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Background: In 2010, the incidence of hepatitis C virus (HCV)
infection in the United States was estimated to be 17 000 cases
annually, based on 850 acute HCV cases reported to the Centers
for Disease Control and Prevention by local public health authorities. Absence of symptomatic disease and lack of a speciﬁc
laboratory test for acute infection complicates diagnosis and
surveillance.
Objective: To validate estimates of the incidence of acute HCV
infection by determining the reporting rate of clinical diagnoses
of acute infection to the Massachusetts Department of Public
Health (MDPH) and Centers for Disease Control and Prevention.
Design: Case series and chart review.
Setting: Two hospitals and the state correctional health care
system in Massachusetts.
Patients: 183 patients clinically diagnosed with acute HCV infection from 2001 to 2011 and participating in a research study.
Measurements: Rate of electronic case reporting of acute HCV
infection to the MDPH and rate of subsequent conﬁrmation according to national case deﬁnitions.
Results: 149 of 183 (81.4%) clinical cases of acute HCV infection
were reported to the MDPH for surveillance classiﬁcation. The

A

t least 185 million persons worldwide are infected
with hepatitis C virus (HCV), with an estimated 3 to
4 million new infections occurring each year (1, 2). In
developed countries, persons who inject drugs are primarily at risk for HCV infection from bloodborne exposure by means of contaminated drug paraphernalia (3).
After a sharp decrease in the incidence of HCV infection in the United States in the 1990s, estimates suggest a more moderate but steady decline over the past
decade, with rates calculated at 0.3 to 0.7 cases per
100 000 persons (4, 5).
Accurate and current estimates of the incidence of
HCV infection at the local, state, and national levels are
critical for quantifying disease burden, guiding public
health agency initiatives, and tracking the outcomes of
preventive interventions. Unlike acute hepatitis A and
hepatitis B infections, which are diagnosed with immunoglobulin M (IgM) antibody testing, there is no single
diagnostic test for acute HCV infection. Without a deﬁnitive test, surveillance by local public health ofﬁcials
hinges on a complex composite of risk factors; symptom reporting; laboratory assessments, including antibodies to HCV (anti-HCVs), nucleic acid testing, and
aminotransferase levels; and exclusion of alternative
causes of hepatitis. During acute HCV infection, amino-
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MDPH investigated 43 of these reports as potential acute cases
of HCV infection based on their surveillance requirements; ultimately, only 1 met the national case deﬁnition and was counted
in nationwide statistics published by the Centers for Disease
Control and Prevention. Discordance in clinical and surveillance
classiﬁcation was often related to missing clinical or laboratory
data at the MDPH as well as restrictive deﬁnitions, including requirements for negative hepatitis A and B laboratory results.
Limitation: Findings may not apply to other jurisdictions because of differences in resources for surveillance.
Conclusion: Clinical diagnoses of acute HCV infection were
grossly underascertained by formal surveillance reporting. Incomplete clinician reporting, problematic case deﬁnitions, limitations of diagnostic testing, and imperfect data capture remain
major limitations to accurate case ascertainment despite automated electronic laboratory reporting. These ﬁndings may have
implications for national estimates of the incidence of HCV
infection.
Primary Funding Source: National Institutes of Health.
Ann Intern Med. doi:10.7326/M14-2939
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transferase and HCV RNA levels can ﬂuctuate and seroconversion from negative to positive anti-HCV status
can occur over time. Most patients are asymptomatic
and speciﬁc symptoms, such as jaundice, are uncommon in acute infections, which further complicates detection. Patients whose acute infections clear spontaneously may have low or normal aminotransferase levels
at presentation and thereby escape detection.
Acute HCV infections are reportable in most jurisdictions in the United States, which subsequently report
cases to the Centers for Disease Control and Prevention (CDC) through the National Notiﬁable Disease Surveillance System. In 2010, 850 acute cases of HCV infection were reported to the CDC, which applied a
multiplier of 20 to arrive at an estimate of 17 000 new
HCV infections per year in the United States (4, 6). This
calculation assumes that for each reported acute infection there are 20 unreported cases because most patients are asymptomatic and persons who inject drugs—
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EDITORS' NOTES
Context
Estimates of the incidence of acute hepatitis C virus
(HCV) infection are complicated by the lack of a
speciﬁc laboratory test and its generally asymptomatic
presentation.
Contribution
Among patients with clinically diagnosed acute HCV
infection participating in a research study, virtually none
ﬁt the national case deﬁnition of acute infection used for
reporting to the Centers for Disease Control and Prevention. Limitations to accurate case ascertainment included incomplete reporting, problematic case deﬁnitions, requirements for negative hepatitis A and B
laboratory results, and incomplete data capture.
Caution
Patients were from 2 hospitals in 1 state.
Implication
Current national estimates of the incidence of acute
HCV infection may not be reliable.

