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Abstract

Objectives: Even though there is an association between hearing loss and human
immunodeficiency virus (HIV), particularly in low- and middle-income countries, further
research is needed to investigate the nature of such hearing loss. Likewise, despite
documented vestibular alterations in people with HIV, the true occurrence, presentation, and
nature of these manifestations are yet to be established. Advances in technology for vestibular
testing has allowed for objective site-of-lesion tests such as the video head impulse test
(VHIT), cervical vestibular evoked myogenic potentials (cVEMPSs) and ocular vestibular
evoked myogenic potential (0VEMPS). The current study aimed to compare and describe
auditory, vHIT, cVEMPs and oVEMPs findings in adults with and without HIV.

Methods: The current study included an HIV positive group (n = 30) and an HIV negative
group (n = 30) who underwent an auditory assessment (tympanometry and pure tone
audiometry) and objective vestibular assessments.

Results: The occurrence of hearing loss was 53.3% in the HIV positive group compared to
33.3% in the HIV negative group. A higher occurrence of vestibular involvement was
documented in the HIV positive group (73.3%) compared to 13.3% in the HIV negative

group.

Conclusion: Auditory assessment and objective measures of vestibular end-organ function
(VHIT and VEMPs) can be useful to detect sub-clinical alterations. The equipment is mobile
and can be performed in any health care setting such as infectious disease clinics for
surveillance and monitoring purposes.
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1. Introduction

In 2017 there were 36.9 million people living with HIV (PLHIV) of which 1.8 million were
new infections. A total of 940 000 people died from AIDS-related illnesses in the same year
[1]. Globally, an expansion regarding access to HIV treatment has occurred and transformed
not only the HIV epidemic but also the health sector at large [2]. The advancement in
antiretroviral therapy (ART) has allowed for a shift in emphasis, currently focusing on quality
of life [3].

Auditory and otological manifestations are common occurrences in PLHIV and usually
increases as the disease advances [4]. Hearing loss can be conductive, sensorineural or mixed
in nature [5]. A systematic review revealed that one in three PLHIV from low- and middle-
income countries presented with a hearing impairment, indicating an established association
between hearing loss occurrence and HIV [3]. Furthermore, it was found that a statistically
significant association was found between HIV and hearing loss in both adults and children
and that these findings corroborated with other studies conducted elsewhere, proving that the
occurrence of hearing loss is quite common in the HIV population [6,7]. Even though a
correlation between hearing loss and HIV has been established, further research is needed to
investigate the aetiology of hearing loss in relation to HIV [3].

Previous studies reported an association between HIV and vestibular dysfunction, which may
be peripheral or central in nature [8], [9], [10]. Taking into consideration the shared anatomy
of the auditory and vestibular end-organs, it's not surprising that vestibular involvement
occurs [9]. A systematic review [9] reported on previous studies in which central vestibular
abnormalities were suggested as indicated by poor visual suppression and abnormalities in
saccade and pursuit tracking [11,12]. Another study indicated a high occurrence of peripheral
and central vestibular involvement [13].

Despite documented vestibular alterations in individuals with HIV, the true occurrence,
presentation, and nature of these manifestations are yet to be established. To date, research
reports on vestibular end-organ function in adults with HIV focused on caloric and rotary
chair that evaluates horizontal canal function, as well as air conduction (AC) cVEMPs that
evaluates the saccule [8,11,12,14,15]. To our knowledge there are no known objective data
on individual semicircular canal function as determined by vHIT and of utricular function as
determined by AC oVEMP. The current study aimed to compare and describe auditory,
VHIT, cVEMPs and o0VEMPs findings in adults with and without HIV.

2. Methods
2.1. Sample characteristics

This cross-sectional, descriptive study was conducted at two sites, namely the Infectious
Disease Clinic and the Antiretroviral Clinic at a tertiary referral academic hospital in Pretoria,
South Africa. Ethical clearance was obtained from the Institutional Review Board (reference:
38/2018 and 13007263 (GW20180206HS)), and data collection for the current study
commenced in February 2018 and ended in July 2018. Each participant provided written
informed consent. The current study was structured according to the Declaration of Helsinki
[16]
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The total sample consisted of 60 individuals aged 18 to 45 years. Participants belonged to one
of two groups: (1) diagnosed with HIV and on ART treatment (n = 30); and (2) the age and
gender-matched control group (n = 30). Twenty-nine out of 30 HIV positive participants
were on a first-line fixed-dose combination ART regime consisting of these three drugs:
Tenofovir (300 mg), Emtricitabine (200 mg) and Efavirenz (600 mg). There was only one
participant tested who was on the 2nd line ART regime which consisted of Zidovudine

(300 mg), Lamivudine (150 mg) and Lopinavir/Ritonavir (400/100 mg). After giving consent
for participation, the control group verified their HIV negative status by voluntarily partaking
in HIV screening at their local clinics.

