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Abstract

Background: Acute and chronic kidney diseases are important comorbidities in People Living With HIV (PLWH).
Biopsy is often pursued in this cohort with ongoing renal impairment without a clear aetiology, in order to establish
the diagnosis and to guide management. Despite the importance of renal disease in PLWH, there is a paucity of
biopsy data—especially in the Australian setting. Consequently, who and when to biopsy is mainly based on clini-
cal experience. The aims of this study were to describe biopsy-proven renal disease in PLWH at our institution and to
assess for correlation between any demographic or laboratory characteristics with histological diagnosis.

Methods: A retrospective review of all PLWH who underwent renal biopsy between January 2010 and December
2020 at Royal Prince Alfred Hospital, Sydney, Australia was performed. All PLWH over 18 years, who were not trans-
plant recipients were included. Demographic, laboratory and biopsy data was extracted from the electronic medical
records. Basic descriptive statistics were performed, and correlation was assessed using chi square and Kendall's coef-
ficient of rank test.

Results: 19 renal biopsies were included in the study. The majority of PLWH were Australian born (53%), male (84%)
and had a mean age of 48 years (SD 13). Comorbid hypertension and diabetes were present in 74% and 21% of
people respectively. The mean serum creatinine was 132 umol/L (SD 55) and the mean estimated glomerular filtration
rate (eGFR) was 61 ml/min/1.73m? (SD 24). The most common histological diagnosis was tubulointerstial nephritis in
5 people (24%). Hypertensive glomerulosclerosis and IgA nephropathy were present in 4 (19%) and 3 (14%) people
respectively. There were no cases of HIV-associated nephropathy. There was no significant correlation between any
cohort characteristics and diagnoses.

Conclusions: This study represents the first description of biopsy-proven kidney disease in the HIV-infected popula-
tion of Australia. Our results support the use of renal biopsy in PLWH with ongoing renal impairment for accurate
diagnosis and to guide further management. Although a small sample size, our study is larger than other published
international biopsy studies.
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to the management of comorbid conditions and adverse
side effects from long-term ART use. Renal disease,
although being one of the first comorbid conditions
to gain significant attention, remains an important
problem—with a large spectrum of acute and chronic
kidney disease presentations in this population [2].
Despite the significance of kidney disease in Austral-
ian PLWH, there is a paucity of studies that investigate
biopsy-proven disease in this cohort. Furthermore, pre-
viously reported international studies may not be rep-
resentative of the Australian HIV population.

In addition to the common causes of renal disease
in the general population, PLWH can also present
with renal impairment secondary to ART or HIV-
associated kidney disease [3—6]. Three out of the four
ART regimens recommended by the Australian guide-
lines contain the nucleos(t)ide inhibitor tenofovir [7].
The older pro-drug of tenofovir—tenofovir disoproxil
fumerate (TDF), has been known to cause a variety of
adverse renal effects including proximal tubulopathy,
decreased estimated glomerular filtration rate (eGFR)
and proteinuria [3]. Consequently, the newer pro-
drug—tenofovir alafenamide (TAF) has been developed
and is replacing TDEF, as it demonstrates lower rates
of renal impairment—especially in people with lower
starting eGFR [4, 5]. Two key examples of HIV-associ-
ated kidney disease are HIV-Associated Nephropathy
(HIVAN) and HIV Immune Complex Kidney Disease
(HIVICK). HIVAN is characterised histologically by
collapsing Focal Segmental Glomerulosclerosis (FSGS)
with tubular microcysts and interstitial inflammation
[8]. Clinically, it presents with rapid renal impairment
and marked proteinuria. HIVAN was first described in
heavily immunocompromised, young African-Ameri-
can males in the 1980’s and has significantly decreased
since the introduction of ART [9]. HIVICK can pre-
sent as several common patterns of glomerular injury,
including membranous or membranoproliferative glo-
merulonephritis and is characterised by immunoglobu-
lin and/or immune-complex glomerular deposition [6].

