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Background and aim: Egypt has high
prevalence of hepatitis C virus (HCV)
infection. This infection may be
complicated by serious outcome as liver
cirrhosis and hepatic cell carcinoma.
Introduction of direct acting analogues
(DAAs) for therapy has achieved good
results. Aim of this study to evaluate
haematological,
biochemical
and
immunological effect of DAAs.
Patients and Methods: A total of 100
chronically HCV infected patients were
enrolled
over
one-year
duration.
Complete blood picture, liver function
and expression of peripheral mononuclear
cells ((CD+3, CD+4, CD3+CD4+,
CD3+CD8+, CD3−CD8+ cells)) were
evaluated at baseline and 3-month after
end of therapy.

INTRODUCTION
Patients with chronic HCV infection
are at risk of liver-related morbidity
and mortality due to serious outcomes
such as decompensated liver cirrhosis
and hepatocellular carcinoma (HCC)
[1, 2]. Poor response rates and poor
tolerability were observed during
treatment of chronic HCV infection
with pegylated interferon (INF) based
regimens [3].
There has recently been a paradigm
shift in treatment with the discovery
and approval of agents that target
specific proteins required for hepatitis
C replication. The FDA has approved
sofosbuvir (SOF) and dasabuvir
(DAC), which are now used as firstline HCV therapies. These agents
have higher rates of SVR, are more
tolerable, and have fewer side effects
[4].

Results: Mean age of those patients was
44.87 years and 68% of them was males.
All patients received single regimen in
form of Sofosbuvir and Dacltasvir for
three months. Also, all of them achieved
sustained virological response and
majority (93%) reported no side effects.
There was significant reduction in
expression of peripheral mononuclear
cells ((CD+3, CD+4, CD3+CD4+,
CD3+CD8+, CD3−CD8+ cells)) at 3months post-therapy.
Conclusion: Although combination of
Sofosbuvir and Dacltasvir was safe and
effective in management of chronic HCV
infection but its effect on the immune
cells is still unclear. Further studies are in
need to confirm such results.

Although previous researches focused
on the biochemical and hematological
effects of SOF-based combination
therapy [5-7], there is paucity in the
independent immunotoxicity studies
following SOF-based combination
therapy were carried out.
Aim of the work
To assess the efficacy of SOF-based
combination therapy and its impact on
immune cell status in chronically
infected patients with HCV infection.

PATIENTS AND METHODS
Study design: it’s a prospective cross
sectional study
Study setting: The study was
performed over one-year duration
between 2018 and 2019 at Outpatients
Clinics, Virology Unit of Internal
Medicine Department.
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Study patients: Are those patients with
chronically infected with HCV infection and
eligible for SOF-DAC regimen.
Sample size: A total of 100 chronically infected
HCV patients were enrolled.
Inclusion criteria:
- Both sexes
- Age between 18-60 years
- Patient with chronic HCV infection as
confirmed by Enzyme immune assay to test
for HCV antibodies (COBAS Amplicore,
Germany. Also, qualitative assessment of
HCV-ribonucleic acid (RNA) by polymerase
chain reaction (PCR) was performed
according to the manufacturer's instructions
using a commercial kit (Roche Diagnostic,
Branchburg, NJ).
Exclusion criteria:

fluorochrome–conjugated mAbs added to 100 µl
of whole blood, as previously described (8).
After incubation for 15 min at 20°C in the dark,
cells were subjected to red blood-cell lysis and
then the cells were post-fixed with 300 µl of Cell
Fix 1× (Becton Dickinson Biosciences) and kept
at 4°C in the dark. Surface marker expression
was analyzed with FACS caliber flow cytometer
(Becton Dickinson Immuno Cytometry Systems,
San Jose, CA) using Cell Quest Software
(Becton Dickinson). This was done at baseline
and after therapy.
Drug therapy and follow up:
Based on ultrasound assessment and baseline
laboratory data, none of those patients had liver
cirrhosis. So, all patients received daily single
dose of 400 mg SOF and daily single dose of 60
mg DAC for three months. Any side effect
during therapy was reported.