the group with highest incidence of infection— often do
not seek medical care.
In Massachusetts, all laboratory evidence of HCV
infection is reportable to its department of public
health. Heroin use has increased markedly in Massachusetts and has been accompanied by a sharp increase in cases of HCV infection in patients younger
than 30 years, with more than 2000 new reports of
prevalent cases in this age group in 2012 (7, 8). To
assess the contribution of acute cases of HCV infection

in Massachusetts to national incidence estimates, we
retrospectively reviewed 183 diagnoses of acute HCV
infection in a local cohort. We aimed to determine the
proportion of clinical cases of acute HCV infection classiﬁed as conﬁrmed for surveillance purposes and to determine why clinical cases were not counted in national
statistics.

METHODS
Participants
BAHSTION (Boston Acute HCV Study: Transmission, Immunity, and Outcomes Network) is a longitudinal study that recruited patients with acute HCV infection (9). Recruitment began in 1998 and patients from 2
hospitals in Boston, Massachusetts (Massachusetts
General Hospital, a tertiary care hospital that also provides primary care services in several communities, and
Lemuel Shattuck Hospital, a facility that serves prisoners and patients referred by public agencies) were enrolled through referrals to infectious disease and gastrointestinal specialists. The cohort also included
inmates who entered Massachusetts correctional facilities and were enrolled through referrals from health
care providers (10) and through a systematic screening
program that asked incoming inmates about speciﬁc
injection practices. This resulted in a tripling of the rate
of identiﬁcation of acute HCV infection from that previously reported in those facilities (11).
For study purposes, a clinical case of acute HCV
infection was deﬁned by both of the following criteria
and classiﬁed as deﬁnite, probable, or possible (Figure 1):
risk factor for HCV infection within the past year and
consistent or supportive clinical or laboratory criteria,
including compatible illness (especially jaundice), alanine aminotransferase (ALT) level greater than 7 times
the upper limit of normal, seroconversion (deﬁned as a

