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Abstract

Objective: To evaluate retinal nerve fiber layer (RNFL) thickness, measured by optical coherence tomography (OCT), and contrast sensitivity (CS) 
in HIV-positive patients compared to HIV-negative controls at the Yaounde University Teaching Hospital.

Patients and Methods: This prospective, comparative study included 51 HIV-positive patients (group 1) and 51 HIV-negative controls (group 2). 
All participants underwent peripapillary RNFL OCT and CS testing. The following variables were analyzed: age, gender, HIV disease duration, 
antiretroviral (ARV) therapy duration, lowest CD4 T-cell count, highest viral load, recent viral load (within the last 6 months), RNFL thickness, 
and CS score.

Results: The mean age was similar in both groups (50.4 ± 7.1 years for group 1 and 50.2 ± 7.1 years for group 2). The median HIV disease 
duration in group 1 was 13 years (IQR: 9-18 years), and 60% had a CD4 cell count below 200 cells/ml during the disease course. All patients 
had undetectable viral loads within the last 6 months. HIV-positive patients had significantly thinner mean RNFL thickness (106.6 ± 12.2 µm) 
compared to controls (117 ± 7.2 µm) (p < 0.001). Similarly, the mean CS score was significantly reduced in the HIV-positive group (1.3 ± 0.2) 
compared to the control group (1.51 ± 0.7) (p < 0.001). In the HIV-positive group, RNFL thickness increased with CD4 T-cell count (r = 0.7, p < 
0.001) and decreased with peak viral load (r = -0.50, p = 0.007). Contrast sensitivity was inversely proportional to peak viral load (r = -0.4, p = 
0.022), and there was a statistically significant positive correlation between CS and mean RNFL thickness (r = 0.33, p = 0.018).

Conclusion: HIV infection is associated with reduced RNFL thickness and contrast sensitivity. Low CD4 T-cell count and high peak viral load are 
correlated with greater reductions in RNFL thickness and contrast sensitivity.
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Introduction 

Human Immunodeficiency Virus (HIV) infection remains 
a global pandemic, affecting an estimated 38.4 million people 
worldwide in 2021, with over two-thirds residing in Africa. 
It continues to pose a significant public health challenge. HIV 
primarily targets the immune system, weakening the body’s 
defenses against opportunistic infections and certain cancers 
[1]. During HIV infection, multi-organ involvement is common, 
with ocular manifestations occurring in over 50% of cases [2-
4]. These can arise from opportunistic infections or cancerous  

 
processes [3,4]. While antiretroviral therapy (ART) has decreased 
the prevalence of retinal opportunistic infections [5,6], HIV-
associated neuroretinal disorders (HIV-NRD) have emerged as a 
concern despite effective viral suppression. These disorders are 
characterized by alterations in retinal nerve fiber layer (RNFL) 
thickness [7-9], primarily thinning, resulting from direct neural 
damage by HIV, the host’s immune response, and accelerated 
degenerative processes [5,9,10]. Specifically, chronic inflammation 
and persistent immune activation may cause neurodegeneration, 
leading to RNFL thinning.
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HIV-NRD are associated with visual function abnormalities, 
including reduced contrast sensitivity (CS), impaired color vision, 
and visual field defects [8,9,11]. Diminished CS is as debilitating 
as visual field loss and more so than reduced visual acuity (VA), 
impacting everyday activities such as reading, facial recognition, 
night driving, and mobility [12-14]. In Cameroon, approximately 
2.7% of the population is living with HIV [15]. A study in Douala 
revealed a 63.2% prevalence of ocular complications among 
HIV-infected individuals in Cameroon [4]. However, the specific 
impact of HIV on RNFL in our context remains poorly understood. 
Therefore, this study aims to evaluate RNFL thickness and contrast 
sensitivity in patients living with HIV in Cameroon.”