- Extremes ages (< 18 and > 60 years)

Outcomes:

- Pregnant women
- Post-liver transplant patients

Primary outcome was to study hematological,
biochemical and immunological changes
following SOF-DAC therapy.

- Patient with known history of hematological
and/or immunological diseases

Secondary outcome was to assess safety and
efficacy of SOF-DAC therapy.

- Patients with INF-experienced

Statistical analysis

- Patient’s refusal

It was done by SPSS (Statistical Package for the
Social Science, version 20, IBM, and Armonk,
New York). Continuous data was expressed in
form of mean ± SD while nominal data was
expressed in form of frequency (percentage).

PATIENTS ASSESSMENT
All patients were assessed at baseline with
history taking and detailed clinical profile. At the
end of therapy SVR was determined by
quantitative assessment of HCV RNA by PCR.
Hematological & biochemical assessment:
This was done by complete blood count (CBC)
was determined using an automated hematology
analyzer KX-21N (Sysmex, Japan). Serum levels
of total bilirubin, alanine transaminase (ALT),
aspartate transaminase (AST) and creatinine
were done using AU480 Clinical System
(Beckman Coulter, Japan). This was done at
baseline and after therapy.

Continuous data at baseline were compared by
paired t test with data of time of assessment after
course of therapy. Pearson correlation was used
to assess correlation between viral load and
different parameters in the study. Level of
confidence was kept at 95% and hence, P value
was considered significant if < 0.05.

RESULTS:
Age and sex of enrolled patients

Immunological evaluation by assessment the
peripheral mononuclear cell phenotypes
(PBMCs) proliferation:

Mean age of enrolled patients was 44.87 ± 14.55
years with range between 19 and 65 years. Out of
those patients; 68 (68%) patients were male.

Total T (CD+3), CD+4, CD3+CD4+,
CD3+CD8+, CD3−CD8+ cells were quantified
by flow cytometry with 10 µl of each

Baseline and 3-months post-therapy complete
blood picture in the patients (table 1)
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Table 1 shows changes in complete blood picture
during course of therapy among studied patients.
All parameters of complete blood picture showed
insignificant differences in comparison baseline
data.
Baseline
and
3-months
post-therapy
laboratory data among enrolled patients
(table 2)
All laboratory data showed insignificant changes
at 3-months post-therapy in comparison to
baseline data with exception of significant
reduction alanine transaminase (43.11 ± 22.44
vs. 16.16 ± 8.56 u/l; P< 0.001) and aspartate
transaminase (39.89 ± 16.74 vs. 14.74 ± 5.23 u/l;
P< 0.001). It was noticed that mean level of
baseline HCV RNA was 4.87 ± 0.12 (106 u/l)
while all patients had undetectable RNA 3months post-therapy.
Baseline
and
post-therapy
peripheral
mononuclear cell phenotypes in studied
patients (table 3, figure 1)
There was significant reduction in CD+3cells
(69.99 ± 3.81 vs. 59.17 ± 5.97%; P< 0.001),
CD+4 cells (40.01 ± 4.76 vs. 36.40 ± 4.36 %; P<
0.001), CD+8 cells (29.96 ± 4.30 vs. 26.78 ±
4.45 %; P< 0.001), CD+3 CD+4 cells (39.69 ±
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2.82 vs. 30.27 ± 2.82 %; P< 0.001) and CD+3
CD+8 cells (24.27 ± 2.82 vs. 17.50 ± 2.36 %; P<
0.001) after therapy in comparison to baseline
data.
Correlation of viral load with other
parameters in the study at the baseline (table
4, figure 2-5)
It was noticed that viral load had insignificant
correlations with other parameters with
exception of significant negative correlation with
hemoglobin (r=-0.45; P< 0.001) (hemoglobin
level ranged between 10.50- 17.20 g/dl while
viral load ranged between 2.37-9.86 (106 u/l)),
red blood cells (r=-0.46; P< 0.001), hematocrit
value (r=-0.48; P< 0.001), and CD3+ CD8+ cells
(r=-0.30; P< 0.001).
Efficacy and safety of therapy among the
studied patients:
All patients achieved sustained virological
response. Majority (93%) of patients didn’t have
any side effects during course of therapy. Fatigue
and headache were recorded in 9 (9%) and 4
(4%). Four patients suffered from gastric upset in
form of nausea and vomiting. None of those
patients discontinued the therapy.

