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Abstract (248 words):

Although numerous reports have described inflammatory bowel diseases (IBD) complicated
with cytomegalovirus (CMV) infection, the virus participation as an exacerbating factor
remains unclear. The aim of this study was thus to clarify the clinical significance of CMV
infection complicating exacerbation and to correlate CMV detection with various
characteristics in IBD patients. Sixty-seven colonic biopsies obtained from 53 patients
admitted for IBD exacerbation were retrospectively analyzed by real-time PCR assay. The
CMV genome was detected in 7 (10.4%) colonic biopsies related to 7 patients (3 ulcerative
colitis and 4 Crohn's diseases). Among the patients with IBD studied, patients with evidence
of CMV infection were older (p= 0.047), were more likely male gender (relative risk [RR]
4.48; 95% confidence interval [CI] 0.94-21.36), received corticosteroids (RR 3.2; CI 0.79-
13.02) or azathioprine (RR 3.17; CI 0.80-12.57) treatments, presented more extended lesions
(RR for rectum-sigmoid-left colon 3.75 (0.0-69.37) and for pancolitis 2.45 (0.36-16.23)), and
had a more severe disease (RR 3.3; CI 0.87-12.48) than those without CMV infection. Viral
loads measured in the colonic mucosa of infected patient ranged from 5 to 236961 genome
copies by microgram of total extracted DNA. No relationship was observed between the
severity of the disease and the viral load level. Furthermore, CMV disappeared in 5 infected
IBD patients in remission without antiviral agents. In conclusion, these results showed
infrequent CMV detection in colonic biopsies of IBD patients during exacerbation leaving
open the question of the relationship between CMV reactivation and the onset or the severity

of IBD exacerbation.

Key-words: Cytomegalovirus, inflammatory bowel diseases, exacerbation, real-time

quantitative PCR.
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Introduction

The Inflammatory Bowel Diseases (IBDs) contain mainly two types of chronic
intestinal disorders: Crohn's disease and ulcerative colitis [Abraham and Cho, 2009]. They
correspond to chronic inflammatory bowel disorders involving most often the ileum and the
colon in Crohn’s disease, and the colon and the rectum in ulcerative colitis. IBDs peak onset
is in persons aged 15 to 30 [Loftus and Sandborn, 2002]. Their prevalence doubled during the
past 50 years and is estimated at this day at 11 cases for 10,000 inhabitants [Shanahan and
Bernstein, 2009]. Like all other immune-mediated inflammatory diseases, natural history of
IBDs is characterised by periods of exacerbation and remission [Levenstein et al., 2000;
Doherty and Cheifetz, 2009]. Several environmental triggers including nonsteroidal anti-
inflammatory drugs, antibiotics, bacterial and viral infections were identified to be
responsible for the development of IBDs exacerbation [Lakatos et al., 2009; Lidar et al.,
2009]. Among viral aetiologies, cytomegalovirus (CMV), a member of the herpes virus
family, was reported to cause opportunistic infection in patients suffering from IBDs, usually
immunosuppressed, and therefore presumably at increased risk of active infection and disease
[Rowshani et al., 2005; Kandiel et al., 2006; Criscuoli et al., 2006].

CMV was associated for the first time with IBDs in 1961 when it was detected in a
case of ulcerative colitis [Powell et al., 1961]. Since then, some reports have assumed a
triggering role of CMV infection in the onset or the worsening of IBDs [Cooper et al., 1977;
Eyre Brook and Dundas, 1986; Criscuoli et al., 2006; Kandiel et al., 2006; Orloff et al., 1989].
CMV was thus found to cause immunosuppression and to increase the severity of
inflammatory diseases [Pofelski et al., 2007; Maher and Nassar, 2009]. Furthermore, CMV
detection was associated with poor prognosis and steroid refractoriness [Cottone et al., 2001;
Kambham et al., 2004; Maconi et al., 2005]. In most cases, CMV infections were caused by a
reactivation of a latent virus due to immunosuppressive therapy; acute CMV infections were
rare [Hommes et al., 2003]. Among these studies, the observed incidence of active CMV
infection in IBDs patients varied widely with regard to patients’selection (ulcerative colitis or
non selected patients, mild to moderate disease, severe colitis, steroid-resistant colitis, urgent
colectomy for colitis) and diagnostic methods (type of sample and diagnostic method used for
analysis) [Kaufman et al., 1999; Vega et al., 1999; Wada et al., 2003; Kishore et al., 2004;
Takahashi and Tange, 2004; Domenech et al., 2008; Kim et al., 2010]. Incidence was thus
reported to range from 0.5 to 100% and was always higher in IBDs patients than in the control

