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Abstract
Background: Occult Hepatitis C Infection (OCI) is characterized by the detection 

of Hepatitis C Virus (HCV) RNA in hepatocytes and in Peripheral Blood Mononuclear 
Cells (PBMCs) with no detection in serum, and PBMCs and Red Blood Cells (RBCs) 
were more recently suggested as predictors for OCI characterization. Here we aimed to 
evaluate OCI in Kidney Transplanted Patients (KTRs) and in Hemodialysis Patients (HD) 
treated with Direct-Acting Antivirals (DAAs) fi ve to nine years after achieved a Sustained 
Virological Response (SVR). 

Methods: Nineteen patients-SVR12 were included in this study, 12 in the KTRs and 
7 in the HD study groups. HCV/OCI-RNA was screened in serum, plasma, PBMCs and 
RBCs fi ve to nine years after SVR by droplet digital PCR (ddPCR) for OCI identifi cation. 
Next-Generation Sequencing (NGS) was performed to characterize the viruses detected 
by ddPCR. 

Results: In total, OCI (10.5%) and OCI RBCs (15.8%) patients were identifi ed by ddPCR, 
8.3% (both) of OCI (patient 7) and OCI RBCs (patient 9) in the KTRs, and 14.3% and 28.6% 
of OCI (patient 17) and OCI RBCs (patient 13 e 16) in the HD patients, respectively. HCV/
OCI-RNA higher detection was in RBCs-HD (28.6%, n = 7) and PBMCs-KTRs (16.7%, n = 
12) by ddPCR. HCV/OCI-RNA was not detected in analyzed samples by NGS. 

Conclusion: OCI and OCI RBCs patients were identifi ed in the KTRs and HD study 
groups by ddPCR suggesting that these patients might experience a relapse. PBMCs 
and RBCs could be predictors for HCV/OCI prevention, diagnosis and management in 
the study groups. These and a larger number of patients in both study groups should 
be evaluated in the future for a better understanding of these fi ndings, as well as, their 
associated epidemiological and clinical signifi cance.

Introduction
Hepatitis C Virus (HCV) infection is a substantial problem in some 

dialysis and kidney transplantation centres [1]. One of the high-risk groups 
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for HCV infection are Haemodialysis patients (HD), 
and HCV infection was also suggested as a marker for 
graft loss and mortality among kidney transplanted 
patients (KTRs) [2,3]. Althought, Occult Hepatitis C 
Infection (OCI) that is defi ned by the detection of HCV 
Ribonucleic Acid (RNA) in hepatocytes and Peripheral 
Blood Mononuclear Cells (PBMCs) with no detection 
in serum [4], could be considered a concern for the 
transplantation centres and for viral transmission 
as is non-detected by currently screening methods 
[5]. Moreover, it could be considered as produced 
by chronic hepatitis C as no serological biomarkers 
of infection occur and there is not a large damage 
to the liver [6]. In this line there are several studies 
reporting OCI in HD patients worldwide, where 
mostly patients have anti-HCV antibodies and serum 
HCV-RNA serological markers of HCV infection 
repeatedly negative and abnormal liver enzyme 
levels [1, 6-16]. Furthermore, OCI was also reported 
in KTRs, including a study where the patients showed 
also repeatedly negative results for HCV serological 
biomarkers [1,7,14,17]. Nevertheless, in the literature 
no studies reporting OCI in HD and KTRs patients in 
Portugal were found. 