Table (1): Baseline and follow up complete blood picture the patients
Parameters
Baseline (n= 100)
At end of therapy (n= 100)
P value
Hemoglobin (g/dl)
13.94 ± 1.76
12.52 ± 1.68
0.60
RBC (106/ul)
5.24 ± 0.68
4.32 ± 0.69
0.34
Hct (%)
43.33 ± 4.21
40.39 ± 4.32
0.11
MCV (fl)
86.78 ± 7.92
82.39 ± 9.09
0.33
MCH (pg)
27.81 ±2.85
26.47 ± 3.03
0.09
MCHC (g/dl)
31.86 ± 1.66
30.37 ± 2.41
0.20
RDW (%)
13.37 ± 1.49
12.64 ± 1.85
0.43
MPV (%)
9.78 ± 1.81
9.18 ± 1.77
0.54
Platelets (106/ul)
231.74 ± 76.60
196.38 ± 43.02
0.56
WBCs (106/ul)
5.89 ± 1.72
4.94 ± 1.49
0.50
Neutrophils (106/ul)
2.95 ± 1.38
2.38 ± 1.13
0.60
Lymphocytes (106/ul)
2.27 ± 0.63
1.76 ± 0.59
0.42
Monocytes (106/ul)
0.52 ± 0.27
0.36 ± 0.22
0.22
Eosinophil (106/ul)
0.21 ± 0.02
0.19 ± 0.12
0.09
6
Basophils (10 /ul)
0.07 ± 0.05
0.06 ± 0.03
0.47
Data expressed as mean (SD). RBCs: red cell cells; Hct: hematocrite; MCV: mean corpuscular volume; MCH:
mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin; RDW: red cell distribution width;
MPV: mean platelets volume. *indicates to significant difference in comparison to baseline where comparison
was done by paired t test between baseline data and different times of assessment.
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Table (2): Baseline and 3-months post-therapy other laboratory data in the patients
Baseline
3-months post-therapy
P value
PT (s)
12.05 ± 0.85
10.13 ± 0.81
0.43
PC (%)
98.54 ± 10.93
87.21 ± 10.18
0.09
INR
1.04 ± 0.08
1.01 ± 0.06
0.13
Bilirubin (umol/l)
8.87 ± 4.08
6.01 ± 3.03
0.20
Direct bilirubin (umol)
3.43 ± 1.42
2.06 ± 1.02
0.11
ALT (u/l)
43.11 ± 22.44
16.16 ± 8.56
< 0.001
AST (u/l)
39.89 ± 16.74
14.74 ± 5.23
< 0.001
Albumin (g/l)
42.91 ± 4.01
32.48 ± 6.04
0.34
Creatinine (umol/l)
62.13 ± 17.10
43.63 ± 15.40
0.77
HCV-RNA (106 u/l)
4.87 ± 0.12
< 16
Data expressed as mean (SD). P value was significant if< 0.05 (paired t test was used for comparison). PT:
prothrombin time; PC: prothrombin concentration; INR: international randomized ratio; ALT: alanine
transaminase; AST: aspartate transaminase; HCV-RNA: hepatitis C virus- ribonucleic acid

Table (3): Baseline and post-therapy PBMC phenotypes in the patients
Baseline
3-months post-therapy
P value
CD3+ cells (%)
69.99 ± 3.81
59.17 ± 5.97
< 0.001
CD4+ cells (%)
40.01 ± 4.76
36.40 ± 4.36
< 0.001
CD8+ cells (%)
29.96 ± 4.30
26.78 ± 4.45
< 0.001
CD3+ CD4+ cells (%)
39.69 ± 2.82
30.27 ± 2.82
< 0.001
CD3+ CD8+ cells (%)
24.27 ± 2.82
17.50 ± 2.36
< 0.001
Data expressed as mean (SD). P value was significant if< 0.05 (paired t test was used for comparison). PBMC:
peripheral mononuclear cell; CD: cluster differentiation

