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 INTRODUCTION 
 Egypt has the highest incidence and prevalence of hepatitis C 

virus (HCV) infection worldwide ( 1 – 3 ), and hepatitis C repre-

sents a major public health and economic burden ( 3 ). Acute HCV 

represents 30 %  of acute hepatitis cases in Egypt ( 4 – 6 ). Genotype 

4 is the most prevalent genotype in Egypt ( 7 ) and has recently 

begun spreading beyond its strongholds in the Middle East and 

Africa to Europe ( 1 ). 

 Exposure to hepatitis C usually goes unnoticed by individuals, 

and acute HCV infection is mostly undetectable ( 8,9 ). Although 

some acutely infected patients will experience a spontaneous res-

olution, the majority will develop silent chronic HCV infection, 
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which may progress to cirrhosis, hepatic failure, and liver cancer 

( 8,9 ). A number of host factors such as presence of symptoms and 

female gender have been related to spontaneous viral clearance in 

some studies ( 10 – 12 ). Growing evidence supports a crucial role of 

HCV-specifi c T-cell responses in controlling recent viremia and 

preventing establishment of chronic infection ( 13 – 17 ). However, it 

is not well understood why some individuals mount eff ective cellu-

lar immune responses to HCV and successfully clear the infection, 

whereas the majority fail to develop or maintain effi  cient responses 

and develop chronic HCV. Also, it is not clear why some individu-

als at high risk for HCV infection such as injection drug users, 

health-care workers, and sexual partners of HCV patients have 

detectable HCV-specifi c T-cell responses without detectable HCV-

RNA or antibodies against HCV ( 18 – 23 ). 

 Th e susceptibility to primary HCV infection and subsequent 

clinical course is likely to be infl uenced by genetic factors that gov-

ern both the innate and adaptive immune responses against HCV 

( 24,25 ). Genome-wide association studies have recently identifi ed 

single-nucleotide polymorphisms in proximity to the interleukin-

28B ( IL-28B ) gene that can predict spontaneous clearance of acute 

HCV infection ( 26 – 29 ). 

 To date, the correlates of exposure to HCV genotype 4 (HCV-

G4) infections and the impact of  IL-28B  polymorphism and 

immune system interactions on the outcome of exposure have not 

been adequately identifi ed. Th erefore, the current cohort study 

of high-risk Egyptians recently exposed to HCV-G4 was set up 

to investigate the outcome of exposure to HCV-G4 infection, the 

natural course of acute HCV-G4 infection, and to identify the clin-

ical, genetic, virologic, and immunologic parameters predictive of 

outcome of exposure, recent HCV-G4 infections, and acute HCV 

therapy.   

 METHODS  
 Study design and clinical cohorts 
 Th is prospective cohort study ( Figure 1 ), which spanned 7 years, 

2005 through 2012, is part of a larger surveillance program for 

screening, early detection, and management of HCV among high-

risk subjects A cohort of high-risk individuals (health-care workers 

to sharp injuries or needle sticks, injection drug use (IDU), inva-

sive medical procedure, sexual and non-sexual contact with HCV 

index cases, receiving blood components or organ transplants) 

was assembled and their HCV exposure status was determined 

at the start of the study. HCV antibody-positive individuals were 

excluded, and only subjects with undetectable HCV antibodies and 

confi rmed HCV-PCR-negative status at the time of study entry were 

followed up to measure and compare the outcome of exposure and 

frequency of recent HCV infection. If exposed to a recent exposure, 

the individual was tested again for HCV antibodies (third-genera-

tion enzyme-linked immunosorbent assay: Abbott IMx; Abbott 

Diagnostics, Maidenhead, Berkshire, UK) and a serum sample from 

the potential  “ source ”  individual (if available) was tested to HCV. 

If the exposed subject had undetectable HCV antibody at baseline 

and the source individual was HCV-positive or his / her HCV status 

was unknown, HCV-RNA (transcription-mediated amplifi cation 

VERSANT HCV RNA Qualitative assay, Bayer Diagnostics, Emer-

yville, CA; lower limit of detection  : 5   IU / ml) and a screening inter-

feron gamma (IFN- γ ) ELISpot assay were performed. 

 Subjects were enrolled in the study only if infected with geno-

type 4, in order to avoid the confounding eff ect of various HCV 

genotypes on interpretation of results. Th ey were also included 

if at baseline they tested negative for anti-HCV antibody, HCV-

RNA, and HCV-specifi c T-cell responses, and then had detectable 

HCV viremia, antibody seroconversion, or HCV-specifi c T-cell 

responses during follow-up ( Figure 1 ). Patients were excluded 

if they had pre-existing HCV or hepatitis B virus liver disease 

(history and appropriate serologic and virologic studies), HIV, or 

active  Schistosoma mansoni  (urine or stool analysis or rectal snip), 

autoimmune hepatitis, organ transplantation, neoplastic disease, 

or immunomodulatory therapy. Subjects with no detectable HCV-

RNA or no HCV-specifi c T-cell responses within 12 weeks of 

exposure were not tested further.  

  Control subjects   .   Twenty healthy volunteers (10 men and 10 

women; mean age 37 ± 6 years) not infected with HCV were 

enrolled as a control cohort for the HCV-specifi c T-cell response 

assays. We also assessed the distribution of  IL-28B  single-nucle-

otide polymorphism ( rs12979860 ) among 200 healthy Egyptians 

(100 men and 100 women, mean age 39 ± 5.9 years), as the dis-

tribution of  IL-28B  rs12979860 allele among Egyptians was not 

known.     

 Methods 
 At enrollment, eligible subjects completed a structured confi den-

tial questionnaire and the HCV genotype (Roche LINEAR ARRAY 

HCV Genotyping; Roche Diagnostics, Pleasanton, CA) was per-

formed. Alanine aminotransferase (ALT), HCV antibody (Abbott 

IMx; Abbott Diagnostics), HCV-PCR (COBASR AmpliPrep /

 COBASR TaqManR HCV Quantitative Test, v2.0; lower limit of 

detection: 15   IU / ml) and IFN- γ  ELISpot assay were performed at 

baseline, at weeks 4, 8, 12, 24, and 48 weeks. Transcription-medi-

ated amplifi cation   (VERSANT HCV RNA Qualitative Assay) 

retesting was performed at the end of the study. Genotyping for 

the  IL-28B  rs12979860 C / T polymorphism was retrospectively 

performed, using patients ’  stored archived samples. 

