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Purpose: Certain factors such as instrumental and sample processing errors may contribute to variability of ocular biofluid samples 
when they are run as replicates with multiplex assays. There is a paucity of literature on the variability of replicates in multiplex 
assays. This study aims to evaluate whether there is significant variability in replicate analyses of multiplex assays.
Methods: A total of 152 human ocular biofluid samples (51 aqueous humor and 101 vitreous) were collected and assayed for 27 
cytokine biomarker concentrations (pg/mL). Samples were evaluated as replicates (duplicate analysis) at four different time points. 
Statistical methods including paired samples t-test, 3-way ANOVA, intraclass correlation coefficient (ICC; <0.5–0.75=poor-moderate, 
0.75->0.90 =good-excellent reliability), and coefficients of variation (CV) were employed to evaluate for statistical significance, with 
Bonferroni corrected P=0.002.
Results: Among the 4104 biomarker replicate assays for aqueous humor and vitreous, two analytes (PDGF-BB and IL-7) had 
a statistically significant difference between the sampled concentrations of the replicates in vitreous samples (mean (diff)=2.05, 
P<0.001, mean (diff)=1.56, P<0.001, respectively). Majority of the ICC values fell within the good-excellent range (86% of samples) 
with a minority falling in the poor-moderate range (14% of samples). More variability was noted in the vitreous humour, with five 
analytes (IL-2, IL-10, IL-12(p70), IL-13, IL-17) demonstrating an average ICC of less than 0.5. The CV calculated for each set of 
replicates suggested that 93% of replicates had an acceptable level of quantitative assay variability (CV<20%).
Conclusion: This study demonstrates that the analysis of most biomarkers in ocular fluids may not require the use of replicates. 
However, certain analytes such as PDGF-BB and IL-7 may require the use of replicates to ensure reliable results. Caution should be 
taken when applying these findings to other laboratory settings as our study was conducted by an experienced technician using a 
standardized protocol. In less standardized settings, replicates may be required in order to ensure accuracy of results. These findings 
may guide researchers with the design of their studies on ophthalmic biomarker analysis.
Keywords: cytokines, aqueous, vitreous, biomarkers, assay

Introduction
Cytokine biomarkers have unlocked new avenues to explore disease processes and may be utilized to assess for disease 
severity and prognostication.1–5 With the advent of multiplex assays, researchers are able to evaluate multiple cytokines 
simultaneously, leading to a greater understanding of the pathophysiology of a disease, as well as the discovery of novel 
therapeutic targets.6 Ocular fluid samples analyzed using multiplex assays can be analyzed as singles or as replicates 
(duplicates or triplicates). Samples analyzed as singles are evaluated once in their entirety, while replicates refer to 
division of samples for repeated analysis, which allows for averaging of concentrations computed. The benefit of running 
the assays in replicates versus singles may be error minimization and increasing reliability in case of potential outliers. 
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The disadvantages of analyzing samples as replicates are reduced sample volume availability for assay analysis, an 
increase in reagent consumption, and additional time and cost related to multiple multiplex kits and analyses required.7

Sampling of intraocular fluids can pose various challenges; the ocular repositories in which the fluid is collected, such 
as the aqueous humor and the vitreous humor, can only accommodate the removal of a finite volume of fluid and carries 
associated procedure risks. Furthermore, it can be challenging to evaluate these samples with multiplex assays, 
particularly with the minimal volumes associated with replicates. There is a paucity of literature on the variability of 
ocular biofluid samples when they are run as replicates with multiplex assays. It is important to ensure the accuracy of 
biomarker analysis as these results may have a direct impact on the patient’s management, and ultimately, their health 
outcomes. The use of biomarker analysis with artificial intelligence has been demonstrated in many ophthalmic diseases, 
such as glaucoma, uveitis, uveal melanoma, age-related macular degeneration, corneal and ocular surface diseases, and 
retinal occlusive diseases.8–12

Herein, we evaluated the variability of intraocular inflammatory biomarkers in multiplex assays of intraocular biofluid 
samples.

Materials and Methods
Study Design
This is an experimental study. Samples from eyes of patients undergoing eye surgery were used for this study. 
Exclusion criteria included an age less than 18 years, a previous vitrectomy of the eye in question, and dense vitreous 
hemorrhage at the time of initial assessment for recruitment. This study was performed in accordance with the 
Declaration of Helsinki and Health Insurance Portability and Accountability Act,13 and was approved by the Unity 
Health Toronto (REB# 20-142), and University of Toronto (RIS# 40230) Research Ethics Boards.