Materials and Methods

Study Population

This prospective, cross-sectional, comparative study was 
conducted at the Yaoundé University Teaching Hospital (YUTH) 
between October 2022 and October 2023. The study included 
51 adult HIV-positive patients (group 1) and 51 HIV-negative 
adult controls (group 2). Exclusion criteria included: diabetes, 
hypertension, glaucoma, any condition causing media opacity, 
vitreoretinal pathology, or use of known oculotoxic medications 
(e.g., chloroquine, ethambutol) within the preceding year. The 
study was performed in accordance with the Declaration of 
Helsinki. The institutional ethics committee of the Faculty of 
Medicine and Biomedical Sciences (FMSB) at the University of 
Yaoundé I approved the protocol (number 0131/UYI/FMSB/
VDRC/DAASR/CSD), and written informed consent was obtained 
from all participants after a thorough explanation of the 
procedures. Cases (group 1) consisted of HIV-positive patients 
receiving care at the YUTH and Central Hospital of Yaoundé. 
Controls (group 2) were HIV-negative individuals presenting 
for consultation at the ophthalmology department of the YUTH, 
matched to cases based on age and gender.

Data Collection

All participants underwent a comprehensive ophthalmological 
examination, including visual acuity measurement and slit-lamp 
biomicroscopy of the anterior segment. Clinical and biological 
HIV-related parameters were collected from patient medical 
records: disease duration, antiretroviral therapy duration, lowest 
CD4+ T-cell count, peak viral load, and viral load within the past 
six months. Peripapillary RNFL thickness was measured using 
optical coherence tomography (OCT) with a Topcon Maestro 3D 

device. After entering patient details (identification number, age, 
sex, race [African]), participants were positioned comfortably 
with their chin and forehead stabilized. Images were acquired 
using the optic nerve head assessment mode with a green cross 
as an internal fixation target. The device’s integrated mapping 
software was used for analysis. Monocular contrast sensitivity 
(CS) was assessed with best-corrected visual acuity in a well-lit 
room using the Compact Acuity Tester Vision device, following the 
manufacturer’s instructions. Participants were seated 3 meters 
from a screen displaying optotypes (letters) in seven rows with 
decreasing contrast (2% to 100%; CS score: 0-1.69). Each row 
contained five optotypes sized according to the Snellen acuity 
scale. A descending method was used, and the contrast threshold 
was defined as the lowest contrast level at which the participant 
correctly identified at least four of the five letters in a row. A CS 
score below 1.5 was considered abnormal [10].

Statistical Analysis

Data were analyzed using SPSS version 26.0. Categorical 
variables are presented as frequencies and percentages, and 
continuous variables as mean ± standard deviation or median 
with interquartile range (IQR), as appropriate. Comparisons of 
continuous variables were performed using Student’s t-test or 
Mann-Whitney U test, and comparisons of categorical variables 
using the chi-squared test or Fisher’s exact test. Correlations were 
assessed using Pearson’s or Spearman’s correlation coefficients. 
Statistical significance was defined as p < 0.05.

Results

The analysis included 102 participants (204 eyes): 51 
HIV-positive patients (group 1; 102 eyes) and 51 HIV-negative 
controls (group 2; 102 eyes), comprising 68.6% men and 31.4% 
women. Sixty percent of HIV-positive patients (30/51) had a 
nadir CD4+ T-cell count below 200 cells/µL during the disease 
course. The median peak viral load among HIV-positive patients 
was 17,767 copies/mL (IQR: 180-172,269 copies/mL). All HIV-
positive patients had an undetectable viral load within the past six 
months. The mean peripapillary RNFL thickness was significantly 
lower in group 1 (106.6 ± 12.2 µm) than in group 2 (117 ± 7.2 µm; 
p < 0.001). (Figures 1 and 2) illustrate the mean RNFL thickness 
per quadrant for groups 1 and 2, respectively. (Table 1) presents 
a comparison of mean and quadrant RNFL thickness between the 
two groups . The mean thickness differences in RNFL per quadrant 
between the two groups are summarized in (Figure 3).

Table 1: Comparison of mean and quadrant RNFL thickness between the 2 groups. 