Figure 1. Deﬁnitions of acute HCV in BAHSTION.
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ALT = alanine aminotransferase; BAHSTION = Boston Acute HCV Study: Transmission, Immunity, and Outcomes Network; HCV = hepatitis C virus;
ULN = upper limit of normal.
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newly positive anti-HCV test result in the context of a
previous negative result), and HCV RNA characteristics
(low-level viremia or ﬂuctuations), as described in previous reports (11, 12).
Surveillance Deﬁnitions of Past or Present HCV
Infection and Acute HCV Infection
Since 2003, a conﬁrmed case of “past or present
HCV infection” for CDC surveillance purposes has been
deﬁned as having 1 or more of the following criteria:
anti-HCVs with a signal– cutoff ratio predictive of a true
positive result, positive results for HCV on a recombinant immunoblot assay, or positive results for HCV RNA
on a nucleic acid test (including qualitative, quantitative, or genotype testing) (13). Details of speciﬁc requirements are found in the Appendix (available at
www.annals.org).
Before 2012, the CDC deﬁned a conﬁrmed case of
acute HCV infection for surveillance purposes as ﬁrst
meeting the previously mentioned deﬁnition of “past or
present HCV infection,” plus meeting clinical criteria,
including an acute illness with discrete onset of any
sign or symptom consistent with acute viral hepatitis
(that is, anorexia, abdominal discomfort, nausea, or
vomiting) and either 1) jaundice or dark urine or 2) serum ALT levels greater than 400 IU/L. To meet the case
deﬁnition, the test results must be negative for both
IgM antibodies to hepatitis A virus and hepatitis B core
antigen. The BAHSTION clinical case deﬁnition differs
from the pre-2012 CDC surveillance deﬁnition of acute
HCV infection by including the following criteria: detailed risk factor history, HCV RNA criteria that help to
differentiate acute from chronic infection (low-level
viremia or HCV RNA level ﬂuctuations and spontaneous
clearance of detectable viremia), use of a different
threshold of ALT elevation (that is, 7 times the upper
limit of normal [385 U/L vs. 400 U/L]), and inclusion of
seroconversion (Appendix Table 1, available at www
.annals.org). In 2012, the CDC adopted changes in the
case deﬁnition of acute HCV infection developed by
the Council of State and Territorial Epidemiologists.
These changes included seroconversion within 6
months as sufﬁcient for diagnosis and removal of the
requirement of documentation of the status of IgM antibodies to hepatitis A virus or hepatitis B core antigen
(13).
Surveillance in Massachusetts for Acute
HCV Infection
Hepatitis C virus infection in Massachusetts residents has been reportable to the Massachusetts Department of Public Health (MDPH) since 1992. In 2005,
because of the high burden of new reports of HCV infection, the MDPH switched from case investigations
done by local health departments to clinician-based reporting, in which the ordering provider completes a
short, single-page HCV case report form (CRF) with patient demographic characteristics, clinical history, conﬁrmatory laboratory results, and basic risk factors (Supplement 1, available at www.annals.org). Before 2007,
if the submitted form indicated a case potentially meeting the surveillance deﬁnition for acute HCV infection
www.annals.org
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(acute illness with jaundice or ALT levels >400 IU/L),
follow-up was assigned to the local public health ofﬁcial
who interviewed the patient using a more detailed
acute HCV CRF (Supplement 2, available at www.annals
.org). After recognition of an increase in cases of acute
HCV infection identiﬁed in young patients in 2007
(7, 8), the MDPH also began sending the longer form
directly to clinicians for patients aged 15 to 25 years.
Epidemiologists from the MDPH review all completed
acute HCV CRFs and reported laboratory results, and
assign case status based on the current standard surveillance case deﬁnitions. Case classiﬁcation may be
modiﬁed and updated based on additional information. Those classiﬁed according to the national surveillance case deﬁnition are submitted to the CDC on a
weekly basis. Reporting is the provider's responsibility,
and enrollment in BAHSTION does not result in reporting to the MDPH.
Much of the data capture and management process of acute HCV infection by the MDPH has been
automated through the Massachusetts Virtual Epidemiologic Network (MAVEN), an integrated surveillance
and case management system that enables state and
local public health professionals to share data efﬁciently and securely over the Internet (14). MAVEN was
instituted in 2006 and houses historic surveillance data
dating back to 1988. Automated electronic laboratory
reporting (ELR) of HCV antibody and RNA test results to
the MDPH was instituted at Massachusetts General
Hospital in 2008 and the Lemuel Shattuck Hospital in
2010.
Statistical Analysis
BAHSTION and the MDPH independently identiﬁed and classiﬁed acute cases of HCV infection. Data
from BAHSTION clinical cases between 2001 and 2011
were extracted and sent to the MDPH. Clinical cases
were considered “reported” to the MDPH if a matching
case was found in MAVEN by name or date of birth. For
inexact matches, including varied spellings of names
and transposed dates of birth, cases were considered a
match if the address was the same. BAHSTION provided data to the MDPH on HCV antibody tests, HCV
RNA and genotype test results, ALT levels, jaundice,
risk history, and results of tests for hepatitis A and B
virus.
The earliest reported positive HCV test result recorded in the BAHSTION data was compared with the
earliest laboratory report in MAVEN to determine timeliness of reporting. Case report forms were considered
“completed” if they were returned to the MDPH. Peak
ALT levels during acute HCV infection and the level
closest to the date that the provider reported to the
MDPH from BAHSTION were compared with those in
MAVEN. Assigned surveillance case status was reassessed with combined data to determine why some
cases were not conﬁrmed as “acute”. Data were analyzed with SAS, version 9.3 (SAS Institute).
All patients enrolled in BAHSTION gave informed
consent to participate under protocols approved by local institutional review boards. The prison-based study
Annals of Internal Medicine
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Table. Demographic and Clinical Characteristics of
Patients With Acute HCV Infection in BAHSTION,
2001–2011 (n = 183)*
Characteristic
Sex, %
Male
Female
Race, %
White
Black
Asian
>1 race
Ethnicity, %
Non-Hispanic
Hispanic
Mean age (range), y
Risk factor, %
Injection drug use
Sexual/MSM
Health care–acquired
Other/unknown
Seroconversion documented, %
<6 mo
6 to <12 mo
12 to <24 mo
Median peak ALT level (IQR), U/L
ALT level >400 U/L, n (%)
Symptoms, n (%)
Jaundice
Symptomatic without jaundice
Asymptomatic
Unknown
CDC criteria, n (%)
Met pre-2012 criteria
Met 2012 criteria