Exclusion criteria were as follows: (1) known causes of inner ear dysfunction such as history
of recreational or occupational noise exposure, history of ototoxic medication particularly for
tuberculosis and cancer, and syphilis; (2) history of chronic alcohol abuse and/or smoking
and poor neck range of motion; and (3) participants identified with an outer or middle ear
pathology.

3. Procedures
3.1. Auditory assessment

Otoscopic examination, followed by tympanometry and acoustic reflexes was performed
using a diagnostic Y-226 Hz probe tone (GSI Tympstar, Grason-Stadler, Eden Prairie, MN,
USA) and normal middle-ear functioning was classified following established clinical norms
[17]. Automated diagnostic pure tone audiometry AC and bone conduction (BC) was
conducted at 250, 500, 1000, 2000 and 4000 Hz, in a quiet room using the KUDUwave Type
2 Clinical Audiometer (IEC 60645-1/2) manufactured by eMOY OdotNET, Johannesburg,
South Africa. A 4-tone pure tone average (PTA) was calculated across 500, 1000, 2000 and
4000 Hz and was used to classify hearing status in terms of degree (normal = —10-15 dBHL,
slight hearing loss = 16-25 dBHL, mild hearing loss = 26—40 dBHL, moderate hearing

loss = 41-55 dBHL, moderately-severe hearing loss = 56-70 dBHL, severe hearing

loss = 71-90 dBHL, profound hearing loss = 91+ dBHL) and laterality (unilateral or bilateral)
[18]. A high frequency pure tone average (HFPTA) was also calculated across 2000, 4000
and 8000 Hz.

3.2. Video head impulse test (VHIT)

The VHIT procedure was conducted using the Otometrics ICS Impulse® manufactured by
Natus Medical, Denmark, using the Video Frenzel goggles. The same examiner (author WM)
conducted this test at the two sites. Two authors (WM and BH) who has experience with
VHIT for the accuracy of VOR gain and for the presence of overt/covert saccades reviewed
the data. Participants were seated on a standard fixed armchair with an eye-level target at a
distance of 1.5 m in front of them. Before commencing with any testing, it was ensured that
the goggles were secured tightly to minimize goggle slippage and thereafter calibration was
performed for each participant to ensure reliable results were obtained. For lateral vHIT, the
patient's head was turned horizontally at a small angle of about 10°-20° in a brief, abrupt and
unpredictable manner making sure to vary the direction of the turns. Vertical vHIT was
performed with small, abrupt movements in the direction of the planes; left anterior right
posterior (LARP) and right anterior left posterior (RALP) [19,20]. When a HIT was elicited,
the goggles collected both head and eye data. Simultaneous displays of the data were
recorded for both head and eye movement and allowed the clinician to determine if the
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response was within normal limits or not. Furthermore, the software system displayed the
gain values obtained in each canal as well as if there were any catch-up saccades recorded.
The interpretation of test results was considered abnormal if: (1) the VOR gain value was
<0.8 for the lateral canals and <0.7 for vertical canals; or (2) either covert or overt catch-up
saccades were present [19,20].

3.2.1. Vestibular evoked myogenic potentials (VEMPS)

The VEMP testing was performed using the Bio-logic Navigator® Pro, manufactured by
Natus Medical, USA, connected to an Acer Laptop programmed with software version 7.2.1.
An AC 500 Hz toneburst was presented at an intensity of 95dBnHL using rarefaction and
alternating as the polarity for cVEMPs and o0VEMPs respectively with a rate of 5.1 Hz. A
total of 120 and 200 sweeps were measured for cVEMPs and oVEMPSs respectively in each
ear. The stimuli applied was repeated to confirm wave reproducibility. Insert earphones
(ER3A, Etymotic Research, Elk Grove Village, IL, USA) with disposable ear tips were used.

3.2.2. Cervical VEMP (cVEMP) procedure

During testing, participants were seated on a standard chair. The investigator ensured that
impedances were kept under 5 kQ. Thereafter, reusable gold cup electrodes were positioned
onto the skin. During cVEMP testing, ipsilateral electromyography recordings were
performed. Neck flexion of the sternocleidomastoid (SCM) muscle was achieved by
instructing participants to turn the head contralateral to the side of stimulation, ensuring a
cVEMP response with robust amplitudes and without early fatigability [21,22]. The active
electrode was placed on the ipsilateral mid-portion of the SCM muscle of the test ear, the
reference electrode was placed on the sternoclavicular junction, and the ground electrode was
placed on the forehead [22]. When marking the waveform, P1 was identified as the first
distinctive peak in the waveform between 11.81 and 15.59 ms, followed by N1, identified as
the first distinctive trough in the waveform between 18.15 and 25.64 ms [23]. Responses
obtained were repeated, and the weighted average was calculated. Additionally, the peak-to-
peak amplitude was also recorded and rectified for the baseline SCM muscle activity during
the 10 ms interval before stimulus onset. This was achieved by utilizing the ratio of the peak-
to-peak amplitude relative to the baseline SCM activity.