Variables
HIV+ (N=51) HIV- (N=51) P

Mean ± SD Mean ± SD

RNFL mean thickness 106.6 ± 12.2 117 ± 7.2 < 0.001

RNFL superior thickness 135 ± 17.4 151 ± 13 < 0.001

RNFL inferior thickness 143.6 ± 20 153,1 ± 1.7 0.005
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RNFL temporal thickness 6.6 ± 15 73,5 ± 8.9 < 0.001

RNFL nasal thickness 81.2 ± 14 89.9 ± 8 < 0.001

HIV: Human Immunodeficiency Virus; RNFL : Retinal Nerve Fiber Layer; SD: Standard Deviation

Figure 1: Mean RNFL thickness per quadrant for group 1 patients ( S=Superior, I=Inferior, T=Temporal, 
N=Nasal, Unit=µm).

Figure 2: Mean RNFL thickness per quadrant for Group 2 patients (1=Internal 2=External, S=Superior, I=Inferior, T=Temporal, N=Nasal).
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Figure 3: Mean RNFL thickness differences per quadrant between the 2 groups (1=Internal 2=External, S=Superior, I=Inferior, T=Temporal, 
N=Nasal).

The frequency of abnormal contrast sensitivity (CS) scores 
was significantly higher in group 1 (45.1%) than in group 2 
(3.9%; p < 0.001). Contrast sensitivity scores of the two groups 
are compared in (Table 2). In the HIV-positive group, mean 
RNFL thickness showed a significant positive correlation with 
CD4+ lymphocyte count (r = 0.7, p < 0.001; (Figure 4) and a 
significant negative correlation with peak HIV viral load (r = 
-0.5, p = 0.007; (Figure 5). Similarly, contrast sensitivity was 

significantly negatively correlated with peak viral load (r = -0.4, 
p = 0.022; (Figure 6). Contrast sensitivity showed a positive 
correlation with mean RNFL thickness (r = 0.33, p = 0.018) and 
temporal RNFL thickness (r = 0.39, p = 0.005) (Figure 7). (Table 
3) summarizes the associations between mean RNFL thickness, 
CD4+ lymphocyte count, and peak HIV viral load in group 1. No 
significant correlations were found between peripapillary RNFL 
thickness and age, HIV disease duration, or ARV therapy duration.

Table 2: Comparison of contrast sensitivity scores between the 2 groups.

Variables
HIV + HIV -

P
Mean ± SD Mean ± SD

Mean CS Score 1.3 ± 0.2 1.51 ± 0.7 < 0.001

CS Score
Frequency Frequency

N=51 N=51

Score de SC < 1.5 23 (45.1) 2 (39) < 0.001

Score de SC ≥ 1.5 28 (54.9) 49 (96.1)
 
CS: Contrast Sensibility; HIV: Human Immunodeficiency Virus; SD: Standard Deviation

Table 3: Correlation between the mean RNFL thickness of group 1 patients and variables such as age, duration of HIV disease, duration of ARV 
treatment, CD4 cell count, viral load.

Age CD4 Cell Count HIV Duration Duration of ARVT Hiv viral Load

RNFL Mean Thickness

R -0.2 0.7 -0.1 -0.2 -0.5

P 0.221 < 0.001 0.424 0.216 0.007

RNFL Superior Thickness

R -0.2 0.4 -0.2 -0.3 -0.1

P 0.146 0.002 0.124 0.04 0.453

RNFL Inferior Thickness

R -0.1 0.6 -0.2 -0.2 -0.3

P 0.332 < 0.001 0.189 0.112 0.166
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RNFL Temporal Thickness

R -0.2 0.5 0.1 -0.1 -0.5

P 0.22 < 0.001 0.914 0.893 0.004

RNFL nasal thickness

R 0 0,2 0,1 0,1 -0,6

P 0.962 0.14 0.403 0.607 0.001

 Figure 4: Correlation between mean RNFL thickness and CD4 T-cell count.

 Figure 5: Correlation between mean RNFL thickness and HIV viral load.

