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Abstract

Background.—Little is known about viral hepatitis testing and infection prevalence among 

persons in private healthcare organizations (HCOs) in the United States.

Methods.—To determine the frequency of and characteristics associated with viral hepatitis 

testing and infection prevalence among adults with access to care, we conducted an observational 

cohort study among 1.25 million adults from 4 US HCOs and included persons with ≥1 clinical 

encounter during 2006–2008 and ≥12 months of continuous follow-up before 2009. We compared 

the number of infections identified with the number expected based on adjusted data from the 

National Health and Nutrition Examination Survey (NHANES).

Results.—Of 866 886 persons without a previous hepatitis B virus (HBV) diagnosis, 18.8% were 

tested for HBV infection, of whom 1.4% tested positive; among 865 659 without a previous 

hepatitis C virus (HCV) diagnosis, 12.7% were tested, of whom 5.5% tested positive. Less than 

Correspondence: Philip R. Spradling, MD, Division of Viral Hepatitis, National Center for HIV, Hepatitis, STD, and TB Prevention, 
Centers for Disease Control and Prevention, Mailstop G37, 1600 Clifton Rd NE, Atlanta, GA 30333 (pspradling@cdc.gov). 

Ethical considerations. The investigation followed the guidelines of the US Department of Health and Human Services regarding 
protection of human subjects. The study protocol was approved and renewed annually by each participating institution’s institutional 
review board.

Potential conflicts of interest. S. C. G. receives grant/research support from Abbott Pharmaceuticals, Anadys Pharmaceuticals, 
Bristol-Myers Squibb, Conatus, Eiger Biopharmaceuticals, Inc, Exalenz BioScience, Gilead Pharmaceuticals, GlaxoSmithKline, 
GlobeImmune, Intercept Pharmaceuticals, Merck, Roche Pharmaceuticals, Tibotec, Vertex Pharmaceuticals, and Zymogenetics; serves 
as a consultant for Achillion, Bristol-Myers Squibb, CVS Caremark, Gilead Pharmaceuticals, Merck, Salix Pharmaceuticals, Johnson 
and Johnson, and Vertex; serves on the Data Monitoring Board for Tibotec; and serves as a speaker for Bayer, Gilead, Roche, Merck, 
and Vertex. M. L. receives grant support to institution from Henry Ford Health System. J. A. B. has consulted for Pfizer and Janssen, 
and receives grant support from NIH. All other authors report no potential conflicts.
All authors have submitted the ICMJE Form for Disclosure of Potential Conflicts of Interest. Conflicts that the editors consider 
relevant to the content of the manuscript have been disclosed.

HHS Public Access
Author manuscript
Clin Infect Dis. Author manuscript; available in PMC 2019 March 22.

Published in final edited form as:
Clin Infect Dis. 2012 October ; 55(8): 1047–1055. doi:10.1093/cid/cis616.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



half of those with ≥2 abnormal alanine aminotransferase (ALT) levels were subsequently tested for 

HBV or HCV. When tested, Asians (adjusted odds ratio [aOR] 6.33 relative to whites) were most 

likely HBV infected, whereas those aged 50–59 years were most likely HCV infected (aOR 6.04, 

relative to age <30 years). Based on estimates from NHANES, nearly one-half of HCV and one-

fifth of HBV infections in this population were not identified.

Conclusions.—Even in this population with access to care and lengthy follow-up, only a 

fraction of expected viral hepatitis infections were identified. Abnormal ALT levels often but not 

consistently triggered testing. These findings have implications for the identification and care of 

4–5 million US residents with HBV and HCV infection.

In the United States, chronic viral hepatitis infections are 3 to 5 times more prevalent than 

human immunodeficiency virus (HIV) infection [1]. Current estimates are that 800 000 to 

1.4 million persons are living with chronic hepatitis B virus (HBV) infection and 2.7–3.9 

million are living with chronic hepatitis C virus (HCV) infection; this is approximately 1%–

% of the US population. Almost half of the liver transplants and approximately 18 000 

recorded deaths annually in the United States result from HBV- and HCV-associated liver 

disease [2, 3]. Although a few limited studies suggest that 65% of persons with hepatitis B 

and 75% of those with hepatitis C are unaware of their infection, this parameter has not been 

examined in a geographically diverse managed care population with access to specialty care 

[4, 5].

