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ABSTRACT 

Background: Progression of HIV-1 disease is characterized by chronic inflammation and 

immune activation, the precise mechanisms of which remain unclear.  While the 

introduction of highly active anti-retroviral therapy has vastly improved the survival of 

HIV-infected individuals, individuals infected with HIV experience excess risk of non-

AIDS-related morbidities and mortality relative to uninfected individuals. The putative 

role of inflammation and immune activation in early HIV infection is incompletely 

understood but may offer insights into HIV pathogenesis and suggest novel ideas for 

vaccine research. 

Objectives: This dissertation was nested in the Multicenter AIDS Cohort Study (MACS). 

The overall objectives of this dissertation were as follows: Aim 1) to ascertain the long-

term within-person reliability of 22 serological biomarkers of inflammation and immune 

activation as measured by the Meso Scale Discovery and Luminex multiplex assay 

platforms; Aim 2) to evaluate the association of non-HIV-specific sociodemographics, 

risk behaviors, and morbidities with serological measurements of these 22 biomarkers 

and C-reactive protein and investigate underlying interrelationships among these 

biomarkers; Aim 3) to determine the effect of untreated HIV infection on inflammation 

and immune activation and evaluate the longitudinal effect of these biomarker 

concentrations early after infection on subsequent HIV RNA setpoint; and, finally, Aim 

4) to evaluate the impact of inflammation and immune activation early in the course of 

HIV infection on long-term non-progression of clinical HIV disease among men who 

have sex with men.  
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Methods: In Aim 1, the Meso Scale Discovery and Luminex assay platforms were 

assessed using external control samples run across plates. Linear mixed models were 

used to obtain age-adjusted intraclass correlation coefficients for biomarkers with > 80% 

detectability using 4 visits from 250 HIV-uninfected men. Generalized gamma models 

were used to estimate associations between fixed and modifiable host factors and 

individual biomarkers in Aim 2. Exploratory factor analysis was conducted to investigate 

the interrelationships among these biomarkers, and linear mixed models were used to 

examine the associations of host characteristics with the resulting factors.  To examine 

the effect of HIV infection, as stated in Aim 3, serum concentrations of the biomarkers 

were measured in longitudinal specimens obtained from 273 men observed to seroconvert 

to HIV prior to 1996. Linear mixed models with piecewise linear spline terms were 

employed to examine the change in biomarker concentrations from pre- to post-

seroconversion time points. Multiple linear regression was then used to determine the 

association between biomarker concentrations obtained 0 – 9 months after seroconversion 

and prior to infection with subsequent HIV RNA setpoint levels.  Finally, in Aim 4, we 

compared biomarker concentrations early after HIV infection between 54 long-term non-

progressors and 189 HIV-infected progressors and 193 HIV-uninfected men using 

relative percentiles obtained from generalized gamma models. 

Results: Most markers were detectable in ≥ 80% of control samples with median intra-

assay CVs < 15%. Among the HIV-uninfected men, most biomarkers showed fair to 

strong within-person correlation (ICC > 0.40) up to 15 years between measurements. 

Significantly (p < 0.002) higher biomarker concentrations were documented as follows: 

Eotaxin (non-black race), IL-8 (persistent and uncontrolled hypertension), IP-10 (age, 
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obese BMI, cleared and chronic hepatitis C), MCP-1 (non-black race), MCP-4 (age, black 

race), MIP-1β (black race), TARC (black race), CXCL13 (normal/underweight BMI, low 

total cholesterol), IL-2 (A.M. blood draw), IL-10 (HCV, use of stimulants), IL-6 (age, 

BMI, HCV, persistent and uncontrolled diabetes, uncontrolled hypertension), TNF-α 

(depression), BAFF (HCV), CRP (BMI), sIL-2Rα (HCV), sCD27 (age, HCV, low total 

cholesterol), sgp130 (HCV), and sTNF-R2 (age, HCV). Two biomarker factors were 

identified: immune activation (sTNF-R2, sCD27, sIL-2Rα, BAFF, sgp130, IP-10) and 

inflammation (IL-6, GM-CSF, IL-1β, IL-8, TNF-α, IL-2, IL-10, IL-12p70). Immune 

activation scores were significantly elevated with age, obesity, and hepatitis C, and 

significantly depressed with binge drinking and hypercholesterolemia. Inflammation 

scores were significantly elevated with age, obesity, uncontrolled hypertension, and 

depressive symptoms. Within the first year after seroconversion, significant (p < 0.002) 

increases in concentrations of IP-10, CXCL13, TNF-α, sCD27, sTNF-R2, sIL-2Rα, 

sCD14, BAFF, and CRP and significant decreases in GM-CSF, MIP-1β, IL-8, and 

Eotaxin were observed.  Heterogeneous patterns of increasing, decreasing, and 

unchanging marker levels were observed from 1 to 3 years after seroconversion.  

Concentrations of IP-10, CXCL13, sCD27, sIL-2Rα, and sTNF-R2 0 – 9 months after 

seroconversion were positively associated with subsequent HIV RNA setpoint levels, as 

was BAFF in sensitivity analyses (0 – 6 months after seroconversion). Pre-infection 

concentrations of sCD27 and CXCL13 were associated with subsequent setpoint levels.  

Relative to progressors, long-term non-progressors had higher concentrations of Eotaxin 

(+22%; p = 0.02), MIP-1β (+44%; p = 0.03), and IFN-γ (+53%; p = 0.05) 12 – 24 months 

after HIV infection.  
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Conclusions: Our results suggest that the Meso-Scale Discovery and Luminex assays 

showed acceptable performance for quantitating the concentrations of most of the studied 

inflammatory and immune biomarkers. Additionally, most biomarkers displayed 

moderate-to-excellent within-person reliability over the long term (up to 15 years).  Host 

characteristics associated with inflammation and immune activation provide potential 

targets for disease prevention and treatment. Summary factors may be useful for 

evaluating the role of inflammatory burden in future etiologic studies.  HIV infection 

yields a complex mixture of early inflammatory and immune activation responses. The 

identification of biomarkers associated with subsequent HIV RNA setpoint levels has 

implications for current vaccine and therapeutic strategies.  Long-term non-progression 

may be associated with elevated concentrations of MIP-1β and Eotaxin early after HIV 

infection.  Long-term non-progressors were distinct from HIV-uninfected men, exhibiting 

higher levels of T cell activation and dysregulated inflammatory responses. 

 

  



 

 vi 

DISSERTATION READERS AND FINAL ORAL EXAMINATION COMMITTEE 

Lisa P. Jacobson, Sc.D. (Advisor) 

Professor of Epidemiology 

Department of Epidemiology 

Johns Hopkins Bloomberg School of Public Health 

 

Joseph Margolick, M.D., Ph.D. (Dissertation reader) 

Professor 

W. Harry Feinstone Department of Molecular Microbiology and Immunology 

Johns Hopkins Bloomberg School of Public Health 

 

Corinne Joshu, Ph.D. (Dissertation reader) 

Assistant Professor 

Department of Epidemiology 

Johns Hopkins Bloomberg School of Public Health 

 

Glenn J. Treisman, M.D. (Dissertation reader) 

Professor of Psychiatry and Behavioral Sciences and Medicine 

Johns Hopkins University School of Medicine 

 

Jay H. Bream, Ph.D. (Alternate) 

Associate Professor 

W. Harry Feinstone Department of Molecular Microbiology and Immunology 

Johns Hopkins Bloomberg School of Public Health 

 

Gypsyamber D’Souza, Ph.D. (Alternate) 

Associate Professor 

Department of Epidemiology 

Johns Hopkins Bloomberg School of Public Health 

 

Karin Tobin, Ph.D. (Alternate) 

Associate Scientist 

Department of Health, Behavior, & Society 

Johns Hopkins Bloomberg School of Public Health 

  



 

 vii 

ACKNOWLEDGEMENTS 

First and foremost, I would like to acknowledge the tremendous dedication, unflagging 

support, and patient guidance of my dissertation advisor and academic mentor, Dr. Lisa 

P. Jacobson. Working with Lisa over these past several years has been an unforgettable 

privilege, and I very much hope that all my future pursuits will do justice to all that she 

has taught me.  There are few mentors who commit as much time, effort, and 

encouragement to their graduate students as Lisa has shown to me and her other doctoral 

students.  Despite having an exhaustive schedule of teaching, research, and managerial 

commitments as principal investigator of the Center for the Analysis of the MACS 

(CAMACS), Lisa never hesitated to devote countless hours to help guide me and focus 

my research, from the intricate details of SAS code to the more nuanced underpinnings of 

epidemiologic theory. Indeed, many of the meetings we had to discuss important 

elements of my dissertation took place over Saturday-morning coffee and muffins at the 

Starbucks coffee shop in Mt. Washington. Her commitment to rigor in scientific pursuit 

and excellence in teaching is impeccable, and I only hope that someday in the future I can 

offer the same level of encouragement and devotion to budding epidemiologists.  

 

I would also like to thank Drs. Joseph Margolick, Glenn Treisman, and Corinne Joshu, 

my dissertation readers, Drs. Jay Bream, Amber D’Souza, and Karin Tobin, my alternate 

dissertation readers, and Dr. Bryan Lau, who served on my thesis committee, for taking 

the time out of their busy schedules to offer insightful feedback and invaluable criticism 

on various aspects of my work.  I am particularly indebted to Drs. Margolick and Bream 



 

 viii 

for allowing me the opportunity to work directly with their laboratory as part of the data 

collection efforts and for providing scholarly input, professional support, and personal 

encouragement along the way.  My work with the MACS gave me the distinct honor of 

working with several other esteemed scholars in the field of HIV research, especially Drs. 

Otoniel Martinez-Maza, John Phair, and Charles Rinaldo, to whom I am very grateful.  It 

was also a great pleasure to work with Joseph Lopez, who, over the course of about 2.5 

years, single-handedly and meticulously tested all the biomarker samples using the MSD 

assay platform here at Johns Hopkins. Despite my bombarding him with an unending 

stream of questions, he never failed to respond with patience, thoroughness, and good 

cheer.  

 

I would like to offer a profound thanks to all members of the CAMACS team for their 

essential collaboration and support.  Handling a slightly frazzled, under-slept graduate 

student is not an easy task, but they did so with tremendous grace and understanding.  

Drs. Alvaro Muñoz, Christopher Cox, and Alison Abraham were especially gracious in 

offering me critical methodological assistance and encouragement.  I would never have 

made it through the elaborate workings of the MACS data coordination center without 

the support, assistance, and collegiality of Annie Darilay, Nisha Shah, Sandy Reynolds, 

Judy Konig, and Janet Schollenberger.   

 

I would also like to thank the members of my preliminary oral exam committee for their 

valuable suggestions during the starting phase of my research: Drs. Kala Viswanathan, 



 

 ix 

Kenrad Nelson, David Dowdy, Thomas Quinn, Jay Bream, Bryan Lau, and Chloe Thio.  

In addition, Drs. Gregory Kirk, David Celentano, and Lawrence Appel were a source of 

both academic expertise and rewarding professional engagement throughout my doctoral 

experience here at Hopkins.  A special thanks goes to the entire staff of the Department 

of Epidemiology, but especially to Fran Burman, Matt Miller, Ayesha Khan, Allyn 

Arnold, and Julie Thorne, for always being there for me when I needed it.  I am also 

extremely grateful to the Sommer Scholars program for providing me with the financial 

support that allowed me to pursue my doctoral work at Johns Hopkins on a full-time 

basis.  

 

This work would not have been possible without the tremendous commitment and 

dedication of the participants of the Multicenter AIDS Cohort Study. I am deeply grateful 

for all that they do to promote scientific thought.  

 

I owe a special thank you to Dr. Leon Gordis for giving me the privilege of working with 

him on the 5th revision of his book Epidemiology and for always being a source of 

tremendous support, both professional and personal, to me throughout the doctoral 

program.  Our regular Webex calls were one of the highlights of my week, and I am 

profoundly grateful for his guidance, advice, and enduring friendship.  Collaborating with 

him was a remarkable honor, an opportunity for which I will be forever thankful. 

 



 

 x 

I must also acknowledge the many mentors I had at Carnegie Corporation of New York, 

where I worked for 14 years prior to pursuing my doctoral career, many of whom 

continue to inspire and motivate me to be a better person, a better citizen, and a better 

colleague: Dr. Vartan Gregorian, Dr. Astrid Tuminez, Dr. Patricia L. Rosenfield, Dr. Neil 

Grabois, Jeanne D’Onofrio, and Natasha Davids.  You always believed in me, and 

relentlessly encouraged me, and for that I extremely grateful.   

 

One of the most rewarding aspects of a doctoral program is the formation of new and 

lasting bonds, relationships that blend great camaraderie and kinship with the promise of 

future professional collaborations.  These friends are the true accomplishment of a 

successful doctoral program. There are too many to list but I would like to extend a 

special heartfelt thank you to Jennifer Deal, Robert Dreibelbis, Craig Hooker, Sabriya 

Linton, Morgana Mongraw-Chaffin, Michelle Silver, Namrita Singh, Alison Turnbull, 

Julia Whiteside de Vos, and Lisa Wyman, as well as to the best group of friends and 

officemates I could have ever hoped for: David Hanna, Allison McFall, Derek Ng, Peter 

Rebeiro, Shilpa Viswanathan, and Cherise Wong. You have all enriched my life in so 

many countless ways.  Thank you for your generous support, your assistance in times of 

difficulty, and, most of all, for your lasting friendship. We did this together! Thank you 

also to Priyanka Vakkalanka for your laughter, your understanding, and your ceaseless 

curiosity about the world.  And to Amii Kress, I thank you from the bottom of my heart 

for your terrific friendship. I never would have made it through this program without 

your keen sense of humor, your abiding sense of integrity, and your smashing sense of 



 

 xi 

adventure. I am so looking forward to what these next few chapters in life will bring us 

all!  

 

To all my lifelong friends, especially Ambika Kapur, Jennifer Koslow, Nomi Levy-

Carrick, Liz Hochberg, Jennifer Miller-Pouchot, Alyssa Smith, Courtenay Sprague, Faith 

Szalay, and Paul Villafuerte, thank you for being so understanding when I plunged into 

the alternate universe that is the life of a PhD student, and for channeling your support 

and encouragement to me from across the miles and the airwaves.  Words are insufficient 

to express how much your calls and messages, your emails and your visits meant to me. I 

would also like to thank my dear cousin, Thomas Burrows, for being an endless source of 

inspiration, support, and laughter. He has always been there for me, even when I didn’t 

know I needed the help, and I am forever grateful to him. 

 

I dedicate this work to my grandparents, Isabel and Donald, and to my mother.  Although 

my grandfather never saw me go on to graduate school, as he died when I was just 

starting college, I imagine his endless fascination with epidemiologic methods and his 

pride in this accomplishment. To my grandmother, who passed away recently, I am 

grateful for her boundless love and devotion, which continue to give me strength.  

Finally, to my mother, I love you more than you can possibly know, and I am so thankful 

for you.  I would not have been able to do this without you! 

  



 

 xii 

TABLE OF CONTENTS 

ABSTRACT ....................................................................................................................... ii 

DISSERTATION READERS AND FINAL ORAL EXAMINATION COMMITTEE

............................................................................................................................................ vi 

ACKNOWLEDGEMENTS ........................................................................................... vii 

TABLE OF CONTENTS ............................................................................................... xii 

LIST OF TABLES ........................................................................................................ xvii 

LIST OF FIGURES ........................................................................................................ xx 

CHAPTER 1: INTRODUCTION .................................................................................... 1 

1.1 Epidemiology of HIV .................................................................................................. 2 

1.2. Inflammation and immune activation in HIV ......................................................... 3 

1.2.1. Soluble biomarkers of inflammation and immune activation .................... 6 

1.2.2. Early HIV infection ........................................................................................ 8 

1.2.3. Long-term non-progressors ......................................................................... 10 

1.3. Biomarker studies in the Multicenter AIDS Cohort Study ................................. 11 

1.3.1. Laboratory quality control .......................................................................... 15 

1.3.2. Data management and quality assurance ................................................... 16 

1.4. Serological biomarkers of inflammation and immune activation under study .. 17 

1.4.1. Cytokines/soluble receptors ......................................................................... 17 

1.4.2. Chemokines ................................................................................................... 21 

1.4.3. C-Reactive Protein (CRP) ............................................................................ 23 

1.5. Specific Aims ............................................................................................................ 24 

1.6. Conceptual Framework ........................................................................................... 26 



 

 xiii 

1.7. Organization of Dissertation – Rationale for Specific Aims ................................ 26 

1.8. References ................................................................................................................. 32 

CHAPTER 2: MULTIPLEX ASSAY PERFORMANCE AND LONG-TERM 

INTRA-INDIVIDUAL VARIATION OF SERUM CONCENTRATIONS OF 

INFLAMMATORY CYTOKINES, CHEMOKINES, AND SOLUBLE 

RECEPTORS .................................................................................................................. 46 

2.1. Abstract ..................................................................................................................... 48 

2.2. Introduction .............................................................................................................. 50 

2.3. Materials and Methods ............................................................................................ 51 

2.3.1. Study population and design ....................................................................... 51 

2.3.2. Laboratory methods ..................................................................................... 53 

2.3.2.1. Meso Scale Discovery platform ......................................................... 53 

2.3.2.2. Luminex platform .............................................................................. 54 

2.3.3. Statistical methods ........................................................................................ 54 

2.3.3.1. Within-person temporal reliability .................................................. 55 

2.4. Results ....................................................................................................................... 56 

2.4.1. Multiplexed assay performance – MSD platform ..................................... 56 

2.4.1.1. Proportion detectable in control samples ........................................... 56 

2.4.1.2. Coefficients of variation .................................................................... 56 

2.4.2. Multiplexed Assay Performance – Luminex platform .............................. 57 

2.4.3. Within-person temporal reliability ............................................................. 58 

2.5. Discussion.................................................................................................................. 60 

2.6. References ................................................................................................................. 92 



 

 xiv 

CHAPTER 3: FACTORS ASSOCIATED WITH SEROLOGIC 

INFLAMMATORY MARKERS IN HIV-UNINFECTED MEN WHO HAVE SEX 

WITH MEN ..................................................................................................................... 98 

3.1. Abstract ..................................................................................................................... 99 

3.2. Introduction ............................................................................................................ 101 

3.3. Materials and Methods .......................................................................................... 101 

3.3.1. Study population and design ..................................................................... 101 

3.3.2. Laboratory methods ................................................................................... 102 

3.3.3. Exposure variables ..................................................................................... 103 

3.3.4. Statistical methods ...................................................................................... 104 

3.4. Results ..................................................................................................................... 106 

3.5. Discussion................................................................................................................ 110 

3.6. References ............................................................................................................... 168 

CHAPTER 4: THE EFFECT OF HIV INFECTION ON MARKERS OF 

INFLAMMATION AMONG MEN WITH KNOWN HIV SEROCONVERSION 

DATES IN THE MULTICENTER AIDS COHORT STUDY (MACS) .................. 175 

4.1. Abstract ................................................................................................................... 176 

4.2. Introduction ............................................................................................................ 178 

4.3. Materials and methods .......................................................................................... 180 

4.3.1. Study population ......................................................................................... 180 

4.3.2. Laboratory methods ................................................................................... 181 

4.3.3. Statistical methods ...................................................................................... 182 

4.4. Results ..................................................................................................................... 184 



 

 xv 

4.4.1. Effect of HIV infection on serum concentrations of inflammatory and 

immune activation biomarkers ........................................................................... 185 

4.4.2. Effect of early biomarker concentrations on subsequent HIV RNA 

setpoint ................................................................................................................... 187 

4.5. Discussion................................................................................................................ 189 

CHAPTER 5: ASSOCIATION OF SEROLOGICAL BIOMARKERS OF 

INFLAMMATION AND IMMUNE ACTIVATION WITH LONG-TERM NON-

PROGRESSION OF HIV-1 INFECTION ................................................................. 222 

5.1. Abstract ................................................................................................................... 223 

5.2. Introduction ............................................................................................................ 225 

5.3. Materials and methods .......................................................................................... 228 

5.3.1. Study population and design ..................................................................... 228 

5.3.2.1. Cases ................................................................................................ 229 

5.3.3.2. Controls - HIV-infected seroconverters who progressed to clinical 

AIDS ............................................................................................................. 229 

5.3.4. Controls - HIV-uninfected participants .............................................. 230 

5.3.5. Quantitation of biomarker concentrations .............................................. 230 

5.3.6. Statistical methods ...................................................................................... 231 

5.4. Results ..................................................................................................................... 235 

5.5. Discussion................................................................................................................ 240 

5.6. References ............................................................................................................... 278 

CHAPTER 6: CONCLUSION..................................................................................... 288 

6.1. Summary of Findings ............................................................................................ 289 

6.1.2. Chapter 2: Multiplex assay performance and long-term intra-individual 

variation of serum concentrations of inflammatory cytokines, chemokines, and 

soluble receptors ................................................................................................... 289 



 

 xvi 

6.1.3. Chapter 3: Factors associated with serologic inflammatory markers in 

HIV-uninfected men who have sex with men ..................................................... 291 

6.1.4. Chapter 4: The effect of HIV infection on markers of inflammation 

among men with known HIV seroconversion dates in the Multicenter AIDS 

Cohort Study) ........................................................................................................ 293 

6.1.5. Chapter 5: Association of serological biomarkers of inflammation and 

immune activation with long-term non-progression of HIV-1 infection ......... 295 

6.2. Public health relevance and research implications ............................................. 296 

6.3. References ............................................................................................................... 304 

 

Curriculum vitae……………………………………………………………………………………..306 

  



 

 xvii 

LIST OF TABLES 

Chapter 2 

 

Table 2.1. Performance characteristics of the Meso-Scale Discovery assay platform using 

the external control plasma samples…………………………………………………….66 

 

Table 2.2. Agreement among cytokines with > 20% samples undetectable among the 

external control samples tested using the Meso-Scale Discovery assay platform………67 

Table 2.3. Performance characteristics of the Luminex assay platform using the external 

control sample…………………………………………………………………………...68 

 

Table 2.4. Proportion detectable and median (IQR) of the detectable concentrations of 

chemokines, cytokines, and soluble cytokine receptors for 250 HIV- men in the 

Multicenter AIDS Cohort Study (MACS)………………………………………………69 

 

Table 2.5. Age-adjusted intraclass correlation coefficients (ICC) and 95% confidence 

intervals (CI) for each biomarker across 5 categories of time between blood draws for 

250 HIV- men, Multicenter AIDS Cohort Study………………………………………..70 

 

Supplemental Table 2.1. Intraclass correlation coefficients (ICC) and 95% confidence 

intervals (CI) for each biomarker across 5 categories of time between blood draws for 

250 HIV- men in the Multicenter AIDS Cohort Study: unadjusted, age-adjusted, and age- 

and hepatitis C-adjusted estimates………………………………………………………75 

Chapter 3 

Table 3.1. Characteristics of the person-visits from 250 HIV-uninfected men from the 

Multicenter AIDS Cohort Study (MACS), 1984 – 2009……………………………….118 

Table 3.2. Proportion detectable and median (IQR) of detectable inflammatory biomarker 

concentrations, number of person-visits (N) = 971, Multicenter AIDS Cohort Study 

(MACS), 1984 – 2009………………………………………………………………….121 

Table 3.3. Inflammatory biomarker pattern matrix with factor loadings after varimax 

(orthogonal) rotation……………………………………………………………………122 

Table 3.4. Coefficients from linear mixed models on Immune Activation and 

Inflammatory factor scores by sociodemographics, risk behaviors, and morbidities, 250 

HIV-uninfected men, Multicenter AIDS Cohort Study (MACS), 1984 – 2009………..124 

 

Supplemental Table 3.1.A. Chemokines: Median (IQR: 25% - 75%) of detectable levels 

for selected sociodemographic, behavior, and morbidity characteristics for 250 HIV-

uninfected men in the Multicenter AIDS Cohort Study, 1984 – 2009…………………130 

 



 

 xviii 

Supplemental Table 3.1.B. Cytokines and C-reactive protein: Median (IQR: 25% - 75%) 

of detectable levels for selected sociodemographic, behavior, and morbidity 

characteristics for 250 HIV-uninfected men, Multicenter AIDS Cohort Study, 1984-

2009……………………………………………………………………………………..133 

 

Supplemental Table 3.1.C. Soluble markers: Median (IQR: 25%, 75%) of detectable 

levels for selected sociodemographic, behavior, and morbidity characteristics for 250 

HIV-uninfected men, Multicenter AIDS Cohort Study, 1984 – 2009………………….138 

 

Supplemental Table 3.2. Pair-wise Spearman rank coefficients for correlations between 

cytokines, chemokines, C-reactive protein, and soluble receptors among 250 HIV-

uninfected men in the Multicenter AIDS Cohort Study, 1984 – 2009…………………141 

 

Supplemental Table 3.3. Sensitivity analyses: Coefficients from linear mixed models of 

the Immune Activation and Inflammation factor scores, Multicenter AIDS Cohort Study, 

1984 – 2009…………………………………………………………………………….143 

 

Chapter 4 

 

Table 4.1. Characteristics of the study population at the first available marker 

measurement prior to HIV infection among 273 men who seroconverted prior to 1996 in 

the Multicenter AIDS Cohort Study (MACS) and had both pre- and post-seroconversion 

serum samples…………………………………………………………………………..201 

 

Table 4.2. Relative HIV RNA setpoint for a doubling of biomarker concentrations 0 - 9 

months following HIV seroconversion among 208 HIV-infected seroconverters from the 

Multicenter AIDS Cohort Study……………………………..........................................211 

 

Supplemental Table 4.1. Sensitivity analyses: Relative HIV RNA setpoint with a 

doubling of biomarker concentrations 0 – 6 months post-infection among 176 HIV-

infected seroconverters from the Multicenter AIDS Cohort Study…………………….212 

 

Supplemental Table 4.2. Relative HIV RNA setpoint with a doubling of pre-infection 

biomarker concentrations among 208 HIV-infected seroconverters from the Multicenter 

AIDS Cohort Study……………………………..............................................................213 

 

Chapter 5 

 

Table 5.1. Sociodemographic, immunological, and clinical characteristics of the study 

population by group status, Multicenter AIDS Cohort Study (MACS)………………..251 

 

Table 5.2. Geometric mean (25%, 75%) biomarker concentrations early after HIV 

infection (12 - 24 months following the first positive visit or baseline) for the long-term 

non-progressors, stratified by seroprevalence status at study entry……………………253 

 



 

 xix 

Table 5.3. Unadjusted geometric mean (25% - 75%) biomarker concentrations at the first 

available marker measurement and percent detectable across all person-visits for the three 

study groups…………………………………………………………………………….255 

 

Table 5.4. Multivariate relative percentile (RP) estimates and 95% confidence intervals 

(CIs) for biomarker concentrations during early HIV infection (12 - 24 months) between 

54 long-term non-progressors and 189 seroconverters who progressed to AIDS within 12 

years…………………………………………………………………………………….259 

 

  



 

 xx 

LIST OF FIGURES 

Chapter 1 

Figure 1.1. Scaled proportional group mean change relative to baseline over time in 

plasma levels of selected analytes in subjects acutely infected with HIV……………….30 

 

Figure 1.2. Conceptual framework……………………………………………………...31 

 

Chapter 2 

 

Figure 2.1.A. Age-adjusted intraclass correlation coefficients (ICC) for each chemokine 

across 5 visit-pair time intervals (0 – 2, 2.1 – 4, 4.1 – 8, 8.1 – 15, and > 15 years) between 

blood draws for 250 HIV- men in the Multicenter AIDS Cohort Study (MACS)……….72 

 

Figure 2.1.B. Age-adjusted intraclass correlation coefficients (ICC) for each cytokine 

across 5 visit-pair time intervals (0 – 2, 2.1 – 4, 4.1 – 8, 8.1 – 15, and > 15 years) between 

blood draws for 250 HIV- men in the Multicenter AIDS Cohort Study (MACS)……….73 

 

Figure 2.1.C. Age-adjusted intraclass correlation coefficients (ICC) for each soluble 

marker across 5 visit-pair time intervals (0 – 2, 2.1 – 4, 4.1 – 8, 8.1 – 15, and > 15 years) 

between blood draws for 250 HIV- men in the Multicenter AIDS Cohort Study 

(MACS)………………………………………………………………………………….74 

 

Supplemental Figure 2.1.A. Distribution of plate-specific intra-assay coefficients of 

variation (CVs) for the chemokines by plate number with regression line and 95% 

confidence interval shading for lot 1, Meso-Scale Discovery platform…………………80 

 

Supplemental Figure 2.1.B. Distribution of plate-specific intra-assay coefficients of 

variation (CVs) for the cytokines by plate number with regression line and 95% 

confidence interval shading for lot 1, Meso-Scale Discovery platform…………………87 

 

Chapter 3 

 

Figure 3.1. Percent difference estimates from multivariate generalized gamma regression 

models examining the associations of age, non-black race, college education at baseline, 

blood draw time, being overweight, obesity, cleared hepatitis C infection, chronic 

hepatitis C infection, former smoking, current smoking, moderate-heavy alcohol 

consumption, binge alcohol consumption, use of marijuana, use of amyl nitrates, use of 

stimulants, the presence of depressive symptoms, and depression including those taking 

depression medication with individual biomarkers of inflammation and immune 

activation………………………………………………………………………………..126 

 

Figure 3.2. Percent difference estimates from multivariate generalized gamma regression 

models examining the associations of persistent diabetes, uncontrolled diabetes, 

persistent hypertension, uncontrolled hypertension, and hypercholesterolemia with 



 

 xxi 

individual biomarkers, adjusting for age, race, baseline education, blood draw time, body 

mass index, depressive symptoms, hepatitis C infection, smoking status, alcohol 

consumption, and recreational drug use………………………………………………128 

   

Supplemental Figures 3.1.A – 3.1.P. Relative percentiles (RP) and 95% confidence 

intervals (CI) from univariate and multivariate models examining the effect of each 

characteristic on individual biomarker levels…………………………………………145 

 

Supplemental Figure 3.2. A&B. Sensitivity analyses: Coefficients from linear mixed 

models of the (A) Inflammation and (B) Immune Activation factor scores, Multicenter 

AIDS Cohort Study, 1984 – 2009……………………………………………………..166 

 

Chapter 4 

 

Figure 4.1. Grouped concentrations of chemokines, cytokines, soluble receptors, and C-

reactive protein in sera collected at time points pre- and post-seroconversion among 273 

HIV-infected men who seroconverted prior to 1996 in the Multicenter AIDS Cohort 

Study. The pre-seroconversion visits were at -2.0 to 0 years (T0) relative to the LN visit. 