Discussion

The 51 HIV-positive patients in this study, all with undetectable 
viral loads and no other ocular complications, underscores 
the effectiveness of follow-up care and patient adherence to 
antiretroviral (ARV) treatment. The average age and female 
predominance in our study population align with the established 

epidemiology of HIV [11]. Sixty percent (30/51) of patients had a 
nadir CD4+ T-cell count below 200 cells/µL, indicating significant 
prior immunosuppression. Optical coherence tomography 
(OCT) is now a valuable tool for identifying structural changes 
in the RNFL of HIV-positive individuals, including both thinning 
and thickening. In the present study, OCT revealed a significant 
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thinning of the mean RNFL thickness in HIV-positive patients 
(group 1) compared to HIV-negative controls (group 2). This 

thinning was observed across all quadrants, with the most 
pronounced changes in the superior, nasal, and temporal regions. 

Figure 6: Correlation between contrast sensitivity and HIV viral load.

Figure 7: Correlation between mean RNFL thickness and contrast sensitivity for group 1.

RNFL thinning in HIV-positive patients has been reported 
in numerous studies. For instance, Kozak et al. (2005) found 
significant thinning of the peripapillary RNFL in the superior, 
inferior, and temporal quadrants in HIV-positive patients [3], and 
Paul et al. (2016) in India observed significant RNFL thinning in 
21% of the eyes of HIV-positive patients [4]. Further supporting 
this, a comparative post-mortem study demonstrated a 40% 
reduction in optic nerve axons in all quadrants, along with severe 
degeneration of the remaining axons, in HIV-positive patients 
without opportunistic infection, suggesting direct degeneration 
of ganglion cell axons [12]. Conversely, Pathai et al. in South Africa 
found no overall difference in mean RNFL thickness between 
HIV-positive and HIV-negative patients, but did report thinning 

of the RNFL in the inferior quadrant of HIV-positive individuals 
[13]. The pathophysiology of the RNFL thinning in HIV patients 
is a multifactorial process involving direct viral toxicity, immune-
mediated inflammation, damage to the retina and optic nerve 
caused by long-term microvasculopathy, accelerated degenerative 
processes. and potential effects of ART. These different 
mechanisms may be isolated or combined [4, 5,14]. 

These factors ultimately lead to retinal ganglion cell 
dysfunction and death, resulting in the loss of axons that comprise 
the RNFL. Maagaard et al. [15] reported that HIV infection and/
or its treatment, particularly with certain nucleoside reverse 
transcriptase inhibitors, can impair mitochondrial function. 
Because the RNFL relies heavily on mitochondrial energy 
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production for axonal transport, this toxicity is a likely contributor 
to RNFL thinning [16]. The relative contribution of each factor 
likely varies from patient to patient. Further research is needed to 
fully understand the complex interplay of these mechanisms and 
to develop targeted therapies to prevent or slow RNFL thinning 
in HIV-infected individuals. While some studies have reported 
RNFL thickening in HIV patients, our findings did not reflect this. 
Kalyani et al. [5], for example, observed increased RNFL thickness 
in newly diagnosed patients, and Demirkaya et al. [17] reported 
similar findings in HIV-positive patients with high viremia. This 
thickening has been attributed to “parainflammation,” a low-
grade adaptive tissue response aimed at maintaining homeostasis 
[18]. The hypothesis suggests that the RNFL undergoes an 
initial inflammatory phase in response to axonal damage before 
progressing to atrophy [18]. The absence of RNFL thickening 
in our study could be due to the relatively long median disease 
duration and the undetectable viral load in all our patients. This 
suggests that our patient population, with well-controlled HIV 
infection, may be beyond the initial inflammatory stage and 
already in a phase of chronic neurodegeneration. 

Consistent with this, we found that RNFL thickness increased 
with CD4 T cell count, (r=0,7. p=< 0,001) while HIV viral load was 
inversely proportional to mean thickness in the temporal and 
nasal RNFL quadrants. These results align with studies reporting 
significant RNFL thinning in HIV-positive patients with a CD4 
nadir below 100 cells per mm³ [3,19]. However, some authors 
have observed a positive correlation between elevated viremia 
and RNFL thickening, and no significant association between 
CD4 lymphocyte count and RNFL thickness [13,20]. We found 
no significant correlation between patient age, disease duration, 
or duration of ARV therapy and peripapillary RNFL thickness 
which contrasts with Pathai et al. [13], who reported a negative 
correlation between ARV treatment duration and RNFL thickness. 
HIV infection is known to impair visual function, leading to 
reduced contrast sensitivity [6,10,21], impaired color vision 
[21,22], and peripheral visual field deficits [22-24]. In the present 
study, we observed a significant decrease in contrast sensitivity 
scores in group 1 compared to group 2 (p < 0.001).

