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�ŽŶƚĞǆƚ
In South Africa, human immunodeficiency virus (HIV) infection remains a leading healthcare 
concern. In 2016, it was estimated that approximately 7 million people are infected (according to 
STATS SA). Of these 7 million HIV-infected patients, only 70.7% (~5.3 million) of patients are 
currently receiving combined antiretroviral therapy (ART).1

HIV infection leads to widespread immunological and subsequent organ dysfunction. End-
stage kidney disease (ESKD) in HIV infection has been attributed to a number of causes 
(Table 1) including HIV-mediated renal damage, exposure to nephrotoxic agents including 
tenofovir disoproxil fumarate and the presence of opportunistic infections. In patients on 
ART, with a reduction in opportunistic infections, there is a concomitant increased prevalence 
of non-communicable diseases including diabetes mellitus and hypertension.2,3,4

Background: In South Africa it is estimated that 7.9 million people are living with human 
immunodeficiency virus (HIV). HIV is associated with an increased risk of kidney disease. 
For people living with HIV (PLWH) who develop end-stage kidney disease (ESKD), access 
to renal replacement therapy can be difficult. Kidney transplantation is a cost-effective 
option, with improved overall survival and better quality of life. In Johannesburg, the 
eligibility criteria for kidney transplantation include a sustained CD4+ T-cell count of > 200 
cells/µL and suppressed HIV replication. 

Objective: To investigate the influence of haemodialysis on the lymphocyte subsets in PLWH 
with ESKD. In addition, all available %CD4+ T-cell counts, absolute CD4+ T-cell counts and 
viral load measurements were collected to assess the longitudinal trends of these measurements 
in PLWH with ESKD.

Methods: This was a cross-sectional study comparing two groups. The HIV-infected study 
participants (n = 17) and HIV-uninfected controls (n = 17) were recruited from renal dialysis 
centres in Johannesburg from 2017 to 2018. Demographic data and social data were collected 
from all the study participants (n = 17). Blood samples were collected from all the study 
participants (before and after a haemodialysis session), and the lymphocyte subsets were then 
measured. The available longitudinal data for the serial CD4+ T-cell counts and HIV viral loads 
were collected (n = 14).

Results: Our cohort showed a statistically significant increase in the post-dialysis percentage 
of CD4+ T cells (5%, p < 0.001) and the absolute CD4+ T-cell counts (21 cells/µL, p < 0.03). The 
longitudinal trend analysis for the percentage of CD4+ T cells revealed a significant increase in 
five participants (36%), and a single patient (7%) had a significant decrease in the longitudinal 
trend analysis for the absolute CD4+ T-cell counts. The longitudinal trend analysis for HIV 
viral load revealed the majority of our participants were not virologically suppressed. 

Conclusion: This study showed that haemodialysis does not have an immediate negative 
impact on CD4+ T-cell count, suggesting that immunologic recovery is not impeded by 
treatment of the underlying ESKD.

Keywords: CD4 T-cell count; hemodilaysis; transplantation; infectious diseases; HIV.
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Renal replacement therapy (RRT) for patients with ESKD 
comprises two modalities – kidney transplantation and 
chronic dialysis therapy, which can be either haemodialysis 
or peritoneal dialysis.

Chronic dialysis therapy is expensive for multiple reasons. At 
a health system level, the provision of chronic dialysis services 
requires highly trained medical professionals, expensive 
equipment that needs maintenance, high-volume 
consumables, water purification systems (for haemodialysis) 
and a dedicated space for dialysis that has access to in-hospital 
services.5 For the individual with ESKD, chronic dialysis 
requires regular monitoring of critical indices with blood 
tests, expensive pharmacotherapeutics such as parenteral iron 
and erythropoietin and creatinine and ongoing patency of 
access for dialysis, either with a peritoneal catheter or with 
vascular access for haemodialysis. This adds substantial cost 
for healthcare providers (whether state or private) and, when 
not funded, can be passed on to individuals as ‘out-of-pocket’ 
expenses. These dialysis-related expenses occur in addition to 
the costs of treating additional comorbidities such as 
hypertension, diabetes and HIV infection.6

Limited haemodialysis slots are available for patients with 
ESKD.7 In South Africa, access to RRT is disparate, with 189 
slots for renal dialysis per million population overall, but only 
71.9 per million population available to the public sector.7 
Currently no national policy is available regulating access to 
RRT in South Africa. A recent audit conducted in the Western 
Cape revealed that, of all the patients receiving dialysis, only 
10% were people living with HIV (PLWH).8 In view of these 
limitations, kidney transplantation is an attractive option. 
Kidney transplantation is a curative therapy that prolongs life 
in patients with ESKD and is more cost-effective even in 
complicated cases with high levels of sensitisation.9,10

Kidney transplantation in PLWH has shown improved 
overall survival outcomes when compared to PLWH on 
chronic haemodialysis.11 Morbidity and mortality data also 
suggest that outcomes after renal transplantation are similar 

in HIV-infected and -uninfected patients.12,13 In South Africa, 
HIV infection was previously considered a contraindication 
for both chronic haemodialysis and renal transplantation, but 
this policy has been revised (after 2009).14 This is in line with 
regulations internationally including the 2013 United States 
HIV Organ Policy Equity Act.15 This law also authorised the 
use of HIV-infected organs for transplantation in PLWH. In 
South Africa, the outcomes in PLWH undergoing kidney 
transplantation are equivalent to those seen in other studies 
for both HIV-infected and -uninfected donor pools. Some 
centres in South Africa have begun utilising organs from HIV-
infected deceased donors, with 100% 1-year graft survival.14

 The Wits Donald Gordon Kidney Transplant programme is 
one of the largest national programmes. Listing of PLWH as 
recipients commenced in Johannesburg in 2014. The current 
guidelines for eligibility for deceased-donor kidney 
transplantation in an HIV-infected individual in the 
Johannesburg transplant program include stable ART with 
good adherence for the past 6 months, absence of acquired 
immunodeficiency syndrome (AIDS)-defining illnesses, 
CD4+ T-cell counts of > 200 cells/µL for 6 months and 
undetectable viral load for more than 6 months.16

The CD4+ T-cell count is an important risk predictor of patients 
undergoing transplantation. Patients with absolute CD4+ T-cell 
count of < 200 cells/µL are at an increased risk of opportunistic 
infections, have a higher post-transplant rejection rate and 
present with delayed CD4+ T-cell count recovery after the 
procedure.17 Although HIV infection is the primary driver of the 
reduced CD4+ T-cell count in PLWH, other factors may also 
impact the peri-transplant immune status of patients including 
the use of chronic haemodialysis. Previous studies, examining 
the impact of haemodialysis on leucocyte counts and leucocyte 
subsets, have been performed in the past on HIV-uninfected 
cohorts. The findings of these studies are contradictory. 
Generally, they showed consistently decreased levels of CD3+, 
CD4+ and CD8+ T cells. However, these measurements were 
taken at various intervals between haemodialysis and not 
immediately post-dialysis.11 These studies postulated that direct 
contact between lymphocytes and dialyser membranes could 
result in activation of lymphocytes with subsequent apoptosis.11,12

A concern, therefore, exists that chronic haemodialysis could 
reduce CD4+ T-cell count, especially in PLWH, and this 
would impact their eligibility for the deceased donor list. The 
aim of this study was to measure immediate and ongoing 
T-cell counts and T-cell subsets to evaluate the immediate 
influence of haemodialysis on the lymphocyte subsets in 
PLWH having ESKD receiving chronic haemodialysis.

�ĞƐŝŐŶ
This was a cross-sectional study that compared two groups at 
the same time. The study participants (n = 17) included all 
eligible HIV-infected adults with ESKD receiving chronic 
haemodialysis (three sessions a week, each lasting ~4 hours), 
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irrespective of their treatment regimens, immunological or 
virological parameters. Informed consent was obtained from 
the study participants and the controls. Patients were 
excluded only if they refused or were otherwise unable to 
give consent.

The study participants were recruited from both the public 
and private sector including the Helen Joseph Hospital 
(Johannesburg, South Africa), the Chris Hani Baragwanath 
Hospital (Johannesburg, South Africa), the Charlotte 
Maxeke Johannesburg Academic Hospital (Johannesburg, 
South Africa) and the Donald Gordon Medical Centre 
(Johannesburg, South Africa).

Demographic and clinical information were collected, 
including the presence of comorbid diseases, drug history, 
social habits, the presence of chronic infections, the 
underlying cause for ESKD and the ART regimen. All 
available (14 of 17 participants) CD4+ T-cell counts and HIV 
viral loads were documented.

Prior to taking blood samples, the study participants were 
matched 1:1 with HIV-uninfected patients having ESKD 
receiving chronic haemodialysis. The control group was 
selected at each site where the study participants were 
selected. Controls were selected based on the criteria needed 
to match them with the HIV-infected group. They were 
matched with the HIV-infected group for age, sex and body 
mass index (BMI).

