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Abstract

Background: The high prevalence of Hepatitis C virus (HCV) infection contributes to morbidity and mortality
among patients on maintenance hemodialysis. Nosocomial transmission can be prevented by strict infection
control measures and early screening. Present study aims to determine the prevalence of HCV infection in a
hemodialysis unit in Central Kerala, India using Real-time PCR and third-generation ELISA. Methods: The
present descriptive cross-sectional study conducted from November 2017 to June 2018 included 117 patients with
chronic renal failure who underwent maintenance hemodialysis. Sociodemographic data and detailed history
regarding risk factors were taken by interview and from medical records. HCV RNA estimation using real-time
PCR and antibody detection using third-generation ELISA were performed using blood samples collected from
the patients. Results: Most of the patients were males with a mean age of 48years. Prevalence was 9.4% for HCV
RNA and 10.3% for antibodies. The performance of the third-generation ELISA was comparable to the PCR
method. Duration of hemodialysis, dialyzer reuse, history of blood transfusion, and positive antibody status was
found to be significant risk factors for HCV viremia. Interpretation & conclusions: The prevalence of HCV
infection is low in our setting. But there is a need to review infection control practices to identify lapses in dialyzer
reuse and safe blood transfusion. A robust infection control program including isolation policy along with
screening using high performance third generation ELISA Kits can reduce the incidence of HCV infection in
hemodialysis centers.
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Introduction

Chronic Kidney Disease (CKD) is an important public health problem with its prevalence ranging from <1% to
17% globally: [1] Renal replacement therapy by haemodialysis (HD) or transplantation remains the main stay of
treatment for End Stage Renal disease (ESRD). Patients on chronic haemodialysis are highly susceptible to
hepatitis B & C infections. Apart from the immunosuppression due to chronic kidney disease, this is mainly
attributed to frequent and prolonged contact with blood through blood transfusions, surgical interventions, and
vascular access.

Breach in infection control practices including contaminated machines is also a significant risk factor. High
prevalence of HCV infection among haemodialysis patients compared to the general population is supported by
different studies across the world [2,3].

There are many published reports of hepatitis C outbreaks in haemodialysis units.[4]

Hepatitis C infection can lead to chronic liver disease with complications such as cirrhosis and hepatocellular
carcinoma. This along with worsening kidney functions can definitely add on to morbidity and mortality among
haemodialysis patients.[5] Thus it is highly essential to prevent transmission and spread of hepatitis C infection
in dialysis units with strict infection control practices and early detection by routine screening. Currently there is
high cure rate of hepatitis

C infection using newer antiviral therapy.[6]

Indian studies show a prevalence ranging from 1 % to 45.2%.[7] Screening with third generation Enzyme Linked
Immuno Sorbent Assay (ELISA) Kits incorporating antigens of core, NS3 and NS5 regions alone may fail to
identify the acute phase and active infection. Moreover antibody production can be affected due to underlying
immunosuppression compromising the sensitivity of the test. [8] Hence HCV RNA measurement which can
diagnose Hepatitis C infection even During serological window is considered as the gold standard. [9] The
published data on prevalence using Real Time Polymerase Chain Reaction (RT-PCR) from India is scanty.
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The present study had been undertaken in a large haemodialysis unit of a government tertiary care centre in Central
Kerala catering patients from three major districts. The study was conducted to determine the prevalence of HCV
infection in the haemodialysis unit. The diagnosis of hepatitis C infection was performed using HCV RNA
detection by RT-PCR complemented by HCV antibody detection by third generation ELISA. Association of HCV
positivity with various risk factors was also studied. The outcome of this study will be helpful to measure the
efficacy of infection control practices followed.

Materials And Methods

The present descriptive cross sectional study was performed in the Departments of Microbiology and Nephrology
after obtaining approval from the Institutional Ethical Committee. A total of 117 patients with chronic kidney
disease who underwent maintenance haemodialysis in the dialysis unit during the study period from July 2017 to
July 2018 were enrolled in the study. Patients with acute renal failure undergoing dialysis and those receiving anti
HCV treatment were excluded from the study. The sample size was calculated using the formula 4pg/d? where
p=prevalence, g=(100-p) and d=20% of P based on the reference study.[10]

Methodology

Patients were enrolled after getting written informed consent. Basic data were collected with the help of a
proforma, interview, case sheets and medical records. This included sociodemographic data and detailed history
regarding the disease leading to chronic kidney disease (CKD), duration of haemodialysis, frequency of dialysis,
blood transfusions in last one year, number of dialysis centers visited, reuse of dialyzer, and risk factors.

