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Introduction: Human Immunodeficiency Virus (HIV) remains a global health concern, particularly in Africa. Highly Active
Antiretroviral Therapy (HAART) has transformed HIV into a manageable chronic condition, but potential side effects, including
ocular manifestations, are recognized. While ophthalmic complications in the pre-HAART era are well-documented, the current
landscape in perinatally acquired HIV requires further investigation. This study aims to report the prevalence of ocular involvement in
a cohort of children with perinatally acquired HIV.

Methods: This cross-sectional study recruited 73 HIV-positive and 59 HIV-negative age-matched children in Kenya. All HIV+
children were on HAART. Comprehensive ophthalmological examinations included visual acuity, stereopsis, ocular motility assess-
ment, tear film tests (BUT, Schirmer, Oxford staining), corneal esthesiometry, and an ocular allergy questionnaire. Clinical data on
HIV parameters and HAART regimens were collected for the HIV+ group.

Results: Visual acuity was comparable between groups. Both groups’ ocular surface parameters (BUT, Schirmer, Oxford score) were
within normal limits. Ocular allergy prevalence was similar, but HIV+ children reported fewer symptoms (p=0.030). Strabismus was
significantly more frequent in the HIV+ group (24.7% vs 8.5%, p=0.015), particularly in patients in treatment with abacavir (p=0.026).
No significant correlation was found between HIV-related parameters and ocular surface findings.

Conclusion: This study suggests that in the HAART era, perinatally HIV-infected children with well-managed viral loads show visual
function and largely normal ocular surface health, contrasting with pre-HAART literature. The increased frequency of strabismus in HIV+
children and its potential association with abacavir warrant further investigation into HAART-related ocular motility side effects.
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Introduction
Human immunodeficiency virus (HIV) is currently a global health burden. Around 39.9 million people live with HIV as
0f 2023, more than 65% of them in African countries. HIV has become a manageable chronic disease in the era of highly
active antiretroviral therapy (HAART).' Nowadays, patients undergoing continuous therapy can maintain a normal CD4
count and substantially live free from complications directly related to the viral infection. However, it has been
recognized that several drugs encompassed in HAART protocols can have detrimental effects on the cardiovascular
system as well as a reduction in bone density and renal function.’

Ophthalmic manifestations are a significant concern in HIV-infected individuals, encompassing a spectrum of
conditions from common issues like keratoconjunctivitis sicca (KCS) to sight-threatening diseases. These pathologies
are related to the acquired immune deficiency syndrome (AIDS) condition and include cytomegalovirus (CMV) retinitis,
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acute retinal necrosis (ARN), progressive outer retinal necrosis (PORN), HIV-related ischaemic microvasculopathy,
ocular syphilis, tuberculosis, cryptococcal meningitis, alongside other infectious, immune, and neoplastic conditions.
Notably, the presentation of these manifestations can vary between adults and children and geographically.® Several
studies report that the cumulative risk of blindness is between 5 and 25%. In children with perinatally acquired HIV,
ocular manifestations remain an important clinical issue. KCS is reported as one of the more common manifestations,
involving up to 30% of children.* Other ocular complications in this population include retinal microvasculopathy and
infections, although data remain limited and partially outdated. Despite these consistent numbers, most of the available
literature refers to the pre-ART era, and therefore, it may be considerably overstated in the current global scenario.’

Moreover, several antiretroviral drugs are emerging as potential causative agents for ocular disorders. Didanosine has
been linked to retinal toxicity, while tenofovir and lamivudine/abacavir have been associated with the development of
chronic progressive external ophthalmoplegia.®’

The purpose of the current study is to report the occurrence of potential ocular surface, motility, or retinal diseases
in the eyes of a selected cohort of children with perinatally acquired HIV. Moreover, we looked into the potential
effects of HAART therapy on ocular structures and function. The results were compared to a cohort of HIV-negative

children.

