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Abstract
Background

Hepatitis B virus (HBV), hepatitis C virus (HCV), and human immunodeficiency virus (HIV) infections are
more prevalent in hemodialysis patients compared to the general population. The objective of this study was
to evaluate the prevalence of HBV, HCV, and HIV infections in hemodialysis patients dialyzing regularly at
Kano Kidney Center (KKC) in the Eastern Health Cluster of Saudi Arabia in 2022.

Methods

This retrospective study included all hemodialysis patients who were dialyzed regularly at KKC during 2022.
Their electronic medical records were reviewed for the results of HBV, HCV, and HIV along with the patient's
demographics, comorbid conditions, and dialysis history. The study was approved and monitored by the
Institutional Review Board of Dammam Medical Complex.

Results

A total of 239 regular hemodialysis patients were included, consisting of 142 males and 97 females (59.41%
and 40.59%, respectively), with a mean age of 52.71+15.83 years. Most of the patients were Saudis (156
patients, 65.27%) with the non-Saudi patients being composed mostly of Arabian patients. Nine patients
(3.77%) tested positive for hepatitis B surface antigen (HBsAg), the serologic hallmark of HBV infection. Two
patients (0.84%) had resolved HBV infections as evidenced by positive hepatitis B core antibody (anti-HBc)
and hepatitis B surface antibody (anti-HBs). However, the majority (226 patients, 94.56%) were never tested
for anti-HBc. Anti-HBs, which can imply long-term immunity against HBV from prior immunizations or
infections, were positive in 165 patients (69.04%). A protective anti-HBs level of > 10 IU/L was detected in
158 patients (66.11%) including 104 patients (43.51%) having > 100 IU/L. Eighteen patients (7.53%) had
reactive HCV antibodies. Four patients (1.67%) had chronic HCV infection as they had detectable HCV RNA.
The remaining 14 patients (5.86%) cleared HCV either spontaneously (seven patients, 2.93%) or by
medications (seven patients, 2.93%). HIV screening tests were negative in all 239 patients (100%).

HBsAg-positive patients did not have any statistically significant differences from HBsAg-negative patients.
On the other hand, the patients who were positive for HCV antibodies were older than the patients who were
negative for HCV antibodies (60.66 vs 52.05 years on average, p-value <0.05). They also contained a
statistically larger proportion of non-Saudi patients than the patients with no evidence of prior infections
(61.11% vs 32.13%, p-value <0.05).

Conclusions

The study found that the prevalence of HBV and HCV infections among hemodialysis patients in KKC at
3.77% and 1.67%, respectively, is higher than that reported in the general population in Saudi Arabia, with
non-Saudis having a higher prevalence rate of HCV infection than Saudis. However, the current prevalence
rate is lower compared to the previous studies that were conducted in Saudi Arabia in the first decade of the
21st century, and there were no cases of HIV infections. Nevertheless, a significant proportion of patients
had unprotective or negative anti-HBs antibody titers, indicating the need for strict vaccination protocols
and monitoring of antibody titers to ensure optimal protection.
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Introduction

Hepatitis B virus (HBV), hepatitis C virus (HCV), and human immunodeficiency virus (HIV) infections are
more prevalent in hemodialysis patients compared to the overall prevalence in the community. In Middle
Eastern countries, the prevalence of HBV infection among blood donors was 1.62% [1], but its prevalence
among hemodialysis patients was estimated at 4.4% [2]. For HCV, the overall prevalence was found to be
4.34% (3], which is much lower than the reported prevalence of 25.3% among hemodialysis Middle Eastern
patients [4]. Although the prevalence of HIV of 0.1% in the Middle East is among the lowest rates globally
[5], multiple outbreaks of HIV transmission in dialysis centers were reported in the region specifically in
Saudi Arabia (2011) [6] and Egypt (1993) [7].

Multiple reasons can explain the association between HBV, HCV, and HIV infections and hemodialysis.
Hemodialysis patients are at an increased risk of contracting these infections due to their exposure to
contaminated medical equipment used during the hemodialysis process [6-9]. In addition, many
hemodialysis patients require blood transfusions for their anemia of chronic kidney disease. If infected,
these transfusions can lead to infections. Although this mode of transmission is negligible nowadays, it was
more prominent in the past as evidenced by the reported association between HCV seropositivity in
hemodialysis patients with the higher numbers of transfused blood units [10,11]. Moreover, patients with
chronic kidney disease have a weakened immune system, which can make them less capable of clearing HBV
and HCV infections [12-14]. Furthermore, hemodialysis patients have a suboptimal immune response to HBV
vaccine compared with the non-dialysis population [14-16]. They were also rarely offered treatment for HCV
infections in the past due to the concerns about the efficacy and risks of interferon and ribavirin therapy in
this population with a continued trend of undertreatment even after the introduction of new, improved
antiviral agents [17,18].

HBV and HCV infections can lead to hepatocellular carcinoma (HCC), and HCC patients on hemodialysis are
at greater risk of death than HCC patients not on dialysis [19]. In addition to liver disease-related mortality,
these infections in hemodialysis patients are linked to an increased risk of cardiovascular disease-related
mortality and all-cause mortality [20-22]. Moreover, HCV-seropositive patients have decreased accessibility
to kidney transplantation programs despite having a substantial survival benefit if transplanted [23].

The objective of this study was to evaluate the prevalence of HBV, HCV, and HIV infections in hemodialysis
patients dialyzing regularly in Kano Kidney Center (KKC) in the Eastern Health Cluster of Saudi Arabia in
2022.

Materials And Methods

The study was a retrospective chart review study. It included all the hemodialysis patients who came for
dialysis regularly to KKC in 2022. Their electronic medical records were reviewed for their demographic data
(e.g., age, gender, and nationality), comorbid conditions (e.g., diabetes mellitus and hypertension), and
personal dialysis history (e.g., age at the start of hemodialysis, dialysis route and any prior history of kidney
transplantation or peritoneal dialysis). The records were also reviewed for the results of HBV, HCV, and

HIV. The study was approved and monitored by the Institutional Review Board (IRB) of Dammam Medical
Complex on March 20, 2023 (approval no: IM-07).