Regarding Direct-Acting Antiviral Agents (DAAs) 
for HCV treatment in patients with Chronic Kidney 
Disease (CKD), there are studies describing DAAs 
effi  cacy with Sustained Virological Response (SVR) 
rounding 100%, including patients in haemodialysis, 
however, recent data, including patients on 
maintenance dialysis, call attention that many 
patients with advanced CKD could remain untreated, 
and also that numerous barriers to antiviral HCV 
treatment still exist [18-23]. There are also several 
reported KTRs studies, including a Portuguese study, 
describing high rates (e.g., 84%, > 91%, and 100%) 
of DAAs effi  cacy against HCV after SVR [24-29]. 
Additionally, a Portuguese study reporting two cases 
of hepatocellular carcinoma after DAAs therapy in 
KTRs infected with HCV was previously described 
[30]. Concerning OCI and DAAs, there are few studies 
in HD and KTRs patients, while, one study showed 
that OCI was identifi ed in HD patients (5%, n = 60) 
who achieved a SVR after DAAs therapy, raising the 
concern that OCI could be present in these patients 
[12]. Moreover, Gelpi R, et al. [31,32]. Reported a study 
where OCI was excluded in treated (one treated with 
Peginterferon/Ribavirin and other with DAAs) donors 
for KTRs in 2018, and more recently, a OCI case in a 
patient with 3 kidney transplantations was described.

Recently, data regarding OCI in patients HCV 

negative by real-time PCR-baseline, in drug and non-
drug users, including patients treated with DAAs that 
had achieved an SVR and with spontaneous clearance 
of HCV infection, and also the possibility of HCV/OCI 
transmission was described [5,33,34]. 

Here we aimed to evaluate OCI in anti-HCV positive 
HD and KTRs patients treated with DAAs fi ve to nine 
years after achieved a SVR. For this, serum, plasma, 
PBMCs and Red Blood Cells (RBCs) samples in the both 
groups were screened for HCV/OCI-RNA detection by 
droplet digital PCR (ddPCR) as previously described 
[5,34], and OCI and OCI RBCs patients were identifi ed 
as previously described [5, 34]. Additionally, Next-
Generation Sequencing (NGS) was also performed 
in HCV/OCI-RNA positive samples of patients in the 
both study groups by ddPCR in order to characterize 
the detected viruses.

OCI and OCI RBCs patients were identifi ed in this 
study and we hypothesized that these patients might 
experience a relapse.

Materials and Methods
Study groups

A total of 19 anti-HCV positive patients from the 
Coimbra Hospital and University Centre (CHUC) 
were included in this study in two study groups: 
KTRs - 12 kidney transplanted patients, and HD - 7 
haemodialysis patients. All patients were previously 
treated with DAAs, at clinical evaluation time, and 
all achieved a SVR at week 12, by RT-PCR. Patients’ 
clinical parameters were collected and summed up 
in table 1. DAAs used for patients’ treatment were 
Sofosbuvir + Ledipasvir (SOF/LED), Ombitasvir + 
Paritaprevir + Ritonavir plus Dasabuvir (OMB/PAR/
RIT + DAS), Glecaprevir + Pibrentasvir (GLE/PIB) 
and Elbasvir/Grazoprevir (ELB/GRZ), following the 
European Association for the Study of the Liver (EASL) 
recommendations. No patients positive and negative 
control groups were included in the study. Patients 
in the both study groups were evaluated for HCV/
OCI-RNA fi ve to nine years after treatment, during 
2023 to 2024, by ddPCR. The CHUC Ethics Committee 
approved the study (registration number CHUC-146-
19) and written informed consent was provided by all 
patients. 

Samples collection

Blood (serum, plasma, PBMCs and RBCs) samples 
of all patients/groups were collected and treated 
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as previously described [5,34,35]. Briefl y, serum 
was recovered from dry tubes. Plasma, PBMCs and 
RBCs were isolated from blood samples collected 
in lithium heparin tubes that were separated using 
lymphoprep™ (Alere Technologies AS, Norway). All 
samples were stored at - 80ºC until use. After, HCV/
OCI-RNA was screened in serum, plasma, PBMCs and 
RBCs resuspended in water molecular grade from all 
patients/groups by ddPCR, baseline. Additionally, 
NGS was also performed in HCV/OCI-RNA positive 
KTRs and HD patients’ analysed samples by ddPCR in 
order to characterize the detected viruses.