3.2.3. Ocular VEMP (0VEMP) procedure

During testing, participants were seated on a standard chair and were instructed to keep their
head horizontal while maintaining an upward gaze during the stimulation and recording,
focusing their gaze on a stationary target, at an approximate 30° angle, on the ceiling.
Electromyography recordings from the extra-ocular muscles in the infra-orbital region were
recorded while the stimulus was presented in the contralateral test ear. The active electrode
was placed on the inferior oblique muscle, on the opposite eye from the test ear; the reference
electrode was placed on the side of the nose bridge, and the ground electrode was placed on
the forehead [24]. When marking the waveform, N1 was identified as the first distinctive
trough in the waveform between 8.77 and 12.37 ms, followed by a positive peak P1,
identified as the first distinctive peak in the waveform between 13.26 and 18.88 ms [23].
Responses obtained were repeated, the weighted average calculated and the peak-to-peak
amplitude was then also recorded for each ear.
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4. Data analysis

This study utilized descriptive statistics, i.e., means, medians, standard deviations, standard
error, 95% confidence interval level for means, frequencies, and percentages as well as
inferential statistics in order to determine whether there was a significant difference between
both test groups. The Kolmogorov—Smirnov statistic was used to test for normality. Where it
was found that the data was not normally distributed, nonparametric tests were used. The
Chi-Square test of independence was used to determine whether there was a significant
relationship between two nominal (categorical) variables. If the expected count was less than
5, then the Fisher's Exact test was used. The Mann-Whitney U test was used to determine if
there were statistically significant differences between the two groups for all the continuous
variables. A level of significance of 5% was used, i.e., if the p-value was less than 0.05, there
were statistically significant differences between the groups. Data was analyzed with IBM
Statistical Package for the Social Sciences (SPSS Inc. version 25).

5. Results
5.1. Demographics of participants

Results were obtained from 60 participants, 30 HIV positive and 30 HIV negative. A Mann—
Whitney U test was run to determine if there were differences in age (years) between the HIV
positive and the HIV negative control group. Distributions of the ages for both groups were
similar. Age was statistically not significantly different between the HIV positive group
(Mdn=38,50) and the control group (Mdn=38,00), U = 433, z=—0.252, p = 0.801, using an
exact sampling distribution for U [25]. Both groups had more female participants with 83.3%
and 86.7% in the HIV positive and HIV negative groups respectively. It was 'not possible to
determine disease duration, since participants were 'not aware of when becoming infected
with the virus, however duration of ART use was known and documented. For the ART
duration, a mean of 8.71 (SD=4.31) years, a minimum of 4 months and a maximum of 19
years were documented. Concerning the cluster of differentiation 4+ (CD4+) cell count, a
mean value of 580.47 cells/uL (SD=321.66 cells/uL), a minimum of 235 cells/uL and a
maximum of 1473 cells/uL were documented. The CD4+ cell count is used to determine
degree of immunosuppression; immunological staging of disease reverses with ART use
which is administered when CD4+ cell counts are below 350 cells/pL. Table 1 summarizes
the of CD4+ levels in relation to the severity immunosuppression and shows the distribution
of participants with HIV within this immunological staging. None of the participants that
visited the two sites had levels below 200 cells/pL, while more than half had no significant
immunosuppression. When probed for subjective perception of vertiginous symptoms and
chronic disequilibrium at the time of testing, none reported any.

Table 1. Immunological staging of disease according to CD4+ levels (cells/uL).

Stage CD4+ levels Severity of immunosuppression n (%) of HIV participants
1 >500 Not significant immunosuppression 17 (56.7)

2 350-499 Mild immunosuppression 4 (13.3)

3 200-349 Advanced immunosuppression 9 (30)

4 <200 Severe immunosuppression 0

World Health Organization, 2007.
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5.1.1. Auditory assessment

Acoustic tympanometry and acoustic reflexes were carried out first, wherein all 60
participants obtained type A tympanograms and at least one reflex present at 1000 Hz or
2000 Hz. Furthermore, bone conduction was also conducted at 250-8000 Hz, but none of the
participants in the current study presented with air-bone gaps.

A Mann-Whitney U test was run to determine if there were significant differences in
thresholds (dBHL) for all octave test frequencies, the 4-tone PTA and the HFPTA between
the left and right ears of our study population. Distributions of the thresholds for both ears
were similar, and each side was statistically not significantly different between the left and
right ears (p > 0.05). Therefore, a comparison was drawn between both test groups, which did
yield statistically significant differences, rather than between both ears. Table 2 describes the
AC pure tone audiometry across the test frequency spectrum 250-8000 Hz per test group.
Within each test group, all the ears tested was considered as one group and therefore
parametric statistics was carried out. A one-way ANOVA was performed for all octave
frequencies, 4-tone PTA and HFPTA. Results indicated statistically significantly differences
(p = 0.05) or borderline statistically significant differences (+ p = 0.05) at all of the above
listed octave variables except at 2 kHz (p = 0.149).