Chronic HBV infection is defined by the persistence of hepatitis B surface antigens (HBsAg) for more than six
months as per the American Association of the Study of Liver Diseases (AASLD) guidelines. Patients with
positive hepatitis B surface antibodies (anti-HBs) and hepatitis B core antibodies (anti-HBc) were considered
to have resolved HBV infections. An anti-HBs level of 10 IU/L or more was used to define immunity against
HBV [24,25]. In keeping with the recommendations of the joint panel from the AASLD and the Infectious
Diseases Society of America about HCV testing, chronic HCV infection is defined by the presence of reactive
anti-HCV antibodies and detectable HCV RNA. The absence of detectable HCV RNA in the setting of positive
anti-HCV antibodies was used to indicate resolved infections. Patients with resolved HCV infections were
further divided into those who spontaneously cleared the virus and those who were successively treated.

The prevalence of HBV was calculated as follows: (the number of HBsAg-positive patients x 100)/(the
number of all patients). The prevalence of HCV was calculated as follows: (the number of patients with
reactive anti-HCV antibodies who had detectable HCV RNA x 100)/(the number of all patients).

The patients with chronic HBV infection (i.e., HBsAg-positive patients) were compared with the HBsAg-
negative patients looking for any association between HBV infection and the patient's demographics,
comorbid conditions, and personal dialysis data. Similarly, patients with prior or active HCV infection (i.e.,
patients with positive HCV antibodies) were compared with the patients with no history of HCV infection.

The data were analysed using the Python programming language version 3.7.6 (Python Software Foundation,
Wilmington, Delaware, USA) with the use of the SciPy library 1.4.1 (Enthought, Inc., Austin, Texas, USA),
and Statsmodels module (v0.11.1, Python package). Descriptive statistics (i.e., mean, standard deviation,
count, and percentage) were calculated as necessary. Categorical variables were compared with the chi-
square test, and continuous variables were compared with the two-sample t-test. A p-value of less than 0.05
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was assumed to indicate statistical significance.

Results

A total of 239 hemodialysis patients were included. The patients consisted of 142 males and 97 females
(59.41% and 40.59%, respectively), with a male-to-female ratio of 1.46. Most of the patients were Saudis
(156 patients, 65.27%) with the non-Saudi patients being composed mostly of Arabian patients. The mean *
standard deviation for the patients' age was 52.71%15.83 years. Two hundred sixteen patients (90.38%) were
hypertensive. One hundred thirty-three patients (55.65%) were diabetic. The patients' demographics are
shown in Table 1.

Characteristics n (%)
Age (Mean + SD, years) 52.71+15.83
Male 142 (59.41%)
Gender
Female 97 (40.59%)
Saudi 156 (65.27%)
Nationality
Non-Saudi 83 (34.73%)
Hypertension 216 (90.38%)
Type 1 14 (5.86%)
Diabetes Mellitus Type 2 119 (49.79%)
Non-diabetic 106 (44.35%)

TABLE 1: Patient Demographics (n = 239)

The end-stage renal disease (ESRD) etiology was attributed in more than half of the patients (120 patients,
50.21%) to diabetes mellitus. Thirteen patients (5.44%) had a prior history of kidney transplantation. Ten
patients (4.18%) were previously on peritoneal dialysis. The mean * standard deviation for the patient's age
at the start of hemodialysis and duration of hemodialysis was 50.43+16.27 years and 1.99%1.83 years,
respectively. Most of the patients (147 patients, 61.51%) were dialyzed through dialysis lines. The remaining
92 patients (38.49%) were dialyzed through arteriovenous fistulas. Two hundred twenty patients (92.05%)
had three scheduled hemodialysis sessions per week. Twenty-two patients (9.21%) occasionally went to
other centers for dialysis. The dialysis history information of patients is shown in Table 2.
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Characteristics

ESRD Etiology

Prior History of Kidney Transplantation
Prior History of Peritoneal Dialysis
Age at Start of Hemodialysis (Mean + SD, years)

Duration of Hemodialysis (Mean + SD, years)

Hemodialysis Route

Hemodialysis Sessions per Week

Dialyzing in Another Facility

TABLE 2: Dialysis History of Patients (n = 239)

Diabetes Mellitus
Hypertension
Other Causes

Unknown

Dialysis Line
Arteriovenous Fistula
2

3

n (%)
120 (50.21%)
56 (23.43%)
28 (11.72%)
35 (14.64%)
13 (5.44%)
10 (4.18%)
50.43+16.27
1.99+1.83
147 (61.51%)
92 (38.49%)
18 (7.53%)
220 (92.05%)
1(0.42%)

22 (9.21%)

Nine patients (3.77%) tested positive for HBsAg, the serologic hallmark of HBV infection. Anti-HBs, which
can imply long-term immunity against HBV from prior immunizations or infections, were positive in 165
patients (69.04%). An anti-HBs level of > 10 IU/L was detected in 158 patients (66.11%) including 104
patients (43.51%) having > 100 IU/L. The coexistence of HBsAg and anti-HBs was not found in any patient.
Six patients (2.51%) had documented anti-HBc, which appears during HBV infection and persists even after

recovery. However, the majority (226 patients, 94.56%) were never tested for anti-HBc.

All nine patients (3.77%) with positive HBsAg had a chronic HBV infection with a median viral load of 86
international units/mL and an interquartile range from 19 to 361 international units/mL. Four of them were
also positive for anti-HBc. Two patients (0.84%) had resolved HBV infections as evidenced by positive anti-
HBc and anti-HBs. The HBV statuses are shown in Figure 1.
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72; 30%

158; 66%

M Infected with HBV [ Prone to HBV Infection H Immune against HBV
(HBsAg Positive) (Negative or Low Anti-HBs) (Anti-HBs > 10 1U/L)

FIGURE 1: HBV Statuses in 239 ESRD Hemodialysis Patients

HBV: hepatitis B virus, HBsAg: hepatitis B surface antigen, Anti-HBs: hepatitis B surface antibody; ESRD: end
stage renal disease.

Eighteen patients (7.53%) had reactive HCV antibodies. Four patients (1.67%) had chronic HCV infection as
they had detectable HCV RNA with a median initial viral load of 824809 international units/mL and an
interquartile range from 505833 to 1256190.75 international units/mL. The remaining 14 patients (5.86%)
cleared HCV either spontaneously (seven patients, 2.93%) or by medications (seven patients, 2.93%). The
outcomes of HCV infections are shown in Figure 2.