Materials and Methods

Between December 2024 and January 2025, we conducted a cross-sectional study in a children’s home located in Meru
County, Kenya. We recruited a cohort of consecutive HIV-positive (HIV+) pediatric patients. All the children had
congenital or perinatal HIV confirmed by laboratory test, acquired from their mothers during childbirth or breastfeeding.
A control group of HIV-negative (HIV-) age-matched subjects were randomly recruited from the local school. The study
was approved by the internal ethical committee of AINA Children’s Home. All legal representatives of the patients
signed an informed consent; the study followed the tenets of the Declaration of Helsinki.

All the patients underwent a comprehensive ophthalmological evaluation, comprising best corrected visual acuity
(BCVA) measurement with a 6-meter Snellen chart, stereopsis assessment with Lang II test, ocular motility examination,
and cover test. The anterior segment and posterior fundus examination were performed under mydriasis. The Oxford
grading® was calculated following Lissamine green staining, and the tear film break-up time (BUT) was measured after
fluorescein drop instillation. Schirmer test type I was performed with calibrated strips. Corneal esthesiometry was
performed using the Cochet-Bonnet esthesiometer. Values obtained were averaged between the two eyes.

Additionally, a questionnaire on ocular allergy (OA) signs and symptoms was proposed for all the children.” The
questionnaire included five items for symptoms (score range 0—15) and seven items for signs (0-21), determined after the
slit lamp evaluation. If the children were unable to respond about their symptoms, we asked the parents for the HIV-
group and the house parents for the HIV+ group to answer on their behalf, based on the behaviors they observed. The
house-parents are staff members who work in the children’s home and take on the role of parents. To reduce the proxy
symptoms reporting bias, parents and house-parents were specifically instructed to report based on observable behaviors
rather than subjective interpretations of the child’s feelings. This approach aimed to standardize the reporting framework
as much as possible.

Moreover, clinical data on the time of HAART therapy, types of drugs included in HAART, prophylactic therapy,
concomitant or previous tubercular infection, viral load (calculated as the average of the last 18 months), AIDS stage at
diagnosis according to the WHO clinical staging system were collected, for the HIV+ group.'’

Statistical analysis was conducted with JASP software (ver 0.19.3)."" Continuous variables, reported as mean % SD,
were tested for normality using the Shapiro—Wilk test. Parametric comparisons used the unpaired ¢-test, while non-
parametric comparisons used the Mann—Whitney test. Pearson or Spearman’s rank correlation was used for bivariate
correlations, as appropriate. Categorical variables, reported as counts and percentages, were analyzed using the Chi-
square test or Fisher’s exact test with Freeman-Halton extension when appropriate. A p-value <0.05 was considered the
threshold for significance.
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Results

Clinical Data

We recruited a total of 132 pediatric patients, divided into 59 HIV- and 73 HIV+. The HIV+ group had a mean age of
11.64 + 4.13, whereas the HIV- group presented a mean age of 11.4243.48. The female percentage was 54.8% (n=49) in
the HIV+ group and 67.8% (n=40) in the HIV- group. The HIV+ children have been on HAART for a mean time of
112.96+ 40.19 months. The mean BCVA was comparable in the two groups, being 0.01+0.04 LogMar. The clinical
characteristics of the recruited patients are reported in Table 1, no significant differences were observed in the
demographic data between the two groups. Notably, none of the included patients had chronic systemic or genetic
conditions that could have influenced the ocular examination. Further data regarding the HIV+ subgroup were collected.
The viral load was undetectable in 65 children (89.0%), detectable (> 40 copies/mL) in 7 patients (9.6%), and unknown
in 1 patient (1.4%). This last child was admitted to the children’s home the previous week and data about her viral load
was not available yet. No patient presented a viral load superior to 173 copies/mL. The HAART therapy schemes and
prophylactic systemic treatments are summarized in Table 2.