Patients With Acute
HCV Infection
48
52
94
3
1
1
89
11
29.8 (17.0–64.0)
85
5
1
9
45
23
14
8
402 (243–988)†
89 (48.6)
43 (23.5)
62 (33.9)
73 (39.9)
5 (2.7)
33 (18.0)
108 (59.0)

ALT = alanine aminotransferase; BAHSTION = Boston Acute HCV
Study: Transmission, Immunity, and Outcomes Network; CDC = Centers for Disease Control and Prevention; HCV = hepatitis C virus; IQR =
interquartile range; MSM = men who have sex with men.
* Percentages may not sum to 100 due to rounding.
† Peak ALT values within the ﬁrst 3 mo of infection were missing for 17
patients.

was approved a priori by the Human Research Review
Committee of Lemuel Shattuck Hospital, which included a prisoner advocate. Activities conducted by
the MDPH were surveillance activities authorized by
Massachusetts law and regulation.
Role of the Funding Source
This study was funded by the National Institutes of
Health and Centers for Disease Control and Prevention.
The funding sources played no role in the design, conduct, or reporting of the study.

RESULTS
Acute Cases of HCV Infection and Rate of
Reporting to the MDPH
Clinical characteristics of the 183 Massachusetts
residents diagnosed with acute HCV infection by referring clinicians who were enrolled in BAHSTION between 2001 and 2011 are in the Table. Of the 183 clinical cases, 149 (81.4%) were reported to the MDPH and
recorded in MAVEN on the basis of the matching algorithm (Figure 2). The Appendix Figure (available at
4 Annals of Internal Medicine

Downloaded From: http://annals.org/ by Jules Levin on 06/30/2015

www.annals.org) shows the number of clinical cases reported and missing by year. Reporting improved over
time, particularly with the initiation of ELR, and reporting in MAVEN in 2010 and 2011 was complete. Timeliness of reporting allows efﬁcient investigation of cases
for classiﬁcation; however, for 24 clinical cases, there
was a substantial delay between the ﬁrst recorded laboratory result with BAHSTION and the earliest HCV laboratory result in MAVEN (median, 554 days; range, 52
to 2631 days).
Thirteen clinical cases that were reported to the
MDPH had laboratory results in MAVEN more than 30
days before the earliest result on record in the
BAHSTION data (median, 111 days; range, 33 to 1340
days). A review of 5 clinical cases with evidence of HCV
infection in MAVEN greater than 180 days before enrollment in BAHSTION indicated that 3 patients were
most likely acutely reinfected with HCV between being
reported in MAVEN and being recorded in BASHTION,
and the other 2 were chronically infected due to previous evidence of viremia and misdiagnosis of acute HCV
infection.
Assignment of Acute HCV Infection Case
Deﬁnition to Reported Cases
BAHSTION had laboratory results that conﬁrmed
active HCV infection (that is, detectable HCV RNA or
genotype) in 141 of the 149 clinical cases reported,
with the remaining 8 cases diagnosed with acute HCV
infection via seroconversion. The MDPH classiﬁed 125
of those cases as conﬁrmed past or present HCV infection (surveillance case deﬁnition) based on the information reported and the case deﬁnition at the time of review. Of 8 cases for which BAHSTION did not have
detectable RNA or genotype, 5 were classiﬁed as conﬁrmed past or present HCV infection in MAVEN. Overall, 130 of the 149 cases were classiﬁed as “conﬁrmed”
past or present HCV infection in MAVEN.
To ascertain the likelihood of acute HCV infection,
attempts to collect additional data about symptoms
and laboratory results were made through completed
CRFs. However, the forms were not returned for 46
(31%) of the 149 reported cases, precluding further
classiﬁcation (Figure 2). In addition, ALT levels were
only available for 91 (61%) cases.
The MDPH evaluated cases for acute status if the
CRF included an ALT result greater than 400 U/L, jaundice, or—starting in 2007—younger age (15 to 25 years).
Forty-three cases met at least 1 criterion and were evaluated for reasons described in Appendix Table 2 (available at www.annals.org). Only 1 met the CDC conﬁrmed acute surveillance case deﬁnition and was
reported to the National Notiﬁable Disease Surveillance System (Figure 2). Of the cases that were not reported, 17 met the pre-2012 CDC surveillance case
deﬁnition except for documentation of testing for hepatitis A and B virus infection. The remaining cases did
not meet the surveillance case deﬁnition because acute
symptoms, jaundice, or ALT levels greater than 400 U/L
were not reported (n = 16) or tests considered conﬁrmatory for HCV infection according to the surveillance
www.annals.org
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Figure 2. Study ﬂow diagram.