The haemodialysis centre consisted of two routine areas consisting of 14 machines and one isolation area equipped
with two dedicated machines each for hepatitis B and C positive patients. Patients were routinely screened using
ELISA test for HCV antibodies and Hepatitis B Surface antigen (HBsag) before initiation of dialysis, following
dialysis at an outside centre and also as follow up on monthly basis. Dialysers were reused except for known
Hepatitis B and C positive patients.

Specimen collection

Two blood samples of 5ml each were collected from the patients in EDTA vials and plain vials to perform HCV
RNA estimation and anti-HCV antibody detection respectively. All samples were stored in deep freezer at —20
degrees and processed within one week.

Real time Polymerase Chain reaction (PCR)

HCV RNA estimation was performed using IVD certified artus HCV RG Real time PCR test kit (QIAGEN)
according to manufacturer:s instructions.

Serology

Blood samples were allowed to clot and the clear serum was separated in sterile plastic vials. These were
centrifuged to collect clear supernatant in vials and stored at 4° C. Anti HCV antibody detection was done using
third generation ELISA kit, QUALISA (Tulip diagnostics) according to the manufacturer ‘s instructions.

Statistical analysis

Data were analyzed by descriptive analysis using IBM SPSS software version 25. Continuous variables were
expressed as means + standard deviation while qualitative variables were expressed as percentages. Quantitative
variables were expressed as the median (interquartile range) and compared between HCV positive and negative
patients using Mann-Whitney U-tests. Chi-square test was used to compare categorical data. Logistic regression
analysis was performed to determine the independent risk factors for HCV RNA positivity. P value of less than
0.05 was considered as statistically significant. Receiver operating characteristics (ROC) curve was plotted to find
out the cut off value of duration of dialysis with HCV RNA positivity.

Results

Among 117 patients enrolled during the study period, there were 82 (70.09%) males and 35 (29.91%) females.
The age of the patients ranged from 13 to 84 years with a mean age of 48.03+/-standard deviation12.86. Majority
of patients were within the age group of 41 to 50 years. Age and sex distribution of patients is given in Table. I.
Table I: Age and Sex distribution of patients on dialysis

Age Sex Total
Male Female
n(%o) n(%o)
10-20 1(1.2) 1(2.9) 2
21-30 4 (4.9) 4 (11.4) 8
31-40 19 (23.2) 6 (17.1) 25
41-50 21 (25.6) 10 (28.6) 31
51-60 22 (26.8) 7(20.0) 29
61-70 13 (15.9) 7(20.0 20
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71-80 1(1.2) 0(0.0) 1
>80 1(1.2) 0(0.0) 1
Total 82 (100.0) 35 (100.0) 117

The duration of haemodialysis ranged from 2 months to 92 months with a mean of 28.34months. Most of the
patients were on twice weekly dialysis (59, 50.4%). Analysis of causes of CKD showed that 46 (39.31%) patients
had diabetic nephropathy and 30 (25.64%) patients had hypertensive nephropathy. Other identifiable causes were
IgA nephropathy (15, 12.8%), pyelonephritis (5,4.3%), congenital anomalies and hereditary causes (8,6.8%).