Vascular access was established immediately prior to 
haemodialysis. Peripheral whole blood samples were 
collected with a needle and a syringe and placed in a 4.5 mL 
EDTA tube. Haemodialysis was initiated and continued 
for 4 hours. A second whole blood sample was collected 
with a needle and syringe within 10 min after the end of 
dialysis and placed in a 4.5 mL EDTA tube. The samples 
were transported at room temperature to the laboratory 
within 24 h of collection.

All CD4+ T-cell counts were analysed by flow cytometry. 
Briefly, 100 µL of whole blood was incubated for 10 min 
in an automated T-Q-Prep machine (Beckman Coulter, 
Berea, CA, USA) with 5 µL Cyto stat tetra CHROMETM 
CD45 (fluorescein isothiocyanate (FITC))/CD4(RD1)/
CD8(ECD)/CD3 (PC-5) monoclonal antibody (Beckman 
Coulter Ireland Inc). During the incubation period, a 
stabiliser, lysing agent and fixative were added. Flow count 
beads of 100 µL (Beckman Coulter) were then added to the 
lysate and analysed on a Beckman-Coulter FC500-MPL flow 
cytometer on a 4-colour T-cell protocol. Absolute T-cell 
numbers were then calculated using the total white cell count 
(WCC), and the percentage of lymphocytes and the 
percentage of CD3 or CD4 or CD8 cells were also calculated 
and expressed as both an absolute number (cells/µL) and a 
percentage of WCC.18 The CD4+ T-cell count was compared 
using the laboratory-determined reference range. In four 
study participants, only CD4+ T-cell counts could be 
performed.

A normality test (D’Agostino & Pearson normality test) was 
applied to the data set, and all continuous variables 
(including the CD4+ T-cell count) were expressed as a 
median and interquartile range. Comparisons between pre- 
and post-dialysis parameters were performed using a paired 
student’s t test.

The longitudinal trend analysis of the absolute CD4 counts, 
the percentage of CD4 cells and the viral loads were analysed 
using a time series where possible.

All the statistical data were analysed using Graph Pad Prism 
7.05. A p-value of < 0.05 was considered significant for these 
analyses.

�ƚŚŝĐĂů�ĐŽŶƐŝĚĞƌĂƟŽŶ
Ethical approval was obtained from the Human Research 
Ethics Committee of the University of the Witwatersrand 
(reference number: M170858).

ZĞƐƵůƚƐ
A total of 17 participants and 17 controls were included in 
this study. The controls were matched for age, sex and BMI to 
the participants. All the study participants were diagnosed 
with ESKD and were receiving RRT by means of chronic 
haemodialysis (three sessions per week, and each session 
lasting ~4 hours).

Renal biopsies had not been performed in most participants 
(2 of 17; 11%); and in the majority of cases (15 of 17; 88%), the 
cause of renal failure was inferred from the patient’s medical 
records. The most common cause for ESKD was stated as 
hypertension (82%). Most of the study participants had 
uncontrolled hypertension. Two patients had (renal biopsy 
confirmed) HIV-associated nephropathy (2%) and one patient 
had renal failure as a result of ethylene glycol overdose (1%). 

All HIV-infected patients were treated with first-line ART 
regimen at doses adjusted for kidney failure. All HIV-infected 
participants had received a GeneXpert (Cepheid, Sunnyvale) 
test for Mycobacterium tuberculosis prior to the commencement 
of haemodialysis. Only a single patient had hepatitis B virus 
co-infection. The socio-demographic details are summarised 
in Table 2.

Leucocyte count and T-cell subsets were measured 
immediately before and after a single session of haemodialysis 
for the study controls and the study participants. These 
results are summarised in Tables 3 and 4.

For the HIV-uninfected study controls, the following pre-
dialysis parameters were less than the normal reference 
ranges: total leucocyte count (5.9%), absolute CD4+ T-cell 
count (29%) and the absolute CD8+ T-cell count (23%). In 
addition, the following post-dialysis parameters were less 
than the normal reference ranges used: absolute CD4+ 
T-cell count (23%) and the absolute CD8+ T-cell count 
(38%; Table 3).
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All the study participants’ total leukocyte counts, absolute 
CD3+ T-cell counts and the absolute CD8+ T-cell counts 
were within the normal laboratory reference range for 
adults. The pre-dialysis absolute CD4+ T-cell count was 
lower than the normal laboratory reference range in eight 
HIV-infected patients (47%), and two patients had an 
absolute CD4+ T-cell count of < 200 cells/µL. The post-
dialysis absolute CD4+ T-cell counts were lower than the 
normal reference range in six (35%) of the HIV-infected 
patients. Only one patient presented with an absolute 

CD4+ T-cell count of < 200 cells/µL (Table 4). See Table 5 for 
reference ranges. 

For the study participants, no statistically significant change 
was observed in the total leukocyte count (t = 0.5178, 
p = 0.612), the T-cells (CD3+ cells) as a percentage of the 
lymphocyte count. (t = 1.609, p = 0.142) or the absolute 
CD3+ T-cell count (t = 0.122, p = 0.901) after haemodialysis. 
A statistically significant increase was noted in the post-
dialysis CD4+ T cells as a percentage of lymphocytes (t = 

d��>��Ϯ͗�^ŽĐŝŽͲĚĞŵŽŐƌĂƉŚŝĐ�ĂŶĚ�ĐĂƚĞŐŽƌŝĐĂů�ǀĂƌŝĂďůĞƐ�ŽĨ�ƚŚĞ�ƐƚƵĚǇ�ƉĂƌƟĐŝƉĂŶƚƐ͘
^ŽĐŝŽͲĚĞŵŽŐƌĂƉŚŝĐƐ ^ƚƵĚǇ�ƉĂƌƟĐŝƉĂŶƚƐ�;n�с�ϭϳͿ �ŽŶƚƌŽů�ŐƌŽƵƉ�;n�с�ϭϳͿ

DĞĚŝĂŶ IQR n % DĞĚŝĂŶ IQR n %

�ŐĞ�ŝŶ�ǇĞĂƌƐ ϯϴ ϯϱʹϰϮ Ͳ Ͳ ϯϴ� ϯϱʹϰϮ Ͳ Ͳ
BMI Ϯϱ ϮϭʹϮϱ Ͳ Ͳ Ϯϱ ϮϭʹϮϱ Ͳ Ͳ
�ƵƌĂƟŽŶ�ŽĨ��Zd�ƚƌĞĂƚŵĞŶƚ�ǇĞĂƌƐ� 5 ϯʹϱ Ͳ Ͳ Ϭ Ϭ Ͳ Ͳ
�ƵƌĂƟŽŶ�ŽĨ�ŚĂĞŵŽĚŝĂůǇƐŝƐ�ŝŶ�ǇĞĂƌƐ ϯ ϯʹϰ Ͳ Ͳ ϲ ϯʹϲ Ͳ Ͳ
^Ğǆ
DĂůĞ Ͳ Ͳ ϵ ϱϯ Ͳ Ͳ ϵ ϱϯ
&ĞŵĂůĞ Ͳ Ͳ ϴ� ϰϳ Ͳ Ͳ ϴ ϰϳ
�ŽŵŽƌďŝĚŝƟĞƐ�
,ǇƉĞƌƚĞŶƐŝŽŶ Ͳ Ͳ ϭϳ ϭϬϬ Ͳ Ͳ ϭϲ ϵϰ
�ŝĂďĞƚĞƐ�ŵĞůůŝƚƵƐ Ͳ Ͳ Ϭ Ϭ Ͳ Ͳ ϭ ϲ
^ŽĐŝĂů�ŚŝƐƚŽƌǇ�
ZĞƉŽƌƚĞĚ�ƐŵŽŬŝŶŐ Ͳ Ͳ Ϭ Ϭ Ͳ Ͳ Ϭ Ϭ
ZĞƉŽƌƚĞĚ�ĂůĐŽŚŽů�ƵƐĞ Ͳ Ͳ Ϭ Ϭ Ͳ Ͳ Ϭ Ϭ
ZĞƉŽƌƚĞĚ�ƌĞĐƌĞĂƟŽŶĂů�ĚƌƵŐ�ƵƐĞ Ͳ Ͳ Ϭ Ϭ Ͳ Ͳ Ϭ Ϭ
�ŚƌŽŶŝĐ�ŝŶĨĞĐƟŽŶƐ�
Mycobacterium tuberculosis Ͳ Ͳ Ϭ Ϭ Ͳ Ͳ Ϭ Ϭ
,ĞƉĂƟƟƐ�� Ͳ Ͳ ϭ Ϭ͘ϭ Ͳ Ͳ Ϭ Ϭ
�ĂƵƐĞ�ĨŽƌ�ƌĞŶĂů�ĨĂŝůƵƌĞ
,ǇƉĞƌƚĞŶƐŝŽŶ Ͳ Ͳ ϭϰ ϴϮ Ͳ Ͳ ϭϲ ϵϰ
�ŝĂďĞƚĞƐ�ŵĞůůŝƚƵƐ Ͳ Ͳ Ϭ Ϭ Ͳ Ͳ ϭ ϲ
,/s�E Ͳ Ͳ Ϯ ϭϮ Ͳ Ͳ Ϭ Ϭ
KƚŚĞƌ Ͳ Ͳ ϭ Ϭ͘ϭ Ͳ Ͳ Ϭ Ϭ