Table 2. Auditory findings: octave frequencies (250-8000 Hz), 4-tone PTA and HFPTA.

Group n M Mdn SD SE 95% confidence interval for mean p-value
Lower bound  Upper bound

250Hz  HIV+ 60 20.75 20.00 13.62 1.76 17.23 24.27
HIV— 6011 10.008.72 1.13 8.75 13.25

Between groups 0.001P
500Hz  HIV+ 60 20.67 20.00 12.77 1.65 17.37 23.97
HIV— 60 11.75 10.00 8.63 1.11 9.52 13.98

Between groups 0.001P
1000 Hz HIV+ 60 15.42 15.00 10.35 1.34 12.74 18.09
HIV— 60 11.58 10.00 11.10 1.43 8.71 14.45

Between groups 0.0532
2000 Hz HIV+ 60 13.58 15.00 10.05 1.3 10.99 16.18
HIV— 60 11.08 10.00 8.79 1.13 8.81 13.35

Between groups 0.149
4000 Hz  HIV+ 60 8.75 5.00 10.99 1.42 5.91 11.59
HIV— 60550 0.00 7.8 1.01 3.49 7.51

Between groups 0.064
8000 Hz HIV+ 60 8.17 5.00 11.531.49 5.19 11.15
HIV— 60 2.75 0.00 5.16 0.67 1.42 4.08

Between groups 0.001°
4-Tone PTA HIV+ 60 14.68 13.00 9.43 1.22 12.25 17.12
HIV— 60 9.95 10.00 7.98 1.03 7.89 12.01

Between groups 0.004°
HFPTA HIV+ 60 10.17 7.50 8.93 1.15 7.86 12.47
HIV— 60 6.44 5.00 5.60 0.72 5 7.89

Between groups 0.007°

aBorderline statistically significant. PStatistically significant, HIV+= HIV positive, HIV—= HIV negative, n= number of ears
(left and right ears combined), SE=standard error, SD=standard deviation, M=mean, Mdn=median, SE=standard error,
SD=standard deviation.
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Hearing status was described based on the calculated 4-tone PTA regarding degree and
laterality [18]. Normal hearing was regarded as any PTA <15 dBHL per ear [18]. Normal
hearing was indicated to be 58.3% (n = 35 ears) in the HIV positive group and 76.7% (n = 46
ears) in the HIV negative group. Fig. 1 illustrates the degree and lateralization (unilateral or
bilateral) of hearing loss in both groups when considering affected ears.
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Fig. 1. Degree and lateralization of hearing loss.

A total occurrence of 41.7% (n = 25 ears) and of 23.3% (n = 14 ears) hearing loss was found
in the HIV positive and HIV negative test group respectively. It was found that bilateral slight
hearing loss had the highest occurrence in both test groups. In the HIV positive group, the
degree of hearing loss was mostly slight and mild. The HIV positive group had a statistically
significantly higher occurrence of slight (p = 0.055) and mild (p = 0.041) bilateral
sensorineural hearing loss than the HIV negative group.

However, when considering hearing status per participant, and classifying hearing loss as
either having a unilateral or bilateral hearing loss, then 16 HIV positive participants (53.3%)
demonstrated a hearing loss compared to 10 HIV negative participants (33.3%). In the HIV
positive group, nine participants had a bilateral hearing loss (five had bilateral slight hearing
loss, one had bilateral mild hearing loss, two had slight hearing loss in the one ear and mild
hearing loss in the other ear, and one had slight hearing loss in the one ear and moderate
hearing loss in the other ear) while seven had a unilateral hearing loss (six participants with
slight hearing loss, one with mild hearing loss). In the HIV negative group, four participants
had a bilateral slight hearing loss and six participants had a unilateral slight hearing loss.
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5.2. Vestibular assessment

To report on the VHIT results, a Mann-Whitney U test was first run to determine if there were
differences in lateral, anterior and posterior gain between the left and right ears of both HIV
positive and the HIV negative groups. The gain distributions between both ears of the same
participant were significantly different for the lateral and anterior measurements. Gain was
statistically significantly different between the left ears and right ears for lateral gain results,
where U = 965.00, z = —3.63 and p = 0.001 and for the anterior gain results (U = 1184.00,
z=—2.37 and p = 0.018). However, for posterior gain measurements (U = 1485.50, z = —1.08,
p = 0.279) no significant difference was obtained. Because of the observed asymmetry
between left and right ears, VHIT data from this study are reported for left and right ears
separately. Table 3 summarizes the median vHIT gain results for the HIV positive group and
HIV negative group in the right and left ears respectively for all six semicircular canals.

Table 3. Median VHIT gain values for all six canals.