Identification of persons chronically infected with HBV and HCV is necessary to prevent 

transmission to close contacts and to reduce the risk of progression to chronic liver disease 

and hepatocellular carcinoma through medical treatment [1]. Access to testing, prevention 

services, and treatment may be adversely affected by factors related to the patient, to the 

clinician, and to the healthcare system [6–10]. The most important barriers to receipt of 

existing services are inadequacy of health insurance coverage and lack of money to pay for 

services [1]. However, even among persons with health insurance, high deductibles, benefit 

limits, and the fragmentation of services are major obstacles to the effective delivery of care 

and services. In the public sector, the Department of Veterans Affairs has made considerable 

progress in the integration of viral hepatitis-related care [11]. Private sector integrated health 

systems, such as health maintenance (HMOs) or healthcare organizations (HCOs), have 

similar advantages of control of providers and care settings, coverage that reduces financial 

barriers, and information systems to track and share data [1].

Nonetheless, even among persons enrolled in large, private sector HCOs, relatively little is 

known about the sociodemographic and clinical characteristics associated with viral hepatitis 

testing and infection prevalence. For example, limited data suggest that only a fraction of 

viral hepatitis infections among patients within large HMOs—where access to care is 

relatively favorable—are identified [6]. To examine more fully these practices and to 

identify characteristics of persons in need of improved care and service, we determined 

characteristics associated with having a viral hepatitis test performed and with having a 

positive test result for HBV or HCV infection among persons enrolled in 4 US HCOs.
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METHODS

Selection of Study Population

To ensure assessment of persons with recent interaction and sustained follow-up with the 

HCO (and, therefore, sufficient “risk” for being tested), we included in the analysis adults 

aged ≥18 years from the 4 participating HCOs (Geisinger Health System, Danville, 

Pennsylvania; Henry Ford Health System, Detroit, Michigan; Kaiser Permanente-Northwest, 

Portland, Oregon; Kaiser Permanente, Honolulu, Hawaii) of the HMO Research Network 

with: (1) at least 12 months of continuous enrollment at any time prior to 1 January 2009, 

and (2) at least 1 admission or outpatient provider, laboratory, or emergency department 

encounter from 1 January 2006 through 31 December 2008. In order to remove from the 

assessment of testing practices persons with prevalent, or previously documented, HBV or 

HCV infection, we excluded those with either a hepatitis B or hepatitis C International 

Classification of Diseases, Ninth Revision, diagnosis code within 6 months of their first 

encounter at the HCO.

Data Collection and Classification

Patient data collected from electronic medical records including age (age as of last encounter 

before 1 January 2009), gender, race/ethnicity, annual income (derived from census tract 

data based on zip code), and serum alanine aminotransferase (ALT) level (elevated values 

were relative to the upper limit of normal value specific to each laboratory that performed 

the test) were analyzed to determine the frequency and factors associated with testing for 

and infection with HBV and HCV. Data were collected from the date of the patient’s earliest 

health plan enrollment through the last health plan encounter, ending 31 December 2008. 

Electronic data were available retrospectively to 1 January 1997 from the Detroit and 

Portland sites, 1 January 1998 from the Honolulu site, and 1 January 2001 from the Danville 

site.

Persons classified as “tested” were those who, as of 31 December 2008, had at least 1 test 

performed during HCO enrollment for HBV surface antigen (HBsAg), immunoglobulin G 

antibody to HCV (anti-HCV), or a qualitative or quantitative test for HBV DNA or HCV 

RNA. Those classified “infected” with HBV or HCV had at least 1 positive result during 

HCO enrollment for any of the aforementioned tests.

The ethical conduct of the study underwent review by the institutional review boards of each 

local site and the US Centers for Disease Control and Prevention (CDC).