RNA extraction and cDNA synthesis

Total RNA was extracted from serum, plasma, 
PBMCs and RBCs resuspended in water molecular 
grade samples (each 250 μL) of all patients in the 
KTRs and HD study groups using TRI Reagent LS 
(Sigma-Aldrich, Germany) as previously described 
[5,33,34,36,37]. For cDNA synthesis the Xpert cDNA 
synthesis kit (GRISP, Portugal) was used following the 
manufactures instructions as previously described 
[5,34].

ddPCR: HCV/OCI-RNA was detected by 
ddPCR for the HCV core region using sense/
antisense (5′-GCGTTAGTAYGAGTGTYG/5′-
CRATTCCGGTGTACTCAC) primers, and 
the FAM-labeled HCV probe 5′-FAM-
CCGCAGACCACTATGGCTC-BHQ1–3′ as previously 
described [5,34]. The plasmid p7-nsGluc2A (pGNN-
nonreplicative), kindly provided by Professor Charles 
Rice (Apath, L.L.C and Rockefeller University, USA), 
was used as positive control in the ddPCR reactions 
as previously described [5]. Here, the samples limit 
of HCV/OCI-RNA detection was of 0.39 copies/μL 
(lower, RBCs) and 0.83 copies/μL (higher, RBCs), and 
for the positive control (plasmid) was of 332 copies/
μL (lower) and 2.992 copies/μL (higher), all with 
accepted droplets greater than 10.000. OCI patients’ 
identifi cation was done considering ddPCR PBMCs 
positive and serum negative results as previously 
described [5,34]. OCI RBCs patients’ identifi cation 
was done considering ddPCR RBCs positive and serum 
negative results as previously described [5,34].

NGS: After RNA extraction of the HCV/OCI-
RNA positive samples by ddPCR, plasma of patient 
1 and PBMCs of the patients 1 and 7 (OCI) in the 
KTRs group, and RBCs of patients 13 and 16 in the 
HD group, both OCI RBCs, were sequenced by NGS 
following previously described data with some 

modifi cations [38-40]. Briefl y, relatively to Di H, et 
al. [40]. Previously reported data here turbo DNase 
kit (Thermo Fisher Scientifi c, USA) was used for RNA 
treatment following the manufactures instructions, 
and RNeasy Mini Kit (Qiagen, Germany) was used to 
clean the RNA products following the manufacturer’s 
instructions. RNA libraries were performed as 
previously described [38,39]. Briefl y, human rRNA 
was removed using the NEBNext rRNA depletion kit 
(New England Biolabs, USA), and RNA libraries were 
prepared with the NEBNext Ultra II directional RNA 
library preparation kit (New England Biolabs, USA) 
following the manufactures instructions [38,39]. 
For each sample the fi nal RNA library was sequenced 
using paired-end 150-bp reads on an Illumina 
Novaseq6000 instrument (Illumina Inc., USA) [38,39] 
at Macrogen (Macrogen Inc, South Korea). After, 
the resulting pair-end-reads were trimmed using 
Trimmomatic [41] and the host genome sequences 
were removed using Bowtie2 [42], with the RefSeq 
human genome (GCF_000001405.40_ GRCh38.
p14) as a reference, that is available at the National 
Center for Biotechnology Information (NCBI). Then, 
the remaining reads were de novo assembled using 
Megahit V1.2.9 [43], and the de novo assembled 
contigs were, in a fi rst step, screened for putative 
viral matches against the NCBI RefSeq Virus database 
using Diamond [44]. To remove false positive hits, 
the putative viral contigs (> 500 nucleotides in length 
and an e-value ≤ 105) were further tested with NCBI 
BLASTx/BLASTn searches against the refseq protein 
and nucleotide (nr/nt) databases, respectively. 
HCV/OCI-RNA RBCs (patient 9-KTRs) and PBMCs 
(patient 17-HD) positive samples by ddPCR were 
not sequenced by NGS because they were recently 
collected and have shown a viral load (low) similarly 
to the sequenced ones (without HCV/OCI identifi ed by 
NGS). All HCV/OCI-RNA positive samples by ddPCR 
will be inoculated in MDBK cell cultures as previously 
described [5] in order to characterize HCV/OCI-RNA 
in these samples.