Canal VHIT gain: left ears (n = 60) Canal VHIT gain: right ears (n = 60)
Mdn (25, 75 percentile) Mdn (25, 75 percentile)
HIV+ Group HIV— Group p-value? HIV+ Group HIV— Group p-value?
Lateral 0.92 0.91 0.903 1 1
Lateral 0.651
(0.86,0.99) (0.86, 1.00) (0.90,1.07) (0.97,1.01)
Anterior 1.01 0.96 0200  Anterior 0.85 0.97 0.146
(0.88,1.07) (0.84,1.02) (0.71,1.04) (0.78,1.10)
Posterior 0.86 0.91 . 0.87 0.90
0.193  Posterior 0.264
(0.78,0.98) (0.84, 1.00) (0.80,1.02) (0.88,0.98)

aThe Mann-Whitney test was run for differences between two independent samples, Mdn=median, n=number of
ears.

The median gain values obtained for both test groups in both ears for all six VHIT testing
conditions were within the normative data used in this study. However, nine participants
(33%) in the HIV positive group had abnormally low gain values in one or more of the
semicircular canals, while two participants (6.7%) in the HIV negative group had low gain
values. The presence of catch-up saccades were recorded in eight participants (26.7%) in the
HIV positive group and four (13.3%) in the HIV negative group. The presence of both
abnormally low gain together with catch-up saccades were recorded only in the HIV positive
group among two participants (6.7%).

In the HIV positive group, five participants (16.7%) had absent cVEMPSs; one participant had
a unilaterally absent cVEMP while four had bilaterally absent cVEMPs. All the participants
in the HIV negative group had present cVEMPs. Regarding oVEMPSs in the HIV positive
group, seven participants (23.3%) had no identifiable wave forms; two participants had
unilaterally absent oVEMPs while five had bilaterally absent oVEMPs. Upon closer
inspection of the data, it was found that four participants had both absent cVEMPs and
0VEMPs, three had absent oVEMPs only and one had absent cVEMPs only, thus a total of
eight (26.7%) HIV positive participants with absent VEMPs. Only the data of participants
with present cVEMPs were included in statistical analyses and summarized in Table 4. The
Mann-Whitney U test, the Wilcoxon W test and the Z test were used to assess if there were
statistically significant differences between both ears in each test group. Results indicated
that there were no statistically significant differences for the cVEMP (P1 and N1) and
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oVEMP (N1 and P1) latencies between the groups. There was however a significant
difference concerning cVEMP inter-peak amplitudes, but not for oVEMP inter-peak
amplitudes. Descriptive statistics were run between both test groups instead of both sets of
ears.

Table 4. Summary of cVEMP and oVEMP latencies (ms), inter-peak amplitudes (LV) and asymmetry ratios
(%).

0, 1 i -
Group n M Mdn SD SE 95% confidence interval for p

mean value
Lower bound Upper bound
cVEMP P1 (ms) HIV* 51 15.29 14.80 2.274 0.318 14.65 15.93
HIV- 60 15.04 14.39 1.602 0.207 14.62 15.45
Between 0493
groups
cVEMP N1 (ms) HIV* 51 23.8023.13 3.206 0.449 22.90 24.70
HIV- 60 23.40 23.101.849 0.239 22.92 23.88
Between 0416
groups
CVEMF(’Lf‘\r/';p"t”de HIV* 51 20.50 16.82 14.876 2.083 16.32 24.68
HIV- 60 27.10 23.80 12.886 1.664 23.77 30.43
Between 0.0142
groups
cVEMP AR (%) HIV* 25 22.69 16.82 19.466 3.893 14.65 30.73
HIV- 30° 19.16 14.22 16.019 2.925 13.18 24.14
Between 0505
groups
OVEMP N1 (ms) HIV* 48 10.06 9.61 1.620 0.234 9.59 10.53
HIV- 60 9.74 9.50 0.731 0.094 9.55 9.93
Between 0176
groups
oVEMP P1 (ms) HIV* 48 14.62 14.30 1.990 0.287 14.05 15.20
HIV- 60 14.44 14.82 1.217 0.157 14.13 14.76
Between 0563
groups
OVEMF()“"’{'/T)‘p"t“de HIV* 48 14.51 11.32 10.560 1.524 11.77 17.58
HIV- 60 15.31 15.209.873 1.27512.24 18.85
Between 0685
groups
oVEMP AR (%) HIV* 23 28.91 23.50 24.186 5.043 18.50 39.37
HIV- 300 17.43 22.67 12.308 2.247 12.84 22.02
Between 0.0012
groups

aStatistically significant.

bNumber of participants with bilateral present VEMPs to calculate asymmetry ratio, AR=asymmetry ratio, HIV.
+HIV positive, HIV.

