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Learning Objectives

• Define changes in HCV epidemiology over last decade

• Highlight specific issues in special populations of HCV-infected 
patients

• Discuss various strategies of testing and treatment in these 
populations that would promote eradication of HCV



Hepatitis C- Epidemiology
• HCV-associated deaths have risen from 11,000/yr in 2003 to 

19,000/year by 2013 
• Leading indication for adult liver transplantation

• Newer estimates suggest at least 4.6 million (1.6%) 
Americans have been infected with HCV of whom 3.5 million 
are chronically infected

• Estimated 20,000-50,000 children with chronic HCV infection 
currently (many have aged up into adulthood)
• Prior estimates: >1000 new infants with vertically transmitted 

HCV/year
• Updated estimates: about 1700 infants/year

Ly et al, Clin Infect Dis. 2016 ;62:1287-8; Edlin et al, Hepatology 2015 , 62:1353-63; 
Jhaveri et al, J Pediatr, 2006 Mar;148(3):353-8; Ly et al, Ann Intern Med. 2017;166(11):775-782. 



Changing Epidemiology of HCV

• So much about HCV has changed in this last decade

• The “Old” HCV: baby boomers, males>females, 
transfusions, Vietnam, Free Love, Woodstock, etc…

• The “New” HCV: young adults/teens, men=women, 
injection drugs, mother to child transmission 
(MTCT)



Changing Epidemiology of HCV

https://www.nytimes.com/interactive/2016/01/07/us/drug-overdose-deaths-in-the-us.html





From: Emerging Epidemic of Hepatitis C Virus Infections Among Young Nonurban Persons Who Inject Drugs 
in the United States, 2006–2012
Clin Infect Dis. 2014;59(10):1411-1419. doi:10.1093/cid/ciu643
Clin Infect Dis | Published by Oxford University Press on behalf of the Infectious Diseases Society of America 2014. This work is 
written by (a) US Government employee(s) and is in the public domain in the US.

Figure 1. Number of cases (A) and incidence (B) of acute hepatitis C reported to CDC by 
year among young persons and all persons, United States, 2006–2012. Abbreviation: CDC, 
Centers for Disease Control and Prevention.



Who are the special populations?

• Women of Childbearing Age (WOCA)

• HCV-exposed infants (may or may not be infected)

• HCV-infected children

• Newly-infected adolescents

This new wave of HCV has swept up all of them…..



Kentucky
• From 2011-2014, 

HCV in WOCA in KY 
rose 213% (275 to 
862/100k persons) 

• 4% HCV prevalence 
among pregnant 
women in Louisville = 
HCV prevalence in 
Cairo, Egypt (country 
with highest rates of 
HCV)

FIGURE 1. Hepatitis C virus (HCV) detection rate among females 
aged 15–44 years and HCV testing rate among children aged =2 
years —United States and Kentucky, 2011–2014*

Koneru et al, MMWR 2016; Claudia Espinosa-UL personal 
communication; El-Kamary et al, J Infection 2015



Kentucky

FIGURE 2. Proportion* of infants born to hepatitis C virus (HCV)-
infected women† — United States and Kentucky, 2011–2014

Koneru et al, MMWR 2016; 

• More WOCA also 
means many more 
infants exposed to HCV 
and ultimately infected



Not just Kentucky…

MMWR 2017 May 12;66(18):470-473.;
MMWR 2017 Oct 27;66(42):1136-1139.;
MMWR 2018 Feb 16;67(6):201-202.



Analysis of KID database
• In collaboration with Sid Barritt, Brian Lee, 

Monica Schmidt, Thomas Runge

• KID is subset of HCUP discharge database, 
only for pediatrics

• Used 2006, 2009, 2012 versions of KID
– Used HCV as primary search
– Used Appendicitis as control condition
– Examined relationship with Substance abuse



Barritt IV et al, J Pediatr. 2018 Jan;192:159-164.

• 37% increase in hospitalizations assoc with HCV
• Primarily in 16-18 y.o.



Barritt IV et al, J Pediatr. 2018 Jan;192:159-164.



Barritt IV et al, J Pediatr. 2018 Jan;192:159-164.