groups studied [Wakefield et al., 1992; Papadakis et al., 2001]. However, despite the above-
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mentioned investigations, the strength of association between CMYV infection and IBDs
remains controversial [Pfau et al., 2001; Kim et al., 2010]. In fact, the relationship of
superimposed CMV infection with severity and clinical outcome of IBDs is not well
established, since the virus is known to replicate coincidentally due to the inflammatory
disease itself and to the associated immunosuppressive therapy. Furthermore, as far as the
treatment is concerned, a review of the literature does not affirm that antiviral treatment is
mandatory to go into remission when CMV is detected in biopsy specimens or in peripheral
blood [De Saussure et al., 2004; Matsuoka et al., 2007].

In this context, the aim of this 4-year retrospective study was to evaluate the incidence
of CMYV infections in a cohort of non selected IBDs patients (ulcerative colitis and Crohn's
disease) using a real-time quantitative PCR assay in colonic biopsies sampled during
exacerbation. It was also attempted to correlate CMV infection with various demographic,
therapeutic and clinical variables in order to define a clinical index of suspicion for CMV
infection in IBDs patients. The last objective was to assess the role of the CMV quantitation
in biopsy specimens from the gastrointestinal mucosa for the diagnosis and the management
of IBDs exacerbation by relating the viral load to clinical, histological data and to the medical

treatment outcome.
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Patients and Methods

Patients and samples

All patients admitted in the gastroenterology department of the Reims University hospital
between May 2005 and May 2009 for IBDs exacerbation were investigated including both
outpatients and inpatients. The diagnosis of IBD was based on clinical, endoscopic,
radiologic, and histologic parameters. The Lichtiger index (LI) was selected as the
representative clinical index to determine the severity of the disease [Lichtiger et al., 1994].
Biopsies were obtained during colonoscopy for histological examination of inflammatory
activity and routinely addressed to the virological laboratory for CMV detection. Samples
were stored at —80 °C until further processing for CMV DNA. Five millilitres venous blood
were also obtained from colonic biopsies CMV positive patients to quantify CMV viremia by
real-time PCR. Demographic, therapeutic and clinical profiles of all investigated patients
(age, sex, IBD type, Lichtiger index, extent of the disease, severity of exacerbation and
treatment) were retrospectively collected. Informed consent was obtained from each included
patient. The present study was conducted by the University hospital of Reims (Champagne

Ardenne, France) and was approved by the hospital’s Ethics Committee.

Quantitative Real-time PCR

Five milligrams of colonic tissues were subjected to proteinase K (600 mAnson-U/ml) (Merck
Novagen®) digestion in extraction buffer containing 20mM Tris-HC] pH 8.3 (Sigma®), and
0.5% SDS (Sigma®) 30 minutes in a water bath at 56 °C. DNA for real-time PCR assay was
then extracted from the supernatant using EasyMAG® (BioMérieux, France) according to the
manufacturer's instructions. The assay integrating PCR inhibitors detection was performed
using an iCycler IQ™ (BioRad) as described previously [Najioullah et al., 2001]. Briefly, the
oligonucleotide primers used for CMV DNA amplification were constructed to detect the late
HXLF-4 transmembrane protein gene. The upstream primer was S-ACCAACATAAGGACT
TTTCACACTTTT-3 and the downstream primer was 5-
GAATACAGACACTTAGAGCTCGGGGT-3. The 6-carboxyfluorescein-labeled probe was
5-CTGGCCAGCACGTATCCCAACAGCA-3. The PCR conditions were incubation at 95°C
for 10 minutes, 45 cycles of 95°C for 15 seconds, followed by incubation at 60°C for 15

seconds and 72°C for 40 seconds.
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Total DNA was quantified at 260/280 nm using a spectrophotometer. CMV viral load levels
were then expressed as the number of CMV DNA copies by microgram (ug) of extracted

DNA.