Given the broad spectrum of kidney disease seen in
PLWH, a renal biopsy is often pursued for accurate diag-
nosis and to guide clinical management. Ultrasound-
guided renal biopsy is a relatively safe procedure that
is commonly performed in people with ongoing renal
impairment of uncertain aetiology. The risk of major
bleeding with renal biopsy has been reported at 2.2%,
with the incidence of death at 0.1% [10]. Evidence-based
guidance on who and when to biopsy is lacking and
therefore the choice to proceed to biopsy is often based
on clinician experience. This study aims to describe
biopsy-proven renal disease in PLWH at our institution
and assess for any correlation between any demographic
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or laboratory characteristics and diagnoses, which may
help guide when or when not to biopsy.

Methods

A literature review of other renal biopsy studies in HIV
patients was conducted using the National Library of
Medicine PubMed service. The three key search phrases
used for the search were “renal’]} “biopsy” and “HIV”.
Appropriate papers, published in English were included
in Table 3.

A retrospective review of PLWH who underwent a
renal biopsy between January 2010 and December 2020
at Royal Prince Alfred (RPA) Hospital, Sydney Australia
was conducted. All PLWH who underwent a biopsy were
included—unless they were younger than 18 years of
age or had undergone previous kidney transplantation.
There were no other strict exclusion criteria. Located in
central Sydney, RPA is one of the busiest tertiary metro-
politan teaching hospitals in New South Wales, seeing
over seventy-five-thousand admission per year. It has all
major medical and surgical specialties, including renal
transplantation.

The electronic medical records of eligible PLWH who
underwent biopsy were reviewed. Demographic infor-
mation that was collected included: gender, age, country
of origin, smoking status, illicit drug use and body mass
index (BMI) (normal range 18.5 to 24.9 kg/m?). Smok-
ing status and illicit drug use was determined from the
documented history on eMR. BMI was automatically
calculated (weight (kg) / height (m?) and reported on
eMR. Relevant past medical history that was collected
included: years on anti-retroviral therapy, current anti-
retroviral therapy regimen, history of diabetes melli-
tus and history of hypertension. Years on anti-retroviral
therapy was determined from the documented history on
eMR. Anti-retroviral therapy regimen was listed in the
medication section on eMR. Patients were noted to have
a history of diabetes mellitus if the diagnosis was docu-
mented in the history, they were on oral or non-oral anti-
hypoglycaemics or had a Haemoglobin Alc of greater
than 6.5%. Patients were noted to have hypertension if
it was documented in the history or if they were taking
anti-hypertensives.

Laboratory data collected (with the laboratory nor-
mal range) included: creatinine (45-110 pmol/L), eGFR
(>90 mL/min/1.73m?), phosphate (0.75 to 1.50 mmol/L),
potassium (3.5 to 5.2 mmol/L), corrected calcium (2.1 to
2.6 mmol/L), magnesium (0.7 to 1.1 mmol/L), HIV viral
load (not detected), Haemoglobin Alc (HbAlc) (3.5 to
6.0%), absolute CD4 count (0.44 to 2.16 x 10° cells / L),
hepatitis B core antibody (negative), hepatitis C antibody
(negative), syphilis antibodies and rapid plasma reagin
(negative), urinary protein-to-creatinine ratio (PCR)
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(<15 mg/mmol) and wurinary albumin-to-creatinine
ratio (ACR) (<2.5 mg/mmol). All laboratory data used
(including biochemistry, haematology, microbiology and
serology) was taken from the day of the biopsy. If this
was not available, the most recent laboratory test result
was used. The eGFR was calculated using the CKD-EPI
formula [11]. Categories of albuminuria were defined
using the urinary Albumin-to-Creatinine Ratio (ACR):
normal<2.5 mg/mmol, microalbuminuria 2.5-25 mg/
mol, macroalbuminuria 25-300 mg/mmol and nephrotic
range > 300 mg/mmol.

The clinical features that lead to renal biopsy were
evaluated using information provided on the pathology
request form. Indicators for biopsy included decreased
eGFR alone, proteinuria alone, decreased eGFR plus pro-
teinuria, decreased eGFR plus proteinuria plus haematu-
ria and proteinuria plus haematuria.

Each renal biopsy was analysed and reported by a con-
sultant pathologist at the Central Sydney Local Health
District Laboratory Service (attached to RPA). Light
microscopy, immunofluorescence and electron micros-
copy were performed on all cohort samples. If there was
more than one histological diagnosis on the biopsy, both
were included in the analysis.