Baseline characteristics of study population is shown in Table. Il
Table 11: Baseline characteristics of study population (Total patients, N= 117)

Character Number (Frequency) | Percentage
Sex
Male 82 70.0
Female 35 29.9
Duration of Dialysis (Months)
<6 7 6.0
6-12 19 16.2
12-24 22 18.8
25-36 38 325
37-48 21 17.9
>48 10 8.5
Frequency of Weekly dialysis
Thrice 53 45.3
Twice 59 50.4
Once 5 4.3
Etiology of CKD
Diabetic Nephropathy 46 39.3
Hypertensive Nephropathy 30 25.6
IgA Nephropathy 15 12.8
Pyelonephritis 5 4.3
Congenital Anomalies 4 3.4
Hereditary 4 3.4
Interstitial Nephritis 3 2.6
Reflux Nephropathy 1 0.9
Obstructive Uropathy 1 0.9
Nephrotic Syndrome 1 0.9
Others 7 6.0
117 100

Prevalence of HCV infection based on real time PCR was 9.4%. Out of the 117 patients, 11 (9.4%) patients
were positive for both anti HCV antibody and RNA where as one male patient was positive only for antibody but
negative for HCV RNA . Prevalence of HCV RNA and antibodies based on different criteria is shown in table
no.lll. Sensitivity and specificity of ELISA kit used was found to be 100% and 95.75 % respectively.
Table 111: Prevalence of Hepatitis C Virus antibodies and RNA among study population

Criteria No of Positives Percentage
Both HCV Antibody and RNA positive 11 9.4

HCV Antibody Positive and RNA Negative 1 0.9

HCV Antibody Negative and RNA Positive 0 0.0

Both Negative 105 89.7

Total 117 100.0

Baseline characteristics of HCV RNA positive patients are shown in table no.IV. Most of the patients were males
and the mean age of HCV positive patients were 47.36 + 11.90 (Mean + SD). All positive patients were on
maintenance haemodialysis for more than a year and 82 % of them had history of blood transfusion and dialyzer
reuse. Comparison and analysis of various clinical and risk factors are shown in table no.V. Duration of
haemodialysis, dialyser reuse, history of blood transfusion and positive antibody status were found to be
statistically associated with HCV viremia ( p value less than 0.05).

Table 1V: Baseline characteristics of HCV positive patients by PCR (Total patients, N= 11)
Character | Number (Frequency) | Percentage
Sex
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Male 8 72.7
Female 3 27.3
Duration of Dialysis (Months)
<6 0 0.0
6-12 0 0.0
12-24 1 9.1
25-36 2 18.2
37-48 6 54.5
>48 2 18.2
Frequency of Weekly dialysis
Thrice 3 27.3
Twice 8 72.7
Once 0 0.0
Etiology of CKD
Diabetic Nephropathy 4 36.4
Hypertensive Nephropathy 3 27.3
IgA Nephropathy 3 27.3
Pyelonephritis 1 9.1
History of Blood Transfusion
Yes 9 81.8
No 2 18.2
Dialyser Reuse 9 81.8
No of Dialysis centre visited
One Centre — Our Centre 8 72.7
Two 2 18.2
Three or More 1 9.1
Comorbidities
Diabetes 4 36.4
Hypertension 5 45.5
CVA/ Heart Disease 4 36.4
Smoking 3 27.3
Alcoholism 1 9.1

Table V: Comparison of Variables- HCV RNA positive patients and HCV RNA Negative Patients

Parameters HCV RNA Positive (n=) HCV RNA Negative (n=) Mann p Value
Mean £ SD | Median Mean + SD | Median (IQR) | Whitney U
(IQR) Value
Quantitative
Age 47.36 + | 45 (38-60) 48.09 + | 48 (39.5-58.0) | 564.5 0.863
11.90 13.01
Duration of dialysis | 44.09 + | 37 (36-44) 26.71 + | 26 (13.5-36.0) | 237.5 0.001
(Months) 18.82 16.47
Frequency of | 273+£0.47 | 3(2-3) 2.38+0.58 | 2(2-3) 399.0 0.052
Weekly dialysis
Qualitative
Parameters n=11 % n=106 % > Value p Value
Sex
Male 8 72.7 74 69.8 0.000 1.000
Female 3 27.3 32 30.2
Diabetes 4 36.4 40 37.7 0.000 1.000
Hypertension 5 45.5 43 40.6 0.000 1.000
Heart disease /|4 36.4 21 19.8 0.789 0.374
Stroke
Dialyzer Reuse 9 81.8 49 46.2 5.050 0.025
History of blood | 9 81.8 46 434 5.906 0.015
transfusion
Centre > 1 3 27.3 8 8.8 1.828 0.176
Anti HCV Antibody | 11 100.0 1 0.9 95.749 <0.001
Positive
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Logistic Regression analysis was done by taking HCV RNA positivity as a dependant variable and other variables
such as duration of haemodialysis, frequency of dialysis, dialyser reuse and history of blood transfusions as
independent variables as shown in table no.VI.Duration of dialysis had significant association with HCV RNA