Ocular Motility
The stereopsis was found to be complete in 72 (98.6%) of the HIV+ and 57 (96.6%) of the HIV- (p=0.439). Significant
differences between the two groups in terms of ocular motility were identified; in the HIV+ group, 18 (24.6%) patients

Table | Description of the Demographic and Clinical Characteristics of the Studied Population

Characteristics HIV+ (n=73) HIV- (n=59) | Total (n=132) | P-value
Sex (F) 49 (54.8%) 40 (67.8%) 89 (67.4%) 0.934*
Age 11.64 £ 4.13 11.4243.48 11.55+3.84 0.745°
BCVA LogMar 0.01+0.04 0.01+0.04 0.01+0.04 0.345°
Time of HAART (months) 112.96+40.19

Suppressed viral Load (<40 copies/mL) | 65 (89.0%)

AIDS Stage at diagnosis | 2 3 4
35 (47.9%) | 22 (30.1%) | 15 (30.5%) | | (1.4%)

Notes: *Chi-square test. “"Mann—Whitney test.
Abbreviations: BCVA, best corrected visual acuity; HAART, highly active antiretroviral therapy.

Table 2 Therapeutic and Prophylactic
Schemes Followed by the HIV+ Patients

Drug Yes No

3TC 73 (100%) | 0

TDF 29 (39.7%) | 44 (60.3%)

DTG 72 (98.6%) | 1 (1.4%)

ABC 42 (57.5%) | 31 (42.5%)

AZT I (1.4%) | 72 (98.6%)

ATV I (1.4%) | 72 (98.6%)

RTV I (14%) | 72 (98.6%)
(Continued)
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Table 2 (Continued).

Prevention Yes No
Isoniazid 63 (86.3%) | 10 (13.7%)
Fluconazole 35 (47.9%) | 38 (52.1%)
Cotrimoxazole | 72 (98.6%) | | (1.4%)

Abbreviations: 3TC, Lamivudine; TDF, Tenofovir;
DTG, Dolutegravir;  ABC,  Abacavir; AZT,
Zidovudine; ATV, Atazanavir; RTV, Ritonavir.

showed altered motility, while only 5 (8.4%) patients in the HIV- group (p=0.015). More in-depth variable degrees of
exophoria were observed, in particular in 15 HIV+ subjects (20.5%) and 4 HIV- subjects (6.8%). Two cases of manifest
exotropia in the HIV+ group were also described (2.7%). Esotropia was observed in 1 patient of the HIV+ group (1.3%)
and 1 patient of the HIV- group.

Ocular Surface

Signs of allergy were observed in 18 patients from the HIV+ group (24.7%) and in 17 patients from the HIV- group (28.8%).
Among this allergic subgroup, 4 children (5.5%) from the HIV+ group and 2 (3.4%) from the HIV- group were diagnosed with
vernal keratoconjunctivitis (VKC). No significant differences between the two groups in terms of allergy (p=0.591) and VKC
(p=0.567) frequencies were detected. Schirmer test (HIV+: 27.05+4.58, HIV-: 25.12+4.95) and BUT (HIV+: 18.41£2.69,
HIV-: 17.39+2.63) resulted within the normal limits in all the cohorts. Corneal esthesiometry was preserved in all study
subjects. The frequencies of Oxford scale scoring did not differ between the two groups. Data on OA symptoms reporting
showed a significant difference between the two groups with HIV- reporting a larger number of symptoms (1.07+1.56 vs 0.51
+1.41; p=0.03). Corneal esthesiometry was conserved in all the patients (sensation perceived with the nylon monofilament
extended to 6 cm). Data on anterior segment involvement are summarized in Table 3.