Estimate of the Number of Identified vs Number of Expected HBV and HCV Infections

To estimate the number of HBV and HCV infections “expected” in the 4 HCOs, we applied 

race-specific (for HBV) and age-specific (for HCV) national prevalence estimates according 

to the demographic composition of the HCO cohort. The prevalence estimates applied were 

obtained from the National Health and Nutrition Examination Survey (NHANES) and 

closely matched the time period from which our patients were selected (2006–2008) [12, 

13].
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Statistical Analysis

Univariate analysis was performed initially to study characteristics associated with having a 

test performed and with having a positive test result for HBV and HCV infection, followed 

by multivariate modeling using a logistic regression model. The final model retained 

variables with a P value < .05. To adjust for differences among the sites in the variable 

availability of retrospective electronic data, all analyses were adjusted by HCO site and 

member length of coverage. To study the impact of ALT elevations on having a test 

performed and for testing positive for infection, a similar multivariate model was developed 

but limited to persons with an initial elevated ALT result recorded before HBV or HCV 

infection testing. All analyses were performed using SAS, version 9.2 (SAS Institute Inc, 

Cary, NC).

RESULTS

Study Population

From 1 January 2006 through 31 December 2008, there were 1 248 558 adults enrolled in 

the 4 HCOs. Of these, 867 589 (69.5%) had at least 12 months of continuous follow-up any 

time before 2009 and at least 1 clinical encounter during 2006–2008. Among these 867 589 

adults, the median length of cumulative enrollment was 87 months (interquartile range 

[IQR], 36–132). Most were under age 60 years (75%), female (54%), white (51%), and had 

an annual income based on census tract of between $30 000 and $75 000 (71%). Of these 

persons, 866 886 and 865 659 had no previous hepatitis B- or hepatitis C-related diagnosis 

code within 6 months of their first HCO encounter, respectively.

Testing for and Prevalence of HBV and HCV Infection

Among persons without a previous hepatitis B diagnosis code, 18.8% were tested at least 

once for HBV infection during enrollment; 1.4% of all persons tested had at least 1 positive 

result. Persons tested for HBV infection had a median cumulative enrollment of 102 months 

(IQR, 51–132) vs 83 months (IQR, 36–132) for persons not tested for HBV infection.

Of those without a previous hepatitis C diagnosis code, 12.7% were tested at least once for 

HCV infection during HCO enrollment; 5.5% of persons tested had at least 1 positive result. 

Persons tested for HCV infection had a median cumulative enrollment of 111 months (IQR, 

54–139) vs 84 months (IQR, 36–132) for persons not tested for HCV infection.

Characteristics Associated With Being Tested and Testing Positive for HBV Infection

The sociodemographic characteristics associated with having a test performed and for 

testing positive for HBV infection, adjusted for length of HCO enrollment, are shown in 

Table 1. Among all characteristics, the proportion of persons tested for HBV infection 

ranged from 9.5% (those aged ≥80 years) to 29.7% (those of black or other race). 

Characteristics independently associated with being tested for HBV infection included 

female gender (adjusted odds ratio [aOR] 1.72, relative to males), age group 30–39 years 

(aOR 1.53, relative to age <30 years), black race (aOR 1.24, relative to whites), and Asian 

race (aOR 1.12, relative to whites).
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The proportion of persons tested who had a positive test result for HBV infection ranged 

from 0.6% (white race) to 4.2% (Asian race). Characteristics independently associated with 

testing positive included Asian race (aOR 6.33, relative to whites), Native Hawaiian/Pacific 

Islander race (3.64, relative to whites), unknown race (aOR 2.90, relative to whites), and 

other race (aOR 2.38, relative to whites).

Characteristics Associated With Being Tested and Testing Positive for HCV Infection

Sociodemographic characteristics associated with having a test and with testing positive for 

HCV infection adjusted for length of HCO enrollment are shown in Table 2. The proportion 

of persons tested for HCV infection ranged from 8.5% (those aged ≥80 years) to 22.4% 

(persons of black race). The characteristics independently associated with being tested for 

HCV infection were age group 30–39 years (aOR 1.36, relative to age <30 years), black race 

(aOR 1.31, relative to whites), age group 40–49 years (aOR 1.28, relative to age <30 years), 

age group 50–59 years (aOR 1.26, relative to age <30 years), and American Indian/Native 

Alaskan race (aOR 1.25, relative to whites).