©CoO~NOUTA,WNPE

Statistical Analysis

12 Statistical analysis to determine the characteristics associated with CMV infection in IBDs
14 patients was conducted by utilizing the Chi-squared test or two-tailed Fisher exact test to
16 compare qualitative variables, and Student’s t-test for quantitative variables. These analyses
18 were carried out with SPSS 11.0 program (SPSS, Paris, France). A p value <0.05 was
considered statistically significant. The 95% confidence intervals (95% CI) were calculated
21 for the relative risk using Taylor series confidence intervals with Epi Info version 6 software

23 (Center for Disease Control USA).
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RESULTS

Demographic and clinical parameters of investigated patients with exacerbate IBD

From May 2005 to May 2009, 53 patients were admitted in the Gastroenterology department
of the Reims university hospital for IBD exacerbation. Forty-two patients (79.2%) presented a
single event of exacerbation while 9 (17%) had two, one had three and one (1.9%) had 4.
Sixty-seven colonic biopsies, corresponding each to one exacerbation phase, were thus
collected from the 53 patients during the 4-year study. Among the 53 included patients, 20
(37.7%) had ulcerative colitis (sex-ratio M/F: 0.7) while 33 (62.3%) had Crohn’s disease (sex-
ratio M/F: 0.45). At the time of their assessment in the study, the median age of ulcerative
colitis patients was 40 = 14.6, while it was 37 £ 16.1 in Crohn’s disease patients. In addition,
mean duration of IBD in these patients was 9.8 years. As defined by Lichtiger index, 42
(62.7%) selected patients had clinically moderate to severe IBD at time of exacerbation. IBD
described pancolitis in 25.9 %. Eight patients (14.8%) were resistant to steroids while 12
(22%) were steroid-dependent. Thirteen (24%) presented with a history of colectomy. All the

demographic, therapeutic and clinical characteristics of the IBD patients are shown in table 1.

Prevalence of active CMV infection during IBD exacerbation

The CMV genome was found in the colonic mucosa by PCR in 7 (10.4%) of the 67 colonic
biopsies corresponding to 7 patients (13.2%): 3 (15%) of those with ulcerative colitis and 4
(12.1%) of those with Crohn's disease. CMV infection incidence was not statistically

significant between the two types of IBD.

Factors associated with CMV infection

Table 2 summarizes the association of various clinical characteristics with or without CMV
infection in IBDs patients. Due to the small number of CMV infection, statistical analysis was
conducted on overall IBDs patients with no distinction between ulcerative colitis and Crohn’s
disease. On statistical analysis patients with evidence of CMV infection were older (p=
0.047), were more often male gender (relative risk [RR] 4.48; 95% confidence interval [CI]
0.94-21.36), had been more often on corticosteroids (RR 3.2; CI 0.79-13.02) or azathioprine
(RR 3.17; CI 0.80-12.57) treatments than those without CMV infection. Furthermore, infected
patients presented more extended lesions (RR for rectum-sigmoid-left colon 3.75 (0.0-69.37)
and for pancolitis 2.45 (0.36-16.23)), and had a more severe disease (RR 3.3; CI 0.87-12.48).

Interestingly, female gender, IBD type, smoking, administration of biologics, dependence or

7
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resistance to corticosteroids and requirement for surgical treatment, were not statistically

associated with CMV detection in the colonic tissue (table 2).

Relationship between viral load in colonic biopsies and clinical management and outcome of
exacerbation

CMV DNA was detected and quantified in 7 biopsy specimens corresponding to 7 IBD
exacerbations (table 3). Furthermore, one patient (P48) underwent a second endoscopy 2
weeks after initial CMV detection for virological and histological monitoring, which was thus
not considered as a second IBD flare. Viral load was then correlated to the treatment, in
particular the administration of antiviral therapy, and to the clinical outcome of the IBD
exacerbation. In the positive studied biopsies, CMV DNA load ranged from 5 to 236961
genome copies/pg of total extracted DNA with a median viral load of 37433 copies (table 3).
Among the 7 CMV positive patients, 6 did not receive antiviral therapy. In 5 patients, the
course of the disease was significantly improved by intensifying immunosuppressive therapy
resulting in the decrease of abdominal pain, colitis lesions and diarrhea. For the last patient
without antiviral therapy, the patient P1 who presented Crohn’s disease, the IBD evolution
required surgical treatment (table 3).