Figure (1): Baseline and post-therapy peripheral mononuclear cell phenotypes in the patients
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Table (4): Correlation of viral load with other parameters in the study at the baseline
Correlation of viral load with
r value
P value
Hemoglobin (g/dl)
-0.45
< 0.001
Red blood corpuscles (106/ul)
-0.46
< 0.001
Hematocrite value (%)
-0.48
< 0.001
Mean corpuscular volume (fl)
-0.10
0.45
Mean corpuscular hemoglobin (pg)
-0.11
0.42
Mean corpuscular hemoglobin concentration (g/dl)
0.03
0.98
Red cell distribution width (%)
-0.02
0.84
Mean platelets volume (%)
0.09
0.51
Platelets (106/ul)
0.03
0.98
White blood cells (106/ul)
-0.02
0.86
Neutrophils (106/ul)
-0.10
0.46
Lymphocytes (106/ul)
-0.02
0.88
Monocytes (106/ul)
0.02
0.88
Eosinophil (106/ul)
-0.08
0.56
Basophils (106/ul)
0.01
0.90
Prothrombin time (s)
0.19
0.18
Prothrombin concentration (%)
-0.22
0.11
International randomized ratio
0.13
0.36
Bilirubin (umol/l)
-0.14
0.32
Direct bilirubin (umol)
-0.07
0.62
Alanine transaminase (u/l)
-0.20
0.15
Aspartate transaminase (u/l)
-0.08
0.54
Albumin (g/l)
-0.12
0.40
Creatinine (umol/l)
0.19
0.18
Alpha fetoprotein (ng/ml)
0.13
0.35
CD3+ cells (%)
-0.12
0.37
CD4+ cells (%)
-0.05
0.72
CD8+ cells (%)
-0.02
0.88
CD3+ CD4+ cells (%)
-0.22
0.12
CD3+ CD8+ cells (%)
-0.30
< 0.001
Data expressed as r (strength of correlation), P (significance of correlation). P value was significant if< 0.05
(Pearson correlation was used). CD: cluster differentiation

Figure (2): Correlation between viral load and hemoglobin level

Hussein et al., Afro-Egypt J Infect Endem Dis 2022;12(2):169-177
https://aeji.journals.ekb.eg/