The proportion of persons testing positive for HCV infection ranged from 2.1% (age group 

<30 years) to 11.0% (age group 50–59 years). The sociodemographic characteristics 

independently associated with testing positive were age related (aOR 6.04 for age group 50–

59 years, aOR 2.88 for age group 40–49 years, aOR 2.86 for age group 60–69 years, relative 

to age <30 years).

Testing Based on Elevated ALT Levels

To study the impact of ALT elevation on having a test performed and for testing positive for 

infection, we used a separate multivariate model limited to persons with an initial elevated 

ALT result recorded before HBV (n = 110 691) or HCV (n = 108 693) infection testing 

(Tables 1 and 2). Among adults with ≥2 elevated ALT levels, 42.2% were later tested for 

HBV (aOR 4.59, relative to 1 ALT elevation) and 43.9% were later tested for HCV infection 

(aOR 4.97, relative to 1 ALT elevation). Of those tested after ≥2 elevated ALT levels, 1.7% 

were positive for HBV (aOR 2.16, relative to persons with 1 ALT elevation) and 8.2% were 

positive for HCV infection (aOR 2.96, relative to persons with 1 ALT elevation).

Estimate of Identified vs Expected HBV and HCV Infections

As NHANES prevalence estimates are adjusted either by race or age, but not both, we 

applied race-specific HBsAg prevalence from NHANES to estimate the number of expected 

HBV infections in our cohort (Figure 1) and applied age-specific anti-HCV prevalence from 

NHANES to estimate the number of expected (past and present) HCV infections (Figure 2). 

As we assumed for our estimate that all adults with previous hepatitis B or C diagnosis 

codes were truly prevalent chronic infections, we estimated conservatively that at least 

21.1% of HBV and 43.1% of HCV infections in the study population remained unidentified.

DISCUSSION

We found that among adults in 4 US HCOs with a median length of follow-up >7 years, 

approximately 1 in 5 were tested for HBV infection and 1 of 8 for HCV infection. Of these, 
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a small minority tested positive for infection—1.4% for HBV and 5.5% for HCV. Based on 

NHANES-specific prevalence estimates applied to the composition of our cohort (also a 

civilian, noninstitutionalized population), a substantial proportion of HBV (one-fifth) and 

HCV (one-half) infections had not been identified. Because we had neither risk factor nor 

country of birth data, we could not identify the persons who “should” have been tested 

according to guidelines. However, our study suggests that irrespective of risk factor and 

country of birth information, there was a sizable gap between the number of HBV and HCV 

infections found and the number expected to be present in this large population of persons 

with access to care who were enrolled in 4 typical US HCOs.

Some persons in our cohort may have been vaccinated for hepatitis B or had tested negative 

for HBV or HCV infection in the past, in another healthcare setting prior to our period of 

study, and arguably might not “need” to be tested again. After testing negative for previous 

or chronic infection, persons at risk for HBV infection should be vaccinated. Because we 

only captured laboratory reports created within the participating HCOs, we could not 

identify persons who provided a verbal report of previous testing or vaccination to their 

HCO provider. Nonetheless, such persons may have been tested in the past because of risk 

factors and therefore might benefit from repeat testing because of ongoing risk (as with HIV 

testing, in some instances) or simply to have a documented test result in the current medical 

record.