Statistical analysis was performed using the SPSS pack-
age (Version 26, IBM, New York, USA) and figures used
were created using Prism (Version 9, GraphPad, Cali-
fornia, USA). The point estimates presented in figures
are either mean (standard deviation) or number of cases
(percentage of total) unless otherwise specified. An asso-
ciation between two categorical variables was assessed
using a chi-square test and between a categorical and a
continuous variable using Kendall’s coefficient of rank
correlation. For all he analyses, a p value of<0.05 was
considered statistically significant.

This study was conducted in accordance with ethical
standards presented in the declaration of Helsinki. Eth-
ics approval was gained from the Human Research Ethics
Committee of the Sydney Local Health district.

Results

Between January 2010 and December 2020, there were
481 renal biopsies performed at our institution, 19 of
which were performed on PLWH and were eligible for
inclusion in the study. The number of biopsies per year
ranged from zero to five during the 10-year period.

The demographic and clinical characteristics of our
cohort are outlined in Table 1. The majority of PLWH
were Australian born (53%), male (84%) and had a mean
age of 48 years (SD 13). Almost half of the cohort (47%)
were current smokers, most (68%) did not use any illicit
substances and the mean BMI for the cohort was 26 kg/
m? (SD 6). Almost all (95%) people were on ART therapy,
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Table 1 Demographic and clinical characteristics of People
Living With HIV at the time of biopsy. (N) denotes the number of
people with available data. Body mass index (BMI), Highly Active
Anti-Retroviral therapy (ART), Tenofovir Disoproxil Fumerate

(TDF), Tenofovir Alafenamide (TAF)

Characteristic (N)

Mean (SD) or n (%)

Gender (19) Male 16 (84%)
Female 3(16%)
Age (19) 48 years (SD 13)
Country of Origin (19) Australia 10 (53%)
India 2 (11%)
China 2 (11%)
Thailand 1 (5%)
Hungary 1 (5%)
Philippines 1 (5%)
Samoa 1 (5%)
America 1 (5%)
Smoking status (15) Current smoker 7 (47%)
Ex-smoker 2 (13%)
Never smoked 6 (40%)
lllicit drug use (12) Ecstasy 1 (8%)
Amphetamines 1 (8%)
Ecstasy and ampheta- 1(8%)
mines
Heroin 1 (8%)
None 8 (68%)
BMI (15) 26 kg/m? (SD 6)
Years on ART (15) 9years (SD 8)
Tenofovir-based ART (19) TDF 3(16%)
TAF 9 (47%)
non-tenofovir ART 6 (32%)
nil ART 1 (5%)
Co-morbidities (19) Diabetes Mellitus 4 (21%)
Hypertension 15 (74%)
Clinical Features (19)
Decreased eGFR+pro- 6 (32%)
teinuria+haematuria
Decreased eGFR+pro- 5 (26%)
teinuria
Proteinuria 4+ haema- 3(16%)
turia
Decreased eGFR alone 3(16%)
Proteinuria alone 2 (10%)

with a mean treatment duration of 9 years (SD 8). A TAF-
based regimen was used by 47% of the cohort, whereas
only 16% were on a TDF-containing regimen. Hyperten-
sion was present in three quarters (74%) of the people
and one fifth (21%) of the cohort had diabetes mellitus.
The most common clinical indicator for biopsy was
the combination of decreased eGEFR, proteinuria and
haematuria (32%) (see Table 1). Decreased eGFR and
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proteinuria alone were the second most common clini-
cal features (26%). No people were biopsied purely for the
workup of hypertension. The indication listed for biopsy
in six cases was specifically differentiating between ART/
HIV-associated kidney disease and diabetic or hyperten-
sive nephropathy.

The laboratory results for the cohort at the time of
biopsy are detailed in Table 2. The mean serum creati-
nine was 132 pmol/L (SD 55) and the mean eGFR was
61 ml/min/1.73m? (SD 24). The mean potassium and
magnesium were within the normal range. There were
no instances of hypocalcaemia or hypophosphataemia.
Only 17% of the cohort had a normal ACR. Most peo-
ple had a macroalbuminuria (61%) and over a fifth (22%)
had nephrotic range proteinuria. The mean absolute
CD4 count was 0.58 x 10° cells/L (SD 0.31) and over half
(58%) of the cohort had an undetectable viral load. Prior
Hepatitis B exposure was common (37%) and 16% were
positive for hepatitis C antibodies. The mean HbAlc
was elevated at 7.4% (SD 3.4). Positive syphilis antibody
screen and rapid plasma regain was noted in one patient,
but data was only available for 9 people.