Example Cases to 
guide our discussion…



Case #1
• 29 y.o. woman presents for prenatal care. She denies any 

prior health problems

• At her 3rd visit, she shares that several years ago during a 
“dark period” in her life, she was involved with injection 
drugs.  She had many partners, both injecting and sexual.  
She is clean now and was tested before for HIV (negative).  
She is now worried about Hepatitis C virus.  She has read 
that the virus can be transmitted to her baby and fears 
that her mistakes of the past will impact her baby.

• She does test positive for HCV Ab+ and HCV RNA.



Case #1
• 29 y.o. pregnant woman with HCV Ab+ and HCV 

RNA.

• Q1-1: What do you tell her about HCV MTCT?
• Q1-2: What measures do you take re: her HCV 

during pregnancy?



Case #2

• Your case #1 patient has now delivered a healthy infant 
male @39 weeks and he goes to the normal newborn 
nursery

• The resident team calls you to discuss sending off the right 
HCV testing for this baby. 



Case #2
• HCV exposed infant

• Q2-1: When is the right time to test HCV exposed 
infants?
• Q2-2: What test do you send at what time?
• Q2-3: What do the results mean re: long-term 

outcomes for this infant?



Case #3
• 8 y.o. female comes to your clinic.  She is healthy, but her 

mother has had ongoing problems with IV drugs. Her aunt 
is now her legal guardian.  This child has tested positive 
for HCV Ab and HCV RNA.

• The aunt wants her treated now if possible.

• She is growing and developing well. Her PE is normal.  Her 
LFTs are normal. Her HCV RNA is log 6 copies/ml.



Case #3
• 8 y.o. with chronic HCV infection

• Q3-1: What are the indications for treating a child 
with chronic HCV?
• Q3-2: What are your options for a child this age?



Case #4

• 16 y.o. male is admitted to your hospital after an overdose.  
He admits to using heroin for the last 1-2 years with some 
older friends.

• At admission, he tests positive for HCV Ab and HCV RNA.



Case #4

• 16 y.o. with HCV infection and opioid addiction

• Q4-1: Is this a common scenario?
• Q4-2: What options are available for treatment?
• Q4-3: Does he need to be proven “drug-free” before 

he can be treated?



Let’s go through these 
case by case….



Case #1

• 29 y.o. pregnant woman with HCV Ab+ and HCV 
RNA.

• Q1-1: What do you tell her about HCV MTCT?
• Q1-2: What measures do you take re: her HCV 

during pregnancy?



HCV MTCT-The Key Facts

• Overall rate of transmission: 3-15%

• Overall rate of chronic infection: 3-5%
• High rate of spontaneous resolution in early life

Ceci et al, JPGN 2001; Mast et al JID 2005; Shebl et al JMV 2009; 
Jhaveri et al OFID 2015; Resti et al BMJ 1998



HCV MTCT-The Key Facts

• No known factor is associated with MTCT nor is any factor 
protective

• Not HCV RNA level

• Not C/S

• Not IL28B

• Not breastfeeding

• Only absolute requirement is maternal HCV viremia

Ceci et al, JPGN 2001; Mast et al JID 2005; Shebl et al JMV 2009; Jhaveri et al OFID 2015; 

Resti et al BMJ 1998; Thomas et al JID 1998; Checa Cabot et al JPIDS 2013

Caveat: Untreated HIV co-infection is associated with increased MTCT;

Well-controlled HIV is not….



HCV in Pregnancy-The Key Facts

• HCV has been associated with some adverse outcomes
• Preterm delivery
• Gestational diabetes
• Lower fertility over time (independent of liver disease)

• HCV + Cirrhosis + Pregnancy = very high risk scenario
• Bleeding
• Death

Connell et al Liver Int 2011; Reddick et al JVH 2011; Karapatou et al JVH 2018; 
Puljic et al J Mat Fet Neo Med 2016



HCV in Pregnancy-The Key Facts

• Specific things to avoid:
• fetal scalp monitors
• forceps delivery

• OB care and management should be dictated by 
things other than HCV infection



HCV MTCT & Pregnancy-The Main Message

• The vast majority of infants are uninfected

• No specific need to do anything different for HCV



HCV MTCT & Pregnancy-The Future?

• However, pregnancy presents us with new 
opportunities to address this new wave of HCV 
infections…..



HCV MTCT & Pregnancy-The Future?

