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Abstract

Background: Hepatitis B virus (HBV) infection is a global health problem. Immigrants to the United States have a high prevalence of HBV infection. 
Understanding the HBV infection trends and its distribution can improve prevention and control strategies. This study was to determine the infection 
trends, distribution, and factors associated with HBV infection in Delaware. 

Methods: We performed a retrospective study on persons suspected of having HBV infection reported to Delaware Division of Public Health’s 
Surveillance System during January 1, 2005-December 31, 2015. The charts of 4, 981 persons were reviewed and included in the analysis. 

Results: Of these 4, 981 persons, 2, 119 (42.5%) had HBV infection. During 2005-2015, acute and chronic HBV infection declined 80.9% and 60%, 
respectively for an overall reduction of 62.2%. 

Males had a higher yearly infection rate. Rates declined 63.5% among males and 60.1% among females. There was an increase of 13.4% in the HBV 
infection in females during 2010-2015. HBV infection declined in all racial groups. Asians had a higher yearly infection rate and it increased 40.0% 
during 2010-2015. HBV infection declined in all age groups. However, an increase of 12.2% was seen among those 15-39 years during 2010-2015. Sixty-six 
percent of infected patients were in five cities: Wilmington, Newark, New Castle, Dover, and Bear. 

In a multivariable logistic model, significant predictors for HBV infection included being male [adjusted odds ratio (aOR): 1.6, 95% CI: 1.4-1.8], age 15-39 
years and 40-59 years (aOR: 3.7, 95% CI: 2.3-5.9 and 2.4, 95%CI: 1.5-3.8). Asian, black, and other race had a greater risk compared with white, with aOR 
of 5.8 (95% CI: 4.8-7.0), 1.7 (95% CI: 1.4-1.9), and 1.4 (95% CI: 1.1-1.9), respectively. 

Conclusions: HBV infection is significant in Delaware and concentrated mainly in a few cities. Despite an overall decline, increases were seen among 
females, in the 15-39 age group, and in the Asian population during 2010-2015. Further studies should be conducted to identify factors contributing to 
these increases
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Introduction

Hepatitis B virus (HBV) infection remains a major global health 
problem with an estimated 257 million chronic HBV-infected persons 
worldwide in 2017 [1]. In the United States, despite a comprehensive 
vaccination program to eliminate HBV transmission since 1991 [2], 
the estimated prevalence of current active HBV infection during 
2011-2014 was 0.4% among U.S. adults age 18 years and over [3], 
with an estimate of 850, 000-2.2 million HBV-infected persons [4-6]. 
HBV infection is a vaccine preventable disease that is transmitted by 
percutaneous or mucosal exposure to infectious blood or body fluids. 
It is among the top 10 causes of infectious disease-related mortality in 
the world, with over 887, 000 deaths annually [1]. Delaware is a small 
state with a population of 945, 934 people in 2015 and home to 76, 768 
immigrants in 2013 [7]. Immigrants to the United States have a high 
prevalence of viral hepatitis B surface antigen (HBsAg); it was 4.9% 
during 2004-2008 [8] and around 71.3% of chronic HBV infections 

were among persons born outside the United States [9]. Since 
individuals with chronic HBV infection are often unaware of their 
infection status, they are a major source of ongoing HBV transmission 
[10]. An understanding of HBV epidemiology is important for 
targeted public health efforts. This study aimed to determine HBV 
infection trends, identify its distribution and factors associated with 
HBV infection in Delaware during the period 2005-2015.

Methods 

Data and patient population  

HBV data reported by hospitals, clinics, and laboratories to the 
Delaware Division of Public Health (DPH) through the Delaware 
Electronic Reporting and Surveillance System (DERSS) were 
obtained for the years 2005-2015 (11-year period). Data reported 
to DERSS include information on laboratory testing results of 
suspected HBV infection persons. In addition, information collected 
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by epidemiologists during the disease investigation process was 
reviewed, including data on the persons’ demographics, diagnosis, 
hospitalization, and vaccination status. 

