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In hepatitis B virus (HBV) infection, re-
activation is concerning enough that the
American Association for the Study of
Liver Diseases recently hosted a course,
Emerging Trends Conference: Reactiva-
tion of Hepatitis B, in March 2013. In
contrast, hepatitis C virus (HCV) infec-
tion reactivation occurs infrequently,
with the exception being hepatitis flares
in HCV RNA–positive patients undergo-
ing rituximab-containing chemothera-
pies [1]. Furthermore, patients who are
HCV RNA negative and are only positive
for anti-HCV while undergoing chemo-
therapy are not reported to have reap-
pearance of HCV RNA [2]. This suggests
that HCV infection, indeed, seems cured
when HCV RNA is undetectable, inde-
pendent of whether HCV has become
undetectable spontaneously or through
achievement of a sustained viral response
(SVR) after antiviral treatment. SVR is
defined as an HCV RNA load that
remains undetectable for at least 24 weeks

after completion of antiviral treatment
and is considered equivalent to a cure.
There is a concordance of qualitative

HCV RNA test results (positive vs nega-
tive) between week 12 after treatment
and week 24 after treatment. Therefore,
the Food and Drug Administration re-
cently accepted the week 12 result as a
surrogate for the week 24 result. Still,
there is some uncertainty concerning per-
sistent cure, as highlighted in an article
by Hara et al in this issue of the Jour-
nal, which describes cases of delayed re-
lapse [3]. Accordingly, the posttreatment
week when HCV remained undetectable
is suggested to be labeled as SVRx, where
x stands for the week after the end of
therapy (ie, SVR12, SVR24, and SVR48

denote negative test results 12, 24, and 48
weeks, respectively, after completion of
treatment). This reflects a remaining un-
certainty with regard to when a cure is a
cure. For most patients with relapse,
onset of relapse occurs within the first 12
weeks, although relapse in a minority
begins between weeks 12 and 24 [4]. The
importance of monitoring beyond week
24 was highlighted in one study using
direct antiviral therapy that reported late
relapse in a patient at week 36 [5]; this
patient thus achieved a SVR24 but not a
SVR36.
Most information about lasting re-

sponsesareavailable for treatment regimens
using interferon or pegylated interferon

with or without ribavirin, whereas less in-
formation about the now available and
emerging direct antivirals is available
beyond SVR12 and SVR24 [6].

Physicians caring for patients with
hepatitis C may encounter a patient who
has a detectable HCV RNA load after
having had a SVR24. Is this renewed posi-
tivity for HCV RNA a result of reinfec-
tion or a case of delayed relapse?

In the current article, Hara et al
answer this question in their report on 3
patients with late relapse out of 103
treated patients who achieved a SVR24.
These 3 patients had reappearance of
HCV RNA 8, 65 (5.5 years), and 78
months (6.5 years) after their treatment
ended. In an evaluation of the relatedness
of virus from the 3 patients with late
relapse and virus from 4 patients with
early relapse, the authors found very high
relatedness between the pretreatment
and reappearing HCV sequence within
the 5′ untranslated region (UTR) among
the patients with early relapse and those
with late relapse. This suggests that both
groups suffer from relapse of their origi-
nal virus, rather than a reinfection. One
can debate whether the 5′ UTR is the
ideal region to assess relatedness [7];
however, a similar finding was recently
reported from Taiwan by Yu et al, using
the core gene region to evaluate related-
ness of HCV. These authors found
relapse confirmed in 5 of 6 patients with
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delayed HCV recurrence [8]. The pa-
tients in the study by Yu et al had relapse
mostly within the first year, and the se-
quence explored was the core region,
with a sequence homology of 98.1%–

99.5%; these findings, similar to those by
Hara et al, confirm delayed relapse.

These key studies by Hara et al from
the United States and by Yu et al from
Taiwan indicate that most patients with
late recurrence of HCV RNA have re-
lapse, rather than reinfection. Crucial
questions for the future remain and
include the following: How frequent is a
delayed relapse? Will delayed relapse be
more frequent with direct antivirals?
Where is the reservoir for such delayed
relapse? and How can we identify those
patients who will eventually suffer from
delayed relapses?

The reported frequency of 3% is mini-
mally higher but not statistically different
from the frequency of <1% recently report-
ed by Manns et al in >1000 patients [8].
Definite relapse (quantifiable serum HCV
RNA load with no subsequent undetect-
able HCV RNA load) was reported in 6
of 636 patients treated with interferon
alfa-2b and 3 of 366 patients treated with
pegylated interferon alfa-2b. On the basis
of these relapses, the point estimate for
the likelihood of maintaining response
after 5 years was 99.2% for interferon
alfa-2b and 99.4% for pegylated interfer-
on alfa-2b [9]. A number of smaller
studies reported similar frequencies of
delayed relapse beyond 24 weeks after the
end of therapy [4, 10, 11].