There was a total of 21 histological diagnoses made
on the 19 renal biopsies. The most common diagnosis
amongst our cohort was tubulointerstitial nephritis

Page 4 of 9

(TIN) — which was seen in five people (24%) (Fig. 1).
This was followed by hypertensive glomerulosclerosis
in 4 people (19%). IgA nephropathy and no abnormality
were seen in 3 people each (14%). Diabetic nephropa-
thy was present in 2 people (10%) and thin-membrane
nephropathy, membranoproliferative glomerulonephri-
tis, membranous glomerulonephritis and ischaemic
glomerulosclerosis were only seen in one person each
(5%). No people had evidence of collapsing FSGS to
suggest HIVAN on renal biopsy. One biopsy had both
interstitial nephritis and diabetic nephropathy and one
biopsy had both diabetic nephropathy and hypertensive
glomerulosclerosis.

There was no association between any clinically rel-
evant demographic or laboratory characteristic and
histological diagnosis: age (p 0.49), gender (p 0.17),
country of origin (p 0.46), years on ART therapy (p
0.53), type of tenofovir (p 0.574), BMI (p 0.36), diabe-
tes mellitus (p 0.179), hypertension (p 0.54), creatinine
(p 0.47), eGFR (p 0.74), HbA1C (p 0.72), viral load (p
0.45), absolute CD4 count (p 0.33), hepatitis B core
antibody positive (p 0.39), hepatitis C antibody positive
(p 0.255), syphilis antibody positive (p 0.41) and albu-
minuria (p 0.34).

Table 2 Laboratory values of People Living With HIV at time of biopsy. (N) denotes the number of people with available data. The
Laboratory reference range is as published by Sydney Local Health District and utilised at the Royal Prince Alfred Hospital—Estimated
glomerular filtration rate (eGFR), haemoglobin A1C (HbA1C), Protein-to-Creatinine Ratio (PCR), Albumin-to-Creatinine Ratio (ACR)

Laboratory Values (n) Mean (SD) or n (%)

Laboratory Reference Range

Creatinine (19)

eGFR (19)

Phosphate (17)
Potassium (19)
Corrected calcium (17)
Magnesium (18)

Viral load (19)

not detected

<50 copies

50-100 copies

HbA1C (4)

Absolute CD4 count (19)

Hepatitis B core antibody positive (18)
Hepatitis C antibody positive (19)
Syphilis antibody positive (9)

PCR (14)

ACR (18)

Normal
Microalbuminuria
Macroalbuminuria
Nephrotic

132 (55)
61 (24)
1.15(0.18)
4.5(04)
24(0.1)
08(0.1)

11 (58%)
5 (26%)

3 (16%)
74 (34)
0.58 (0.31)
5 (28%)

3 (16%)
1(11%)
226 (327)

3(17%)
4(22%)
11(61%)
4(22%)

45-110 pmol/L

>90 mL/min/1.73m?
0.75 to 1.50 mmol/L
3.5t0 5.2 mmol/L

2.1 to 2.6 mmol/L
0.7 to 1.1 mmol/L

3.5t0 6.0%
04410216 x 10° cells / L

<15 mg/mmol

<2.5 mg/mmol
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TIN

(MGN), Ischaemic glomerulonephropathy (IGN)

Histopathological Diagnosis

Fig. 1 Renal biopsy diagnoses. Numbers represent percentage of the twenty-one diagnoses made on renal biopsies analysed in study.—
Tubulointerstital Nephritis (TIN), Hypertension (HTN), Immunoglobulin A nephropathy (IgA), No abnormality found (NA), Diabetic Nephropathy
(DM), Thin Basement Membrane Nephropathy (TBMN), Membranoproliferative glomerulonephritis (MPGN), Membranous glomerulonephritis

5 (24%) TIN
4 (19%) HTN
3 (14%) IgA
3 (14%) NA
2 (10%) DM
1(5%) TBMN
1(5%) MPGN
1(5%) MGN
1(5%) IGN

BO0NR0OOOE

Discussion

This study represents the first description of biopsy-
proven kidney disease in the HIV-infected population of
Australia. Our results support the use of renal biopsy in
PLWH with ongoing renal impairment for accurate diag-
nosis and to guide further management.

