemic country and the effect of a booster dose given 5 or 10 years later. Vaccine.
2009, 27:6048-53. 10.1016/j.vaccine.2009.07.100

Le MH, Yeo YH, So S, Gane E, Cheung RC, Nguyen MH: Prevalence of hepatitis B vaccination coverage and
serologic evidence of immunity among US-born children and adolescents from 1999 to 2016. JAMA Netw
Open. 2020, 3:2022388. 10.1001/jamanetworkopen.2020.22388

Scheifele DW: Will infant hepatitis B immunization protect adults?. Pediatr Infect Dis J. 2019, 38:564-6.
10.1097/INF.0000000000002326

Romano L, Galli C, Tagliacarne C, et al.: Persistence of immunity 18-19 years after vaccination against
hepatitis B in 2 cohorts of vaccinees primed as infants or as adolescents in Italy. Hum Vaccin Immunother.
2017, 13:981-5. 10.1080/21645515.2017.1264795

Mahmood S, Shah KU, Khan TM: Immune persistence after infant hepatitis-B vaccination: a systematic
review and meta-analysis. Sci Rep. 2018, 8:12550. 10.1038/s41598-018-30512-8

Specialist Panel on Chronic Hepatitis B in the Middle East: A review of chronic hepatitis B epidemiology and
management issues in selected countries in the Middle East. ] Viral Hepat. 2012, 19:9-22. 10.1111/j.1365-
2893.2011.01511.x

Ma JC, Wu ZW, Zhou HS, et al.: Long-term protection at 20-31 years after primary vaccination with plasma-
derived hepatitis B vaccine in a Chinese rural community. Hum Vaccin Immunother. 2020, 16:16-20.
10.1080/21645515.2019.1646575

Floreani A, Baldo V, Cristofoletti M, Renzulli G, Valeri A, Zanetti C, Trivello R: Long-term persistence of
anti-HBs after vaccination against HBV: an 18 year experience in health care workers. Vaccine. 2004,
22:607-10. 10.1016/j.vaccine.2003.09.001

Mahallawi W: Persistence of hepatitis B surface antibody and immune memory to hepatitis B vaccine among
medical college students in Madinah. Ann Saudi Med. 2018, 38:413-9. 10.5144/0256-4947.2018.413
Schonberger K, Riedel C, Riickinger S, Mansmann U, Jilg W, Kries RV: Determinants of Long-term protection
after hepatitis B vaccination in infancy: a meta-analysis. Pediatr Infect Dis J. 2013, 32:307-13.
10.1097/INF.0b013e31827bd 1b0

Al Humayed SM, El-Mekki AA, Mahfouz AA: Hepatitis B virus infection in Aseer Region, south-western
Saudi Arabia: a call for an immediate action against a preventable disease. Public Health. 2017, 146:24-8.
10.1016/j.puhe.2017.01.004

Madalinski K, Kotakowska A, Godzik P: Current views on the persistence of immunity following hepatitis B
vaccination. Przegl Epidemiol. 2015, 69:47-51.

2022 AlAteeq et al. Cureus 14(1): €21266. DOI 10.7759/cureus.21266

6 0of 6


https://dx.doi.org/10.21608/epx.2018.8945?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.21608/epx.2018.8945?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.vaccine.2009.07.100?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.vaccine.2009.07.100?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jamanetworkopen.2020.22388?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jamanetworkopen.2020.22388?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/INF.0000000000002326?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/INF.0000000000002326?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/21645515.2017.1264795?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/21645515.2017.1264795?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-018-30512-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-018-30512-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2893.2011.01511.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1365-2893.2011.01511.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/21645515.2019.1646575?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/21645515.2019.1646575?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.vaccine.2003.09.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.vaccine.2003.09.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5144/0256-4947.2018.413?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5144/0256-4947.2018.413?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/INF.0b013e31827bd1b0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/INF.0b013e31827bd1b0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.puhe.2017.01.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.puhe.2017.01.004?utm_medium=email&utm_source=transaction
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.695.6729&rep=rep1&type=pdf&utm_medium=email&utm_source=transaction#page=61

	Long-term Immunity Against Hepatitis B Virus After Routine Immunization Among Adults Visiting Primary Care Centers in Riyadh, Saudi Arabia
	Abstract
	Objective
	Methodology
	Results
	Conclusion

	Introduction
	Materials And Methods
	Results
	TABLE 1: Participant characteristics (n=400)
	TABLE 2: HBV serology (n=400)
	TABLE 3: Seroprotective anti-HBs antibody levels (IU/L) (n=97)

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