Uveal and Retinal Involvement

Three patients (4.1%) from the HIV+ group presented corneal signs of previous anterior uveitis. In particular, they
showed pigmented endothelial precipitates in the inferior corneal quadrants, without signs of acute inflammation in the
anterior chamber. All the patients living in the children’s home had complex and mostly unknown family and past clinical
histories, so we could not be aware of previous inflammatory, infectious, or autoimmune conditions. The only test that is

Table 3 Anterior Segment Characteristics for the Study Groups

HIV+ (n=73) HIV- (n=59) Total (n=132) | p-value
Ocular Allergy | 18 (24.7%) 17 (28.8%) 35 (26.5%) 0.591*
VKC 4 (5.5%) 2 (3.4%) 6 (4.5%) 0.567%
BUT (sec) 18.41+2.69 17.39+2.63 17.95+2.70 0.007°
Schirmer (mm) | 27.05+4.58 25.1244.95 26.19+4.83 0.018°
OA Signs 0.43£1.0 0.64+1.01 0.52+1.0 0.082°
OA Symptoms | 0.51£1.41 1.07+1.56 0.76+1.50 0.010°
Oxford Score 0 | 2 0 | 2 p-value

66 (91.7%) | 6 (82%) | | (1.4%) | 55(93.2%) | 3 (5.1%) | | (1.7%) | 0.771*

Notes: *Chi-square test. "Mann-Whitney test. *Fisher’s exact test. Significant results in bold.
Abbreviations: BUT, break-up time; mm, millimeters; sec, seconds, VKC, vernal keratoconjunctivitis.
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Table 4 Correlation Coefficients Between the Ocular Surface Parameters and the
HIV-Related Parameters

Viral Load Time of Therapy Stage at Diagnosis

Coefficient | p-value | Coefficient | p-value | Coefficient | p-value
Oxford Score | 0.213 0.073* 0.106 0.374* 0.113 0.341*
Schirmer 0.079 0.511* 0.125 0.291* 0.011 0.926*
BUT —0.196 0.098* —-0.129 0.277* 0.020 0.866*
OA Sign 0.018 0.883* —0.007 0.950%* 0.110 0.353*
OA Symptoms | 0.174 0.144* —0.161 0.174* 0.126 0.287*

Notes: *Spearman’s rho.
Abbreviations: BUT, break-up time; OA, ocular allergy.

Table 5 Frequency of Ocular Motility Disorders in Patients Undergoing Therapy with Abacavir and

Tenofovir
ABC TDF ABC vs TDF
Yes (n=42) | No (n=31) | Yes (n=29) | No (n=44) | ABC (n=42) | TDF (n=29)
Ortoforia 27 (64.3%) | 28 (90.3%) | 26 (89.6%) | 29 (65.9%) | 27 (64.3%) 26 (89.6%)
Motility Alterations | 15 (35.7%) | 3 (9.6%) 3 (10.3%) 15 (34.1%) | 15 (35.7%) 3 (10.3%)
p-value 0.026" 0.012* 0.025*

Notes: “Fisher’s exact test. Significant results in bold.
Abbreviations: ABC, abacavir; TDF, tenofovir.

routinely performed on all children is TB-gold for tuberculosis. The three patients with signs of past anterior uveitis were
negative for tuberculosis. We were able to collect data involving previous or actual tuberculosis only in the HIV+
subgroup, showing a total of 15 children (20.5%) who contracted the infection without apparent ocular involvement. The
anterior chamber was within the normal limits in 100% of the patients in both groups.

Two patients from the HIV+ group (2.7%) had chorio-retinal scars outside the posterior pole, which were consistent
with previous retinal toxoplasmosis.

Correlation Between Ocular and HIV Parameters
A further subanalysis was conducted on the HIV+ group to evaluate the impact of HAART therapy and the ocular
parameters. No significant correlation was found between the clinical HIV parameters (time of therapy, viral load, and
stage of AIDS at diagnosis) and the anterior segment parameters (Table 4).

Lastly, the potential involvement of HIV drug regimens on ocular motility was investigated. Interestingly, patients who
were administered abacavir in both the 120 and 600 mg doses showed a higher frequency of ocular motility disorders than the
other patients. On the other hand, patients undergoing tenofovir therapy showed an inverse trend (Table 5).

