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Abstract Coronavirus disease (COVID-19) pandemic is

the latest threat to global health that causes severe acute

respiratory syndrome (SARS). Tele-practice has inadver-

tently sprung to the forefront to become a common practice

amongst healthcare providers during COVID-19. Limited

evidence exists on the use of tele-practice in assessing

middle ear function in adults living with HIV during the

COVID-19 pandemic. The aims of this study were to

investigate the use of tele-practice for assessment of middle

ear function in adults with HIV during the COVID-19

pandemic. A quantitative observational, cross-sectional

design was adopted. A total of 134 adults diagnosed with

HIV were purposively selected from the HIV clinic. An

audiology researcher, in the role of site-facilitator, captured

video otoscopic images of the tympanic membrane using a

video otoscopy for all participants through asynchronous

tele-practice. All captured images were sent to two

independent otorhinolaryngologists for diagnosis. Findings

of this study indicated that tele-practice can be used to

assess middle ear function in adults living with HIV during

COVID-19 pandemic. When asynchronous tele-practice

was used, there was a moderate diagnostic agreement

(k = 0.58) between the two otorhinolaryngologists on

abnormality versus normality, but poor agreement

(k = 0.15) on the nature of abnormality (e.g. OME vs

CSOM). Current findings highlight the urgent need for a

widespread use of tele-practice during the continued clin-

ical follow up and management of adults living with HIV,

and the implementation of tele-practice, particularly in

low- and middle-income countries (LMICs) where capacity

versus demand challenges related to ear and hearing care

continue to exists.
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Introduction

The Human Immunodeficiency virus (HIV) remains one of

the biggest public health problems, affecting millions of

people globally [1]. There was an estimated 36.9 million

[31.1million -43.9 million] people living with HIV glob-

ally in 2018, with adult population accounting for 95% of

the pandemic [1]. The high prevalence of HIV has been

reported to be greater in low and middle income countries

(LMICs), where South Africa is located [2]. Recent data

indicates that the prevalence of HIV in South Africa is 7.5

million, an approximately 20% of the global population

[2]. Although the antiretroviral (ART) regimen has been

shown to be an effective treatment, HIV continues to
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increase the risk of otological and audiological impair-

ments [3–6].

Middle ear pathologies are among the common otolog-

ical manifestations of HIV [7, 8], with prevalence rates

reaching approximately 60% [9]. Middle ear pathologies

are characterized primarily by a dysfunction of the Eus-

tachian tube due to weakened immune system [10], leading

to unprevented pathogens, causing an accumulation of fluid

in the middle ear cavity, and lack of vibratory movement of

the tympanic membrane and ossicular chain [11]. Given the

persistence of middle ear pathologies in this population,

early identification and intervention must be implemented

in order to prevent the potential long-term impacts that

may result from late or lack of treatment [12–14].

Sebothoma and Khoza-Shangase [15] argue for increased

efforts towards preventive care for middle ear pathologies

through programmatic approaches that are delivered via

innovative hybrid service delivery models, such as tele-

practice combined with task-shifting, within the South

African context.

Traditionally, middle ear pathologies are identified by

audiologists and otorhinolaryngologist using acoustic

immittance measures and otomicroscopy respectively

[16, 17]. These measures are often used in direct close

contact with patients presenting with audiological or/and

otological symptoms. However, due to the COVID-19

pandemic, and the fact that examination around the ear,

nose and throat has been reported to present the highest risk

of COVID-19 transmission [18], these traditional methods

became challenging to use, over and above the challenges

of healthcare priorities re-arrangement brought on by

COVID-19. Furthermore, the Centers for Disease Control

and Prevention (CDC) suggest that individuals with HIV

might be at an increased risk for developing severe ill-

nesses due to COVID-19 [19]. Therefore, tele-practice

became an urgent alternative tool for healthcare service

delivery due to its remoteness and its ability to reduce close

contact between patients and health care providers, thus

preventing the spread of the virus [20, 21]. Tele-practice

involves the use of technology to remotely assess and

manage patients [22].

Although some otorhinolaryngologists have shared their

challenges in using tele-practice during COVID-19 pan-

demic [23, 24], governmental health and safety regulations

have necessitated the use of non-contact methods to pro-

vide healthcare services. Few research studies on the use of

tele-practice have found the benefits of using this method

during COVID-19 pandemic [25, 26], however, limited

published evidence exists on the use of tele-practice in the

assessment of middle ear function in adults living with HIV

during COVID-19, particularly in LMICs where the

infrastructure for tele-practice is limited [27] and resources

to deal with undetected and untreated middle ear

pathologies is extremely limited [28]. Therefore, the pur-

pose of this study was to investigate the use of tele-practice

in the assessment of middle ear function in adults living

with HIV during the COVID-19 pandemic.