�D/͕�ďŽĚǇ�ŵĂƐƐ�ŝŶĚĞǆ͖��Zd͕ �ĂŶƟƌĞƚƌŽǀŝƌĂů�ƚŚĞƌĂƉǇ͖�,/s�E͕�,/sͲĂƐƐŽĐŝĂƚĞĚ�ŶĞƉŚƌŽƉĂƚŚǇ͖�/YZ͕�ŝŶƚĞƌƋƵĂƌƟůĞ�ƌĂŶŐĞ͘

d��>��ϯ͗�DĞĂƐƵƌĞĚ�ƉĂƌĂŵĞƚĞƌƐ�ŽĨ�ƚŚĞ�ƐƚƵĚǇ�ĐŽŶƚƌŽůƐ͘
sĂƌŝĂďůĞƐ t���;п�ϭϬΔϵͬ>Ϳ %�ŽĨ���ϯн�ĐĞůůƐ�

ůǇŵƉŚŽĐǇƚĞƐ
�ďƐŽůƵƚĞ���ϯ��
ĐŽƵŶƚ�;ĐĞůůƐͬђ>Ϳ

%�ŽĨ���ϰнdĐĞůůƐ� �ďƐŽůƵƚĞ���ϰ��
ĐŽƵŶƚ�;ĐĞůůƐͬђ>Ϳ

%�ŽĨ���ϴн�d�ĐĞůůƐ �ďƐŽůƵƚĞ���ϴ�ĐĞůůƐ�
;ĐĞůůƐͬђ>Ϳ

WƌĞͲ
ĚŝĂůǇƐŝƐ

WŽƐƚͲ
ĚŝĂůǇƐŝƐ

WƌĞͲ
ĚŝĂůǇƐŝƐ

WŽƐƚͲ
ĚŝĂůǇƐŝƐ

WƌĞͲ
ĚŝĂůǇƐŝƐ

WŽƐƚͲ
ĚŝĂůǇƐŝƐ

WƌĞͲ
ĚŝĂůǇƐŝƐ

WŽƐƚͲ
ĚŝĂůǇƐŝƐ

WƌĞͲ
ĚŝĂůǇƐŝƐ

WŽƐƚͲ
ĚŝĂůǇƐŝƐ

WƌĞͲ
ĚŝĂůǇƐŝƐ

WŽƐƚͲ
ĚŝĂůǇƐŝƐ

WƌĞͲ
ĚŝĂůǇƐŝƐ

WŽƐƚͲ
ĚŝĂůǇƐŝƐ

ϭ ϰ͘Ϭϳ ϰ͘ϯϯ ϳϵ͘ϴ ϴϬ͘ϳ ϵϵϬ ϭϬϭϭ Ϯϵ͘ϰ ϯϬ͘ϱ Ϯϵϭ ϯϬϵ ϯϴ͘ϴ ϯϵ͘ϯ ϯϴϰ ϯϵϳ
Ϯ ϯ͘ϳϭ ϰ͘ϱϳ ϴϭ͘ϭ ϴϮ͘ϭ ϭϭϴϰ ϭϯϵϱ ϰϯ͘ϱ ϱϬ ϱϭϱ ϲϵϴ ϮϬ͘Ϯ ϭϴ͘ϰ Ϯϯϵ Ϯϱϳ
ϯ ϯ͘ϱϭ ϯ͘ϰϲ ϳϮ͘ϱ ϳϰ͘ϯ ϰϬϯ ϭϬϮϯ ϯϵ͘ϲ ϰϰ͘ϲ ϰϬϰ ϰϱϲ ϭϱ͘ϰ ϭϲ͘ϯ ϭϱϳ ϭϲϳ
4 ϯ͘Ϯϭ ϯ͘ϲϴ ϴϯ͘ϱ ϴϯ͘ϳ ϳϬϮ ϲϭϵ ϰϱ͘ϵ ϰϳ͘ϴ ϯϮϮ Ϯϵϲ Ϯϯ͘ϰ ϮϬ͘ϵ ϭϳϬ ϭϮϵ
5 ϴ͘ϮϬ ϱ͘ϱϲ ϲϵ͘ϰ ϳϰ͘ϳ ϭϵϴϯ ϭϵϯϬ ϰϯ͘ϰ ϰϴ͘ϴ ϴϲϭ ϵϰϮ Ϯϰ͘ϰ Ϯϯ͘Ϭ ϰϴϯ 444
ϲ ϭ͘ϱϭ ϭ͘ϴϳ ϲϳ͘ϱ ϳϰ͘Ϭ ϲϳϴ ϱϵϮ ϯϱ͘ϳ ϯϳ͘ϭ ϮϰϮ ϮϮϬ ϯϭ͘ϱ Ϯϴ͘ϭ Ϯϭϰ ϭϲϳ
ϳ ϰ͘ϳϲ ϰ͘ϭϮ ϳϱ͘ϲ ϳϱ͘ϲ ϭϮϴϬ ϭϭϮϱ ϰϰ͘ϳ ϰϳ͘ϳ ϱϳϯ ϱϯϳ ϯϱ͘ϳ ϯϰ͘ϵ ϰϱϳ ϯϵϯ
*ϴ ϱ͘Ϭϲ ϯ͘ϴϬ Ͳ Ͳ Ͳ Ͳ ϯϲ͘Ϯ ϰϭ͘ϲ ϰϮϰ ϰϳϲ Ͳ Ͳ Ͳ Ͳ
*ϵ ϯ͘ϭϴ ϯ͘Ϯϯ Ͳ Ͳ Ͳ Ͳ ϰϰ͘ϲ ϰϰ͘ϳ ϰϯϮ ϰϰϮ Ͳ Ͳ Ͳ Ͳ
*ϭϬ ϱ͘ϱϱ ϱ͘ϰϭ Ͳ Ͳ Ͳ Ͳ ϰϲ͘ϰ ϱϰ͘ϳ ϰϲϱ ϰϵϴ Ͳ Ͳ Ͳ Ͳ
*ϭϭ ϯ͘ϳϰ ϰ͘ϯϯ Ͳ Ͳ Ͳ Ͳ ϰϲ͘ϳ ϱϯ͘ϯ Ϯϯϲ ϯϲϯ Ͳ Ͳ Ͳ Ͳ
ϭϮ ϯ͘ϵϯ ϰ͘ϴϳ ϳϱ͘ϲ ϳϵ͘ϵ ϵϳϳ ϴϬϲ ϯϰ͘ϱ ϱϮ͘ϵ ϯϯϳ ϰϮϳ ϯϬ͘ϭ Ϯϯ͘Ϯ Ϯϵϰ ϭϴϳ
ϭϯ ϰ͘ϳϬ ϰ͘ϲϯ ϳϴ͘ϴ ϴϬ͘ϯ ϲϬϲ ϱϲϰ ϯϱ͘ϵ ϰϳ͘ϭ Ϯϭϴ Ϯϲϱ Ϯϯ͘ϲ Ϯϭ͘ϭ ϭϰϯ ϭϭϵ
ϭϰ ϱ͘ϯϮ ϱ͘ϭϴ ϳϭ͘ϱ ϴϭ͘ϭ ϭϮϵϬ ϳϰϯ ϱϭ͘ϭ ϱϯ͘Ϯ ϲϱϵ ϯϵϱ Ϯϯ͘Ϯ ϮϮ͘Ϭ Ϯϵϵ ϭϲϯ
ϭϱ ϯ͘ϲϭ ϯ͘ϳϱ ϳϰ͘ϭ ϳϯ͘ϴ ϴϰϰ ϵϬϰ ϰϱ͘Ϯ ϰϱ͘ϱ ϯϴϮ ϰϭϮ ϭϱ͘ϵ ϭϵ͘ϳ ϭϯϰ ϭϳϴ
ϭϲ ϱ͘Ϭϭ ϰ͘ϭϲ ϳϭ͘ϵ ϳϳ͘ϯ ϱϴϳ ϭϲϱϮ ϯϭ͘ϯ ϱϮ͘ϱ Ϯϲϴ ϴϲϴ Ϯϭ͘ϴ ϮϮ͘Ϭ ϮϳϮ ϯϲϰ
ϭϳ Ϯ͘ϳϴ Ϯ͘ϬϮ ϳϲ͘ϱ ϳϯ͘Ϯ ϳϳϵ ϰϵϬ ϰϰ͘ϴ ϱϬ͘ϰ ϯϰϵ Ϯϰϳ Ϯϯ͘ϵ Ϯϭ͘ϲ ϭϴϲ ϭϬϲ
DĞĂŶ� ϰ͘Ϯϰ ϰ͘Ϭϱ ϳϲ͘ϵ ϳϱ͘ϳ ϵϰϲ ϵϵϴ ϰϭ͘ϭ ϰϳ͘Ϯ ϰϭϬ ϰϲϭ Ϯϱ͘Ϯ Ϯϯ͘ϵ Ϯϲϰ Ϯϯϲ
SD ϭ͘ϱϬ ϭ͘Ϭϯ ϱ͘ϳ ϱ͘ϳ ϰϭϲ ϰϰϭ ϲ͘Ϯ ϲ͘ϯ ϭϲϴ ϮϬϰ ϳ͘Ϭϭ ϲ͘ϱ ϭϭϲ ϭϮϬ

t��͕�ǁŚŝƚĞ�ĐĞůů�ĐŽƵŶƚ͘



WĂŐĞ�ϱ�ŽĨ�ϵ KƌŝŐŝŶĂů�ZĞƐĞĂƌĐŚ

ŚƩƉ͗ͬͬǁǁǁ͘ƐĂũŚŝǀŵĞĚ͘ŽƌŐ͘ǌĂ KƉĞŶ��ĐĐĞƐƐ

7.106, p = 0.001) as well as the absolute CD4+ T-cell count 
counts (t = 2.371, p = 0.032). A statistically significant decrease 
in the post-dialysis percentage of the CD8+ T cells (t = 3.212, 
p = 0.008) was found (Figure 1).