 A risky exposure was defi ned as a health-care worker exposed to 

needle stick or sharp injury, being an injection drug user, exposure 

to an invasive medical procedure, sexual and non-sexual contacts of 

HCV index cases, or a recipient of blood components or organ trans-

plants. Acute hepatitis C was defi ned on the basis of documented 

HCV conversion from HCV-RNA-negative to   HCV-RNA-positive 

status within 2 – 6 months aft er exposure, elevated serum ALT     >    5 

times upper limit of normal  ; with or without symptoms such as 

jaundice or fever. Although the convention is that two consecutive 

negative HCV-RNA tests defi ne viral clearance, along with others, 

we observed in previous longitudinal studies that few patients have 

transient aviremia with detection of HCV-RNA aft er two consecu-

tive HCV-RNA results ( 3,11 ). Th us, spontaneous viral clearance was 

defi ned in our study as three consecutive negative HCV-RNA (trans-

cription-mediated amplifi cation) results (3 months apart) during 
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follow-up. Th e estimated date of infection was defi ned as midpoint 

from last negative HCV antibody / HCV-PCR to fi rst positive HCV-

RNA. Th e estimated date of clearance was the mid-point from last 

positive HCV to fi rst of three consecutive negative HCV-RNA results. 

 Participants with persistent viremia beyond 12 weeks of enroll-

ment were off ered pegylated interferon (PEG-IFN)  α -2a (Pegasys, 

Hoff mann-LaRoche, Basel, Switzerland) at a dose of 180    μ g per 

week, or PEG-IFN- α -2b (1.5   mg / kg; PegIntron, Schering-Plough, 

Kenilworth, NJ) monotherapy for 24 weeks. Clinic visits for evalu-

ation of clinical and biochemical laboratory values and adverse 

event monitoring were scheduled before treatment allocation, at 

allocation, at weeks 2 and 4, monthly thereaft er during treatment, 

and at 6 months aft er treatment completion. Serum HCV-RNA 

assessments were performed before therapy, aft er 4 and 12 weeks, 

at the end of treatment, and end of follow-up. Safety was assessed 

through monitoring of patient-reported adverse events and, as 

indicated, by clinical and laboratory test results. Th e primary effi  -

cacy end point was sustained virologic response (SVR), defi ned as 

undetectable serum HCV-RNA, 24 weeks aft er completing treat-

ment (HCV transcription-mediated amplifi cation with a lower 

limit of detection of 5   IU / ml; Bayer VERSANT HCV RNA 3.0). 

 Th e study protocol was reviewed and approved by the Institu-

tional Review Board on 2 April 2004 and amended on 10 January 

2011 to test  IL-28B  polymorphisms on patients ’  stored samples. 

Screening of high-risk groups

Anti-HCV antibody positive Anti-HCV antibody negative

Anti-HCV antibodies, HCV-PCR
HCV T-cell responses (ELISpot)

N =162

Enrollment
Monthly follow-up (ALT/AST), HCV-PCR, anti-HCV antibodies, IFN-g ELISpots

Exposed apparently uninfected
with T-cell responses (n =26)

Evolution of HCV T-cell
responses (ELISpot), no

detectabe HCV negative to HCV
or HCV antibodies

Follow-up

Follow-up

Acute HCV (n =136)
Conversion for HCV negative to

HCV, positive ±anti-HCV antibodies,
HCV T-cell responses

(ELISpot)

Follow-up 12 weeks

HCV persistence
N =88

Assess for eligibility to
therapy and obtain consent

Not eligible/ No consent
N =46

Eligible and consenting (N =42)
PEG-IFN alpha 2 monotherapy for 24 weeks

Follow-up

Follow-up One lost to follow-up

SVR: HCV-RNA
undetectable (37)

No response:
HCV-RNA persistence

(n =5)

Spontaneous viral clearance
N =48

Confirm by HCV-PCR

Exclude

Follow-up

Risky
exposure

Negative anti-HCV antibodies,
negative HCV-PCR

Follow-up
Instructions for reporting any risky exposures

Postive HCV-PCR

Exclude

Undetectable

      Figure 1 .         Longitudinal screening was performed for high-risk individuals. Individuals who reported a risky exposure such as needle sticks, sharp injuries, 
recent injection drug use (IDU), or contact with hepatitis C virus (HCV)-positive subjects were enrolled if at baseline they had undetectable anti-HCV anti-
body, HCV-RNA, and HCV immune responses. Enrolled subjects were prospectively followed for conversion from HCV-negative status to HCV-positive 
status and development of HCV-specifi c immune responses. ALT, alanine aminotransferase; PEG-IFN, pegylated interferon; SVR, sustained virologic response.  
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Th e study was monitored by the Data Safety and Monitoring 

Board Committees of Ain Shams University School of Medicine, 

Al Azhar University School of Medicine and at each participating 

institution. All participants provided informed consent in writ-

ing at enrollment, before blood collection, immunological studies, 

treatment, and retrospective  IL-28B  genotyping. Th e protocol and 

all study procedures were conducted in conformity with the ethical 

guidelines of the Declaration of Helsinki of 1975.  

 Detection of HCV-specifi c T-cell responses 
 In this study, we longitudinally analyzed HCV-specifi c responses 

in un-fractionated peripheral blood mononuclear cell (PBMC) 

samples, using an IFN- γ  ELISpot assay. T-cell subset analysis and 

fi ne mapping of antigenic targets were not part of the scope of this 

analysis.   

 Recombinant HCV proteins 
 Purifi ed recombinant proteins (Core (aa1 – 115), NS3 (aa1007 –

 1534), NS4 (aa1617 – 1864), and NS5a (aa2006 – 2264) (Mikrogen, 

Neuried, Germany  )) were used in the ELISpot assays at a fi nal con-

centration of 2    μ g / ml. HCV proteins were expressed as COOH-

terminal fusion proteins with human superoxide dismutase in 

yeast. Yeast and superoxide dismutase were used as controls for 

nonspecifi c stimulation. As positive controls, phytohemaggluti-

nin (1:200 dilution; Murex Diagnostics, Chatillon, France) and 

tetanus toxoid (TT) / ml (Wyeth Laboratories, St Davids, PA) were 

used as positive controls at concentrations of 4 and 1    ì g / ml, respec-

tively. Un-stimulated cells with media only were used as negative 

controls.   