Post-seroconversion visits were at 0.5 to 1.5 years (T1) and 1.5 to 3 years following the 

FP visit (T2)……………………………………………………………………………203 

 

Figure 4.2. A&B.  Percentage change per year in biomarker concentrations by years 

relative to pre-infection, adjusting for age, study center, race, body mass index, and 

hepatitis C status. A. Percentage change per year in biomarker concentrations from pre-

infection to 1 year post-seroconversion.  B. Percentage change per year in biomarker 

concentrations from 1 to 3 years post-seroconversion…………………………………209 

 

Chapter 5 

 

Figure 5.1. A&B. Relative percentiles (RP) and 95% confidence intervals (CI) of 23 

biomarker concentrations during early HIV infection (12 - 24 months after the first 

positive visit) comparing (A) long-term non-progressors with seroincident men who 

progressed to AIDS within 12 years after seroconversion and (B) HIV-uninfected men, 

adjusting for age, race, body mass index, and hepatitis C infection……………………257 

 

Supplemental Figure 5.1. Spaghetti plots of loge-transformed biomarker concentrations 

by years from first positive visit for the 54 long-term non-progressors stratified by 

seroprevalence status (i.e., those who were observed to seroconvert over follow-up 

[“seroincident”] and those were seroprevalent at study enrollment and for whom their 

first available biomarker measurement is used [“seroprevalent”]……………………...261 

Supplemental Figure 5.2. Boxplots of grouped biomarker concentrations by study 

group: long-term non-progressors, progressors, HIV-uninfected………………………270 

Supplemental Figure 5.3. Generalized-gamma-modeled relative percentiles (RP) of IL-6 

concentrations in long-term non-progressors relative to HIV-uninfected 

men……………………………………………………………………………………...274 



 

 xxii 

 

Supplemental Figure 5.4. Generalized-gamma-modeled relative percentiles (RP) of 

CXCL13 concentrations in long-term non-progressors relative to HIV-uninfected 

men……………………………………………………………………………………...275 

 

Supplementary Figure 5.5. Generalized-gamma-modeled relative percentiles (RP) of 

MIP-1β/CCL4 concentrations in long-term non-progressors relative to HIV-uninfected 

men……………………………………………………………………………………...276 

 

Supplemental Figure 5.6. Generalized-gamma-modeled relative percentiles (RP) of 

sCD14 concentrations in long-term non-progressors relative to HIV-uninfected men...277 

 



 

 1 

CHAPTER 1: INTRODUCTION 

  



 

 2 

1.1 Epidemiology of HIV 

 

According to the World Health Organization, at the end of 2013, there were 

approximately 35.0 million people living with human immunodeficiency virus-1 (HIV) 

globally. In 2013, about 2.1 million people worldwide became infected with HIV and 

about 1.5 million died from diseases related to acquired immunodeficiency syndrome 

(AIDS), the final stage of HIV infection when the immune system succumbs to 

opportunistic illnesses, such as infections or infection-related malignancies.[1] In the 

United States, it was estimated that approximately 1.1 million were living with HIV at the 

end of 2010 and about 50,000 new infections occur each year.[2, 3]  In the natural history 

context, the fundamental event of HIV infection following infection is the depletion of 

CD4+ T cells, initially characterized by a massive destruction of CD4+ T cells in 

mucosal lymphoid tissues, such as the gastrointestinal tract, followed by the progressive 

depletion of peripheral blood CD4+ T cell counts during the chronic stages of disease, 

and culminating in a state of severe immunodeficiency.  Among those who remain 

untreated, the median time from infection until the onset of AIDS is 8.9 years.[4] 

Baseline CD4+ T cell counts explain only up to about 30% of the variability in the time 

to AIDS or death.[5] Baseline HIV RNA measurements explain about 47% and 50% of 

the variability in times to AIDS and death, respectively.[6] Variation persists among 

HIV-infected individuals in the rate of progression to AIDS and survival not explained 

solely by CD4+ T cell count and HIV RNA load. This variability is influenced by several 

different factors, including age at the time of infection, host genetics, co-infections, and, 

less commonly, genetic defects in the infecting virus.[7] Moreover, the specific 
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mechanisms of CD4+ T cell depletion and immune control of HIV remain poorly 

understood.  

 

With the advent of highly active antiretroviral therapy (HAART), which can suppress 

viral replication for extended periods of time, significant strides have been made in 

reducing HIV-related morbidity and mortality.[8] Nevertheless, effective treatment 

necessitates life-long adherence to anti-retroviral therapy, is costly, and does not fully 

eradicate viral replication.  Mortality among HIV-infected individuals remains higher 

than the general population.[9] A growing body of evidence also shows that HIV-infected 

individuals continue to experience an excess risk of non-AIDS-related morbidities, such 

as cardiovascular disease [10], certain malignances [11, 12], neurological disorders [13], 

and kidney and liver disease [14] even with successful treatment and controlling for 

traditional risk factors.[15-17]  Recent evidence suggests that successfully-treated HIV-

infected individuals continue to experience higher levels of inflammation and immune 

activation, which suggests that immune disturbances associated with infection are not 

normalized but rather persist despite viral suppression and immune restoration.[18]  

 

1.2. Inflammation and immune activation in HIV  

 

Shortly after the identification of HIV in the early 1980s, it was recognized that HIV 

infection consists of a complex interaction between immunodeficiency and chronic 

inflammation and immune activation.[19]  These disturbances were found to activate 

essentially all cellular compartments of both the innate and adaptive immune systems, 

including monocytes/macrophages, natural killer cells (NK), B cells, and both HIV-
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specific and non-HIV specific CD4+ and CD8+ T lymphocytes.[20-25] In several 

seminal studies, Giorgi et al discovered that T cell activation levels, as measured by 

increased expression of CD38 on CD8+ T cells, added to the predictive value of very low 

CD4+ T cell counts and were more prognostic of clinical progression and shorter survival 

than plasma viral load in people with very low CD4 T cell counts.[20, 26] Studies of 

simian immunodeficiency virus (SIV) have provided further evidence linking 

inflammation and dysregulated immune activation with progressive HIV pathogenicity. 

Similar to HIV infection, SIV infection is characterized by high levels of viral replication 

and the rapid destruction of infected CD4+ T cells in sooty mangabeys and rhesus 

macaques. Upon infection, sooty mangabeys, which are the natural hosts of SIV and do 

not experience progressive immunodeficiency despite high viremia, exhibit relatively 

restrained levels of immune activation in the early phases of disease in contrast to rhesus 

macaques, which experience high levels of T cell activation and succumb to SIV-

mediated pathogenesis, much like their HIV-infected human counterparts.[27] This 

suggests that sustained, uncontrolled levels of inflammation and immune activation play 

a determinant role in distinguishing between pathogenic vs. non-pathogenic models of 

SIV infection.  Similarly, HIV-2, which presents a milder, less pathogenic disease course 

than HIV-1, is characterized by considerably lower levels of immune activation than 

those observed in HIV-1-infected individuals.[28] It has been hypothesized that 

persistently heightened levels of inflammation and immune activation manifest in the 

ongoing proliferation, expansion, and destruction of T cells, which leads to the 

exhaustion of the regenerative capacity of the immune system and ultimately 

immunodeficiency.[22, 29, 30]  
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The causes of chronic inflammation and immune activation in HIV infection are 

incompletely understood but are likely multifactorial in nature, involving both direct and 

indirect stimuli. Direct antigenic stimulation by the virus itself induces a robust pro-

inflammatory cytokine response that leads to strong antiviral HIV-specific CD8+ T cell 

responses. It has been estimated that only about 20% of circulating CD8 T+ cells are 

HIV-specific in untreated chronically-infected patients [31], while only about 3% of 

circulating CD4+ T cells are HIV-specific.[21] In vitro studies suggest that HIV gene 

products, such as the envelope protein gp120 and the accessory protein Nef, can also lead 

to CD4+ T lymphocyte activation by binding directly to CCR5 and CXCR4 receptors 

[32] or by infecting macrophages and inducing the production of proinflammatory 

mediators.[33]  

 

Given the limited number of T cells that are directly stimulated by the HIV virus, it is 

thought that chronic immune activation during HIV infection is induced by other, 

indirect, stimuli. One theory suggests that the massive damage to the CD4+ T cell pool 

results in insufficient immune control of latent viruses, such as cytomegalovirus (CMV) 

and Epstein-Barr virus (EBV), resulting in their re-activation and replication.[34] This 

results in a sustained anti-viral proinflammatory milieu and the activation of CMV-

specific or EBV-specific CD8+ T cells.[35] Finally, the massive depletion of CD4+ T 

cells in the gut during primary HIV infection and the resulting disruption of the mucosal 

barrier have been hypothesized to result in the translocation of microbial products, such 

as lipopolysaccharide (LPS), into the systemic immune system, inducing the release of 
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proinflammatory cytokines and the systemic activation of monocytes/macrophages and 

lymphocytes.[36] 

 

1.2.1. Soluble biomarkers of inflammation and immune activation 

 

Biomarkers are widely used in epidemiologic research to inform disease pathogenesis, 

stratify individuals into different risk categories, and identify potential targets for future 

interventions such as vaccines or adjuvant therapies.  In HIV research, a key focus is to 

expand understanding of the biological processes that contribute to excess morbidity and 

mortality, and the quantification of these markers offers an important opportunity for 

studying the mechanisms undergirding both HIV-associated immunopathology and, 

increasingly, non-AIDS-related morbidity.  In addition, biomarker perturbations may 

identify potential targets for novel therapeutic or preventive interventions, including 

vaccines, or be predictive of response to therapy, thus offering a powerful tool for 

optimizing treatment and clinical care.  The innate and adaptive immune responses are 

regulated by the production of cytokines, chemokines, acute phase proteins, and soluble 

cytokine receptors.  These proteins coordinate the complex cellular immune response to 

tissue damage caused by physical trauma, injury, or infectious pathogens and may either 

mediate pathogenic processes directly or correlate with a biologic process indirectly, 

thereby serving as a biomarker of underlying health status.  

 

Determining the mechanisms by which chronic inflammation and immune activation 

contribute to HIV disease progression, independent of CD4+ T cell count and HIV RNA 
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levels, has been the subject of considerable research over the past several decades.  A 

2010 systematic review of soluble biomarkers and morbidity and mortality among HIV-

infected people suggests that more than half of the surge in research in this area has 

occurred between 2006 and 2010, with about 40% published between 2007 and 2010.[37] 

Some of the most frequently-studied serological biomarkers in the context of HIV have 

been IL-6, TNF-α, C-reactive protein (CRP), and sCD14, which have also been widely 

studied in the general population.  Compared to their uninfected counterparts, HIV-

infected individuals have been observed to have higher concentrations of IL-6 in cross-

sectional studies, and it has been observed that IL-6 is significantly correlated with HIV 

RNA levels among those with advanced HIV disease.[38-40] CRP has been shown to 

increase with HIV disease progression, with those exhibiting higher levels of CRP 

experiencing a greater risk of AIDS.[41]  In the recent Strategies for the Management of 

Anti-Retroviral Therapy trial (SMART), it was observed that both IL-6 and CRP were 

associated with an increased risk of all-cause mortality and cardiovascular disease even 

after adjustment for traditional risk factors such as smoking and hypertension, among 

those who interrupted their antiretroviral therapy.[42, 43] Moreover, the investigators 

found that pre-treatment levels of these inflammatory markers were associated with an 

increased risk of AIDS or mortality.[44]  

 

Despite the growing number of studies, however, there are notable limitations in the 

literature which motivate additional work in this area. Many prior studies examining the 

role of inflammation and HIV have been limited to either a single or only a few soluble 

markers and often utilized low-sensitivity assays.  This offers an incomplete picture of 
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the immune dysregulation that occurs during disease progression and limits the ability to 

look at inflammatory dynamics at the lower ranges of biomarker concentrations.  In 

addition, many prior studies were cross-sectional in nature, presenting issues of 

temporality and potential measurement error. Several of these studies had limited power 

to detect significant associations due to small sample sizes. Moreover, the role of 

inflammation and immune activation in untreated HIV infection has focused extensively 

on the chronic stages of the disease or on seroprevalent individuals, thus limiting our 

understanding of the effect of HIV on inflammation and immune activation early in the 

disease process.  Finally, recent studies are susceptible to confounding by anti-retroviral 

treatment due to the scarcity of biological specimens obtained prior to the era of highly 

active anti-retroviral therapy. The recent emergence of high-sensitivity multiplex assay 

technologies has permitted the simultaneous determination of a wide array of biomarkers 

not previously studied or only in a limited number of studies, using small volumes of 

serum samples. 

 

1.2.2. Early HIV infection 

 

As mentioned above, the role of inflammation and immune activation in the early stages 

of HIV infection is incompletely understood. Nevertheless, inflammatory events during 

this time period are potentially critical for setting the subsequent course of disease. For 

example, the massive depletion of gut-associated CD4+ T cells early after infection was 

found to be prognostic of the course of subsequent disease progression.[45, 46] This early 

period, after viremia has been detected but before the viral setpoint has been reached, is 

also potentially critical for the establishment of latent reservoirs, the increased activation 
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of CD4+ T cells, the primary target cell of the HIV virus, and the initiation and expansion 

of anti-viral immune response by the host.[47]  Several early studies showed that 

symptomatic acute HIV infection is associated with elevated concentrations of IFN-γ, IL-

1β, and TNF-α.[48, 49]  In a prospective study of acutely and recently infected adults, 

Deeks et al found that the activation of CD8+ T cells, as determined by the median 

density of CD38 molecules on these cells, reached a steady-state level in early HIV 

infection, which among untreated participants was prognostic of the rate of CD4+ T cell 

decline independent of HIV viral load.[22]  

 

More recently, in a study of inflammatory markers from plasma samples obtained from 

pre-infection to 3 weeks post-infection, Stacey et al documented the induction of a 

cytokine cascade that is more pronounced than that which has been observed in other 

acute viral infections, such as West Nile virus.[50]  This cytokine storm involves the 

successive production of several proinflammatory cytokines followed by the release of 

immunoregulatory cytokines (Figure 1.1).  Proinflammatory cytokines may enhance HIV 

replication and disease progression in different ways: by directly promoting viral 

transcription through the activation of nuclear factor kappa B pathway, recruiting and 

activating CD4+ T cells, the primary targets of HIV infection, or inducing the apoptosis 

of activated bystander T cells, thus contributing to CD4+ T cell loss and progressive 

immunodeficiency.[33, 51, 52]  In 2010, using a high-sensitivity multiplex assay, Roberts 

et al measured the concentrations of 30 cytokines during acute HIV infection in 40 

women in South Africa and confirmed the high concentrations of TNF-α, IP-10, and IL-

10 6 weeks after infection.[52] After one year of follow-up, they found that 
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concentrations of IL-12p40, IL-12p70, and IFN-γ during the acute stage of infection were 

significantly associated with lower viral load set point, while concentrations of IL-7 and 

IL-15 were associated with higher plasma viral load setpoint.[52] They also determined 

that a model including IL-12p40/70, IFN-γ, IL-7 and IL-15 predicted about 66% of the 

variation in subsequent viral load set point.[52]  

 

It remains uncertain whether perturbations in soluble biomarker levels during early HIV 

infection are detrimental or beneficial to the host. As discussed, biomarkers of 

inflammation and immune activation may upregulate or promote anti-viral immunity and 

thus enhance host control of viral replication. [53] Alternatively, higher concentrations of 

proinflammatory cytokines and chemokines may recruit and activate CD4+ T cells, 

serving to increase the target cell pool for ongoing infection, promoting proviral 

transcription and viral replication.[54] Immunosuppressive cytokines, such as IL-10, may 

result in depressed anti-viral immune response, thereby leading to enhanced viral 

replication, or, on the other hand, reduce the inflammatory recruitment of activated CD4+ 

T cells and prevent further disease progression.[47]  

 

1.2.3. Long-term non-progressors  

 

In the 30 years since the discovery of the HIV virus as the cause of AIDS, it has been 

observed that rare individuals infected with the virus remain AIDS-free for long periods 

of time after infection. This subgroup of HIV-infected individuals offers a natural model 

of host resistance to disease progression, and as such are a much sought-after subject of 

investigation. The long-term non-progressors have been variably defined as HIV-infected 
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individuals who maintain robust CD4+ cell counts (≥ 500 cells/μL) and/or remain AIDS-

free for many years without therapy, in some cases for more than 15 years; however, the 

definitions in the literature vary. In Munoz et al, parametric models utilized data from the 

MACS to estimate the distribution of the time infected individuals would remain free 

from clinical AIDS (defined using the 1987 CDC criteria for AIDS; that is, not including 

the laboratory criterion of < 200 CD4+ T cell counts/μL) after seroconversion, with 

particular focus on longer periods of AIDS-free time (the right tail of the 

distribution).[55] Their results indicated that 32 - 40% will be free of AIDS 12 years after 

seroconversion and 10 - 17% 20 years after seroconversion.  Using data from 38 studies 

of HIV-infected individuals from Europe, North American, and Australia, the median 

incubation period to AIDS for men who have sex with men was 9.4 years (95% CI: 8.7 - 

10.0).[56] The use of clinical criteria offers increased accuracy and clinical utility if one 

considers remaining symptom-free as the “gold standard” indicator of non-progression, 

as opposed to CD4+ T cell counts, which may be quite variable over time and are not 

routinely available in some clinical settings. The extent to which inflammation is 

associated with long-term nonprogression is not fully known.[57] Additional research on 

the early inflammatory response of long-term non-progressors would inform our 

understanding of HIV pathogenesis as well as ongoing and future therapeutic research 

and development.  

 

1.3. Biomarker studies in the Multicenter AIDS Cohort Study 

 

This dissertation utilizes specimens and data collected from the Multicenter AIDS Cohort 

Study (MACS), an ongoing prospective cohort study of men who sex with men (MSM) 
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enrolled at four U.S. locations (Baltimore/Washington D.C., Chicago, Los Angeles, and 

Pittsburgh) to examine the natural and treated histories of HIV-1 infection. Since 1984, 

6,972 participants have been enrolled: 4,954 in 1984 – 1985, 668 in 1987 – 1991, and 

1,350 in 2001 – 2003. The eligibility criteria for the original cohort included: being a 

homosexual or bisexual male; 18 years of age or older; having no active malignancy, not 

immunosuppressed due to AIDS or therapy; and informed consent.  Institutional review 

boards at each center approved the MACS protocols and descriptions have been 

published previously. [58, 59]  The MACS uses standardized follow-up procedures, 

which has resulted in relatively little attrition over its history. Participation includes semi-

annual visits to the clinic to provide specimens for laboratory analyses and storage, to 

undergo a physical examination, and to complete self-administered data collection forms 

and an interview-administered questionnaire.  Methods used to minimize dropout include 

semi-annual visits to the clinics, with participants encouraged to return to the study clinic 

that is nearest to their current residence.  Serum, plasma, and peripheral blood 

mononuclear cells are frozen and stored in local and national repositories.  All MACS 

study forms are labeled without any personal identifiers and include a MACS ID, visit 

number, date, and specimen type. Study highlights, including data collection forms, may 

be found at http://www.statepi.jhsph.edu/macs/macs.html.   

 

The MACS offers a rich dataset for longitudinal analyses of inflammatory conditions in 

various stages of HIV disease. Given the prospective collection and storage of biological 

specimens, some from as far back as 1984, the MACS has prompted several studies on 

virological, immunological, and other clinical markers of HIV pathogenesis and disease 

http://www.statepi.jhsph.edu/macs/macs.html
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progression.  Early studies from the MACS helped to establish the prognostic value of 

levels of plasma HIV RNA and of CD4+ T cell counts in HIV disease pathogenesis and 

progression.[60-62] Several studies in the MACS identified serological and cellular 

biomarkers, including neopterin, β2-microglobulin, and CD38+ CD8+ T cells, as 

informative indicators of HIV pathogenesis and predictors of mortality.[26, 63, 64] Using 

stored specimens from HIV seroprevalent men in the MACS, Lau et al observed that 

CRP is correlated with levels of both T cells and HIV RNA and is associated with the 

development of AIDS-related outcomes in the natural history era. [65] Studies by 

Martinez-Maza and Breen have shown the association between various cytokines and 

chemokines with HIV disease progression and the development of HIV-associated B-cell 

non-Hodgkin lymphoma. [66, 67]  

 

Additional longitudinal testing would complement this prior research by expanding the 

array of inflammatory and immune activation markers and consider the impact of 

biomarker concentrations both prior to seroconversion and shortly after infection. To our 

knowledge, no other study has investigated the effect of HIV infection on many 

chemokines and soluble cytokine receptors using data from serum specimen obtained 

both before and after HIV seroconversion. Understanding immune responses early after 

HIV infection may offer valuable insight into the pathogenesis of HIV-1, as particular 

changes may illuminate responses that can contribute to viral replication and subsequent 

immunopathology.  In addition, this pursuit will provide a platform for future analyses of 

inflammatory markers in the context of treated HIV, both in the MACS and elsewhere. 
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In 2008, a study was undertaken to assess and validate emerging multiplex 

immunometric (measurement using antibodies) technologies for measuring and 

evaluating circulating cytokines and other soluble markers associated with inflammation 

and immune activation. These multiplex assays allow for the simultaneous determination 

of multiple analytes in small volumes of serum or plasma specimens, permitting an 

efficient method for quantitating a more comprehensive assessment of inflammation and 

immune responses.  Briefly, laboratories at five sites tested shared aliquots of serum 

samples from commercial plasma panels and panels of acute HIV seroconverters 

provided by Dr. Philip Norris at Blood Sciences Research Institute, as well as serum from 

nine HIV-uninfected and nine chronically HIV-infected subjects from the MACS and the 

Women’s Interagency Heath Study (WIHS) repositories.  Two multiplex technologies 

were evaluated: the Luminex platform, which utilizes fluorescence from three sources of 

antibodies bound to beads, and the Meso-Scale Discovery platform, which is based on 

electrochemiluminescence detection from antibodies bound to wells.  Concentrations of 

the following cytokines were determined: interleukins (IL)-1β, -2, -4, -6, -8, -10, -12p70, 

and -13, as well as interferon (IFN)-γ and tumor necrosis factor (TNF)-α. Most cytokines 

tend to be quite low in serum specimens, usually near assay limits of detection; thus it 

was important to quantify the performance of these highly-sensitive assays in 

determining the concentrations of these cytokines. The MSD platform consistently 

showed the highest percentages of detectable samples for both serum and plasma 

samples. For some markers, the results approached 100%, suggesting excellent sensitivity 

and repeatability.[68] Preliminary analyses showed that the MSD platform had excellent 

variability; most within-lab coefficients of variation for the sample replicates were < 
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10%. Moreover, the MSD platform detected cytokines in the same proportion or a higher 

proportion of the tested specimens than the best of the Luminex reagents.  Based on these 

preliminary results, the MACS Biomarker Working Group selected the MSD platform for 

determining the levels of 8 proinflammatory cytokines (IL-1β, -2, -6, -8, -10, TNF-α, 

IFN-γ, and GM-CSF) and 7 chemokines (Eotaxin, IL-8, IP-10, MCP-1, MCP-4, MIP-1β, 

and TARC).  The study also revealed the presence of highly significant between-

laboratory variability in the results.[69]  Therefore, it was determined that, going forward, 

testing involving each kit would be performed in a single, centralized laboratory. In 

parallel, under the leadership of Dr. Otoniel Martinez-Maza, the MACS laboratory at the 

University of California at Los Angeles assessed serum concentrations of the following 

immune activation markers using the Luminex assay: soluble CD14 (sCD14), soluble 

CD27 (sCD27), B-cell activating factor (BAFF), soluble gp130 (sgp130), soluble IL-2Rα 

(sIL-2Rα), soluble TNF-R2 (sTNF-R2), and CXCL13 (BLC/BCA1).  

 

1.3.1. Laboratory quality control 

 

As mentioned above, each multiplex assay platform was conducted in a centralized 

location to minimize between-laboratory variability.  In addition, all serum samples used 

in this study were previously unthawed.  Testing of the proinflammatory cytokines and 

chemokines using the MSD platform was conducted at the Margolick/Bream laboratory 

at the Johns Hopkins Bloomberg School of Public Health, while testing of the five 

soluble markers (sCD14, sCD27, sgp130, sIL-2Rα, and sTNF-R2), the cytokine BAFF, 

and the chemokine CXCL13 using the Luminex platform was conducted in a central 

laboratory at the University of California at Los Angeles. For the MSD platform, each 
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assay run included two controls per plate from the same control series; that is, the same 

specimens donated by two people (one HIV+ and one HIV-) for the entire study. 

Standards for calculating the standard curves were run in duplicate on each plate. Each 

assay run contained a proportion of samples according to the proportions in the cohort, so 

that each plate reflected, as closely as possible, the composition of the overall cohort. All 

longitudinal specimens for an individual were run on the same plate. Ten percent of the 

samples were run in duplicate, selected at random. These duplicates were not run in the 

same spot on each plate but were staggered; that is, every 10th sample in the overall 

cohort was run in duplicate.  

 

For the Luminex platform, one external serum control from a normal donor (no spiked 

values) was run in duplicate on each assay. This control sample was from a single blood 

draw that was aliquoted multiply and stored at - 80°C. 

 

1.3.2. Data management and quality assurance 

 

Data were received from participating laboratories between 2009 - 2012. Data 

management procedures included regular communication with the lab, the development 

of standardized protocols for data transmission, and the development of codebooks and 

analytical data files according to standardized CAMACS (Center for the Analysis of the 

MACS) procedures. Data obtained on each sample included raw concentrations for each 

biomarker, assay run dates, lower and upper limits of detection and quantitation for each 

plate and biomarker, and coefficients of variation for the controls, standards, and 

duplicates. Data checking included routine examination of completeness and the 



 

 17 

identification of outliers.  Data files for all biomarkers were maintained on a central 

server in CAMACS with daily back-up and off-site storage.  

  

1.4. Serological biomarkers of inflammation and immune activation under study  

 

The remaining section contains a brief description of each of the serological biomarkers 

that were the focus of this dissertation.  