Specific Objectives

1. To describe middle ear function of adults living with

HIV as diagnosed by otorhinolaryngologists using

asynchronous tele-practice.

2. To determine reliability of using tele-practice to

assess middle ear function during the COVID-19

pandemic.

Methods

This study employed a quantitative, observational, cross-

sectional design [29]. A non-probability purposive sam-

pling method was used to recruit and select participants

who met the inclusion criteria. Participants recruited and

included in the study were adults aged 18 years and older

diagnosed with HIV and attending HIV clinic. Exclusion

criteria included adults who presented with otorrhea on the

day of testing [30]. The study was carried out from

September 2020 to December 2020 after receiving ethical

approval from the Human Research Ethics Committee

(Medical) of the University of the Witwatersrand:

M190752. This was the COVID-19 lockdown period when

face-to-face consultations at the otorhinolaryngology

department at the tertiary hospital were postponed because

of the infrastructural challenges, which do not permit social

distancing. Therefore, service provision was restricted to

patients requiring emergency care.

Eligible participants were provided with the partici-

pant’s information sheet that details the purpose and nature

of the study. All participants provided a written informed

consent. Participants’ ears were assessed by a qualified

audiologist in one of the allocated rooms at the HIV clinic.

Participants were only assessed if they were wearing face

masks covering both the mouth and the nose and did not

have COVID-19 related symptoms at the triage station.

Each participant was sanitized before and after testing. The

audiologist was also wearing personal protective equip-

ment (PPE) in accordance with the national department of

Health [31], which include N95 face mask, face shield,

plastic apron and gloves during testing. The role of the

audiologist was to capture the otoscopic images, save them

in a folder for later analysis by the two

otorhinolaryngologists.

Video otoscopy using Firefly Wireless DE550 was used

to capture all images. Captured images were saved in one

of the folders open specifically for this process. Upon
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completion of the assessment, all images were sent to the

two otorhinolaryngologists via asynchronous tele-practice

for analysis and diagnosis of middle ear integrity for pos-

sible pathologies [32]. The two otorhinolaryngologists

were blinded on the demographic and medical character-

istics of the participants. This method was used because it

has been shown to have higher sensitivity and specificity in

identifying middle ear pathologies [7, 33], it can be used

where access to otorhinolaryngology services is limited or

absent [34], and otorhinolaryngological analysis and

diagnosis of the middle ear function and pathologies is

considered a ‘gold standard’ in LMICs [35].

Statistical Analysis

Initially, all data were captured on an excel spreadsheet

(office 365) before converting it into a software for anal-

ysis. The statistical software used was Stata version 15.2.

Both descriptive and inferential statistics were used to

analyze data. Descriptive statistics was used to describe

and summarize the characteristics and some features of the

data, including demography and middle ear functions of

adults living with HIV. Frequencies and percentages for all

categorical variables were used. Continuous variables were

summarized using the median and interquartile range. In

order to determine the reliability of the measure used, an

inter-rater reliability of the two otorhinolaryngologists was

assessed using the Cohen’s Kappa test (k-value). Bivariate

analysis to compare proportions was done using the Chi-

square test.

Results

A total of 134 adults (268 ears) diagnosed with HIV were

assessed. The diagnosis outcome from the two otorhino-

laryngologists was classified into three categories: normal,

abnormal, and could not evaluate (CNE). Where possible,

otorhinolaryngologists provided the type of middle ear

pathology observed on video otoscopy. There were more

females (64.18%, n = 86) than males (35.82%, n = 48) in

this study. The median age of the participants was 49 years

with an interquartile range of 41–57 years. The median age

differences were not significantly different between the two

gender groups (p-value = 0.4367).Table 1 below summa-

rizes the diagnoses made by each otorhinolaryngologist.