CMV detection in colonic biopsy was associated with the administration of intravenous
ganciclovir followed by oral valganciclovir for only one patient, the patient P48 (table 3).
Antiviral treatment was administrated because of the severity of the clinical symptoms. Rapid
and significant decrease of viral load was observed both in the colonic biopsy and in the blood
samples, since CMV DNA became undetectable in the patient’s plasma 3 weeks after the
beginning of the antiviral treatment (figure 1). At the same time, immunosuppressive therapy
was also reinforced by the association of intravenous corticosteroids and anti-TNF alpha
therapy to the previous azathioprine and mesalamine treatment. The course of the disease
improved rapidly, since the Lichtiger score decreased from 12 at time of admission to 1 one

month later.
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DISCUSSION

In this study, 67 colonic biopsies sampled from 53 patients suffering from
exacerbation of IBD were analyzed retrospectively. CMV was detected in 7 biopsies
corresponding to 7 exacerbations that occurred in 7 different patients establishing a
prevalence of CMV infection at 10.4%. The prevalence rates of CMV infection among IBDs
populations reported previously ranged from 0.5% to 72% [Wakefield et al., 1992; Papadakis
et al., 2001]. Studies including patients presenting acute severe colitis or steroid-refractory
colitis described the highest CMV prevalence [Cottone et al., 2001; Criscuoli et al., 2004;
Minami et al., 2007; Yoshino et al., 2007; Maher et al., 2008]. Only 3 studies could be
legitimately compared with the present work. These studies have determined CMV
prevalence by PCR assays in colonic biopsies obtained from non selected IBD patients. In
1992, Wakefield et al. highlighted the prevalence of the CMV infection of 72%, whereas
Kishore et al. in 2004 and Dimitroulia et al. in 2006 described the prevalence of 16% and
33%, respectively [Wakefield et al., 1992; Kishore et al., 2004. Dimitroulia et al., 2006]. This
prevalence, variable from one study to another, was significantly higher than the one reported
here. The most obvious difference holds in the technique of PCR employed, nested for
Wakefield, standard for Kishore and Dimitroulia or real-time PCR assay in the present study.
Considering the high sensitivity of the previously published real-time PCR assay used in this
work, lower CMV prevalence may be due to the over-representation of Crohn’s disease
patients (62.3% of the IBD population studied) [Najioullah et al., 2001]. Prior reports showed
a higher incidence of CMYV in ulcerative colitis patients compared to Crohn’s disease patients
[Loftus et al., 1994; Vega et al., 1999; Cottone et al., 2001; Kim et al., 2010]. Furthermore,
the therapeutic protocols, some of them at higher risk of causing CMV reactivation, and the
percentage of seropositive patients for CMV among IBD studied patients could vary from a
hospital to another and thus generate differences in viral infection prevalence.

Demographic and clinical characteristics of IBDs patients presenting or not CMV
infection were then compared to try to determine specific profile and predisposing factors to
viral infection (table 2). Unfortunately, in spite of a 4-year recruitment, only a small number
of CMV positive biopsies were obtained limiting thus the significance of the statistical
analysis of collected data. Because of the small number of infected patients, the remaining
analysis was conducted on all the IBDs population with no distinction between ulcerative
colitis and Crohn’s disease patients. Several risk factors of developing CMV infection were

this way identified (table 2). The first characteristic was that patients with CMV infection

9
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were significantly older. The second risk factor was a treatment by corticosteroids or
azathioprine. This result was in agreement with the data reported previously demonstrating a
statistically significant association between azathioprine or a high-dose systemic
corticosteroids therapy and the detection of CMV in the colonic biopsies of IBDs patients
[Cottone et al., 2001; Wada et al., 2003; Yoshino et al., 2007; Domenech et al., 2008].
Domenech detected the CMV only among corticosteroid-refractory ulcerative colitis patients
treated for 7 to 10 days with a high-dose systemic corticosteroids therapy. The prevalence
observed was 32% [Domenech et al., 2008]. More generally, high CMV detection rates were
logically associated with the administration of intensive immunosuppressive therapies.
Yoshino detected the genome of CMV in 57% of the colonic biopsies (17 biopsies out of 30)
of patients suffering from ulcerative colitis refractory to immunosuppressive therapies,
including corticosteroids and immunomodulators [Yoshino et al., 2007]. It is interesting to
note that the present study confirmed that anti-Tumor Necrosis Factor (TNF) alpha therapy,
known to be highly immunosuppressive, did not seem to be significantly associated with
CMV infection [D’Ovidio et al., 2008]. The continuation of this study should allow to
improve the knowledge of clinical characteristics associated to CMV infection and of factors
predisposing to CMV infection in IBDs patients.