The majority of previously published international
biopsy studies have reported on similarly small cohort
numbers to our study — highlighting the generally low
incidence of renal biopsy in this population (Table 3).
Two exceptions are the large cohorts reported on in
the United States and South Africa [12, 13]. However,
their findings may not be generalisable to the Australian
cohort due to the large population of African individuals,
who are at a higher risk of HIV-associated kidney disease,
especially HIVAN [9].

Previous hepatitis B exposure was noted in seven peo-
ple within our cohort (37%) and three (16%) had positive
hepatitis C antibodies. Interestingly, none of the cohort
with prior hepatitis B or hepatitis C exposure, had the
typical membranous or membranoproliferative glomer-
ulonephritis associated with these infections. Unfortu-
nately, hepatitis viral load and past/current treatment
data was unavailable to assess if this could be due to his-
torical exposure versus current infection. Interestingly,
one patient was noted to have positive syphilis serology,
however their biopsy was consistent with hypertensive
and diabetic change and so their infection was unlikely to
have contributed.

Our cohort had an older mean age (48 years) than
almost all other international studies. This may explain
the higher rate of co-morbid diabetes and hyperten-
sion in our study, compared with the younger popula-
tions such as in Thailand and France [14, 18]. Despite
the high prevalence of comorbid conditions, our cohort
had less renal impairment (in terms of eGFR) at time of
biopsy, compared with other international studies. This
may imply that either our cohort were biopsied earlier in
their disease course or that the renal pathology affecting
our cohort, produced less of a profound azotaemia com-
pared with the other studies. Notably, the most common
diagnosis in studies with the lowest eGFR was HIVAN,
known to cause severe renal azotaemia [8, 9].

The most common histological diagnosis observed in
our study was tubulointerstitial nephritis (TIN)—charac-
terised by oedema, interstitial mononuclear cellular infil-
trate and tubulitis on histology [21]. Most cases of TIN
are non-infectious and are associated with drug therapy;
antibiotics, proton pump inhibitors and nonsteroidal
anti-inflammatories are most frequently implicated [22].
Unfortunately, we did not have data on our cohort’s non-
ART medications to test for these associations. Although
less frequently observed, infections with Cytomegalovi-
rus Virus, Epstein Barr Virus and Mycobacterium Tuber-
culosis can also contribute to the development of TIN
[22]. Low rates of active infection with these agents in the
Australian HIV population (post-introduction of ART)
and the exclusion of people post transplantation from
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our study, make these unlikely to be contributory [23, 24].
Interestingly, twenty percent of biopsies in the Zurich
cohort showed TIN, especially in PLWH on the combi-
nation of tenofovir and atazanavir [20]. Our study found
no association between ART regimen and diagnoses and
those with TIN in our cohort were either on tenofovir or
atazanavir, but not both. The mainstay of management
for TIN is withdrawal of any suspected drug(s), treatment
of any systemic infections and use of corticosteroids [25].
Early administration of corticosteroids has been associ-
ated with at least partial recovery of renal function in
over 80% of TIN cases, with benefits diminishing if treat-
ment is delayed [25]. Thus, people with TIN, need to be
identified early and have corticosteroid therapy initiated
to achieve the best renal outcomes.

The second most common histological diagnosis in
our study was hypertensive glomerulosclerosis. This is
unsurprising, given that 74% of our cohort suffered from
hypertension. Compared to other international studies,
our study had the highest rate of comorbid hypertension
(Table 3). This could be secondary to the older mean age
of our population, compared to most other studies. Inter-
estingly, papers from the United States and Japan both
reported rates of comorbid hypertension above 50% and
yet hypertensive nephrosclerosis was seen in less than 4%
of their cohort [12, 16]. This may suggest that blood pres-
sure control in the other cohorts was tighter than in our
study, although without longitudinal blood pressure data
this is hard to assess.