“HIV negative, M=mean, Mdn=median, n=number of ears with present VEMPs, SE=standard error,
SD=standard deviation.
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A one-way ANOVA was conducted to determine if the cVEMP latencies differed between
the HIV positive and HIV negative group. Results indicated no statistically significant
differences between the cVEMP P1 latencies for the HIV positive group (M = 15.29,
SD=2.274) and the HIV negative group (M = 15.04, SD=1.602) where F(1, 109)=0,463 and
p = 0.498. Similarly, there were no statistically significant differences between the cVEMP
N1 latencies for the HIV positive group (M = 23.80, SD=3.206) and the HIV negative group
(M = 23.40, SD=1.849) where F(1, 109)=0,667 and p = 0.416. Furthermore, cVEMP inter-
peak amplitudes for the HIV positive group (M = 20.5, SD=14.876) were significantly lower
than the HIV negative group (M = 27.10, SD=12.886) where F(1, 109)=6, 274 and p = 0.014.
Asymmetry ratios (AR) were calculated for those participants with bilateral present cVEMPSs;
these included data of 25 participants in the HIV positive group and 30 participants in the
HIV negative group. There were no statistically significant differences between the groups
(p = 0.505).

Likewise, a one-way ANOVA was also conducted to determine if the oVEMP latencies
differed between the HIV positive and HIV negative group. Results indicated no statistically
significant differences between the oVEMP N1 latencies for the HIV positive group

(M =10.06, SD=1.620) and the HIV negative group (M = 9.74, SD=0.731) where F(1,
106)=1.852 and p = 0.176. Similarly, there were no statistically significant differences
between the oVEMP P1 latencies for the HIV positive group (M = 14.62, SD=1.990) and the
HIV negative group (M = 14.44, SD=1.217) where F(1, 106)=0,336 and p = 0.563.
Furthermore, there was also no statistically significant differences between the oVEMP
amplitudes for the HIV positive group (M = 14.51, SD=10.561) and the HIV negative group
(M = 15.31, SD=9.873) where F(1, 106)=0.165 and p = 0.685. Asymmetry ratios were
calculated for those participants with bilateral present oVEMPSs; these included data of 23
participants in the HIV positive group and 30 participants in the HIV negative group. There
was a statistically significant difference between the groups (p < 0.001); the HIV positive
group showed a larger AR (mean 28.91%) compared to the HIV negative group (mean
17.43%). However, these mean values, even for the HIV positive group, can be regarded as
clinically within normal limits.

Within the HIV positive test group, 73.3% (n = 22) presented abnormalities in vHIT and/or
VEMP in comparison to 13.3% (n = 4) of the HIV negative group.

6. Discussion
6.1. Hearing loss and HIV

A recent systematic review of data from children and adults with HIV from low and middle
income countries showed a high prevalence of hearing loss in people with HIV compared to
those without HIV [3]. Sensorineural hearing loss was the most common type of hearing loss
among adults. The studies summarized in this review that documented hearing loss among
adults with HIV, used varied cut-offs for hearing loss; the overall majority used >20dBHL
and two did 'not state. The prevalence of hearing loss in adults ranged from as low as 10% to
as high as 68%. The degree of hearing loss was 'not reported. The current study, also from a
low-middle income country, is in agreement with the abovementioned studies concerning the
higher occurrence of hearing loss in adults with HIV compared to those without HIV. In
accordance with the current study, a previous study from a low-middle income country that
utilized the same criteria for hearing loss, namely >16dBHL, reported a 64% occurrence of
sensorineural hearing loss [4]. This is very similar to the reported 53.3% in the current study.
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Regarding the degree of hearing loss in the current sample, the most common degree was
slight sensorineural hearing loss followed by mild sensorineural hearing loss. In addition,
bilateral sensorineural hearing loss was more common than unilateral hearing loss. According
to the World Health Organization a disabling hearing loss refers to a hearing loss greater than
40 dBHL in the better ear in adults [26]. That is regarded as a moderate hearing loss or
greater [18]. None of the participants in the HIV negative group had a disabling hearing loss,
while 1.7% of participants in the HIV positive group had bilateral moderate hearing loss. The
absence of detectable outer and middle ear pathologies as demonstrated by type A
tympanograms and absence of air-bone gaps on pure tone audiometry, could likely be
explained by ART use. The treatments reduce viral loads and increase CD4+ cell counts,
thereby improving immunity and reducing risk for opportunistic infections such as otitis
media. Otitis media is usually associated with conductive or mixed hearing loss. The risk for
other opportunistic infections, caused by viruses, bacteria and other malignancies associated
with sensorineural hearing loss [25,26], could also be decreased. Three earlier studies showed
a positive association between low CD4+ cell counts and hearing loss [27], [28], [29]. In the
current study the mean CD4+ cell count in the HIV positive group was 580.47 cells/pL, while
some were higher than 1000 cells/pL. However, it was recently reported that the combination
of ART and the virus, at least in part, causes chronic inflammation and activation of the
immune system typically seen in the elderly [30]. It is defined as “inflammaging” that is
present in HIV positive adults who experience a type of premature ageing. These authors
(page 48) explained that “A persistent, low-grade chronic inflammation that typically
characterizes immunological ageing is an essential contributor to several comorbidities in the
setting of HIV infection. This inflammation is particularly evident in older adults with
chronic, well-treated HIV infection. The precise mechanism(s) of this residual immune
activation are poorly understood, and the impact of ageing in treated long-life HIV+ is not yet
clear.” The positive association with ageing and sensorineural hearing loss is well
documented [31]. This mechanism of pathology could likely be attributed to the higher
occurrence of hearing loss in the HIV positive group compared to the control group. Further
research on larger study samples and serial auditory assessments longitudinally over the
course of HIV treatment is needed for understand this more clearly.