CMV viral loads in colonic biopsies were then determined using a real-time PCR
assay and normalized as the number of CMV DNA copies by ug of extracted DNA. Although
real-time PCR assay was used previously for detection of CMV infection in patients with
IBDs, this study is the first to define the level of CMV replication in the intestine tissue
[Matsuoka et al., 2007; Minami et al., 2007; Yoshino et al., 2007]. The value of viral
quantitation, in contrast to the qualitative PCR assays, is to define the level of replication of
the virus and then to try to link it to the severity of the disease or to give it a prognostic value.
Furthermore, in case of antiviral treatment the quantitative PCR can also allow to follow the
therapeutic effectiveness through the decrease of the viral load [Baldanti et al., 2008]. In this
report, the viral loads measured among IBDs CMYV positive patients ranged from 5 to 236961
genome copies/ug of total extracted DNA. Interestingly, the CMV replication level was not
related to the severity of the exacerbation, since viral loads at 5 and 236961 copies
respectively detected in the P17 and P27 patients were associated with moderate exacerbation,
whereas viral load at 1834 in patient P1 corresponded to severe disease and poor outcome
(table 3). A limitation of this aspect in the present study was again the small number of
positive biopsies to conclude on the basis of viral quantitation for the prognosis of IBD

exacerbation evolution. Sampling error should also be considered, since CMV replication
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within the colonic mucosa could be focal. Therefore, the possibility of underestimating CMV
viral load in case of severe disease cannot be entirely excluded.

Despite the association between CMV and the extent and the severity of the disease
suggested by the statistical analyses, the results obtained in this study did not provide a clear
evidence of the pathogenicity of CMV in IBDs exacerbation. Five of the 7 CMV positive
patients went into remission by reinforcement of immunosuppressive therapies without
administration of antiviral treatment (table 3). Clinical improvement in spite of the lack of
antiviral medication was reported previously in many studies [De Saussure et al., 2004;
Matsuoka et al., 2007; Kim et al., 2010]. In this series, only one patient among the 7 IBD
patients presenting colonic biopsy positive for the CMV received ganciclovir. Clinical
improvement, consisting in the decrease of the Lichtiger score from 12 to 1 within 3 weeks,
was then observed along with the decrease of the viral load in the plasma as well as in the
colonic mucosa. However, clinical improvement could not be only related to the antiviral
treatment responsible for CMV viral load decrease, since the immunosuppressive therapy was
introduced concomitantly. The good correlation noticed between plasma and colonic mucosa
viral loads was an interesting diagnostic data to consider a possible virological monitoring of
the patient by examination of blood samples instead of colonic biopsies.

In summary, the aim of this 4-year retrospective study was to clarify the clinical
significance of CMV infection complicating IBDs exacerbation. The results showed
infrequent CMV detection in colonic biopsies of IBDs patients without any correlation
between the severity of the disease and the viral load levels in the colonic mucosa.
Furthermore, CMV disappeared in most infected IBDs patients without antiviral treatment. In
conclusion, the relationship between CMV reactivation and the onset or the severity of IBDs

exacerbation remains debatable.
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1
2
2 Table 1. Demographic, therapeutic and clinical characteristics of IBD investigated patients at
g time of exacerbation. Numbers in parentheses indicate percentage. Ranges are indicated in
7 brackets.
8
20 Characteristic Overall IBD patients
11 Median age (years) 38.5 [16; 81]
12 Duration of disease (years) 9.8 [0.5; 21.8]
13
14 Male 23 (43.4)
15 Female 30 (56.6)
16
17
18 Crohn's disease 33 (62.3)
19 Ulcerative colitis 20 (37.7)
20
21 Smoker 10 (23.8)
22
gi Extent of disease
25 Rectum 16 (29.6)
26 Sigmoid 6 (11.1)
27 Left colon 4(7.4)
28 Rectum Sigmoid 6 (11.1)
29 Rectum Sigmoid Left colon 4 (7.4)
32 Colitis 4(74)
32 Pancolitis 14 (25.9)
33
34 Clinical severity of the disease
35 Mild 12 (22.2)
36 Moderate 32(59.3)
37 Severe 10 (18.5)
38
39
40 Medications at time of the assessment in the study
41 None 8 (14.8)
42 Mesalamine 24 (44.4)
43 Corticosteroids 7 (13.0)
44 Azathioprine 16 (29.6)
jg Methotrexate 6(11.1)
47 Anti-TNF o 11 (20.4)
48
49 Corticosteroid-dependant 12 (22.2)
50 Corticosteroid-resistant 8 (14.8)
g; History of colectomy 11 (20.4)
53
54
55
56
57
58
59
60