Study design

A retrospective study on persons suspected of having HBV 
infection was conducted. All reported persons to DERSS and 
information gathered during the disease investigation were included 
for review and analysis. The rate of HBV infection was the principal 
study outcome. HBV infection was defined based upon the Center for 
Disease Control and Prevention’s (CDC) clinical case definitions and 
laboratory criteria [11]. For acute HBV infection: a case was confirmed 
if met the clinical case definition, was laboratory confirmed, and was 
not known to have chronic hepatitis B. Clinical description includes 
an acute illness with a discrete onset of any sign or symptom consistent 
with acute viral hepatitis, and either a) jaundice, or b) elevated 
serum alanine aminotransferase (ALT) levels >100 IU/L. Laboratory 
criteria include hepatitis B surface antigen (HBsAg) positive, and 
Immunoglobulin M (IgM) antibody to hepatitis B core antigen (IgM 
anti-HBc) positive (if done). For chronic HBV infection: clinically, 
no symptoms are required. Persons with chronic HBV may have no 
evidence of liver disease or may have a spectrum of disease ranging 
from chronic hepatitis to cirrhosis or liver cancer. Laboratory criteria 
include IgM anti-HBc negative and a positive result on one of the 
following tests: HBsAg, hepatitis B e antigen (HBeAg), or nucleic acid 
test for hepatitis B virus DNA, or HBsAg positive or nucleic acid test 
for HBV DNA positive or HBeAg positive two times at least 6 months 
apart. A case was classified as a probable case if a person has a single 
HBsAg positive or HBV DNA positive or HBeAg positive and does 
not meet the case definition for acute hepatitis B, and a confirmed 
case if a person who meets either of the above laboratory criteria for 
diagnosis [11].

Statistical analysis

Descriptive statistics such as frequencies, means, medians, 
inter-quartile range, and cross-tabulation were used for patient 
characteristics. Between-group differences were evaluated using the 
chi-square test or Fisher’s exact test for categorical data or a Mann-
Whitney test for continuous data. The yearly cumulative incidence of 
acute HBV infection and the yearly prevalence rate of chronic HBV 
infection per 100, 000 population were determined for the 2005-2015 
period. Calculation of the yearly cumulative incidence was based on 
the number of newly-diagnosed patients and the number of people at 
risk for HBV infection within each year. The yearly prevalence rate of 
chronic HBV infection was estimated based upon the yearly number 
of chronic HBV-infected cases divided by the number of people in 
the population in the same year. In addition, the yearly rate of HBV 
infection per 100, 000 population was calculated by population 
characteristics (sex, age, and race). The yearly infection rate was 
estimated based on the yearly number of HBV-infected cases and the 
Delaware population in the same year stratified by sex, age group, and 
race. To identify distribution of HBV infection, patient characteristics 
were described and established by geographical location. Risk factors 
associated with HBV infection were analyzed by logistic regression 

models. Hosmer and Lemeshow stepwise strategies were applied for 
model building: potential independent variables with P-value <0.25 
were included in the initial full model. Data analyses were performed 
using the Stata software program (version 13; STATA Corp., College 
Station, TX). P-values less than 0.05 (two tailed) were considered 
statistically significant. 

Results

A total of 4, 981 people suspected of having HBV infection were 
identified and included in the analysis. Baseline and demographic 
characteristics, by HBV infection status, are presented in Table 1. HBV 
infection was identified in 2, 119 patients (42.5%, 232 acute and 1, 
887 chronic HBV-infected patients), including 1, 988 (39.9%) and 131 
(2.6%) cases of confirmed and probable HBV infection, respectively. 
Of this study population, a significantly larger number of reported 
persons were males compared with females [55.0% versus (vs.) 44.8%, 
P<0.001]. The overall study population’s mean age was 45.3 years 
[inter-quartile range (IQR): 34-56]. A majority (79.2%) were 15-59 
years old; and white, black, and Asian races were observed in 38.5%, 
34.1%, and 16.0%, respectively. Only 10.6% of the population had 
received one or more doses of HBV vaccination. Compared with the 
non-HBV infection group, the HBV-infected patients were younger 
[mean age: 42.7 years (IQR: 32-52) vs. 47.2 years (IQR: 36-58)] and 
had a significant larger number of patients in the 15-39 age group 
(43.1% vs. 27.3%, P<0.001). In addition, the HBV-infected patients 
had significantly fewer whites (26.4% vs. 47.4%), more persons of 
Asian origin (26.8% vs. 7.9%, P<0.001), and fewer patients who had 
received one or more doses of HBV vaccination, compared with the 
non-HBV infection group (6.1% vs. 14.0%, P<0.001). 