4; 2%

14; 6%

 Chronic HCV Infection
[ Resolved HCV Infection

B No Evidence of Prior HCV Infection

221; 92%

FIGURE 2: Outcomes of HCV Infections in 239 ESRD Hemodialysis
Patients

HCV: hepatitis C virus; ESRD: end stage renal disease.

HIV screening tests were negative in all the 239 patients (100%). Results of HBV, HCV, and HIV
investigations are shown in Table 3.
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Characteristics n (%)
Negative 230 (96.23%)
Hepatitis B Surface Antigen (HBsAg)
Positive 9 (3.77%)
Negative 73 (30.54%)
Hepatitis B Surface Antibody (anti-HBs) Positive 165 (69.04%)
Not done 1(0.42%)
Negative 7 (2.93%)
Hepatitis B Core Antibody (anti-HBc) Positive 6 (2.51%)
Not done 226 (94.56%)
Negative 221 (92.47%)
HCV Antibody
Positive 18 (7.53%)
HIV Screen (Antigen and Antibody) Negative 239 (100.0%)

TABLE 3: HBV, HCV, and HIV Investigations of Patients (n = 239)

HBV: hepatitis B virus; HCV: hepatitis C virus; HIV: human immunodeficiency virus.

There were no statistically significant differences between HBsAg-positive and HBsAg-negative patients.
On the other hand, the 18 patients who had HCV infections currently or previously were older than the
patients with no evidence of prior HCV infection (60.66 vs 52.05 years on average, p-value <0.05). They also
contained a statistically larger proportion of non-Saudi patients than the patients with no evidence of prior
infections (61.11% vs 32.13%, p-value <0.05). Three patients were Yemeni. Two patients each were from
Egypt, Sudan, and Pakistan. The remaining two non-Saudi patients were Palestinian and Indian. The
detailed comparisons between the patients with positive and negative HBsAg and HCV antibodies are shown
in Tables 4-5, respectively.
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Characteristics Negative HBsAg (n = 230) Positive HBsAg (n =9) P value
Age, mean + SD, years 52.74+£15.99 52.05+11.85 0.8987
Male sex, count (%) 135 (58.7%) 7(77.78%) 0.4251
Non-Saudi, count (%) 78 (33.91%) 4 (44.44%) 0.768
Hypertension, count (%) 207 (90.0%) 9 (100.0%) 0.6732
Diabetes Mellitus, count (%) 127 (55.22%) 6 (66.67%) 0.7367
Prior History of Peritoneal Dialysis, count (%) 9 (3.91%) 1(11.11%) 0.8341
Prior History of Kidney Transplantation, count (%) 12 (5.22%) 1(11.11%) 0.9875
Age at Start of Hemodialysis, mean + SD, years 50.51£16.29 47.27+17.56 0.6954
Duration of Hemodialysis, mean + SD, years 1.99+1.85 2.21+1.21 0.8108
Dialysis Sessions per Week, mean + SD 2.93+0.28 3.0£0.0 0.4274
Arteriovenous Fistula, count (%) 88 (38.26%) 4 (44.44%) 0.9802
Dialysis at Another Facility, count (%) 22 (9.57%) 0 (0.0%) 0.6995

TABLE 4: Comparison between Patients with Chronic HBV Infection and Patients with no Current
HBYV Infection (n = 239)

HBV: hepatitis B virus; HBsAg: hepatitis B surface antigen.

Characteristics Positive HCV Antibodies (n =18) Negative HCV Antibodies (n =221) P value
Age, mean + SD, years 60.66+11.47 52.06+15.98 0.0265*
Male sex, count (%) 8 (44.44%) 134 (60.63%) 0.2733
Non-Saudi, count (%) 11 (61.11%) 71 (32.13%) 0.0256*
Hypertension, count (%) 15 (83.33%) 201 (90.95%) 0.5234
Diabetes Mellitus, count (%) 10 (55.56%) 123 (55.66%) 0.8115
Prior History of Peritoneal Dialysis, count (%) 0 (0.0%) 10 (4.52%) 0.7566
Prior History of Kidney Transplantation, count (%) 2 (11.11%) 11 (4.98%) 0.5734
Age at Start of Hemodialysis, mean + SD, years 60.06+11.33 50.01£16.35 0.1393
Duration of Hemodialysis, mean + SD, years 3.04+1.35 1.95+1.84 0.1519
Dialysis Sessions per Week, mean + SD 3.04£0.34 2.92+0.27 0.2519
Arteriovenous Fistula, count (%) 9 (50.0%) 83 (37.56%) 0.4287
Dialysis at Another Facility, count (%) 3 (16.67%) 19 (8.6%) 0.4747

TABLE 5: Comparison between Patients with Prior or Active HCV Infection and Patients with no
Evidence of Previous HCV Infection (n = 239)

* A p-value of less than 0.05 was used to indicate statistical significance.

HCV: hepatitis C virus.

Discussion
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HBYV infection in hemodialysis patients

In this study, the prevalence of HBV infection in hemodialysis patients was 3.8% which is higher than the
estimated HBV prevalence in Saudi Arabia (2019) at 1.3% [26] and its reported prevalence of 0.3% among
blood donors in eastern Saudi Arabia between 2011 and 2015 [27]. However, it is comparable to the finding
of a study done in a dialysis unit in Riyadh (the capital and largest city of central Saudi Arabia) which
showed a prevalence of 4.1% [28]. As a comparison, the prevalence of HBV infection among hemodialysis
patients is 1.6% in Lebanon (2012) [29], 3.8% in Palestine (2014) [30], 4% in Iran (2018) [31], 5.9% in Jordan
(2006) [32], 6% in Morocco (2009) [33], 6.3% in Egypt (2022) [34] and 67.8% in Pakistan (2017) [35].
Fortunately, the current prevalence is markedly lower than the previously reported 11.8% prevalence of HBV
infection in hemodialysis patients in the eastern region in a study published in 2004 [36]. This decline in
HBYV prevalence among hemodialysis patients can reflect a better adherence to infection control practices
along with an increased HBV vaccination coverage, an improved HBV screening in dialysis patients and
blood donors, and a reduced need for blood transfusions with the increasing use of erythropoiesis-
stimulating agents.