Regarding the left ear, majority of the participants had

normal ears as determined by the two otorhinolaryngolo-

gists. There were 7.46% (n = 10) participants with abnor-

malities from otorhinolaryngologist1 and 4.48% (n = 6)

participants with abnormalities from the otorhinolaryn-

goloist2; however, this difference was not statistically

significant. Regarding the right ear, majority of the

participants also had normal ears. There were 5.57%

(n = 8) participants with abnormalities from the otorhino-

laryngologist1 and 4.48% (n = 6) participants with abnor-

malities from otorhinolaryngologist2. There was no

statistically significant difference between the proportions

of these abnormalities in the right ear from the two

otorhinolaryngologists. The significant association

observed was mainly due to the absence of the wax out-

come in the males which gave a p-value = 0.005 of the

otorhinolaryngologist1 and p-value = 0.012 for the

otorhinolaryngologist2. Regarding both ears, majority of

the participants had normal ears from video otoscopic

findings. There were 6.72% (n = 18) participants with

abnormalities from the otorhinolaryngologist1 and 4.48%

(n = 12) participants with abnormalities from the otorhi-

nolaryngologist2. There was no significant difference

between the proportions of these abnormalities from the

two otorhinolaryngologists. The association of these

abnormal outcomes and gender was marginal in the

otorhinolaryngologist1 (p-value = 0.065) and statistically

significant in the otorhinolaryngologist2 (p-value = 0.017),

with females presenting with more middle ear pathologies

than males.

Inter-rater Reliability of the Measures

The two otorhinolaryngologists agreed on 78.49%

(n = 205) of the total ears of patients reviewed (Table 2).

The random agreement and perfect agreement of the two

otorhinolaryngologists was estimated to have a Kapa value

of 0.5801 (58.01%). The amount of agreement indicates

that the hypothesis that otorhinolaryngologists are making

their determinations randomly can be rejected, p-value\
0.001. Regarding the left ear only, the two otorhino-

laryngologists agreed on 74.63% (n = 100) of the left ears

with the random agreement and perfect agreement esti-

mated to have a Kapa value of 0.5569 (55.69%). The

amount of agreement was statistically significant, p-

value\ 0.001. Regarding the right ear only, the two

otorhinolaryngologists agreed on 78.36% (n = 105) of the

right ears with the random agreement and perfect agree-

ment estimated to have a Kapa value of 0.6047(55.69%).

The amount of agreement was statistically significant, p-

value\ 0.001.

The most common abnormality detected by otorhino-

laryngologist1 was otitis media with effusion (OME) which

accounted for 66.67% of the cases, while otorhinolaryn-

gologist2 detected chronic suppurative otitis media

(CSOM) which accounted for 58.33% of the total abnor-

malities detected. However, there was a poor diagnostic

agreement (k = 0.15) between the two otorhinolaryngolo-

gists based on the nature of the diagnosis. Figure 1 below

provides a summary of the nature of abnormal middle ear
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Table 1 Diagnosis made otorhinolaryngologist

Otorhinolaryngologist1 Otorhinolaryngologist2

Female n (%) Male n (%) Total n (%) Female n (%) Male n (%) Total n (%)

Left ear diagnosis

Could not evaluate 23(27.06) 14(28.57) 37(27.61) 21(24.71) 13(26.53) 34(25.37)

Abnormal 7(8.24) 3(6.12) 10(7.46) 4(4.71) 2(4.08) 6(4.48)

Normal 47(55.29) 28(57.14) 75(55.97) 51(60.0) 32(65.31) 83(61.94)

Wax 8(9.41) 4(8.16) 12(8.96) 9(10.59) 2(4.08) 11(8.21)

Total 85(100) 49(100) 134(100) 85(100) 49(100) 134(100)

Chi2 P-value 0.963 0.612

Right ear diagnosis

Could not evaluate 12(14.12) 16(32.65) 28(20.9) 16(18.82) 18(36.73) 34(25.37)

Abnormal 5(5.88) 3(6.12) 8(5.97) 4(4.71) 2(4.08) 6(4.48)

Normal 55(64.71) 30(61.22) 85(63.43) 53(62.35) 29(59.18) 82(61.19)

Wax 13(15.29) 0 13(9.7) 12(14.12) 0 12(8.96)

Total 85(100.0) 49(100) 134(100.0) 85(100) 49(100) 134(100.0)

Chi2 P-value 0.005 0.012

Overall ears diagnosis

Could not evaluate 35(20.59) 30(30.61) 65(24.25) 37(21.76) 31(31.63) 68(25.37)

Abnormal 12(7.06) 6(6.12) 18(6.72) 8(4.71) 4(4.08) 12(4.48)

Normal 102(60.0) 58(59.18) 160(59.7) 104(61.18) 61(62.24) 165(61.57)

Wax 21(12.35) 4(4.08) 25(9.33) 21(12.35) 2(2.04) 23(8.58)

Total 170(100) 98(100) 268(100) 170(100) 98(100) 268(100)

Chi2 P-value 0.065 0.017

The bold indicates significant of the number

Table 2 Agreement table of the two diagnostic tests

ENT2 Could not evaluate Abnormal Normal Wax Total Percentage agreement Kappa value P-value