 

1.4.1. Cytokines/soluble receptors 

 

Cytokines are soluble secreted proteins that play an integral role in the cell signaling 

associated with many vital cellular and immunological functions, including antigen 

presentation, lymphocyte recruitment and growth, differentiation, and cell activation.[70] 

They are produced by a variety of cells including macrophages, B lymphocytes, T 

lymphocytes, and mast cells, and serve to orchestrate the cross-talk between the innate 

and adaptive immune response.  Cytokines have often been categorized according to their 

functional capabilities, although their considerable redundancy and pleiotropism presents 

definitional challenges. Most inflammatory cytokines are derived from antigen-

presenting cells such as macrophages and CD4+ T helper lymphocytes (Th).  Effector T 

cell responses are broadly classified into two major types: the type 1 helper (Th1) 

response, which promotes cell-mediated immunity against intracellular pathogens such as 

viruses; and the type 2 helper (Th2) response, which promotes B-lymphocyte maturation 

in the bone marrow, B-cell stimulation and proliferation, and the production of antibodies 

which neutralize viruses.[71]  Cytokines act via specific cell membrane receptors.  
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Tumor necrosis factor-α (TNF-α)/soluble TNF-receptor 2 (sTNF-R2): Produced 

primarily by activated macrophages, although also derived from CD4+ T lymphocytes, 

NK cells, and neutrophils, TNF-α is a multifunctional cytokine belonging to the tumor 

necrosis factor superfamily (TNF). [72]  Originally characterized for its anti-tumor 

function [73], TNF-α has a fundamental role in systemic inflammation and elicits a broad 

range of cellular responses, which includes stimulating the acute phase reaction, the 

recruitment of leukocytes to sites of infection, cell activation, tumor cell death, and 

apoptosis.[74]  Binding of TNF-α to soluble TNF-R2 (sTNF-R2), one of its two distinct 

receptors, induces cell recruitment and the activation of cell signaling, by mechanisms 

which remain incompletely understood. [75]  

 

Interleukin 1-β (IL-1β): IL-1β is a member of the IL-1 cytokine family and is produced 

primarily by activated macrophages. It serves as an important mediator of the 

inflammatory response as well as cell proliferation, differentiation, and apoptosis.  

Importantly, it activates T lymphocytes by promoting the production and secretion of IL-

2, which is necessary for the  growth, proliferation, and differentiation of antigen-specific 

CD4+ and CD8+ T cells.[76] The lack of IL-1β production has been associated with a 

diminished immune response.[71] 

 

Interleukin 2 (IL-2)/soluble interleukin 2 receptor alpha (sIL-2Rα):  IL-2 is released 

by activated T cells and is critical for inducing T cell proliferation and differentiation. 

One of its receptors is soluble IL-2Rα, which is shed from immune cells by proteolytic 
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cleavage upon T cell activation.[71]  IL-2 is also involved in the activation of 

macrophages, NK cells, B cells, and cytotoxic T cells and thus plays a critical role in the 

induction of the adaptive immune response.[71]  

 

Interleukin 6 (IL-6)/soluble gp130 (sgp130): Produced predominantly by macrophages 

but also by T and B lymphocytes, hepatocytes, and endothelial cells, IL-6 signals through 

a complex of IL-6R and gp130, a ubiquitously-expressed transmembrane protein that 

complexes with all members of the IL-6 family for signal transduction. In contrast, 

sgp130 has anti-inflammatory functions; by binding to IL-6/sIL-6R it interferes with their 

interactions with membrane-bound gp130 on target cells and thus reduces their 

bioactivity.[77] IL-6 has multiple functions, which include stimulating B-cell 

differentiation into mature plasma cells and the secretion of immunoglobulins, mediating 

T-cell activation, growth, and differentiation, and inducing the hepatic production of CRP 

as part of the acute phase reaction.[78] 

 

Interleukin-10 (IL-10): IL-10 is a cytokine with predominantly anti-inflammatory 

properties. Produced by T and B lymphocytes and by monocytes [79], IL-10 inhibits the 

production of IFN-γ and IL-2, which results in reduced T cell activation and proliferation 

and the production of IL-1β, IL-6, IL-8, IL-12, and TNF-α by macrophages. By inhibiting 

cellular immunity, IL-10 also serves to promote humoral immunity by stimulating B cell 

activation and proliferation.[78]   
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Interleukin-12p70 (IL-12p70): IL-12 is produced by monocytes/macrophages, B cells, 

dendritic cells, Langerhans cells, polymorphonuclear neutrophils (PMN), and mast 

cells.[80] Its primary functions involve the activation and proliferation of NK cells and 

both T-helper and cytotoxic lymphocytes.  

 

Interferon gamma-γ (IFN-γ): IFN-γ is produced by T cells and NK cells and is critical 

for the induction of cell-mediated immunity.[81] One of its primary functions is to 

stimulate antigen presentation and cytokine production by monocytes,  recruit 

macrophages to the site of infection, and activates the microbicidal effector functions of 

macrophages as part of the innate response to potential pathogens.   

 

Granulocyte-Macrophage Colony-Stimulating Factor (GM-CSF): GM-CSF is 

produced by a number of different cells including T cells, macrophages, NK cells, and 

endothelial cells. GM-CSF stimulates the production of granuloctyes and monocytes, 

which mature into macrophages and dendritic cells, as part of the innate inflammatory 

immune response to infection. Recent evidence suggests that it also plays a role in Th1 

and Th2 cell differentiation during the adaptive response, although the precise 

mechanisms of these pathways remain under debate.[82]   

 

B-cell Activating Factor (BAFF/BLyS): The cytokine BAFF is a member of the tumor 

necrosis factor family and plays a role in the proliferation and differentiation of B cells. 

[83] Produced primarily by monocytes, dendritic cells, and T cells, the secretion of BAFF 

results in prolonged survival of mature resting B cells.[84, 85]  
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Soluble CD27 (sCD27): sCD27 is a member of the tumor necrosis factor family that is 

produced when cell surface CD27 is proteolytically cleaved on activated T cells or NK 

cells.[86] It binds with the T cell receptor CD70 and often serves as a marker of T cell 

activation.  There is also evidence to suggest that it stimulates B cells as well. [87] 

 

Soluble CD14 (sCD14): sCD14 is often used as a marker of monocyte activation in 

response to stimulation by lipopolysaccharide (LPS) a component of the cell wall of 

gram-negative bacteria. When LPS binds to CD14 via the myeloid differentiation-2-Toll-

like receptor (TLR) complex, it activates the NF-κB signaling pathway, leading to the 

production of the proinflammatory cytokines IL-6, IL-1β, TNF-α, and type I interferons. 

[88-90]  

1.4.2. Chemokines 

 

Chemokines are involved in inducing the migration (chemotaxis) and recruitment of 

nearby immune cells to sites of infection or injury in response to a proinflammatory 

stimulus, such as IL-1, TNF-α, or viral replication, or as part of the homeostatic response 

to regulate cell traffic as part of normal tissue maintenance or development.[91]  They are 

classified into four main families (CXC, CC, CXC3, and XC) depending upon the 

position of the first 2 paired cysteine molecules of the amino acid sequence. [92]  

 

Eotaxin (CCL11): Eotaxin belongs to the CC chemokine family. Its primary function is 

to induce the chemotaxis of eosinophils, which are implicated in the allergic response. 
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[93] Its effects are mediated by the selective binding to the receptor CCR3, which is 

primarily expressed on eosinophils. [94]  

 

Interferon-γ inducible protein (IP-10/CXCL10): IP-10 is secreted by several cells 

including monocytes and endothelial cells, in response to stimulation by IFN-γ. [95] Its 

chemotactic functions include stimulating the migration and adhesion of T cells and NK 

cells by binding to CXCR3 expressed on activated T cells and up to 20 – 40% of 

circulating CD4+ and CD8+ T cells. [96, 97] 

 

Interleukin 8 (IL-8): IL-8 is secreted by macrophages to attract neutrophils to a site of 

infection and induces phagocytosis of an infecting pathogen. As such, it is an important 

mediator of the innate immune response, specifically during the acute stage of 

inflammation.   

 

Monocyte Chemotactic Protein-1 (MCP-1/CCL2)/Monocyte Chemotactic Protein-4 

(MCP-4/CCL13): MCP-1 is secreted by monocytes/macrophages and dendritic cells and 

is chemotactic for monocytes, dendritic cells, and memory T cells to sites of 

inflammation. It is commonly used as an indicator of monocyte activation.[98] MCP-4 is 

induced by IL-1 and TNFα and is also chemotactic for monocytes, eosinophils, and T 

cells. [99] MCP-4 has also been implicated in the allergic inflammatory response.[100]    

 

Macrophage Inflammatory Protein – 1β (MIP-1β/CCL4): MIP-1β is produced by 

macrophages, dendritic cells, and lymphocytes and is a chemoattractant for naïve helper 
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T cells during the inflammatory response.[101] The cell receptor for MIP-1β, CCR5, has 

been shown to be a co-receptor for HIV infection of macrophages and CD4+ T 

cells.[102] 

 

Thymus and Activation-Regulated Chemokine (TARC/CCL17): Constitutively 

produced in the thymus and found in high levels on the endothelium of cutaneous blood 

vessels, TARC induces chemotaxis of activated T cells by binding to the cell receptor 

CCR4.[103] 

 

CXCL13 (B Lymphocyte Chemoattractant/BLC):  CXCL13 is a homeostatic B cell 

chemokine that plays a major role in regulating B cell trafficking.  It interacts with its 

receptor CXCR5, which is commonly found on resting B cells.[104]  Constitutively 

expressed by follicular dendritic cells and other cells, it is a necessary factor for lymph 

node formation and organization and B cell trafficking into these areas.[105-107] 

 

1.4.3. C-Reactive Protein (CRP) 

 

CRP is produced in the liver by hepatocytes in response to IL-6 produced primarily by 

macrophages as part of the non-specific acute phase response to infection and tissue 

damage.[108] It is widely considered a non-specific measure of systemic inflammation 

that increases with acute and chronic inflammatory disorders. 

 

 

  



 

 24 

1.5. Specific Aims 

 

The specific aims of this dissertation were as follows:  

 

Aim 1: To evaluate the reliability of the Meso Scale Discovery (MSD) and Luminex 

platforms and to ascertain the long-term within-person reliability of 22 serological 

biomarkers of inflammation and immune activation. 

 

Hypothesis:  The within-person reliability of serological biomarkers of 

inflammation and immune activation will diminish as the time between blood 

draw visits increases in length.  

 

Aim 2: To evaluate the association of fixed and modifiable host sociodemographics, risk 

behaviors, and morbidities with serological measurements of 22 selected cytokines, 

chemokines, and soluble receptors, and C-reactive protein and to investigate underlying 

interrelationships among these biomarkers.   

 

Hypothesis: Serological biomarkers of inflammation and immune activation are 

associated with fixed and modifiable host sociodemographic, behavioral, and 

morbidity-related factors.  

 

Aim 3: To determine the effect of untreated HIV infection on concentrations of 22 select 

cytokines, chemokines, soluble receptors, and C-reactive protein and to evaluate the 
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longitudinal effect of these biomarker concentrations early after infection on subsequent 

HIV RNA setpoint. 

 

Hypothesis:  HIV infection results in a significant dysregulation of soluble 

biomarkers of inflammation and immune activation early after HIV infection 

(within the first 3 years) and concentrations of soluble marker levels early after 

infection are prognostic of subsequent HIV RNA setpoint levels.  

 

Aim 4: To evaluate the relationship between inflammation and immune activation early 

in the course of HIV infection and long-term non-progression of clinical HIV disease 

among men who have sex with men and to determine if any associations are independent 

of HIV viral load and CD4+ T cell counts.  

 

Hypothesis: Long-term non-progression is associated with a less pronounced 

inflammatory and immune response early in HIV infection than found with 

progression to AIDS (< 12 years after seroconversion).  
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1.6. Conceptual Framework 

 

The conceptual framework guiding this thesis may be found in Figure 1.2. Throughout 

this dissertation, the biomarkers of inflammation and immune activation are considered 

markers of underlying immunological processes. In the first two aims, we consider 

conceptual and methodological issues relevant to clinical research studies utilizing 

inflammatory marker measurements. In the second two aims, we consider the role of 

these underlying processes of immunopathology in the context of untreated HIV infection 

and clinical disease progression.  

 

1.7. Organization of Dissertation – Rationale for Specific Aims 

 

The following four chapters are framed as individual manuscripts for publication. Aim 1 

examined the performance characteristics of the high-sensitivity multiplex assays that 

were utilized to quantitate the concentrations of the biomarkers of interest to this 

dissertation. While the Luminex platform was used to quantitate the concentrations of the 

soluble markers sCD14, sCD27, BAFF, CXCL13, sgp130, sIL-2Rα, and sTNF-R2, the 

focus of this analysis was on the performance characteristics of the MSD platform, as the 

data collection involving these biomarkers formed an integral part of this dissertation. As 

far as we know, the performance characteristics of the MSD platform have not been 

published and will thus have utility for future studies.  Brief performance characteristics 

for the Luminex platform are included for completeness. The latter half of Aim 1 

examined the temporal within-person reliability of all 22 biomarkers for time intervals up 

to 15 years between marker measurements among a sample of HIV-uninfected MSM. 

Many large-scale epidemiological investigations of the putative role of inflammation or 
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immune activation in chronic disease etiology use marker measurements from a sample 

taken at a single point in time. However, one measure may not accurately reflect an 

individual’s exposure over the long-term in the context of high intra-individual variability 

of biomarker measurements (i.e., variation in biomarker levels within an individual over 

time relative to the variability across the population). Knowledge of this variability can 

assist sample size calculations for future studies as well as inform understanding of the 

intrinsic variability associated with these markers. As such, these findings will be useful 

for adaption to future epidemiologic studies involving these biomarkers.   

 

The opportunity to conduct epidemiologic studies involving a large array of different 

inflammatory biomarkers presents both conceptual and methodological challenges. From 

a methodological perspective, sophisticated analytic techniques, such as exploratory 

factor analysis, may help to reduce the complexity of the data and allow for an 

examination of underlying immunological processes by incorporating the inter-

correlations among multiple biomarkers. Combinations of biomarkers, rather than single 

markers, may offer insight into associations between the burden of inflammation or 

immune activation on specific disease outcomes. Moreover, the extent to which host 

factors influence the concentrations of several of these biomarkers remains uncertain.  

The identification of fixed and modifiable risk factors may suggest both novel targets for 

preventive action and potential confounders for etiologic research. As such, Aim 2 was 

undertaken to investigate the influence of fixed and modifiable sociodemographic and 

behavioral characteristics and morbidities on serologic biomarkers of inflammation and 
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immune activation. In addition, we explored underlying relationships among the multiple 

serologic markers and the association of these immune constructs with host factors.  

 

In the first part of Aim 3, we evaluated the early effects of HIV infection on serum 

concentrations of serologic markers of inflammation. This aim utilized a sample of men 

who were observed to seroconvert over study follow-up, with both pre- and post-

seroconversion specimens available for assay. In addition, the men included in this 

sample all seroconverted prior to 1996, offering a novel opportunity to examine the effect 

of HIV infection early after infection un-confounded by the effects of anti-retroviral 

therapy. The second part of this aim assessed the effect of these early biomarker 

concentrations on subsequent HIV RNA set point levels. In addition to furnishing new 

knowledge about early HIV infection, these results aim to inform research of potential 

therapeutic targets for ameliorating the immune dysfunction associated with HIV 

progression. 

 

Finally, in Aim 4, we extended our focus on the early years of HIV infection to a rare 

subset of HIV-infected individuals, i.e., those who remain AIDS-free for more than 15 

years without the use of antiretroviral treatment. These long-term nonprogressors are a 

highly-sought after subpopulation given their apparent ability to naturally control clinical 

progression of HIV disease. Probing the characteristics of these unique individuals is a 

critical area of research as they may offer distinctive correlates of immune protection for 

vaccine research. Aim 4 was designed to examine the association of long-term non-

progression with serological markers of inflammation and immune activation 
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independent of HIV RNA levels and CD4+ T cell counts. Our time period of interest was 

early after infection, which we defined as 12 – 24 months after the first positive first in 

order to coincide with the time period at which the HIV RNA viral setpoint is established 

and avoid temporal bias that may occur after non-progression has been established.   
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Figure 1.1. Scaled proportional group mean change relative to baseline over time in 

plasma levels of selected analytes in subjects acutely infected with HIV. The proportional 

changes relative to baseline in plasma levels of selected analytes and the viral load over 

time in the entire group of HIV-infected subjects are shown.  
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Figure 1.2. Conceptual Framework (Aims 2 – 4) 
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2.1. Abstract 

 

Background: Circulating cytokines, chemokines, and soluble cytokine receptors can 

serve as biomarkers of inflammation and immune dysregulation. Good performance of 

multiplex platforms, which allow for simultaneous, comprehensive biomarkers 

assessment, is critical for their utility in epidemiologic studies. We examined the 

performance of the Meso-Scale Discovery (MSD) platform to simultaneously quantitate 

15 cytokines and chemokines and Luminex platform assays (R&D Systems) to quantitate 

5 soluble receptors and 2 chemokines and cytokines and evaluated long-term within-

person correlation of these biomarkers.   

Methods: The detectability and reliability of these assay systems were assessed using the 

same external controls across plates and archived sera from 250 HIV-uninfected men in 

the Multicenter AIDS Cohort Study. Using four visits per person from 1984 – 2009, age-

adjusted intraclass correlation coefficients (ICC) of biomarkers with > 80% detectability 

(Eotaxin, IL-8/CXCL8, IP-10/CXCL10, MCP-1/CCL2, MIP-1β/CCL4, MCP-4/CCL13, 

TARC/CCL17, CXCL13/BLC-BCA1, IL-10, IL-12p70, IL-6, TNF-α, BAFF/BLyS, 

sCD14, sCD27, sgp130, sIL-2Rα, and sTNF-R2) were obtained from linear mixed 

models.  

Results: Most markers were detectable in 80% of control samples with median intra-

assay CVs < 15%; IFN-γ, GM-CSF, and IL-2 were undetectable in > 20% of samples. 

Among the HIV-men, most showed fair to strong within-person correlation (ICC > 0.40) 

up to 15 years. The ICC for IL-8 was good in the short term but decreased with 

increasing time between visits, becoming lower (ICC < 0.40) after 8 years.   
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Conclusions:  These multiplexed assays showed acceptable performance for use in 

epidemiologic research, despite some technical variability in cytokine quantitation. Most 

biomarkers displayed moderate-to-excellent intra-individual variability over the long 

term. 
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2.2. Introduction 

 

Inflammation and immune activation are associated with chronic health conditions, 

including malignancies [1, 2], cardiovascular disease [3], kidney and liver dysfunction [4, 

5], and AIDS [6]. Chronic inflammation is characterized by persistent activation of the 

innate and adaptive immune systems. Circulating serologic biomarkers, such as 

chemokines, cytokines, soluble cytokine receptors, and acute phase proteins are 

commonly used in epidemiologic studies to understand underlying inflammatory 

mechanisms associated with disease risk and progression.  Most prior work has focused 

on single or small numbers of biomarkers, such as TNF-α, IL-6, and C-reactive protein 

(CRP). While informative, this approach offers an incomplete picture of the complex 

inflammatory response comprised of multiple interacting circulating mediators.  

Multiplex technologies permit concurrent testing of large numbers of analytes using 

minimal sample volume, allowing for rapid, cost-effective quantitation of a more 

comprehensive panel of biomarkers. While it is important to capitalize on these emerging 

methods, formal assessment of assay performance, e.g., detectability and reliability, is 

warranted. Prior studies of multiplex performance have been restricted by small sample 

sizes or a limited numbers of biomarkers.[7, 8].  

 

Furthermore, studies often use a single blood sample to quantitate circulating 

concentrations of inflammatory markers and characterize a participant’s risk, assuming 

that a single measurement represents the individual’s long-term state of inflammation. 

High within-person variability can result in measurement error, biasing risk estimates 

towards the null and attenuating the likelihood of identifying valid exposure-disease 
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associations. The intraclass correlation coefficient (ICC) assesses inter-individual 

(between people) variability relative to total variability (between and within individuals) 

and provides a measure of the extent to which a biomarker tracks within a person over 

time.  Low ICCs necessitate multiple measurements over time to more accurately capture 

the inflammatory state, while low variability within a person, or high tracking, improves 

the precision of estimates from longitudinal studies. [9] Markers exhibiting constant 

within-person correlation over time may also suggest a lack of immunological response 

to transient or acute exposures, potentially offering an important insight into the 

relationship between biomarkers and disease. [10]  Previous studies of within-person 

biomarker variability have been limited by small sample sizes, a narrow range of 

biomarkers, or relatively short periods of time between marker measurements (≤ 5 years). 

[11-20]  

 

This study had two aims: 1) to determine the detectability and reliability of the Meso-

Scale Discovery (MSD) and Luminex platforms; and 2) to evaluate the long-term within-

person correlation of 22 markers of inflammation in a well-characterized, long-standing 

prospective cohort study.  Results from this study will aid in designing future 

epidemiologic studies on inflammatory biomarkers in disease etiology.  

 

2.3. Materials and Methods 

2.3.1. Study population and design 

 

This analysis was conducted within the Multicenter AIDS Cohort Study (MACS), a 

prospective cohort study of men who sex with men (MSM) enrolled at four U.S. locations 
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(Baltimore/Washington D.C., Chicago, Los Angeles, and Pittsburgh) to examine the 

natural and treated histories of HIV-1 infection. Since 1984, 6,972 participants have been 

enrolled: 4,954 in 1984 – 1985, 668 in 1987 – 1991, and 1,350 in 2001 – 2003. 

Institutional review boards at each center approved the MACS protocols and informed 

consent was obtained from all participants. Descriptions of the MACS protocol have been 

published previously. [21, 22]  Study highlights, including data collection forms, may be 

found at http://www.statepi.jhsph.edu/macs/macs.html.  Briefly, study participants are 

evaluated every six months with standardized interviews, physical examinations, and 

laboratory analysis of collected blood.  Serum, plasma, and peripheral blood mononuclear 

cells are frozen and stored in local and national repositories. Serum samples used in this 

study were previously unthawed.  

 

Control plasma samples isolated from an HIV- donor and a HIV+ donor during a single 

blood draw were aliquoted and frozen.  These external control plasma samples were 

obtained from Thomas N. Denny at Duke Human Vaccine Institute, Immunology and 

Virology Quality Assessment Center.  Duke University IRB approvals were in place for 

these activities.  To evaluate the reliability of the MSD platform, previously unthawed 

control plasma samples were run in duplicate on each plate over the course of the study.   

 

To assess the ICCs, the concentrations of 22 inflammatory biomarkers were measured in 

serum samples from 250 HIV- men.  Four study visits per individual were selected to 

represent the age and race distributions of the underlying cohort population from 1984 - 

2009.  All HIV- MACS men who were hepatitis C (HCV)-infected were included, to 

http://www.statepi.jhsph.edu/macs/macs.html
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provide sufficient numbers for comparative analyses. All longitudinal specimens per 

individual were run on the same plate.  

 

2.3.2. Laboratory methods 

2.3.2.1. Meso Scale Discovery platform 

 

Serum concentrations of 9 cytokines and 7 chemokines were determined using the Meso-

Scale Discovery (MSD) platform (Meso-Scale Diagnostics, LLC, Rockville, MD).  The 

MSD system is an electrochemiluminesence-based, 96-well format solid-phase multiplex 

assay. Two separate kits, the Human Proinflammatory 9-Plex Ultra-Sensitive kit and 

Human Chemokine 7-Plex Ultra-Sensitive kit, were used to determine concentrations of 

IL-1β, IL-2, IL-6, IL-10, IL-12p70, IFN-ɣ, GMCSF, TNF-α, and Eotaxin, IP-10 

(CXCL10), MCP-1 (CCL2), MCP-4 (CCL13), MIP-1β (CCL4), and TARC (CCL17), 

respectively. IL-8 (CXCL8) was included in both kits. MSD assays were performed 

according to the manufacturer’s instructions.  All MSD testing was conducted in a single 

laboratory by a single technician at the Johns Hopkins Bloomberg School of Public 

Health.  

 

Cytokine limits of detection ranged from 0.8 - 1.2 pg/ml, while those for chemokines 

ranged from 39 - 158 pg/ml. Standard curves were done on each plate in duplicate.  The 

lower limit of detection (LLOD) for each plate-specific analyte was the concentration 2.5 

standard deviations above the background.  

 



 

 54 

2.3.2.2. Luminex platform 

 

Serum concentrations of the soluble receptors were determined using the multiplexed 

Luminex xMAP system (Fluorokine® MAP) using assays produced by R & D systems 

(Minneapolis, MN) following the manufacturer’s instructions, and a Bio-Plex 200 

Luminex instrument and Bio-Plex software (Bio-Rad, Hercules, CA). Concentrations of 

four soluble receptors (sCD14, sgp130, sIL-2Rα, sTNF-R2), plus a cytokine 

(BAFF/BLyS) and the chemokine CXCL13 (BLC-BCA1), were measured in a single 

panel (Human Biomarker Custom Premix Kit A). All testing for these markers was 

conducted in a single laboratory at the University of California, Los Angeles. One 

external serum control from a normal donor (no spiked values) was run in duplicate on 

each assay. This control sample was from a single blood draw that was aliquoted multiply 

and stored at - 80°C. For each plate tested, a biomarker- and plate-specific LLOD was 

defined. All the samples tested in the multiplex Kit A had concentrations above the 

lowest standard of the standard curve; therefore, the LLOD was defined as the observed 

concentration of the lowest standard.  

 

2.3.3. Statistical methods 

 

Biomarker concentrations were natural-logarithm-transformed prior to analysis to 

account for non-normally distributed residuals.  The detectability and reliability of each 

platform were calculated using the control samples. Detectability was defined as the 

proportion of samples above the assay’s LLOD. The plate-specific intra-assay coefficient 

of variation (CV) for each marker was calculated as follows: (standard deviation (SD) of 

the duplicate values/mean of the duplicate values) x 100. The median and IQR (25%, 
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75% percentiles) intra-assay CV were obtained using all the plate-specific intra-assay 

CVs from both controls.  Each control’s inter-assay CV (across plates) was obtained by 

calculating the SD of all the means across the plates and dividing it by the overall mean 

value for each analyte.  An overall inter-assay CV for each marker was calculated by 

averaging inter-assay CVs for both controls. For markers with > 20% of samples below 

the LLOD, Cohen’s kappa was used to assess detectability agreement between the 

duplicate control concentrations per plate. [23] 

 

2.3.3.1. Within-person temporal reliability 

 

ICCs (the proportion of total variability due to between-person variability) were 

calculated for different intervals of time between visits. Between-person and within-

person variance components and 95% confidence intervals (CI) were determined using 

linear mixed models, adjusting for age at visit. Age was kept as a continuous variable and 

centered at the median age across all person-visits. Categories of time between visits 

were: 0 – 2 years, 2.1 – 4 years, 4.1 – 8 years, 8.1 – 12 years, 12.1 – 15 years, and > 15 

years.  All combinations of visit pairings were used in the analysis, i.e., consecutive and 

non-consecutive pairs for the same individual. For example, if time between the first and 

second visits for ID X was 3.9 years, the time contributed by the visit-pair was allocated 

to the 2.1 – 4 year interval; if time between first and third visits was 16.0 years, it was 

allocated to the > 15 year interval, etc.  Parameters were estimated using the maximum 

likelihood estimate method in Stata 13.  We established a priori that ICCs would be 

calculated only for cytokines that were detectable in more than 80% of samples from the 
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250 HIV- men. Rosner’s interpretation of ICCs was utilized: ICCs between 0.40 and 0.75 

reflect fair to good reliability and ICCs ≥ 0.75 reflect strong reliability. [24] 

 

All analyses were conducted using SAS statistical software, version 9.3 (SAS Institute, 

Inc., Cary, North Carolina) and Stata, version 13 (College Station, Texas).   

 

2.4. Results 

2.4.1. Multiplexed assay performance – MSD platform 

2.4.1.1. Proportion detectable in control samples  

 

For the MSD platform, the 2 external control samples were tested in duplicate across 146 

assay runs between September 2010 – April 2012. In Table 2.1, we provide the 

proportion detectable, median (IQR) of the detectable concentrations, the proportion of 

plates with intra-assay CVs ≥ 15%, control-specific inter-assay CVs, and the median 

intra- and overall inter-assay CVs across all 292 samples.  On the chemokine plates, all 

analytes were 100% detectable, as were two analytes on the cytokine plates (TNF-α and 

IL-8). IL-10, IL-12p70, IL-1β, and IL-6 were detectable in > 85% of the samples, with 

IL-10 and IL-6 detectable in nearly all samples. GM-CSF, IFN-γ, and IL-2 were 

detectable in < 80% of control samples (see Table 2.2).  