Hepatitis B virus infection trend

Between 2005 and 2015, 2, 119 patients (232 acute, 1, 887 chronic) 
infected with HBV were identified. Figure 1 shows the incidence of 
acute HBV infection and the prevalence rate of chronic HBV infection 
per 100, 000 population from 2005 through 2015. The incidence of 
acute HBV per 100, 000 population declined 80.9%, from 4.2 (34 cases 
in 2005) to 0.8 (8 cases in 2015). Similarly, chronic HBV infection 
per 100, 000 population declined 60% from 36.0 (295 cases in 2005) 
to 14.4 (136 cases in 2015), making the overall reduction (acute and 
chronic) of 62.2% from 40.2 (329 cases) to 15.2 (144 cases) per 100, 
000 population. During a period of 2010-2012, there was a moderate 
spike of 28% in the prevalence of chronic HBV infection, from 13.4 
(in 2010) to 17.1 cases (in 2012) per 100, 000 population; and then a 
slight increase of approximately 7%, from 13.5 (in 2013) to 14.4 cases 
(in 2015) per 100, 000 population. 

Hepatitis B virus infection by gender 

Of the 2, 119 patients infected with HBV, males accounted for 
58.8% (1, 246 cases) compared with 41.1% (870 cases) among females. 
In the acute HBV-infected group, 66.0% (153 cases) were in males 
compared with 33.6% (78 cases) in females. Similarly, in the chronic 
HBV-infected group, 57.9% (1, 093 cases) were in males compared 
with 42.0% (792 cases) in females, Table 1. Figure 2 presents the HBV 
infection trend by gender per 100, 000 population during the period 



Nhiem Viet Luong (2017) Infection Trend, Distribution, and Factors Associated with Hepatitis B Virus Infection in Delaware, 2005-2015

Internal Med Res Open J, Volume 2(3): 3–7, 2017

2005-2015: Generally, males had a higher yearly HBV infection rate in 
comparison with females. Between 2005 and 2015, the HBV infection 
rate among males declined 63.5%, from 49.1 (195 cases) to 17.9 (82 
cases) per 100, 000 population; and the HBV infection rate among 
females declined 60.1%, from 31.8 (134 cases) to 12.7 (62 cases) per 
100, 000 population. Interestingly, in the period 2005-2010, the HBV 
infection declined 64.8% among females, which was higher than the 
56.2% decline for males. However, in the period 2010-2015, while we 
observed a decline of 16.7% in males (from 21.5 to 17.9 cases per 100, 
000 population), the HBV infection rate increased 13.4% in females 
(from 11.2 to 12.7 cases per 100, 000 population).

Table 1. Population characteristics

Characteristics HBV 
Infection
(N = 2,119)

Non-HBV
Infection
(N = 2,862)

Total
(N = 4,981)

P-value 

Gender; N (%)

Male 1246 (58.8) 1495 (52.2) 2741 (55.0)  <0.001

Female 870 (41.1) 1363 (47.6) 2233 (44.8)

Missing/Unknown  3 (0.1)  4 (0.2)  7 (0.2)

Age, N (%)   mean:45.3 years, IQR: 34-56 years)

 <15 27 (1.3) 94 (3.3) 121 (2.4) <0.001

15-39 914 (43.1) 782 (27.3) 1696 (34.1)

40-59 907 (42.8) 1341 (46.8) 2248 (45.1)

≥60 271 (12.8) 646 (22.6) 917 (18.4)

Race/Ethnicity, N (%)

White 560 (26.4) 1358 (47.4) 1918 (38.5) <0.001

Black 703 (33.2) 997 (34.8) 1700 (34.1)

Asian 568 (26.8) 227 (7.9) 795 (16.0)

Others* 82 (3.8) 128 (4.5) 210 (4.2)

Unknown 14 (0.7) 68 (2.4) 82 (1.7)

Missing 192 (9.1) 84 (3.0) 276 (5.5)

Received ≥01 dose of hepatitis B virus vaccination

Yes 130 (6.1) 399 (14.0) 529 (10.6) <0.001

No 1987 (93.8) 2463 (86.0) 4450 (89.3)

Unknown/Missing 2 (0.1) 0  2 (0.1)