&ŝŐƵƌĞ�ϭ͗�DĞĂƐƵƌĞĚ�ƉĂƌĂŵĞƚĞƌƐ�ŽĨ�ƐƚƵĚǇ�
ƉĂƌƟĐŝƉĂŶƚƐ�ƉƌĞͲ�ĂŶĚ�ƉŽƐƚͲĚŝĂůǇƐŝƐ
For the study controls, the percentage of CD4+ T cells was 
the only immunological parameter to show a statistically 
significant increase after haemodialysis (t = 4.195, p = 0.001). 

The other measured parameters revealed no statistically 
significant change (Figure 2). 

&ŝŐƵƌĞ�Ϯ͗�DĞĂƐƵƌĞĚ�ƉĂƌĂŵĞƚĞƌƐ�ŽĨ�ƐƚƵĚǇ�
ĐŽŶƚƌŽůƐ�ƉƌĞͲ�ĂŶĚ�ƉŽƐƚͲĚŝĂůǇƐŝƐ
Following a cross-sectional analysis, the longitudinal trends 
for the percentage of CD4+ T cells, the absolute CD4+ T-cell 
counts and the HIV viral loads were analysed for each 
patient. The initial available CD4+ T-cell count was taken as 
point zero. Although the exact date when haemodialysis 

d��>��ϰ͗�DĞĂƐƵƌĞĚ�ƉĂƌĂŵĞƚĞƌƐ�ŽĨ�ƚŚĞ�ƐƚƵĚǇ�ƉĂƌƟĐŝƉĂŶƚƐ͘†
sĂƌŝĂďůĞƐ t���;п�ϭϬΔϵͬ>Ϳ %�ŽĨ���ϯн�ĐĞůůƐ�

ůǇŵƉŚŽĐǇƚĞƐ
�ďƐŽůƵƚĞ���ϯ�ĐŽƵŶƚ�

;ĐĞůůƐͬђ>Ϳ
%�ŽĨ���ϰн�d�ĐĞůůƐ� �ďƐŽůƵƚĞ���ϰ��

ĐŽƵŶƚ�;ĐĞůůƐͬђ>Ϳ
%�ŽĨ���ϴн�d�ĐĞůůƐ �ďƐŽůƵƚĞ���ϴ��

ĐĞůůƐ�;ĐĞůůƐͬђ>Ϳ

WƌĞͲ
ĚŝĂůǇƐŝƐ

WŽƐƚͲ
ĚŝĂůǇƐŝƐ

WƌĞͲ
ĚŝĂůǇƐŝƐ

WŽƐƚͲ
ĚŝĂůǇƐŝƐ

WƌĞͲ
ĚŝĂůǇƐŝƐ

WŽƐƚͲ
ĚŝĂůǇƐŝƐ

WƌĞͲ
ĚŝĂůǇƐŝƐ

WŽƐƚͲ
ĚŝĂůǇƐŝƐ

WƌĞͲ
ĚŝĂůǇƐŝƐ

WŽƐƚͲ
ĚŝĂůǇƐŝƐ

WƌĞͲ
ĚŝĂůǇƐŝƐ

WŽƐƚͲ
ĚŝĂůǇƐŝƐ

WƌĞͲ
ĚŝĂůǇƐŝƐ

WŽƐƚͲ
ĚŝĂůǇƐŝƐ

ϭ ϱ͘Ϯϰ ϰ͘ϰϯ ϳϴ͘ϰ ϴϯ͘ϱ ϱϳϱ ϲϱϮ Ϯϰ͘ϳ Ϯϵ͘ϲ ϭϴϭ Ϯϯϭ ϱϬ͘ϰ ϱϭ͘ϭ ϯϳϬ ϯϵϵ
Ϯ Ϯ͘ϳϰ Ϯ͘ϴϱ ϴϮ͘ϯ ϴϯ͘ϲ ϱϰϲ ϳϳϳ ϯϭ͘ϱ ϯϳ͘Ϯ ϮϬϵ ϯϰϲ ϰϵ͘ϲ ϰϰ͘ϵ ϯϯϬ ϰϭϳ
ϯ ϱ͘ϭϭ ϯ͘ϲ ϳϯ͘ϯ ϳϱ͘ϲ ϭϭϳϰ ϳϮϬ Ϯϰ͘ϭ Ϯϵ͘ϴ ϯϴϳ Ϯϴϰ ϰϴ͘ϰ ϰϰ͘ϱ ϳϳϴ ϰϮϰ
4 ϱ͘ϯϴ ϯ͘ϵϲ ϴϰ͘ϰ ϴϲ͘ϱ ϳϰϬ ϴϭϯ ϯϵ͘ϯ ϰϬ ϯϰϱ ϯϳϲ ϰϰ͘Ϯ ϰϯ͘ϳ ϯϴϴ ϰϭϭ
5 ϲ͘ϱϮ ϱ͘ϴϲ ϳϭ͘ϱ ϳϱ͘ϳ ϲϬϵ ϱϴϰ ϯϴ͘Ϭ ϰϳ͘ϰ ϯϮϰ ϯϲϲ ϯϭ͘ϰ Ϯϳ͘ϯ Ϯϲϳ Ϯϭϭ
ϲ ϲ͘ϵϳ ϲ͘ϰϳ ϳϯ͘ϭ ϳϵ͘ϱ ϭϬϬϵ ϲϵϬ ϭϬ͘Ϭ ϭϱ͘Ϯ ϭϯϵ ϭϯϮ ϱϳ͘ϱ ϱϴ͘ϴ ϳϵϰ ϱϭϭ
ϳ ϰ͘ϭϮ ϲ͘ϴϴ ϳϴ͘ϱ ϳϴ͘Ϭ ϳϳϳ ϭϰϬϬ ϰϬ͘ϴ ϰϯ͘ϳ ϰϬϰ ϳϴϱ ϯϰ͘ϴ ϯϭ͘ϵ ϯϰϱ ϱϳϰ
†ϴ Ϯ͘ϵϰ Ϯ͘ϵϱ Ͳ Ͳ Ͳ Ͳ Ϯϵ͘ϴ ϯϮ͘ϳ ϮϮϳ Ϯϴϭ Ͳ Ͳ Ͳ Ͳ
†ϵ ϯ͘ϵϱ ϯ͘ϵϰ Ͳ Ͳ Ͳ Ͳ Ϯϱ͘Ϭ Ϯϵ͘ϲ ϮϲϬ ϯϮϴ Ͳ Ͳ Ͳ Ͳ
†ϭϬ ϯ͘Ϯϱ ϯ͘ϴϬ Ͳ Ͳ Ͳ Ͳ ϯϴ͘ϰ ϰϰ͘Ϯ ϰϭϰ ϱϮϭ Ͳ Ͳ Ͳ Ͳ
†ϭϭ ϱ͘ϯϬ ϲ͘Ϭϳ Ͳ Ͳ Ͳ Ͳ Ϯϴ͘Ϯ ϯϲ͘ϱ ϮϮϮ ϯϯϬ Ͳ Ͳ Ͳ Ͳ
ϭϮ ϲ͘ϴϴ ϲ͘ϲϯ ϳϴ͘ϴ ϴϮ͘ϵ ϭϵϬϱ ϭϳϯϰ ϯϴ͘ϰ ϰϲ͘ϲ ϵϮϵ ϵϳϱ ϯϳ͘Ϯ ϯϯ͘ϯ ϵϬϭ ϲϵϳ
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ϭϰ ϱ͘ϴϲ ϱ͘ϭϳ ϳϵ͘ϭ ϴϳ͘ϱ ϭϱϳϲ ϭϮϳϬ ϰϰ͘ϱ 54 ϴϴϴ ϳϴϰ Ϯϳ͘Ϭ Ϯϳ͘ϭ ϱϯϴ ϯϵϯ
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DĞĂŶ ϰ͘ϲϵ� ϰ͘ϴϯ� ϳϳ͘ϱ ϴϬ͘Ϯ ϵϳϰ ϵϲϱ ϯϮ͘Ϯϯ� ϯϳ͘ϱϭ� ϯϴϲ͘ϲ� ϰϰϴ͘ϵ� ϰϮ͘Ϭϱ� ϯϵ͘ϲϵ� ϱϮϭ͘ϴ ϰϲϮ͘ϰ�
SD ϭ͘ϴϭ ϭ͘ϰϰ ϰ͘Ϭϭ ϰ͘ϲ ϰϮϬ ϯϱϬ ϴ͘ϵ ϵ͘ϲ ϮϮϯ͘ϵ ϮϮϳ ϵ͘ϴ ϵ͘ϴϳ ϮϮϴ͘ϲ цϭϰϳ͘ϵ
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was started for each patient is not certain, it is known that 
point zero was obtained prior to haemodialysis initiation. 
During this period, it is not certain whether all the 
participants were on ART and the compliance of the patients 
to their treatment.