 

2.4.1.2. Coefficients of variation   

 

The median intra-assay CVs for the 7 chemokines ranged from 3.3% (TARC) to 7.6% 

(Eotaxin). Eotaxin was the only chemokine that exhibited relatively high plate-specific 

CVs (> 15%). The median intra-assay CVs for the 5 cytokines ranged from 5.0% (TNF-



 

 57 

α) to 14.5% (IL-12p70). With the exception of TNF-α, all the cytokines had a significant 

proportion of plates with CVs > 15% (see Supplementary Figures 2.1. A&B).  The 

median intra-assay CVs for IL-8, which was run on both the chemokine and cytokine 

kits, were 4.3% and 4.9%, respectively. The inter-assay CVs were also higher for the 

cytokines compared to the chemokines, and, as above, the overall inter-assay CV for IL-8 

was similar on both plates.  

 

As shown in Table 2.2, there was poor agreement (kappas ≤ 0.4) between control 

duplicates for the 3 cytokines with < 80% detectability. To account for the possibility this 

resulted from low values lying close to the LLOD, we created new cutoffs by adding 0.5 

x SD of the detectable samples to the LLOD, and assigning all values between the LLOD 

and the new cutoff as undetectable. This modification did not change the kappa statistics 

(Table 2.2). 

 

2.4.2. Multiplexed Assay Performance – Luminex platform 

 

The median (IQR) concentrations and median intra- and inter-assay CVs for the 7 

biomarkers run on the Luminex platform are shown in Table 2.3. For this analysis, one 

external control was run in duplicate on 153 plates, resulting in 306 biomarker 

measurements.  All 7 markers showed acceptable intra-assay reliability, with all median 

CVs < 10%. Similarly, for each analyte, relatively few plates (< 10%) had CVs ≥ 15%.  

All inter-assay CVs were less than 15%, except for CXCL13 (26.1%) and sIL-2rα (29%).   
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2.4.3. Within-person temporal reliability  

 

For this analysis, we used 971 samples contributed by 250 HIV- MACS participants from 

June 1984 to September 2009; 89.6% of the participants (n = 224) had 4 samples, 9.2% 

(n = 23) had 3 samples, and 3 had 2 samples.  The median (IQR) age across all person-

visits was 45.6 years (39.7, 52.5), ranging from 18.7 - 74.5 years. Black men comprised 

38.7% of the sample, and approximately 24% of the men had chronic HCV (RNA 

positive) at the first available measurement. Across all person-visits, nearly 55.0% had a 

BMI classified as either overweight (25 – 29.9 kg/m2) or obese (≥ 30 kg/m2).   

 

The median time from first to last sample was 18.3 years (IQR: 5.5 - 19.8). Across all 

possible pairs of visits contributed by the same person, the median time between visits 

was 4.5 years (IQR: 2.6, 12.8). The median time from first to second sample was 2.5 

years (IQR: 1.5 – 4.0), from second to third was 4.5 years (IQR: 2.0 - 12.4), and from 

third to fourth was 4.0 years (IQR: 2.0 - 4.5).  The proportion of detectable samples and 

the median (IQR) concentrations for the 250 participants are shown in Table 2.4.  Over 

25% of the samples had undetectable GM-CSF, IFN-γ, IL-2, and IL-1β concentrations.  

The remaining analytes were detectable in > 98% of the samples, except for IL-12p70 

(93.5%).  Initially, we anticipated calculating ICCs for 6 separate time intervals between 

blood draws: 0 – 2, 2.1 – 4, 4.1 – 8, 8.1 – 12, 12.1 – 15, and > 15 years. Due to sparse 

numbers of visit-pairs in 8.1 - 12 and 12.1 – 15 years, we combined these into one 

interval, 8.1 – 15 years. The numbers of visit-pairs contributing to the intervals were 223, 

355, 358, 183, and 337, respectively. 
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The ICCs for each analyte by time between measurements, with estimates plotted at the 

median of each visit-pair interval, are shown in Figures 2.1.A - C.  All ICCs were 

significantly (p < 0.05) greater than 0.  Tracking was strong (ICC ≥ 0.75) for the majority 

of chemokines measured in samples spanning 2 years or less; only IL-8 exhibited good 

tracking (> 0.55), with statistically equivalent ICCs on both the chemokine and cytokine 

kits (0.57 and 0.59, respectively). Among the cytokines, IL-10 and IL-12p70 had strong 

tracking (ICC = 0.85 and 0.84, respectively), with IL-6, TNF-α, and BAFF exhibiting 

good ICCs (0.60, 0.54, and 0.66, respectively) during this shortest interval. The tracking 

of the soluble receptors was also good to strong, with the exception of sCD14, which 

exhibited moderate within-person correlation (ICC = 0.52).   

 

Although there was some degradation in the ICCs as time between measurements 

increased, most remained moderate to high, with the exception of IL-8 and CXCL13.  For 

example, with measurements 8.1 to 15 years apart, the ICCs for all the soluble receptors 

decreased to 0.50 - 0.74.  Similarly, the ICCs for the cytokines decreased to < 0.75; only 

those for IL-10, IL-12p70, and IL-6 remained above 0.60. Even when the time between 

sample measurements was > 15 years, several markers remained highly correlated within 

a person, including Eotaxin, MCP-1, MCP-4, and MIP-1β (ICCs > 0.75), and IP-10, IL-

10, IL-12p70, BAFF, sCD14, sCD27, sgp130, sIL-2Rα, and sTNF-R2 (ICCs > 0.50). In 

contrast, IL-8 exhibited good tracking for measurements taken within 4 years but was 

poorly correlated within a person for longer intervals between measurements. The ICC 

for CXCL13 was strong (≥ 0.78) up to 8 years between visits but was fair to good after 8 

years, with ICCs of 0.52 (8.1 – 15 years) and 0.48 (> 15 years).   



 

 60 

2.5. Discussion 

 

Recent advances in multiplexing technologies have led to a wide array of commercially 

available platforms capable of quantifying an increasing number of soluble proteins in 

smaller sample volumes with greater sensitivity.  These advancements are transforming 

biomarker discovery research, allowing for the exploration of the biologic underpinnings 

of disease pathogenesis in large population-based cohort studies.  Along with unique 

analytic issues inherent to large-scale biomarker studies are questions of assay 

performance over time.  Here, we assessed several important methodological aspects of 

biomarker measurement including detectability, assay reliability, and within-person 

variability. Methodological concerns (e.g., inter- and intra-plate variation, inter- and 

intra-laboratory variation, assay drift over time, assay performance across different 

manufactured lots) can be compounded as the number of samples and/or analytes 

increases, resulting in attenuated effect estimates and reduced statistical power. [25]   

 

Our results suggest acceptable performance of the MSD platform for the chemokines as 

measured by high levels of detectability and low assay CVs using the external control 

samples. Performance was less consistent for the proinflammatory cytokines. IL-10, IL-

12p70, IL-6, and TNF-α exhibited acceptable detectability and reliability; however, IL-2, 

IFN-γ, and GM-CSF demonstrated inconsistent detectability. Possible reasons for this 

could be low sensitivity of the assay, potential degradation of the analyte due to long-

term storage, or low cytokine concentrations in these control sera.  Modifying the lower 

cutoff did not change the agreement, arguing against this last explanation. These analytes 
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have low endogenous concentrations in the peripheral circulation, which may result from 

tissue utilization of cytokines and/or the distribution of cytokine-expressing cells. 

 

Although the overall CVs indicated good reliability of these multiplexed assays, the 

occurrence of some high plate-specific CVs indicates the need for assessing measurement 

error on every plate.  Likewise, some analytes may be less reliable, resulting in higher 

CVs, due to the antibody pairs used in the assay. [26]  Plate variability was high enough 

to underscore the need to run all longitudinal samples for an individual on the same plate, 

as well as samples from comparative groups of interest on each plate, in order to avoid 

bias or the attenuation of parameter estimates due to plate variability.  [27, 28]  

 

The ICC provides another measure of assay reliability, particularly with longitudinal 

specimens collected closely in time, and individual biomarker tracking over longer time 

periods.  With poor within-person correlation, a biomarker-disease association may be 

missed if based only a single measure, particularly if not captured in the most 

biologically relevant time period. While moderate to large associations may still be 

detected, effect sizes will be attenuated. [18]  ICCs can be used to estimate the extent of 

measurement error associated with a single measurement and then employed to obtain 

corrected estimates of the “true” association, under the assumption of non-differential 

measurement error. This is done by multiplying the natural logarithm of the hypothesized 

true measure of association by the ICC and then exponentiating the result (RRob = 

exp[ICC x ln RRtrue] where RR is the relative risk). [29, 30] ICCs > 0.80, as we observed, 

would result in only a moderate downward bias of exposure-disease associations. [31] In 
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addition, smaller sample sizes may be adequate in studies of repeated biomarker 

measurements of markers that have high within-person correlation. [32]  

 

Yet, while assay performance is important, particularly for planning studies, an assay 

does not need to exhibit perfect reliability in order to have epidemiologic utility. 

Variability in biomarker concentrations should be considered in the context of the 

biological question.  For example, significant associations may be identified in the face of 

large technical variability, if the biological variability is larger than the technical 

variability. Biomarkers with many undetectable values may still prove informative if 

expressed disproportionately according to disease status.[7] For example, prior MACS 

studies looking at the association between B-cell inflammatory markers and HIV-

associated non-Hodgkin B-cell lymphoma identified significant biomarker-disease 

associations by comparing the fractions detectable versus undetectable.[33, 34]  

 

Using an ICC ≥ 0.75 as a criterion for strong within-person correlation, 11 of the 22 

biomarkers in our study exhibited strong reliability over the shortest time between 

measurements (0 - 2 years).  The remaining 8 showed fair to good reliability. The short-

term variability of IL-6, IL-8, and TNF-α, which comprise the classic inflammatory 

cascade, has been the subject of several previous reliability analyses using other assay 

platforms. Studies of IL-6 have reported short-term ICCs comparable to [15, 35, 36] or 

higher [11, 16, 19] than what we observed.  Similarly, previous studies of IL-8 showed 

short-term ICCs comparable to [12] [16], lower [36] [11], or higher [15, 19] than in our 

study.  The moderate ICCs we observed for TNF-α were similar to some studies [16, 17] 



 

 63 

but lower than others. [11, 12, 15, 19, 36] These differences may be due to differences in 

study populations or sample handling. Our study comprised exclusively male 

participants, mostly middle-aged, in a population at risk for HIV acquisition, unlike most 

previous studies. While uninfected with HIV, they were more likely to be exposed to 

HIV-related risk factors, such as chronic HCV infection and recreational drug use, 

potentially predisposing them to transient and variable inflammatory stimuli.  In addition, 

we have previously reported that discrepancies may arise from different assay 

technologies or lack of a centralized laboratory.[37] 

 

Although we expected the ICCs to diminish with increasing time between measurements, 

many exhibited considerable tracking over time. With few exceptions (IL-8, IL-6, TNF-α, 

and CXCL13), all demonstrated good to strong within-person tracking up to 15 years 

apart, with some exhibiting ICCs ≥ 0.75 even up to 8 (Eotaxin, IP-10, MCP-1, MCP-4, 

MIP-1β, TARC, IL-10, IL12p70, sCD27, sIL-2Rα, sTNF-R2) and 15 years (Eotaxin, 

MCP-1, MCP-4, MIP-1β, sCD27) between samples. Tracking strength may serve as an 

important characteristic of physiologic homeostasis and be informative for both clinical 

assessment and pathogenesis research. Characteristics which influence these biomarkers 

also may be fixed within a person, but very heterogeneous in the population. The men in 

our study were all HIV- and therefore not subjected to the impact of HIV infection on the 

immune system. Nevertheless, because 25% were HCV-monoinfected, we considered the 

potential effect of HCV on the ICCs; however, adjustment for HCV did not alter our 

results (see Supplemental Table 2.1).  
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Our study has some limitations.  First, the study population used to assess the ICCs 

consisted of young to middle-age men who have sex with men in the United States, 

which may limit generalizability to other populations. Second, we were unable to 

evaluate the ICCs of 4 cytokines (IL-2, IL-1β, IFN-γ, and GM-CSF) because more than 

20% of samples were undetectable.  Also, the lack of a gold standard precluded assessing 

the validity of our biomarker measurements. In addition, concentrations in serum may not 

fully reflect biological processes. 

 

Several strengths of our study should be noted.  To evaluate MSD assay performance, we 

utilized the same two external control samples across 146 plates, allowing us to obtain 

robust estimates of assay reliability.  Each multiplex assay was conducted in a single 

laboratory with standardized protocols.  The MSD testing was performed by a single 

technician, minimizing laboratory variability, and limited to a single assay lot.  The 

centralized Luminex/R&D Systems assays also were done using a single assay lot.  All of 

the samples tested underwent only one freeze-thaw cycle, limiting variation due to 

specimen degradation. In addition, all longitudinal specimens for an individual were run 

on the same plate, thus minimizing the effects of inter-assay variability.  High retention 

from 1984 – 2009 in a well-characterized cohort with standardized data and specimen 

collection permitted the assessment of biomarker reliability over increasingly long 

periods of time, up to 15 years, which is, to our knowledge, otherwise unaccounted for in 

the literature and may be useful for diseases with long etiologic windows, such as cancer, 

or latency periods, such as HIV. Moreover, the large sample size allowed us to estimate 

ICCs with greater precision than many previous studies. As far as we know, only one 
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other analysis, from the MACS, has reported on the temporal reliability of sgp130, 

BAFF, and CXCL13, assessed using the Luminex platform, but this was limited to a 2 

year interval between sample collections. [36]  

 

In conclusion, our data support the use of high-sensitivity multiplex assays in large-scale 

epidemiologic research. Despite some technical variability, most biomarkers exhibited 

acceptable detectability and reliability. Moreover, most yielded fair to strong within-

person reliability in men over a period of up to 15 years, indicating low variability within 

individuals relative to between individuals and stability of these analytes over time when 

properly stored.  Changes in these biomarkers over time may thus be efficiently studied, 

and evaluated for use as surrogates for endogenous and exogenous effects longitudinally.  

IL-8, TNF-α, and CXCL13 may be less stable within a person over longer periods of time 

but were still reliable within short time periods. Our results may also be useful for 

statistically accounting for the attenuation of exposure-disease associations due to 

potential non-differential misclassification. Our findings highlight the utility of 

investigating inflammation and immune-related pathways through the multiplex 

measurement of a comprehensive panel of circulating biomarkers, which will be 

important for unraveling the complex profile of immune response and disease 

pathogenesis.   
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Table 2.1. Performance characteristics of the Meso-Scale Discovery assay platform using the external control plasma samples  
 

 
a Percent of plates with intra-assay CVs ≥ 15%. 

b Mean of Control 1 and Control 2 inter-assay CVs. 

c IL-8 was included in both the chemokine and cytokine kits.  

NOTE: IL-8 pro denotes IL-8 tested on the MSD proinflammatory cytokine kit; IL-8-chemo denotes IL-8 tested on the MSD chemokine kit.  

 

 

 

Inflammatory 

Biomarkers

Detectable 

(%)

Median, 

pg/mL
25% 75%

Plates with 

CVs ≥ 

15% (%)
a

Inter-assay 

CV (%)

Detectable 

(%) 

Median, 

pg/mL
25% 75%

Plates 

with CVs 

≥ 15% 

(%)
a

Inter-assay 

CV (%)

Median 

intra-assay 

CV (%)

Overall 

inter-

assay CV 

(%)
b

Chemokines

Eotaxin 100 3,033 2,640 3,356 24.7 16.6 100 846 724 951 27.4 16.2 7.6 16.4

IL-8-chemo
c

100 7.3 6.7 8.1 6.2 12.2 100 4.9 4.4 5.3 9.6 13.5 4.3 12.8

IP-10 100 474 418 536 5.5 17.4 100 88.0 78.0 103 9.6 19.4 3.7 18.4

MIP-1β 100 149 140 159 4.1 9.8 100 36.6 33.3 39.2 7.5 11.1 4.0 10.4

MCP-1 100 318 287 337 5.5 11.2 100 165 149 178 6.9 12.2 4.2 11.7

MCP-4 100 798 726 867 13.0 12.5 100 969 892 1,056 8.9 11.7 4.2 12.1

TARC 100 733 674 810 9.6 12.6 100 706 648 761 8.2 12.0 3.3 12.3

Cytokines

IL-10 97.9 1.7 1.2 2.2 47.9 35.1 97.6 1.4 1.0 1.8 49.3 34.9 13.3 35.0

IL-12p70 87.3 1.4 1.1 1.9 61.6 33.0 95.2 1.7 1.3 2.4 49.3 36.8 14.5 34.9

IL-6 97.6 0.6 0.5 0.7 30.8 20.0 98.3 0.8 0.7 1.0 18.5 21.5 8.3 20.7

IL-8-pro
c

100 7.6 6.9 8.3 8.9 13.0 100 5.2 4.7 5.8 9.6 16.4 4.9 14.7

TNF-α 100 6.9 5.9 7.9 11.6 19.8 100 5.6 4.7 6.2 18.5 20.3 5.0 20.1

IL-1β 87.3 0.6 0.5 0.7 50.7 67.3 87.3 0.8 0.6 1.0 52.7 119.9 13.2 93.6

Control 1 (n  = 146 duplicates) Control 2 (n  = 146 duplicates)
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Table 2.2. Agreement among cytokines with > 20% samples undetectable among 

the external control samples tested using the Meso-Scale Discovery assay 

platform.  

 

 

 

 

a Kappa statistic. No adjustment to the lower limit of detection. 

b Kappa statistic. Modified cutoff by 0.5*SD of marker distribution. 

 

  

Cytokines % undetectable ĸ
a

ĸ
b % undetectable ĸ

a
ĸ

b

GM-CSF 50.3 0.40 0.40 55.1 0.30 0.30

IFN-γ 53.1 0.30 0.30 61.3 0.30 0.30

IL-2 38.7 0.40 0.40 60.6 0.30 0.30

Control 1 Control 2
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Table 2.3. Performance characteristics of the Luminex assay platform using the 

external control sample. 

 
a Percent of plates with intra-assay CVs ≥ 15%. 

  

Inflammatory 

biomarkers

Median, 

pg/mL
25% 75%

Plates with 

CVs ≥ 15% 

(%)
a

Median intra-

assay CV 

(%)

Inter-

assay CV 

(%)

BAFF 2,425 2,192 2,717 5.2 4.5 14.7

CXCL13 570 447 662 7.2 3.9 26.1

sCD14 1.5E+06 1.4E+06 1.6E+06 9.2 5.2 10.5

sCD27 9.3E+03 8.5E+03 1.0E+04 3.9 4.7 13.9

sgp130 2.5E+05 2.4E+05 2.7E+05 4.6 4.1 8.8

sIL-2Rα 1,402 1,262 1,540 4.6 4.5 29.0

sTNF-R2 2,624 2,479 2,821 6.5 4.0 9.7



 

 69 

Table 2.4. Proportion detectable and median (IQR: 25%, 75%) of the detectable 

concentrations of chemokines, cytokines, and soluble cytokine receptors for 250 HIV- 

men in the Multicenter AIDS Cohort Study (MACS), number of person-visits contributed 

to the analysis = 971. 

 

 
 

Abbreviation: MSD, Meso-Scale Discovery platform 

  

N %
Median, 

pg/mL
25% 75%

Chemokines 

(MSD)

Eotaxin 971 100 1,696 1,219 2,419

IL-8-chemo 971 100 13.3 8.9 22.9

IP-10 971 100 140 92.0 234

MCP-1 971 100 508 362 657

MIP-1β 967 99.6 146 98.4 205

MCP-4 971 100 749 580 991

TARC 970 99.9 532 368 836

Cytokines 

(MSD)

GM-CSF 620 63.9 1.1 0.7 2.1

IFN-γ 587 60.5 1.3 0.9 2.1

IL-10 969 99.8 3.2 2.1 6.3

IL-12p70 908 93.5 2.6 1.4 7.4

IL-1β 541 55.7 0.5 0.3 0.9

IL-2 697 71.8 0.7 0.5 1.4

IL-6 970 99.9 1.0 0.7 1.5

TNF-α 970 99.9 8.5 6.9 10.6

Soluble 

Receptors 

(Luminex)

BAFF 971 100 1,970 1,731 2,263

CXCL13 960 98.9 298 246 349

sCD14 970 99.9 2.10E+06 1.80E+06 2.50E+06

sCD27 971 100 9,067 7,491 11,442

sgp130 971 100 2.55E+05 2.30E+05 2.89E+05

sIL-2Rα 971 100 1,382 1,139 1,739

sTNF-R2 971 100 2,307 1,880 2,917
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Table 2.5. Age-adjusted intraclass correlation coefficients (ICC) and 95% confidence intervals (CI) for each biomarker across 5 

categories of time between blood draws for 250 HIV- men, Multicenter AIDS Cohort Study. 

 

 

 

Inflammatory 

biomarker
 b

ICC
c

95% CI ICC 95% CI ICC 95% CI ICC 95% CI ICC 95% CI

Chemokines

Eotaxin 0.90 (0.87 - 0.93) 0.89 (0.87 - 0.91) 0.82 (0.78 - 0.85) 0.77 (0.70 - 0.82) 0.81 (0.76 - 0.85)

IL-8-chemo 0.57 (0.48 - 0.66) 0.49 (0.42 - 0.57) 0.40 (0.33 - 0.48) 0.30 (0.20 - 0.42) 0.24 (0.16 - 0.33)

IP-10 0.78 (0.72 - 0.83) 0.77 (0.72 - 0.81) 0.76 (0.71 - 0.80) 0.69 (0.60 - 0.76) 0.68 (0.62 - 0.74)

MCP-1 0.84 (0.80 - 0.88) 0.84 (0.81 - 0.87) 0.86 (0.82 - 0.88) 0.77 (0.71 - 0.83) 0.79 (0.74 - 0.83)

MCP-4 0.91 (0.88 - 0.93) 0.89 (0.86 - 0.91) 0.84 (0.81 - 0.87) 0.76 (0.70 - 0.82) 0.83 (0.79 - 0.86)

MIP-1β 0.79 (0.73 - 0.84) 0.80 (0.76 - 0.84) 0.85 (0.82 - 0.88) 0.91 (0.88 - 0.93) 0.88 (0.84 - 0.90)

TARC 0.89 (0.85 - 0.91) 0.88 (0.85 - 0.90) 0.75 (0.70 - 0.79) 0.66 (0.57 - 0.74) 0.73 (0.67 - 0.78)

CXCL13 0.84 (0.79 - 0.88) 0.78 (0.74 - 0.82) 0.90 (0.87 - 0.92) 0.52 (0.42 - 0.62) 0.48 (0.40 - 0.56)

Cytokines

IL-10 0.85 (0.81 - 0.88) 0.86 (0.82 - 0.89) 0.78 (0.74 - 0.82) 0.67 (0.58 - 0.74) 0.71 (0.64 - 0.76)

IL-12p70 0.84 (0.79 - 0.87) 0.86 (0.82 - 0.88) 0.78 (0.73 - 0.82) 0.70 (0.62 - 0.77) 0.73 (0.67 - 0.78)

IL-6 0.60 (0.51 - 0.68) 0.58 (0.51 - 0.65) 0.59 (0.52 - 0.65) 0.64 (0.55 - 0.72) 0.46 (0.38 - 0.55)

IL8-pro 0.59 (0.50 - 0.67) 0.50 (0.43 - 0.57) 0.39 (0.31 - 0.47) 0.24 (0.15 - 0.37) 0.23 (0.16 - 0.33)

TNF-α 0.54 (0.46 - 0.63) 0.56 (0.49 - 0.63) 0.46 (0.39 - 0.54) 0.42 (0.32 - 0.53) 0.49 (0.40 - 0.57)

BAFF 0.66 (0.58 - 0.73) 0.72 (0.66 - 0.77) 0.67 (0.61 - 0.73) 0.55 (0.45 - 0.65) 0.62 (0.54 - 0.68)

Soluble Receptors

sCD14
d

0.52 (0.43 - 0.61) 0.58 (0.51 - 0.65) 0.60 (0.53 - 0.66) 0.55 (0.45 - 0.65) 0.60 (0.52 - 0.67)

sCD27 0.78 (0.72 - 0.83) 0.81 (0.77 - 0.84) 0.80 (0.75 - 0.83) 0.74 (0.67 - 0.80) 0.72 (0.66 - 0.77)

sgp130 0.64 (0.56 - 0.72) 0.73 (0.67 - 0.77) 0.74 (0.68 -0.78) 0.60 (0.51 - 0.68) 0.60 (0.53 - 0.68)

sIL-2rα 0.78 (0.72 - 0.83) 0.79 (0.74 - 0.83) 0.78 (0.73 - 0.82) 0.67 (0.58 - 0.74) 0.71 (0.65 - 0.76)

sTNF-R2 0.71 (0.64 - 0.77) 0.73 (0.67 - 0.78) 0.74 (0.69 - 0.79) 0.70 (0.62 - 0.77) 0.67 (0.60 - 0.73)

Interval 1 Interval 3

4.1 - 8 years

n  = 358

Interval 4

8.1 - 15 years

n  = 183

Interval 5

> 15 years

n  = 297

0 - 2 years

n  = 223
a

Interval 2

2.1 - 4 years

n  = 355



 

 71 

 
a Number of visit-pairs contributing to interval of time between blood draws. 

b Undetectable values were assigned a value equal to one-half the plate-specific lower limit of detection. 

c Age-adjusted. Age at visit was modeled continuously and centered at the median age across all 971 HIV seronegative person-visits. 

d One observation with an implausible value for sCD14 was excluded only from analyses of sCD14 (n = 970). 

NOTE: IL-8 pro denotes IL-8 tested on the MSD proinflammatory cytokine kit; IL-8-chemo denotes IL-8 tested on the MSD chemokine kit.  
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Figure 2.1.A. Age-adjusted intraclass correlation coefficients (ICC) for each chemokine 

across 5 visit-pair time intervals (0 – 2, 2.1 – 4, 4.1 – 8, 8.1 – 15, and > 15 years) between 

blood draws for 250 HIV- men in the Multicenter AIDS Cohort Study (MACS). 

Estimates are plotted at the median of each visit-pair interval.  
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Figure 2.1.B. Age-adjusted intraclass correlation coefficients (ICC) for each cytokine 

across 5 visit-pair time intervals (0 – 2, 2.1 – 4, 4.1 – 8, 8.1 – 15, and > 15 years) between 

blood draws for 250 HIV- men in the Multicenter AIDS Cohort Study (MACS). 

Estimates are plotted at the median of each visit-pair interval.  
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Figure 2.1.C. Age-adjusted intraclass correlation coefficients (ICC) for each soluble 

marker across 5 visit-pair time intervals (0 – 2, 2.1 – 4, 4.1 – 8, 8.1 – 15, and > 15 years) 

between blood draws for 250 HIV- men in the Multicenter AIDS Cohort Study (MACS). 

Estimates are plotted at the median of each visit-pair interval.  
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Supplemental Table 2.1. Intraclass correlation coefficients (ICC) and 95% confidence 

intervals (CI) for each biomarker across 5 categories of time between blood draws for 

250 HIV- men in the Multicenter AIDS Cohort Study: unadjusted, age-adjusted, and age- 

and hepatitis C-adjusted estimates.  

 
aNumber of visit-pairs contributing to interval of time between blood draws. 

bUndetectable values were assigned a value equal to one-half the plate-specific lower 

limit of detection. 

cAge at visit was modeled continuously and centered at the median across all 971 HIV- 

person-visits. 

d One observation with an implausible value for sCD14 was excluded only from analyses 

of sCD14 (n = 970). 

Abbreviations: HCV, hepatitis C infection.  