Another possible cause for sensorineural hearing loss is the potential ototoxic effect of ARTS.
Previous studies reported on sensorineural hearing loss following administration of ARTs
[32], [33], [34], [35]. Although the treatment regime differed among them, they all had at
least two nucleoside analogue reverse transcriptase inhibitors (NRTISs) in common. Highly
active antiretroviral therapy (HAART) regimes typically consist of NRTIs combined with
non-nucleoside analogue reverse transcriptase inhibitors (NNRTIS) or protease inhibitors;
NRTIs are the most prevalent components of HAART regimes [32]. In the current study all
HIV positive participants except one had long-term use of two NRTIs (Tenofovir and
Emtricitabine) and one NNRTI (Efavirenz). The basal part of the cochlea is more susceptible
to ototoxicity than the apex, resulting in a high frequency hearing loss [36]. The auditory
findings of the current study didn't demonstrate the typical sloping high frequency hearing
loss. In fact the mean HFPTA was well within normal limits in the HIV positive group
despite being statistically significantly higher than in the HIV negative group. Extended high
frequencies could provide more insight into the possible ototoxic nature of HAART and
warrant further longitudinal research. Ototoxicity isn't limited to the cochlea, but can affect
the vestibular end-organs and innervating nerves too, hence referred to as vestibulotoxicity
[36].
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6.2. Vestibular alterations and HIV

Vestibular dysfunction is common in adults with HIV and the occurrence thereof
significantly higher in HIV than in those without HIV [8], [9], [10],12,37]. Previous reports
indicated not only involvement of the central vestibular pathways as indicated by
abnormalities in visual suppression, saccades and pursuit tracking, but also of peripheral
function as demonstrated by abnormalities in calorics and cVEMPs [8,11,12,38]. To the
authors’ knowledge, the current study is the first to objectively determine function of
individual semicircular canal and otolith function by utilizing mobile health equipment within
an infectious disease clinic setting: vHIT, cVEMP and oVEMP.

The median vHIT gain for the different canals did 'not yield any statistically significant
differences between the groups. However, considering individual canal gain values and the
presence of covert/overt saccades, a total of 19 participants in the HIV positive group
(63.3%) showed some alteration in one or more of these VHIT response parameters,
compared to 20% (n = 6) in the HIV negative group. To date, there are no studies that have
utilized the lateral and vertical vHIT protocol to determine individual canal function within
an HIV positive cohort. There is only one previous study, a case report, that utilized the
lateral and vertical vHIT protocol in order to assess individual semicircular canal function
[39]. Results indicated positive involvement of both lateral canals and the left vertical canals.
A previous study utilized the bedside equivalent, i.e., the lateral head impulse test (HIT),
where the investigator relied on simple observation to determine the presence and absence of
overt catch up saccades [8]. Similar to the current study, findings indicated a higher
occurrence (20.8%) of abnormalities in the HIV positive group when compared to the HIV
negative group (10.5%) suggesting the involvement of the lateral canals and/or superior
vestibular nerve. On the contrary, one study that also utilized the lateral HIT reported a mere
5% occurrence in the HIV positive group and a higher occurrence of 17.7% in the HIV
negative group [40]. The findings from the current study were not dependant on subjective
observation of saccades, but rather, obtained through an objective record of eye movements
during the head impulses and allowed for the function of each canal to be measured
individually regarding gain and catch up saccades. The current study was thus able to
quantify gain and measure catch-up saccades which the previous studies were unable to do
and could, as a result, justify the higher occurrences reported currently. However, despite the
differences in the medium of testing, the studies are in agreement that there is a higher
occurrence of peripheral vestibular involvement in those with HIV than those without HIV.

The cVEMPs were absent in 16.7% (n = 5) of the HIV positive participants, of which four
were bilaterally absent. Two previous studies [8,38] reported very similar findings where
15.1% of HIV positive participants had absent cVEMPs. A case report of an HIV-infected
adult with syphilis reported bilateral absent cVEMPs [41]. In addition, the current study
showed significantly lower inter-peak amplitudes in the HIV positive group than in the HIV
negative group, suggesting saccular alterations. These findings together with previous reports
suggest involvement of the saccules and/or the vestibular nerves that innervate these end-
organs. Regarding oVEMPs, the occurrence of absent findings was higher; it was absent in
23.3% (n = 7) of HIV positive participants, of which five was bilateral. The current study was
the first to report functional abnormalities of the utricle in adults with HIV. Earlier post-
mortem studies using electron microscopic ultra-structural analysis of temporal bone from
deceased adults with HIV, can corroborate involvement of the otoliths [42,43]. The authors
showed viral-like particle characteristics of HIV in both the otolith organs. They also showed
subepithelial elevation of neurosensory epithelium of the otolith organs.