Five HIV-infected study participants (patients 1, 4, 7, 10 and 
11) showed a statistically significant longitudinal increase in 
the percentage of CD4+ T cells and patient 8 showed a trend 
towards increased percentage of CD4+ T cell which was not 
significant (Appendix 1).

Two HIV-infected study participants (patients 9 and 11) had 
a statistically significant decline in their absolute CD4+ T-cell 
counts. Eight of the patients showed a statistically non-
significant rise in their absolute CD4+ T-cell counts, and four 
patients had a statistically non-significant decline in their 
absolute CD4+ T-cell counts (Appendix 1).

Virological suppression is a pre-requisite for the deceased 
donor kidney transplantation. Although all HIV-infected 
patients were receiving the standard first-line ART, only 
three study participants showed virological suppression 
below the level of viral load detectability as performed in 
our lab. The cross-sectional median viral load was 44 500 
copies/mL (± 9753.4 – 51 698.04). In patients for whom 
longitudinal data were available (14/17), most patients 
displayed a stable viral load (n = 13). Only one patient 
(patient 6) had a statistically significant increase in the HIV 
viral load (Appendix 1).

�ŝƐĐƵƐƐŝŽŶ�ĂŶĚ�ĐŽŶĐůƵƐŝŽŶ
Kidney transplantation is a cost-effective and curative 
strategy in patients with ESKD irrespective of having HIV 
infection or not. Eligibility criteria could, however, limit 
access to this treatment particularly if these could be impacted 
by RRT. A CD4+ T-cell count above 200 cells/mL is a pre-
requisite for deceased donor kidney transplantation in South 
Africa.16 This study investigated whether alternative forms of 

RRT, specifically haemodialysis, had an immediate on the 
lymphocyte subsets in PLWH with ESKD.

The CD4+ T-cell count as a percentage of lymphocytes and 
as an absolute number increased immediately following 
haemodialysis in both HIV-infected participants and 
uninfected controls. These findings contradict previously 
published data which suggest that absolute CD4+ T-cell 
counts decline immediately post-dialysis.12 The apparent 
increase in the CD4+ T cells may reflect the loss of CD8+ 
T cells and concomitant haemo-concentration. The CD4+ 
T cells may also have been recruited from other areas such as 
solid lymphoid tissue. The effector functions of these cells are 
uncertain. Importantly no decrease was reported in CD4+ 
T cells in the immediate post-dialysis period. No patients 
developed a CD3+ T-cell lymphopenia or a decreased CD8+ 
T-cell count before dialysis although HIV-infected patients 
had significantly lower CD4+ T-cell counts prior to dialysis 
than uninfected controls. 

Only the percentage (%) of CD8+ T cells showed a 
significant decrease post-haemodialysis in the HIV-infected 
study participants. However, the absolute CD8+ T-cell 
counts did not show a statistically significant decline post-
dialysis. This contrasts with previous studies in HIV-
uninfected patients with ESKD receiving haemodialysis, 
revealed lower levels of absolute CD8+ T cells when 
compared to normal controls.19,20,21 The decrease in the 
CD8+ T-cell count is postulated to be caused by activation 
of these cells by the dialyser membrane with subsequent 
apoptosis of these cells.19,22

We went on to assess the longitudinal trends of percentage of 
CD4+ T cells, absolute CD4+ T cells and the HIV viral loads 
based on retrospective laboratory data for 14 of our study 
participants. The majority of our population showed a 
stable (n = 8) or increased CD4+ T-cell count over time (n = 5) 
above 200 cells/µL. According to the national guidelines 
for renal transplantation in PLWH, this is the minimum 
absolute CD4+ T-cell count required for listing deceased 

&/'hZ��Ϯ͗�DĞĂƐƵƌĞĚ�ƉĂƌĂŵĞƚĞƌƐ�ŽĨ�ƐƚƵĚǇ�ĐŽŶƚƌŽůƐ�ƉƌĞͲ�ĂŶĚ�ƉŽƐƚͲĚŝĂůǇƐŝƐ
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donor transplantation.16 Ongoing investigations are being 
conducted to establish the optimal absolute CD4+ T-cell 
count for the best possible outcome. It appears that an 
absolute CD4+ T-cell count of 200 cells/µL may be inadequate 
to protect against adverse outcomes including post-transplant 
opportunistic infections.17 A study conducted in our setting 
evaluating the longitudinal trends of PLWH with ESKD on 
chronic haemodialysis found an annual increase in the 
longitudinal absolute CD4+ T-cell counts in PLWH with 
ESKD on chronic haemodialysis.23

The frequency of HIV viral load testing performed varied 
amongst the different centres treating these patients. The 
current national HIV treatment guidelines state that the 
immunological (CD4+ T-cell count) and virological (HIV 
viral load) parameters should be measured at initially 6- 
then 12-monthly intervals in PLWH.24 The majority of our 
patients were not virologically suppressed despite this 
being an eligibility criterion for deceased donor kidney 
transplantation. This, however, is not an uncommon finding 
in PLWH with ESKD on chronic haemodialysis. Studies 
assessing the longitudinal HIV viral loads in PLWH having 
ESKD on chronic renal dialysis found approximately half of 
their cohort of patients did not have a suppressed HIV viral 
load.23,25 Possible reasons include haemodialysis, itself, 
which may lead to an increase in HIV replication because of 
the release of specific cytokines as well as the use of certain 
dialysis membranes during the haemodialysis procedure.26,27 
Other possible causes include unreliable adherence to ART, 
inexperience with prescribing ART (suboptimal dosing as a 
result of the renal failure), infrequent consultations with 
infectious diseases specialists, patient compliance and ART 
timing (before or after haemodialysis) which in turn could 
influence drug concentrations.23

This study has numerous limitations. Firstly, the number 
of PLWH having ESKD currently receiving chronic 
haemodialysis in four different academic centres in 
Johannesburg is small. It is likely that the small number 
reflects the strict qualification criteria for dialysis and the 
limited dialysis slots available. Secondly, the selection of 
the study participants was not randomised and selection 
bias cannot be excluded in this cohort of patients. In 
addition, the exact date when haemodialysis was started 
for each patient is not certain, and it is also not certain 
whether all the participants were on ART and the 
compliance of the patients to their treatment; the data on 
longitudinal CD4+ T-cell counts and viral loads were not 
always available and the timing of testing were inconsistent 
with respect to dialysis sessions although the longitudinal 
trend appears to support the peri-dialysis cross-sectional 
data. For the same reason, it is not possible to assess the 
correlations between the T-cell profiles with the viral load 
before and after the start of dialysis. It was not possible in 
this small study to perform ART monitoring to ensure that 
the absence of virological suppression did not reflect the 
lack of adherence. Unfortunately, a control group could 
not be added to the longitudinal analyses of the study 

participants. As the control group comprised HIV-
uninfected individuals, routine CD4+ T cell testing is not 
performed in these patients.