ENT1

Overall test agreement

Could not evaluate 40 6 16 3 65 78.49% (n = 205) 0.5801 < 0.0001

Abnormal 4 5 9 0 18

Normal 19 1 140 0 160

Wax 5 0 0 20 25

Total 68 12 165 23 268

Left ear agreement

Could not evaluate 21 3 11 2 37 74.63% (n = 100) 0.5569 < 0.001

Abnormal 2 3 5 0 10

Normal 8 0 67 0 75

Wax 3 0 0 9 12

Total 34 6 83 11 134

Right ear agreement

Could not evaluate 19 3 5 1 28 78.36% (n = 105) 0.6047 < 0.001

Abnormal 2 2 4 0 8

Normal 11 1 73 0 85

Wax 2 0 0 11 13

Total 34 6 82 12 134

The bold indicates significant of the number
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pathologies diagnosed by each of the participating

otorhinolaryngologists.

Discussion

Despite the challenges that health care providers faced

during initial implementation phases of tele-practice, the

use of tele-practice has increased rapidly since COVID-19

outbreak [27]. One of the primary reasons for this expo-

nential use of tele-practice was the need to reduce the risk

of contracting and spreading COVID-19, particularly in

patients who are at an increased risk for developing severe

illnesses. Ohannesian [36] reported that tele-practice can be

used in situations where healthcare facilities are under

partial or complete quarantine, and therefore patients can-

not access healthcare services.

This study investigated the use of tele-practice in

assessing middle ear pathologies in adults living with HIV

during COVID-19. Findings of this study demonstrate that

tele-practice; in the form of asynchronous tele-audiology

via video otoscopy can be used to assess middle ear

function and pathologies in this population. Otorhino-

laryngologists in this study were able to diagnose various

middle ear pathologies. The most diagnosed middle ear

pathologies in adults living with HIV in this study were

OME and CSOM. These findings are consistent with pre-

vious research [7, 8, 37–39], indicating that OME and

CSOM are common in adults living with HIV. Therefore,

these findings support and call for widespread use of tele-

practice for assessment of middle ear pathologies in this

population.

In this study, there were more females than male par-

ticipants, with females presenting with significantly more

middle ear pathologies than males. Tshifularo and col-

leagues [8] suggested that female predominance in research

may be due to the fact that females tend to seek medical

help earlier than men. While other studies on middle ear

and HIV also reported that it is common for female

participants to be significant more than males [3, 8, 38],

these studies did not determine the effects of gender on

middle ear function in adults living with HIV. In studies on

HIV negative control group, results on the effects of gender

on middle ear remains conflicting. Therefore, there is a

need for large scale longitudinal studies to determine the

effects of gender on middle ear pathologies in adults living

with HIV.

Although the two otorhinolaryngologists were able to

diagnose various middle ear pathologies through asyn-

chronous tele-practice, the inter-rater reliability of the two

otorhinolaryngologists, using Kappa statistics was low. For

example, the overall agreement diagnoses for the abnormal

results was considered moderate (k = 0.58); while the

agreement diagnoses for the nature of the abnormality (e.g.

OME versus CSOM) was poor (k = 0.15) [40]. These

findings differ from previous research [7, 16], which found

the agreement diagnoses between two independent otorhi-

nolaryngologists were substantial (k = 0.74 and k = 0.7

respectively). The low inter-rater reliability between the

two otorhinolaryngologists obtained in this current study

may have been influenced by various factors.

There were a number of poor-quality images in the

sample. Otorhinolarynogologist1 could not evaluate

25.25% (n = 65) of the ears, while otorhinolaryngologist2

could not evaluate 25.3% (n = 68) of the ears. In some

cases, these number of poor-quality images were exacer-

bated by the presence of cerumen in the external ear canal

(EAM). Cerumen impeded visualization of the tympanic

membrane in 9.3% (n = 25) and 8.6% (n = 23) for the two

otorhinolaryngologists respectively. The poor quality of

images produced in this study may be due to the type of

video otoscopy used. Research has already indicated that

different video otoscopic instruments produce different

quality images [41, 42]. In a study conducted by Seboth-

oma and Khoza-Shangase [7], an Otometrics Aurica Oto-

cam 300 was used and it produced lower percentage (13%)

of poor-quality images. However, the current study used
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Firefly Wireless DE550, while a study by Biagio et al. [33]

used a Welch Allyn digital MacroView Video otoscope.