* American Indian/Alaska Native, Pacific Islander, Hispanic, Multiracial

Hepatitis B virus infection by age group 

Of those infected with HBV, 85.9% (1, 821/2, 119 cases) were in 
the age groups of 15-39 and 40-59 years old, Table 2. Figure 3 presents 
the HBV infection trend per 100, 000 population by age group: In 
general, all age groups had a huge reduction between 2005 and 2015. 
The highest reduction (100%) was seen in the age group <15 years, 
from 2.5 (4 cases in 2005) to 0.6 (1 case in 2014) and 0.0 case (0 case 
in 2015) per 100, 000 population. The smallest reduction (63.6%) was 
observed in the age group of 15-39 years, from 51.7 (141 cases in 2005) 
to 23.8 (73 cases in 2015) per 100, 000 population. Approximately 
88.9% reduction was seen in the age group of ≥60 years, from 19.7 (29 

cases in 2005) to 7.2 (16 cases in 2015) per 100, 000 population; and 
65.9% reduction was seen in the age group of 40-59 years, from 65.4 
(155 cases in 2005) to 22.3 (55 cases in 2015) per 100, 000 population. 
Interestingly, in the period of 2010-2015, there was an increase of 
12.2% in the HBV infection rate in the age group of 15-39 years, 
from 20.9 (62 cases in 2010) to 23.8 (73 cases in 2015) per 100, 000 
population. 
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Figure 1. Hepatitis B virus infection trend, Delaware, 2005-2015
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Figure 2. Hepatitis B virus infection by gender, Delaware, 2005-2015

Hepatitis B virus infection by race 

Of the entire study population (4, 981 persons), white and black 
population accounted for a larger number of reported persons in 
comparison with Asian population (38.5% and 34.1% versus 16.0%, 
Table 1). However, in the group of HBV-infected patients (2, 119 
HBV-infected persons, Table 2): the largest infected number was seen 
in black (33.2%), then Asian (26.8%), and white (26.4%). Particularly, 
in the acute HBV-infected patients, the largest number of cases was 
identified in white (43.5%), then black (40.5%, Asian (6.9%), and 
others (1.3%). In the chronic HBV-infected patients, the largest 
number was identified in black (32.3%), then Asian (29.3%), white 
(24.3%), and others (4.2%). Figure 4 presents the HBV infection 
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trend per 100, 000 population by racial/ethnic group from 2005 to 
2015: Generally, the decline was seen in all racial/ethnic groups. Asian 
population had a higher yearly infection rate per 100, 000 population 
in comparison with other populations: Compared with white, it was 
25.1-fold and 31.5-fold higher in 2005 and 2015, respectively; and it 
was 5.9-fold and 6.4-fold higher in comparison with black in 2005 
and 2015, respectively. In addition, Asian population had the lowest 
decline at 54.7%, from 348.6 (78 cases in 2005) to 157.8 (57 cases in 
2015) per 100, 000 population; other race had the highest decline of 
89.9%, from 38.8 (12 cases in 2005) to 3.9 (2 cases in 2015) per 100, 000 
population; blacks had the second lowest decline of 57.9%, from 58.3 
(95 cases in 2005) to 24.5 (50 cases in 2015) per 100, 000 population; 
and white obtained a decline of 64.0%, from 13.9 (84 cases in 2005) to 
5.0 (33 cases in 2015) per 100, 000 population. Interestingly, regardless 
of a decline in all racial/ethnic groups, Asian group had an increase 
of 40.0% in the HBV infection rate, from 94.6 (26 cases in 2010) to 
157.8 (57 cases in 2015) per 100, 000 population, during a period of 
2010-2015.

Geographical distribution of HBV infection
Delaware state consists of three counties (New Castle, Kent, and 

Sussex counties), with a total of 56 cities. Table 2 presents characteristics 
of HBV-infected patients and their geographic distribution. Of the 2, 
119 HBV-infected people, 66% (1, 395 cases) were identified in five 
cities: Wilmington (27.9%, 591 cases), Newark (17.9%, 379 cases), 
New Castle (7.5%, 159 cases), Dover (7.1%, 152 cases), and Bear 
(5.3%, 114 cases). Figure 5 presents the trend of HBV infection for 
these top five cities for the period 2005-2015 versus the remaining 51 
other cities combined. The top-ranking city for the number of HBV-
infected patients in 2005 was Wilmington, which also achieved the 
largest reduction of 69.9%, from 93 cases in 2005 to 28 cases in 2015. 
Newark ranked second in 2005 and during the period 2005-2010, its 
HBV cases declined 71.4%, from 70 cases in 2005 to 20 cases in 2010; 
however, between 2010 and 2015, the case count increased 45%, from 
20 cases in 2010 to 29 cases in 2015. The City of New Castle ranked 
third for HBV cases in 2005 and its case count fell 64%, from 25 cases 
in 2005 to 9 cases in 2015. The City of Dover’s HBV cases declined 
26.3% between 2005 (19 cases) and 2006 (14 cases), and then it 
fluctuated up and down, maintaining around 13-15 cases per year. All 
other cities combined (51 cities) obtained an overall decline of 53.5%, 
from 112 cases in 2005 to 46 cases in 2010 and to 52 cases in 2015. 