 Reduced contrast sensitivity is a common finding in HIV, with 
varying frequencies reported across studies [5,6,10]. While we 
found a 45.1% prevalence of abnormal contrast sensitivity scores 
in group 1 and 3.9% in group 2, other studies report different 
values: Pathai et al. [13] found 43.5% prevalence, while Freeman 
et al. [6] and Shah et al. [10] reported 12% and 7%, respectively. 
This reduction in contrast sensitivity can be attributed to retinal 
microvasculopathy, which leads to dysfunction of the outer retinal 
layers, particularly the photoreceptors and pigment epithelium 
[25]. Importantly, this reduction may persist even with improved 
immune function, possibly due to the continued transit of activated 
leukocytes in macular vessels, resulting in dynamic changes and 
damage to retinal tissue [26, 27]. Consequently, HIV patients 

may experience an impaired quality of life, with limitations in 
daily activities such as night driving, mobility, reading, and face 
recognition [7].

We found that contrast sensitivity was inversely proportional 
to the highest viral load during disease progression. These results 
are in agreement with those of Pathai et al. [13], but contrast with 
Mueller et al. [22], who found no significant correlation between 
contrast sensitivity and biological or clinical parameters. This 
discrepancy might be explained by our use of the highest viral load 
since diagnosis, rather than the most recent viral load as used by 
other authors. Similar to Shah et al. [10], we found a non-significant 
decrease in contrast sensitivity with increasing CD4 T-lymphocyte 
count. However, we did find a statistically significant positive 
correlation (r = 0.33, p = 0.018) between contrast sensitivity score 
and mean RNFL thickness, and a statistically significant positive 
correlation (r = 0.39, p = 0.005) between contrast sensitivity 
score and temporal RNFL thickness. This finding, corroborated by 
several studies [4,5,13], provides direct evidence linking impaired 
visual function to HIV-associated neuroretinal disorders. Our 
study is limited by its cross-sectional design and relatively small 
sample size. The lack of longitudinal data prevents us from 
tracking individual patients over time to observe the dynamic 
relationship between HIV disease progression, RNFL changes, and 
visual function decline. This also limits the generalizability of our 
findings and our power to detect subtle correlations.

Conclusion 

Peripapillary retinal nerve fiber layer thickness and contrast 
sensitivity are significantly reduced in HIV patients. Low CD4 
T-cell count and high peak viral load appear to be predictive factors 
for these outcomes. These findings highlight the importance of 
routine ophthalmic examinations in HIV patients to detect early 
signs of visual impairment. Early detection and intervention may 
help preserve visual function and maintain quality of life.

References
1.	 Pathai S, Gilbert C, Weiss HA, Cook C, Wood R, et al. (2013) Frailty 

in HIV-infected adults in South Africa. J Acquir Immune Defic Syndr 
62(1): 43-51. 

2.	 Holland GN, Vaudaux JD, Jeng SM, Yu F, Goldenberg DT, et al. (2008) 
Characteristics of untreated AIDS-related cytomegalovirus retinitis. I. 
Findings before the era of highly active antiretroviral therapy (1988 to 
1994). Am J Ophthalmol 145(1): 5‑11. 

3.	 Kozak I, Bartsch DU, Cheng L, Kosobucki BR, Freeman WR, et al. (2005) 
Objective analysis of retinal damage in HIV-positive patients in the 
HAART era using OCT. Am J Ophthalmol 139(2): 295‑301. 