These findings raise implications for the type and quality

of tools and instruments used during asynchronous tele-

practice. The use of instruments that do not produce quality

images prohibits clinicians who are not physically present

with the patient to make appropriate diagnoses, especially

early signs of middle ear pathologies. Current authors

suspect that part of the reason less severe form of middle

ear pathologies such as acute otitis media (AOM) were not

identified in this population may be due to poor-quality

images driven by the quality of the instrument used. In a

study by Sebothoma and Khoza-Shangase [7] where a

number of poor-quality images were lower (13%), less

severe middle ear pathologies were also commonly iden-

tified. It is therefore crucial that an instrument used during

asynchronous tele-practice produces quality images in

order to improve diagnoses and intervention, over and

above training of site-facilitators on cerumen management

to ensure that additional obstructions are removed before

images are taken.

Ibekwe and Fasunla [43] suggested that given the

shortages of otorhinolaryngologists in LMICs, there is a

need to develop self-assessment applications that can be

used for tele- otorhinolaryngology. These self-applications

can be used by patients as part of the new technological

development and task shifting paradigm to increase the use

of tele-practice. English and colleagues [44] assert that

COVID-19 challenges health systems to introduce new

technology and change work patterns, including task

shifting. Khoza-Shangase and Sebothoma [45] also argue

for a task shifting paradigm in resource constrained envi-

ronments as a method to reach those who do not have

access to healthcare.

Instruments that produce quality images may not only be

useful for tele-practice, but also for the new and emerging

technology under the auspices of fourth industrial revolu-

tion (4IR). For example, emerging research has already

explored the feasibility and applicability of using artificial

intelligence (AI) based systems that can be used to identify

middle ear pathologies [46, 47]. These AI based systems

use image analysis classification of the tympanic mem-

brane (TM) to identify middle ear pathologies. The accu-

racy of this system was found to have a higher sensitivity

(86.84%) in identifying patterns of middle ear pathologies.

However, the successful use of these AI based systems will

also require quality images in order to make appropriate

diagnoses. Therefore, it is crucial to use instruments that

produce quality images for early identification and inter-

vention to be implemented.

Limitation of the Study

Although the current study provided some insights into the

use of telepractice in the assessment of middle ear function

in adults living with HIV during the COVID-19 pandemic,

there are notable limitations. Firstly, the poor diagnostic

agreement (k = 0.15) between the two independent

otorhinolaryngologists may have been due to poor quality

of video otoscopic images captured during the assessment.

These poor qualities of video otoscopic images raise

important clinical implications. It is crucial that facilitators

use equipment that captures quality video otoscopic images

to enhance the diagnosis of middle ear pathologies.

Although OME and CSOM are both considered to be more

advanced forms of middle ear pathologies [11], these types

of pathologies are different and require different interven-

tions [49]. Therefore, misdiagnosing any of these

pathologies may have dire consequences for the patient,

hence the importance of good quality video capturing

equipment, as well as comprehensive training of the site

facilitators on how to properly capture clear video oto-

scopic images that can be used asynchronously for the

diagnosis and subsequent intervention of middle ear

pathologies. Lastly, this study utilized exclusively asyn-

chronous telepractice, where otorhinolaryngologists inde-

pendently assessed video otoscopic images and made the

diagnoses of middle ear pathologies based solely on that,

without conducting in-person assessments on the same

sample. This is an acknowledged limitation for the study’s

ability to objectively compare and confirm the telepractice

findings; however, due to COVID-19 this was not done.

Although asynchronous telepractice has been found to be

comparable with an in-person or onsite otomicroscopic

diagnoses [16, 33], in person assessment by otorhino-

laryngologists may still be required as gold standard

assessment to mitigate the limitations created by asyn-

chronous methods. Future studies, in the absence of the

COVID-19 pandemic limitations, should utilize in-person

assessment as well to compare the findings.

Conclusion

The findings of this study indicated that tele practice can be

used to assess middle ear pathologies in adults living with

HIV during COVID-19 pandemic. Asynchronous tele-

practice is particularly useful in countries where resources

are limited and can assist patients to receive early identi-

fication and intervention. Given that the most diagnosed

middle ear pathologies in this study were advanced or

severe forms of middle ear pathologies such as CSOM, and

the fact that the prevalence of HIV is high, current findings

call for widespread use of tele-practice to identify early
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signs of middle ear pathologies. However, the success for

asynchronous tele-practice in assessing middle ear

pathologies in adults living with HIV during COVID-19

pandemic, is determined by the type of instrument used to

capture quality images of the tympanic membrane, and

professional training of otorhinolaryngologists on the use

of this model of service delivery. In LMICs, where tele-

practice may continue beyond COVID-19 pandemic due to

shortages of otorhinolaryngologists and access problems,

the implications raised in this study are crucial and need to

be addressed urgently.
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