 ELISpot assays 
 IFN- γ  ELISpot assays were performed for study subjects and 

20 HCV-negative volunteers at baseline, monthly for 3 months, 

and every 3 months thereaft er. PBMCs were separated from 

whole blood by Ficoll – Hypaque density gradient centrifugation 

and immediately stored in liquid nitrogen until used in ELISpot 

assays. Th e ELISpot assay was carried out essentially as previously 

described   ( 19,30 ). A response in a test well was considered posi-

tive if the spot forming units (SFUs) in the presence of antigen 

were at least double the Spot forming units in the medium control 

(medium alone) and if the number of spots per well, minus the 

background, was at least 25 SFUs / 10 6  PBMCs. ELISpot assay is 

described in  “  Supplementary Materials and Methods  online. ”    

  IL-28B  genotyping 
 All enrolled participants were retrospectively genotyped for the 

rs12979860 allele. Genotyping was performed on stored baseline 

samples, using ABI TaqMan, Applied Biosystems, Foster City, CA, 

Roche Molecular Systems, Branchburg, NJ   and the ABI7900HT 

sequence detection system (Applied Biosystems), according to 

the manufacturer ’ s instructions.   

 Statistical analysis 
 Continuous variables were compared using Student ’ s  t -test or 

the Mann – Whitney  U -test when appropriate. Th e frequencies 

were compared using the chi-square test or the Fisher ’ s test if the 

expected frequency for any cell was fi ve or lower. To assess inde-

pendent associations between baseline factors, HCV outcomes, 

and viral clearance status, a multiple logistic regression model 

was built using stepwise selection technique ( 31 ). Aft er adding 

each X variable, the eff ects of removing any of the other X vari-

ables was tested. Crude and adjusted odds ratios (ORs) and 95 %  

confi dence intervals (CIs) were calculated using unadjusted /

 univariate and adjusted / multivariate model, respectively. Th e 

baseline and follow-up variables (age, sex, symptoms (jaundice), 

ALT, serum bilirubin, HCV-RNA,  IL-28B  genotype, number 

of ELISpot spot-forming units, and numbers of HCV antigens 

recognized) were introduced in the logistic model because of 

their association (    <    0.11) in the univariate analysis. Th e Kap-

lan  –  Meier plot was utilized to estimate the time-to-spontaneous 

resolution. 

 Among those assigned to therapy, treatment effi  cacy analyses 

were performed using the intention-to treat population, defi ned 

as all enrolled patients who received at least one dose of any study 

medication. Receiver operating characteristic curves were calcu-

lated to determine the best cutoff  of HCV-RNA decay to predict 

SVR and treatment failure. Th e Hardy – Weinberg disequilibrium 

test was performed for single-nucleotide polymorphism analysis. 

Linkage disequilibrium index (Lewontin ’ s D ′  and  r  2 ) was calcu-

lated by Haploview version 4.2 soft ware (MIT MediaLab, Boston, 

MA)  . Results are expressed as mean values    ±    s.d  .,  P  values and 95 %  

CIs or median and interquartile range as appropriate. Statistical 

analysis was done using Statistical Analysis Soft ware version 16 

(SAS Institute, Cary, NC), MedCalc Soft ware version 12 (MedCalc 

Soft ware, Ostend, Belgium), and GraphPad Prism Soft ware (La 

Jolla, CA)  .    

 RESULTS  
 Outcome of exposure to HCV 
 A total of 3,516 high-risk Egyptians (from Cairo, Giza, Minya, 

Beni Seuf, and Quena governorates) screened for HCV revealed 

that 283 participants (8.05 % ) were HCV antibody-positive, 2 

(0.06 % ) were HCV-PCR-positive and HCV antibody-negative, 

and 3,231 participants (92.5 % ) were HCV-negative by antibody 

and HCV-PCR ( Figure 1 ). Of the 3,231 exposed individuals, 136 

(4 % ) had newly acquired acute HCV infection (patients were 

initially HCV-RNA-negative at baseline and became HCV-RNA 

positive  ±  seroconversion) and 26 (0.7 % ) developed HCV-specifi c 

T-cell responses without detectable viremia or anti-HCV antibod-

ies ( Figure 1 ). 

 Spontaneous viral clearance was achieved by 48 out of the 136 

participants with proven acute HCV (35.3 % ), with a median time 

from the last negative HCV antibody / RNA to the fi rst positive 

HCV-RNA of 90 days (range 30 – 180 days; interquartile range    =    79) 

( group A: resolved acute HCV ). In 26,136 participants (0.7 % ), HCV 

immune responses evolved gradually aft er exposure to HCV infec-

tion, although neither HCV-RNA nor anti-HCV antibody was 

detected during the scheduled follow-up points ( group B: exposed 

seronegative (ESN) individuals ). Eighty-eight participants with 
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during follow-up, compared with other study subjects (29 IDUs 

completed all follow-up time points while 19 IDUs fulfi lled 5 – 7 

follow-up points (data not shown)). Intrafamilial transmission was 

reported between parents and children ( Table 1 ). 

 Sequential ALT and HCV-RNA measurements are shown in 

 Figure 2 . More women attained spontaneous viral clearance than 

men ( P     =    0.0007;  Table 1 ). More women mounted T-cell responses 

without detectable HCV viremia or seroconversion ( Table 1 ). Also, 

the interval between the fi rst positive HCV-PCR and the viral clear-

ance (negative HCV-PCR) was signifi cantly shorter in women com-

pared with men ( P     =    0.036;  Figure 3 ). Patients with jaundice ( n     =    38) 

had higher chance of achieving spontaneous viral clearance com-

pared with patients with anicteric acute HCV ( P     <    0.0001;  Table 1 ).   

proven acute HCV did not clear HCV spontaneously ( group C: 

unresolved acute HCV ). Th is group was further subdivided into 

patients treated with PEG-IFN  α -2 ( n     =    42) and patients who did 

not resolve acute infection and were not treated ( n     =    46). 