12
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Table 2. Demographic, therapeutic and clinical characteristics of IBD patients with or without

detection of CMV genome in their intestinal tissue samples. Numbers in parentheses indicate

percentage. ND, not done. CI, confidence interval.

Relative risk

Characteristics CMV positive CMYV negative [95% CI]
Age > 38 years old 5(71.4) 29 (48.3) 2.43[0.51-11.64]
Male 5(71.4) 19 (39.1) 4.48 [0.94-21.36]
Crohn's disease 4 (57.1) 38 (63) 0.79 [0.19-3.26]
Ulcerative colitis 3(42.9) 22 (37) 1.26 [0.31-5.18]
Smoker 1(14.3) 11 (22.0) 0.58 [0.08-4.39]
Extent of disease

Rectum 1(14.3) 15 (31.9) 0.4 [0.05-3.03]
Sigmoid 00 6 (12.8) ND
Left colon 1(14.3) 3(6.4) 2.08 [0.33-13.33]
Rectum Sigmoid 1(14.3) 5(10.6) 1.33[0.19-9.27]
Rectum Sigmoid Left colon 1(14.3) 2(4.3) 2.83[0.48-16.60]
Colitis 0(0) 4(8.5) ND
Pancolitis 3(42.9) 11 (23.4) 2.14[0.55-8.41]
Clinical severity of the disease
Mild 1(14.3) 11 (23.4) 0.58 [0.08-4.39]
Moderate 3 (42.9) 29 (61.7) 0.52 [0.13-2.08]
Severe 3(42.9) 7 (14.9) 3.3[0.87-12.48]
Medications at time of the assessment in the study
None 1(14.3) 8 (17.0) 0.83[0.11-6.11]
Mesalamine 3(42.9) 19 (40.4) 1.09 [0.27-4.4]
Corticosteroids 2 (28.6) 4 (8.5) 3.2[0.79-13.02]
Azathioprine 4 (57.1) 12 (25.5) 3.17 [0.80-12.57]
Methotrexate 0 (0) 6 (12.8) ND
Anti-TNF a 0(0) 11 (23.4) ND

Corticosteroid-dependant 1(14.3) 11 (23.4) 0.58 [0.08-4.39]
Corticosteroid-resistant 0 (0) 8(17.4) ND
History of colectomy 2 (28.6) 11 (23.4) 1.26 [0.28-5.75]

13
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Table 3. Description of the relationship between CMV viral load in colonic biopsies with the

severity of the disease, the use of immunosuppressive and antiviral therapies and the outcome

of the exacerbation.

CMY viral Immunosu i I i
. ppressive mmunosuppressive . . .
Patients ‘load Sevelzlty of therapy at onset of  therapy at remission of Antiviral - Exacerbation
(copies by pgof  the disease . . treatment outcome
total DNA) exacerbation exacerbation
Poor with
P1 1834 Severe AZA AZA, CS, MES None
colectomy
P15 4677 Severe AZA, CS AZA, CS None Remission
P17 5 Moderate MES CS, MES None Remission
P27 236961 Moderate AZA AZA, CS None Remission
P34 145 Moderate MES MES None Remission
P45 845 Mild None CS None Remission
P48 B1 51812 Severe AZA, CS, MES )
Anti-TNF o , AZA, CS, v ..
. . Remission
P 48 B2 3189 Moderate IV CS, AZA, MES MES ganciclovir

AZA : Azathioprine ; CS : corticosteroids ; MES : Mesalamine; IV : intravenous
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Figure 1. Comparative monitoring of CMV DNA load levels in colonic biopsy specimens and

in blood samples in patient P48 after applying two successive antiviral therapies.
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