Although there were 4 people (8%) with comorbid
diabetes in our study, only two demonstrated evidence
of diabetic nephropathy on histology. There was also no
correlation between comorbid diabetes or HbAlc with a
histological diagnosis of diabetic nephropathy. This was
likely secondary to the small sample size or may be due to
historical kidney damage done before their diabetes was
under control and their HbAlc decreased. Our results
contrasted with the Japanese cohort, where all people
with diabetes demonstrated diabetic nephropathy on
biopsy [16]. Acknowledging the small cohort numbers,
these differences may be explained by the older cohort
and Asian ethnicity, which are associated with a higher
rate of diabetic complications [26].

Compared with other studies, our cohort had the high-
est proportion of IgA deposition on immunofluorescence
(14%), however this was consistent with the rate of IgA
nephropathy in the general population [27]. Other pre-
dominately Caucasian and Asian countries, such as Thai-
land, United states and England also had similar rates [12,
14, 17]. There were no instances of IgA nephropathy seen
in the African or Indian population, which is concordant
with what has been reported before [28]. The key man-
agement strategy for IgA nephropathy is blood pressure
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control with renin-angiotensin aldosterone blockade
[29].

No people in our cohort demonstrated histological
features of HIVAN on biopsy. This was in contrast to
other international studies—especially in United states
and South Africa where HIVAN was the most common
finding [12, 13]. This is likely explained by the low preva-
lence of African ethnicity in the Australian population
[30]. The results from both our study and other inter-
national cohorts, suggest that the rate of HIVAN is not
explained by absolute CD4 count alone (Table 3). Analo-
gously to the association of markers of diabetes with dia-
betic nephropathy, the absolute CD4 count at the time
of biopsy may not reflect counts during the first years of
infection, when renal injury may have occurred. Studies
from England and France had equally low CD4 counts
and yet the rate of HIVAN was more than double in Eng-
land [17, 18]. Similarly, studies from Thailand and South
African had equivalent CD4 counts, yet HIVAN was seen
in over 30% of the South African population, while no
cases were seen in Thailand [13, 14].

Although there was one instance of membranous and
membranoproliferative glomerulonephritis on biopsy,
none of these demonstrated deposition of immunoglob-
ulins or complexes to suggest HIVICK. However, the
development of HIVICK is most associated with African
ethnicity so this is unsurprising in the Australian setting
[30]. Further characterisation of the natural history and
risk factors for development of HIVICK is required.

Given no demographic or laboratory variables were
found to have a significantl association with any histolog-
ical diagnosis, it is unlikely any individual clinical char-
acteristic can help steer the clinician to the underlying
aetiology of the renal impairment without biopsy.

There were several limitations to our study. Firstly, the
limited number of renal biopsies performed in the HIV
population at our institution limited the generalisability
of the results. It also impacted our ability to find correla-
tion between demographic and laboratory characteristics
with histological diagnoses. However, given our study
had a larger cohort size than several other internationally
published papers, it still adds to the growing literature
in this unique population. Secondly, non-ART medica-
tions and other comorbidities (beside hypertension and
diabetes) were not able to be collected and analysed. This
could have allowed further analysis of risk factors for the
development of TIN in our cohort. Lastly, there was the
possibility of selection bias as it was up to the discretion
of the individual renal physician which people under-
went biopsy and there were no strict inclusion criteria.
This could have resulted in people with more severe renal
impairment being biopsied, revealing diagnoses that were
different from those with less severe renal impairment.
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Conclusions

This study found that tubulointerstitial nephritis, hyper-
tensive glomerulosclerosis and IgA nephropathy were
the most common histological findings on renal biopsy
within the HIV population at our institution. If there are
features of TIN on biopsy, there is good evidence to sup-
port the use of corticosteroids to achieve renal recovery.
However, the finding of hypertensive glomerulosclerosis
or IgA nephropathy should prompt the clinician to con-
centrate on blood pressure control to prevent progres-
sion. There was no correlation between demographic or
laboratory characteristics with histological diagnosis.
Thus, renal biopsy remains crucial in the Australian HIV
population to ensure the correct diagnosis and determine
the best clinical management.
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