Sample Collection and Handling
Samples collected included 15 aqueous humor specimens and 20 vitreous specimens (see Figure 1), each with a volume 
ranging from 0.1mL to 0.3mL. Samples were undiluted and immediately aliquoted to yield 152 human ocular fluid 
aliquots. Vitreous aliquots contained approximately 0.075mL per tube (four tubes per sample), while aqueous sample 
volume was divided into two to three tubes depending on the sample volume. The samples were collected during cataract 
surgery, pars plana vitrectomy and scleral buckle surgical procedures. Aqueous humor samples were taken from the 
anterior chamber at the beginning of the procedure, while vitreous samples were obtained following the insertion of the 
trocars and before starting the vitrectomy procedure in order to avoid dilution of the samples. The samples were 
immediately placed on ice, then stored at 4°C for 5 hrs followed by storage in a freezer with a temperature of −80°C 
until time of assay analysis. All of the samples were collected during a 1-week timeframe. The same sample analyses 
including replicates for each of the analytes (duplicate analysis) were completed at four different time points (analysis 1, 
analysis 2, analysis 3, analysis 4) following sample collection. This methodology and assay results have been utilized by 
the authors in other works.14

Sample Analysis
All ocular samples were assayed using the Bio-Plex Pro-Human Cytokine Grp I Panel 27-Plex 96-well kit (Cat# 
M500KCAF0Y, Bio-Rad, United States) assay (pg/mL), as per the manufacturer’s instructions. All analyses were done 
on the same kits with the same lot number for the Bio-Rad multiplex assay. The aqueous and vitreous samples were 
diluted with 1:2 and 1:1 concentration of the standard diluent buffer, respectively. Each well contained 50μL of 
fluorescently dyed magnetic microspheres diluted in an assay buffer and 50μL of diluted aqueous humor or vitreous 
samples, standards or blanks. All samples were centrifuged prior to setting up the assays. Bio-Plex Manager Software 
was utilized to assess the concentrations. Sampling errors were determined by this software, including the “low bead 
number” error and the “region selection” error. The software can detect a “low bead number” error if it detects a total 
number of region events collected less than or equal to one-fourth of 100 (or number of events selected by the user) as 
well as a total number of events collected less than or equal than three times 100 (number of analytes selected times the 
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events selected by the user). The “region selection” error is triggered when the software looks to see if a selected region 
has zero beads in it. This could indicate that the wrong region was chosen or that the beads did not go to the region. 
Values with sampling errors were included in the dataset in order to capture the true variability of the assay results.

The 27 analytes that were examined for expression include interleukin- (IL-)1β, IL-1ra, IL-2, IL-4, IL-5, IL-6, IL-7, 
IL-8, IL-9, IL-10, IL-12p70, IL-13, IL-15, IL-17, basic fibroblast growth factor (FGF), eotaxin, granulocyte-colony 
stimulating factor (G-CSF), granulocyte macrophage-colony stimulating factor (GM-CSF), interferon gamma (IFN-γ), 
interferon gamma-induced protein-10 (IP-10), monocyte chemoattractant protein-1 (MCP-1), macrophage inflammatory 
protein 1 (MIP-1)α, MIP-1β, platelet-derived growth factor- (PDGF-) BB, regulated on activation, normal T cell 
expressed and secreted (RANTES), tumor necrosis factor alpha (TNF-α), and vascular endothelial growth factor 
(VEGF). These analytes are from a pre-defined set of cytokines from the manufacturer, and they are based on 
compatibility and feasibility. The assay kit has also been utilized in other projects to assess cytokines in intraocular 
fluids.15

Figure 1 Flowchart demonstrating data collection and analysis process.
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Primary and Secondary Outcomes
The main outcome of this study was to assess the variability of replicate analyses of intraocular inflammatory 
biomarkers in multiplex assays of intraocular biofluid samples. We assessed this by evaluating the CV as well as 
the ICC between replicate analysis of each analyte from the same sample. Further, for secondary outcomes, we 
aimed to determine if other factors such as ocular fluid type and analyte have an impact on the CV of replicate 
analyses.