• Two key opportunities:

• Now: Universal screening

• A bit down the road: DAAs during pregnancy



Universal Screening in Pregnancy

• Justified by young adult burden and burden in WOCA

• Universal screening in young adult is CE at 0.5% 
prevalence

• Risk-based screening will always miss cases

• Pregnant women have access to care

• Knowledge is power to change

Ly et al Ann Int Med 2017; Barocas et al CID 2018



Universal Screening in Pregnancy

• To remind you, our patient had to divulge her history and 
ask to be screened….



Making the Case for 
Universal Screening in Young 
Adults and Pregnant Women



Our current HCV Screening strategy

• In the US, we still recommend risk-based screening with a 
key exception…



Age-based cohort screening

• With the then high-prevalence “Baby Boomer” cohort, born 
1945-1965, in 2012 CDC changed its policy to recommend 
universal screening because risk-based screening would 
never come close to capturing most of the cases



Take the Case of Connecticut

• Universal screening is 
recommended for 
those born 1945-
1965 (ages 52-
72)=about 50% of 
cases

• Risk based screening 
(which misses cases) 
is recommended for 
young adults=40% 
of cases



Take the Case of Connecticut

• Age- and Sex-
specific rates for the 
young adult cohorts 
now surpass rates 
for the older adults 
in all but one case

• We universally 
screen in one case, 
but do risk-based 
screening for the 
group with higher 
rates…..



What about NC?
• NC only collects acute HCV data

• There are some incidence estimates
– (New reported cases) x (CDC multiplier for fraction with symptoms, 

~14)

• There are not very good prevalence estimates



2005

https://public.tableau.com/profile/nc.cdb#!/vizhome/NorthCarolinaDiseaseStatistics/DiseaseMapsandTrends



2011

https://public.tableau.com/profile/nc.cdb#!/vizhome/NorthCarolinaDiseaseStatistics/DiseaseMapsandTrends



2017

https://public.tableau.com/profile/nc.cdb#!/vizhome/NorthCarolinaDiseaseStatistics/DiseaseMapsandTrends

1000% 
increase!



State level data
• We decided to use data available from public 

health websites on HCV cases/rates to help 
make the case

• Annie Morse, UNC class of 2019, helped do the 
background work
– She evaluated all 50 states

• Evaluated reported cases/rates in young adults 
(20-39 y.o.) vs. Baby Boomers (50-69 y.o.)



Gastroenterology. 2018 May;154(6):1850-1851.e2.



Results are scary….

Gastroenterology. 2018 May;154(6):1850-1851.e2.



Illustrative figures

http://www.hepcap.org/wp-content/uploads/2015/05/PAHepCSummit-Session2-
StateOfHepCinPA.pdf

http://www.mass.gov/eohhs/docs/dph/cdc/reporting/surveillance-report-hepatitis-c.pdf

http://www.dhhr.wv.gov/oeps/disease/viral-hepatitis/documents/Hepatitis-Report-2016.pdf

https://www.dhs.wisconsin.gov/publications/p00440-2015.pdf



Time for Universal Screening

• These figures are likely an underestimate
• Risk-based screening in YA vs. Universal in BB

• Risk-based screening was abandoned in Baby 
Boomers due to concern for missed cases

• Given the current burden in young adults, risk-
based screening is not sufficient



Has Universal Screening in BB worked?

• Used claims data to analyze testing-events for HCV among 
different age groups
• Used interrupted time series to evaluate effects
• Comparator cohort outside this age group but > 18 yrs



Has Universal Screening in BB worked?



Time for Universal Screening

• We need Universal Screening for all adults at any 
touchpoint for care:
• OBs for Pregnancy to start
• EDs for any care



Universal Screening in Pregnancy

• Justified by young adult burden and burden in WOCA
• Universal screening in young adult is CE at 0.5% 

prevalence
• Risk-based screening will always miss cases
• Pregnant women have access to care
• Knowledge is power to change

Ly et al Ann Int Med 2017; Barocas et al CID 2018



Recommendation as of May 2018

• Our recommendation runs counter to the SMFM/ACOG 
guidance which still endorses risk-based screening

• There is significant resistance to this change

https://www.hcvguidelines.org/unique-populations/pregnancy



Spreading the word….

• We wrote this commentary to refute the reasons raised for 
not screening

Jhaveri et al, Clin Infect Dis. 2018; 67:1493-1497



Why stop with screening?