 

  

Inflammatory 

biomarker
b ICC 95% CI ICC ICC 95% CI

Eotaxin 0.90 (0.87 - 0.92) 0.90 (0.87 - 0.93) 0.90 (0.87 - 0.92)

IL-8 0.57 (0.48 - 0.65) 0.57 (0.48 - 0.66) 0.56 (0.47 - 0.64)

IP-10 0.79 (0.74 - 0.84) 0.78 (0.72 - 0.83) 0.68 (0.59 - 0.75)

MCP-1 0.84 (0.80 - 0.88) 0.84 (0.80 - 0.88) 0.84 (0.79 - 0.88)

MCP-4 0.90 (0.87 - 0.92) 0.91 (0.88 - 0.93) 0.91 (0.88 - 0.93)

MIP-1β 0.88 (0.85 - 0.91) 0.79 (0.73 - 0.84) 0.79 (0.73 - 0.84)

TARC 0.89 (0.85 - 0.91) 0.89 (0.85 - 0.91) 0.88 (0.85 - 0.91)

IL-10 0.85 (0.81 - 0.89) 0.85 (0.81 - 0.88) 0.85 (0.81 - 0.89)

IL-12p70 0.84 (0.79 - 0.87) 0.84 (0.79 - 0.87) 0.83 (0.78 - 0.87)

IL-6 0.60 (0.52 - 0.68) 0.60 (0.51 - 0.68) 0.60 (0.52 - 0.68)

IL8-pro 0.57 (0.49 - 0.66) 0.59 (0.50 - 0.67) 0.57 (0.48 - 0.66)

TNF-α 0.54 (0.46 - 0.63) 0.54 (0.46 - 0.63) 0.54 (0.45 - 0.63)

BAFF 0.66 (0.58 - 0.73) 0.66 (0.58 - 0.73) 0.64 (0.56 - 0.72)

CXCL13 0.84 (0.79 - 0.88) 0.84 (0.79 - 0.88) 0.84 (0.79 - 0.88)

sCD14
d

0.52 (0.43 - 0.61) 0.52 (0.43 - 0.61) 0.52 (0.42 - 0.61)

sCD27 0.80 (0.75 - 0.85) 0.78 (0.72 - 0.83) 0.73 (0.66 - 0.79)

sgp130 0.65 (0.57 - 0.72) 0.64 (0.56 - 0.72) 0.61 (0.52 - 0.69)

sIL-2rα 0.79 (0.74 - 0.84) 0.78 (0.72 - 0.83) 0.76 (0.69 - 0.81)

sTNF-R2 0.74 (0.67 - 0.80) 0.71 (0.64 - 0.77) 0.67 (0.59 - 0.74)

Unadjusted Adjusted for age
c

INTERVAL 1

n  = 223
a

0 - 2 years

Adjusted for age and HCV

95% CI
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Supplemental Table 2.1. (con’t). Intraclass correlation coefficients (ICC) and 95% 

confidence intervals (CI) for each biomarker across 5 categories of time between blood 

draws for 250 HIV- men in the Multicenter AIDS Cohort Study: unadjusted, age-

adjusted, and age- and hepatitis C-adjusted estimates.  

 
aNumber of visit-pairs contributing to interval of time between blood draws. 

bUndetectable values were assigned a value equal to one-half the plate-specific lower 

limit of detection. 

cAge at visit was modeled continuously and centered at the median across all 971 HIV- 

person-visits. 

d One observation with an implausible value for sCD14 was excluded only from analyses 

of sCD14 (n = 970). 

Abbreviations: HCV, hepatitis C infection.  

 

Inflammatory 

biomarker
b ICC 95% CI ICC 95% CI ICC 95% CI

Eotaxin 0.89 (0.87 - 0.91) 0.89 (0.87 - 0.91) 0.88 (0.86 - 0.91)

IL-8 0.49 (0.42 - 0.57) 0.49 (0.42 - 0.57) 0.48 (0.41 - 0.56)

IP-10 0.78 (0.73 - 0.81) 0.77 (0.72 - 0.81) 0.65 (0.59 - 0.71)

MCP-1 0.84 (0.80 - 0.87) 0.84 (0.81 - 0.87) 0.84 (0.80 - 0.87)

MCP-4 0.88 (0.85 - 0.90) 0.89 (0.86 - 0.91) 0.89 (0.87 - 0.91)

MIP-1β 0.81 (0.76 - 0.84) 0.80 (0.76 - 0.84) 0.80 (0.76 - 0.84)

TARC 0.88 (0.85 - 0.91) 0.88 (0.85 - 0.90) 0.88 (0.85 - 0.90)

IL-10 0.86 (0.83 - 0.89) 0.86 (0.82 - 0.89) 0.86 (0.82 - 0.89)

IL-12p70 0.86 (0.82 - 0.88) 0.86 (0.82 - 0.88) 0.86 (0.82 - 0.88)

IL-6 0.59 (0.52 - 0.66) 0.58 (0.51 - 0.65) 0.58 (0.51 - 0.65)

IL8-pro 0.50 (0.43 - 0.58) 0.50 (0.43 - 0.57) 0.49 (0.42 - 0.57)

TNF-α 0.55 (0.48 - 0.62) 0.56 (0.49 - 0.63) 0.56 (0.49 - 0.63)

BAFF 0.72 (0.66 - 0.77) 0.72 (0.66 - 0.77) 0.69 (0.63 - 0.74)

CXCL13 0.78 (0.74 - 0.82) 0.78 (0.74 - 0.82) 0.78 (0.74 - 0.82)

sCD14
d

0.58 (0.51 - 0.65) 0.58 (0.51 - 0.65) 0.58 (0.51 - 0.65)

sCD27 0.82 (0.78 - 0.86) 0.81 (0.77 - 0.84) 0.77 (0.73 - 0.82)

sgp130 0.74 (0.68 - 0.78) 0.73 (0.67 - 0.77) 0.70 (0.64 - 0.75)

sIL-2rα 0.79 (0.75 - 0.83) 0.79 (0.74 - 0.83) 0.76 (0.71 - 0.80)

sTNF-R2 0.75 (0.69 - 0.79) 0.73 (0.67 - 0.78) 0.69 (0.63 - 0.74)

Unadjusted Adjusted for age
c Adjusted for age and HCV

n  = 355
a

2.1 - 4 years

INTERVAL 2
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Supplemental Table 2.1. (con’t). Intraclass correlation coefficients (ICC) and 95% 

confidence intervals (CI) for each biomarker across 5 categories of time between blood 

draws for 250 HIV- men in the Multicenter AIDS Cohort Study: unadjusted, age-

adjusted, and age- and hepatitis C-adjusted estimates.  

 
aNumber of visit-pairs contributing to interval of time between blood draws. 

bUndetectable values were assigned a value equal to one-half the plate-specific lower 

limit of detection. 

cAge at visit was modeled continuously and centered at the median across all 971 HIV- 

person-visits. 

d One observation with an implausible value for sCD14 was excluded only from analyses 

of sCD14 (n = 970). 

Abbreviations: HCV, hepatitis C infection.  

 

  

Inflammatory 

biomarker
b ICC 95% CI ICC 95% CI ICC 95% CI

Eotaxin 0.82 (0.79 - 0.86) 0.82 (0.78 - 0.85) 0.81 (0.77 - 0.85)

IL-8 0.41 (0.33 - 0.48) 0.40 (0.33 - 0.48) 0.40 (0.32 - 0.48)

IP-10 0.75 (0.70 - 0.80) 0.76 (0.71 - 0.80) 0.67 (0.61 - 0.73)

MCP-1 0.86 (0.83 - 0.88) 0.86 (0.82 - 0.88) 0.85 (0.82 - 0.88)

MCP-4 0.81 (0.77 - 0.84) 0.84 (0.81 - 0.87) 0.84 (0.81 - 0.87)

MIP-1β 0.85 (0.82 - 0.88) 0.85 (0.82 - 0.88) 0.85 (0.81 - 0.88)

TARC 0.75 (0.70 - 0.80) 0.75 (0.70 - 0.79) 0.75 (0.70 - 0.79)

IL-10 0.78 (0.74 - 0.82) 0.78 (0.74 - 0.82) 0.78 (0.74 - 0.82)

IL-12p70 0.77 (0.73 - 0.81) 0.78 (0.73 - 0.82) 0.77 (0.73 - 0.81)

IL-6 0.59 (0.52 - 0.65) 0.59 (0.52 - 0.65) 0.59 (0.52 - 0.65)

IL8-pro 0.39 (0.32 - 0.47) 0.39 (0.31 - 0.47) 0.38 (0.31 - 0.46)

TNF-α 0.46 (0.39 - 0.54) 0.46 (0.39 - 0.54) 0.46 (0.39 - 0.54)

BAFF 0.67 (0.61 - 0.73) 0.67 (0.61 - 0.73) 0.65 (0.59 - 0.71)

CXCL13 0.90 (0.87 - 0.92) 0.90 (0.87 - 0.92) 0.90 (0.87 - 0.92)

sCD14
d

0.60 (0.54 - 0.67) 0.60 (0.53 - 0.66) 0.60 (0.53 - 0.66)

sCD27 0.80 (0.76 - 0.84) 0.80 (0.75 - 0.83) 0.75 (0.70 - 0.79)

sgp130 0.74 (0.69 - 0.78) 0.74 (0.68 - 0.78) 0.71 (0.65 - 0.76)

sIL-2rα 0.78 (0.74 - 0.82) 0.78 (0.73 - 0.82) 0.74 (0.69 - 0.79)

sTNF-R2 0.75 (0.70 - 0.79) 0.74 (0.69 - 0.79) 0.71 (0.65 - 0.76)

Unadjusted Adjusted for age
c

n  = 358
a

4.1 - 8 years

INTERVAL 3

Adjusted for age and HCV
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Supplemental Table 2.1. (con’t). Intraclass correlation coefficients (ICC) and 95% 

confidence intervals (CI) for each biomarker across 5 categories of time between blood 

draws for 250 HIV- men in the Multicenter AIDS Cohort Study: unadjusted, age-

adjusted, and age- and hepatitis C-adjusted estimates.  

 
aNumber of visit-pairs contributing to interval of time between blood draws. 

bUndetectable values were assigned a value equal to one-half the plate-specific lower 

limit of detection. 

cAge at visit was modeled continuously and centered at the median across all 971 HIV- 

person-visits. 

d One observation with an implausible value for sCD14 was excluded only from analyses 

of sCD14 (n = 970). 

Abbreviations: HCV, hepatitis C infection.  

 

  

Inflammatory 

biomarker
b ICC 95% CI ICC 95% CI ICC 95% CI

Eotaxin 0.76 (0.79 - 0.86) 0.77 (0.70 - 0.82) 0.76 (0.70 - 0.82)

IL-8 0.29 (0.33 - 0.48) 0.30 (0.20 - 0.42) 0.30 (0.20 - 0.42)

IP-10 0.68 (0.70 - 0.80) 0.69 (0.60 - 0.76) 0.62 (0.53 - 0.71)

MCP-1 0.77 (0.83 - 0.88) 0.77 (0.71 - 0.83) 0.77 (0.71 - 0.83)

MCP-4 0.76 (0.77 - 0.84) 0.76 (0.70 - 0.82) 0.77 (0.70 - 0.82)

MIP-1β 0.91 (0.82 - 0.88) 0.91 (0.88 - 0.93) 0.91 (0.88 - 0.93)

TARC 0.66 (0.70 - 0.80) 0.66 (0.57 - 0.74) 0.66 (0.57 - 0.74)

IL-10 0.67 (0.74 - 0.82) 0.67 (0.58 - 0.74) 0.67 (0.58 - 0.74)

IL-12p70 0.71 (0.73 - 0.81) 0.70 (0.62 - 0.77) 0.70 (0.62 - 0.77)

IL-6 0.63 (0.52 - 0.65) 0.64 (0.55 - 0.72) 0.64 (0.55 - 0.72)

IL8-pro 0.24 (0.32 - 0.47) 0.24 (0.15 - 0.37) 0.23 (0.14 - 0.36)

TNF-α 0.64 (0.39 - 0.54) 0.42 (0.32 - 0.53) 0.42 (0.32 - 0.53)

BAFF 0.55 (0.61 - 0.73) 0.55 (0.45 - 0.65) 0.50 (0.40 - 0.61)

CXCL13 0.52 (0.87 - 0.92) 0.52 (0.42 - 0.62) 0.48 (0.38 - 0.59)

sCD14
d

0.55 (0.54 - 0.67) 0.55 (0.45 - 0.65) 0.53 (0.43 - 0.63)

sCD27 0.74 (0.76 - 0.84) 0.74 (0.67 - 0.80) 0.71 (0.63 - 0.77)

sgp130 0.60 (0.69 - 0.78) 0.60 (0.51 - 0.68) 0.56 (0.47 - 0.65)

sIL-2rα 0.67 (0.74 - 0.82) 0.67 (0.58 - 0.74) 0.62 (0.53 - 0.70)

sTNF-R2 0.70 (0.70 - 0.79) 0.70 (0.62 - 0.77) 0.67 (0.59 - 0.74)

Unadjusted Adjusted for age
c Adjusted for age and HCV

n  = 183
a

8.1 - 15 years

INTERVAL 4
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Supplemental Table 2.1. (con’t). Intraclass correlation coefficients (ICC) and 95% 

confidence intervals (CI) for each biomarker across 5 categories of time between blood 

draws for 250 HIV- men in the Multicenter AIDS Cohort Study: unadjusted, age-

adjusted, and age- and hepatitis C-adjusted estimates.  

 
aNumber of visit-pairs contributing to interval of time between blood draws. 

bUndetectable values were assigned a value equal to one-half the plate-specific lower 

limit of detection. 

cAge at visit was modeled continuously and centered at the median across all 971 HIV- 

person-visits. 

d One observation with an implausible value for sCD14 was excluded only from analyses 

of sCD14 (n = 970). 

Abbreviations: HCV, hepatitis C infection.  

  

Inflammatory 

biomarker
b ICC 95% CI ICC 95% CI ICC 95% CI

Eotaxin 0.78 (0.73 - 0.83) 0.81 (0.76 - 0.85) 0.78 (0.72 - 0.82)

IL-8 0.24 (0.16 - 0.34) 0.24 (0.16 - 0.33) 0.24 (0.16 - 0.34)

IP-10 0.61 (0.53 - 0.68) 0.68 (0.62 - 0.74) 0.52 (0.44 - 0.61)

MCP-1 0.80 (0.75 - 0.84) 0.79 (0.74 - 0.83) 0.80 (0.74 - 0.84)

MCP-4 0.81 (0.76 - 0.85) 0.83 (0.79 - 0.86) 0.82 (0.77 - 0.86)

MIP-1β 0.86 (0.83 - 0.89) 0.88 (0.84 - 0.9) 0.86 (0.82 - 0.89)

TARC 0.70 (0.64 - 0.76) 0.73 (0.67 - 0.78) 0.70 (0.64 - 0.76)

IL-10 0.70 (0.63 - 0.76) 0.71 (0.64 - 0.76) 0.69 (0.62 - 0.76)

IL-12p70 0.72 (0.65 - 0.78) 0.73 (0.67 - 0.78) 0.72 (0.65 - 0.77)

IL-6 0.46 (0.37 - 0.55) 0.46 (0.38 - 0.55) 0.45 (0.36 - 0.55)

IL8-pro 0.24 (0.16 - 0.35) 0.23 (0.16 - 0.33) 0.25 (0.17 - 0.35)

TNF-α 0.50 (0.41 - 0.59) 0.49 (0.4 - 0.57) 0.49 (0.4 - 0.58)

BAFF 0.63 (0.56 - 0.7) 0.62 (0.54 - 0.68) 0.59 (0.51 - 0.67)

CXCL13 0.38 (0.3 - 0.48) 0.48 (0.4 - 0.56) 0.37 (0.28 - 0.46)

sCD14
d

0.56 (0.48 - 0.64) 0.60 (0.52 - 0.67) 0.55 (0.47 - 0.63)

sCD27 0.69 (0.62 - 0.75) 0.72 (0.66 - 0.77) 0.65 (0.57 - 0.72)

sgp130 0.54 (0.46 - 0.62) 0.60 (0.53 - 0.68) 0.50 (0.41 - 0.58)

sIL-2rα 0.70 (0.63 - 0.76) 0.71 (0.65 - 0.76) 0.65 (0.58 - 0.72)

sTNF-R2 0.68 (0.61 - 0.74) 0.67 (0.6 - 0.73) 0.64 (0.57 - 0.71)

Unadjusted Adjusted for age
c Adjusted for age and HCV

n  = 297
a

> 15 years

INTERVAL 5
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Supplemental Figure 2.1A. Distribution of plate-specific intra-assay coefficients of 

variation (CVs) for the chemokines by plate number with regression line and 95% 

confidence interval shading across 146 plates, Meso-Scale Discovery platform. Separate 

plot for each control.  
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Supplemental Figure 2.1A. (con’t) Distribution of plate-specific intra-assay coefficients 

of variation (CVs) for the chemokines by plate number with regression line and 95% 

confidence interval shading across 146 plates, Meso-Scale Discovery platform. Separate 

plot for each control. 
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Supplemental Figure 2.1A. (con’t) Distribution of plate-specific intra-assay coefficients 

of variation (CVs) for the chemokines by plate number with regression line and 95% 

confidence interval shading across 146 plates, Meso-Scale Discovery platform. Separate 

plot for each control. 
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Supplemental Figure 2.1A. (con’t) Distribution of plate-specific intra-assay coefficients 

of variation (CVs) for the chemokines by plate number with regression line and 95% 

confidence interval shading across 146 plates, Meso-Scale Discovery platform. Separate 

plot for each control. 
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Supplemental Figure 2.1A. (con’t) Distribution of plate-specific intra-assay coefficients 

of variation (CVs) for the chemokines by plate number with regression line and 95% 

confidence interval shading across 146 plates, Meso-Scale Discovery platform. Separate 

plot for each control. 
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Supplemental Figure 2.1A. (con’t) Distribution of plate-specific intra-assay coefficients 

of variation (CVs) for the chemokines by plate number with regression line and 95% 

confidence interval shading across 146 plates, Meso-Scale Discovery platform. Separate 

plot for each control. 
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Supplemental Figure 2.1A. (con’t) Distribution of plate-specific intra-assay coefficients 

of variation (CVs) for the chemokines by plate number with regression line and 95% 

confidence interval shading across 146 plates, Meso-Scale Discovery platform. Separate 

plot for each control. 
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Supplemental Figure 2.1B. Distribution of plate-specific intra-assay coefficients of 

variation (CVs) for the cytokines by plate number with regression line and 95% 

confidence interval shading for lot 1, Meso-Scale Discovery platform. Separate plot for 

each control.  
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Supplemental Figure 2.1B. (con’t) Distribution of plate-specific intra-assay coefficients 

of variation (CVs) for the cytokines by plate number with regression line and 95% 

confidence interval shading for lot 1, Meso-Scale Discovery platform. Separate plot for 

each control.  
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Supplemental Figure 2.1B. (con’t) Distribution of plate-specific intra-assay coefficients 

of variation (CVs) for the cytokines by plate number with regression line and 95% 

confidence interval shading for lot 1, Meso-Scale Discovery platform. Separate plot for 

each control.  
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Supplemental Figure 2.1B. (con’t) Distribution of plate-specific intra-assay coefficients 

of variation (CVs) for the cytokines by plate number with regression line and 95% 

confidence interval shading for lot 1, Meso-Scale Discovery platform. Separate plot for 

each control.  
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Supplemental Figure 2.1B. (con’t) Distribution of plate-specific intra-assay coefficients 

of variation (CVs) for the cytokines by plate number with regression line and 95% 

confidence interval shading for lot 1, Meso-Scale Discovery platform. Separate plot for 

each control.  
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3.1. Abstract  

 

Background: Circulating immunological mediators, including cytokines, chemokines, 

and soluble receptors, contribute to malignancies and other health conditions. We 

investigated the influence of fixed and modifiable sociodemographic, behavioral 

characteristics, and morbidities on serologic biomarkers of inflammation and immune 

activation.    

Methods: Serum concentrations of twenty-three markers were measured in longitudinal 

specimens from 250 men followed in a cohort study from 1984 – 2009.  Relative 

percentiles from generalized gamma models estimated risk factor-biomarker associations. 

Exploratory factor analysis was performed and linear mixed models examined 

associations of host characteristics with the factors identified.   

Results:  Significantly (p<0.002) higher biomarker concentrations were documented: 

Eotaxin (non-black race), IL-8 (persistent/uncontrolled hypertension), IP-10 (age, obese 

BMI, cleared and chronic hepatitis C), MCP-1 (non-black race), MCP-4 (age, black race), 

MIP-1β (black race), TARC (black race), CXCL13 (normal/underweight BMI, low total 

cholesterol), IL-2 (A.M. blood draw), IL-10 (HCV, stimulants), IL-6 (age, BMI, HCV, 

persistent/uncontrolled diabetes, uncontrolled hypertension), TNF-α (depression), BAFF 

(HCV), CRP (BMI), sIL-2Rα (HCV), sCD27 (age, HCV, low total cholesterol), sgp130 

(HCV), and sTNF-R2 (age, HCV). Two patterns of biomarkers were identified: immune 

activation (sTNF-R2, sCD27, sIL-2Rα, BAFF, sgp130, IP-10) and inflammation (IL-6, 

GM-CSF, IL-1β, IL-8, TNF-α, IL-2, IL-10, IL-12p70). Immune activation scores were 

significantly elevated with age, obesity, and hepatitis C, and significantly depressed with 
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binge drinking and hypercholesterolemia. Inflammation scores were significantly 

elevated with age, obesity, uncontrolled hypertension, and depressive symptoms.  

Conclusion:  Summary factors may be used to evaluate the role of inflammation in 

disease pathogenesis. Host characteristics associated with inflammation and immune 

activation provide potential targets for disease prevention and treatment.  
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3.2. Introduction  

 

Chronic inflammation and immune activation are associated with increased risk of 

malignancies [38-40] and other conditions.[6, 41-44] Host characteristics that influence 

inflammatory biomarker concentrations may represent important risk factors for 

inflammation-related conditions.  Also, consideration of these characteristics as potential 

confounders is critical for the internal validity of epidemiologic studies seeking to 

understand disease-specific inflammatory pathways. Most studies of inflammation have 

focused on limited numbers of markers, but emerging multiplex technologies permit 

more comprehensive characterizations.[9] Identifying patterns of biomarker expression 

through sophisticated analytical techniques such as exploratory factor analysis reduces 

the complex dimensionality of the data and may provide insight into underlying 

immunologic mechanisms.  

 

The primary aims of the present study, therefore, were to: 1) evaluate the association of 

sociodemographics, risk behaviors, and morbidities, hypothesized a priori, with 

circulating concentrations of selected chemokines, cytokines, soluble receptors, and C-

reactive protein (CRP) in HIV-uninfected men; and 2) explore underlying 

interrelationships among these markers.   

 

3.3. Materials and Methods 

3.3.1. Study population and design 

This study was nested within the Multicenter AIDS Cohort Study (MACS), an ongoing 

prospective cohort study of men who have sex with men (MSM) enrolled in 
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Baltimore/Washington D.C., Chicago, Los Angeles, and Pittsburgh; 6,972 men were 

enrolled from 1984 through 2003. Standardized interviews and physical examinations 

were administered at semiannual study visits, which also included the collection of blood 

for testing and storage in a national repository.  A full description of study procedures has 

been published previously.[45] Study materials and documentation may be found at 

http://www.statepi.jhsph.edu/macs/macs.html. The institutional review board at each 

center approved the MACS protocols, and informed consent was obtained from all 

participants.   

 

Archived serum (stored at -70°C until thawed for testing) from 4 visits for each of 250 

HIV-uninfected participants were studied. Visits were selected to span the duration of the 

MACS (1984 – 2009 at the time) and to include sufficient numbers of hepatitis C-

infected men.   

3.3.2. Laboratory methods 

 

Two electrochemiluminesence-based multiplex assays (Proinflammatory 9-plex and 

Chemokine 7-plex; Meso-Scale Diagnostics, LLC, Rockville, MD) were used to 

determine concentrations of IL-1β, IL-2, IL-6, IL-10, IL-12p70, GM-CSF, IFN-γ, TNF-α, 

IL-8 (CXCL8), IP-10 (CXCL10), Eotaxin, MCP-1 (CCL2), MCP-4 (CCL13), MIP-1β 

(CCL13), and TARC (CCL17); assays were performed per manufacturer’s instructions at 

the Johns Hopkins Bloomberg School of Public Health.  Assay- and plate-specific lower 

limits of detection (LLOD) were calculated as concentrations 2.5 standard deviations 

above the background.  Concentrations of other soluble immune markers were 

determined using the fluorescent bead-based multiplexed Luminex xMAP system at the 
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University of California, Los Angeles, using a single assay lot (Fluorokine® MAP, R & 

D Systems, Minneapolis, MN), following the manufacturer’s instructions, and a Bio-Plex 

200 Luminex instrument and Bio-Plex software (Bio-Rad, Hercules, CA).  Five soluble 

receptors (sCD14, sgp130, sIL-2Rα, and sTNF-R2), a cytokine (BAFF/BLyS), and a 

chemokine CXCL13 (BLC-BCA1), were measured in a single panel (Human Biomarker 

Custom Premix Kit A). CRP was measured at Quest Diagnostics using a high-sensitivity 

nephelometric assay with an LLOD of 0.2 mg/L and a coefficient of variation of 7.6% 

(Dade Behring, Inc., Newark, DE). All measurements for a given individual were run on 

the same plate. 

 

3.3.3. Exposure variables 

 

Sociodemographics included age at visit, race (non-black vs. black), and baseline 

educational level (four-year college degree or higher vs. less than college degree). Body-

mass index (BMI = weight (kg)/height (m)2) was categorized as ≤ 24.9 

(normal/underweight), 25 - 29.9 (overweight), and ≥ 30 (obese).  Data from the visit 

closest to the blood draw within 1.5 years were used to define time-varying exposures. 

Behavioral factors for the time between visits included any sexual activity, risky sex (≥ 2 

partners [male or female]), smoking status (never, former, current), alcohol consumption 

(binge drinking [≥ 5 drinks/day for ≥ 1 month], moderate-heavy [3 - 4 drinks/day for > 1 

month, or ≥ 5 drinks/day per month], low-moderate [1 - 2 drinks/day or 3 - 4 drinks/day 

for ≤ 1 month], or none), and use of recreational drugs (marijuana, amyl nitrates, or any 

stimulant [cocaine, ecstasy, methamphetamines, or any other uppers]). Hepatitis C 

infection was categorized as negative, cleared [antibody+ only], or chronic [RNA 
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positive]. Sexually transmitted disease was present if any new diagnosis of herpes virus 

infection, syphilis, genital warts, or gonorrhea was reported. Presence of depressive 

symptoms was defined as a score of ≥ 16 on the Center for Epidemiologic Studies 

Depression Scale (CES-D).[46] Persistent diabetes (fasting glucose > 126 mg/dl, 

hemoglobin A1c (HbA1c) ≥ 6.5%, or taking diabetic medications) and persistent 

hypertension (systolic blood pressure (SBP) ≥ 140 mm Hg, diastolic (DBP) ≥ 90 mm Hg, 

or receipt of antihypertensive medication) was present if confirmed at ≥ 2 visits prior to 

the blood draw. Hypercholesterolemia was defined as a fasting total serum cholesterol ≥ 

200 mg/dl. Time of blood draw was A.M. or P.M.  

 

3.3.4. Statistical methods  

 

Multivariate generalized gamma (GG) regression models, allowing only the location 

parameter (β) to vary, were used to assess independent associations of exposures with 

each marker.[47] Biomarker concentrations were inversed so that undetectable 

concentrations could be handled as right-censored.  Relative percentiles (exponential of 

the –β, to account for using the inverse value) in biomarker concentrations for each 

change in covariate are presented as the percent difference in biomarker concentrations 

between the exposed and unexposed [(relative percentile – 1)*100]. Robust standard 

errors adjusted for repeated measurements. To account for multiple testing, we 

conservatively employed a Bonferroni adjustment at an α-level of 0.05: (0.05/23) = 0.002 

for statistical significance.  Results with 0.002 < p ≤ 0.05 were considered marginally 

significant.    
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Separate analyses were conducted for each marker. We examined the effect of each 

exposure, controlling for age, study center, race, education, and time of blood draw.  