Statistical Analysis
Descriptive statistics were used to determine general trends. For each biomarker in their respective ocular medium 
(aqueous humor, vitreous humor), statistical significance was evaluated within replicates by conducting a paired samples 
t-test. Concentrations from each time point (1 week, 3 months, 9 months, and 15 months) were compiled for these 
comparisons. The original p-value was set at 0.05. A Bonferroni correction factor was applied to evaluate the statistical 
significance. As there are 27 analytes, a Bonferroni correction factor of 27 was used, resulting in a Bonferroni corrected 
P value of 0.002.

The coefficient of variation (CV) for all sets of replicates was calculated, by dividing the standard deviation by 
the mean for each difference in the replicate sets (by analyte) in their respective ocular medium (aqueous and 
vitreous). The CV is a unitless value that demonstrates the relative dispersion of a dataset, allowing the 
comparison of datasets with means that greatly differ from one another. A CV value of less than 20% was 
deemed acceptable based on previously published reports.16,17 Given that previous studies have implemented 
a CV threshold of 25% for their evaluation,18,19 a sensitivity analysis was conducted to compare how this 
threshold would impact the values in this study. Further, we determined how many CV values were greater or 
equal to an ideal CV threshold of 5%.

Moreover, a three-way ANOVA was utilized to examine the effects of analysis time-point, ocular fluid type, and 
analyte on the CV. Finally, the intraclass correlation coefficient (ICC) was calculated to evaluate for similarity of 
replicate concentrations for each analyte and time point. An ICC of <0.5–0.75 was considered to be poor-moderate and 
0.75->0.90 was deemed good-excellent reliability.20

All statistical analyses were performed with the use of STATA software (version 17.0; Stata Corporation, College 
Station, TX, USA).

Results
A total of 4104 biomarker replicate assays for aqueous humor (1377) and vitreous (2727) were included in the analysis 
(see Figure 1). All samples were obtained from 25 eyes of 25 patients. Patient demographics can be found in 
Appendix A. The smallest mean concentration in the aqueous humor and vitreous humor was associated with IL-13, 
with a concentration of 12.4 ± 17.4 pg/mL and 8.2 ± 1.4, respectively (Table 1). Similarly, the largest mean 
concentration in the aqueous humor and vitreous humor was associated with MCP-1, with a concentration of 5509.1 
± 3808.6 pg/mL and 6944.9 ± 4622.6, respectively. The range of individual concentrations for all analytes ranged from 
5.5 pg/mL to 16,729 pg/mL. The most common diagnosis from the samples was rhegmatogenous retinal detachment 
with 20% of samples representing this diagnosis. Further, 56% of samples were from females and 44% from males, 
with a mean age of 63 years. 

Two analytes (PDGF-BB and IL-7) had a statistically significant difference between the sampled concentrations of the 
replicates in vitreous samples (mean (diff)=2.05, P<0.001, mean (diff)=1.56, P<0.001, respectively). Table 2 includes 
a summary of the analysis for replicate analyses for aqueous and vitreous samples. For the CV, 268 of the 4104 (6.5% of 
samples) biomarker replicate assays had a CV greater or equal to 20%, with 164 of the 4104 (4.0% of samples) replicate 
assays having a CV greater or equal to 25%, and 1976 of the 4104 (48.1% of samples) having a CV greater or equal to 
5%. From the 268 replicate sets with a CV greater or equal to 20%, 49 (18%) were of aqueous humor, and 219 (82%) 
were of vitreous humor. Figure 2 demonstrates the CV results for each analyte in both the aqueous and vitreous, while 
Figures 3 and 4 demonstrate the CV results for each analyte with their respective ocular mediums.
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Table 1 Mean Concentration and Standard Deviation for All Analytes in Aqueous Humor 
and Vitreous Humor

Analyte Mean Concentration ± Standard Deviation (pg/mL)