• Current recommendations are to wait until after pregnancy 
before starting treatment

• Many of us think that we should consider treating HCV-
infected women while they are still pregnant



Comparison to HIV & HBV

Barritt and Jhaveri, Current HIV/AIDS Reports 2018 15:155–161



DAA treatment in Pregnancy

• To reiterate: DAAs are NOT recommended for use in 
pregnancy

• DAA Pregnancy rating is no different than most other 
antivirals (e.g. acyclovir, oseltamivir, tenofovir)
• Preclinical animal data does not suggest any notable toxicity

• Wide PK range should not require dose change



DAA treatment in Pregnancy
• Consider the potential benefits to doing this:

Barritt and Jhaveri, Current HIV/AIDS Reports 2018 15:155–161



Case #2
• HCV exposed infant

• Q2-1: When is the right time to test HCV exposed 
infants?
• Q2-2: What test do you send at what time?
• Q2-3: What do the results mean re: long-term 

outcomes for this infant?



Testing of HCV exposed infants

• Similar to HIV, HCV Ab testing in infants is complicated by 
presence of maternal Ab

• Prior official recommendations have stated exposed infants 
should be tested with HCV Ab @18 months or beyond

• Major challenges on both ends of spectrum: 
• Loss to Follow Up in many
• Parental anxiety/guilt, wanting an answer now

CDC fact sheet; AAP Red Book 2015



Testing of HCV exposed infants

• How are we doing re: testing these infants?  Not so good!
• Almost 90% of infants never get tested

• Many want to test earlier with HCV RNA

• Older studies suggest poor sensitivity

• No large studies with current real-time assay
• Anecdotal evidence does not show early -/late +

Kuncio et al, CID 2016; Ceci et al JPGN 2001; Mast et al JID 2005



Testing of HCV exposed infants

• Current guidance from AASLD/IDSA:

• “On balance, optional early HCV RNA testing may facilitate more infants 
getting tested and retained in care if they are positive. The optimal timing of 
HCV RNA testing is still unknown, but 2 to 6 months after birth is reasonable.” 

www.hcvguidelines.org/unique-populations/children



Outcomes of HCV exposed infants

• In adults, 70% of infected go to chronic infection

• In infants, 50-60% have +HCV RNA beyond 3 y.o.

Ceci et al JPGN 2001; Mast et al JID 2005, Shebl et al JMV 2009, 

Padula et al CID 1999

• Significant 

minority will 

resolve high 

level viremia 

before age 3



HCV exposed infants-main message

• We need to do better with testing overall

• HCV Ab @18 months is official

• HCV RNA b/w 2-6 months is acceptable

• Do we need more than one negative test?

• Probably not, but not studied yet



Case #3
• 8 y.o. with chronic HCV infection

• Q3-1: What are the indications for treating a child 
with chronic HCV?
• Q3-2: What are your options for a child this age?



Before treatment comes natural history

• Long term outcomes show that HCV acquired in infancy 
progresses slowly

• Significant fibrosis is <5% after 10-20 years

• Cirrhosis in 1%

• Majority of children grow and develop normally with no 
symptoms…..

• So there is no rush to treat…..however…

Jara et al CID 2003; Goodman et al Hepatology 2008 



HCV treatment in children

• Younger kids tend to be very compliant
• No teen angst…

• Free of co-morbidities

• Can reliably take oral medicines by 7-8 y.o.

• Can cure prior to risk taking teenage years….

Jacobsen et al, Hospital Pediatrics 2015



HCV treatment in children

• Clear indication to treat those kids with symptoms
• Many of us would treat as many other children as we can

• What are the options?

• Still more limited than we would like…



HCV treatment in children

• Peg/Rib is FDA approved down to 3 y.o.

• Sofosbuvir/Ledipasvir is FDA approved in children down to 

12 y.o.

• 98% SVR12 in cohort

• Interim results have been presented in cohort from 6-12 

y.o.