This study failed to show a negative effect of haemodialysis 
on the CD4+ T-cell count. However, unexpectedly, the 
absolute CD4+ T-cell count increases immediately post-
dialysis, suggesting that immunologic recovery is not 
impeded by the treatment of the underlying ESKD. Further 
studies are required to ascertain the possible reasons for a 
rise, how long this rise is sustained and whether these 
CD4+ T cells are functional. Of concern, the patients in this 
study failed to show virological suppression; because this 
is a key driver of disease progression and complications 
including non-communicable diseases, this requires urgent 
investigation.
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�ŝƐĞĂƐĞ� KƵƚĐŽŵĞƐ� YƵĂůŝƚǇ� /ŶŝƟĂƟǀĞ� ;E<&ͬ<�KY/dDͿ� ĐŽŶĨĞƌĞŶĐĞ͘� �:�^E͘�
ϮϬϬϴ͖ϯ;ϮͿ͗ϰϳϭʹϰϴϬ͘�ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϮϮϭϱͬ�:E͘ϬϱϬϮϭϭϬϳ

ϭϭ͘� ^ǁŝŶŶĞŶ�>:͘�KƵƚĐŽŵĞƐ�ŽĨ�ŬŝĚŶĞǇ�ƚƌĂŶƐƉůĂŶƚĂƟŽŶ�ŝŶ�,/sͲŝŶĨĞĐƚĞĚ�ƌĞĐŝƉŝĞŶƚƐ͘�EĞǁ�
�ŶŐ�:�DĞĚ͘�ϮϬϭϭ͖ϯϲϰ;ϳͿ͗ϲϴϯ͘�ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϬϱϲͬE�:DĐϭϬϭϰϭϭϰ

ϭϮ͘� >ƵĐĂƐ�'D͕�ZŽƐƐ�D:͕�̂ ƚŽĐŬ�W'͕�Ğƚ�Ăů͘��ůŝŶŝĐĂů�ƉƌĂĐƟĐĞ�ŐƵŝĚĞůŝŶĞ�ĨŽƌ�ƚŚĞ�ŵĂŶĂŐĞŵĞŶƚ�
ŽĨ�ĐŚƌŽŶŝĐ�ŬŝĚŶĞǇ�ĚŝƐĞĂƐĞ�ŝŶ�ƉĂƟĞŶƚƐ�ŝŶĨĞĐƚĞĚ�ǁŝƚŚ�,/s͗�ϮϬϭϰ�ƵƉĚĂƚĞ�ďǇ�ƚŚĞ�,/s�
DĞĚŝĐŝŶĞ��ƐƐŽĐŝĂƟŽŶ�ŽĨ�ƚŚĞ�/ŶĨĞĐƟŽƵƐ��ŝƐĞĂƐĞƐ�̂ ŽĐŝĞƚǇ�ŽĨ��ŵĞƌŝĐĂ͘��ůŝŶ�/ŶĨĞĐƚ��ŝƐ͘�
ϮϬϭϰ͖ϱϵ;ϵͿ͗ĞϵϲʹĞϭϯϴ͘�ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϬϵϯͬĐŝĚͬĐŝƵϲϭϳ

ϭϯ͘�DƵůůĞƌ� �͕� �ĂƌĚĂǇ� �͕�DĞŶĚĞůƐŽŶ�D͕� <ĂŚŶ� �͘� ,/sͲƉŽƐŝƟǀĞͲƚŽͲ,/sͲƉŽƐŝƟǀĞ� ŬŝĚŶĞǇ�
ƚƌĂŶƐƉůĂŶƚĂƟŽŶ�ʹ�ZĞƐƵůƚƐ�Ăƚ�ϯ�ƚŽ�ϱ�ǇĞĂƌƐ͘�EĞǁ��ŶŐ�:�DĞĚ͘�ϮϬϭϱ͖ϯϳϮ;ϳͿ͗ϲϭϯʹϲϮϬ͘�
ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϬϱϲͬE�:DŽĂϭϰϬϴϴϵϲ

ϭϰ͘�DƵůůĞƌ��͕��ĂƌĚĂǇ��͕�DĞŶĚĞůƐŽŶ�D͕�<ĂŚŶ��͘�ZĞŶĂů� ƚƌĂŶƐƉůĂŶƚĂƟŽŶ�ďĞƚǁĞĞŶ�,/sͲ
ƉŽƐŝƟǀĞ� ĚŽŶŽƌƐ� ĂŶĚ� ƌĞĐŝƉŝĞŶƚƐ� ũƵƐƟĮĞĚ͘� ^� �Ĩƌ� DĞĚ� :͘� ϮϬϭϮ͖ϭϬϮ;ϲͿ͗ϰϵϳʹϰϵϴ͘�
ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϳϭϵϲͬ^�D:͘ϱϳϱϰ

ϭϱ͘��ƌŶŽůĚ��͘�dŚĞ�,/s�ŽƌŐĂŶ�ƉŽůŝĐǇ�ĞƋƵŝƚǇ�ĂĐƚ͗�KīĞƌŝŶŐ�ŚŽƉĞ�ƚŽ�ŝŶĚŝǀŝĚƵĂůƐ�ǁŝƚŚ�ĞŶĚ�
ƐƚĂŐĞ�ƌĞŶĂů�ĚŝƐĞĂƐĞ�ĂŶĚ�,/s͘ �EĞƉŚƌŽů�EƵƌƐŝŶŐ�:͘�ϮϬϭϳ͖ϰϰ;ϯͿ͗ϮϯϬʹϮϰϵ͘

ϭϲ͘�KĸĐĞ��͘�'ƵŝĚĞůŝŶĞƐ�ĨŽƌ�ƌĞŶĂů�ƌĞƉůĂĐĞŵĞŶƚ�ƚŚĞƌĂƉǇ�ŝŶ�,/sͲŝŶĨĞĐƚĞĚ�ŝŶĚŝǀŝĚƵĂůƐ� ŝŶ�
^ŽƵƚŚ��ĨƌŝĐĂ͘�ϮϬϬϴ͖ϵ;ϮͿ͕�Ăϲϱϱ͘�ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϰϭϬϮͬƐĂũŚŝǀŵĞĚ͘ǀϵŝϮ͘ϲϱϱ

ϭϳ͘� ^ƵĂƌĞǌ� :&͕ �ZŽƐĂ�Z͕�>ŽƌŝŽ�D�͕�Ğƚ�Ăů͘�WƌĞƚƌĂŶƐƉůĂŶƚ���ϰ�ĐŽƵŶƚ� ŝŶŇƵĞŶĐĞƐ� ŝŵŵƵŶĞ�
ƌĞĐŽŶƐƟƚƵƟŽŶ�ĂŶĚ�ƌŝƐŬ�ŽĨ� ŝŶĨĞĐƟŽƵƐ�ĐŽŵƉůŝĐĂƟŽŶƐ� ŝŶ�ŚƵŵĂŶ� ŝŵŵƵŶŽĚĞĮĐŝĞŶĐǇ�
ǀŝƌƵƐͲŝŶĨĞĐƚĞĚ�ŬŝĚŶĞǇ�ĂůůŽŐƌĂŌ�ƌĞĐŝƉŝĞŶƚƐ͘��ŵ�:�dƌĂŶƐƉůĂŶƚ͘�ϮϬϭϲ͖ϭϲ;ϴͿ͗ϮϰϲϯʹϮϰϳϮ͘�
ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϭϭϭͬĂũƚ͘ϭϯϳϴϮ�

ϭϴ͘�'ůĞŶĐƌŽƐƐ��͕�^ĐŽƩ�>�͕�:ĂŶŝ�/s͕��ĂƌŶĞƩ��͕�:ĂŶŽƐƐǇ�'͘���ϰϱͲĂƐƐŝƐƚĞĚ�WĂŶ>ĞƵĐŽŐĂƟŶŐ�
ĨŽƌ� ĂĐĐƵƌĂƚĞ͕� ĐŽƐƚͲĞīĞĐƟǀĞ� ĚƵĂůͲƉůĂƞŽƌŵ� ��ϰн� dͲĐĞůů� ĞŶƵŵĞƌĂƟŽŶ͘� �ǇƚŽŵĞƚƌǇ͘�
ϮϬϬϮ͖ϱϬ;ϮͿ͗ϲϵʹϳϳ͘�ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϬϬϮͬĐǇƚŽ͘ϭϬϬϲϴ

ϭϵ͘�'ƌŝǀĞĂƐ�/͕�sŝƐǀĂƌĚŝƐ�'͕�&ůĞǀĂ��͕�Ğƚ�Ăů͘��ŽŵƉĂƌĂƟǀĞ�ĂŶĂůǇƐŝƐ�ŽĨ�ŝŵŵƵŶŽƉŚĞŶŽƚǇƉŝĐ�
ĂďŶŽƌŵĂůŝƟĞƐ� ŝŶ� ĐĞůůƵůĂƌ� ŝŵŵƵŶŝƚǇ� ŽĨ� ƵƌĞŵŝĐ� ƉĂƟĞŶƚƐ� ƵŶĚĞƌŐŽŝŶŐ� ĞŝƚŚĞƌ�
ŚĞŵŽĚŝĂůǇƐŝƐ� Žƌ� ĐŽŶƟŶƵŽƵƐ� ĂŵďƵůĂƚŽƌǇ� ƉĞƌŝƚŽŶĞĂů� ĚŝĂůǇƐŝƐ͘� ZĞŶĂů� &ĂŝůƵƌĞ͘�
ϮϬϬϱ͖Ϯϳ;ϯͿ͗ϮϳϵʹϮϴϮ͘�ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϬϴϭͬ:�/ͲϱϲϲϮϬ

ϮϬ͘�sĂĐŚĞƌͲ�ŽƉŽŶĂƚ� ,͕� �ƌƵŶĞƚ� �͕� >ǇŽŶŶĞƚ� >͕� Ğƚ� Ăů͘� EĂƚƵƌĂů� ŬŝůůĞƌ� ĐĞůů� ĂůƚĞƌĂƟŽŶƐ�
ĐŽƌƌĞůĂƚĞ�ǁŝƚŚ�ůŽƐƐ�ŽĨ�ƌĞŶĂů�ĨƵŶĐƟŽŶ�ĂŶĚ�ĚŝĂůǇƐŝƐ�ĚƵƌĂƟŽŶ�ŝŶ�ƵƌĂĞŵŝĐ�ƉĂƟĞŶƚƐ͘�
EĞƉŚƌŽů� �ŝĂů� dƌĂŶƐƉůĂŶƚ͘� ϮϬϬϴ͖Ϯϯ;ϰͿ͗ϭϰϬϲʹϭϰϭϰ͘�ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϬϵϯͬŶĚƚͬ
ŐĨŵϱϵϲ