Discussion

Findings from this cross-sectional study of 73 Kenyan paediatric patients with perinatally acquired HIV indicate that
patients receiving optimized HIV treatment can maintain visual function and ocular surface homeostasis on par with
those of healthy children. As expected, given that all patients were on HAART, strictly monitored, and had suppressed or
very low viral loads, we did not identify typical AIDS-related findings.
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Visual acuity was substantially preserved in both study groups (0.01 LogMar). Our cohort did not show any signs of
current infectious diseases.

We did not report any cases of KCS and all the children in both groups showed normal BUT and Schirmer tests. Only a few
patients had a positive Oxford staining without significant differences between the two groups. In our cohort, no correlation
was found between the duration of HAART, recent viral load, and ocular surface parameters. Moreover, no sensory corneal
alterations were found in the HIV+ group. In the literature, KCS is reported among frequent findings in HIV patients.

Due to chronological and geographic differences, numerous works have been published on the topic with extremely
variable results. Kim et al reported 14.2% of patients with KCS without apparent link to the CD4+ count.'? Other studies
have reported variable incidences of KCS ranging from 9% to 38.8%.*'* These wide ranges can be attributed to the
considerable variability in the diagnosis of KCS itself and the strong impact of age, living conditions, and hormone status
on the ocular surface. HIV infection was often associated with autoimmune phenomena, including Sjogren’s-like
syndrome. The pathogenesis of this syndrome in HIV involves aberrant lymphocytic infiltration of the salivary glands

and likely extends to the lacrimal gland.*'*

While some authors propose Epstein-Barr Virus (EBV) as a potential risk
factor for aqueous tear deficiency, a definitive link between HIV, EBV, and ocular surface remains unproven.15 16 1t has
been recognized that the anterior surface involvement during the HIV infection, as well as the Sjogren-like syndrome, has
been almost completely eradicated by the HAART.'” Cicalini et al reported the case of an HIV-infected patient who
developed Behcet's disease and KCS. Both conditions disappeared spontaneously after the introduction of the HAART
therapy, together with the normalization of the CD4+ count. This case supports the hypothesis of HIV-related KCS as an
expression of the autoimmune dysregulation linked to the virus.'® The absence of KCS can be ascribed to the young age
of our cohort and the effective control of HIV replication.

Another dominant problem diffused in both infantile and adult African populations is represented by ocular allergy.
Epidemiological data regarding the worldwide distribution of ocular allergy indicate that the highest prevalence is detected
in Africa, involving about 18% of the population. Among African countries, Ghana showed the highest prevalence,
reaching 39.9%.'? In Kenya, allergic conjunctivitis accounts for 27% of the outpatient visits.>® Our results showed that
24.7% of HIV+ and 28.8% of HIV- patients developed signs of allergy with no significant difference. The only difference
between the two groups was found in the OA symptoms report. The HIV+ children may report fewer symptoms as they live
in a protected environment with less exposure to irritants (eg firewood cooking or dust). No data are currently available in
the literature on potential interactions between HIV infection and the development of allergic conjunctivitis.

A particular allergic manifestation classically described in the literature in HIV+ patients is VKC, but surprisingly we did
not find an increased prevalence in our cohort. An Indian study on HIV-infected children reported a prevalence of VKC in
around 87% of patients. The authors also found a connection between the incidence and the severity of this pathology and the
CD4+ cell count, being associated with a compromised immune status.>' An interesting theory regarding the pathogenesis of
VKC in HIV+ patients involves a possible immune shift from Thl to Th2. CD4+ Thl cells are the primary target of HIV-
infection, and their depletion in the advanced stages of the disease leads to a shift in the immune response toward Th2 cells,
which are primarily involved in regulating allergic reactions. Th2s are in fact responsible for the release of cytokines such as
IL-5, IL-4, and IL-13, specifically involved in the allergic processes. The balance between Thl and Th2 can be restored with
the recovery of immunocompetence, resulting in the regression of pathological manifestations.”*** In line with these studies,
Kritzinger et al reported a high prevalence of VKC-like disease in a cohort of adult HIV+ patients. They confirmed the
connection between these ocular manifestations and the severity of the immune deficiency according to CD4+ count. The
authors also hypothesized immune dysregulation as a potential trigger.** In our study, VKC was found in 5.5% of HIV+
patients while it only occurred in 3.4% of healthy subjects, although the difference was not significant. All the cases were
characterized by the involvement of the limbus, with almost no involvement of the tarsal conjunctiva. These results are in line
with the literature that shows a prevalence of 4-5% among the African pediatric population.”>*® The main reason why our
patients showed a low prevalence of VKC compared with the literature results could be that all the children in our cohort were
immunocompetent with a suppressed viral replication, and we can perhaps suppose the absence of immune dysregulation.
Moreover, the prevalence of VKC, apart from HIV, is generally higher in Africa compared to European children, where it