Additional multivariate models also included BMI, HCV status, risk behaviors, and 

presence of depressive symptoms.  Because consistent ascertainment of morbidities 

(diabetes, hypertension, hypercholesterolemia) began in 2001, models examining 

morbidities were restricted to data obtained from 2001 to 2009.  There were no statistical 

or meaningful differences in the effects of host characteristics in the restricted sample and 

the full dataset. For all models, age was centered at the median (46 years) across all 971 

person-visits and the effects per 10-years were assessed.  Densities for the heatmaps were 

standardized using the sample standard deviation of each exposure. Pairwise Spearman 

rank correlation coefficients were estimated using the last available measurement.  

 

Exploratory factor analysis was used to identify summary measures reflecting meaningful 

underlying processes. Using the last available marker measurement, which was loge-

transformed and standardized to account for differential variability between biomarkers 

[48], principal components analysis (PCA) identified the number of factors to extract, 

using eigenvalues (EV > 1), scree plots, and percent variance explained.[15] PCA 

provides a linear transformation of the correlated biomarker values to yield a reduced set 

of uncorrelated summary factors that explain most of the variance in the data.[49]  

Parallel analysis, which computed EVs from randomly-simulated correlation matrices 

using the same numbers of observations and variables as our original dataset, was then 

performed to eliminate random components.[50] Exploratory factor analysis with iterated 

principal factoring was used to obtain factor loadings (correlation between individual 
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biomarkers and each factor). Rotation was used to facilitate the interpretation of each 

summary factor. Both oblique and varimax (orthogonal) rotations provided similar 

results; therefore, only results from varimax rotation are presented. Biomarkers with 

factor loadings ≥ 0.40 were used for factor interpretation.  Scores representing an 

individual’s predicted value for each summary factor were obtained using the Bartlett 

method.[48] Linear mixed regression methods assessed associations between the 

summary factors, with a p-value < 0.05 taken as statistically significant.  

 

Analyses were conducted using SAS software, version 9.3 (SAS Institute, Inc., Cary, 

North Carolina) and Stata, version 13 (College Station, Texas).  

 

3.4. Results 

 

Up to 4 visits per person were selected for testing; 90% (n = 224) had samples available 

at all 4 visits, 9% (n = 23) had 3 samples, and 3 contributed 2 samples.  As shown in 

Table 3.1, 39% were black and approximately 23% had chronic HCV. The median time 

from first to last sample draw for an individual was 18.3 years (IQR: 5.5 - 19.8) and that 

between consecutive visits was 4.5 years (IQR: 2.6 – 12.8). The median age across all 

person-visits was 45.6 years (IQR: 39.7 - 52.5) and nearly 55% had overweight or obese 

BMIs. Almost 30% reported having depressive symptoms, and persistent hypertension 

was nearly 50%. 
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The biomarker concentrations across all person-visits are described in Table 3.2. The 

chemokines, soluble receptors, IL-6, TNF-α, and BAFF were detected in all or nearly all 

of the samples.  GM-CSF, IL-2, IL-1β, and IFN-γ were detectable in < 80% of samples.  

Compared to the chemokines and soluble receptors, serum concentrations of the 

cytokines were relatively low, with medians ranging from 0.5 (IL-1β) to 8.5 pg/ml (TNF-

α). (See Supplemental Tables 3.1.A-C for detectable biomarker concentrations, stratified 

by participant characteristics.)  

 

Heatmaps (Figures 3.1 and 3.2) show the results from the final multivariable generalized 

gamma models and permit examination of associations by exposure or biomarker.  

Estimates in large bold and bordered in black indicate significance at the p < 0.002 level; 

estimates in large bold but without a black border indicate marginal significance (0.002 < 

p ≤ 0.05).  All other estimates are non-significant but were retained for completeness of 

reporting. The color gradient illustrates magnitude of effect size (darker red indicating 

stronger positive effect and darker blue indicating stronger inverse effects).  Figure 3.1 

shows the percent difference estimates from the entire (1994 - 2009) sample by exposure, 

excluding the morbidities; Figure 3.2 shows the percent difference estimates from final 

models additionally adjusting for diabetes, hypertension, and hypercholesterolemia using 

the restricted sample (2001 – 2009). Neither sexually transmitted diseases nor risky sex 

were associated with any biomarker univariately and thus were not incorporated into final 

models. (Results from univariate examinations are provided in Supplemental Figures 

3.1A – P.)   
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As shown in Figure 3.1, almost all the biomarkers were affected by many of the 

examined characteristics.  For example, IP-10 concentrations were significantly (p < 

0.002) higher with older age, obesity and HCV infection.  The higher concentrations of 

IP-10 observed with overweight, non-obese BMI, depressive symptoms, and use of amyl 

nitrates, and lower concentrations of IP-10 with current smoking were of marginal 

significance (0.002 < p ≤ 0.05).  CRP was also significantly increased in overweight and 

obese men and significantly decreased in men with chronic HCV.  The increased 

concentrations observed with current smoking were marginally significant. Chronic HCV 

infection was associated with increased concentrations of other markers as well (IL-10, 

BAFF, sIL-2rα, sCD27, sgp130, and sTNF-R2) while it was marginally associated with 

lower concentrations of Eotaxin, MCP-4, and TARC.  Soluble CD14, a marker of 

microbial translocation, was positively associated with age, non-black race, cleared HCV, 

moderate-heavy and binge drinking, and both persistent and uncontrolled diabetes.  

 

IP-10 and IL-6 concentrations were 11-13 % (0.002 < p ≤ 0.05) higher in the presence of 

depressive symptoms.  When men taking depression medication were included in the 

depression category, the magnitude of the association with IP-10 increased and a 

significant positive association with TNF-α and marginal associations with IL-8 and IL-

1β were revealed.   

 

As shown in Figure 3.2, whereas IL-8 concentrations were significantly increased in the 

presence of controlled or uncontrolled hypertension, IL-6 was increased only with 

uncontrolled hypertension. Significantly increased IL-6 concentrations were also 
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observed with diabetes. Men with total serum cholesterol ≥ 200 mg/dL had significantly 

lower concentrations of sCD27 and CXCL13 than men with total serum cholesterol < 200 

mg/dL. MCP-4 and CRP were higher in men with hypercholesterolemia while sIL-2α and 

sTNF-R2 were lower (both of marginal significance 0.002 < p ≤ 0.05). 

 

Pairwise Spearman correlation coefficients between the biomarkers are displayed in 

Supplemental Table 3.2 and show heterogeneous patterns of pairwise correlations.  The 

biomarker patterns derived from the exploratory factor analysis are shown in Table 3.3. 

The first factor had positive loadings ≥ 0.40 for 6 biomarkers (bold in Table 3) sTNF-R2, 

sCD27, sIL2-Rα, BAFF, sgp130, and IP-10 and accounted for 53.5% of the variance 

across all the biomarkers. These analytes modulate the activation, differentiation, and 

proliferation of T and B cells and chemotaxis of inflammatory cells; therefore, we 

designated the first factor as the “Immune activation” factor. The second factor, which 

accounted for 46.5% of the variance, had positive loadings ≥ 0.40 with GM-CSF, IL-6, 

IL-1β, IL-2, TNF-α, IL-8, IL-10, and IL-12p70, cytokines that regulate inflammation.  

Therefore, the second factor was designated the “Inflammation” factor.   

 

As shown in Table 3.4, higher Immune Activation Factor scores were positively 

associated with age, BMI, and chronic HCV infection and inversely associated with binge 

drinking and hypercholesterolemia.  Higher Inflammation Factor scores were positively 

related to age, BMI, and uncontrolled hypertension.  Associations with age attenuated 

after controlling for diabetes, hypertension, and hypercholesterolemia for both factors but 

remained statistically significant for the Immune Activation factor. Obese men had higher 
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scores on both factors but was more strongly associated with the Inflammation factor. 

Neither smoking nor recreational drug use significantly affected either factor. Presence of 

depressive symptoms was positively associated with Immune Activation scores but not 

significantly so (p = 0.06). When taking depression medication was included in the 

depression category, Inflammation scores were significantly higher (β = 0.15; p = 0.03) 

compared to those not depressed. Diabetes was associated with elevated scores for both 

Immune Activation and Inflammation factors, but these associations were not statistically 

significant.    

 

To further investigate the significant inverse association between Immune Activation 

scores and hypercholesterolemia, we ran separate models with % high density lipoprotein 

(HDL) and % low density lipoprotein (LDL), categorized into quartiles (Supplemental 

Table 3.3 and Supplemental Figure 3.2. A&B). In models restricted to person-visits with 

complete HDL and LDL data, it appears that the association between Immune Activation 

score and hypercholesterolemia was due to lower scores among those with higher % 

HDL. In contrast, no significant association between the Immune Activation score was 

observed with differing levels of % LDL.   

 

3.5. Discussion 

 

Inflammatory biomarkers have complex interrelationships, including several functional 

redundancies.[51] Elevated concentrations have been associated with increased risk of 

many health conditions in previous studies focused on one or few markers, which, while 

informative, do not capture the complexity of immune processes. Moreover, studies that 
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analyze the independent effect of single biomarkers through simultaneous adjustment for 

all markers are vulnerable to problems of collinearity, which can result in inflated 

standard errors and a higher risk of Type 2 errors.  Sophisticated analytical techniques, 

such as exploratory factor analysis, reduce the complex data dimensionality and may 

provide insight into the correlation across markers, many of which are pleiotropic in 

nature. Our study provides evidence that the biomarkers investigated cluster into 2 main 

constructs, which we interpreted as an Immune Activation factor and an Inflammation 

factor.  Both factors reflect biologically plausible relationships given that pairwise 

correlations were consistent with what is known about these markers from in vivo and in 

vitro studies.  The Immune Activation factor was strongly correlated with sTNF-R2, 

sCD27, sIL-2Rα, BAFF, sgp130, and IP-10, soluble molecules generally regarded as 

mediators of T and B cell activation, growth, and differentiation and as key regulators of 

inflammatory and immune cell signaling and cellular proliferation.[52]  The second 

factor was comprised of IL-1β, IL-2, IL-6, IL-8, TNF-α, GM-CSF, IL-10 and IL-12p70, 

cytokines largely associated with the classic innate inflammatory cascade, and the 

recruitment and proliferation of immune cells to sites of infection and tissue damage.[53] 

IL-10, an anti-inflammatory cytokine produced mainly by macrophages, inhibits the 

synthesis of these proinflammatory cytokines, thus serving as a critical component of 

immunoregulation.  

 

Both factors were positively associated with age in models controlling for other 

sociodemographics and risk behaviors. Upon adjusting for hypertension, diabetes, and 

hypercholesterolemia, the magnitude of the association of age with immune activation 
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attenuated only slightly, while its association with inflammation became non-significant. 

This result suggests that the excess inflammatory burden observed in older persons may 

be explained by age-related morbidities. In contrast, Immune Activation scores remained 

significantly elevated with age, suggesting additional response not fully captured by the 

selected morbidities. 

 

We observed modifiable characteristics associated with both factors. Each was 

significantly elevated with obesity, which is consistent with prior evidence suggesting 

that adipose tissue is an important source of inflammatory molecules, such as IL-6 and 

IP-10.[54] Immune Activation scores were positively associated with chronic HCV 

infection and inversely associated with binge drinking. Chronic HCV proceeds from an 

inadequate antiviral response and is characterized by progressive liver inflammation, 

hepatocyte destruction, and tissue remodeling. The role of chronic immune activation in 

the progression of chronic HCV to cirrhosis and hepatocellular carcinoma has been 

previously documented.[55-57] The effect of binge drinking is consistent with recent data 

showing that alcohol disturbs antigen presentation processes and alters virus-specific T-

cells responses, resulting in the suppression of immune responses.[58] Excessive alcohol 

consumption has been associated with increased vulnerability to viral and bacterial 

infections, consonant with impaired host immune defenses.[59]  

 

Although our participants were generally free of morbidity, our results are consonant 

with known associations. The inverse association between hypercholesterolemia with the 

Immune Activation factor was most likely due to the anti-inflammatory nature of HDL as 
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sensitivity analyses revealed a marked inverse association between immune activation 

and HDL but no association with LDL.[60] Although diabetes was strongly associated 

with increased concentrations of IL-6 and sCD14, as also shown by others [61, 62] [41, 

63], its associations with the factors did not reach statistical significance, perhaps due to a 

low prevalence of diabetic men. Nor did we observe significant associations with TNF-α 

or CRP, as reported by others.[64, 65]  The association of uncontrolled hypertension with 

significantly elevated inflammation is consistent with prior evidence implicating 

cytokines produced by T cells in vascular disease.[66]  

 

The associations of depressive symptoms with elevated immune activation and 

inflammation are consistent with a growing recognition that, whereas chronic, low-grade 

inflammation plays an important etiologic factor in the pathophysiology of mood 

disorders [67, 68], depression may also promote a dysregulated immune response through 

multiple pathways, including adiposity.[69, 70] Including men who reported use of 

depression medications as depressed revealed significantly elevated Inflammation scores. 

Although use of medication may reflect clinically-defined depression, medication class 

and the adequacy of disease control were both unknown. Further research might clarify 

biomarker-specific pathways. 

 

Host characteristics linked to specific biomarkers may present potential targets for risk 

prediction and prevention and therapeutic intervention. Chronic HCV infection was 

associated with considerably higher IP-10 and depressed CRP.  IP-10 is secreted by 

hepatocytes upon IFN-γ signaling and serves as a chemoattractant for 
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monocytes/macrophages, natural killer cells, T cells, and dendritic cells during the innate 

anti-viral response. IP-10 has been found to have prognostic utility as a marker of 

treatment outcome in previous studies, with higher IP-10 levels associated with higher 

risk of non-response, and may be useful in identifying those for whom therapy is unlikely 

to be effective.[71] That HCV-damaged hepatocytes are compromised in their ability to 

secrete CRP in response to IL-6 stimulation has been documented previously.[72] Given 

that CRP is used clinically, current cardiovascular disease risk-scoring guidelines 

involving CRP may thus be inappropriate for HCV-infected persons, as noted in other 

studies.[73] It also suggests that any increased risk of disease among HCV-infected 

individuals may reflect CRP-independent pathways.  

 

While we observed few effects of risk behaviors on the factor scores, noteworthy 

influences on single biomarkers were detected.  Current smoking was associated with 

higher concentrations of CRP.  This lends credence to the role of smoking in promoting a 

pro-inflammatory response that may be implicated as a co-factor in subsequent 

carcinogenesis or atherogenesis. However, current smoking was linked with lower IP-10 

concentrations, suggesting an inhibitory effect of smoking on systemic inflammation. 

Previous reports on the inflammatory effects of smoking vary, with positive [74-77], 

negative [78-80], or no [78, 81] associations reported. Heterogeneous study populations 

and residual confounding (e.g., the cumulative effects of exposure using units of pack-

years vs. current denotations only) may explain some divergences.  Incomplete control 

for BMI in previous studies of smoking may also account for differences, as excess 

adiposity is widely correlated with higher concentrations of circulating pro-inflammatory 
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biomarkers such as CRP and IL-6.  Lastly, as we observed, the association with smoking 

was heterogeneous by biomarker, and singular biomarker investigations may yield 

different inferences. 

 

Evidence regarding the immunomodulatory effects of recreational drug use is limited. 

Our observation of lower sCD27, sTNF-R2, sgp130, and TNF-α concentrations with 

marijuana use is consistent with prior evidence. Studies suggest that cannabinoids impair 

cell-mediated immunity by inhibiting the co-stimulatory activity of macrophages and 

suppressing the release of inflammatory mediators.[82, 83] Tetrahydrocannabinol, the 

primary psychoactive component of marijuana, may also promote immune cell 

apoptosis.[84] The significantly elevated concentrations of IL-10, an anti-inflammatory, 

B cell-stimulatory cytokine secreted by T-regulatory cells, with stimulant use suggests an 

immunosuppressive response, although we did not observe a concomitant elevation in 

pro-inflammatory cytokines or CRP, which has been observed in prior studies of cocaine 

users.[85, 86] Our summarization of any stimulant use may have masked a heterogeneity 

of effects among different drugs, or a threshold may exist before which the immune 

system is not significantly influenced. Prior research has shown a link between IL-10 and 

cancer, particularly those related to B-cell activation such as AIDS-defining non-Hodgkin 

lymphoma (NHL) [87], and we and others have reported an association between 

amphetamine use and risk of AIDS- and non-AIDS-defining NHL.[88-90] Thus, the 

increased IL-10 in stimulant users provides additional support for a pathway between 

stimulants and NHL risk.    
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Some limitations of our study warrant discussion. Differential degradation of biomarker 

concentrations by exposure is unlikely given the random selection of person-visits. Non-

differential effects would bias results toward the null; therefore the estimates presented 

are conservative. Furthermore, restricting the samples to those collected from 2001 – 

2009 did not change the results, also arguing against a problem with early specimens. 

Inability to study other possible mediators or confounders, e.g., anti-inflammatory 

medications use or physical activity, was another limitation. Generalizability to other 

populations, such as women or children, may not be appropriate. Because established 

reference ranges do not exist for most of the studied biomarkers, inferences are limited to 

relative distributions; absolute cutoffs may not be transferable to other settings. Finally, 

serum biomarkers reflect systemic immune responses; the lack of functional data on 

specific cell compartments is a limitation.  

 

Our analysis has several strengths. Innovative statistical methods, i.e., generalized 

gamma regression, were utilized to incorporate observations below limits of detection.  

Other methods, e.g., assigning undetectable levels with ½ LLOD, may result in estimates 

with overly narrow confidence intervals, yielding incorrect inferences.  Stringent 

adjustment for the testing of multiple analytes reduced the number of false-positive 

findings. The use of exploratory factor analysis also permitted a novel investigation into 

latent dimensions of immune burden. This method facilitates the study of inflammation in 

the context of considerable correlation between markers.  Multiplex testing allowed for 

simultaneous quantitation of a comprehensive spectrum of analytes using small sample 

volumes, reducing cost and improving the efficient use of valuable stored specimens. 
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Testing of previously unthawed specimens was conducted in single laboratories with all 

longitudinal specimens per individual run on the same plate to minimize assay variability.  

The MACS is a large, longstanding prospective cohort study of men who have been 

followed for more than 25 years with in-depth standardized data and specimen collection. 

This permits the evaluation of diverse correlates of immune activation with a precision 

generally not possible in smaller studies. Visits were randomly selected to represent the 

entire period of cohort follow-up (1984 -- 2009) and to contain important subgroups, 

particularly African-Americans and those with chronic HCV infection.   

 

Our study findings have both analytic and clinical implications. The existence of 

distinctive immune activation and inflammatory factors lends support to the use of 

exploratory factor analysis in prospective epidemiologic studies of the role of 

inflammation and immune activation in cancer etiology, a rapidly growing field given the 

ability to quantitate a broader array of immune markers. Finally, fixed (e.g. race) and 

modifiable (e.g. obesity, HCV infection) host characteristics provide potential targets for 

risk prediction and prevention and potential therapeutic intervention. 
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Table 3.1. Characteristics of the person-visits from 250 HIV-uninfected men from the 

Multicenter AIDS Cohort Study (MACS), 1984 – 2009. 

 

Median (IQR) or %

Overall (N  = 971)

Age at blood sampling (years), 

median (IQR)
45.6 (39.7-52.5)

≤30 7

30.1 ≤ 40 19

40.1 ≤ 50 41

50.1 ≤ 60 24

60.1 ≤ 70 8

70.1 + 1

Race 

Non-black 61

Black 39

Education (at baseline) 

Four-year college degree or 

higher
47

Less than college degree 53

Body mass index  at blood 

sampling, kg/m
2

Obese (≥30) 19

Overweight (25 - 29.9) 37

Normal/underweight (≤ 24.9) 45

Hepatitis C infection at blood 

sampling

Chronic 23

Cleared (Antibody+ only) 7

Negative 70

CES-D Score, mean (SD)
a 11

Depressive symptoms
b

Yes 29

No 72

Study site

Baltimore/Washington D.C. 22

Chicago 24

Pittsburgh 35

Los Angeles 19

Time of blood draw

A.M. 54

P.M. 47

Sociodemographics 
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Median (IQR) or %

Overall (N  = 971)

Smoking status at blood sampling

Current 41

Former 35

Never 24

Drinking classification at blood 

sampling
c

Binge 11

Moderate-heavy 20

Low-moderate 50

Non drinker 19

Marijuana use since last visit

Yes 31

No 69

Amyl nitrates use since last visit

Yes 19

No 81

Stimulant use since last visit
d

Yes 20

No 80

Risky sex since last visit
e

Yes 46

No 54

Sexually transmitted infection 

since last visit
f

Yes 14

No 86

Morbidities (2001 - 2009) N  = 720

Persistent diabetes mellitus
g

Yes 9

No 91

Uncontrolled diabetes
h

Yes 7

No 93

Persistent hypertension
i

Yes 49

No 51

Uncontrolled hypertension
j

Yes 31

No 70

Total cholesterol, mg/dl
k

Borderline-High (≥ 200) 34

 Desirable (< 200) 66

Behaviors 
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a Center for Epidemiologic Studies Depression Scale (CES-D) score 10-item version 

(possible range 0 – 30 points). 

b Presence of depressive symptoms was defined as CESD score ≥ 16. 

c Binge drinking was defined as ≥ 5 drinks/day for ≥ 1 month; moderate-heavy drinking 

was defined as 3 - 4 drinks/day for > 1 month, or ≥ 5 drinks/day per month; low-moderate 

drinking was defined as 1 - 2 drinks/day or 3 –- 4 drinks/day for ≤ 1 month. 

d Stimulants were defined as any use of cocaine, ecstasy, methamphetamines, or any 

other upper. 

e Risky sex was defined as ≥ 2 partners [male or female] in the past six months. 

f Sexually-transmitted infection was defined as any diagnosis of herpes, syphilis, genital 

warts, or gonorrhea since the last visit. 

g Persistent diabetes was defined as having a history of diabetes (fasting glucose > 126 

mg/dL, HbA1c ≥ 6.5%, or use of diabetic medications) on at least 2 occasions prior to the 

blood sampling date. 

h Uncontrolled diabetes was defined as fasting glucose > 126 mg/dL or Hemoglobin A1C 

>= 6.5% at blood sampling. 

i Persistent hypertension was defined as having a history of hypertension (systolic blood 

pressure (SBP) ≥ 140, diastolic blood pressure (DBP) ≥ 90, or use of anti-hypertensive 

medications) on at least two previous occasions from the blood sampling date. 

j Uncontrolled hypertension was defined as SBP ≥ 140 or DBP ≥ 90 at blood sampling. 

k Cholesterol measures were obtained after fasting. 

Abbreviations: AIDS, acquired immunodeficiency syndrome; HIV, human 

immunodeficiency virus; IQR, interquartile range (25%, 75%). 
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Table 3.2. Proportion detectable and median (IQR) of detectable inflammatory biomarker 

concentrations, number of person-visits (N) = 971, Multicenter AIDS Cohort Study 

(MACS), 1984 – 2009. 

 

 
 
aUnits are pg/mL unless otherwise indicated.  

b25th – 75th percentiles. 

 

  

Inflammatory Biomarker

% 

detectable
Median (IQR

b
)

Chemokines
a

Eotaxin 100 1,696 (1,219 - 2,419)

Interleukin-8 (IL-8) 100 13.3 (8.9 - 22.9)

Interferon Gamma-Induced Protein 10 (IP-10) 100 139 (92 - 234)

Monocyte Chemoattractant Protein-1 (MCP-1) 100 508 (362 - 657)

Monocyte Chemoattractant Protein-4 (MCP-4) 100 749 (580 - 991)

Macrophage Inflammatory Protein-β (MIP-1β) 99.6 145 (98 - 205)

Thymus and Activation Regulated Chemokine (TARC) 99.9 531 (368 - 836)

CXCL13 (B Lymphocyte Chemoattractant) 98.9 298 (246 - 349)

Cytokines

Interleukin-10 (IL-10) 99.8 3.2 (2.1 - 6.3)

Interleukin-12p70 (IL-12p70) 93.5 2.6 (1.4 - 7.4)

Interleukin-6 (IL-6) 99.9 1 (0.7 - 1.5)

Tumor Necrosis Factor-α (TNF-α) 99.9 8.5 (6.9 - 10.6)

B-cell Activating Factor (BAFF) 100 1,970 (1,731 - 2,263)

Interferon-γ (IFN-γ) 60.5 1.3 (0.9 - 2.1)

Granulocyte/Macrophage-Colony Stimulating Factor (GM-CSF) 63.9 1.1 (0.7 - 2.1)

Interleukin-2 (IL-2) 71.8 0.7 (0.5 - 1.4)

Interleukin-1β (IL-1β) 55.7 0.5 (0.3 - 0.9)

Soluble receptors

Soluble CD14 (sCD14), ng/mL 99.9 2,100 (1,800 - 2,500)

Soluble gp130 (sgp130), ng/mL 100 250 (230 - 290)

Soluble Interleukin 2-receptor-α (sIL2-Rα) 100 1,382 (1,138 - 1,739)

Soluble CD27 (sCD27) 100 9,067 (7,491 - 11,441)

Soluble TNF-receptor 2 (sTNF-R2) 100 2,303 (1,867 - 2,910)

C-reactive protein (CRP), mg/L 89.7 1.1 (0.5 - 2.4)
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Table 3.3. Inflammatory biomarker pattern matrix with factor loadings after varimax 

(orthogonal) rotation.  

 
 

Bold indicates biomarkers used for factor interpretation (loadings ≥ 0.40). Originally 8 

summary components with eigenvalues > 1.0 were identified by PCA, which explained 

72% of the variance in the dataset. Parallel analysis indicated that the last 4 were mostly 

random noise; therefore, only 4 factors were specified for extraction in the factor 

analysis. After varimax rotation, 5 biomarkers (IFN-γ, sCD14, CXCL13, MIP-1β, and 

CRP) did not load significantly on any of the factors, and the last 2 factors, each 

accounting for about 15% of the variance in the data, correlated with only 2 biomarkers 

each. The factor analysis was re-run eliminating the 5 biomarkers and specifying 2 

Marker
Factor 

loading
Marker

Factor 

loading

sTNF-R2 0.9210 GM-CSF 0.7101

sCD27 0.8493 IL-6 0.7031

sIL-2rα 0.8139 IL-1β 0.6411

BAFF 0.6083 IL-2 0.6158

sgp130 0.5902 TNF-α 0.5814

IP-10 0.5184 IL-8 0.5644

TNF-α 0.2551 IL-10 0.4242

IL-6 0.2196 IL-12p70 0.3933

TARC 0.0735 MCP-1 0.2196

IL-10 0.0546 Eotaxin 0.1725

MCP-4 0.0154 MCP-4 0.1505

IL-1β 0.0024 TARC 0.1155

IL-8 -0.0222 sTNF-R2 0.0955

IL-12p70 -0.0228 IP-10 0.087

MCP-1 -0.0264 sIL-2rα 0.0487

IL-2 -0.0264 BAFF 0.0308

GM-CSF -0.0486 sCD27 -0.0098

Eotaxin -0.1263 sgp130 -0.0948

Proportion 

Variance
a 53.49 46.51

Factor 1: Factor 2: 

Immune Activation Inflammation
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factors for extraction. Factor loadings are correlations between each biomarker and the 

overall factor.  

 

Abbreviations: BAFF, B-cell activating factor; CRP, C-reactive protein; GM-CSF, 

granulocyte-macrophage colony-stimulating factor; IFN-γ, interferon γ; IL-8, interleukin 

8; IP-10, interferon-gamma induced protein; MCP-4, monocyte chemotactic protein; 

MIP-1β, macrophage inflammatory protein-1 beta; TARC, thymus and activation 

regulated chemokine; sCD14, soluble CD14; sgp130, soluble gp130; TNF-α, tumor 

necrosis factor α; sTNF-R2, soluble tumor necrosis factor receptor 2. 
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Table 3.4. Coefficients from linear mixed models on Immune Activation and 

Inflammatory factor scores by sociodemographics, risk behaviors, and morbidities, 250 

HIV-uninfected men, Multicenter AIDS Cohort Study (MACS), 1984 – 2009. 

 

NOTE: Time of blood draw, race, education, smoking status, use of marijuana, amyl 

nitrates, or stimulants, persistent and uncontrolled diabetes, and persistent hypertension 

were not significantly associated with either factor and thus are not included in this table.  