 Th e median follow-up of study subjects was 15 months (range 

11 – 19 months, interquartile range    =    5). Th e demographic and clin-

ical parameters of the study population are shown in  Table 1 . Th e 

highest proportion of participants with newly acquired infections 

was IDUs and individuals exposed to invasive medical procedure 

(mostly cardiac catheterization and hemodialysis). Spontaneous 

clearance was considerably higher among patients acquiring acute 

HCV infection through occupational exposure (36 / 48; 75 % ), com-

pared with IDUs (8 / 48; 16.7 % ), who were also the least compliant 

      Table 1 .    Baseline demographic and clinical characteristics of patients 

    Parameter  

  Exposed unin-
fected Group A 

( N =26)  

  Spontaneous 
clearance Group B 

( N =48)  

  No spontaneous 
clearance Group 

C ( n =88)  
   P  value (mean of difference between groups; 95 %  CI of 

difference)  

   Age (years) Mean ± s.d. (95 %  CI 
of the mean) 

 37.08 ± 8.97 
(33.46 – 40.7) 

 36.48 ± 7.64 
(34.26     −    38.69) 

 37.17 ± 6.2 
(35.86 – 38.48) 

 Group A vs. B :   P =0.076 (    −    0.6;     −    4.54 to 3.344)  
 Group A vs. C :  0.95 (    −    0.09;     −    3.14 to 2.96)  
 Group B vs. C:  P =0.56 (    −    0.69;     −    3.082 to 1.702) 

   Females ( n ;  % )  17 (65.4 % )  30 (62.5 % )  37 (42.05)  Group A vs. B:  P =0.98 (3.30 %  ;     −    21.74 %  to 26.3 % )  
 Group A vs. C:  P =0.003 (34.70 % ; 11.07 %  to 54.47 % )  
 Group B vs. C:  P =0.0007 (31.80 % ; 13.23 %  to 48.29 % ) 

    Risk factors for HCV transmission:  n  ( % )  

      Occupational exposure  16 (61.5)  35 (72.9)  26 (29.5)   

      Intravenous drug use  5 (19.2)  8 (16.7)  35 (39.8)   

      Sexual activity  4 (15.4)  2 (4.16)  9 (10.2)   

      Medical procedures  1 (3.8)  2 (4.16)  10 (11.4)   

      Cardiac catheterization  0  0  4 / 10 (40)   

      Hemodialysis  0  0  3 / 10 (30)   

      Home delivery  1 / 1 (100)  2 / 2 (100)  0   

      Dental procedures  0  0  3 / 10 (30)   

      Intrafamilial  0  1 (2.1)  8 (9.1)   

   Mean time between exposure 
and fi rst positive HCV-PCR 
(days) (95 %  CI of the mean) 

 0  35.21 ± 10.58 
(10.1    −    59.31) 

 38.36 ± 12.7 
(11.42    −    60.3) 

 Group B vs. C: 0.09 (3.02;     −    0.49 to 6.52) 

   Symptoms (jaundice ± fever;  
n ,  % ) 

 0  30 (62.5)  8 (9.1)  Group B vs. C :   P     <    0.0001 

   Mean total bilirubin ± s.d. (mg / dl) 
(95 %  CI of the mean) 

 1.2 ± 1.003 
 (0.8 to 1.6) 

 4.445 ± 2.1 
(3.8    −    1.9) 

 3.04 ± 1.2 
(2.6    −    3.5) 

 Group A vs. B:     <    0.001 (3.18; 2.32 to 4.06)  
 Group A vs. C:     <    0.001 (    −    1.83;     −    2.71 to     −    0.96)  
 Group B vs. C :      <    0.001 (1.35; 0.585 to 2.11) 

   Mean ALT ± s.d. (U / l) (95 %  CI of 
the mean) 

 36.53 ± 20.81 
(26.01 to 77.05) 

 423.58 ± 132.4 
(385.14    −    462.02) 

 441.5 ± 93.96 
(42.6    −    461.37) 

 Group A vs. B:     <    0.001  
 Group A vs. C:     <    0.001  
 Group B vs. C: 0.361 

   Mean AST ± s.d  . (U / l) (95 %  CI of 
the mean) 

 39.7 ± 25.3 (23.3 
to 106.08) 

  480.5 ± 118.3 
(446.14    −    514.85) 

 437.15 ± 128.2 
(409.94    −    464.26) 

 Group A vs. B:     <    0.001  
 Group A vs. C:     <    0.001  
 Group B vs. C: 0.0550 

   HCV-RNA ( × 10 6  IU / ml) (95 %  CI 
of the mean) 

 0  1.219 ± 0. 57 
(1.05    −    1.38) 

 1.126 ± 0. 636 
(0.9    −    1.3) 

 Group B vs. C: 0.3998 (0.093;     −    0.125 to 0.311) 

   HCV genotype Genotype 4 ( n ,  % )  0  48 (100)  88 (100)   

     ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confi dence interval; HCV, hepatitis C virus.   
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  Figure 3 .         Time to spontaneous resolution of acute hepatitis C virus (HCV) 
in men and in women. It was observed that more women achieved 
spontaneous viral clearance within a shorter time frame compared with 
men.  

 HCV-specifi c T-cell responses 
 Consistent with previous work, the frequency, magnitude, and 

breadth of HCV-specifi c T-cell responses were greater in participants 

with spontaneous recovery, compared with those with chronic 

HCV evolution who initially developed signifi cantly weaker 

IFN- γ  responses that gradually waned with time ( Figure 4a ). 

Th e mean peak SFUs was signifi cantly higher in spontaneous 

resolvers (776.7 ± 204.2 / 106 PBMCs) and apparently uninfected par-

ticipants with immune responses (743.27 ± 188.7 / 106), compared 

those with chronic HCV evolution (197.56 ± 60.41 / 106 PBMCs) 

( P     =    0.0362 between groups A and B;  P     <    0.0001 between groups A 

and C and groups B and C, respectively). A cutoff  of 270 SFUs / 10 6  

PBMCs distinguished subjects with spontaneous viral clearance 

from participants with viral persistence with a sensitivity of 83.3 %  

and specifi city of 97.8 %  ( Supplementary Table 2 ). 