Aqueous Humor Vitreous Humor

Basic FGF 20.7 ± 17.9 17.4 ± 7.0

Eotaxin 167.4 ± 235.6 110.3 ± 58.8

G-CSF 87.0 ± 72.3 75.6 ± 72.5

GM-CSF 26.3 ± 20.1 15.9 ± 5.3

IFN-γ 89.7 ± 96.5 93.3 ± 101.4

IL-1β 18.5 ± 15.1 15.8 ± 5.2

IL-1ra 27.9 ± 44.3 49.5 ± 83.1

IL-2 24.5 ± 17.7 19.6 ± 3.5

IL-4 23.4 ± 19.1 17.1 ± 7.1

IL-5 56.6 ± 30.8 31.7 ± 15.5

IL-6 2012.6 ± 3233.7 767.8 ± 1576.1

IL-7 17.2 ± 15.2 19.2 ± 6.3

IL-8 230.0 ± 245.1 155.8 ± 179.9

IL-9 48.1 ± 37.6 29.7 ± 18.3

IL-10 30.5 ± 16.4 25.5 ± 3.6

IL-12(p70) 20.6 ± 17.1 16.2 ± 3.0

IL-13 12.4 ± 17.4 8.2 ± 1.4

IL-15 42.6 ± 23.9 21.5 ± 12.3

IL-17 41.3 ± 18.7 38.3 ± 65.7

IP-10 1097.5 ± 1565.8 811.5 ± 933.7

MCP-1 5509.1 ± 3808.6 6944.9 ± 4622.6

MIP-1α 46.4 ± 54.9 128.3 ± 257.6

MIP-1β 112.5 ± 98.9 88.4 ± 85.8

PDGF-BB 33.1 ± 18.2 25.6 ± 6.3

RANTES 64.1 ± 139.8 28.3 ± 81.5

TNF-α 20.4 ± 20.3 16.1 ± 6.5

VEGF 70.8 ± 31.5 38.4 ± 20.0

Total 368.6 ± 1483.4 355.9 ± 1620.5

Abbreviations: FGF, fibroblast growth factor; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte- 
macrophage colony-stimulating factor; IFN-γ, interferon gamma; IL, interleukin; MCP, monocyte chemoattractant 
protein; MIP-1α, macrophage inflammatory protein-1 alpha; MIP-1β, macrophage inflammatory protein-1 beta; 
PDGF, platelet-derived growth factor; RANTES, regulated upon activation, normal T cell expressed and presumably 
secreted; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.
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Table 2 Variability of Replicates for Cytokine Biomarkers in Aqueous and Vitreous Humor Samples

Analyte Aqueous Humor Vitreous Humor

Average of ICC 
Values for All Time 
Points Combined

Paired t-test Average of ICC 
Values for All Time 
Points Combined

Paired t-test

Basic FGF 0.984 0.593 0.878 0.749

Eotaxin 0.997 0.114 0.966 0.008

G-CSF 0.995 0.022 0.956 0.440

GM-CSF 0.982 0.050 0.848 0.023

IFN-γ 0.993 0.121 0.966 0.359

IL-1β 0.962 0.847 0.882 0.346

IL-1ra 0.934 0.591 0.980 0.558

IL-2 0.806 0.357 0.242 0.366

IL-4 0.989 0.227 0.957 0.295

IL-5 0.987 0.006 0.921 0.440

IL-6 1.000 0.253 0.985 0.413

IL-7 0.924 0.790 0.862 <0.001*

IL-8 0.997 0.010 0.990 0.336

IL-9 0.994 0.497 0.937 0.833

IL-10 0.936 0.341 0.401 0.552

IL-12(p70) 0.804 0.516 0.420 0.344

IL-13 0.878 0.928 0.276 0.353

IL-15 0.982 0.928 0.934 0.677

IL-17 0.962 0.745 0.404 0.292

IP-10 0.999 0.341 0.968 0.552

MCP-1 0.999 0.277 0.959 0.346

MIP-1α 0.998 0.459 0.990 0.768

MIP-1β 0.998 0.213 0.988 0.848

PDGF-BB 0.967 0.002 0.636 <0.001*

RANTES 0.999 0.676 0.958 0.191

TNF-α 0.991 0.857 0.817 0.092

VEGF 0.955 0.750 0.919 0.257

Notes: ICC values for replicates of each analyte analyzed at each of the time-points were computed and the average of these values are 
presented in this table. Paired t-test compared the first set of duplicates with the second set of duplicates for each analyte. Values with an 
asterisk represent statistically significant values using a Bonferroni corrected P value of 0.002. 
Abbreviations: ICC, intraclass correlation coefficient; CI, confidence interval; FGF, fibroblast growth factor; G-CSF, granulocyte colony- 
stimulating factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; IFN-γ, interferon gamma; IL, interleukin; MCP, monocyte 
chemoattractant protein; MIP-1α, macrophage inflammatory protein-1 alpha; MIP-1β, macrophage inflammatory protein-1 beta; PDGF, 
platelet-derived growth factor; RANTES, regulated upon activation, normal T cell expressed and presumably secreted; TNF, tumor 
necrosis factor; VEGF, vascular endothelial growth factor.
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The ICC calculations yielded 185 of 216 values (86%) in the good to excellent range (ICC ≥ 0.75), and 31 of 
216 values (14%) in the poor to moderate range (ICC < 0.75). Table 2 includes a summary of the ICC results. 
Five of the analytes analyzed in the vitreous humor (IL-2, IL-10, IL-12(p70), IL-13, IL-17) had an average ICC 
less than 0.50 indicating poor reliability. Detailed analysis of ICC results for each of the four analysis time-points 

Figure 2 Coefficient of variation of all analytes for all samples (aqueous, vitreous). The horizontal dashed line represents the acceptable coefficient of variation limit (20%).