Only 66% of the patients were considered immune against HBV by having anti-HBs > 10 IU/L. This is
comparable to a response rate of 70.3% following a program of four doses of 40 ug HBV vaccine that was
evaluated in another Saudi study [37]. The weak immune response to vaccines in ESRD patients is not
limited to the HBV vaccine but is also evident across many other types of vaccines (e.g., coronavirus disease
2019 (COVID-19) and influenza) [38-40]. This impairment of HBV vaccine efficacy in ESRD patients is not
different between peritoneal dialysis patients and hemodialysis patients [41]. Many factors were found to
affect the HBV vaccine efficacy in hemodialysis patients. The factors that were associated with decreased
response to HBV vaccine include old age [37,42], diabetes [42,43], and protein catabolic rate (PCR)

[44]. Patients with excellent immune response (anti-HBs > 100 IU/L) at six weeks after completion of the
vaccination series have a greater chance of persistent immunity at one year [37]. This fact is also more
evident if anti-HBs levels are more than 1000 IU/L [43].

It is recommended that all hemodialysis patients should be screened and vaccinated for HBV which has been
found to decrease the rate of infection among this population of patients. Repeating the vaccination series is
recommended for patients who do not achieve a protective anti-HBs titer [45]. Poor responders (anti-HBs
between 10 and 100 IU/L) can be susceptible to HBV infection over time and, therefore, should be offered a
booster vaccination dose if anti-HBs drop below 10 IU/L [43].

HCV infection in hemodialysis patients

In this study, eighteen patients (7.5%) had reactive HCV antibodies but only four patients (1.7%) had chronic
HCV infection based on detectable HCV RNA. This prevalence is remarkably lower than it had been in 2006
when it was 29% [46]. Furthermore, in an analysis of 39 studies that evaluated HCV infections in
hemodialysis patients between 1991 and 2009, HCV prevalence ranged between 18.9% and 78.2% with a
pooled HCV prevalence of 46.9% [47]. Thus, this is the first demonstration of a fall in HCV prevalence in a
Saudi dialysis center to a rate approximating the overall HCV seroprevalence in Saudi Arabia of 1.1% [48].
This drop is secondary to the application of multiple preventive measures at the center including separation
of HCV-positive from HCV-seronegative patients on different floors with different machines, repetitive
teaching of dialysis staff about infection control policies, and reinforcement of disinfection protocols after
each dialysis session [46].

Direct-acting antiviral (DAA) therapies for HCV are highly effective with a cure rate above 90% in
hemodialysis patients [49-52] with many listed available options in the Kidney Disease: Improving Global
Outcomes (KDIGO) 2022 Clinical Practice Guideline for the Prevention, Diagnosis, Evaluation, and
Treatment of Hepatitis C in Chronic Kidney Disease [53]. Seven patients with chronic HCV infection in this
cohort were treated and had sustained virological response, highlighting the efficacy and importance of DAA
therapies for HCV. Unfortunately, only two patients out of the four patients with chronic HCV infection were
actively receiving DAA therapies, and the other two were not referred to a gastroenterology clinic for
evaluation and possible initiation of DAA therapies. It is recommended to follow the KDIGO guidelines that
recommend that all patients with chronic kidney disease, patients on hemodialysis, and kidney transplant
recipients with HCV should be evaluated for DAA therapies [53].

HIV infection in hemodialysis patients

The prevalence of HIV in Saudi Arabia is very low. Among 375,218 potential blood donors in 2020, only
0.0018% were confirmed to have HIV [54]. The lowest prevalence of HIV was reported in the eastern region
of Saudi Arabia [54]. Unexpectedly, there were no patients with positive HIV screening in this study which
was conducted at a dialysis center in the Eastern Province. A zero prevalence of HIV among hemodialysis
patients was also reported in a dialysis center in Riyadh which is located in the central region of Saudi
Arabia [28]. In another center in Riyadh, three patients acquired HIV after reaching the ESRD stage [55]. An
outbreak of HIV transmission occurred in 2012 in Jizan, a city in the southern region of Saudi Arabia, where
two patients at a hemodialysis unit had become HIV positive [6]. Sharing injections between patients from a
multidose heparin vial, using inadequately disinfected hemodialysis equipment, and obtaining vascular
access by blood-contaminated gloves were the causes of this transmission. Corrective actions were
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performed with an emphasis on infection control practices at a national level [6]. No further outbreaks of
HIV transmissions in hemodialysis units were reported in Saudi Arabia since then.

Study limitations

The study had several limitations. Firstly, the study was retrospective in nature which can lead to potential
biases due to missing information and inaccurate documentation. Secondly, the study was conducted at a
single center which may limit the generalizability of the results. The rate of HBV and HCV infections can
vary between different dialysis institutions due to differences in patient populations and infection control
practices. Moreover, some of the included patients had outdated screening results, as their results were
dated one year prior to the study. Thus, it is possible that their infection status may have changed later.
Some patients refused to repeat screening due to financial constraints, but new rules were implemented to
mandate repeating the virology assessment in a timely manner. Additionally, the study only reported the
point prevalence of HBV, HCV, and HIV in hemodialysis patients, and did not examine the seroconversion
rates. Therefore, it did not provide information on the incidence of new infections. Furthermore, the
number of patients with resolved HBV infection in the study population was underestimated as only 13
patients were tested for anti-HBc. Another limitation of the study is that it did not address false-negative
HCV antibodies. Hemodialysis patients are known to have a high false-negative rate of anti-HCV antibodies,
despite having detectable HCV RNA [56]. For example, a study conducted in Egypt reported a false-negative
rate of 17.9% among 72 hemodialysis patients with negative anti-HCV antibodies [57]. Finally, the study did
not address occult HBV infection which is defined as the presence of detectable HBV DNA in patients who
are negative for HBsAg [58]. A study conducted in Egypt and another one in Iran reported a rate of 4% of
occult HBV infection among 145 and 118 HBsAg-negative hemodialysis patients, respectively [59,60].

Future studies should aim to overcome these limitations to provide a more accurate picture of the
prevalence and incidence of HBV, HCV, and HIV infections in hemodialysis patients in Saudi Arabia and
elsewhere.