 Th e specifi city and breadth of T-cell responses also diff ered 

among groups. During the acute phase, multispecifi c T-cell 

responses to three or more HCV antigens were observed in 46 / 48 

(85.8 % ) subjects with spontaneous viral clearance, 25 / 26 (96.2 % ) 

exposed apparently uninfected subjects, and 23 / 88 (26.13 % ) 
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 P     <    0.0001 between groups A and C and groups B and C, respec-

tively). Among subjects with spontaneous viral clearance and 

ESNs, the strongest response in terms of SFUs / million cells was 

patients with viral persistence. Th e mean numbers of recognized 

HCV antigens in groups A, B, and C were 3.61 ± 1.2, 3. 3 ± 1.1, 

and 1.6 ± 1.02, respectively; ( P     =    0.2787 between groups A and B; 
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    Figure 4 .         ( a ) Strength of hepatitis C virus (HCV)-specifi c T-cell response in an ELISpot assay in the different study groups. The spot-forming units in each 
group are represented at the indicated time points. The box extends from the fi rst quartile to the third quartile. The horizontal line within the box represents 
the median of the data set. Overall, the magnitude and breadth of HCV-specifi c T-cell responses observed in acute HCV with spontaneous recovery and 
exposed apparently uninfected individuals were signifi cantly higher than the responses detected in individuals with HCV persistence not receiving pegylated 
interferon monotherapy. Treatment was associated with enhancement of HCV-specifi c T-cell responses during therapy. ( b ) Strength of anti-HCV T-cell 
response tested by IFN- γ  ELISpot assay, according to  IL-28B  genotype allele. X axis :   IL-28B  rs12979860 single-nucleotide polymorphism (CC, CT, TT). 
Y axis: number of spot-forming cells. The horizontal line within the box represents the median of the data set. The box extends from the fi rst quartile (Q1) to 
the third quartile (Q3). The range is indicated by the distance between the smallest value and the largest value, including outliers. The interquartile range is 
Q3 minus Q1. CE, patients with chronic evolution; ESN, exposed seronegative uninfected subjects with immune responses; IFN- γ , interferon gamma; 
NR, non-responders; PBMC, peripheral blood mononuclear cell  ; SFUs, spot forming units; SR, spontaneous resolution (patients with spontaneous recov-
ery; SVR, treated patients with sustained virologic response.   
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 IL-28B  rs12979860 CC, developing     =     /     >    270 SFUs / 10 6  cells in 

response to 3 or more HCV proteins, female gender, presence 

of symptoms (jaundice) ,      >    300   IU / l ALT decline and     >    2.5 log10 

HCV-RNA drop within 8 weeks were associated with spontaneous 

resolution. Multivariate analyses confi rmed the independent roles 

for rs12979860 CC (OR    =    14.22 ; 95 %  CI: 5.42 – 38.35),  P     <    0.0001), 

magnitude and breadth of HCV-specifi c T-cell responses 

( ≥     =     /     >    270 / 106 SFUs to 3 or more HCV antigens; OR    =    11.66 ; 95 %  

CI: 4.57 – 30.49,  P     <    0.0001), ALT decline     >    300   IU / l within 4 weeks 

(OR    =    6.83; CI: 2.25 – 21.69;  P     <    0.0001), female gender (OR    =    2.39; 

 P     =    0.007), peak bilirubin level     >    3   mg / dl (OR    =    5.54;  P     <    0.001) in 

spontaneous viral clearance. Th e sensitivity of  IL-28B ,     >    2.5 log10 

HCV-RNA drop within 8 weeks, ALT decline     >    300   IU / l within 4 

weeks, and peak bilirubin (    >    3   mg / dl) in predicting spontaneous 

resolution were 91.67 % , 89.36 % , 83.33 % , and 81.25 % , respectively. 

Th e specifi cities of  IL-28B ,     >    2.5 log10 HCV-RNA drop within 8 

weeks, ALT decline     >    300   IU / l within 4 weeks, and peak bilirubin 

(    >    3   mg / dl) were 95.65 % , 82.61 % , 73.33 % , and 67.39 % , respec-

tively ( Supplementary Table 2 ). Neither age nor mode of infec-

tion was an independent factor for spontaneous viral clearance 

( Table 3 ).  IL-28B- CC was also a strong predictor of developing 

strong broad T-cell responses (OR    =    11.58; 95 %  CI: 4.35 – 23.68; 

 P     <    0.0001;  Table 4 ).   

 Treatment response 
 Of the 88 patients who did not clear viremia within 12 weeks aft er 

enrollment (group C), 42 consented to treatment during the acute 

phase, whereas the remaining 46 preferred to defer therapy. Th e 

intention-to treat analysis that included all members of this cohort 

demonstrated a SVR rate of 88 %  (37 of 42 treated patients;  Fig-

ure 1 ) and, per protocol, SVR was 90.4 %  (38 / 42). Treatment was 

well tolerated with few manageable adverse events  (  Supplemen-

tary Table 3 ). Females were more likely to attain SVR than males 

elicited by the non-structural HCV-encoded proteins (NS 
3
 , NS 

4
 , 

and NS 
5
 ).   

 Impact of  IL-28B  polymorphism on the outcome of exposure to 
HCV Infection and T-cell responses 
 Th e C / C genotype of the rs12979860 polymorphism was detected 

in 79 (39.5 % ) healthy subjects. In the study population, the  C / C , 

 C / T ,  and T / T  genotypes were detected in 61 (37.7 % ), 46 (28.4), and 

55 (33.9 % ), respectively. Th e frequency of the  C / C  genotype was 

signifi cantly higher in subjects with spontaneous viral clearance 

(group A) compared with those who failed to resolve the acute 

infection spontaneously (group B) (64.6 %  vs. 20.5 % , respectively, 

 P     <    0.0001). In contrast, T / T genotype was more prevalent among 

individuals with persistent HCV infection as compared with the 

spontaneous resolvers (50 %  vs. 8.3 % , respectively,  P     <    0.0001) or 

ESNs (50 %  vs. 3.8 % , respectively,  P     <    0.0001;  Table 2 ). However, 

there was no signifi cant diff erence in the CC homozygosity (64.6 %  

vs. 69.2 % , respectively;  P     =    0.7990),  CT  heterozygosity (27.1 %  

vs. 26.9 % , respectively;  P     =    1.000) or  TT  homozygosity (8.3 %  vs. 

3.8 % , respectively;  P     =    0.0.651) between spontaneous resolvers 

and exposed apparently uninfected subjects with HCV-specifi c 

T cell-responses ( Table 2 ). Subjects with the CC genotype 

mounted robust, multispecifi c T-cell responses as compared with 

the TT genotype ( Figure 4b ) with a signifi cant correlation between 

carrying the C / C genotype and developing strong, broad HCV-

specifi c T-cell responses ( r  2     =    0.0.835;  P     <    0.001), as well as between 

C / C and spontaneous HCV clearance ( r  2     =    0.97;  P     <    0.001) (data 

not shown).   