Figure 3 Coefficient of variation of all analytes (aqueous humor). The horizontal dashed line represents the acceptable coefficient of variation limit (20%).
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is included in Appendix B. In the three-way interaction for evaluating the effects of analysis time-point, ocular 
fluid type, and analyte on the CV, there was no statistically significant difference (F(78, 3888) = 0.32, p=1.000).

Among all analyses, 6% (81) aqueous humor values and 23% (621) vitreous humor values contained sampling 
errors . There were a total of 54 sampling errors detected by the assay analysis software, in which 36 were marked 
as “low bead number” errors, and 18 were marked as “region selection” errors. These sampling errors were specific 
for each multiplex assay run, and common among all analytes. That is, each analyte for the 1 week multiplex assay 
run contained the same sampling errors for each sample. Similarly, this was the case for the 3 months run, the 9 
months run and the 15 months run. Of the “low bead number” sampling errors, 18 of 36 (50%) were unique to one 
replicate, while the remaining 18 (50%) sampling errors were common to a set of replicates. This differed from the 
“region selection” sampling error, which had 14 of 18 (78%) errors unique to one replicate and remaining 4 of 18 
(22%) were common to a set of replicates.

Discussion
The purpose of this study was to examine the variability of replicate analyses of intraocular biomarkers in both aqueous 
and vitreous humors, using multiplex assays. Studies have demonstrated that cytokine assay results may be impacted by 
factors including but not limited to storage temperature, time period between obtaining the sample and storing it, and 
repeated freeze-thawing.14,21–23 Other factors inherent to the multiplex assay kit may contribute to variability of assay 
results, along with instrumental error associated with the multiplex assay procedure. Our findings demonstrated generally 
good consistency in replicate analyses of analytes within aqueous and vitreous humors in the same multiplex assay. 
However, there were some notable variability amongst specific analytes analysed in vitreous samples. Notably, two 
analytes (PDGF-BB and IL-7) had a statistically significant difference between the sampled concentrations of the 
replicates in vitreous samples. Additionally, certain analytes of the interleukin family (IL-2, IL-10, IL-12(p70), IL-13, 
IL-17) demonstrated poor reliability in the vitreous humor, with an average ICC of less than 0.5. In general, most of the 
ICC values (86% of samples) fell within the good-excellent range, demonstrating good reliability for the majority of 
replicate analyses.

Depending on the application, a CV value of less than 5% is ideal, although an acceptable limit of 20% is often 
utilized in research applications.24 The majority of biomarker replicate assays in this study had a CV less than 20% 

Figure 4 Coefficient of variation of all analytes (vitreous humor). The horizontal dashed line represents the acceptable coefficient of variation limit (20%).
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(93.5% of replicate assays), with 96.0% having a CV less than 25% and 51.9% having an ideal CV of less than 5%. With 
the majority of biomarker replicate assays having a CV less than the acceptable limit of 20% and the majority of the ICC 
values falling in the good-excellent range (86% of samples), the use of singles appears to be favourable and appropriate 
for certain research applications. This methodology is further supported when considering the aforementioned disadvan-
tages of analyzing samples as replicates, such as reduced sample volume available for assay analysis, an increase in 
reagent consumption, and additional time and costs associated with the assay procedure. However, our results suggest 
that specific analytes from vitreous samples, such as PDGF-BB and IL-7, may be more susceptible to replicate variability 
in multiplex assays than others. IL-2, IL-10, IL-12(p70), IL-13 and IL-17 also demonstrated poor reliability in vitreous 
humor assays with an average ICC less than 0.50. This would have important implications in studies that evaluate these 
specific analytes in vitreous humor. In these cases, it may be more suitable to evaluate samples in replicates, to ensure 
reliable results. It is difficult to hypothesize why these analytes had more variability than the others; however, we suspect 
it is a culmination of a few different factors. Notably, the expression levels of most of these analytes were on the lower 
end of the spectrum when considering mean concentration levels. Additionally, it is known that certain cytokine 
concentrations may be more susceptible to storage temperatures along with freeze/thaw cycles.25 We believe this 
might be attributed to molecular features specific to the cytokine. Additionally, it is known that the medium in which 
a cytokine is stored may have an impact on its concentration.25 Thus, we hypothesize that there may be a component in 
the reagent solution, which increased the variability of the assay results. Similarly, Chaturvedi et al found that assay 
performance decreased with an increasing number of markers on the panel and attributed this to a likely interference from 
other markers having an impact on the measured marker.17 Finally, additional factors such as user error and environ-
mental conditions could have also contributed to some of the inconsistencies.