Conclusions

The study found that the prevalence of HBV and HCV infections among hemodialysis patients in KKC at
3.77% and 1.67%, respectively, is higher than that reported in the general population in Saudi Arabia, with
non-Saudis having a higher prevalence rate of HCV infection than Saudis. However, the current prevalence
rate is lower compared to previous studies in the first decade of the 21st century, and there were no cases of
HIV infections. Nevertheless, a significant proportion of patients had unprotective or negative anti-HBs
antibody titers, indicating the need for strict vaccination protocols and monitoring of antibody titers to
ensure optimal protection.
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Complex Institutional Review Board issued approval IM-07. Animal subjects: All authors have confirmed
that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the
ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

References

1. Babanejad M, Izadi N, Najafi F, Alavian SM: The HBsAg Prevalence among blood donors from Eastern
Mediterranean and Middle Eastern countries: a systematic review and meta-Analysis. Hepat Mon. 2016,
16:35664. 10.5812/hepatmon.35664

2. Tavakoli A, Moghoofei M, Mostafaei S, Ghaffari H, Monavari SH, Alavian SM: Prevalence of hepatitis B
surface antigen among hemodialysis patients from Middle Eastern countries: a systematic review and meta-
analysis. Future Virology. 2017, 12:309-318. 10.2217/fv1-2017-0035

3. Ghaderi-Zefrehi H, Gholami-Fesharaki M, Sharafi H, Sadeghi F, Alavian SM: The distribution of hepatitis C
virus genotypes in middle eastern countries: a systematic review and meta-analysis. Hepat Mon. 2016,
16:e40357. 10.5812/hepatmon.40357

4.  Ashkani-Esfahani S, Alavian SM, Salehi-Marzijarani M: Prevalence of hepatitis C virus infection among
hemodialysis patients in the Middle-East: a systematic review and meta-analysis. World ] Gastroenterol.
2017, 23:151-66. 10.3748/wjg.v23.i1.151

5. Gokengin D, Doroudi F, Tohme ], Collins B, Madani N: HIV/AIDS: trends in the Middle East and North
Africa region. Int ] Infect Dis. 2016, 44:66-73. 10.1016/}.1jid.2015.11.008

6. Mashragi F, Bernstein RS, Al-Mazroa M, et al.: HIV transmission at a Saudi Arabia hemodialysis unit. Clin
Infect Dis. 2014, 59:897-902. 10.1093/cid/ciu373

7. El Sayed NM, Gomatos PJ, Beck-Sagué CM, et al.: Epidemic transmission of human immunodeficiency virus

2023 Alkhalifah et al. Cureus 15(7): e41769. DOI 10.7759/cureus.41769 9of 11


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.5812/hepatmon.35664
https://dx.doi.org/10.5812/hepatmon.35664
https://dx.doi.org/10.2217/fvl-2017-0035
https://dx.doi.org/10.2217/fvl-2017-0035
https://dx.doi.org/10.5812/hepatmon.40357
https://dx.doi.org/10.5812/hepatmon.40357
https://dx.doi.org/10.3748/wjg.v23.i1.151
https://dx.doi.org/10.3748/wjg.v23.i1.151
https://dx.doi.org/10.1016/j.ijid.2015.11.008
https://dx.doi.org/10.1016/j.ijid.2015.11.008
https://dx.doi.org/10.1093/cid/ciu373
https://dx.doi.org/10.1093/cid/ciu373
https://dx.doi.org/10.1086/315167

Cureus

10.

11.

12.

13.

14.

15.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

in renal dialysis centers in Egypt. ] Infect Dis. 2000, 181:91-7. 10.1086/315167

Fabrizi F, Messa P: Transmission of hepatitis C virus in dialysis units: a systematic review of reports on
outbreaks. Int | Artif Organs. 2015, 38:471-80. 10.5301/ija0.5000437

Fabrizi F, Dixit V, Messa P, Martin P: Transmission of hepatitis B virus in dialysis units: a systematic review
of reports on outbreaks. Int ] Artif Organs. 2015, 38:1-7. 10.5301/ija0.5000376

Natov SN, Lau JY, Bouthot BA, et al.: Serologic and virologic profiles of hepatitis C infection in renal
transplant candidates. Am ] Kidney Dis. 1998, 31:920-7. 10.1053/ajkd.1998.v31.pm9631834

Cai G, Zheng H, Luo L, et al.: Factors correlating to the development of hepatitis C virus infection in
hemodialysis patients-findings mainly from Asiatic populations: a systematic review and meta-analysis. Int |
Environ Res Public Health. 2019, 16:10.3390/ijerph 16081453

Betjes MG: Immune cell dysfunction and inflammation in end-stage renal disease . Nat Rev Nephrol. 2013,
9:255-65. 10.1038/nrneph.2013.44

Harnett JD, Parfrey PS, Kennedy M, Zeldis JB, Steinman TI, Guttmann RD: The long-term outcome of
hepatitis B infection in hemodialysis patients. Am | Kidney Dis. 1988, 11:210-213. 10.1016/50272-
6386(88)80151-3

Eleftheriadis T, Pissas G, Antoniadi G, Liakopoulos V, Stefanidis I: Factors affecting effectiveness of
vaccination against hepatitis B virus in hemodialysis patients. World ] Gastroenterol. 2014, 20:12018-25.
10.3748/wjg.v20.i34.12018

Gasim GI, Bella A, Adam I: Immune response to hepatitis B vaccine among patients on hemodialysis . World |
Hepatol. 2015, 7:270-5. 10.4254/wjh.v7.i2.270

Buti M, Viladomiu L, Jardi R, et al.: Long-term immunogenicity and efficacy of hepatitis B vaccine in
hemodialysis patients. Am ] Nephrol. 1992, 12:144-7. 10.1159/0001684536

Goodkin DA, Bieber B, Gillespie B, Robinson BM, Jadoul M: Hepatitis C infection is very rarely treated
among hemodialysis patients. Am | Nephrol. 2013, 38:405-12. 10.1159/000355615

Goodkin DA, Bieber B: Hemodialysis patients with hepatitis C infection are not receiving the new antiviral
medications. Am ] Nephrol. 2015, 41:302. 10.1159/000432408

Lee CH, Hsieh SY, Chang CC, et al.: Hepatocellular carcinoma in hemodialysis patients. Oncotarget. 2017,
8:73154-61. 10.18632/oncotarget.17127

Fabrizi F, Dixit V, Messa P: Impact of hepatitis C on survival in dialysis patients: a link with cardiovascular
mortality?. | Viral Hepat. 2012, 19:601-7. 10.1111/j.1365-2893.2012.01633.x