 Predictors of spontaneous resolution of acute HCV and 
HCV-specifi c T-cell responses 
 We identifi ed certain predictors of spontaneous viral clearance 

(i.e., just focusing on group A participants). By univariate analysis, 

    Table 2 .    Frequency of the  IL-28B rs12979860-CC ,  CT ,  and TT  genotype in spontaneous resolvers, exposed apparently uninfected, treated 
patients, and patients with chronic evolution 

      No spontaneous clearance Group C ( n =88)  

    rs12979860 
Genotype ( n ;  % )  

   Exposed uninfected 
Group A ( N =26)   

   Spontaneous clearance 
Group B ( N =48)     Untreated  N =46    Treated SVR  N =37    Treated NR  N =5      P  value   

   C / C  18 (70)  31 (65)  2 (4.3)  10 (27.1)  0  Group A vs. B:  P =0.799  
 Group A vs. C:  P     <    0.001 *  
Group B vs. C:  P     <    0.001  * 

   C / T  7 (27)  13 (27)  11 (23.9)  14 (37.8)  1 (20)  Group A vs. B:  P =1.000  
 Group A vs. C:  P =1.000  
 Group B vs. C:  P =0.844 

   T / T  1 (4)  4 (8.3)  33 (72)  13 (35)  4 (80)  Group A vs. B:  P =0. 0.651 
 Group A vs. C:  P     <    0.0001 *   
 Group B vs. C:  P     <    0.0001 *  

     HCV, hepatitis C virus; NR, Non-responders; SVR, sustained virologic response  .   
     Group A: Twenty-six participants with detectable HCV-specifi c responses despite persistently negative HCV viremia or HCV antibodies.   
     Group B :  Forty-eight participants with proven symptomatic or asymptomatic acute HCV (conversion from HCV-RNA-negative to HCV-RNA-positive status with or without 
seroconvesion) who mounted HCV responses and cleared infection spontaneously.   
     Group C: Eighty-eight participants with unresolved acute HCV with chronic evolution of whom 42 participants were treated with paginated interferon monotherapy.   
 *  P  < 0.001 or P < 0.0001: Highly signifi cant.
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investigating the outcome and course of recent infection. To bridge 

this knowledge gap, we conducted this prospective cohort study to 

analyze the correlates of exposure to HCV infection and the natu-

ral history of acute infection. Th e large cohort of subjects recently 

exposed to HCV, our stringent protocol of sequential assessment 

of transaminases, anti-HCV antibodies, HCV, PCR using a sensi-

tive technique, in addition to the long follow-up, enabled us to 

monitor with reasonable accuracy the time of exposure, the tim-

ing of HCV-PCR, subsequent anti-HCV antibody conversion and 

viral clearance, in addition to assessing the various host and viro-

logic factors that determine the outcome exposure to HCV. 

 Overall, the proportions of newly reported HCV cases aft er 

risky exposure in this study were similar to some reports 

( 4 – 6,10,32 – 34 ) and a bit higher than others ( 35,36 ). Discrepan-

cies in estimates of spontaneous viral clearance among studies 

may be attributed to diff erences in defi nitions of acute HCV and 

(OR    =    1.75; 95 %  CI: 0.18 – 5.49;  P     =    0.02) and patients with     >    2 log10 

HCV-RNA drop within the fi rst 4 weeks of therapy (OR    =    4.92; 

95 %  CI: 0.376 – 10.86;  P     =    0.002) ( Supplementary Table 4 ). 

 SVR was associated with gradual improvement in the magnitude 

and breadth of T-cell responses during therapy, although, with less 

intensity and durability compared with responses detected in sub-

jects with self-limited disease ( Figure 4a ). Patients with the C / C or 

the C / T genotypes had more than a threefold higher rate of SVR 

compared with patients with the T / T genotype ( Table 2 ) and were 

more capable of maintaining HCV-specifi c T-cell responses during 

therapy.    

 DISCUSSION 
 Th e mostly unrecognized HCV exposure and subclinical nature 

of acute HCV infection limited the conduct of large studies 

  Table 4 .    Association between baseline / follow-up factors and development of strong (= /     >    270 IFN- γ  SFUs / 10 6  cells) and broad (= /     >    3 
antigens with positive response) HCV-specifi c T-cell response regardless of group 

     OR  95 %  CI   P  value  OR  95 %  CI   P  value 

    IL-28B  rs12979860 (CC vs. others)  8.43  3.27    −    28.51  0.002  11.58  4.35 – 23.68      <    0.0001 *  *  

   Gender (females relative to males)  3.45  1.05    −    8.21  0.041  2.32  1.24 – 3.45  0.003 *  

       >    2.5 log10 HCV-RNA drop within 8 weeks  5.20  1.17    −    21.5  0.021  5.43  0.08 – 2.51  0.035 *  

   Age (per decade, (older vs. younger))  0.86  0.63    −    3.87  0.25  0.75  0.53 – 1.07  0.11 

   Jaundice  3.8  0.4    −    11.7  0.42  Removed by stepwise selection     

   ALT decline     >    300   IU / l within 4 weeks  1.06  0.95    −    1.89  0.29  Removed by stepwise selection     

   Mode of transmission (IDU vs. others)  0.27  0.38    −    5.95  0.52  Removed by stepwise selection     

     ALT, alanine aminotransferase; CI, confi dence interval; IDU, injection drug use; IFN- γ , interferon gamma; IL-28B, interleukin-28B; HCV, hepatitis C virus; OR, odds ratio; 
SFUs, spot forming units.   

      * Signifi cant ( P  < 0.05).   

      *  * Highly signifi cant ( P  < 0.01).   

  Table 3 .    Association of between baseline / follow-up factors and spontaneous viral clearance 

  Unadjusted analysis    Adjusted analysis  

       Variable     OR (95 %  CI)     P  value    OR (95 %  CI)     P  value  

    IL-28B  rs12979860 (CC vs. others)  17.78 (3.74    −    40.84)      <    0.0001  ***  14.22 (5.42    −    38.35)      <    0.0001*** 

   = /     >    270 IFN- γ  SFUs / 10 6  cells to= /     >    3 HCV antigens  10.96 (3.46    −    0.65)      <    0.0001***  11.66 (4.57    −    30.49)      <     0.0001*** 

   ALT decline     >    300   IU / l within 4 weeks  3.078 (0.23    −    7.84)      <    0.0001***  6.83 (2.25    −    21.69)      <     0.0001*** 

   Peak bilirubin (    >    3   mg / dl)  3.99 (2.53    −    16.30)      <    0.0001  5.54 (2.40    −    12.93)      <     0.0001*** 

   Symptoms (jaundice ± fever)  3.92 (1.37    −    9.87)  0.003  3.54 (1.57    −    8.02)  0.001** 

   Gender (females relative to males  2.80 (1.18    −    6.75)  0.006  2.39 (1.27    −    5.53)  0.007** 

       >    2.5 log10 HCV-RNA drop within 8 weeks  2.96 (1.29    −    7.16)  0.0363  2.48 (1.09    −    8.64)  0.016* 

   Baseline age (per decade, (older vs. younger))  0.76 (0.58    −    0.99)  0.049  0.75 (0.53    −    1.06)  0.109 

     ALT, alanine aminotransferase; CI, confi dence interval; IFN- γ , interferon gamma; IL-28B, interleukin-28B; HCV, hepatitis C virus; OR, odds ratio; SFUs, spot forming units.   