Characteristic β
a 95% CI p- value β

a 95% CI p- value

Age (per 5 years, ref = 46 years) 0.14 (0.09,  0.18) < 0.002 0.11  (0.06, 0.17) < 0.002

Body mass index, kg/m
2

 ≤ 24.9 Referent  

25 - 29.9 0.04 (-0.07, 0.15) 0.454 0.15  (0.01, 0.29) 0.040

≥ 30 0.21 (0.05, 0.38) 0.010 0.33  (0.12, 0.54) < 0.002

Hepatitis C status at blood 

sampling

Negative Referent

Cleared 0.64 (0.34, 0.93) < 0.002 -0.08  (-0.44, 0.27) 0.648

Chronic 1.01 (0.76, 1.26) < 0.002 -0.13  (-0.42, 0.15) 0.345

Drinking classification at blood 

sampling

Non-drinker Referent

Low-moderate drinking -0.02 (-0.17, 0.12) 0.770 0.10  (-0.09, 0.30) 0.307

Moderate-heavy drinking -0.01 (-0.17, 0.17) 0.980 -0.05  (-0.27, 0.18) 0.684

Binge drinking -0.23 (-0.43, -0.04) 0.020 0.01  (-0.25, 0.25) 0.989

Presence of depressive 

symptoms

No (CES-D < 16) Referent

Yes (CES-D ≥ 16) 0.10 (0.0, 0.21) 0.058 0.08  (-0.06, 0.22) 0.273

Morbidities (2001 - 2009) β
b 95% CI p- value β

b 95% CI p- value

Uncontrolled hypertension
c

No Referent

Yes 0.00 (-0.16, 0.16) 0.993 0.28  (0.06, 0.5) 0.013

Total cholesterol, mg/dl
d,e

 Desirable (< 200) Referent

Borderline-High (≥ 200) -0.14 (-0.27, -0.03) 0.017 0.08  (-0.08,  0.23) 0.330

Immune Activation Factor Inflammation Factor 
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a Models are adjusted for study center, age, race, education, time of blood draw, body 

mass index, hepatitis C infection, smoking, alcohol consumption, use of recreational 

drugs, and presence of depressive symptoms.  

b Models are adjusted for study center, age, race, education, time of blood draw, body 

mass index, hepatitis C infection, smoking, alcohol consumption, use of recreational 

drugs, presence of depressive symptoms, diabetes, persistent hypertension, 

hypercholesterolemia. Study sample was restricted to 2001 – 2009 person-visits.  

c Uncontrolled hypertension (defined as SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg) at the 

blood sampling visit. 

d Fasting cholesterol at the blood sampling visit. 

e One outlier with an Immune Activation factor score > 6 was removed this analysis.  

 

Abbreviations: CI, confidence interval; HCV, hepatitis C infection; SBP, systolic blood 

pressure; DBP, diastolic blood pressure.  
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Figure 3.1. Percent difference estimates from multivariate generalized gamma regression models examining the associations of age, 

non-black race, college  education at baseline, blood draw time, being overweight, obesity, cleared hepatitis C infection, chronic 

hepatitis C infection, former smoking, current smoking, moderate-heavy alcohol consumption, binge alcohol consumption, use of 

marijuana, use of amyl nitrates, use of stimulants, the presence of depressive symptoms, and depression including those taking 

depression medication (column headings) with individual biomarkers of inflammation and immune activation (row headings).  Large 

bold text with black-bordered cells indicates significance at the p < 0.002 level; large bold text without borders indicates marginal 

significance (0.002 < p ≤ 0.05).  The color gradient of each cell illustrates the magnitude of the percent difference in biomarker 

concentration (darker red indicating stronger positive percent difference and darker blue indicating stronger negative percent 

difference). For example, chronic HCV infection is associated with 53% higher concentrations of IL-10 (p < 0.002) and 54% lower 

concentrations of CRP (p < 0.002). 
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Figure 3.2. Percent difference estimates from multivariate generalized gamma regression models examining the associations of 

persistent diabetes, uncontrolled diabetes, persistent hypertension, uncontrolled hypertension, and hypercholesterolemia (column 

headings) with individual biomarkers (row headings), adjusting for age, race, baseline education, blood draw time, body mass index, 

depressive symptoms, hepatitis C infection, smoking status, alcohol consumption, and recreational drug use.  This study sample was 

restricted to 2001 – 2009 person-visits. Large bold text with black-bordered cells indicates significance at the p < 0.002 level; large 

bold text without borders indicates marginal significance (0.002 < p ≤ 0.05).  The color gradient of each cell illustrates magnitude of 

percent difference in biomarker concentrations (darker red indicating stronger positive percent changes and blue indicating negative 

percent changes). For example, uncontrolled hypertension is associated with 22% higher concentrations of IL-6 (p < 0.002) and 16% 

lower concentrations of IL-10 (0.002 < p ≤ 0.05).  
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Supplemental Table 3.1.A. Chemokines: Median (IQR: 25% - 75%) of detectable levels for selected sociodemographic, behavior, 

and morbidity characteristics for 250 HIV-uninfected men in the Multicenter AIDS Cohort Study, 1984 – 2009.

 

Characteristics

N above LLOD
a

971 971 971 971 971 967 970 960

Sociodemographics 

 Total number 

of person-visits 

(%)

Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %)

Overall 971 (100) 1,696 1,219 2,419 13.3 8.9 22.9 140 92 234 508 362 657 749 580 991 146 98 205 532 368 836 298 246 349

Age at blood sampling 

(years), median (IQR)
45.6 (39.7-52.5)

Age categories (years)

≤30 68 (7.0) 1,499 1,008 2,028 12.9 8.5 18.4 143 84 199 498 350 562 634 462 855 141 95 188 561 392 843 310 264 361

30.1 ≤ 40 185 (19.1) 1,836 1,240 2,502 12.6 8.7 21.8 121 81 182 515 376 651 732 570 924 136 84 187 548 374 899 291 246 347

40.1 ≤ 50 399 (41.1) 1,617 1,187 2,213 12.9 8.9 24.8 134 93 266 465 334 634 721 561 967 148 99 214 561 378 836 295 242 353

50.1 ≤ 60 231 (23.8) 1,763 1,237 2,600 13.9 9.3 25.2 159 105 309 545 385 734 832 652 1,074 151 108 195 496 362 872 307 258 350

60.1 ≤ 70 77 (7.9) 1,884 1,412 2,597 15.5 10.3 26.2 159 101 276 580 418 716 873 616 1,011 159 85 220 443 305 737 282 232 337

70.1 + 11 (1.1) 2,013 1,241 3,108 16.6 10.8 101 146 113 219 519 459 1001 822 749 1,276 134 119 220 513 408 664 276 228 337

Race 

Non-black  595 (61.3) 1,909 1,475 2,577 13.7 9.4 23.6 137 93 194 571 463 697 695 555 925 135 89 179 470 339 678 290 243 336

Black  376 (38.7) 1,306 955 1,937 12.5 8.5 22.8 151 91 340 357 279 525 854 658 1,115 177 112 253 706 454 1,084 317 251 366

Education (at baseline) 

Four-year college degree or 

higher
455 (46.9) 1,920 1,419 2,666 13.7 8.8 26.8 125 89 181 564 438 700 737 574 975 138 91 190 476 359 739 279 241 329

Less than college degree 516 (53.1) 1,525 1,053 2,108 13.1 9.0 20.2 159 97 320 434 320 623 760 582 1,006 153 103 217 584 381 912 313 255 364

Body mass index  at blood 

sampling, kg/m
2

≥30 179 (18.5) 1,539 1,053 2,149 13.7 8.5 19.5 170 108 281 520 385 704 832 630 1,050 141 95 195 517 361 883 276 229 325

25 - 29.9 354 (36.5) 1,674 1,246 2,414 13.1 8.9 22.5 148 97 275 520 358 667 758 572 993 152 102 212 554 374 896 296 246 353

≤ 24.9 436 (45.0) 1,798 1,255 2,523 13.5 9.2 24.6 127 83 198 496 351 637 725 565 941 145 97 200 520 371 816 305 257 357

Hepatitis C infection at 

blood sampling

Chronic 225 (23.2) 1,374 990 1,902 12.0 8.5 18.8 357 200 631 397 299 602 745 565 958 152 108 218 547 370 840 337 283 376

Cleared 64 (6.6) 1,885 1,394 3,123 13.0 9.3 22.8 163 129 230 563 385 792 911 718 1,078 157 116 194 576 398 1,090 298 253 341

Negative 682 (70.2) 1,795 1,292 2,502 13.7 9.1 25.2 121 82 168 529 383 663 737 576 991 143 91 202 526 365 818 286 239 336

CES-D Score, mean (SD)
b 11.02 (11.2)

Depressive symptoms
c

Yes 276 (28.5) 1,594 1,165 2,350 13.6 9.2 23.6 173 107 360 481 340 641 752 593 961 160 112 226 521 389 818 310 245 366

No 694 (71.5) 1,737 1,240 2,472 13.1 8.9 22.7 131 87 201 518 365 663 749 576 1,004 142 91 196 541 363 837 295 247 343

Study site

Baltimore/Washington D.C. 216 (22.3) 1,909 1,248 2,737 12.7 8.2 19.1 127 83 200 506 330 683 777 574 1,050 134 83 201 525 353 858 299 252 359

Chicago 232 (23.9) 1,790 1,415 2,429 22.8 10.7 111 104 77 147 541 398 690 717 568 949 136 97 224 477 331 834 276 230 328

Pittsburgh 335 (34.5) 1,755 1,237 2,484 13.9 9.8 19.5 161 110 297 522 383 683 786 610 1,041 148 102 200 545 412 868 305 243 351

Los Angeles 188 (19.4) 1,309 965 1,766 10.2 7.4 14.5 180 122 357 438 322 572 698 574 898 163 116 209 543 380 806 314 264 362

Time of blood draw

A.M. 519 (53.5) 1,645 1,146 2,348 13.7 8.7 30.8 145 98 236 506 357 661 739 580 985 152 104 214 514 361 803 291 240 346

P.M. 452 (46.55) 1,794 1,292 2,527 12.9 9.3 19.8 131 85 227 509 365 657 755 581 1,002 141 90 195 548 383 884 306 254 354

CHEMOKINES

Eotaxin (pg/mL) IL-8 (CXCL8) IP10 (CXCL10) MCP-1 (CCL2) MCP-4 (CCL13) MIP-1β (CCL4) TARC (CCL17) BLC-BCA1 (CXCL13)
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Behaviors 

 Total number 

of person-visits 

(%)

Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %)

Smoking status at blood 

sampling

Current 394 (40.6) 1,552 1,072 2,308 13.7 9.2 23.1 142 93 306 407 313 626 741 569 1,007 151 103 219 630 421 945 310 248 368

Former 341 (35.1) 1,809 1,250 2,504 14.0 8.8 26.2 136 92 217 559 416 694 755 600 1,004 139 87 195 474 335 772 284 245 334

Never 236 (24.3) 1,848 1,375 2,478 12.4 8.6 19.2 139 92 206 520 410 653 744 570 955 150 103 199 481 356 698 295 244 337

Drinking classification at 

blood sampling
d

Binge 108 (11.1) 1,630 1,131 2,449 14.1 9.8 20.3 154 99 312 528 345 665 755 558 978 147 106 205 592 398 889 310 255 372

Moderate-heavy 191 (19.7) 1,755 1,258 2,492 12.9 9.1 21.9 131 90 196 536 392 684 715 562 1,007 142 96 196 476 323 663 291 241 341

Low-moderate 488 (50.3) 1,737 1,231 2,436 13.8 9.2 29.2 129 85 196 519 368 656 739 575 957 146 101 206 504 357 832 290 246 337

None 184 (19.0) 1,588 1,174 2,258 11.7 8.2 17.5 179 121 330 427 335 631 822 625 1,041 158 92 209 615 434 1,022 318 258 368

Marijuana use since last visit

Yes 302 (31.1) 1,597 1,093 2,356 13.5 9.0 27.9 134 92 218 495 341 656 710 536 998 142 107 202 483 352 812 297 248 350

No 669 (68.9) 1,758 1,242 2,428 13.2 8.9 21.8 141 93 234 512 369 659 762 600 988 149 98 209 552 379 853 298 244 349

Amyl nitrates use since last visit

Yes 185 (19.1) 1,969 1,445 2,638 13.7 9.4 22.4 128 100 193 571 455 707 686 555 913 137 101 183 457 330 608 277 231 316

No 786 (81.0) 1,647 1,168 2,355 13.1 8.8 23.1 142 92 254 488 344 646 761 587 1,005 149 98 209 560 378 883 303 249 355

Stimulant use since last visit
e

Yes 198 (20.4) 1,418 1,019 2,352 13.3 8.9 22.5 150 98 356 422 306 620 779 571 1,070 153 110 221 627 401 945 324 276 368

No 773 (79.6) 1,754 1,260 2,439 13.3 9.0 23.2 137 91 213 520 376 661 743 582 974 145 95 201 511 364 820 291 241 342

Risky sex since last visit
f

Yes 447 (46.0) 1,682 1,208 2,416 13.4 8.9 21.3 140 95 238 507 362 657 738 565 963 143 100 197 524 374 828 295 245 347

No 524 (54.0) 1,742 1,237 2,440 13.1 8.9 25.3 139 89 225 511 362 661 768 605 1,010 150 97 211 545 364 865 301 248 356

Sexually transmitted 

infection since last visit
g

Yes 135 (13.9) 1,908 1,477 2,609 14.1 9.7 24.8 134 90 181 579 443 711 735 572 1,005 145 89 193 454 320 622 280 243 329

No 836 (86.1) 1,667 1,186 2,411 13.1 8.8 22.5 140 93 243 495 351 647 750 581 986 146 100 207 550 377 865 300 246 353

Morbidities (2001 - 2009) N  = 720

Persistent diabetes mellitus
h

Yes 62 (8.6) 1,265 1,027 2,157 16.6 9.4 43.7 177 121 384 443 316 640 952 739 1,098 151 112 195 620 410 914 303 240 326

No 658 (91.4) 1,645 1,168 2,411 13.6 9.2 21.9 154 100 279 497 346 655 784 600 1,032 155 102 217 565 395 889 305 250 361

Uncontrolled diabetes
k

Yes 52 ( 7.3) 1,226 974 1,958 13.9 9.4 22.0 196 123 478 434 319 654 905 732 1,096 160 117 230 599 414 1,085 305 241 337

No 659 (92.7) 1,637 1,165 2,352 12.6 8.9 22.6 152 101 234 496 350 639 786 607 1,035 157 103 217 543 383 821 301 248 357

Persistent hypertension
i

Yes 354 (49.2) 1,693 1,216 2,492 14.7 10.3 26.3 167 110 295 539 365 697 861 658 1,051 156 104 217 559 372 917 293 244 342

No 366 (50.8) 1,593 1,078 2,325 12.4 8.5 21.0 147 96 275 448 331 614 745 566 1,027 151 102 209 584 416 868 316 262 372

Uncontrolled hypertension
l

Yes 161 (30.5) 1,622 1,168 2,350 15.1 10.5 29.3 177 116 317 502 340 664 824 654 1,021 159 109 233 592 398 996 294 245 342

No 367 (69.5) 1,667 1,149 2,487 12.7 8.7 20.3 143 95 240 483 340 636 778 590 1,038 148 97 206 567 406 865 309 252 365

Total cholesterol, mg/dl
J

Borderline-High (≥ 200) 248 (34.4) 1,691 1,177 2,440 13.9 9.5 24.0 148 101 235 540 371 730 862 625 1,118 158 103 220 547 416 865 291 245 335

 Desirable (< 200) 472 (65.6) 1,594 1,143 2,389 13.5 8.9 22.1 162 102 308 464 336 624 777 591 1,008 149 103 209 583 392 913 310 254 366
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a Number of visits for which the biomarker was above the LLOD. 

b Center for Epidemiologic Studies Depression Scale (CES-D) score 10-item version (possible range 0 – 30 points). 

c Presence of depressive symptoms was defined as CES-D score ≥ 16. 

d Binge drinking was defined as ≥ 5 drinks/day for ≥ 1 month; moderate-heavy drinking was defined as 3 – 4 drinks/day for > 1 

month, or ≥ 5 drinks/day per month; low-moderate drinking was defined as1 - 2 drinks/day or 3 - 4 drinks/day for ≤ 1 month. 

e Stimulants were defined as cocaine, ecstasy, methamphetamines, or any other upper. 

f Risky sex was defined as ≥ 2 partners [male or female] in the past six months. 

g Sexually-transmitted infection was defined as any diagnosis of herpes, syphilis, genital warts, or gonorrhea since the last visit. 

h Persistent diabetes defined as having a history of diabetes (fasting glucose > 126 mg/dL, HbA1c ≥ 6.5%, or use of diabetic 

medications) on at least 2 occasions prior to the draw date. 

i Persistent hypertension defined as having a history of hypertension (systolic blood pressure (SBP) ≥ 140 mm Hg, diastolic blood 

pressure (DBP) ≥ 90 mm Hg, or use of anti-hypertensive medications) on at least two previous occasions from the blood sampling 

date.  

j Fasting cholesterol. 

k Fasting glucose > 126 mg/dL or HbA1c >= 6.5% at blood sampling visit. 

l SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg at blood sampling.  
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Supplemental Table 3.1.B. Cytokines and C-reactive protein: Median (IQR: 25% - 75%) of detectable levels for selected 

sociodemographic, behavior, and morbidity characteristics for 250 HIV-uninfected men, Multicenter AIDS Cohort Study, 1984-2009. 

 

Characteristics

N above LLOD
a 969 908 970 970 971

Sociodemographics Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %)

Overall 3.2 2.1 6.3 2.6 1.4 7.4 1.0 0.7 1.5 8.5 6.9 10.6 1,970 1,731 2,263

Age categories (years)

≤30 4.1 2.4 23.4 2.6 1.7 8.1 0.8 0.5 1.2 9.1 7.0 11.8 1,968 1,771 2,204

30.1 ≤ 40 3.4 2.2 11.3 2.9 1.3 11.8 0.8 0.6 1.2 7.9 6.8 9.9 1,961 1,751 2,263

40.1 ≤ 50 3.1 2.1 5.8 2.5 1.2 6.3 0.9 0.7 1.4 8.3 6.9 10.0 1,927 1,687 2,209

50.1 ≤ 60 3.4 2.1 5.4 2.8 1.5 7.7 1.1 0.7 1.9 8.9 7.0 11.5 2,033 1,748 2,338

60.1 ≤ 70 2.6 1.7 5.7 2.7 1.5 6.1 1.2 0.8 2.1 9.2 7.4 13.0 2,048 1,697 2,511

70.1 + 2.3 1.2 4.9 1.6 1.3 3.4 1.1 0.5 1.4 9.0 6.8 10.8 2,162 1,915 2,824

Race 

Non-black 3.3 2.1 7.6 2.9 1.5 9.9 0.9 0.6 1.3 8.8 7.2 10.7 1,953 1,728 2,245

Black 3.2 2.1 5.3 2.1 1.2 4.7 1.1 0.8 1.8 7.7 6.5 10.5 2,010 1,734 2,294

Education (at baseline) 

Four-year college degree or higher 3.1 1.9 6.3 2.7 1.4 9.9 0.8 0.6 1.3 8.6 7.0 10.3 1,903 1,698 2,161

Less than college degree 3.3 2.3 6.1 2.6 1.4 6.0 1.0 0.7 1.7 8.4 6.9 11.0 2,036 1,763 2,380

Body mass index  at blood sampling, 

kg/m
2

≥30 3.9 2.5 7.4 2.8 1.4 9.3 1.2 0.8 2.0 9.5 7.1 12.6 1,989 1,744 2,336

25 - 29.9 3.4 2.0 7.5 2.6 1.4 8.1 1.0 0.7 1.6 8.4 7.0 10.3 1,928 1,689 2,213

≤ 24.9 3.0 2.0 5.4 2.5 1.4 6.0 0.8 0.6 1.2 8.2 6.8 10.0 1,983 1,748 2,270

Hepatitis C infection at blood 

sampling

Chronic 4.2 2.9 5.8 2.7 1.3 5.4 1.1 0.8 1.8 8.6 7.0 11.1 2,185 1,903 2,536

Cleared 2.7 1.8 3.9 1.4 1.0 2.9 1.2 0.9 2.1 9.2 7.5 10.9 2,155 1,864 2,524

Negative 3.0 1.9 8.3 2.7 1.4 9.8 0.9 0.6 1.4 8.4 6.9 10.3 1,898 1,674 2,175

Depressive symptoms
c

Yes 3.7 2.4 7.9 3.0 1.4 9.0 1.1 0.7 1.7 8.7 7.1 11.4 2,027 1,758 2,351

No 3.1 2.0 5.9 2.5 1.4 7.0 0.9 0.6 1.4 8.3 6.9 10.3 1,942 1,712 2,242

Study site

Baltimore/Washington D.C. 2.3 1.4 4.2 1.9 1.1 5.2 1.0 0.7 1.5 8.5 6.9 11.1 2,116 1,829 2,342

Chicago 2.9 1.9 6.9 3.8 1.5 13.3 1.0 0.7 1.6 7.7 6.7 9.4 1,882 1,713 2,211

Pittsburgh 3.8 2.5 8.7 3.0 1.6 8.2 0.9 0.7 1.5 9.1 7.6 11.2 1,996 1,738 2,304

Los Angeles 3.9 2.6 6.1 2.1 1.2 4.0 0.9 0.6 1.5 8.1 6.5 10.4 1,876 1,685 2,177

Time of blood draw

A.M. 3.2 2.3 5.9 2.5 1.4 7.6 1.0 0.7 1.6 8.3 6.8 10.1 1,910 1,690 2,204

P.M. 3.2 1.8 7.5 2.7 1.3 7.0 1.0 0.7 1.5 8.7 7.0 11.1 2,031 1,786 2,400

CYTOKINES

IL-10 IL-12p70 IL-6 TNF-α BAFF/BLyS
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Behaviors 
Median (25

th
 % 75

th
 %) Median (25

th
 % 75

th
 %) Median (25

th
 % 75

th
 %) Median (25

th
 % 75

th
 %) Median (25

th
 % 75

th
 %)

Smoking status at blood sampling

Current 3.3 2.3 6.0 2.7 1.3 5.8 1.1 0.8 1.7 8.2 6.9 10.5 2,076 1,799 2,390

Former 3.1 2.0 6.3 2.7 1.3 8.6 0.9 0.6 1.3 8.5 6.9 10.4 1,911 1,699 2,213

Never 3.3 2.0 7.2 2.4 1.4 9.9 0.9 0.6 1.4 8.9 7.1 11.1 1,901 1,655 2,175

Drinking classification at blood 

sampling
d

Binge 4.4 2.6 12.8 3.1 1.3 10.9 1.0 0.8 1.7 9.0 7.4 11.7 2,011 1,732 2,353

Moderate-heavy 3.1 2.1 7.4 2.3 1.3 7.6 0.8 0.6 1.2 7.9 6.8 9.7 1,942 1,689 2,210

Low-moderate 3.1 1.9 6.1 2.7 1.4 8.0 0.9 0.6 1.5 8.5 6.9 10.4 1,942 1,717 2,234

None 3.4 2.2 5.4 2.2 1.2 4.4 1.2 0.9 1.7 8.6 7.1 11.2 2,039 1,763 2,426

Marijuana use since last visit

Yes 3.4 2.2 7.9 2.6 1.4 7.6 1.0 0.7 1.6 7.8 6.5 9.9 2,019 1,704 2,301

No 3.2 2.0 6.0 2.6 1.3 7.0 1.0 0.7 1.5 8.7 7.1 11.1 1,959 1,732 2,257

Amyl nitrates use since last visit

Yes 2.9 1.9 7.4 2.6 1.4 9.5 0.9 0.6 1.3 8.6 7.0 11.0 1,879 1,674 2,205

No 3.3 2.1 6.1 2.6 1.4 6.9 1.0 0.7 1.6 8.5 6.9 10.5 1,991 1,738 2,294

Stimulant use since last visit
e

Yes 3.7 2.4 7.8 2.3 1.3 6.1 1.1 0.7 1.7 7.9 6.6 10.7 2,035 1,744 2,347

No 3.1 2.0 6.1 2.7 1.4 7.7 0.9 0.7 1.4 8.6 7.0 10.7 1,951 1,715 2,250

Risky sex since last visit
f

Yes 3.3 2.2 6.9 2.8 1.4 7.9 0.9 0.6 1.4 8.5 6.9 11.0 1,954 1,730 2,241

No 3.1 1.9 5.9 2.3 1.3 6.8 1.0 0.7 1.7 8.5 6.9 10.4 1,991 1,734 2,295

Sexually transmitted infection since 

last visit
g

Yes 3.2 1.9 9.0 2.8 1.5 11.9 0.9 0.6 1.3 8.6 7.2 10.6 1,961 1,755 2,234

No 3.2 2.1 6.1 2.6 1.3 6.9 1.0 0.7 1.6 8.4 6.9 10.7 1,970 1,718 2,274

Morbidities (2001 - 2009)

Persistent diabetes mellitus
h

Yes 3.8 2.5 4.7 1.9 1.1 3.1 1.4 0.9 2.2 8.9 7.4 12.0 2,013 1,819 2,237

No 3.2 2.1 6.7 2.8 1.4 7.4 1.0 0.7 1.6 8.6 6.9 11.2 1,996 1,734 2,330

Uncontrolled diabetes
k

Yes 3.9 2.6 5.2 2.0 1.2 3.5 1.1 0.8 1.9 9.0 7.2 12.0 2,031 1,818 2,299

No 3.2 2.1 7.5 2.8 1.4 7.7 1.0 0.7 1.6 8.1 6.8 10.3 1,944 1,697 2,264

Persistent hypertension
i

Yes 3.1 1.9 6.0 2.6 1.4 6.5 1.1 0.8 1.9 9.0 7.2 12.0 2,022 1,774 2,338

No 3.4 2.3 6.7 2.8 1.4 7.3 1.0 0.7 1.6 8.2 6.8 10.3 1,973 1,714 2,277

Uncontrolled hypertension
l

Yes 3.0 1.9 5.5 2.3 1.2 5.2 1.2 0.8 2.2 9.2 7.5 12.3 2,038 1,819 2,338

No 3.3 2.2 7.4 2.9 1.4 7.9 0.9 0.6 1.4 8.2 6.7 10.5 1,964 1,709 2,257

Total cholesterol, mg/dl
J

Borderline-High (≥ 200) 3.4 2.3 10.3 3.1 1.6 13.3 1.1 0.7 1.8 8.6 6.9 11.3 1,926 1,706 2,204

 Desirable (< 200) 3.2 2.0 5.6 2.4 1.3 5.4 1.0 0.7 1.7 8.7 7.0 11.2 2,038 1,754 2,357
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Characteristics

N above LLOD
a

587 620 697 541 871

Sociodemographics Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %)
Median 

(mg/L)
(25

th
 % 75

th
 %)

Overall 1.3 0.9 2.1 1.1 0.7 2.1 0.7 0.5 1.4 0.5 0.3 0.9 1.1 0.5 2.4

Age categories (years)

≤30 1.4 1.0 1.8 1.1 0.8 1.7 0.6 0.5 0.9 0.5 0.3 1.1 1.0 0.6 2.4

30.1 ≤ 40 1.5 1.0 2.7 1.1 0.7 2.3 0.8 0.5 1.4 0.5 0.3 0.8 0.9 0.5 2.3

40.1 ≤ 50 1.2 0.9 1.8 1.0 0.7 2.1 0.7 0.4 1.4 0.5 0.3 0.9 1.2 0.6 2.7

50.1 ≤ 60 1.3 1.0 2.1 1.2 0.7 2.2 0.8 0.5 1.4 0.5 0.2 0.8 1.1 0.5 2.3

60.1 ≤ 70 1.4 0.9 2.2 1.0 0.7 2.0 0.7 0.4 1.7 0.5 0.3 1.1 0.9 0.6 3.0

70.1 + 0.8 0.7 1.3 1.4 0.6 2.6 0.5 0.4 1.7 0.6 0.4 0.8 0.9 0.4 2.7

Race 

Non-black 1.3 1.0 2.1 1.1 0.7 2.2 0.7 0.5 1.3 0.5 0.3 0.9 1.0 0.5 2.2

Black 1.3 0.9 2.0 1.1 0.8 2.0 0.7 0.4 1.4 0.5 0.3 0.9 1.3 0.6 3.0

Education (at baseline) 

Four-year college degree or higher 1.3 0.9 2.2 1.0 0.7 2.1 0.7 0.5 1.3 0.5 0.3 0.9 1.0 0.5 2.3

Less than college degree 1.3 1.0 1.9 1.1 0.7 2.1 0.7 0.4 1.5 0.5 0.3 0.9 1.2 0.6 2.6