Ϯϭ͘��ĞĞŶŝƚĐŚŝŶĂ�^^͕��ŶĚŽ�d͕ �KŬƵĚĂ�̂ ͕�Ğƚ�Ăů͘��ĞůůƵůĂƌ�ŝŵŵƵŶŝƚǇ�ŝŶ�ŚĞŵŽĚŝĂůǇƐŝƐ�ƉĂƟĞŶƚƐ͗�
��ƋƵĂŶƟƚĂƟǀĞ�ĂŶĂůǇƐŝƐ�ŽĨ�ŝŵŵƵŶĞ�ĐĞůů�ƐƵďƐĞƚƐ�ďǇ�ŇŽǁ�ĐǇƚŽŵĞƚƌǇ͘��ŵ�:�EĞƉŚƌŽů͘�
ϭϵϵϱ͖ϭϱ;ϭͿ͗ϱϳʹϲϱ͘�ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϭϱϵͬϬϬϬϭϲϴϴϬϮ

ϮϮ͘� ZĂďď� ,͕� �ŐŽƐƟ� ^:͕� WŽůůĂƌĚ� ^͕� �ŝƩůĞ� W�͕� ZĂŵŝƌĞǌ� '͘� �ĐƟǀĂƚĞĚ� ĂŶĚ� ƌĞŐƵůĂƚŽƌǇ�
d� ůǇŵƉŚŽĐǇƚĞ� ƉŽƉƵůĂƟŽŶƐ� ŝŶ� ĐŚƌŽŶŝĐ� ŚĞŵŽĚŝĂůǇƐŝƐ� ƉĂƟĞŶƚƐ͘� �ŵ� :� <ŝĚŶĞǇ� �ŝƐ͘�
ϭϵϵϰ͖Ϯϰ;ϯͿ͗ϰϰϯʹϰϱϮ͘�ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϬϭϲͬ^ϬϮϳϮͲϲϯϴϲ;ϭϮͿϴϬϵϬϭͲϮ

Ϯϯ͘� &ĂďŝĂŶ� :͕� DĂŚĞƌ� ,�͕� �ůĂƌŬ� �͕� EĂŝĐŬĞƌ� ^͕� �ĞĐŬĞƌ� W͕ � sĞŶƚĞƌ� t�͘� DŽƌďŝĚŝƚǇ� ĂŶĚ�
ŵŽƌƚĂůŝƚǇ�ŽĨ�ďůĂĐŬ�,/sͲƉŽƐŝƟǀĞ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�ĞŶĚͲƐƚĂŐĞ�ŬŝĚŶĞǇ�ĚŝƐĞĂƐĞ�ƌĞĐĞŝǀŝŶŐ�
ĐŚƌŽŶŝĐ�ŚĂĞŵŽĚŝĂůǇƐŝƐ�ŝŶ�^ŽƵƚŚ��ĨƌŝĐĂ͘�^��Ĩƌ�DĞĚ�:͘�ϮϬϭϱ͖ϭϬϱ;ϮͿ͗ϭϭϬʹϭϭϰ͘�ŚƩƉƐ͗ͬͬ
ĚŽŝ͘ŽƌŐͬϭϬ͘ϳϭϵϲͬ^�D:͘ϴϯϲϵ

Ϯϰ͘�DĞŝŶƚũĞƐ� '͕� DŽŽƌŚŽƵƐĞ� D�͕� �ĂƌŵŽŶĂ� ^͕� Ğƚ� Ăů͘� �ĚƵůƚ� ĂŶƟƌĞƚƌŽǀŝƌĂů� ƚŚĞƌĂƉǇ�
ŐƵŝĚĞůŝŶĞƐ� ϮϬϭϳ͘� ^� �Ĩƌ� :� ,/s� DĞĚ͘� ϮϬϭϳ͖ϭϴ;ϭͿ͗ϳϳϲ͘� ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϰϭϬϮͬ
ƐĂũŚŝǀŵĞĚ͘ǀϭϴŝϭ͘ϳϳϲ

Ϯϱ͘� dƌƵůůĂƐ�:�͕��Ăƌƌŝů�'͕��ŽĨĂŶ�&͕ �Ğƚ�Ăů͘�WƌĞǀĂůĞŶĐĞ�ĂŶĚ�ĐůŝŶŝĐĂů�ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ�ŽĨ�,/s�ƚǇƉĞ�
ϭͲŝŶĨĞĐƚĞĚ� ƉĂƟĞŶƚƐ� ƌĞĐĞŝǀŝŶŐ� ĚŝĂůǇƐŝƐ� ŝŶ� ^ƉĂŝŶ͗� ZĞƐƵůƚƐ� ŽĨ� Ă� ,Ƶŵ� ZĞƚƌŽǀŝƌƵƐĞƐ�
^ƉĂŶŝƐŚ�ƐƵƌǀĞǇ�ŝŶ�ϮϬϬϲ͗�'�^/���ϰϴͬϬϱ�ƐƚƵĚǇ͘��/�^�ZĞƐ͘�ϮϬϬϴ͖Ϯϰ;ϭϬͿ͗ϭϮϮϵʹϭϮϯϱ͘�
ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϬϴϵͬĂŝĚ͘ϮϬϬϴ͘Ϭϭϱϴ

Ϯϲ͘� <ĞĚǌŝĞƌƐŬĂ�<͕��ƌŽǁĞ�^D͘��ǇƚŽŬŝŶĞƐ�ĂŶĚ�,/sͲϭ͗�/ŶƚĞƌĂĐƟŽŶƐ�ĂŶĚ�ĐůŝŶŝĐĂů�ŝŵƉůŝĐĂƟŽŶƐ͘�
�ŶƟǀŝƌ� �ŚĞŵ� �ŚĞŵŽƚŚĞƌ͘ � ϮϬϬϭ͖ϭϮ;ϯͿ͗ϭϯϯʹϭϱϬ͘� ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϭϳϳͬ�Ϭϵϱϲ�
ϯϮϬϮϬϭϬϭϮϬϬϯϬϭ

Ϯϳ͘� &ŽŶƚĂŶĂ��͕�^ĐŚƵƚ�Z͕�ZĂďď�,͘��ĂŶ�ĐŚŽŝĐĞ�ŽĨ�ĚŝĂůǇƐĞƌ�ŵĞŵďƌĂŶĞ�ŚĂǀĞ�Ă�ďĞŶĞĮĐŝĂů�
ĞīĞĐƚ�ŽŶ�,/s� ůŽĂĚ� ŝŶ�ƚŚĞ�,/sͲŝŶĨĞĐƚĞĚ�ĚŝĂůǇƐŝƐ�ƉĂƟĞŶƚ͍�EĞƉŚƌŽů��ŝĂů�dƌĂŶƐƉůĂŶƚ͘�
ϮϬϬϮ͖ϭϳ;ϯͿ͗ϱϮϵʹϱϯϬ͘�ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϭϬϵϯͬŶĚƚͬϭϳ͘ϯ͘ϱϮϵ



WĂŐĞ�ϵ�ŽĨ�ϵ KƌŝŐŝŶĂů�ZĞƐĞĂƌĐŚ

ŚƩƉ͗ͬͬǁǁǁ͘ƐĂũŚŝǀŵĞĚ͘ŽƌŐ͘ǌĂ KƉĞŶ��ĐĐĞƐƐ

�ƉƉĞŶĚŝǆ�ϭ
d��>��ϭͲ�ϭ͗�dŝŵĞ�ƐĞƌŝĞƐ�ĂŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ůŽŶŐŝƚƵĚŝŶĂů�ĂďƐŽůƵƚĞ���ϰн�d�ĐĞůů�ĐŽƵŶƚ͕�%��ϰн�d�ĐĞůůƐ�ĂŶĚ�,/s�ǀŝƌĂů�ůŽĂĚƐ�;s>Ϳ͘
WĂƟĞŶƚ zĞĂƌ�ϭ zĞĂƌ�Ϯ zĞĂƌ�ϯ zĞĂƌ�ϰ zĞĂƌ�ϱ zĞĂƌ�ϲ RϮ�ǀĂůƵĞ P�ǀĂůƵĞ
ϭ �ďƐ���ϰ ϲϲ͘ϬϬ ϭϮϵ͘ϬϬ ϮϮϲ͘ϬϬ Ϯϱϲ ϮϭϬ͘ϱ ϭϴϯ͘ϯϬ Ϭ͘ϰϯϬ ф�Ϭ͘ϯϬϬϬ