Possible incident
cases (n = 183)
Excluded cases (n = 34 [18.6%])
Never reported to MAVEN: 34
Included cases (n = 149)
Excluded cases (n = 57)
No follow-up CRF: 46
Not confirmed by CDC definition*: 11
Included cases (n = 92)
Excluded cases (n = 49)
Not investigated for acute status†: 49
Included cases (n = 43)
Excluded cases (n = 42)
Lacked confirmatory tests at time of investigation: 6
Did not meet CDC definition for acute status‡: 36

Cases reported to
CDC as acute HCV (n = 1)

Bottlenecks in acute HCV case classiﬁcation are indicated. Cases that were never reported were ineligible for further investigation. Further investigation was impaired further by lack of completed case report forms, lack of complete ALT data, and restrictive surveillance deﬁnitions. CDC =
Centers for Disease Control and Prevention; HCV = hepatitis C virus; MAVEN = Massachusetts Virtual Epidemiologic Network.
* Cases were not conﬁrmed by CDC deﬁnition because they lacked signal– cutoff ratios, recombinant immunoblot assays, or positive HCV RNA or
genotypes.
† Cases were not investigated because they were more than 25 y, had no jaundice, and had alanine aminotransferase levels <400 U/L.
‡ Cases did not meet CDC deﬁnition because they lacked complete hepatitis A or B virus data and acute illness, and alanine aminotransferase levels
in MAVEN were <400 U/L.

case deﬁnition were missing at the time of review
(n = 9).
Incomplete ALT Data and Restrictive
Case Deﬁnitions
The MDPH CRFs included a request for 1 measurement each of ALT and aspartate aminotransferase levels. These measurements may have also been automatically collected through ELR if ordered simultaneously
with an HCV test. Initial and peak ALT levels reported to
the MDPH were compared with those on record with
BAHSTION and on the CRFs (Figure 3). When an ALT
level greater than 400 U/L was used as an indicator,
only 25 cases were identiﬁed as potentially acute by
levels reported to MAVEN despite approximately one
half of patients exceeding this threshold during their
clinical course (Table). No cases were identiﬁed as
acute when only the earliest ALT level reported to
MAVEN was used. If the peak ALT level from the
BAHSTION records had been available to the MDPH,
48 additional cases would have potentially been reviewed for acute status; otherwise, only 6 would have
been reviewed because of reported jaundice or young
age at the time of reporting. Five other cases were not
eligible for review because of data entry error, missing
ALT level, or co-infection with other hepatitis viruses.
www.annals.org
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Cases were rereviewed with all available data from
MAVEN and BAHSTION. According to the surveillance
case deﬁnition of acute HCV infection used before
2012, 33 cases would have been reported to the CDC
as acute if full data were available to the MDPH. An
additional 75 cases met the surveillance case deﬁnition
in 2012, which no longer required negative hepatitis A
and B laboratory results and accepted a documented
negative anti-HCV laboratory test result followed within
6 months by a positive result regardless of clinical
presentation.
We then explored additional potential criteria for
deﬁning acute HCV infection. Expanding the seroconversion window to 12 months would have added 16
conﬁrmed acute cases and expanding to 24 months
would include 7 more. After 2 patients were reclassiﬁed
as chronic (based on data in MAVEN), 50 clinical cases
still did not meet an expanded surveillance case deﬁnition with seroconversion extended to 24 months. Six
had a negative antibody test result more than 24
months before their ﬁrst positive test result and still represented incident cases based on other diagnostic criteria. Fluctuating HCV RNA titers greater than 1 log, a
rare occurrence in the chronic phase of HCV infection
(12), were noted in 19 cases. The remaining 23 did not
Annals of Internal Medicine
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Figure 3. Comparison of peak ALT level documented in BAHSTION, closest level to time case reported, and earliest/highest
levels in MAVEN.
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ALT = alanine aminotransferase; BAHSTION = Boston Acute HCV Study: Transmission, Immunity, and Outcomes Network; MAVEN = Massachusetts
Virtual Epidemiologic Network.

meet the criteria but had recent risk history compatible
with acute HCV infection, especially initiation of injection drug use in the past year with new exposures by
means of shared injection equipment.