There are insufficient data available to
estimate whether such late relapses might
be more frequent in the future with the
use of direct antivirals. This may depend
on at least 2 factors. The first factor
relates to viral fitness and replication ca-
pacity. An antiviral might lead to a sub-
stantial fitness cost to a virus, which
means that only very unfit virus might be
able to resist elimination, which in turn
requires the mutated or selected unfit
virus to revert to higher replicative capac-
ity, which might take several months or
years.

The second factor relates to the poten-
tial of late relapsing virus deriving from a
reservoir. There is potential compart-
mentalization of HCV variants with
reduced fitness, allowing for delayed
relapse. Because interferon is not known
to induce mutated unfit virus, it is most
likely that late relapse of infection in
patients who received interferon/ribavirin-
based therapies involves virus from extra-
hepatic reservoirs, which might offer
protection from the antiviral activity of
drugs, or alternatively, that the harbored
virus might have an intrinsically low rep-
licative activity, making it less vulnerable
to antiviral pharmaceuticals.
One attractive option for such a reser-

voir is the brain. There are several lines of
evidence suggesting involvement of the
brain in HCV infection [12], such as
the high frequency of depression during
interferon-based therapies inpatientswith
HCV infection [13, 14], compared with a
frequency of depression of <6% among
patients with hepatitis B treated with the
same regimen [15, 16]. Several studies
have demonstrated HCV sequences in
the brain, and most importantly, one
study proved those sequences to be asso-
ciated with a low virus replicative capaci-
ty related to mutational changes in the
internal ribosome entry site [17]. Persis-
tence of replicative reservoirs could po-
tentially lead to reinfection of the liver
after otherwise successful treatment. The
virus would remain undetectable until
reversion/conversion to amore replication-
competent virus emerges, and once virus
is detectable, no unusual sequences would
be expected in these patients with late
relapse.
With new direct antivirals against

HCV currently not being assessed for
their ability to cross the blood brain
barrier, more late relapses might emerge
in the future. However, clearance of the
major viral pool might also allow a pa-
tient’s immune system to control the re-
maining viral pools.
How can one identify those who will

eventually have late relapse? Liver biopsy
to ensure cure seems unfeasible; in addition,

the fact that the patients with delayed
relapse described by Hara et al had no
detectable virus in their liver further
limits the usefulness of such an approach.
Peripheral blood mononuclear cells
(PBMCs) might harbor HCV and have
not yet been tested for presence of HCV
in order to predict late relapses. Reser-
voirs other than the liver or PBMCs are
unlikely to be amenable to biopsy. A re-
maining target to identify future delayed
relapses could be cellular immune re-
sponses or antibody titers, both of which
might decrease in the absence of remain-
ing virus. Wiegand et al showed a decline
in anti-HCV antibody responses after
cure of HCV in the setting of acute hepati-
tis C [18]. Although the cellular immune
response might, likewise, be a potentially
interesting target to explore, Takaki et al
reported that HCV-targeted T-cell func-
tion might be well preserved even decades
after clearance of HCV [19].

It is likely that we will be able to cure
almost all patients with HCV infection
within the next 3 years, but we might
only heal the livers in some of them. A
recent long-term analysis found that only
about 50% of cirrhotic patients experi-
enced in reversal of cirrhosis after achiev-
ing a SVR, while a significant number of
patients achieving SVR in the absence of
cirrhosis still progressed to cirrhosis
despite being cured of HCV infection
[20]. But importantly, curing HCV infec-
tion has been associated with clinical
benefits [21]. Thus, the less robust im-
provement in HCV infection as com-
pared to HBV infection should not deter
us from treating patients but should
soften our expectations. Overall, this
report by Hara et al indicates that when
we treat HCV infection, although the
phenomenon is rare, we should remain
vigilant that patients may experience
delayed relapse despite apparent cure.

Note

Potential conflicts of interest. H. L. T.’s wife
is an employee of Abbvie, and together they hold
stocks in AbbVie, Abbott, and Gilead. H. L. T.
received travel support from BMS and Gilead to

EDITORIAL COMMENTARY • JID 2014:209 (1 January) • 7

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/209/1/6/2193492 by guest on 09 April 2024



attend advisory meetings, received honoraria
from BMS and Gilead for lectures/advisory work,
and served on the data safety monitoring board
for Novartis. Biotest Ag, Roche.
The author has 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.

References

1. Sagnelli E, Pisaturo M, Sagnelli C, Coppola
N. Rituximab-based treatment, HCV replica-
tion, and hepatic flares. Clin Dev Immunol
2012; 2012:945950.

2. Coppola N, Pisaturo M, Guastafierro S, et al.
Absence of occult hepatitis C virus infection
in patients under immunosupressive therapy
for oncohematological diseases. Hepatology
2011; 54:1487–9.