The CDC and the American Association for the Study of Liver Diseases (AASLD) 

guidelines recommend testing persons with unexplained abnormal liver-enzyme tests for 

HBV and HCV infection [1]. The proportion of persons tested increased with the number of 

abnormal ALT levels accrued, that is, persons with ≥2 elevated ALT levels were more 

frequently tested than those with 1 elevated ALT level (and the odds of being tested and of 

testing positive were 4–5 and 2–3 times higher, respectively, for those with only 1 elevation 

vs ≥2 elevations). Nonetheless, among those with unknown infection status and ≥2 elevated 

ALT levels, fewer than 45% were tested for HBV or HCV infection. Many clinicians may 

attribute abnormal ALT levels to other causes such as alcohol use or medications and not 

immediately consider viral hepatitis. Asians and Native Hawaiian/Pacific Islanders were 

most likely to test positive for HBV infection, whereas persons aged 40–69 years were most 

likely to test positive for HCV infection.

Although the incidence of acute hepatitis B in the United States has declined substantially in 

recent years, the high prevalence of chronic hepatitis B among Asian Americans and Native 

Hawaiian/Pacific Islanders appears to have remained relatively constant, most having been 

born or having had a mother born in HBV-endemic regions [14, 15]. CDC guidelines 

recommend HBV infection screening for pregnant women, persons with high-risk behavior, 

and those born in Asia, Africa, and other geographic areas where HBsAg prevalence exceeds 

2% [16]. In our cohort, we found that a comparatively high proportion of females (23%) and 

persons aged 30–39 years (28%) were tested, consistent with recommendations for prenatal 

hepatitis B testing. Persons of Asian or Native Hawaiian/Pacific Islander descent were tested 

more frequently for HBV infection than whites (26% combined vs 18%) but less frequently 

than blacks (30%) or those of “other” race (30%; persons of “other” race self-identified with 

a race other than white/Caucasian, black/African American, Asian, American Indian/Native 
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Alaskan, Native Hawaiian/Pacific Islander). Given the strong association between Asian/

Native Hawaiian/Pacific Islander race and testing positive for HBV infection, heightened 

attention to persons of such descent, particularly among those born outside the United 

States, is essential, irrespective of healthcare setting, in order to improve the identification of 

persons with HBV infection in the general population.

In 1998, the CDC recommended a process of screening persons for HCV risk factors 

followed by laboratory testing for those potentially exposed to HCV (risk-based approach) 

[17]. These recommendations were endorsed by a number of organizations, including 

AASLD, the Infectious Diseases Society of America, and the American College of 

Physicians [18, 19]. Improved strategies are needed, however, to determine the optimal 

approaches for reaching persons who might not identify themselves as being at risk for HCV 

infection. Persons at risk through limited or occasional drug use, particularly in the remote 

past, might not be aware of their risk or might not typically receive services in settings 

where viral hepatitis screening is performed, such as HIV counseling and testing sites and 

treatment programs for drugs and sexually transmitted diseases. Strategies incorporating the 

consideration of increased ALT levels have also been suggested in order to enhance 

identification of persons with HCV infection [20, 21], but such an approach also has 

limitations. Approximately 30% of HCV-infected persons will have persistently normal ALT 

levels despite the progression of hepatic fibrosis [22]. Furthermore, there is a lack of 

standardization of normal limits in laboratory ALT testing, particularly with regard to age, 

race, gender, and body mass index [23, 24]. A more recent suggestion is that age-based, 

birth cohort screening (of baby boomers) would provide a more cost-effective approach than 

risk-based screening because it would identify HCV infections earlier (ie, before the onset of 

chronic liver disease) and thereby reduce expenses related to advanced liver disease [25]. 

Although our analysis did not include a cost effectiveness component, we did find that the 

factor most strongly associated with testing positive for HCV infection was being in the age 

group of 40–69 years.

Our study had the following limitations. Persons tested for HBV or HCV infection had 

approximately 2 more years of cumulative enrollment than did persons not tested. 