      * Signifi cant ( P  < 0.05).   

      *  * Highly signifi cant ( P  < 0.01).   

      *  *  * Highly signifi cant ( P  < 0.001).   
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viral clearance as well as variations in the sensitivities of the diag-

nostic methods used. 

 We observed a variation in the proportion of newly acquired 

infections, according to the mode of transmission. Our study 

identifi ed IDU, invasive medical procedures, and occupational expo-

sure as the main modes of HCV transmission in our cohort, in agree-

ment with previous reports ( 4 – 6,10,33,34,36,37 ). Th us, our fi ndings 

further underscore the crucial need for strict implementation of 

infection control measures in Egyptian health facilities. Similar to 

other studies from Egypt ( 19,38,39 ), this study showed that transmis-

sion within households also has a role in transmission of HCV. Given 

that the subjects enrolled in this study were mostly young or mid-

dle-aged; our fi ndings suggest an ongoing active HCV transmission 

in Egypt via routes that diff er from the historical antischistosomal 

therapy campaigns that offi  cially ceased more than four decades ago. 

 In our study, spontaneous resolution occurred in 35.3 %  of 

patients with acute HCV infection, a fi gure not far from the 30 

to 36 %  in previous studies ( 6,10,33,38,40 ). Some of the predic-

tors of spontaneous viral clearance found in our study have been 

identifi ed before by our group and others ( 10 – 12,35 – 37 ). Strati-

fying patients according to the presence or absence of jaundice 

demonstrated that two-thirds of symptomatic patients in the study 

achieved spontaneous viral clearance, in agreement with previ-

ous reports ( 3,11,35 – 38 ). In accordance with previous observa-

tions ( 27,38,39 ), we showed that spontaneous resolution was more 

frequent in women. Interestingly, we also found that women eradi-

cated HCV more rapidly than men, although a larger sample size 

is required to validate this fi nding. We also observed that an early 

rapid signifi cant decline in ALT and HCV-RNA titers could pre-

dict spontaneous viral clearance and may distinguish those who 

will develop viral persistence from those who will go on to spon-

taneous viral clearance. Th omson  et al.  ( 41 ) also reported that the 

best diagnostic test for the prediction of spontaneous resolution 

was a maximum log10 drop in viral load within 100 days. 

 As previously reported by our group and others ( 13 – 15,17,42,43 ), 

our study showed that subjects who achieved spontaneous viral 

clearance mounted polyclonal, strong, and broad virus-specifi c 

T-cell responses, whereas individuals who failed to mount or sus-

tain such responses developed persistent viremia. To test if the 

quantitative assessment of the magnitude and breadth of T-cell 

responses could serve as a biomarker of self-limited disease, we 

attempted to defi ne a reliable cutoff  level of T-cell responses that 

may discriminate between those who may achieve spontaneous 

resolution from patients liable to develop chronic infection. In this 

study, we found that using a cutoff  point of 270 SFUs / 10 6  to 3 or 

more HCV antigens effi  ciently predicted spontaneous viral clear-

ance, a fi nding that supports the results of a previous study ( 44 ), 

which suggested that assessing T-cell thresholds might be useful in 

predicting the clinical outcome of acute HCV infection. 

 Among individuals reporting defi nite HCV exposure, we iden-

tifi ed 26 individuals with no baseline HCV-RNA, HCV antibod-

ies, or HCV-specifi c T-cell responses, who gradually mounted 

immune responses against HCV a few weeks aft er exposure 

without any detectable HCV-RNA or seroconversion during fol-

low-up. Th ese data further support our previous report ( 19 ) on 

partners of acute HCV patients, and previous studies ( 20 – 23 ) on 

IDUs and household contacts of HCV patients who had cellular 

immune responses without detectable anti-HCV antibodies or 

RNA. Th e origin, patterns, and functions of such responses are 

intriguing. One may argue that the apparently uninfected subjects 

with immune responses may have had prior resolved HCV infec-

tion and lost anti-HCV antibodies, hence the detected responses 

represented memory responses. Takaki  et al.  ( 45 ) demonstrated 

that cellular immune responses existed without corresponding 

humoral immune responses, many years aft er resolution of acute 

HCV infection, suggesting that antibodies could be lost over 

time. In our study, the possibility that those subjects had a pre-

vious infection is unlikely, given the absence of HCV-RNA, anti-

HCV antibodies, and T-cell responses at baseline and the gradual 

development of immune responses without detectable HCV-RNA 

or seroconversion at the scheduled assessment time points. It is 

unlikely that those subjects had very low baseline levels of chronic 

cryptic viremia, not detected by the HCV-PCR test, as we used a 

sensitive technique for detection of HCV-G4 viremia. In this study, 

one may speculate that exposure to HCV infection may provoke 

distinct, non-synergistic, innate immune responses such as natural 

killer cells, resulting in production of antiviral-cytokines that elim-

inated HCV virus at an early stage, leading to priming CD4    +     and 

CD8    +     adaptive immune responses as suggested in recent studies 

( 46,47 ). Although we assessed HCV viremia at monthly intervals, 

we cannot completely exclude brief transient viremia that might 

have resolved in the time between our scheduled HCV-RNA, and 

anti-HCV antibodies measurement ( 42,48 ), or potential bias in 

reporting the date of exposure. 