4.	 Paul R, Ghosh AK, Nag A, Biswas S, Naiya B, et al. (2017) Study of Reti-
nal Nerve Fibre Layer Thickness and Visual Contrast Sensitivity in HIV 
Positive Individuals. J Clin Diagn Res 11(6): OC01-OC04.

5.	 Kalyani PS, Holland GN, Fawzi AA, Arantes TEF, Yu F, et al. (2012) Asso-
ciation between retinal nerve fiber layer thickness and abnormalities 
of vision in people with human immunodeficiency virus infection. Am 
J Ophthalmol 153(4): 734‑742. 

http://dx.doi.org/10.19080/JOJO.2025.13.555866
https://pubmed.ncbi.nlm.nih.gov/23018372/
https://pubmed.ncbi.nlm.nih.gov/23018372/
https://pubmed.ncbi.nlm.nih.gov/23018372/
https://pubmed.ncbi.nlm.nih.gov/18154750/
https://pubmed.ncbi.nlm.nih.gov/18154750/
https://pubmed.ncbi.nlm.nih.gov/18154750/
https://pubmed.ncbi.nlm.nih.gov/18154750/
https://pubmed.ncbi.nlm.nih.gov/15733991/
https://pubmed.ncbi.nlm.nih.gov/15733991/
https://pubmed.ncbi.nlm.nih.gov/15733991/
https://pubmed.ncbi.nlm.nih.gov/28764214/
https://pubmed.ncbi.nlm.nih.gov/28764214/
https://pubmed.ncbi.nlm.nih.gov/28764214/
https://pubmed.ncbi.nlm.nih.gov/22245459/
https://pubmed.ncbi.nlm.nih.gov/22245459/
https://pubmed.ncbi.nlm.nih.gov/22245459/
https://pubmed.ncbi.nlm.nih.gov/22245459/


How to cite this article: Nanfack Ngoune C, Akono Zoua ME, Makoutsing C, Nomo AF, Nguepnang V, Mvilongo TC, et al. Retinal Nerve Fiber Layer 
Thickness and Contrast Sensitivity in Human Immunodeficiency Virus patients. JOJ Ophthalmol. 2025; 13(4): 555866. DOI:  10.19080/JOJO.2025.13.555866

008

JOJ Ophthalmology 

6.	 Freeman WR, Van Natta ML, Jabs D, Sample PA, Sadun AA, et al. (2008) 
Vision function in HIV-infected individuals without retinitis: report of 
the Studies of Ocular Complications of AIDS Research Group. Am J Oph-
thalmol 145(3): 453‑462. 

7.	 Legge GE, Rubin GS, Luebker A (1987) Psychophysics of reading-V. The 
role of contrast in normal vision. Vision Research. 27(7): 1165‑1177. 

8.	 Marron JA, Bailey IL (1982) Visual factors and orientation-mobility 
performance. Am J Optom Physiol Opt 59(5): 413‑426. 

9.	 Owsley C, Sloane ME (1987) Contrast sensitivity, acuity, and the per-
ception of ‘real-world’ targets. Br J Ophthalmol. 71(10): 79-96.

10.	Shah KH, Holland GN, Yu F, Van Natta M, Nusinowitz S, et al. (2006) 
Contrast Sensitivity and Color Vision in HIV-infected Individuals With-
out Infectious Retinopathy. Am J Ophthalmol 142(2): 284-292.

11.	Arcinue CA, Bartsch DU, El-Emam SY, Ma F, Doede A, et al. (2015) Ret-
inal Thickening and Photoreceptor Loss in HIV Eyes without Retinitis. 
PLOS ONE 10(8): e0132996.

12.	Maagaard A, Kvale D (2009) Mitochondrial toxicity in HIV infected pa-
tients both off and on antiretroviral treatment: a continuum or distinct 
underlying mechanisms? J Antimicrob Chemother 64(5): 901-909. 

13.	Hollander H, Makarov F, Stefani FH, Stone J (1995) Evidence of con-
striction of optic nerve axons at the lamina cribrosa in the normoten-
sive eye in humans and other mammals. Ophthalmic Res 27(5): 296 
-309. 