Statistical analysis

Frequencies, percentages, and means were used 
for descriptive analysis in study group samples using 
Microsoft® Excel® 2016 MSO. HCV/OCI-RNA detected 
per well in copies/μL was validated by the Poisson 
statistics included in the Bio-Rad QuantaSoft™ 
Analysis Pro-Software v. 1.0.596 following the 
manufactures instructions, with the error bars 
representing Poisson 95% confi dence intervals [34].
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Results
ddPCR

O CI (10.5%, n = 19) and OCI RBCs (15.8%, n = 19) 
were presented in the total study population by ddPCR 
(considering PBMCs positive and serum negative 
results for OCI, and RBCs positive and serum negative 
results for OCI RBCs classifi cations), corresponding 
to 8.3% (n = 12) (both) of OCI (patient 7) and OCI RBCs 
(patient 9) in the KTRs, and 14.3% (n = 7) and 28.6% 
(n = 7) of OCI (patient 17) and OCI RBCs (patients 13 
and 16), respectively, in the HD study group (Figure 
1). In total analysed blood samples, HCV/OCI-RNA 
was detected in 15.8% (n = 19) of the PBMCs and RBCs 
samples, and in 5.3% (n = 19) of the plasma samples 
by ddPCR (Figure 1). Within study groups, 16.7% (n 
= 12) and 8.3% (both, n = 12) were detected in the 
PBMCs, and in the RBCs and plasma of the patients 
in the KTRs group, respectively, and 28.6% (n = 7) 
and 14.3% (n = 7) were detected in RBCs and PBMCs, 
respectively, of the patients in the HD group. No HCV/
OCI-RNA was detected in the total (n = 19) analysed 
serum samples in the both study groups (Figure 1). 
The viral load detected in the HCV/OCI-RNA positive 
analysed samples by ddPCR were 0.41 and 0.55 copies/
μL in the plasma and PBMCs of the patient 1, 0.75 
c opies/μL in the PBMCs of the patient 7 (OCI) and 
0 .50 copies/μL in the RBCs of the patient 9 (OCI RBCs) 
in the KTRs group. Relatively to the HD study group, 
0.83 and 0.39 copies/μL were detected in the RBCs of 
the patient 8 and 11 (OCI RBCs), respectively, and 0.41 

copies/μL in the PBMCs of the patient 17 (OCI) (Figure 
2 and table 2). DdPCR negative results obtained for the 
remaining tested patients’ samples/groups are shown 
in table 2. Blood samples fl uorescence 1D amplitude 
plots for the patients with HCV/OCI-RNA positive 
results are shown in fi gure 2. In the KTRs group, 
patient 1 was positive for the plasma and PBMCs 
samples, and patient 7 was positive for the PBMCs 
sample and negative for the serum, plasma and RBCs 
samples (Figure 2). Patient 8 and 11 in the HD group, 
were both positive for the RBCs samples and negative 
for the serum, plasma and PBMCs samples (Figure 
2). The lower and the higher limits of HCV/OCI-RNA 
detected in this study were 0.39 (RBCs) and 0.83 
(RBCs) copies/μL, respectively (Figure 2 and table 
2). The higher and the lower concentrations detected 
for the positive control (plasmid) were 2.992 and 332 
copies/μL (Figure 2). All results were validated by the 
encountered number of positive and negative droplets 
relatively to the total obtained number of accepted 
droplets that were greater than 10.000 (Figure 2 and 
table 2).

NGS

No putative contig related to HCV was found in 
sequenced samples (n = 5) by NGS, plasma of patient 
1 and PBMCs of patients 1 and 7 (OCI patient) in the 
KTRs (n = 3) group, and RBCs of patients 13 and 16 in 
the HD (n = 2) group, both OCI RBCs, all with HCV/
OCI-RNA detected by ddPCR.