DISCUSSION
This investigation showed that fewer than 1% of
clinically diagnosed acute cases of HCV infection between 2001 and 2011 in Massachusetts ultimately were
reported to the CDC as conﬁrmed acute surveillance
cases of HCV infection and included in national estimates of incidence of HCV infection. This low rate of
reporting to national authorities is problematic because
it is already recognized that clinical diagnoses of acute
HCV infection underestimate the true burden of new
infections due to the difﬁculty in making a diagnosis,
minimal symptoms, and fragmented care of patients at
highest risk. The primary reason was not lack of reporting to the MDPH because approximately 80% of cases
of acute HCV infection in this cohort were reported and
eligible for further case investigation by the state. This
rate of reporting is high compared with the relatively
low rates of capture by surveillance in other jurisdictions (15–17). Massachusetts currently has more than
95% of clinical laboratories reporting results electronically to the MDPH's surveillance system, which allows
for automated triage of data and centralized case management to prompt follow-up of potential acute cases
of HCV infection (7, 8). Moreover, surveillance for acute
infection was enhanced in 2007 by more intensive requests for information in patients aged 15 to 25 years
6 Annals of Internal Medicine
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who were likely to have been infected recently. Despite
these advantages, we found a low rate of conﬁrmed
surveillance case classiﬁcation of acute HCV infection,
resulting in gross underreporting to the CDC.
Downstream reporting of acute HCV infection to
the CDC was incomplete for various reasons, including
imperfect or delayed data capture from clinicians and
laboratories and restrictive surveillance case deﬁnitions
for acute HCV infection. Although a physician synthesizes information from several data sources that incorporate risk factor history, presenting signs and symptoms, and laboratory results to make a clinical
diagnosis (18), a stricter case deﬁnition for acute HCV
infection has recently been applied for surveillance purposes (19, 20) to create consistency in classiﬁcation
across jurisdictions and enhance speciﬁcity.
To assist public health agencies in improving surveillance of acute HCV infection, several recommendations can be made based on our analysis. First, we
agree with the decision to add seroconversion to the
CDC's surveillance case deﬁnition of acute HCV infection in late 2012 to account for incident cases without
need for an illness compatible with HCV infection, a
criterion that is often absent, and to remove the requirement for negative test results for hepatitis A and B
virus. Successful application of seroconversion as a criterion requires regular interval testing of high-risk patients (21). More detailed risk behavior history about
speciﬁc injection practices and history of onset was extremely useful in a systematic screening for HCV infection in the Massachusetts state prison system, tripling
www.annals.org
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the rate of identiﬁcation (10). Second, because any seroconversion represents, at a minimum, incident infection, comprehensive capture of negative test results by
surveillance systems would help to identify acute cases
of HCV infection. Because only annual testing of highrisk populations is recommended (22), not every case
will be captured reported by use of only a 6-month
period; therefore, the time frame could be made consistent with current testing guidelines. Third, peak ALT
levels are incompletely captured by current systems;
improved ascertainment may be achieved by capturing
more ALT values by automated means or chart review
or by asking providers to report peak level instead of
any level, which is likely to capture levels close to the
case report completion. Finally, report of any single
quantitative viral titer less than 100 000 IU/mL or ﬂuctuations in HCV RNA levels greater than 1 log raises clinical suspicion for recent acquisition of HCV infection
(12, 23) and could be incorporated to trigger investigation for potential cases. These HCV RNA criteria would
be particularly helpful when the peak ALT level was not
obtained. Electronic laboratory reporting and integrated surveillance systems, such as MAVEN, that allow
synthesis of data from several facilities may be more
comprehensive than data from a single clinical entity
and may reduce reliance on the clinician's return of a
cumbersome, detailed form. This approach would be
particularly useful to capture seroconversions; however, the level of data management may exceed the
current capacity of public health agencies.
An estimate of incidence using a multiplication factor relies on the base number of acute cases of HCV
infection, which seems to be grossly underreported.
The dearth of reported surveillance cases of acute infection was discordant with a burgeoning epidemic of
HCV infection among adolescents and younger adults
in Massachusetts (7, 8). The CDC uses a multiplication
factor of 20 to account for unreported cases when estimating incidence; for each case, they estimate 3.3
symptomatic and 16.7 asymptomatic cases (6). When
applied to the 115 conﬁrmed cases of acute HCV infection in Massachusetts reported to the CDC between
2001 and 2011, this correction factor results in 2300
total new cases. This estimate is substantially lower than
the 16 622 conﬁrmed cases of past or present HCV infection reported in Massachusetts residents aged 15 to
30 years during this same period. Moreover, conﬁrmed
cases may represent a fraction of true cases among atrisk persons because several studies suggest that most
infected persons are unlikely to receive medical attention at all, let alone be reported to health departments
(15, 24 –27).
The main limitation of our study is generalizability
from our jurisdiction to others, in which surveillance activities may be more limited or absent as detailed by
the Institute of Medicine's comprehensive report on viral hepatitis (17). Strengthening HCV surveillance systems in the United States will allow a more accurate
ascertainment of acute cases of HCV infection and estimates of incidence and burden. This augmentation is a
key recommendation of the Institute of Medicine's rewww.annals.org