14.	Arantes TE, Garcia CR, Tavares IM, Mello PA, Muccioli C, et al. (2012) 
Relationship between retinal nerve fiber layer and visual field function 
in human immunodeficiency virus-infected patients without retinitis. 
Retina 32(1): 152-159.

15.	Tenhula WN, Xu S, Madigan MC, Heller K, Freeman WR, et al. (1992) 
Morphometric Comparisons of Optic Nerve Axon Loss in Acquired Im-
munodeficiency Syndrome. Am J Ophthalmol 113(1): 14‑20. 

16.	Pathai S, Lawn SD, Weiss HA, Cook C, Bekker LG, et al. (2013) Retinal 
nerve fiber layer thickness and contrast sensitivity in HIV-infected in-
dividuals in South Africa: a case-control study. PLoS One 8(9): e73694. 

17.	Demirkaya N, Wit F, Schlingemann R, Verbraak F (2015) Neuroretinal 
Degeneration in HIV Patients Without Opportunistic Ocular Infections 
in the cart Era. AIDS Patient Care STDS 29(10): 519-532.

18.	Medzhitov R (2008) Origin and physiological roles of inflammation. 
Nature 454(7203): 428-435.

19.	Quiceno JI, Capparelli E, Sadun AA, Munguia D, Grant I, et al. (1992) 
Visual dysfunction without retinitis in patients with acquired immu-
nodeficiency syndrome. Am J Ophthalmol 113(1): 8-13. 

20.	Mueller AJ, Plummer DJ, Dua R (1997) Analysis of visual dysfunctions 
in HIV-positive patients without retinitis. Am J Ophthalmol 124: 158 
-167. 

21.	Goldbaum MH, Kozak I, Hao J (2011) Pattern recognition can detect 
subtle field defects in eyes of HIV individuals without retinitis under 
HAART. Graefes Arch Clin Exp Ophthalmol 249(4): 491-498. 

22.	Geier SA, Hammel G, Bogner JR, Kronawitter U, Berninger T, et al. 
(1994) HIV-related ocular microangiopathic syndrome and color 
contrast sensitivity. Invest Ophthalmol Vis Sci 35(7): 3011-3021.

23.	Kozak I, Sasik R, Freeman WR, Sprague LJ, Gomez ML, et al. (2013) A 
degenerative retinal process in HIV-associated non-infectious retinop-
athy. PLoS One 8(9): e74712. 

24.	Goldenberg DT, Holland GN, Cumberland WG (2002) An assessment of 
polymorphonuclear leukocyte rigidity in HIV infected individuals after 
immune recovery. Invest Ophthalmol Vis Sci 43(6): 1857-1861. 

25.	Lim MC, Cumberland WG, Minassian SL (2001) Decreased macular 
leukocyte velocity in human immunodeficiency virus-infected individ-
uals. Am J Ophthalmol 132(5): 711-719. 

26.	Faria E, Arantes TE, Garcia CR, Mello PA, Muccioli C (2010) Structural 
and functional assessment in HIV-infected patients using optical co-
herence tomography and frequency doubling technology perimeter. 
Am J Ophthalmol 149(4): 571 -576.

27.	Plummer DJ, Bartsch DU, Azen SP, Max S, Sadun AA, et al. (2001) 
Retinal nerve fiber layer evaluation in human immunodeficiency vi-
rus-positive patients. Am J Ophthalmol 131: 216-222. 

Your next submission with Juniper Publishers    
      will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

              Track the below URL for one-step submission 
https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/JOJO.2025.13.555866