Factors associated with HBV infection

Potential risk factors associated with HBV infection were 
examined in univariate and multivariate logistic regression models. 
These include gender, age, and race. Table 3 shows the selected 
demographic predictors in the univariate and multivariable logistic 
regression analyses. Results from the multivariable analysis indicate 
that males had a greater risk for HBV infection than females 
[adjusted odds ratio (aOR): 1.6, 95% CI: 1.4-1.8); those 15-39 years 
and 40-59 years had a greater risk of HBV infection (aOR: 3.7, 95% 
CI: 2.3-5.9 and 2.4, 95% CI: 1.5-3.8, respectively) than those in the 
age group less than 15 years. Interestingly, compared with whites, 
Asians had a 5.8-fold (aOR: 5.8, 95% CI: 4.8-7.0) greater risk of 
HBV infection; black and other racial groups also had a greater 
risk, its aOR was 1.7 (95% CI: 1.4-1.9) and 1.4 (95% CI: 1.1-1.9) for 
black and other racial groups compared with white, respectively.

Table 2. Characteristics of patients infected with Hepatitis B virus, Delaware, Period 
2005-2015

Characteristics Acute HBV
Infection
(N=232)

Chronic HBV
Infection
(N=1, 887)

Total
(N=2, 119)

Gender; N (%)

Male 153 (66.0) 1, 093 (57.9) 1, 246 (58.8)

Female 78 (33.6) 792 (42.0) 870 (41.1)

Missing/
Unknown

1 (0.4) 2 (0.1) 3 (0.1)

Age, N (%) mean: 42.7 years, IQR: 32-52 years old)

 <15 0 27 (1.4) 27 (1.3)

15-39 103 (44.4) 811 (43.0) 914 (43.1)

40-59 110 (47.4) 797 (42.2) 907 (42.8)

≥60 19 (8.2) 252 (13.4) 271 (12.8)

Race/Ethnicity, N (%)

White 101 (43.5) 459 (24.3) 560 (26.4)

Black 94 (40.5) 609 (32.3) 703 (33.2)

Asian 16 (6.9) 552 (29.3) 568 (26.8)

Others* 3 (1.3) 79 (4.2) 82 (3.9)

Unknown/
Missing 

18 (7.8) 188 (9.9) 206 (9.7)

County (N, %) and City** (zip code) 

New 
Castle 

Wilmington 
(19801-19810)

84 (36.2) 507 (26.9) 591 (27.9)

Smyrna 
(19977)

3 (1.2) 25 (1.3) 28 (1.3)

Newark  
(19702, 19711, 
19713)

19 (8.1) 360 (19.0) 379 (17.9)

New Castle 
(19720)

28 (12.0) 131 (6.9) 159 (7.5)

Middletown 
(19709)

2 (0.8) 46 (2.4) 48 (2.2)

Hockessin 
(19707)

1 (0.4) 51 (2.7) 52 (2.4)

Claymont  
(19703)

6 (2.5) 58 (3.1) 63 (3.0)

Bear  
(19701)

10 (4.3) 104 (5.5) 114 (5.3)

Kent Dover  
(19901, 19904)

13 (5.6) 139 (7.3) 152 (7.1)

Smyrna  
(19977)

4 (1.7) 51 (2.7) 55 (2.6)

Sussex Georgetown 
(19947)

6 (2.5) 38 (2.0) 44 (2.0)

Lewes  
(19958)

6 (2.5) 33 (1.7) 39 (1.8)

Millsboro 
(19966)

3 (1.2) 27 (1.4) 30 (1.4)

Rehoboth Beach 
(19971)

6 (2.6) 28 (1.4) 34 (1.6)