positivity.
Table VI: Logistic Regression

Variables Beta Coefficient p Value Adjusted odds ratio | 95% CI of odds
ratio

History of Reuse of dialysis

No Reference

Yes 0.761 0.450 2.141 0.297-15.423

Blood Transfusion

No Reference

Yes 1.312 0.120 3.712 0.710-19.410

Duration of Dialysis 2.594 0.002 13.38 2.66-67.36

Frequency of dialysis 1.260 0.076 3.526 0.876-14.194

ROC curve was plotted to find out the cut off value of duration of dialysis with HCV RNA positivity. The cut off
value was found to be more than 35.50 days for developing HCV RNA positive with Sensitivity of 81.8%,
Specificity of 74.5%, PPV of 25.0% and NPV of 97.5%.
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Figure 1
Discussion

HCV prevalence differs among haemodialysis units according to geographical location, prevalence in general
population, type of health care facilities, socioeconomic factors, performance characteristics of the test and
adherence to infection control practices. A large scale observational study called Dialysis Outcomes and Practice
Patterns Study (DOPPS) conducted in 308 dialysis centres across 7 countries reported a mean seroprevalence of
13.5%, ranging from 2.6% to 22.9% during 1997-2001 .[11] The estimated prevalence of HCV infection was 8%
in US haemodialysis centres (2002) whereas some centres in Romania reported HCV positivity as high as 50%
.[12,13] Hinrichsen et al reported a prevalence of 4% HCV RNA positivity in a large scale multicenter study
where as Mexican study by Nahum Me"ndez-Sa nchez, showed prevalence of 5% by PCR and 6.7% antibodies
[14,15]

Our study showed a prevalence of 9.4% for HCV RNA positivity and 10.3% for antibodies. There were
very few studies from India utilizing molecular methods such as PCR for measurement of prevalence. A study
from Kerala by Anitha Madhavan et al during the same period showed 8% prevalence by conventional PCR which
is comparable to our study. [7] Jasuja et al in Delhi reported a prevalence of 27.73% by PCR and 21.84% by
ELISA which was higher than our data. [10] Our data was comparable to many South Indian studies using third
generation ELISA. Report from Reddy et al showed a prevalence 13.23% from Hyderabad in 2005, Kumar et al
reported 12.4% from Coimbatore 2011 and and study conducted in Calicut, Kerala by Razmin S et al showed
8.33% prevalence .[16,17,18] But Chigurupati, et al reported a moderately high prevalence of 23.5% from Andhra
in 2014 based on ELISA [19] . Low prevalence of HCV infection in our haemodialysis unit can be due to strict
implementation of infection control practices and isolation policy.

Centre for Disease Control (CDC) recommends screening for anti HCV antibodies and Alanine Amino
Transferase (ALT) estimation on initiation of HD, therafter ALT monthly and anti HCV every 6 months.
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Confirmation of active infection by nucleic acid detection is done only for antibody positive patients and routine
screening with molecular testing is not recommended .[20] With the introduction of third generation ELISA with
excellent specificity and specificity, antibody detection is possible as early as 10 weeks. [21]

Many studies have proved comparable results between HCV RNA detection and third generation ELISA for
detecting anti HCV antibodies[22,23,24,25]. Our study also proved this fact as third generation ELISA kit used
with high sensitivity could detect all true positive cases. There was only one patient positive for antibody but
without viremia, which may be indicative of spontaneously resolved infection. Though the importance of HCV
RNA testing for detection of HCV infection was demonstrated by many studies, most of those studies were
performed using second generation ELISA. A study conducted by Sheu et al. in Taiwan showed that among 47
HCV RNA-positive cases, only 83.0% were positive by a second-generation anti-HCV immunoassay[26].
Another study by Schroter et al. in a German population found that HCV infection could be detected in 5.0% of
cases exclusively by PCR among 238 sero-negative patients [27]. But study by Anitha Madhavan et al showed
high false negativity for third generation ELISA. This may be because of the variation in performance of the assay
used. Considering the high cost and technical expertise required for PCR testing in low income centres, it is wise
to follow CDC guidelines. The chance of missing an occasional positive patient may be compensated by monthly
screening with ELISA which was practiced in our centre.