A CV threshold of 20% was deemed appropriate for this study; however, it is important to note that this threshold 
should vary depending on the specific application and goals of the analysis. Our sensitivity analysis of an increased CV 
threshold of 25% demonstrated that 6.5% of biomarker replicate assays had high variability, as compared to 4% of cases 
with high variability associated with a 20% CV cut-off value. Studies have demonstrated the potential of inflammatory 
biomarker analysis, for diagnostics and clinical decision-making.26,27 In these types of applications, a CV threshold of 
20% may be inappropriate and clinical applications utilizing ophthalmic biomarker analysis must adjust their statistical 
parameters accordingly.

Similarly, the acceptability for sampling errors will be dependent on the specific application in question. In our study, 
the proportion of sampling errors was relatively small for samples from aqueous humor, as compared to those from 
vitreous humor (6% and 23%, respectively). This may be due to the difference in viscosities between the aqueous and 
vitreous humors, which may limit the ability of the assay beads to mix evenly, leading to inconsistencies.28 Additionally, 
with 23 of the 27 analytes having a lower mean concentration in the vitreous humor as compared to the aqueous humor, 
there may be an increased probability of having sampling errors in the vitreous since these generally had lower mean 
concentrations in our study. A study evaluating reproducibility and correlations of multiplex cytokine levels in serum 
found suboptimal reproducibility of a cytokine assay at low or sub-pg/mL concentrations, while other studies testing at 
higher cytokine levels, maximized reliability.29 The lower mean concentrations in the vitreous humor may be attributed 
to the vitreous humor having a larger compartment than the aqueous humor and thus, more fluid available to dilute the 
analytes. Furthermore, half of all sampling errors were common to replicate sets, with the other half being unique to one 
replicate in the replicate set. This is noteworthy as singles that contain sampling errors will require the discarding of 
a complete sample, whereas a sample in which one replicate contains a sampling error may simply require the discarding 
of the replicate containing the sampling error. This would allow for the concentration of the replicate without the 
sampling error to be salvaged, a scenario that is not ideal, albeit one that is better than the entire sample being rendered 
obsolete. Moreover, a portion of the variability in the cytokine concentrations between ocular samples can be attributed to 
the number of various diseases included in our study. With various disease processes inducing the release of different 
cytokines, there will surely be a difference between cytokine concentrations between samples. For future studies, there 
may be value to analyze the samples with the grouping of disease processes. Due to our small sample size of diseases, we 
did not do this for the current study.
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The strengths of this study include a relatively large dataset and a large number of aliquots for a study of this nature. 
Furthermore, the samples and procedures were carried out in a single center, ensuring a uniform collection and handling 
process and ensuring that the same instruments are used throughout the study. The specimens were stored immediately, 
and analyzed at multiple time points in order to increase the sample size. As a way of ensuring comparability of 
biomarker concentrations, all analyses were done on the same kits with the same lot number. The generalizability of our 
findings, however, as a result may be limited to Bio-Rad multiplex assay kits. Future studies may evaluate the variability 
in replicate analyses with other assays to ensure consistency of findings.

Conclusion
In conclusion, this study demonstrates that the analysis of most biomarkers in ocular fluids may not require the use of 
replicates. The analysis of certain analytes such as PDGF-BB and IL-7 may require the use of replicates to ensure reliable 
results. Caution should be taken when applying these findings to other laboratory settings as our study was conducted by 
an experienced technician using a standardized protocol. In less standardized settings, replicates may be required in order 
to ensure accuracy of results. These findings are important in helping to guide the methodology for future studies 
involving the use of multiplex assays and inflammatory biomarkers in ophthalmic fluid samples.
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