Downloaded From: http://annals.org/ by Jules Levin on 06/30/2015

ORIGINAL RESEARCH
port (17), and enhanced surveillance projects have
demonstrated the capacity to acquire higher-quality
data on acute hepatitis cases (19, 28, 29). Another limitation is that our study was not a population-based survey of acute HCV infection; without the overall denominator, we cannot provide more information about the
true multiplier that should be applied to reported acute
cases of HCV infection to calculate incidence. Nonetheless, we show that a multiplier of 20 applied between
2001 and 2011 did not fully account for incident infections in our state.
Our analysis suggests that national incidence of
HCV infection during this time frame may be greater
than previously estimated. In the context of a staggering increase in opiate use (2), with estimates of new
heroin injectors reaching 178 000 in 2011 (30) and related outbreaks of HCV infection in other geographic
locations (8, 31–33), a reexamination of the methods for
measuring the burden of incident HCV infection in the
United States is necessary.
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APPENDIX: DETAILED DESCRIPTION OF VIRAL
HEPATITIS SURVEILLANCE AND ACUTE HCV
DEFINITIONS
Hepatitis C virus infection in Massachusetts residents has been reportable to the MDPH since 1992.
Massachusetts regulations place responsibility for reporting on the health care provider and the “laboratory
www.annals.org
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performing examinations on any specimens derived
from Massachusetts residents that yield evidence of infection due to the organisms listed,” including laboratories outside of Massachusetts. Cases are assigned
status both for acute HCV infection and evidence of
past or present HCV infection.
Case deﬁnitions for the CDC's National Notiﬁable
Diseases Surveillance System are developed by the
Council of State and Territorial Epidemiologists, which
reviews and updates case deﬁnitions at the recommendation of the membership through position statements
at their annual meeting. Since 2003, a conﬁrmed case
of “past or present HCV infection” for surveillance purposes has been deﬁned for the National Notiﬁable Diseases Surveillance System as having 1 or more of the
following criteria: anti-HCVs with a signal– cutoff ratio
predictive of a true positive, positive results for HCV on
a recombinant immunoblot assay, or positive results for
HCV RNA on a nucleic acid test (including qualitative,
quantitative, or genotype testing). The signal– cutoff ratio is a measure of the strength of the positive result for
an enzyme immunoassay calculated by dividing the optical density value of the sample being tested by the
optical density value of the assay cutoff for that run.
Ratios predictive of a true positive of 95% or greater of
the time were determined by the CDC to provide more
reliable results for physicians and patients and to limit
further evaluation to those conﬁrmed to be infected
(34).
Cases are counted either in the year the patient
reported symptoms by the ﬁrst positive HCV antibody
test result or the year in which they were reported to
the MDPH by their health care provider. Conﬁrmed
cases may also be classiﬁed in the absence of clinician
reporting if all necessary conﬁrmatory testing is available via ELR.
Before 2005, case investigations were done by ofﬁcials from city or town health departments. Because of
the excessive burden of new reports of HCV infection,
the MDPH switched to clinician-based reporting, in
which the ordering provider completes a single-page
HCV CRF requesting patient demographic characteristics, clinical history, conﬁrmatory laboratory results, and
basic risk factors, in 2005 (Supplement 1). Before 2007,
if the submitted form indicated a case potentially meeting the surveillance case deﬁnition for acute HCV infection (acute illness with jaundice or ALT level >400 IU/L),
case follow-up was assigned to the local public health
ofﬁcial who interviewed the patient using a more detailed acute HCV CRF (Supplement 2). In 2007, the
MDPH also began sending the longer acute HCV CRF
directly to clinicians for cases in patients aged 15 to 25
years in place of the short form regardless of reporting
of jaundice or ALT levels greater than 400 U/L. Epidemiologists at the MDPH review all completed acute
HCV CRFs and reported laboratory results and assign
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case status based on the current standard surveillance
case deﬁnitions. Case classiﬁcation may be modiﬁed
and updated based on additional information. Cases
classiﬁed according to the national surveillance case
deﬁnition are submitted to the CDC weekly.