Epidemiological data were analysed to find out the potential risk factors for HCV infection. Most of the patients
were males and mean age was 47 which was similar to the study by Prakash et al where the mean age was 45 [28]
.But age and sex factors were not statistically associated with HCV positivity as per Jasuja et al and many other
studies including us [29]. Many studies have proved that risk of HCV infection increases with duration of
haemodialysis and it is an independent predictor which was concordant with the present study [28,29]. Studies
from Kerala also showed HCV positive population had high duration of HD compared to the negative patients
[7,18]. Mean duration of HD among positive patients in our study was 44 months compared to 27 months among
HCV negative patients. Surendra Kumar et al found mean duration was 36.67 £ 31.68 months compared to 18
18.50 + 21.29 months in HCV negative patients [17]. This point towards the hosocomial transmission of HCV in
dialysis centres.

Previous history of blood transfusion is considered to be an important risk factor for acquiring HCV infection
[30,31,32]. Moreover studies have shown that risk increases with number of blood transfusion [14,28].Though
failed to prove as an independent risk factor, 81.8% of our HCV positive patients had history of blood transfusion
multiple times, which was statistically significant similar to Prakash et al [28]. But Jasuj et al failed to demonstrate
any significant association with blood transfusion. Screening of blood for transfusion in our hospital is done using
third generation ELISA test, the sensitivity and specificity can vary depending on the performance of the assay
used. Further studies are needed in this area to rule out the potential risk of transfusion transmitted hepatitis C in
our setting. There has been considerable reduction in transfusion associated hepatitis worldwide with the
introduction of screening of blood products and use of erythropoietin to correct anaemia.

CDC does not recommend dedicated machines, isolation or ban on reuse of dialyzer in dialysis setting for
preventing HCV transmission. Strict adherence to standard precautions including proper disinfection of machines
is mandatory and lapses in infection control can lead to outbreaks. Our study showed a significant association of
HCV positivity with dialyzer reuse similar to studies by dos Santos JP et al [33]. Some Studies did not demonstrate
impact of reuse in preventing HCV transmission in dialysis units [10,12,34]. A possible lapse in disinfection
procedure of dialysers and tubings especially during manual washing has to be considered in our setting for
possible nosocomial transmission.

Limitations

Genotyping and further phylogenetic analysis to find out genetic relatedness of the strains to demonstrate possible
nosocmial transmission was not performed in the study due to lack of infrastructure and financial constraints.
Laboratory parameters related to liver function like alanine amintransferase estimation were not recorded and
analysed.

Conclusions

Prevalence of HCV infection is comparatively low in our dialysis unit. Our study demonstrated duration of
haemodialysis, blood transfusion and reuse of dialyser as potential risk factors of HCV positivity. Though we
have an infection control program implemented in our setting, routine audits and monitoring to check compliance
related to procedures like reprocessing of dialyser has to be implemented strictly. Safety of blood transfusion has
also to be ensured. Third generation ELISA can be used as a routine screening tool in our setting rather than RT
PCR. We recommend isolation of HCV positive patients, dedicated equipments and machine, screening with
ELISA monthly in dialysis units to prevent transmission

References

1. Ene-lordache B, Perico N, Bikbov B, Carminati S, Remuzzi A, Perna A, et al: Chronic kidney disease and
cardiovascular risk in six regions of the world (ISN-KDDC): A cross-sectional study. Lancet Glob Health
2016; 4: e307—-e319

158



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Journal of Cardiovascular Disease Research

ISSN:0975-3583,0976-2833  VOL14,ISSUE06,2023

Finelli L, Miller JT, Tokars JI, Alter MJ and Arduino MJ: National surveillance of dialysis-associated diseases
in the United States, 2002. Semin Dial 2005;18: 52-61.