• 99% SVR12 in cohort

• NOT FDA approved yet…

Balistreri et al, Hepatology 2017; Murray et al EASL 2017



HCV treatment in children

• Sofosbuvir/Ledipasvir 3-6 y.o. cohort is now closed, no 
data yet available

• PROD study was closed early

• Current studies underway with other regimens:
– Abbvie: Glecaprevir/Pibrentasvir in 3-<18 y.o.
• We had 2 teens @UNC that did great

– Gilead: Sofosbuvir/Velpatasvir in 3-<18 y.o.

www.clinicaltrials.gov; NCT02249182; NCT02486406; NCT03067129; NCT03022981



Treatment of HCV-infected children is cost-effective

• Joehl Nguyen, grad student at UNC Pharmacy, helped us 
perform a CEA on early HCV treatment

• Analyzed current approved regimen and also likely to be 
approved in near future

• All regimens are highly cost-effective if we started 
treatment at 12-17 y.o.

Nguyen, Barritt, Jhaveri. JPeds, revised and resubmitted 



Treatment of HCV-infected children is cost-effective

Table 2: Discounted Costs, Outcomes, and Cost-effectiveness of Early vs. Deferred Treatment Initiation in Adolescent Patients with 
Chronic HCV Infection 

Treatment Strategy by DAA Total QALYs/ Person Total Cost/Person ICER - ∆$ / ∆QALYs
Base Case Analysis: Treatment with DAAs Currently FDA-Approved for Children 

SOF/LDV or SOF/RBV
Early Treatment (12-17) 19.34 $ 216,390 $26,802
Deferred Treatment (18+) 18.29 $ 188,135

Scenario Analysis: Treatment with Pan-Genotypic DAAs
GLE/PIB

Early Treatment (12-17) 19.32 $98,343 $10,088
Deferred Treatment (18+) 18.24 $87,107

SOF/VEL
Early Treatment (12-17) 19.32 $177,697 $20,604
Deferred Treatment (18+) 18.21 $154,748

Treatment strategy considered cost-effective if ICER estimates fall below willingness-to-pay threshold of $50,000 USD / QALY. Costs and QALYs 
quantified after 30 Markov cycles. Per person costs calculated as total costs divided by cohort size (N=30,000). Costs are inflated to 2017 USD; costs 
and outcomes are discounted at 3% annually.

Nguyen, Barritt, Jhaveri. JPeds, revised and resubmitted 



HCV treatment in children-Main Message

• We should be trying to treat these children

• There are many advantages to doing so

• DAA options will soon be available



Case #4

• 16 y.o. with HCV infection and opioid addiction

• Q4-1: Is this a common scenario?
• Q4-2: What options are available for treatment?
• Q4-3: Does he need to be proven “drug-free” before 

he can be treated?



Barritt IV et al, J Pediatr. 2018; Morse, Barritt, Jhaveri, Gastroenterology. 2018

This scenario is all too common…

• Every state that reported age-specific breakdown of cases 
has rising adolescent cases



HCV treatment in adolescents

• Sofosbuvir/Ledipasvir is FDA approved for this age group
• Sofosbuvir/Ribavirin for genotypes 2/3-98% SVR12

• It is not clear how many kids with private insurance are 
being treated

• I am not aware of any state with protocols in place for kids 
with public insurance

Balistreri et al Hepatology 2017; Wirth et al Hepatology 2017



HCV treatment in adolescents
• Pan-genotype regimens are being studied in this age group

• May be better for those with genotypes 2/3

• Benefits of treatment and microeradication vs. waiting until 
18 y.o.

• I favor treatment if we could get it…..

www.clinicaltrials.gov; NCT03067129; NCT03022981



HCV treatment restrictions

• Many states have had restrictions on DAA treatment

• Fibrosis score

• Sobriety

• Slowly these restrictions are being removed

– NVHR/Harvard Center for Health Law and Policy Innovation issued a 
report that studied this…

https://stateofhepc.org/



HCV treatment restrictions

https://stateofhepc.org/

No Restrictions

Enrollment in screening and counselling 
program

In most cases 6 months sober; one plan 
3 months, one plan CBC basis

https://stateofhepc.org/



HCV treatment in adolescents-main message

• Teens are swept up in this wave of HCV

• DAAs are approved for use in teens

• We need to remove/prevent restrictions to get more of 
them treated



Summary

• New wave of HCV has swept up many patients, including 
those in these special populations

• All of them can benefit from better screening and increased 
access to DAAs

• We need to continue to advocate for more screening, more 
access and more treatment, while also advocating for less 
stigma and less restrictions



Thank you!