Seaford  
(19973) 

4 (1.7) 44 (2.3) 48 (2.2)

*: American Indian/Alaska Native, Pacific Islander, Hispanic, Multiracial

**: Only cities with a number of cases ≥25
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Figure 3. Hepatitis B virus infection by age group, Delaware, 2005-2015
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Figure 4. Hepatitis B virus infection by race, Delaware, 2005-2015

Table 3. Factors associated with Hepatitis B virus infection

Predictor Univariate  
Odds ratio (95% CI)

Multivariate  
Odds ratio (95% CI)

Gender

Female 1 1

Male 1.3 (1.2-1.5) 1.6 (1.4-1.8)

Age, years

<15 1 1

15-39 4.1 (2.6-6.3) 3.7 (2.3-5.9)

40-59 2.4 (1.5-3.6) 2.4 (1.5-3.8)

≥ 60 1.5 (0.9-2.3) 1.5 (0.9-2.4)

Race/Ethnicity 

White 1 1

Black 1.7 (1.4-1.9) 1.7 (1.4-1.9)

Asian 6.1 (5.1-7.3) 5.8 (4.8-7.0)

Others 1.5 (1.1-2.1) 1.4 (1.1-1.9)
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Figure 5. HBV infection in top five and other cities, Delaware, 2005-2015

Discussion

Understanding HBV infection trends and the epidemiologic 
characteristics of those infected with HBV are key to inform 
improvements in prevention and control strategies. While there 
are reliable data about the relationship between HBV vaccination 
and HBV infection, there are no published data on infection trends 
and epidemiologic characteristics of persons infected with HBV in 
Delaware. Over the past 11 years, our data suggest that HBV infection 
remains a significant public health issue in Delaware. During the period 
2005-2015, although Delaware achieved a 62.2% overall reduction in 
HBV infection, its yearly infection rate exceeded the national rate 
and rates in many other states, including Maryland, California, New 
Jersey, New York, and Pennsylvania [9, 12]. The Centers for Disease 
Control and Prevention reported the yearly national rate of acute HBV 
infection per 100, 000 population at 1.9 cases for 2005, 1.1 cases for 
2010, and around 0.9 cases for the period of 2011-2014 [9]. Delaware’s 
yearly infection rate for acute HBV infection per 100, 000 population 
was much higher at 4.2 cases in 2005, 2.8 cases in 2010, 1.4-1.6 cases 
for the period 2011-2013, and 1.0 case for 2014. In regards to chronic 
HBV infection, although Delaware achieved a large decline of 62.7%, 
from 36.0 (in 2005) to 13.4 cases (in 2010), it experienced spikes to 
18.5 cases in 2011, 17.1 cases in 2012, then remained at 13.5-14.4 cases 
per 100, 000 population for the period 2013-2015. With the infection 
rate of 14.0 cases per 100, 000 population in 2014, Delaware’s infection 
rate was higher in comparison with the 2014 rates as reported by CDC: 
Massachusetts, 3.3 cases; Michigan, 4.9 cases; New York, 5.3 cases; the 
City of Philadelphia, 6.0 cases; and Washington, 1.3 cases, all per 100, 
000 population [9]. 

New HBV infections in the United States are increasingly 
concentrated among certain populations such as injection drug 
users, prison inmates, and persons with sexual risk behaviors such 
as multiple sex partners, sex partners of HBV-infected persons, and 
men who have sex with men [13]. The spikes in rates of HBV infection 
we observed may probably be related to a rising trend of heroin use 
in Delaware [14]: During 2010-2014, we observed a spike in HBV 
infection that coincided with a spike in the number of people seeking 
heroin treatment. For example, in 2011, 1, 263 people in Delaware 
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sought heroin treatment; that number accelerated to 1, 845 people in 
2012, 2, 750 in 2013, and 3, 182 in 2014 [15]. 

Hepatitis B vaccination is the most effective measure to prevent 
HBV infection. In Delaware, the hepatitis B vaccination requirement 
for children going to public school began in the 1999-2000 school 
year, and by the 2005-2006 school year, all children from kindergarten 
to grade 12 must have the hepatitis B vaccine series. Our data showed 
that almost 90% of the study subjects (4, 981 persons) had no HBV 
vaccination, and among those infected with HBV (2, 119 persons), 
almost 94% had no HBV vaccination. Ongoing HBV transmission 
occurs primarily among unvaccinated persons with high risk 
behaviors for HBV transmission [16]. Our finding suggests that there 
is still a large proportion of Delawareans who may not have received 
the hepatitis B vaccine series. 