Patel PR, Thompson ND, Kallen AJ and Arduino MJ: Epidemiology,surveillance, and prevention of hepatitis
C virus infections in hemodialysis patients. Am J Kidney Dis 2010;56: 371-378.

Nguyen DB, Bixler D and Patel PR: Transmission of hepatitis C virus in the dialysis setting and strategies
for its prevention.Semin Dial 2019;32: 127-134

Kalantar-Zadeh K, Kilpatrick RD, McAllister CJ, Miller LG, Daar ES, Gjertson DW, Kopple JD, Greenland
S: Hepatitis C virus and death risk in hemodialysis patients..J Am Soc Nephrol 2007;18: 1584 —1593
Kidney Disease: Improving Global Outcomes (KDIGO ) Hepatitis C Work Group: KDIGO 2018 clinical
practice guideline for the prevention, diagnosis, evaluation, and treatment of hepatitis C in Chronic Kidney
Disease. Kidney Int Suppl 2018;8: 91-165.

Madhavan A, Sachu A, Balakrishnan AK, Vasudevan A, Balakrishnan S, Vasudevapanicker J. Prevalence of
hepatitis C among haemodialysis patients in a tertiary care hospital in south India. Iran J Microbiol.
2020;12(6):644-649. doi:10.18502/ijm.v12i6.5041

Lok AS,Chien D, Choo QL,Chan TM, et al. Antibody response to core, envelope and non-structural Hepatitis
C virus antigens: Comparison of immunocompetent and immunosuppressed patients. Hepatology
1993;18:497-502.

Timofte D, Dragos D, Balcangiu-Stroescu AE,Tanasescu MD,Balan DG, Avino A et al. Infection with
hepatitis C virus in hemodialysis patients: an overview of the diagnosis and prevention rules within a
hemodialysis center (review). Exp Ther Med. 2020; 20 (1):109-116.

Jasuja S, Gupta AK, Choudhry R, Kher V, Aggarwa DK, Mishra A ,et al. Prevalence and associations of
hepatitis C viremia in hemodialysis patients at a tertiary care hospital. Indian J Nephrol 2009 Apr;19(2):62-
7. doi: 10.4103/0971-4065.53324.

Fissell RB, Bragg-Gresham JL, Woods JD, Jadoul M,Gillespie B,Hedderwick SAet al. Patterns of hepatitis
C prevalence and seroconversion in hemodialysis units from three continents: The DOPPS. Kidney
Int. 2004;65:2335-42

Finelli L, Miller JT, Tokars JI, Alter MJ and Arduino MJ: National surveillance of dialysis-associated diseases
in the United States, 2002. Semin Dial 2005;18: 52-61.

Curescu M, Golea O and Brinzan F: Mihailescu M and Cotospan E: Prevalence of anti-HCV antibodies in
patients undergoing hemodialysis and in medical staff in hemodialysis centers. Rom J Infect Dis 2007;X:
145-148.

Hinrichsen, H., G. Leimenstoll, G. Stegen, H. Schrader, U. R. Folsch, and W. E. Schmidt.. Prevalence and
risk factors of hepatitis C virus infection in haemodialysis patients: a multicentre study in 2796 patients. Gut
2002; 51:429-433

Méndez-Sénchez N, Motola-Kuba D, Chavez-Tapia NC, Bahena J, Correa-Rotter R, Uribe M. Prevalence of
hepatitis C virus infection among hemodialysis patients at a tertiary-care hospital in Mexico City, Mexico. J
Clin Microbiol. 2004 Sep;42(9):4321-2. doi: 10.1128/JCM.42.9.4321-4322.2004. PMID: 15365034;
PMCID: PMC516306.

Reddy AK, Murthy KV, Lakshmi V. Prevalence of HCV infection in patients on haemodialysis: survey by
antibody and core antigen detection. Indian J Med Mi- crobiol 2005;23:106-110.

Surendra Kumar P, Venu G, Madhusudhana Rao A, Balakrishnan N, SaraVanan T, Sofiarani A. Prevalence
and risk factors of hepatitis C among maintenance hemo- dialysis patients at a tertiary care hospital in Co-
imbatore, India. J Clin Diagnostic Res 2011; 5:725-728.