  IL-28B  ( IFN - λ  ( α )-3), a member of the IFN- α  family ( 49 ), is 

probably involved in the immune response to HCV infection and 

viral clearance following acute HCV ( 26 – 29,50 ) or anti-viral ther-

apy ( 51,52 ). In this cohort of Egyptians with acute HCV-G4, this 

study demonstrates a signifi cant association between C / C geno-

type and spontaneous HCV clearance, lending further credence 

to previous reports on patients with HCV-4 ( 50 ) and non-4 HCV 

acute infections ( 51 – 53 ). Th e study also provides novel data on 

the impact of  IL-28B  polymorphism on the evolution and func-

tions of HCV-specifi c T-cell responses following risky exposures 

and during the early phase of recent HCV infection. In our study, 

 IL-28B- CC was also a strong predictor of developing strong broad 

T-cell responses. Th us, robust broad immune responses and 

rs12979860 CC synergized to signifi cantly increase the likelihood 

of achieving viral clearance over either factor alone. In this study, 

the frequency of the protective genotype (rs12979860 CC) among 

apparently uninfected subjects with immune responses (69.2 % ) 

was not diff erent from that in subjects of spontaneously resolved 

acute viral hepatitis. However, Knapp  et al.  ( 54 ) (41.9 % ) reported 

that the  IL-28B  genotypes frequencies among ESNs were distinct 

from those among individuals with self-limited disease. Th e dif-

ference between the two studies may refl ect variation in the char-

acteristics of the cohorts. Knapp  et al.  ( 54 ) only enrolled IDUs 

repeatedly exposed to HCV who might have had remote infec-

tions that resolved. In this study, ESNs initially tested negative for 

HCV antibodies, viremia, and immune responses, shortly aft er 
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innate and adaptive immune responses on the outcome of acute 

HCV infection. 

 In conclusion, our study identifi ed several host and viral factors 

that infl uence the outcome of exposure to HCV infection.  IL-28B  CC 

genotype, robust T-cell responses, rapid decline in ALT and HCV-

RNA levels, and female gender could be predictors of spontaneous 

and treatment-induced resolution of acute HCV infection. Th ese 

data have important clinical implications for identifying subjects 

eligible for therapy during the acute phase, to reduce HCV transmis-

sion, and chronic liver disease, with its serious complications.       
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ios. In some individuals, the innate immune response may blunt 

the acute HCV infection at a very early phase, leading to effi  cient 

viral eradication. In other exposed individuals, the CC genotype 

might not protect against acute HCV disease but favors sponta-

neous resolution through stimulation of strong, eff ective innate 

immunity that may in turn prime effi  cient adaptive immune 

responses capable of containing apparent acute HCV infection. 

Recent reports showed that rs12979860 CC carriers more likely 

have robust innate immune function ( 55,56 ). We may speculate 

that the ESNs in this study are very early resolvers whose genetic 

background enabled them to develop effi  cient, innate, and HCV-

specifi c immune responses that induced viral eradication but was 

not suffi  cient to stimulate a humoral response. Th e similarity in 

 IL-28B  genotype distribution in spontaneous resolvers and ESNs 

in the study may support the previous premise. 

 Rates of SVR in the subset of study patients treated with PEG-

IFN were comparable to those reported following treatment of 

patients with acute HCV-G4a ( 30,57 ). As we previously reported 

( 30 ), PEG-IFN therapy during the acute phase was associated 

with enhancement of T-cell responses, although with less magni-

tude and breadth when compared with responses observed in spon-

taneous viral clearance ( 30 ). A signifi cant association was observed 

between the CC and CT variants and achieving SVR, suggesting that 

 IL-28B  genotype determination can have an important role in treat-

ment decision making in acute HCV infection and can predict SVR, 

following PEG-IFN alpha-2 therapies during acute HCV. Identify-

ing the  IL-28B  genotype may have important clinical applications 

by prioritizing therapy to subgroups of acute HCV patients who are 

vulnerable to chronic evolution of HCV infection, and defi ning the 

adequate timing and duration of therapy. On the basis of our  IL-28B  

genotype fi ndings, we are currently conducting a clinical trial to 

optimize the duration and onset of PEG-IFN alpha therapy based on  

IL-28B  genotype. 

 Th e longitudinal study design, the well-characterized large 

cohort of subjects recently exposed to HCV-G4, the long follow-

up, the stringent defi nitions of acute HCV, SVR, the monitoring of 

natural history, and outcome of therapy are among the strengths 

of this study. However, the study has limitations. We enrolled only 

Egyptians infected with genotype 4 because this is the prevalent 

genotype in Egypt. Further studies are required to investigate the 

applicability of our fi ndings in other HCV genotypes and other 

ethnicities. Th e estimate of spontaneous clearance maybe overesti-

mated in this study since participants were off ered treatment aft er 

12 weeks following enrollment and some individuals may have 

gone on to spontaneously clear infection if they were not treated. 

Given the large cohort, the diff erent parameters investigated, and 

the serial ELISpot assays performed, it was not possible to perform 

T-cell subset analysis and fi ne mapping of antigenic targets to all 

patients enrolled. We did not investigate the innate immune sys-

tem in this cohort. It would be interesting to longitudinally moni-

tor the impact of interplay between  IL-28B,  polymorphisms, and 
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Medicine, Egypt (2009 to 2012). Th e sponsors provided funding, but 
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 Study Highlights 

 WHAT IS CURRENT KNOWLEDGE 
  3 Egypt has the highest prevalence of hepatitis C virus (HCV) 

worldwide: 15 % . 

  3 Acute HCV infection is mostly asymptomatic and not easily 
identifi ed clinically. 

  3 Given the scarcity of symptoms in many cases of acute 
HCV, it has largely escaped the focus of studies investigat-
ing the pathogenesis of viral clearance and persistence. 

  3 Treatment of recent HCV infection is associated with high 
SVR rates. 

  WHAT IS NEW HERE  
  3 This study is the largest, investigating the outcome and the 

natural history of exposure to HCV-G4 infection and the 
predictors of either spontaneous resolution or persistence. 

  3 Quantitative determination of alanine aminotransferase 
(ALT), HCV-RNA, and T-cell responses can predict the 
outcome of acute HCV. 

  3  IL-28B  genotype is a powerful predictor of the outcome of 
exposure to HCV, the fate of acute natural HCV infection, 
and effi ciency of HCV-specifi c T-cell responses. 

  3  IL-28B  polymorphisms assessment can be one useful tool 
for individualizing acute HCV-G4 therapy to identify acute 
HCV patients. 

  3 Evolution of HCV-specifi c T-cell responses and undetectable 
HCV-RNA or antibody responses may imply an active role 
played by innate immune responses, leading to early viral 
clearance without developing anti-HCV antibodies.               
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