174

Original article

Figure (3): Correlation between viral load and RBCs: RBCs: red blood cells

Figure (4): Correlation between viral load and hematocrite value

Figure (5): Correlation between viral load and CD3+ CD8+ cells
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DISCUSSION
Direct acting analogues with high efficacy DAAbased therapies have been game changers in the
treatment of HCV infection. DAA treatment may
modify the altered host immune response by
eradicating the hepatitis C virus [9]. The immune
system response following HCV clearance, on
the other hand, is unknown. As a result, our
research focused on changes in haematological
profiles and PBMC during DAA therapy.
The current longitudinal, observational cohort
study included 100 patients with chronic HCV
and was eligible for therapy with DAAs in form
of SOF with DAC. Mean age of those patients
was 44.87 ± 14.55 years and majority (68%) of
them was males. Sustained virological response
(SVR) was obtained in all patients with no
reported side effects in majority of patients.
This study was agreed with previous studies that
reported high efficacy and safety of DAAs in the
treatment of chronic HCV infection. For HCV
infections, DAAs-based therapy provides a
sustained virologic response in ≥95% of treated
persons with fewer side effects [10-12, 13].
In terms of haematological changes in the current
study, it was discovered that parameters of the
complete blood picture showed insignificant
differences when comparing baseline data and
follow-up data. The most commonly reported
adverse effects were anaemia, thrombocytopenia,
and leucopenia, which may necessitate dose
adjustment in some patients [13,14]. In our
cohort, anaemia wasn’t reported may be due to
none of those patients received ribavirin.
In the current study, there was a significant
reduction in the levels of alanine transaminase
and aspartate transaminase after therapy, but no
changes in other parameters of liver function
tests. In line with our findings, Babatin et al. and
Abdel-Aziz et al. reported that SOF/DCV with or
without RBV was associated with decreased liver
transaminases and fibrosis in HCV GT4 patients.
This improvement could be accompanied by a
significant improvement in liver fibrosis [15,16].
Our study revealed that viral load had
insignificant correlations with other parameters
with exception of significant negative correlation
with hemoglobin (r=-0.45; P< 0.001), RBCs (r=0.46; P< 0.001), Hct (r=-0.48; P< 0.001), and
CD3+ CD8+ cells (r=-0.30; P< 0.001). Generally,
there are lacking in published data about
correlations of HCV viral load with other
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parameters. Fayed et al found that viral load had
positive correlations with liver enzymes,
inflammatory monocytes and degree of fibrosis
with inverse correlation with serum albumin
level [17].
The current work revealed a significant reduction
in CD3 cells (69.99 ± 3.81 vs. 59.17 ± 5.97%; P<
0.001), CD4 cells (40.01 ± 4.76 vs. 36.40 ± 4.36
%; P< 0.001), CD8 cells (29.96 ± 4.30 vs. 26.78
± 4.45 %; P< 0.001), CD3 CD4 cells (39.69 ±
2.82 vs. 30.27 ± 2.82 %; P< 0.001) and CD3 CD8
cells (24.27 ± 2.82 vs. 17.50 ± 2.36 %; P< 0.001)
after therapy in comparison to baseline data.
Chronic HCV infection maintains T cell
exhaustion
phenotypes
while
increasing
regulatory T cell (Treg) frequency of function. T
cell exhaustion is characterised by excessive
activation, high apoptosis, and decreased
proliferation. T cells that have been exhausted
have higher levels of the CD28 family. During
HCV infection, circulating Tregs increase and
suppress CD4+ and CD8+ T cell responses and
functions [18].
DAA-based therapy may restore altered immune
subsets, as well as exhaustion and activation
phenotypes similar to those seen in healthy
people. Following therapy, numerous studies
show a reversal in NK cell subset distribution, as
well as decreases in NK cell activation states and
T cell exhaustion phenotypes [19,20,21].
Our results were consistent with previous
Egyptian study revealed that demonstrated that
the administration of SOF-based therapy
regimens could reduce the percentage of CD3+,
CD4+ and CD3+CD8+ cells as compared to the
baseline. They also, found that a significant
increase percentage of CD14+cells, with no
significant effects on the CD20+cells [13].
Furthermore, SOF/DCV therapy was found to
significantly reduce the number of proinflammatory monocytes. This could be due to
suppressed monocyte activation and maturation,
downregulation of CD16, and/or decreased
turnover and tracking of this subset of myeloid
cells from the bone marrow [17].
These results were also, consistent with previous
report that demonstrated significant decrease
of CD4+ and CD8+T cells, and of their
CD45RO+ and CD45RA + subpopulations, in
HCV/HIV co-infected patients treated with
RBV and peg-IFN-α [22].
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Several mechanisms have been proposed to
contribute to immune dysfunction, including the
immunoregulatory properties of HCV proteins,
the availability of CD4 T cell assistance, and an
increase in the number of CD4+ CD25+ Treg
cells. Furthermore, galectin-9 (Gal-9), a TIM-3
ligand, is upregulated by Kupfer cells and
monocytes in HCV and promotes the expansion
of CD4+ regulatory T cells [9].
It was also discovered that SOF-based therapy
regimens (SOF and RBV or SOF, RBV, and pegIFN—2a) induced apoptosis in PBMCs. The
proliferative
capacity of
PBMCs was
significantly reduced in both regimens, while the
percentage of apoptotic cells was significantly
increased [13].
DAA-based therapy, however, does not restore
NK and T cell function, normalise NK subsets
and activation states, or reduce Treg frequency,
according to studies. Furthermore, it is unknown
what clinical or demographic factors may
influence the immune system after viral
eradication, which is an important factor to
consider when using DAA st-based therapy [19,
23, 20].
The main limitations included; 1) relatively small
sample size, 2) short term of follow up and 3)
didn’t included different regimens of DAAs. So,
its recommended to perform such results on large
scale of patients with different regimens of
DAAs.