Figure 1 Percentage of HCV/OCI-RNA detected in analysed blood samples of the patients in the KTRs and HD study groups fi ve to nine years 
after SVR by ddPCR, and identifi ed OCI and OCI RBCs patients. The year of patient’s treatment and ddPCR runs are shown in table 2.
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Figure 2 Patients in the KTRs and HD study groups whom HCV/OCI-RNA positive results were detected fi ve to nine years after SVR by ddPCR. 
(A, D, G e J) 1D fl uorescence amplitude plot detected per well. (B, E, H and K) HCV/OCI-RNA concentration detected per well (copies/μl), with 
error bars representing Poisson 95% confi dence intervals. (C, F, I and L) number of accepted droplets detected per well. The year of patient’s 
treatment and ddPCR runs are shown in table 2.

Table 2: DdPCR of analysed blood samples of the patients in the KTRs and HD study groups performed fi ve to nine years after SVR. HCV/OCI-
RNA and droplets count detected, and OCI and OCI RBCs patients’ identifi cation. Clinical parameters of the patients in the KTRs and HD study 
groups are shown in table 2.

Study 
Groups

Year of patients 
treatment

Year of ddPCR
runs

 �Patient Sample
HCV/OCI-RNA 

(copies/μL)
Accepted 
droplets

Positive 
droplets

Negative 
droplets

*OCI or
OCI RBCs

KTRs 2015 2023 1 - Serum 0.00 20185 0 20185

1 - Plasma 0.41 20118 7 20111

1 - PBMCs 0.55 19389 9 19380

1 - RBCs 0.00 20206 0 20206

KTRs 2016 2023 2 - Serum 0.00 19887 0 19887

2 - Plasma 0.00 19992 0 19992

2 - PBMCs 0.00 18791 0 18791

2 - RBCs 0.00 19827 0 19827

KTRs 2015 2023 3 - Serum 0.00 18941 0 18941

3 - Plasma 0.00 19579 0 19579

3 - PBMCs 0.00 19336 0 19336

3 - RBCs 0.00 19774 0 19774

KTRs 2018 2023 4 - Serum 0.00 17787 0 17787

4 - Plasma 0.00 19126 0 19126

4 - PBMCs 0.00 19815 0 19815

4 - RBCs 0.00 19854 0 19854

KTRs 2015 2023 5 - Serum 0.00 18517 0 18517

5 - Plasma 0.00 19373 0 19373
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5 - PBMCs 0.00 18617 0 18617