http://dx.doi.org/10.19080/JOJO.2025.13.555866
https://pubmed.ncbi.nlm.nih.gov/18191094/
https://pubmed.ncbi.nlm.nih.gov/18191094/
https://pubmed.ncbi.nlm.nih.gov/18191094/
https://pubmed.ncbi.nlm.nih.gov/18191094/
https://pubmed.ncbi.nlm.nih.gov/3660667/
https://pubmed.ncbi.nlm.nih.gov/3660667/
https://pubmed.ncbi.nlm.nih.gov/7102800/
https://pubmed.ncbi.nlm.nih.gov/7102800/
https://pubmed.ncbi.nlm.nih.gov/3676151/
https://pubmed.ncbi.nlm.nih.gov/3676151/
https://pubmed.ncbi.nlm.nih.gov/16876510/
https://pubmed.ncbi.nlm.nih.gov/16876510/
https://pubmed.ncbi.nlm.nih.gov/16876510/
https://pubmed.ncbi.nlm.nih.gov/26244973/
https://pubmed.ncbi.nlm.nih.gov/26244973/
https://pubmed.ncbi.nlm.nih.gov/26244973/
https://pubmed.ncbi.nlm.nih.gov/19740910/
https://pubmed.ncbi.nlm.nih.gov/19740910/
https://pubmed.ncbi.nlm.nih.gov/19740910/
https://pubmed.ncbi.nlm.nih.gov/8552370/
https://pubmed.ncbi.nlm.nih.gov/8552370/
https://pubmed.ncbi.nlm.nih.gov/8552370/
https://pubmed.ncbi.nlm.nih.gov/8552370/
https://pubmed.ncbi.nlm.nih.gov/21716164/
https://pubmed.ncbi.nlm.nih.gov/21716164/
https://pubmed.ncbi.nlm.nih.gov/21716164/
https://pubmed.ncbi.nlm.nih.gov/21716164/
https://pubmed.ncbi.nlm.nih.gov/1370189/
https://pubmed.ncbi.nlm.nih.gov/1370189/
https://pubmed.ncbi.nlm.nih.gov/1370189/
https://pubmed.ncbi.nlm.nih.gov/24069225/
https://pubmed.ncbi.nlm.nih.gov/24069225/
https://pubmed.ncbi.nlm.nih.gov/24069225/
https://pubmed.ncbi.nlm.nih.gov/26258992/
https://pubmed.ncbi.nlm.nih.gov/26258992/
https://pubmed.ncbi.nlm.nih.gov/26258992/
https://pubmed.ncbi.nlm.nih.gov/18650913/
https://pubmed.ncbi.nlm.nih.gov/18650913/
https://pubmed.ncbi.nlm.nih.gov/1728151/
https://pubmed.ncbi.nlm.nih.gov/1728151/
https://pubmed.ncbi.nlm.nih.gov/1728151/
https://pubmed.ncbi.nlm.nih.gov/9262539/
https://pubmed.ncbi.nlm.nih.gov/9262539/
https://pubmed.ncbi.nlm.nih.gov/9262539/
https://pubmed.ncbi.nlm.nih.gov/20865422/
https://pubmed.ncbi.nlm.nih.gov/20865422/
https://pubmed.ncbi.nlm.nih.gov/20865422/
https://pubmed.ncbi.nlm.nih.gov/8206718/
https://pubmed.ncbi.nlm.nih.gov/8206718/
https://pubmed.ncbi.nlm.nih.gov/8206718/
https://pubmed.ncbi.nlm.nih.gov/24069333/
https://pubmed.ncbi.nlm.nih.gov/24069333/
https://pubmed.ncbi.nlm.nih.gov/24069333/
https://pubmed.ncbi.nlm.nih.gov/12036990/
https://pubmed.ncbi.nlm.nih.gov/12036990/
https://pubmed.ncbi.nlm.nih.gov/12036990/
https://pubmed.ncbi.nlm.nih.gov/11704032/
https://pubmed.ncbi.nlm.nih.gov/11704032/
https://pubmed.ncbi.nlm.nih.gov/11704032/
https://pubmed.ncbi.nlm.nih.gov/20149340/
https://pubmed.ncbi.nlm.nih.gov/20149340/
https://pubmed.ncbi.nlm.nih.gov/20149340/
https://pubmed.ncbi.nlm.nih.gov/20149340/
https://pubmed.ncbi.nlm.nih.gov/11228298/
https://pubmed.ncbi.nlm.nih.gov/11228298/
https://pubmed.ncbi.nlm.nih.gov/11228298/
https://juniperpublishers.com/online-submission.php
https://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.19080/JOJO.2025.13.555866