CONCLUSION
In patients with chronic HCV infection, SOF and
DAC are tolerable, safe, and effective agents.
Nonetheless, this combination has the potential
to alter the proliferation of different subsets of
peripheral mononuclear cells. Future research
should compare the immunological effects of
different DAA regimens.
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HIGHLIGHTS
 Hepatitis C virus infection is one the most
endemic infection all over the developing
countries.
 With the introduction of new direct acting
analogues in management of chronic hepatitis
C virus infection, this lead to higher
frequency of sustained virological response.
 Sofosbuvir and Dacltasvir are considered safe
and tolerable agents with high efficacy in
management of chronic hepatitis C virus
infection
 Impact of direct acting analogues on immune
cells proliferation is still a matter of
controversy and frequent future studies are
warranted.

REFERENCES
1. Wu S-H, Chu C-J, Huang Y-H, Hou M-C.
Successful treatment with sofosbuvir and
daclatasvir plus ribavirin in acute hepatitis Cinfected patient with hepatic decompensation.
Journal of the Chinese Medical Association. 2019;
82(7):595-8.
2. Davis GL, Albright JE, Cook SF, Rosenberg DM.
Projecting future complications of chronic
hepatitis C in the United States. Liver
Transplantation. 2003;9(4):331-8.
3. Operskalski EA, Kovacs A. HIV/HCV coinfection: pathogenesis, clinical complications,
treatment, and new therapeutic technologies.
Current HIV/AIDS Reports. 2011; 8(1):12-22.
4. Berger C, Romero-Brey I, Radujkovic D, Terreux
R, Zayas M, Paul D, et al. Daclatasvir-like
inhibitors of NS5A block early biogenesis of
hepatitis C virus–induced membranous replication
factories, independent of RNA replication.
Gastroenterology. 2014; 147(5):1094-105. e25.
5. Zamani F, Ajdarkosh H, Safarnezhad-Tameshkel
F, Azarkeivan A, Keyvani H, Naserifar F, et al.
The effectiveness of sofosbuvir and daclatasvir in
the treatment of hepatitis C in thalassaemia major
patients and their effect on haematological factors.
Indian Journal of Medical microbiology. 2018;
36(2):224-9.

No.

Hussein et al., Afro-Egypt J Infect Endem Dis 2022;12(2):169-177
https://aeji.journals.ekb.eg/

Original article
6. Dala AG, Badr MH, Helwa MA, Radi BEM.
Hematological and biochemical changes due to
anti-hepatitis C virus therapy. Menoufia Medical
Journal. 2020;33(3):778.
7. Swifee YM, Makhlouf NA, Darwish MM, Khalil
NK, Mahmoud AA, Nasr AM. Impact of Two
Sofosbuvir Containing Regimens on the
Haematological and Biochemical Profile of
Egyptian Patients with Hepatitis C related
Compensated
Cirrhosis.
Journal
of
Gastroenterology and Hepatology Research.
2019; 8(1):2811-8.
8. Karlsson I, Malleret B, Brochard P, Delache B,
Calvo J, Le Grand R, et al. Dynamics of T-cell
responses and memory T cells during primary
simian immunodeficiency virus infection in
cynomolgus macaques. Journal of Virology. 2007;
81(24):13456-68.
9. Rehermann B. Pathogenesis of chronic viral
hepatitis: differential roles of T cells and NK cells.
Nature Medicine. 2013; 19(7):859.
10. Spengler U. Direct antiviral agents (DAAs)-A new
age in the treatment of hepatitis C virus infection.
Pharmacology & Therapeutics. 2018;183:118-26.
11. Zeuzem S. Treatment options in hepatitis C: the
current state of the art. Deutsches Ärzteblatt
International. 2017; 114(1-2):11.
12. D’Ambrosio R, Degasperi E, Colombo M,
Aghemo A. Direct-acting antivirals: the endgame
for hepatitis C? Current Opinion in Virology.
2017;24:31-7.
13. Ibrahim HM, Soliman MA, El-Elaimy IA, ElHageen RS. Assessment of immunological,
haematological and biochemical status after
Sofosbuvir-based combination therapy in HCV
Egyptian patients from Menoufia Province.
Journal of Applied Pharmaceutical Science. 2016;
6(10):174-80.
14. Taseer I, Qureshi K, Mahmood M. Hematological
side effects of pegylated Interferon plus ribavirin
combination therapy in chronic Hepatitis C treated
patients. Pakistan J Medical and Health Sciences.
2014; 8(1):139-41.
15. Babatin MA, Alghamdi AS, Albenmousa A,
Alaseeri A, Aljarodi M, Albiladi H, et al. Efficacy
and safety of simeprevir or daclatasvir in
combination with sofosbuvir for the treatment of
hepatitis C genotype 4 infection. Journal of
Clinical Gastroenterology. 2018; 52(5):452-7.