5 - RBCs 0.00 18208 0 18208

KTRs 2015 2023 6 - Serum 0.00 19389 0 19389

6 - Plasma 0.00 17984 0 17984

6 - PBMCs 0.00 18490 0 18490

6 - RBCs 0.00 18286 0 18286

KTRs 2017 2023 7 - Serum 0.00 18736 0 18736

OCI
7 - Plasma 0.00 19130 0 19130

7 - PBMCs 0.75 18727 12 18715

7 - RBCs 0.00 18900 0 18900

KTRs 2015 2024 8 - Serum 0.00 17428 0.00 17428

8 - Plasma 0.00 18714 0.00 18714

8 - PBMCs 0.00 10094 0.00 10094

8 - RBCs 0.00 17985 0.00 17985

KTRs 2016 2024 9 - Serum 0.00 17690 0.00 17690

OCI RBCs
9 - Plasma 0.00 15381 0.00 15381

9 - PBMCs 0.00 16099 0.00 16099

9 - RBCs 0.50 16485 7.00 16478

KTRs 2015 2024 10 - Serum 0.00 18162 0.00 18162

10 - Plasma 0.00 11267 0.00 11267

10 - PBMCs 0.00 16302 0.00 16302

10 - RBCs 0.00 17920 0.00 17920

KTRs 2015 2024 11 - Serum 0.00 18428 0.00 18428

11 - Plasma 0.00 16197 0.00 16197

11 - PBMCs 0.00 16151 0.00 16151

11 - RBCs 0.00 18361 0.00 18361

KTRs 2015 2024 12 - Serum 0.00 18550 0.00 18550

12 - Plasma 0.00 18525 0.00 18525

12 - PBMCs 0.00 16195 0.00 16195

12 - RBCs 0.00 17071 0.00 17071

HD 2016 2023 13 - Serum 0.00 19221 0 19221

OCI RBCs
13 - Plasma 0.00 20459 0 20459

13 - PBMCs 0.00 18943 0 18943

13 - RBCs 0.83 18442 13 18429

HD 2016 2023 14 - Serum 0.00 18318 0 18318

14 - Plasma 0.00 19186 0 19186

14 - PBMCs 0.00 18301 0 18301

14 - RBCs 0.00 19167 0 19167

HD 2018 2023 15 - Serum 0.00 18285 0 18285

15 - Plasma 0.00 19575 0 19575

15 - PBMCs 0.00 19223 0 19223

15 - RBCs 0.00 19161 0 19161

HD 2018 2023 16 - Serum 0.00 17736 0 17736

OCI RBCs
16 - Plasma 0.00 18964 0 18964

16 - PBMCs 0.00 18440 0 18440

16 - RBCs 0.39 17893 6 17887
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HD 2016 2024 17 - Serum 0.00 17685 0.00 17685

OCI
17 - Plasma 0.00 11433 0.00 11433

17 - PBMCs 0.41 17017 6.00 17011

17 - RBCs 0.00 16957 0.00 16957

HD 2016 2024 18 - Serum 0.00 17334 0.00 17334

18 - Plasma 0.00 17391 0.00 17391

18 - PBMCs 0.00 16600 0.00 16600

18 - RBCs 0.00 17613 0.00 17613

HD 2017 2024 19 - Serum 0.00 18240 0.00 18240

19 - Plasma 0.00 14883 0.00 14883

19 - PBMCs 0.00 16385 0.00 16385

19 - RBCs 0.00 15154 0.00 15154
*OCI: Serum negative; PBMCs positive; OCI RBCs: Serum negative; RBCs positive.

Discussion
HCV infection is a substantial problem in dialysis 

and kidney transplantation centres, being HD patients 
considered one high-risk group for this infection and 
HCV infection suggested as a risk factor for graft loss 
and mortality among KTRs patients [1-3]. Moreover, 
higher prevalence rate of HCV infection was reported 
in the dialysis population relatively to patients without 
kidneys clinical complications, and this occurs in 
either developing or developed countries [45,46]. 
Furthermore, currently, nosocomial transmission 
of HCV was linked to HCV spread within HD units all 
over the world [46]. Concerning KTRs, the prevalence 
of HCV infection varies according to factors, such 
as, the prevalence of HCV infection in dialysis units, 
the type of dialysis, and the duration of the dialytic 
therapy, and varies from 5% to 50% in the developed 
world [47]. Althought, OCI, that is characterized by 
the detection of HCV-RNA in hepatocytes and PBMCs 
without detection in serum by current screening 
methods, may be under-recognized in HD and KTRs 
patients causing concern in the possibility of patients 
that tested negatively for HCV continued to be infected 
and also in the spread of the virus [4,5,13]. There are 
several studies reporting OCI worldwide, mainly in 
HD but also in KTRs patients, causing also concern, as 
the majority of them described the OCI identifi cation 
in patients that have anti-HCV antibodies and serum 
HCV-RNA serological markers of HCV infection 
repeatedly negative, irrespective of the level of the 
liver enzymes [1,6,17]. Nevertheless, so far, there are 
no studies in the literature reporting OCI in HD or 
KTRs patients in Portugal.

Concerning DAAs for HCV treatment, there are 
studies describing high rates of DAAs effi  cacy after 

SVR (e.g., 84%, > 91%, and 100%) in patients with 
CKD including HD and KTRs patients [18-21,24-29]. 
However, recently Fabrizi F, et al. [20]. Referred that 
reported data highlight to the possibility of numerous 
patients with advanced CKD could not be treated, 
that remains numerous barriers to HCV antiviral 
treatment, and that is also needed to overcome 
the current barriers for HCV treatment in dialysis 
patients. Moreover, a Portuguese study reporting two 
cases of hepatocellular carcinoma after DAAs therapy 
in KTRs infected with HCV was previously described 
[30].