We found the Asian population not only have a higher yearly 
infection rate in comparison to all other populations, but they also had 
the lowest decline in HBV infection: Compared with whites, Asians 
had a 5.8 fold increased risk for HBV infection; and interestingly, the 
Asian population had a 40% increase in HBV infection rate during a 
period of 2010-2015. Our findings are consistent with findings from 
the CDC and other studies from New York City, San Francisco, and 
Minnesota that Asians were at higher risk for HBV infection and the 
majority of chronic HBV infections in the United States were among 
Asians [9, 16-18]. 

France et al. reported that more than 93% of chronic HBV cases 
from January 1, 1999 to December 31, 2008 in New York City were 
among persons born outside the United States [19]. Recent studies 
also found that persons born outside of the United States, especially 
immigrants, had a high prevalence of chronic HBV infection and 
since they were often unaware of their infection status, were sources 
of infection [8-10]. Higher rates of HBV infection in Delaware and a 
recent increase in HBV infection among its Asian population may be 
attributed to a large number of immigrants. In 2013, Delaware was 
home to 76, 768 immigrants (8.3% of Delaware’s population); Asians 
accounted for 33, 639 persons (3.6% of the 2013 Delaware population); 
and around 34, 625 immigrants were naturalized U.S. citizens in 
Delaware in 2013. Unauthorized immigrants comprised roughly 20, 
000 people (2.4% of the Delaware population) in 2012 [7], a group 
that may have limited access to health care. A large burden of HBV 
infection among certain populations suggest a need for the hepatitis B 
program targeting these populations to identify the infected and link 
them to care. 

Chronic HBV was more common among males than females 
[20, 21]. We found males had a higher yearly rate of HBV infection, 
they had a 1.6 fold increased risk for HBV infection compared to 
females; our finding was consistent with CDC reports and other 
studies [5, 9, 12]. Interestingly, during the period 2010-2015, we 
observed an increase of 13.4% in HBV infection among females. The 
reasons for this increase are unknown, elucidating it would provide 
important insight into potential trends or behaviors that may affect 
Delaware’s HBV prevention efforts, such as whether Delaware 
females have experienced an increase using heroin or practicing risky 
sexual behaviors. In the United States, most infections occur among 

adolescents and adults due to sexual and injecting drug use exposures 
[16]. Adolescents and young adults are the most vulnerable subjects 
to risky sexual behaviors and injecting drug use. We found the young 
age group of 15-39 years had the least overall reduction in HBV 
infection compared with other age groups, and infection increased 
12.2% in this age group during 2010-2015. Our finding suggests that 
more prevention efforts are needed to target this young age group e.g. 
education on HBV prevention and risky behaviors, screening for HBV, 
and HBV vaccination. 

The geographical distribution of HBV infections provides an 
important hint in terms of where the HBV prevention efforts should be 
targeted. Delaware consists of 56 cities, however 66% of HBV-infected 
persons identified were in five cities: Wilmington, Newark, New 
Castle, Dover, and Bear. We observed different levels of reduction in 
these cities. Our finding suggests that there may be benefit to targeting 
HBV prevention activities in those five cities, especially in Newark, 
where HBV infection increased 45% in 2010-2015; and Wilmington, 
where around 60% of the state’s population lives, to reduce Delaware’s 
HBV infection rate. 

Our study has some limitations. First, our study design was a 
retrospective with information obtained through chart review, we 
may have missed asymptomatic patients who might not be detected 
or documented by treating physicians; hence, have underestimated 
the infection rate. Nonetheless, because HBV infection is a reportable 
condition in Delaware, it is likely that the database captured the 
majority of identified HBV-infected cases. Second, our data were from 
the state surveillance data for hepatitis B virus infection, the study 
subjects were more likely to have HBV infection. Finally, DERSS is a 
state passive surveillance system. Although epidemiologists had tried 
to gather all necessary information on a case during the investigation 
process, it was obvious that lots of information (e.g. risky health 
behaviors, immigration status, comorbidities) was not captured in the 
system, thus, not allowing us the obtain data that definitely identify 
subsets of local population with higher risk for infection.
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