Razmin S, Reena M, P Vishnu, Rajendran.P. Hepatitis C and B virus infection among chronic renal failure
patients undergoing haemodialysis in Calicut, Kerala state, India. Asia Pac J Research. 2013;1:11-16
Chigurupati P, Subbarayudu S, Babu S. Study of incidence of hepatitis C virus infection in hemodialysis
patients. J NTR Univ Health Sci 2014;3:19-22.

Centers for Disease Control and Prevention. Recommendations for preventing transmission of infections
among chronic hemodialysis patients. MMWR Recomm Rep. 2001;50(RR-5):1-43.

Kamili S, Drobeniuc J, Araujo AC, Hayden TM. Laboratory diagnostics for hepatitis C virus infection. Clin
Infect Dis. 2012;55 (Suppl 1): S43-S48. [PubMed: 22715213]

Dalekos GN, Boumba DS, Katopodis K, et al. Absence of HCV viraemia in anti-HCV-negative hemodialysis
patients. Nephrol Dial Transplant. 1998;13:1804-1806.

Courouce AM, Bouchardeau F, Chauveau P, et al. Hepatitis C virus (HCV) infection in hemodialysis patients:
HCV-RNA and anti-HCV antibodies (third generation assays) Nephrol Dial Transplant. 1995;10:234-9.
Garcia F, Mateos M, Valdecasas J, Terual J, Bernal C,Fernandez M. Relevance of investigating the presence
of hepatitis C virus RNA in HCV antibody-negative hemodialysis patients. Am J Nephrol. 2000;20:166e167.
Lakshmi V, Reddy AK, Dakshinamurty KV. Evaluation of commercially available third-generation anti-
hepatitis C virus enzyme-linked immunosorbent assay in patients on haemodialysis.Indian J Med Microbiol
2007;25:140-2.

Sheu, J. C., S. H. Lee, J. T. Wang, L. N. Shih, T. H. Wang, and D. S. Chen. Prevalence of anti-HCV and
HCV viremia in hemodialysis patients in Taiwan. J. Med. Virol1992;37:108-112

159


https://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=20368926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choudhry%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20368926

217.

28.

29.

30.

3L

32.

33.

34.

Journal of Cardiovascular Disease Research

ISSN:0975-3583,0976-2833  VOL14,ISSUE06,2023

Schroter, M., H. H. Feucht, P. Schafer, B. Zollner, and R. Laufs. High percentage of seronegative HCV
infections in hemodialysis patients: the need for PCR. Intervirology 1997;40:277-278.

Shantanu Prakash, Jamil M, Bhattacharya PK, Yunus M, Lyngdoh CJ, Roy A, Talukdar KK. Prevalence of
hepatitis B and hepa- titis C in haemodialysis population in a tertiary care centre in north eastern India. Int J
Biomed Amp Adv Res 2016;7: 267-269

Di Lallo D, Micelli M, Petrosillo N, et al. Risk factors of hepatitis C virus infection in patients on
hemodialysis: a multivariate analysis based on a dialysis register in Central Italy. Eur J Epidemiol
1999;15:11-1438.

Salama G, Rostaing L, Sandres K, et al. Hepatitis C virus infection in French hemodialysis units: A
multicenter study. J Med Virol 2000;61:44-51.

Saab S, Martion P, Brezina M, Gitrich G, Yee HF Jr. Se- rum alanine aminotransferase in hepatitis C
screening of the patients on hemodialysis. Am J Kidney Dis 2001; 37: 308-315.

Dentico P, Buogiorno R, Volpe A, Carlone A, Carbone M, Manno C, et al. Prevalence and incidence of hepa-
titis C virus (HCV) in hemodialysis patients: study of risk factors. Clin Nephrol 1992; 38:49-52.

dos Santos JP, Loureiro A, Cendoroglo Neto M, Pereira BJ. The impact of the dialysis room and reuse
strategies on the incidence of the hepatitis C infection in hemodialysis units. Nephrol Dial Transplant 1996;
11:2017-22.

Jadoul M, BieberBA, MartinP, et al. Prevalence, incidence, and risk factors for hepatitis C virus infection in
hemodialysis patients. Kidney Int. 2019;95(4):939-947.

160