Here, we aimed to evaluate OCI in anti-HCV 
positive HD and KTRs patients treated with DAAs fi ve 
to nine years after achieved a SVR.

OCI (10.5%, n = 19) and OCI RBCs (15.8%, n = 
19) were identifi ed in the total analysed patients’ 
samples of the both study groups by ddPCR. OCI 
was identifi ed in 1 KTRs (8.3%, n = 12) and in 1 HD 
(14.3%, n = 7) patients, and OCI RBCs was identifi ed 
in 1 KTRs (8.3%, n = 12) and in 2 HD (28.6%, n = 7) 
patients. Moreover, patient 1 in the KTRs group was 
also plasma and PBMCs HCV/OCI-RNA positive by 
ddPCR. We have found few studies in HD and KTRs 
patients who achieved an SVR after DAAs therapy, 
however, recently, Naguib H, et al. [12]. Reported 
the fi rst study in HD patients treated with DAAs, SVR 
24, and have identifi ed 3 (n = 60) OCI patients in line 
with our results. The question about OCI-concern was 
aborded again and we corroborate this question. In 
2018 Gelpi R, et al. [31].  Reported a study where OCI 
was excluded in a donor for KTRs treated with DAAs 
and recently OCI was described in a study involving 
KTRs (n = 51), where OCI was identifi ed in 1 patient 
[32], similar to our results. Overall results suggest 
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that OCI/OCI RBCs can be detected within HD and 
KTRs patients with apparent clearance of HCV-RNA 
in serum and arguing the questions if these patients 
might experience a relapse or are cured, and there 
are studies suggesting OCI as a higher risk factor for 
relapse, disease progression and HCV transmission to 
others [5,12,23]. The persistence of detection of low 
levels of HCV-RNA in PBMCs and/or liver, without 
detection of viremia in serum, SVR after DAAs 
therapy-baseline or SVR after DAAs therapy-follow-
up, including patients with liver transplantation, that 
could lead to important consequences for patient’s 
clinical outcomes were also previously described 
[14,48,49]. Additionally, there are studies reporting 
the detection of HCV by NGS, including patients 
with DAAs therapy [38-51], while we did not found 
studies reporting OCI by NGS in the literature and 
our results are accordantly. The presence of the low 
viral load detected in the analysed samples by ddPCR 
could be an explanation of the achieved results, and 
similar OCI viral loads were previously reported, 
abording OCI in HCV patients who achieved an SVR 
after DAAs therapy [5,34] . Moreover, ddPCR [52]. was 
considered as a valuable addition to virologist`s due 
to main features, such as, high specifi city, sensitivity 
and reproducibility, no standard curve is needed 
for absolute quantifi cation, and high effi  cacy when 
compared to conventional molecular methods [53]. 
Here, OCI and OCI RBCs patients were identifi ed in the 
KTRs and HD study groups by ddPCR suggesting that 
these patients might experience a relapse.

Conclusion
OCI was identifi ed in 1 patient of the KTRs and 

HD study groups, and OCI RBCs was identifi ed in 
1 and 2 patients of the KTRs and HD study groups, 
respectively, by ddPCR. HCV/OCI-RNA was also 
identifi ed in the plasma and PBMCs of another 
patient in the KTRs group by ddPCR. These patients 
might experience a relapse. HCV/OCI-RNA higher 
detection was in PBMCs (16.7%, n = 12) and RBCs 
(28.6%, n = 7) of the patients in the KTRs and HD 
study groups, respectively. DdPCR demonstrated a 
higher sensitivity to detect HCV/OCI-RNA compared 
to NGS. PBMCs and RBCs samples could be suggested 
as predictors for HCV/OCI prevention, diagnosis and 
management in KTRs and HD patients. To better 
understand these fi ndings and their virological and 
clinical signifi cance, studies involving follow-up of 
the studied patients, and a larger number of HD and 
KTRs patients should be performed in the future.
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