12


https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0008
https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0009
https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0010
https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0012
https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0039
https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0008
https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0011
https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0012
https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0040
https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0041
https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0008
https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0042
https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0008
https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0040
https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0043
https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0044
https://www-sciencedirect-com.uplib.idm.oclc.org/science/article/pii/S0385814619309290#bib0045

In total, VEMPs were absent in eight HIV positive participants (26.7%) of which four had
absence of both cVEMPs and oVEMPs. Absent VEMPs was found at higher rates compared
with age-matched controls. In VEMPs, the stimulus examine primarily the integrity of type |
hair cells of the otoliths [44]. Likewise, vVHIT that examines individual semicircular canal
function, seems to activate irregular afferents which primarily innervate type | hair cells
[45,46]. Type I hair cells were shown to be more susceptible to insult from example ototoxic
mediations [47], although no anecdotal evidence exist to support it, reports on hearing loss
after administration of ART could likely not be limited to the cochlea but can involve the
vestibular hair cells too. The higher occurrence of absent VEMPs and abnormal vHIT
findings could possibly be attributed to the vestibulotoxic nature of ART. In addition, type |
vestibular hair cells also show higher susceptibility to age-related alterations [48], the concept
of “inflammaging” caused by ART and the virus could be extended to the vestibular hair
cells.

If one could make a direct comparison between the mechanisms of pathology between ARTS
as potential vestibulotoxic agents and aminoglycosides with well-known vestibulotoxic side-
effects that affects semicircular canals more than other vestibular structures [49,50], a higher
occurrence of abnormal vHIT findings would be seen. This seemed to be the case in the
current study that showed abnormal findings in VHIT response parameters in 63.3% of HIV
positive participants, compared to 20% in the HIV negative group. All semicircular canals
showed some form of alteration suggesting equal vulnerability among individual canals. The
current study showed the potential use of vVHIT and VEMPSs to detect sub-clinical vestibular
alterations even in the absence of apparent vestibular complaints.

A strength of the current study included examination of individual vestibular end-organs by
utilizing recently developed tests of vestibular function. The study included in a well-
characterized HIV population a from low-middle incoming county with age and gender
matched controls. The study sample included adults younger than 45 year to account for age-
related degeneration. Participants were purposively selected from a typical public health care
facility that provides treatment and counselling. Vestibular function tests were selected for
their mobile application, in order to assess participants at the health care facility during their
monthly visits. The study had several limitations; we didn't conduct extended high frequency
audiometry to detect ototoxic-related hearing loss. The study did not identify a relationship
between hearing loss, ART use duration, CD4+ cell counts and viral loads. A reason for not
determining the relationship between CD4+ cell counts and vestibular end-organ dysfunction
in this cross-sectional study is that once patients with HIV start with treatment, their CD4+
cell counts gradually increase. Although this is monitored regularly, the viral load is a more
important indicator of health and treatment effectiveness. Over time, viral loads become
undetectable. CD4+ cell counts fluctuate during the day; physical activity, diet and lack of
sleep can affect it. Clinicians do not attach too much significance to an individual test result,
but rather monitor any trends in changes over time. People living with HIV who have a CD4+
cell count over 500 and undetectable viral load are usually in good health [51]. In the current
study the mean CD4+ cell count was 580.47 cells/uL and more than half of the HIV positive
participants had counts more than 500, yet 73.3% had some vestibular dysfunction. The
relationship between viral loads and vestibular end-organ function are yet to be established.
Considering the fluctuating nature of CD4+ cell counts and monitoring of its changes over
time, further insight is needed to determine the longitudinal effect of both viral loads and
CD4+ cell counts on vestibular function. The study also didn't compare HIV positive adults
using ART with HIV positive non-users. The study primarily compared differences in
auditory function, vHIT and VEMPs between HIV positive and HIV negative participants
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and described the nature in performance on these tests at one point in time. Additional studies
should determine the auditory-vestibular function effects of HIV with and without ARTs
longitudinally to document alterations. Considering the exploratory, descriptive nature of the
study, studies with larger samples are needed to determine clinical implications. Nonetheless,
taking into account the dearth of literature of vestibular function in HIV, the study provides
findings not yet reported.

7. Conclusion

Auditory and vestibular end-organ alterations has a high occurrence in adults with HIV. The
abnormalities reflect a disease-related complication and the effect on quality of life and
functional activities should be explored. Auditory assessment and objective measures of
vestibular end-organ function (vVHIT and VEMPs) can be useful to detect sub-clinical
alterations. The equipment is mobile and can be performed in any health care setting such as
infectious disease and ART clinics for surveillance and monitoring purposes.
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