%CD4 ϭϬ͘ϮϬ ϭϰ͘Ϯϵ ϮϬ͘ϳϬ ϭϳ͘Ϯϵ Ϯϭ͘Ϭϱ Ϯϳ͘ϰϭ Ϭ͘ϴϱϬ ф�Ϭ͘ϬϬϬϱ
,/s�s> Ͳ ϳϬ͘ϬϬ ϳϵ͘ϱϬ ϯϯϲ͘ϬϬ ϭϯϱ͘ϱϬ ƵŶĚ Ϭ͘ϬϭϬ ф�Ϭ͘ϵϭϬϬ

Ϯ �ďƐ���ϰ ϳϮϬ͘ϬϬ ϰϲϵ͘ϬϬ ϲϬϬ͘ϬϬ ϲϰϴ͘ϱϬ ϲϰϳ͘ϬϬ ϰϬϰ͘ϱϬ Ϭ͘ϮϬϬ ф�Ϭ͘ϮϬϬϬ
%CD4 Ϯϳ͘ϯϲ ϮϬ͘ϯϬ Ϯϱ͘ϬϬ Ϯϱ͘ϳϴ Ϯϯ͘ϰϴ ϯϬ͘ϯϰ Ϭ͘ϭϲϬ ф�Ϭ͘ϬϱϮϬ
,/s�s> Ϯϵ͘ϬϬ ϴϱ͘ϬϬ ϯϯ͘ϬϬ ϱϬϮ͘ϬϬ ϰϮϲ͘ϬϬ ƵŶĚ Ϭ͘ϭϬϬ ф�Ϭ͘ϯϲϬϬ

ϯ �ďƐ���ϰ ϮϬϴ͘ϬϬ ϯϲϮ͘ϬϬ ϯϰϯ͘ϬϬ ϯϱϮ͘ϱϬ ϯϯϱ͘ϱϬ Ͳ Ϭ͘ϯϳϬ ф�Ϭ͘ϮϬϬϬ
%CD4 ϭϬ͘ϳϱ ϯϱ͘ϱϮ ϯϲ͘ϲϭ ϯϯ͘Ϭϯ Ϯϲ͘ϵϱ Ͳ Ϭ͘ϮϬϬ ф�Ϭ͘ϰϬϬϬ
,/s�s> Ͳ ϰϰϵ͘ϬϬ ϵϭϲ͘ϰϬ ϴϮ͘ϯϬ ϯϳ͘ϱϬ Ͳ Ϭ͘ϰϯϬ ф�Ϭ͘ϯϭϬϬ

4 �ďƐ���ϰ ϯϮϬ͘ϬϬ ϱϳϬ͘ϬϬ ϰϬϮ͘ϬϬ ϰϭϱ͘ϬϬ ϯϵϬ͘ϬϬ Ͳ Ϭ͘ϬϬϭ ф�Ϭ͘ϳϬϬϬ
%CD4 Ϯϰ͘ϳϴ Ϯϲ͘ϲϯ ϯϬ͘ϲϳ ϯϰ͘ϯϭ ϯϴ͘ϰϳ Ͳ Ϭ͘ϵϴϬ ф�Ϭ͘ϬϬϭϬ
,/s�s> ϭϴϮ͘ϱϬ ϲϬϬ͘Ϯϱ ϯϬϬ͘ϱϬ ϱϱϰ͘ϲϳ ϭϭϭ͘ϬϬ Ͳ Ϭ͘ϬϮϬ ф�Ϭ͘ϵϯϬϬ

5 �ďƐ���ϰ Ϯϭϴ͘ϬϬ ϯϭϯ͘ϲϳ Ͳ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϯϬϬϬ
%CD4 ϯϭ͘ϱϮ ϰϭ͘ϯϬ Ͳ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϯϬϬϬ
,/s�s> ϱϬ͘ϬϬ ϵϬϱ͘ϱϬ ƵŶĚ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϵϳϬϬ

ϲ �ďƐ���ϰ ϭϮϵ͘ϱϬ Ϯϵ͘ϬϬ ϭϳϳ͘ϬϬ ϭϮϵ͘ϯϬ Ͳ Ͳ Ϭ͘ϬϵϬ ф�Ϭ͘ϯϬϬϬ
%CD4 ϭϳ͘ϲϰ ϯ͘ϯϱ ϵ͘Ϯϳ ϭϮ͘ϭϱ Ͳ Ͳ Ϭ͘ϬϱϬ ф�Ϭ͘ϯϬϬϬ
,/s�s> ƵŶĚ ϭϲϭϮϱϱ͘ϬϬ ϯϰϰ͘ϬϬ ϱϮϮϱϬϬ͘ϬϬ Ͳ Ͳ Ϭ͘ϱϬϬ ф�Ϭ͘ϬϬϮϬ

ϳ �ďƐ���ϰ ϱϬϲ͘ϱϬ ϱϳϱ͘ϬϬ ϱϮϴ͘ϬϬ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϵϵϬϬ
%CD4 ϯϭ͘ϯϮ ϯϲ͘ϮϬ ϰϭ͘Ϯϱ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϬϬϵϳ
,/s�s> ϯϳϳ͘ϬϬ ϭϱϭ͘ϬϬ ƵŶĚ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϮϮϬϬ

ϴ �ďƐ���ϰ ϮϳϮ͘ϲϬ ϯϳϰ͘ϱϬ Ͳ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϬϵϬϬ
%CD4 Ϯϰ͘ϵϬ Ϯϰ͘ϭϬ Ͳ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϰϬϬϬ
,/s�s> ϮϬϭϳϲϱ͘ϬϬ ƵŶĚ Ͳ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϬϲϬϬ

ϵ �ďƐ���ϰ ϯϬϳ͘ϬϬ ϯϭϲ͘ϱϬ ϮϮϴ͘ϳϬ ϮϱϬ͘ϬϬ Ͳ Ͳ Ϭ͘ϲϬϬ ф�Ϭ͘ϮϬϬϬ
%CD4 ϭϬ͘ϰϵ Ϯϭ͘ϱϯ ϮϬ͘ϲϯ ϮϬ͘Ϭϴ Ͳ Ͳ Ϭ͘ϰϵϬ ф�Ϭ͘ϱϱϬϬ
,/s�s> ϴϴϯϱϯ͘ϬϬ Ϯϳ͘ϱϬ ϭϭϱϱϬϬ͘ϬϬ ϵϲϬϭ͘ϬϬ ϭϬϲϭ͘ϬϬ Ͳ Ϭ͘ϮϯϬ ф�Ϭ͘ϭϵϬϬ

ϭϬ �ďƐ���ϰ Ϯϳϲ͘ϬϬ Ϯϯϰ͘ϬϬ ϰϱϯ͘ϬϬ ϰϮϯ͘ϱϬ ϰϲϭ͘ϳϬ ϯϮϯ͘ϱϬ Ϭ͘ϬϰϬ ф�Ϭ͘ϵϬϬϬ
%CD4 Ϯϯ͘ϳϰ ϮϬ͘ϱϲ Ϯϲ͘ϬϬ Ϯϴ͘ϭϯ ϯϱ͘ϭϬ ϯϬ͘ϳϴ Ϭ͘ϳϬϬ ф�Ϭ͘ϬϮϬϬ
,/s�s> ƵŶĚ ƵŶĚ ƵŶĚ ƵŶĚ ƵŶĚ ϳϲϯ͘ϬϬ Ϭ͘ϲϬϬ ф�Ϭ͘ϮϳϬϬ

ϭϭ �ďƐ���ϰ ϰϰϬ͘ϱϬ ϵϱϮ͘ϬϬ Ͳ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϬϬϳϬ
%CD4 ϯϵ͘ϳϬ ϰϮ͘ϱϬ Ͳ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϬϬϮϱ
,/s�s> ƵŶĚ ƵŶĚ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ

ϭϮ �ďƐ���ϰ ϰϰϬ͘ϱϬ ϵϱϮ͘ϬϬ Ͳ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϯϬϬϬ
%CD4 ϯϵ͘ϳϬ ϰϮ͘ϱϬ Ͳ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϱϭϬϬ
,/s�s> ƵŶĚ Ϯϯ͘ϬϬ Ͳ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϭϳϬϬ

ϭϯ �ďƐ���ϰ ϲϴϵ͘ϬϬ ϰϴϲ͘ϬϬ ϯϱϭ͘ϬϬ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϬϴϬϬ
%CD4 ϯϯ͘ϯϭ ϯϮ͘ϬϬ ϯϭ͘ϳϬ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϴϬϬϬ
,/s�s> ƵŶĚ ϳϭϳϬ͘ϬϬ Ͳ Ͳ Ͳ Ͳ Ͳ х�Ϭ͘ϵϵϬϬ

ϭϰ �ďƐ���ϰ ϵϴϮ͘ϱϬ ϲϬϱ͘ϱϬ ϳϮϰ͘ϴϬ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϯϬϬϬ
%CD4 ϰϭ͘Ϭϱ ϰϬ͘ϰϳ ϰϳ͘ϯϳ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϬϵϬϬ
,/s�s> ƵŶĚ ƵŶĚ Ͳ Ͳ Ͳ Ͳ Ͳ ф�Ϭ͘ϭϳϬϬ