177

16. Abdel-Aziz AM, Ibrahim MA, El-Sheikh AA,
Kamel MY, Zenhom NM, Abdel-Raheim S, et al.
Effect of sofosbuvir plus daclatasvir in hepatitis C
virus Genotype-4 patients: promising effect on
liver fibrosis. Journal of Clinical and
Experimental Hepatology. 2018; 8(1):15-22.

17. Fayed HM, Ghweil AA, AbdelMeguid MM.
Daclatasvir and Sofosbuvir Therapy Enhance
Monocyte Phenotypic Changes in Naive Chronic
Hepatitis C Patients: A Prospective Cohort Study.
Interdisciplinary Perspectives on Infectious
Diseases. 2019; 2019.
18. Stevenson TJ, Barbour Y, McMahon BJ,
Townshend-Bulson L, Hewitt AM, Espera HG, et
al., editors. Observed Changes in Natural Killer
and T cell Phenotypes with Evaluation of Immune
Outcome in a Longitudinal Cohort Following
Sofosbuvir-Based Therapy for Chronic Hepatitis
C Infection. Open forum infectious diseases;
2019: Oxford University Press US.
19. Golden‐Mason L, McMahan RH, Kriss MS,
Kilgore AL, Cheng L, Dran RJ, et al. Early and
late changes in natural killer cells in response to
ledipasvir/sofosbuvir
treatment.
Hepatology
Communications. 2018;2(4):364-75.
20. Burchill M, Golden‐Mason L, Wind‐Rotolo M,
Rosen H. Memory re‐differentiation and reduced
lymphocyte activation in chronic HCV‐infected
patients receiving direct‐acting antivirals. Journal
of Viral Hepatitis. 2015;22(12):983-91.
21. Spaan M, van Oord G, Kreefft K, Hou J, Hansen
BE, Janssen HL, et al. Immunological analysis
during interferon-free therapy for chronic hepatitis
C virus infection reveals modulation of the natural
killer cell compartment. The Journal of Infectious
Diseases. 2016;213(2):216-23.
22. Arizcorreta A, Marquez M, Fernández‐Gutiérrez
C, Guzmán EP, Brun F, Rodríguez‐Iglesias M, et
al. T cell receptor excision circles (TRECs),
CD4+, CD8+ and their CD45RO+ and CD45RA+
subpopulations
in
hepatitis
C
virus
(HCV)‐HIV‐co‐infected patients during treatment
with interferon alpha plus ribavirin: analysis in a
population on effective antiretroviral therapy.
Clinical & Experimental Immunology. 2006;
146(2):270-7.
23. Strunz B, Hengst J, Deterding K, Manns MP,
Cornberg M, Ljunggren H-G, et al. Chronic
hepatitis C virus infection irreversibly impacts
human natural killer cell repertoire diversity.
Nature Communications. 2018; 9(1):1-12.

Hussein et al., Afro-Egypt J Infect Endem Dis 2022;12(2):169-177
https://aeji.journals.ekb.eg/