Consequently, there may have been greater opportunity for those persons to be tested simply 

on the basis of greater “exposure” to care and follow-up. However, even among persons not 

tested, the median length of enrollment was approximately 7 years, which is a reasonably 

sufficient period of exposure for assessment and testing. Furthermore, because of the 

possibility of confounding, we adjusted for length of enrollment in the multivariate analysis 

to determine demographic and clinical factors associated with having a test performed and 

for testing positive. From a case definition standpoint, we used a single HBsAg or HBV 

DNA and a single anti-HCV or HCV RNA result to define testing for and infection with 

HBV or HCV, respectively, thereby including both past (resolved) and current infections. We 

could have misclassified some acute or resolved infections and overestimated the number of 

chronic infections in the cohort identified through testing. However, if we had, we would 

have overestimated the number of identified infections and underestimated the number of 

unidentified HCV and HBV infections, resulting in a greater fraction of unidentified 

infections than we actually predicted. African Americans, who have a higher prevalence of 

HCV infection than the rest of the US population, and Hispanics were underrepresented in 
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our cohort, whereas persons of Asian and Native Hawaiian/Pacific Island descent, who have 

generally higher prevalence of HBV infection than the rest of the US population, were over-

represented in our cohort. We do not purport that the estimates of testing practices and 

infection prevalence in our cohort are necessarily reflective of all private and public 

healthcare systems in the US. However, our 4 study sites, which had more than 1.2 million 

adults enrolled during the entire follow-up period, are largely typical of other HCOs and are 

located in geographically disparate regions in the US. Finally, use of NHANES data to 

estimate the expected number of infections in our cohort is limited because we could not 

adjust our expected number of cases for both age and sex, and because the categories of race 

in NHANES and our cohort were not the same.

In summary, we found that even in these HCOs, which provided comprehensive care, many 

who had 2 or more elevated ALT levels were not tested for HBV and HCV infection. Asian 

race and being middle-aged were independently associated with testing positive for HBV 

and HCV infection, respectively. Thus, although implementation of the healthcare reform 

legislation of 2010 may improve access to care, more aggressive policies in hepatitis testing 

to identify all infected persons are warranted.
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Figure 1. 
Estimated proportion of unidentified hepatitis B virus (HBV) infections among persons 

enrolled during 2006–2008 in 4 US healthcare organizations. Race-specific HBV surface 

antigen (HBsAg) prevalence from the National Health and Nutrition Examination Survey 

(NHANES) was used to estimate the number of expected HBV infections. Limiting analysis 

to the 71% of persons with known race, the total number identified with HBV infection was 

the sum of the number found through testing (1604 incident infections) and the number 

initially excluded from the testing frequency analysis due to a hepatitis B diagnosis code 
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(700 prevalent infections), or approximately 2304 infections. Using NHANES race-specific 

estimates (where HBsAg prevalence for NHANES “other” race* corresponds to Asians, 

Native Hawaiian/Pacific Islanders, and American Indian/Alaska Natives in our cohort), 

approximately 2920 persons would be expected to test positive for HBsAg. Therefore, 616 

(21.1%) of 2920 expected HBV infections in our cohort were unidentified. Abbreviations: 

HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCOs, healthcare 

organizations; ICD-9, International Classification of Diseases, Ninth Revision; NHANES, 

National Health and Nutrition Examination Survey.

Spradling et al. Page 11

Clin Infect Dis. Author manuscript; available in PMC 2019 March 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Estimated proportion of unidentified hepatitis C virus (HCV) infections among 867 589 

adults enrolled during 2006–2008 in 4 US healthcare organizations. Age-specific anti-HCV 

prevalence from the National Health and Nutrition Examination Survey (NHANES) was 

used to estimate the number of expected HCV infections. The total number of persons 

identified with HCV infection was the sum of the number identified through testing (6008) 

and the number initially excluded from the testing frequency analysis due to a hepatitis C 

diagnosis code (1930), or approximately 7938 infections. Using age-specific NHANES 
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estimates of HCV infection prevalence, the total number of persons predicted to test positive 

for anti-HCV in the cohort was approximately 13 963. Therefore, approximately 6025 

(43.1%) of 13 963 HCV infections were unidentified. Abbreviations: Anti-HCV, IgG 

antibody to hepatitis C virus; HCO, healthcare organizations; HCV, hepatitis C virus; ICD-9, 

International Classification of Diseases, Ninth Revision; NHANES, National Health and 

Nutrition Examination Survey.
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