remains a rare disease (3.2 cases in 10.000).”’
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Ocular motility disorders in association with HIV are occasionally reported, and most of them are case reports related to
cerebral complications of AIDS.?®2° Adhikari et al described an 11-year-old child with perinatally acquired HIV on long-term
HAART, who presented with esotropia, limited ocular motility, and horizontal jerk nystagmus in lateral gaze.’® Few cases of
opsoclonus-myoclonus-ataxia (OMA) syndrome have been described in HIV+ children. The pathology is considered the
expression of the immune dysregulation and disequilibrium between CD4+ and CD8+ populations, which can be responsible
for brainstem dysfunction. OMA syndrome can develop when the CD4+ cells are at a low critical level or during the immune
restoration after the HAART introduction.’'*? Rutar et al reported that 18% of their HIV+ cohort developed strabismus while
other studies report a prevalence of 6.3%.** In our cohort, strabismus was found to be more common in the HIV+ group than
the HIV- group (24.6% vs 8.4%). Interestingly, we report a higher frequency of ocular motility disorders in patients
undergoing abacavir therapy (35.5% vs 9.6%). Currently, no clear data are available to explain these findings of a higher
frequency of strabismus development in HIV patients. However, mitochondrial toxicity has been described in association with
HIV infection and HAART therapy. Chronic progressive external ophthalmoplegia (CPEO) and ptosis can represent the
expression of mitochondrial dysfunction involving the ocular district. This collateral effect has been reported particularly in
association with nucleoside analogues therapy.** > Interestingly, abacavir was found in vitro to be considerably more toxic on
muscle-skeletal cells than tenofovir.>” Also, in vivo, it is recognized that abacavir and other purine analogues can determine
mitochondrial dysfunction.*®>° Based on our limited data, we can currently only speculate that the higher prevalence of
strabismus in HIV+ patients may also be linked to a toxic effect on the extraocular muscles. As a future direction, it would be
valuable to further investigate this novel finding, ideally by expanding the study to include a larger and more diverse
population, including adults, to confirm the observed trend.

One of the main limitations of our study is the short duration of the observation period. Unfortunately, the three-
month timeframe was relatively limited and restricted to the climatic conditions typical of the Kenyan summer season.
This constraint was due to the limited time we were able to spend in the country to conduct the examinations. A second
limitation, also representing a significant selection bias, is that all HIV+ children were recruited from the same children’s
home, sharing the same living environment and being exposed to the same allergens within the enclosed setting of the
facility. In contrast, all HIV-controls were recruited externally and came from a variety of home environments, potentially
introducing confounding environmental differences. Another important limitation is the lack of photographic equipment,
which prevented us from documenting the clinical findings. Moreover, we acknowledge the potential reporting bias from
proxy symptom reporting for the OA questionnaire.

Conclusion

In the post-HAART era, long-term survivors of perinatally acquired HIV showed a low incidence of vision-threatening
ocular diseases. Based on our data, the development of ocular surface diseases in patients with perinatally acquired HIV
who have adequate viral load suppression does not differ from that in the healthy paediatric population. However,
strabismus may be more frequently encountered in this cohort compared to the general population. The impact of the
ocular side effects of HAART is considerably understudied and warrants more analysis.
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