3. Hara K, Rivera MM, Koh C, et al. Sequence
analysis of hepatitis C virus from patients
with relapse after a sustained virological re-
sponse: relapse or reinfection? J Infect Dis
2014; 209:38–45.

4. Giordanino C, Sacco M, Ceretto S, et al. Du-
rability of the response to peginterferon-α2b
and ribavirin in patients with chronic hepati-
tis C: a cohort study in the routine clinical
setting. Eur J Gastroenterol Hepatol 2013.

5. Lawitz E, Poordad F, Kowdley KV, et al. A
phase 2a trial of 12-week interferon-free
therapy with two direct-acting antivirals
(ABT-450/r, ABT-072) and ribavirin in
IL28B C/C patients with chronic hepatitis C
genotype 1. J Hepatol 2013; 59:18–23.

6. Rutter K, Hofer H, Beinhardt S, et al. Dura-
bility of SVR in chronic hepatitis C patients
treated with peginterferon-a2a/ribavirin in

combination with a direct-acting anti-viral.
Aliment Pharmacol Ther 2013; 28:118–23.

7. Bracho MA, Gosalbes MJ, Blasco D, Moya A,
González-Candelas F. Molecular epidemiolo-
gy of a hepatitis C virus outbreak in a hemo-
dialysis unit. J Clin Microbiol 2005; 43:
2750–5.

8. Yu ML, Lee CM, Chen CL, et al. Sustained
hepatitis C virus clearance and increased
hepatitis B surface antigen seroclearance in
patients with dual chronic hepatitis C and B
during posttreatment follow-up. Hepatology
2013; 57:2135–42.

9. Manns MP, Pockros PJ, Norkrans G, et al.
Long-term clearance of hepatitis C virus fol-
lowing interferon α-2b or peginterferon
α-2b, alone or in combination with ribavirin.
J Viral Hepat 2013; 20:524–9.

10. Kelly DA, Haber B, González-Peralta RP,
et al. Durability of sustained response shown
in paediatric patients with chronic hepatitis
C who were treated with interferon alfa-2b
plus ribavirin. J Viral Hepat 2012; 19:
263–70.

11. Gordon CE, Uhlig K, Schmid CH, Levey AS,
Wong JB. Long-term viral negativity after in-
terferon for chronic hepatitis C virus infec-
tion in hemodialysis. Clin J Am Soc Nephrol
2011; 6:2226–34.

12. Forton DM, Allsop JM, Main J, Foster GR,
Thomas HC, Taylor-Robinson SD. Evidence
for a cerebral effect of the hepatitis C virus.
Lancet 2001; 358:38–9.

13. Heathcote EJ, Shiffman ML, Cooksley WG,
et al. Peginterferon alfa-2a in patients with
chronic hepatitis C and cirrhosis. N Engl J
Med 2000; 343:1673–80.

14. Reddy KR, Wright TL, Pockros PJ, et al.
Efficacy and safety of pegylated (40-kd)

interferon alpha-2a compared with interfer-
on alpha-2a in noncirrhotic patients with
chronic hepatitis C. Hepatology 2001; 33:
433–8.

15. Lau GK, Piratvisuth T, Luo KX, et al.
Peginterferon Alfa-2a, lamivudine, and the
combination for HBeAg-positive chronic
hepatitis B. N Engl J Med 2005; 352:
2682–95.

16. Marcellin P, Lau GK, Bonino F, et al. Pegin-
terferon alfa-2a alone, lamivudine alone, and
the two in combination in patients with
HBeAg-negative chronic hepatitis B. N Engl
J Med 2004; 351:1206–17.

17. Forton DM, Karayiannis P, Mahmud N,
Taylor-Robinson SD, Thomas HC. Identifi-
cation of unique hepatitis C virus quasispe-
cies in the central nervous system and
comparative analysis of internal translational
efficiency of brain, liver, and serum variants.
J Virol 2004; 78:5170–83.

18. Wiegand J, Jäckel E, Cornberg M, et al.
Long-term follow-up after successful inter-
feron therapy of acute hepatitis C. Hepatol-
ogy 2004; 40:98–107.

19. Takaki A, Wiese M, Maertens G, et al. Cellu-
lar immune responses persist and humoral
responses decrease two decades after recov-
ery from a single-source outbreak of hepatitis
C. Nat Med 2000; 6:578–82.

20. Poynard T, Moussalli J, Munteanu M, et al.
Slow regression of liver fibrosis presumed by
repeated biomarkers after virological cure in
patients with chronic hepatitis C. J Hepatol
2013; 59:675–83.

21. Ng V, Saab S. Effects of a sustained virologic
response on outcomes of patients with
chronic hepatitis C. Clin Gastroenterol
Hepatol 2011; 9:923–30.

8 • JID 2014:209 (1 January) • EDITORIAL COMMENTARY

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article/209/1/6/2193492 by guest on 09 April 2024



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