Fabrizi F, Dixit V, Messa P: Hepatitis C virus and mortality among patients on dialysis: a systematic review
and meta-analysis. Clin Res Hepatol Gastroenterol. 2019, 43:244-54. 10.1016/j.clinre.2018.10.009

Fabrizi F, Messa P, Martin P: Hepatitis B virus infection and the dialysis patient . Semin Dial. 2008, 21:440-6.
10.1111/j.1525-139X.2008.00437.x

Sawinski D, Forde KA, Lo Re V 3rd, et al.: Mortality and kidney transplantation outcomes among hepatitis C
virus-seropositive maintenance dialysis patients: a retrospective cohort study. Am ] Kidney Dis. 2019,
73:815-26. 10.1053/j.ajkd.2018.11.009

Jack AD, Hall AJ, Maine N, Mendy M, Whittle HC: What level of hepatitis B antibody is protective?. ] Infect
Dis. 1999, 179:489-92. 10.1086/314578

Hadler SC, Francis DP, Maynard JE, et al.: Long-term immunogenicity and efficacy of hepatitis B vaccine in
homosexual men. N Engl ] Med. 1986, 315:209-14. 10.1056/NEJM198607243150401

Aljumah AA, Babatin M, Hashim A, Abaalkhail F, Bassil N, Safwat M, Sanai FM: Hepatitis B care pathway in
Saudi Arabia: Current situation, gaps and actions. Saudi ] Gastroenterol. 2019, 25:73-80.

10.4103/sjg.S]G 421 18

Alzahrani FM, Muzaheed, Shaikh SS, Alomar Al, Acharya S, Elhadi N: Prevalence of Hepatitis B Virus (HBV)
among blood donors in Eastern Saudi Arabia: results from a five-year retrospective study of HBV
seromarkers. Ann Lab Med. 2019, 39:81-5. 10.3343/alm.2019.39.1.81

Al Saran K, Sabry A, Hassan AH, Al Halawany Z: Evaluation of quality of care in a large Saudi Hemodialysis
Center (Prince Salman Center for Kidney Diseases, Riyadh, KSA). Ren Fail. 2011, 33:555-61.
10.3109/0886022X.2011.581402

Abou Rached A, El Khoury L, El Imad T, Geara AS, Jreijiry ], Ammar W: Incidence and prevalence of
hepatitis B and hepatitis C viruses in hemodialysis patients in Lebanon. World ] Nephrol. 2016, 5:101-7.
10.5527/wjn.v5.i1.101

Al Zabadi H, Rahal H, Fugaha R: Hepatitis B and C prevalence among hemodialysis patients in the West
Bank hospitals, Palestine. BMC Infect Dis. 2016, 16:41. 10.1186/s12879-016-1359-8

Djalalinia S, Ramezan Ghorbani N, Tajbakhsh R, et al.: Hepatitis B virus infection in Iranian hemodialysis
patients: a systematic review and meta-analysis. Iran ] Kidney Dis. 2018, 12:1-9.

Al Hijazat M, Ajlouni YM: Hepatitis B infection among patients receiving chronic hemodialysis at the Royal
Medical Services in Jordan. Saudi J Kidney Dis Transpl. 2008, 19:260-267.

Lioussfi Z, Errami Z, Radoui A, et al.: Viral hepatitis C and B among dialysis patients at the Rabat University
Hospital: prevalence and risk factors. Saudi ] Kidney Dis Transpl. 2014, 25:672-9. 10.4103/1319-2442.132236
Azzam A, Khaled H, Elbohy OA, et al.: Seroprevalence of hepatitis B virus surface antigen (HBsAg) in Egypt
(2000-2022): a systematic review with meta-analysis. BMC Infect Dis. 2023, 23:151. 10.1186/s12879-023-
08110-5

Elahi W, Syed AZ, Nasim F, Anwar A, Hashmi AA: Hepatitis B and C infections in patients with prolonged
hemodialysis secondary to chronic renal failure. Cureus. 2020, 12:€10905. 10.7759/cureus.10905

Almawi WY, Qadi AA, Tamim H, Ameen G, Bu-Ali A, Arrayid S, Abou Jaoude MM: Seroprevalence of
hepatitis C virus and hepatitis B virus among dialysis patients in Bahrain and Saudi Arabia. Transplant Proc.
2004, 36:1824-6. 10.1016/j.transproceed.2004.07.019

Almueilo SH: Evaluation of response to hepatitis B vaccination in chronic hemodialysis patients . Saudi J
Med Med Sci. 2017, 5:218-23. 10.4103/1658-631X.213302

Vogtldnder NP, Brown A, Valentijn RM, Rimmelzwaan GF, Osterhaus AD: Impaired response rates, but
satisfying protection rates to influenza vaccination in dialysis patients. Vaccine. 2004, 22:2199-201.
10.1016/j.vaccine.2003.11.046