Web-Only Reference
34. Centers for Disease Control and Prevention. Viral Hepatitis –
Hepatitis C Information: Laboratory Testing. Accessed at www.cdc
.gov/hepatitis/HCV/LabTesting.htm on 3 March 2015.

Appendix Table 1. Case Deﬁnition Comparison*
Criteria

National and MDPH Case Deﬁnition

Clinical evidence
Acute clinical symptoms
Jaundice and/or ALT level >400 U/L
ALT level >7 times the upper limit of normal (385 U/L)

Past or Present
HCV Infection

Acute HCV
Infection

A
A

N
N
–

Laboratory evidence
Positive anti-HCV screening test result with a signal–cutoff ratio predictive of a
true positive as determined for the particular assay as deﬁned by the CDC
NAT positive for HCV RNA (including genotype)
Positive for HCV RIBA
Spontaneous clearance of detectable viremia
HCV RNA ﬂuctuation of >1 log
HCV RNA 5 log IU/mL
Documented seroconversion
Alternate cause for ALT level elevation identiﬁed
IgM anti-HAV
IgM anti-HBc
Medical history
Not previously reported as a chronic case
Recent risk behavior

–

BAHSTION Deﬁnition
of Acute HCV Infection

O
O
O

O

O

O

O
O

O
O

O
O
O
O
O
S
A

–
–
–
–
–
–
–

–
–
–
–†

–
–
–

N

–
A
A

–
–
–
–

–
N
N

A = absent; ALT = alanine aminotransferase; anti-HAV = antibody to hepatitis A virus; anti-HBc = antibody to hepatitis B core antigen; anti-HCV =
antibody to hepatitis C virus; BAHSTION = Boston Acute HCV Study: Transmission, Immunity, and Outcomes Network; CDC = Centers for Disease
Control and Prevention; HCV = hepatitis C virus; MDPH = Massachusetts Department of Public Health; N = necessary; NAT = nucleic acid test;
O = optional; RIBA = recombinant immunoblot assay; S = sufﬁcient.
* A indicates that this criterion must be absent for the case to meet the classiﬁcation criteria. N indicates that all criteria in the same column are
necessary to classify a case. O indicates that ≥1 criterion in each category (e.g., clinical evidence and laboratory evidence) in the same column—in
conjunction with all N criteria in the same column—is required to classify a case. These O criteria are alternatives, which means that a single column
will have either no O criteria or multiple O criteria; no column should have only 1 O. S indicates that this criterion alone is sufﬁcient to classify a case.
† Added as S in 2012 if seroconversion occurs within 6 mo.

Appendix Table 2. Criteria by Which 43 Cases of Acute
HCV Infection Were Identiﬁed for Follow-up*
Reason for Review

Cases, n (%)

Age only
ALT level only
ALT level and jaundice
Age and ALT level
Physician report
Jaundice only
Age and jaundice

14 (32.56)
10 (23.26)
5 (11.63)
5 (11.63)
5 (11.63)
3 (6.98)
1 (2.33)

ALT = alanine aminotransferase; HCV = hepatitis C virus.
* Percentages may not sum to 100 due to rounding.
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Appendix Figure. Proportion of acute HCV clinical cases reported to the MDPH from BAHSTION, by year.
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Enhanced laboratory reporting from Massachusetts General Hospital since October 2008 and Lemuel Shattuck Hospital since 2010.
BAHSTION = Boston Acute HCV Study: Transmission, Immunity, and Outcomes Network; HCV = hepatitis C virus; MDPH =
Massachusetts Department of Public Health.
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