2023 Alkhalifah et al. Cureus 15(7): e41769. DOI 10.7759/cureus.41769

10 of 11


https://dx.doi.org/10.1086/315167
https://dx.doi.org/10.5301/ijao.5000437
https://dx.doi.org/10.5301/ijao.5000437
https://dx.doi.org/10.5301/ijao.5000376
https://dx.doi.org/10.5301/ijao.5000376
https://dx.doi.org/10.1053/ajkd.1998.v31.pm9631834
https://dx.doi.org/10.1053/ajkd.1998.v31.pm9631834
https://dx.doi.org/10.3390/ijerph16081453
https://dx.doi.org/10.3390/ijerph16081453
https://dx.doi.org/10.1038/nrneph.2013.44
https://dx.doi.org/10.1038/nrneph.2013.44
https://dx.doi.org/10.1016/s0272-6386(88)80151-3
https://dx.doi.org/10.1016/s0272-6386(88)80151-3
https://dx.doi.org/10.3748/wjg.v20.i34.12018
https://dx.doi.org/10.3748/wjg.v20.i34.12018
https://dx.doi.org/10.4254/wjh.v7.i2.270
https://dx.doi.org/10.4254/wjh.v7.i2.270
https://dx.doi.org/10.1159/000168436
https://dx.doi.org/10.1159/000168436
https://dx.doi.org/10.1159/000355615
https://dx.doi.org/10.1159/000355615
https://dx.doi.org/10.1159/000432408
https://dx.doi.org/10.1159/000432408
https://dx.doi.org/10.18632/oncotarget.17127
https://dx.doi.org/10.18632/oncotarget.17127
https://dx.doi.org/10.1111/j.1365-2893.2012.01633.x
https://dx.doi.org/10.1111/j.1365-2893.2012.01633.x
https://dx.doi.org/10.1016/j.clinre.2018.10.009
https://dx.doi.org/10.1016/j.clinre.2018.10.009
https://dx.doi.org/10.1111/j.1525-139X.2008.00437.x
https://dx.doi.org/10.1111/j.1525-139X.2008.00437.x
https://dx.doi.org/10.1053/j.ajkd.2018.11.009
https://dx.doi.org/10.1053/j.ajkd.2018.11.009
https://dx.doi.org/10.1086/314578
https://dx.doi.org/10.1086/314578
https://dx.doi.org/10.1056/NEJM198607243150401
https://dx.doi.org/10.1056/NEJM198607243150401
https://dx.doi.org/10.4103/sjg.SJG_421_18
https://dx.doi.org/10.4103/sjg.SJG_421_18
https://dx.doi.org/10.3343/alm.2019.39.1.81
https://dx.doi.org/10.3343/alm.2019.39.1.81
https://dx.doi.org/10.3109/0886022X.2011.581402
https://dx.doi.org/10.3109/0886022X.2011.581402
https://dx.doi.org/10.5527/wjn.v5.i1.101
https://dx.doi.org/10.5527/wjn.v5.i1.101
https://dx.doi.org/10.1186/s12879-016-1359-8
https://dx.doi.org/10.1186/s12879-016-1359-8
http://www.ijkd.org/index.php/ijkd/article/view/3488/977
https://journals.lww.com/sjkd/Fulltext/2008/19020/Hepatitis_B_Infection_among_Patients_Receiving.20.aspx
https://dx.doi.org/10.4103/1319-2442.132236
https://dx.doi.org/10.4103/1319-2442.132236
https://dx.doi.org/10.1186/s12879-023-08110-5
https://dx.doi.org/10.1186/s12879-023-08110-5
https://dx.doi.org/10.7759/cureus.10905
https://dx.doi.org/10.7759/cureus.10905
https://dx.doi.org/10.1016/j.transproceed.2004.07.019
https://dx.doi.org/10.1016/j.transproceed.2004.07.019
https://dx.doi.org/10.4103/1658-631X.213302
https://dx.doi.org/10.4103/1658-631X.213302
https://dx.doi.org/10.1016/j.vaccine.2003.11.046
https://dx.doi.org/10.1016/j.vaccine.2003.11.046

Cureus

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Alsaffar WA, Alwesaibi AA, Alhaddad MJ, et al.: The effectiveness of COVID-19 vaccines in improving the
outcomes of hospitalized COVID-19 patients. Cureus. 2022, 14:e21485. 10.7759/cureus.21485
Rincon-Arevalo H, Choi M, Stefanski AL, et al.: Impaired humoral immunity to SARS-CoV-2 BNT162b2
vaccine in kidney transplant recipients and dialysis patients. Sci Immunol. 2021,
6:10.1126/sciimmunol.abj1031

Fabrizi F, Dixit V, Bunnapradist S, Martin P: Meta-analysis: the dialysis mode and immunological response
to hepatitis B virus vaccine in dialysis population. Aliment Pharmacol Ther. 2006, 23:1105-12.
10.1111/5.1365-2036.2006.02877.x

El-Charabaty E, Saifan C, Samarneh MM, El-Sayegh S: Variability in response to hepatitis B vaccine in
hemodialysis patients. ] Clin Med Res. 2015, 7:315-8. 10.14740/jocmr1999w

Ayub MA, Bacci MR, Fonseca FL, Chehter EZ: Hemodialysis and hepatitis B vaccination: a challenge to
physicians. Int ] Gen Med. 2014, 7:109-14. 10.2147/IJGM.S57254

Al Saran K, Sabry A, Al Halawany Z, Ismail M: Factors affecting response to hepatitis B vaccine among
hemodialysis patients in a large Saudi Hemodialysis Center. Saudi ] Kidney Dis Transpl. 2014, 25:185-91.
10.4103/1319-2442.124572

Ong KY, Wong HY, Khee GY: What is the hepatitis B vaccination regimen in chronic kidney disease? . Cleve
Clin ] Med. 2018, 85:32-4. 10.3949/ccjm.85a.17017

Karkar A, Abdelrahman M, Ghacha R, Malik TQ: Prevention of viral transmission in HD units: the value of
isolation. Saudi ] Kidney Dis Transpl. 2006, 17:183-188.

Harfouche M, Chemaitelly H, Mahmud S, Chaabna K, Kouyoumjian SP, Al Kanaani Z, Abu-Raddad LJ:
Epidemiology of hepatitis C virus among hemodialysis patients in the Middle East and North Africa:
systematic syntheses, meta-analyses, and meta-regressions. Epidemiol Infect. 2017, 145:3243-63.
10.1017/80950268817002242

Shobokshi OA, Serebour FE, Al-Drees AZ, Mitwalli AH, Qahtani A, Skakni LI: Hepatitis C virus
seroprevalence rate among Saudis. Saudi Med J. 2003, 24:581-6.

Borgia SM, Dearden ], Yoshida EM, et al.: Sofosbuvir/velpatasvir for 12 weeks in hepatitis C virus-infected
patients with end-stage renal disease undergoing dialysis. ] Hepatol. 2019, 71:660-5.
10.1016/j.jhep.2019.05.028

Cheema SU, Rehman MS, Hussain G, Cheema SS, Gilani N: Efficacy and tolerability of sofosbuvir and
daclatasvir for treatment of hepatitis C genotype 1 & 3 in patients undergoing hemodialysis-a prospective
interventional clinical trial. BMC Nephrol. 2019, 20:438. 10.1186/s12882-019-1631-4

Miyasaka A, Yoshida Y, Murakami A, Hoshino T, Sawara K, Numao H, Takikawa Y: Safety and efficacy of
glecaprevir and pibrentasvir in north Tohoku Japanese patients with genotype 1/2 hepatitis C virus
infection. Health Sci Rep. 2022, 5:e458. 10.1002/hsr2.458

Droc G, Istrate M, Mercan-Stanciu A, et al.: Safety and efficacy of direct-acting antiviral therapies for
chronic HCV infection in hemodialysis patients. In Vivo. 2022, 36:2918-22. 10.21873/invivo.13033

Martin P, Awan AA, Berenguer MC, et al.: Executive summary of the KDIGO 2022 clinical practice guideline
for the prevention, diagnosis, evaluation, and treatment of hepatitis C in chronic kidney disease. Kidney Int.
2022, 102:1228-37. 10.1016/j.kint.2022.07.012

Alsughayyir ], Almalki Y, Alburayk [, et al.: Prevalence of transfusion-transmitted infections in Saudi Arabia
blood donors: a nationwide, cross-sectional study. Saudi Med J. 2022, 43:1363-72.
10.15537/smj.2022.43.12.20220634

Al-Sheikh H, Al-Sunaid M, Alrajhi AA: HIV-associated nephropathy in Saudi Arabia. Ann Saudi Med. 2013,
33:347-50. 10.5144/0256-4947.2013.347

Moini M, Ziyaeyan M, Aghaei S, et al.: Hepatitis C virus (HCV) infection rate among seronegative
hemodialysis patients screened by two methods: HCV core antigen and polymerase chain reaction. Hepat
Mon. 2013, 13:e9147. 10.5812/hepatmon.9147

El-Sherif A, Elbahrawy A, Aboelfotoh A, et al.: High false-negative rate of anti-HCV among Egyptian
patients on regular hemodialysis. Hemodial Int. 2012, 16:420-7. 10.1111/j.1542-4758.2011.00662.x
Conjeevaram HS, Lok AS: Occult hepatitis B virus infection: a hidden menace? . Hepatology. 2001, 34:204-6.
10.1053/jhep.2001.25225

Abu El Makarem MA, Abdel Hamid M, Abdel Aleem A, et al.: Prevalence of occult hepatitis B virus infection
in hemodialysis patients from egypt with or without hepatitis C virus infection. Hepat Mon. 2012, 12:253-8.
10.5812/hepatmon.665

Eslami N, Poortahmasebi V, Sadeghi ], Ghotaslou R, Niknafs B, Bannazadeh Baghi H, Ahangar Oskouee M:
Occult hepatitis b infection among hemodialysis in Tabriz, northwest of Iran: prevalence and mutations
within the S region. Can J Infect Dis Med Microbiol. 2022, 2022:3838857. 10.1155/2022/3838857

2023 Alkhalifah et al. Cureus 15(7): e41769. DOI 10.7759/cureus.41769

11 0of 11


https://dx.doi.org/10.7759/cureus.21485
https://dx.doi.org/10.7759/cureus.21485
https://dx.doi.org/10.1126/sciimmunol.abj1031
https://dx.doi.org/10.1126/sciimmunol.abj1031
https://dx.doi.org/10.1111/j.1365-2036.2006.02877.x
https://dx.doi.org/10.1111/j.1365-2036.2006.02877.x
https://dx.doi.org/10.14740/jocmr1999w
https://dx.doi.org/10.14740/jocmr1999w
https://dx.doi.org/10.2147/IJGM.S57254
https://dx.doi.org/10.2147/IJGM.S57254
https://dx.doi.org/10.4103/1319-2442.124572
https://dx.doi.org/10.4103/1319-2442.124572
https://dx.doi.org/10.3949/ccjm.85a.17017
https://dx.doi.org/10.3949/ccjm.85a.17017
https://journals.lww.com/sjkd/Fulltext/2006/17020/Prevention_of_Viral_Transmission_in_Hd_Units__The.9.aspx
https://dx.doi.org/10.1017/S0950268817002242
https://dx.doi.org/10.1017/S0950268817002242
https://pubmed.ncbi.nlm.nih.gov/12897907/
https://dx.doi.org/10.1016/j.jhep.2019.05.028
https://dx.doi.org/10.1016/j.jhep.2019.05.028
https://dx.doi.org/10.1186/s12882-019-1631-4
https://dx.doi.org/10.1186/s12882-019-1631-4
https://dx.doi.org/10.1002/hsr2.458
https://dx.doi.org/10.1002/hsr2.458
https://dx.doi.org/10.21873/invivo.13033
https://dx.doi.org/10.21873/invivo.13033
https://dx.doi.org/10.1016/j.kint.2022.07.012
https://dx.doi.org/10.1016/j.kint.2022.07.012
https://dx.doi.org/10.15537/smj.2022.43.12.20220634
https://dx.doi.org/10.15537/smj.2022.43.12.20220634
https://dx.doi.org/10.5144/0256-4947.2013.347
https://dx.doi.org/10.5144/0256-4947.2013.347
https://dx.doi.org/10.5812/hepatmon.9147
https://dx.doi.org/10.5812/hepatmon.9147
https://dx.doi.org/10.1111/j.1542-4758.2011.00662.x
https://dx.doi.org/10.1111/j.1542-4758.2011.00662.x
https://dx.doi.org/10.1053/jhep.2001.25225
https://dx.doi.org/10.1053/jhep.2001.25225
https://dx.doi.org/10.5812/hepatmon.665
https://dx.doi.org/10.5812/hepatmon.665
https://dx.doi.org/10.1155/2022/3838857
https://dx.doi.org/10.1155/2022/3838857

	Prevalence of Hepatitis B Virus, Hepatitis C Virus, and HIV Infections in Hemodialysis Patients at Kano Kidney Center
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Results
	TABLE 1: Patient Demographics (n = 239)
	TABLE 2: Dialysis History of Patients (n = 239)
	FIGURE 1: HBV Statuses in 239 ESRD Hemodialysis Patients
	FIGURE 2: Outcomes of HCV Infections in 239 ESRD Hemodialysis Patients
	TABLE 3: HBV, HCV, and HIV Investigations of Patients (n = 239)
	TABLE 4: Comparison between Patients with Chronic HBV Infection and Patients with no Current HBV Infection (n = 239)
	TABLE 5: Comparison between Patients with Prior or Active HCV Infection and Patients with no Evidence of Previous HCV Infection (n = 239)

	Discussion
	HBV infection in hemodialysis patients
	HCV infection in hemodialysis patients
	HIV infection in hemodialysis patients
	Study limitations

	Conclusions
	Additional Information
	Disclosures

	References