Body mass index  at blood sampling, 

kg/m
2

Obese (≥30) 1.3 1.0 2.0 1.0 0.6 1.9 0.7 0.5 1.3 0.6 0.3 1.3 2.2 1.1 4.3

Overweight (25 - 29.9) 1.3 0.9 2.3 1.1 0.7 2.2 0.7 0.5 1.7 0.5 0.3 0.9 1.1 0.6 2.0

Normal/underweight (≤ 24.9) 1.3 0.9 1.9 1.1 0.7 2.2 0.7 0.5 1.3 0.5 0.3 0.9 0.8 0.4 1.9

Hepatitis C infection at blood 

sampling

Chronic 1.4 1.0 2.3 0.9 0.6 1.9 0.7 0.4 1.4 0.4 0.3 0.8 0.9 0.5 2.1

Antibody (Ab+) only 1.4 1.2 2.0 0.9 0.7 1.3 0.6 0.4 0.8 0.4 0.3 0.5 1.9 1.0 4.0

Negative 1.3 0.9 2.0 1.1 0.7 2.3 0.7 0.5 1.5 0.5 0.3 1.0 1.1 0.5 2.4

Depressive symptoms
c

Yes 1.4 1.0 2.1 1.2 0.7 2.5 0.7 0.4 1.4 0.5 0.3 0.9 1.2 0.6 2.4

No 1.3 0.9 2.1 1.0 0.7 2.0 0.7 0.5 1.4 0.5 0.3 0.9 1.0 0.5 2.4

Study site

Baltimore/Washington D.C. 1.1 0.8 1.6 1.0 0.7 1.8 0.6 0.4 0.9 0.4 0.2 0.6 1.3 0.6 3.0

Chicago 1.4 0.9 2.2 1.4 0.9 4.4 1.3 0.7 2.5 0.5 0.2 1.3 1.1 0.6 2.2

Pittsburgh 1.4 1.0 2.1 1.1 0.7 2.1 0.7 0.5 1.3 0.6 0.4 0.9 1.0 0.5 2.4

Los Angeles 1.4 1.1 2.2 0.8 0.6 1.4 0.5 0.3 0.7 0.5 0.3 0.9 1.0 0.5 2.2

Time of blood draw

A.M. 1.3 1.0 2.2 1.0 0.7 2.2 0.7 0.5 1.7 0.5 0.3 1.0 1.1 0.5 2.3

P.M. 1.3 0.9 2.0 1.1 0.7 2.1 0.7 0.4 1.1 0.4 0.3 0.8 1.2 0.6 2.7

IFN-γ GMCSF IL-2 IL-1β C-reactive protein
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Behaviors 
Median (25

th
 % 75

th
 %) Median (25

th
 % 75

th
 %) Median (25

th
 % 75

th
 %) Median (25

th
 % 75

th
 %) Median (25

th
 % 75

th
 %)

Smoking status at blood sampling

Current 1.3 0.9 2.0 1.2 0.8 2.3 0.8 0.4 1.6 0.5 0.3 0.9 1.3 0.7 2.7

Former 1.3 0.9 2.1 1.0 0.6 1.9 0.7 0.5 1.2 0.4 0.3 0.9 1.0 0.5 2.3

Never 1.3 1.0 2.2 1.1 0.7 2.1 0.7 0.5 1.1 0.5 0.3 0.7 1.0 0.5 2.2

Drinking classification at blood 

sampling
d

Binge 1.3 1.0 1.9 1.5 0.8 2.3 0.9 0.5 1.9 0.5 0.3 0.9 1.3 0.6 2.9

Moderate-heavy 1.3 0.9 2.1 1.0 0.7 2.1 0.7 0.4 1.3 0.5 0.3 1.0 1.2 0.6 2.3

Low-moderate 1.4 0.9 2.2 1.0 0.7 2.2 0.7 0.5 1.4 0.5 0.3 0.9 1.0 0.5 2.2

None 1.2 0.9 1.9 1.2 0.7 1.8 0.7 0.4 1.1 0.5 0.3 0.9 1.1 0.5 3.6

Marijuana use since last visit

Yes 1.4 1.0 1.9 1.1 0.7 2.2 0.8 0.4 1.6 0.5 0.3 0.9 1.2 0.6 2.3

No 1.3 0.9 2.2 1.1 0.7 2.1 0.7 0.5 1.3 0.5 0.3 0.9 1.1 0.5 2.6

Amyl nitrates use since last visit

Yes 1.3 0.9 2.2 1.2 0.7 2.8 0.7 0.4 1.2 0.5 0.3 1.2 1.1 0.6 2.6

No 1.3 0.9 2.0 1.1 0.7 2.0 0.7 0.5 1.5 0.5 0.3 0.9 1.1 0.5 2.3

Stimulant use since last visit
e

Yes 1.3 1.0 2.0 1.0 0.7 2.1 0.8 0.4 1.5 0.5 0.3 0.9 1.4 0.7 2.6

No 1.3 0.9 2.1 1.1 0.7 2.1 0.7 0.5 1.3 0.5 0.3 0.9 1.0 0.5 2.4

Risky sex since last visit
f

Yes 1.3 0.9 2.0 1.1 0.7 2.2 0.7 0.5 1.2 0.5 0.3 0.9 1.1 0.5 2.4

No 1.3 0.9 2.1 1.1 0.7 1.9 0.8 0.5 1.5 0.5 0.3 0.9 1.2 0.5 2.7

Sexually transmitted infection since 

last visit
g

Yes 1.4 1.0 2.2 1.2 0.8 2.7 0.7 0.5 1.6 0.4 0.2 0.8 0.9 0.5 2.3

No 1.3 0.9 2.0 1.1 0.7 2.1 0.7 0.4 1.3 0.5 0.3 0.9 1.2 0.6 2.5

Morbidities (2001 - 2009)

Persistent diabetes mellitus
h

Yes 1.3 1.0 1.9 0.9 0.6 1.7 0.7 0.5 1.5 0.7 0.4 1.4 2.5 1.1 5.8

No 1.3 0.9 2.0 1.1 0.7 2.1 0.7 0.4 1.4 0.5 0.3 0.9 1.2 0.5 2.7

Uncontrolled diabetes
k

Yes 1.5 1.0 2.1 0.9 0.6 1.4 0.7 0.4 1.2 0.5 0.3 1.3 2.7 1.3 6.4

No 1.3 1.0 1.9 1.1 0.7 2.7 0.7 0.4 1.5 0.5 0.3 1.0 1.2 0.5 2.7

Persistent hypertension
i

Yes 1.3 0.9 1.9 1.0 0.7 2.2 0.7 0.5 1.5 0.5 0.3 1.2 1.2 0.6 2.9

No 1.3 1.0 2.1 1.1 0.7 2.0 0.7 0.4 1.4 0.5 0.3 0.8 1.2 0.5 2.9

Uncontrolled hypertension
l

Yes 1.3 0.9 2.0 1.1 0.7 2.2 0.8 0.4 1.7 0.5 0.3 1.3 1.4 0.7 3.1

No 1.3 0.9 2.0 1.1 0.7 1.9 0.7 0.4 1.3 0.5 0.3 0.8 1.2 0.5 2.9

Total cholesterol, mg/dl
J

Borderline-High (≥ 200) 1.4 1.0 2.1 1.1 0.7 2.0 0.7 0.5 1.5 0.5 0.3 0.9 1.3 0.7 3.4

 Desirable (< 200) 1.3 0.9 2.0 1.1 0.7 2.2 0.7 0.4 1.4 0.5 0.3 0.9 1.2 0.5 2.6
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a Number of visits for which the biomarker was above the LLOD. 

b Center for Epidemiologic Studies Depression Scale (CES-D) score 10-item version (possible range 0 – 30 points). 

c Presence of depressive symptoms was defined as CES-D score ≥ 16. 

d Binge drinking was defined as ≥ 5 drinks/day for ≥ 1 month; moderate-heavy drinking was defined as 3 – 4 drinks/day for > 1 

month, or ≥ 5 drinks/day per month; low-moderate drinking was defined as1 - 2 drinks/day or 3 - 4 drinks/day for ≤ 1 month. 

e Stimulants were defined as cocaine, ecstasy, methamphetamines, or any other upper. 

f Risky sex was defined as ≥ 2 partners [male or female] in the past six months. 

g Sexually-transmitted infection was defined as any diagnosis of herpes, syphilis, genital warts, or gonorrhea since the last visit. 

h Persistent diabetes defined as having a history of diabetes (fasting glucose > 126 mg/dL, HbA1c ≥ 6.5%, or use of diabetic 

medications) on at least 2 occasions prior to the draw date. 

i Persistent hypertension defined as having a history of hypertension (systolic blood pressure (SBP) ≥ 140 mm Hg, diastolic blood 

pressure (DBP) ≥ 90 mm Hg, or use of anti-hypertensive medications) on at least two previous occasions from the blood sampling 

date.  

j Fasting cholesterol. 

k Fasting glucose > 126 mg/dL or HbA1c >= 6.5% at blood sampling visit. 

l SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg at blood sampling.  
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Supplemental Table 3.1.C. Soluble markers: Median (IQR: 25%, 75%) of detectable levels for selected sociodemographic, behavior, 

and morbidity characteristics for 250 HIV-uninfected men, Multicenter AIDS Cohort Study, 1984 – 2009. 

 

Characteristics sCD14 (pg/mL) sgp130 sIL-2Rα sCD27 sTNF-R2

N above LLOD
a 970 971 971 971 971

Sociodemographics Median  (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %) Median (25
th

 % 75
th

 %)

Overall 2.1E+06 1.8E+06 2.5E+06 2.5E+05 2.3E+05 2.9E+05 1,382 1,139 1,739 9,067 7,491 11,442 2,303 1,868 2910

Age categories (years)

≤30 2.2E+06 1.9E+06 2.5E+06 2.5E+05 2.3E+05 2.8E+05 1,310 1,108 1,602 8,332 6,773 9,855 2,009 1,688 2500

30.1 ≤ 40 2.1E+06 1.8E+06 2.5E+06 2.5E+05 2.3E+05 2.8E+05 1,330 1,148 1,621 8,543 7,174 10,812 2,101 1,718 2564

40.1 ≤ 50 2.0E+06 1.8E+06 2.4E+06 2.5E+05 2.3E+05 2.9E+05 1,376 1,135 1,749 9,075 7,578 11,245 2,283 1,882 2892

50.1 ≤ 60 2.1E+06 1.9E+06 2.6E+06 2.7E+05 2.3E+05 3.0E+05 1,412 1,147 1,794 9,703 7,654 12,390 2,449 1,951 3122

60.1 ≤ 70 2.4E+06 1.9E+06 2.7E+06 2.6E+05 2.3E+05 3.0E+05 1,425 1,185 2,015 9,844 8,246 13,957 2,613 2,138 3793

70.1 + 2.4E+06 1.8E+06 2.9E+06 2.6E+05 2.2E+05 3.0E+05 1,793 1,304 2,081 9,920 8,414 14,139 3,179 2,257 4110

Race 

Non-black 2.1E+06 1.8E+06 2.5E+06 2.5E+05 2.3E+05 2.8E+05 1,372 1,129 1,680 8,627 7,259 10,732 2,221 1,819 2729

Black 2.1E+06 1.7E+06 2.5E+06 2.6E+05 2.3E+05 3.1E+05 1,408 1,149 1,795 10,114 7,977 12,693 2,433 1,933 3170

Education (at baseline) 

Four-year college degree or 

higher
2.1E+06 1.8E+06 2.4E+06 2.5E+05 2.3E+05 2.8E+05 1,321 1,084 1,656 8,506 7,079 10,607 2,185 1,828 2649

Less than college degree 2.1E+06 1.8E+06 2.5E+06 2.6E+05 2.3E+05 3.0E+05 1,449 1,173 1,795 9,811 7,946 12,198 2,409 1,906 3152

Body mass index  at blood 

sampling, kg/m
2

≥30 2.1E+06 1.8E+06 2.6E+06 2.7E+05 2.4E+05 3.1E+05 1,425 1,144 1,826 9,240 7,415 12,248 2,594 2,045 3329

25 - 29.9 2.1E+06 1.8E+06 2.4E+06 2.5E+05 2.3E+05 2.9E+05 1,377 1,139 1,731 9,158 7,590 11,330 2,311 1,895 2865

≤ 24.9 2.1E+06 1.8E+06 2.5E+06 2.5E+05 2.3E+05 2.8E+05 1,363 1,136 1,702 8,929 7,439 11,394 2,171 1,771 2735

Hepatitis C infection at blood 

sampling

Chronic 2.2E+06 1.9E+06 2.6E+06 2.9E+05 2.5E+05 3.4E+05 1,755 1,383 2,103 11,864 9,744 15,507 2,823 2,387 3830

Cleared 2.4E+06 2.0E+06 2.7E+06 2.6E+05 2.3E+05 3.0E+05 1,497 1,227 1,996 10,066 8,482 12,386 2,589 2,049 3419

Negative 2.1E+06 1.8E+06 2.4E+06 2.5E+05 2.3E+05 2.8E+05 1,297 1,074 1,560 8,391 6,957 10,327 2,126 1,750 2609

Depressive symptoms
c

Yes 2.1E+06 1.8E+06 2.5E+06 2.6E+05 2.3E+05 3.0E+05 1,493 1,184 1,799 9,855 8,149 12,360 2,413 2,008 2959

No 2.1E+06 1.8E+06 2.5E+06 2.5E+05 2.3E+05 2.9E+05 1,347 1,111 1,697 8,713 7,190 11,221 2,244 1,808 2869

Study site

Baltimore/Washington D.C. 2.2E+06 1.9E+06 2.7E+06 2.6E+05 2.4E+05 2.9E+05 1,429 1,175 1,788 9,236 7,744 11,985 2,441 2,000 3145

Chicago 2.1E+06 1.8E+06 2.4E+06 2.5E+05 2.3E+05 2.8E+05 1,316 1,105 1,667 8,717 7,261 10,853 2,214 1,876 2724

Pittsburgh 2.1E+06 1.8E+06 2.5E+06 2.6E+05 2.3E+05 2.9E+05 1,360 1,124 1,694 8,940 7,325 11,472 2,287 1,824 2860

Los Angeles 2.0E+06 1.7E+06 2.4E+06 2.4E+05 2.2E+05 2.9E+05 1,425 1,134 1,851 9,451 7,719 12,065 2,246 1,795 2990

Time of blood draw

A.M. 2.1E+06 1.8E+06 2.4E+06 2.5E+05 2.3E+05 2.9E+05 1,370 1,133 1,693 9,000 7,542 11,373 2,286 1,854 2878

P.M. 2.1E+06 1.8E+06 2.5E+06 2.6E+05 2.3E+05 2.9E+05 1,401 1,149 1,773 9,144 7,421 11,479 2,327 1,883 2930

SOLUBLE MARKERS 
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Behaviors Median  (25
th

 % 75
th

 %) Median  (25
th

 % 75
th

 %) Median  (25
th

 % 75
th

 %) Median  (25
th

 % 75
th

 %) Median  (25
th

 % 75
th

 %)

Smoking status at blood 

sampling

Current 2.2E+06 1.8E+06 2.6E+06 2.6E+05 2.3E+05 3.0E+05 1,451 1,158 1,842 9,901 8,109 12,324 2,407 1,966 3,071

Former 2.1E+06 1.8E+06 2.5E+06 2.5E+05 2.3E+05 2.8E+05 1,344 1,104 1,669 8,516 7,105 10,755 2,162 1,774 2,751

Never 2.1E+06 1.8E+06 2.4E+06 2.5E+05 2.3E+05 2.8E+05 1,360 1,145 1,666 8,579 7,193 10,774 2,287 1,862 2,730

Drinking classification at 

blood sampling
d

Binge 2.2E+06 1.8E+06 2.6E+06 2.6E+05 2.3E+05 3.0E+05 1,440 1,154 1,799 9,750 8,033 12,119 2,400 1,817 2,835

Moderate-heavy 2.2E+06 1.8E+06 2.5E+06 2.6E+05 2.3E+05 2.9E+05 1,313 1,084 1,586 8,391 6,811 10,705 2,102 1,765 2,649

Low-moderate 2.1E+06 1.8E+06 2.5E+06 2.5E+05 2.2E+05 2.8E+05 1,375 1,157 1,689 8,799 7,515 11,111 2,257 1,857 2,792

None 2.0E+06 1.7E+06 2.4E+06 2.6E+05 2.3E+05 2.9E+05 1,495 1,138 2,061 10,363 8,097 12,995 2,624 2,136 3,651

Marijuana use since last visit

Yes 2.1E+06 1.8E+06 2.5E+06 2.5E+05 2.2E+05 2.9E+05 1,335 1,135 1,691 8,881 7,336 10,812 2,204 1,819 2,681

No 2.1E+06 1.8E+06 2.5E+06 2.6E+05 2.3E+05 2.9E+05 1,400 1,143 1,750 9,163 7,588 11,866 2,358 1,892 3,019

Amyl nitrates use since last 

visit

Yes 2.1E+06 1.8E+06 2.5E+06 2.5E+05 2.3E+05 2.8E+05 1,293 1,070 1,532 8,339 6,869 9,912 2,127 1,767 2,649

No 2.1E+06 1.8E+06 2.5E+06 2.6E+05 2.3E+05 2.9E+05 1,405 1,157 1,770 9,326 7,590 11,843 2,343 1,897 2,979

Stimulant use since last visit
e

Yes 2.2E+06 1.7E+06 2.5E+06 2.7E+05 2.3E+05 3.2E+05 1,464 1,201 1,869 10,062 8,302 13,124 2,448 2,005 3,132

No 2.1E+06 1.8E+06 2.5E+06 2.5E+05 2.3E+05 2.8E+05 1,369 1,118 1,687 8,776 7,336 11,167 2,257 1,827 2,845

Risky sex since last visit
f

Yes 2.1E+06 1.8E+06 2.5E+06 2.6E+05 2.3E+05 2.9E+05 1,387 1,140 1,712 9,076 7,580 11,239 2,320 1,884 2,869

No 2.1E+06 1.8E+06 2.5E+06 2.5E+05 2.3E+05 2.9E+05 1,369 1,138 1,755 9,059 7,350 11,786 2,283 1,853 2,966

Sexually transmitted infection 

since last visit
g

Yes 2.1E+06 1.9E+06 2.4E+06 2.5E+05 2.3E+05 2.8E+05 1,423 1,153 1,731 8,866 7,438 10,601 2,385 1,892 3,015

No 2.1E+06 1.8E+06 2.5E+06 2.6E+05 2.3E+05 2.9E+05 1,378 1,137 1,741 9,115 7,513 11,597 2,287 1,854 2,878

Morbidities (2001 - 2009)

Persistent diabetes mellitus
h

Yes 2.4E+06 2.0E+06 2.7E+06 2.7E+05 2.3E+05 3.1E+05 1,395 1,185 1,793 11,135 8,797 13,972 2,677 2,125 3,548

No 2.1E+06 1.8E+06 2.5E+06 2.6E+05 2.3E+05 2.9E+05 1,410 1,147 1,780 9,426 7,745 11,843 2,386 1,939 2,968

Uncontrolled diabetes
k

Yes 2.3E+06 2.0E+06 2.6E+06 2.7E+05 2.3E+05 3.2E+05 1,429 1,213 1,800 11,111 9,122 14,056 2,677 2,115 3,608

No 2.1E+06 1.8E+06 2.5E+06 2.6E+05 2.3E+05 2.9E+05 1,410 1,147 1,780 9,433 7,745 11,843 2,387 1,939 2,968

Persistent hypertension
i

Yes 2.1E+06 1.8E+06 2.6E+06 2.6E+05 2.3E+05 3.0E+05 1,428 1,165 1,794 9,445 7,720 11,628 2,484 2,032 3,234

No 2.1E+06 1.8E+06 2.4E+06 2.5E+05 2.3E+05 2.9E+05 1,392 1,143 1,775 9,444 7,720 11,616 2,338 1,860 2,847

Uncontrolled hypertension
l

Yes 2.1E+06 1.8E+06 2.6E+06 2.7E+05 2.4E+05 3.0E+05 1,497 1,179 1,806 9,273 8,076 12,650 2,458 1,997 3,209

No 2.1E+06 1.8E+06 2.4E+06 2.5E+05 2.3E+05 2.9E+05 1,391 1,143 1,775 9,445 7,720 11,628 2,339 1,860 2,847

Total cholesterol, mg/dl
J

Borderline-High (≥ 200) 2.1E+06 1.8E+06 2.5E+06 2.6E+05 2.3E+05 2.9E+05 1,381 1,130 1,615 8,966 7,310 11,124 2,305 1,855 2,819

 Desirable (< 200) 2.1E+06 1.8E+06 2.6E+06 2.6E+05 2.3E+05 3.0E+05 1,429 1,162 1,858 9,916 8,158 12,623 2,437 1,990 3,154
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a Number of visits for which the biomarker was above the LLOD. 

b Center for Epidemiologic Studies Depression Scale (CES-D) score 10-item version (possible range 0 – 30 points). 

c Presence of depressive symptoms was defined as CES-D score ≥ 16. 

d Binge drinking was defined as ≥ 5 drinks/day for ≥ 1 month; moderate-heavy drinking was defined as 3 – 4 drinks/day for > 1 

month, or ≥ 5 drinks/day per month; low-moderate drinking was defined as1 - 2 drinks/day or 3 - 4 drinks/day for ≤ 1 month. 

e Stimulants were defined as cocaine, ecstasy, methamphetamines, or any other upper. 

f Risky sex was defined as ≥ 2 partners [male or female] in the past six months. 

g Sexually-transmitted infection was defined as any diagnosis of herpes, syphilis, genital warts, or gonorrhea since the last visit. 

h Persistent diabetes defined as having a history of diabetes (fasting glucose > 126 mg/dL, HbA1c ≥ 6.5%, or use of diabetic 

medications) on at least 2 occasions prior to the draw date. 

i Persistent hypertension defined as having a history of hypertension (systolic blood pressure (SBP) ≥ 140 mm Hg, diastolic blood 

pressure (DBP) ≥ 90 mm Hg, or use of anti-hypertensive medications) on at least two previous occasions from the blood sampling 

date.  

j Fasting cholesterol. 

k Fasting glucose > 126 mg/dL or HbA1c >= 6.5% at blood sampling visit. 

l SBP ≥ 140 mm Hg or DBP ≥ 90 mm Hg at blood sampling. 
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Supplemental Table 3.2. Pair-wise Spearman rank coefficients for correlations between cytokines, chemokines, C-reactive protein, 

and soluble receptors among 250 HIV-uninfected men in the Multicenter AIDS Cohort Study, 1984 – 2009a. 

 

a Concentrations were taken at the last available marker measurement for each of the 250 HIV-uninfected men.  

Values in bold and italicized are significant at p ≤ 0.05. The color gradient illustrates magnitude of the correlation (darker red 

indicating positive correlations and blue indicating inverse correlations). 

 

Abbreviations: BAFF, B-cell activating factor; BLC, B lymphocyte chemoattractant; CRP, C-reactive protein; CXCL13, C-X-C motif 

chemokine 13; GM-CSF, granulocyte-macrophage colony-stimulating factor; IFN-γ, interferon γ; IL-8, interleukin 8; IP-10, 

Eotaxin IL-8 IP-10 MCP-1 MCP-4 MIP-1β TARC CXCL13 GM-CSF BAFF IFN-γ IL-10 IL-12p70 IL-1β IL-2 IL-6 TNF-α CRP sCD14 sgp130 sIL-2rα sCD27 sTNF-R2

Eotaxin 1

IL-8 0.17 1

IP-10 -0.08 -0.09 1

MCP-1 0.69 0.28 0.04 1

MCP-4 0.26 0.06 -0.02 0.33 1

MIP-1β -0.08 0.19 0.20 -0.04 0.09 1

TARC 0.10 -0.03 -0.01 -0.06 0.32 0.19 1

CXCL13 -0.13 -0.17 0.07 -0.13 0.04 -0.05 0.07 1

GM-CSF 0.07 0.34 -0.07 0.04 0.01 0.20 0.03 -0.02 1

BAFF -0.03 -0.03 0.26 0.04 -0.02 -0.04 0.03 0.28 -0.04 1

IFN-γ 0.05 0.01 0.31 0.06 -0.02 0.13 0.07 0.04 0.09 0.22 1

IL-10 0.00 0.04 0.27 0.11 0.03 0.11 0.13 0.01 0.08 0.21 0.26 1

IL-12p70 0.07 0.22 0.03 0.17 0.00 0.07 0.07 -0.08 0.15 0.13 0.16 0.64 1

IL-1β -0.03 0.33 -0.03 0.06 0.05 0.17 -0.05 -0.05 0.44 0.00 0.01 0.22 0.24 1

IL-2 0.12 0.46 -0.03 0.15 0.12 0.12 0.00 -0.03 0.40 0.06 0.05 0.22 0.32 0.46 1

IL-6 -0.06 0.29 0.14 0.06 0.05 0.27 0.14 -0.06 0.35 0.24 0.14 0.23 0.26 0.43 0.38 1

TNF-α 0.09 0.17 0.33 0.17 0.03 0.28 0.08 -0.11 0.27 0.20 0.22 0.28 0.20 0.28 0.24 0.48 1

CRP 0.02 0.12 -0.07 0.07 0.00 0.05 0.13 -0.14 0.15 0.12 0.15 0.12 0.15 0.26 0.15 0.35 0.22 1

sCD14 -0.10 -0.02 0.16 -0.02 -0.06 0.05 0.04 0.00 0.00 0.33 0.21 0.13 0.15 -0.06 0.07 0.11 0.19 0.17 1

sgp130 -0.11 -0.07 0.27 -0.06 -0.07 0.01 0.01 0.20 -0.12 0.37 0.06 0.09 0.09 -0.06 -0.05 0.03 0.00 -0.05 0.28 1

sIL-2rα -0.06 0.01 0.33 0.02 -0.08 0.06 0.03 0.06 -0.06 0.55 0.28 0.24 0.16 0.05 0.07 0.31 0.36 0.14 0.42 0.39 1

sCD27 -0.05 -0.04 0.33 -0.08 -0.07 0.01 0.13 0.14 -0.10 0.42 0.19 0.20 0.07 -0.05 0.06 0.21 0.25 0.06 0.43 0.42 0.70 1

sTNF-R2 0.02 0.07 0.43 0.06 -0.07 0.11 0.07 -0.05 0.04 0.52 0.23 0.25 0.14 0.03 0.17 0.32 0.40 0.16 0.47 0.44 0.74 0.75 1



 

 142 

interferon-gamma induced protein; MCP-4, monocyte chemotactic protein; MIP-1β, macrophage inflammatory protein-1 beta; TARC, 

thymus and activation regulated chemokine; sCD14, soluble CD14; sgp130, soluble gp130; TNF-α, tumor necrosis factor α; sTNF-R2, 

soluble tumor necrosis. 
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Supplemental Table 3.3. Sensitivity analyses: Coefficients from linear mixed models of the Immune Activation and Inflammation 

factor scores, Multicenter AIDS Cohort Study, 1984 – 2009.  

 

 

Characteristic
%           

(n = 971)
β

a 95% CI p- value β
a 95% CI p- value

Cumulative pack-years of smoking

none 34.9 0 Referent 0 Referent 

0.1- 5.7 15.1 0.01 (-0.24, 0.26) 0.953 0.01 (-0.28, 0.30) 0.946

5.8 - 23.1 24.9 0.19 (-0.05, 0.44) 0.125 0.30 (0.01, .58) 0.040

23.2 + 25.0 0.11 (-0.14, 0.36) 0.402 0.16 (-0.12, 0.45) 0.268

Uncontrolled depressive symptoms
c

No 75.5 0 Referent 0 Referent 

Yes 24.5 0.11 (-0.02, 0.25) 0.087 0.11  (-0.04, 0.26) 0.140

Depression and depressive symptoms
d

No 63.4 0 Referent 0 Referent 

Yes 36.6 0.09 (-0.02, 0.2) 0.110 0.15  (0.02, 0.28) 0.030

β
b 95% CI p- value β

b 95% CI p- value

% high density lipoprotein (quartiles)

0 - 21.7 24.5 0 Referent 0 Referent 

21.8 - 26.2 25.4 -0.13 (-0.32, 0.06) 0.19 -0.11 (-0.36, 0.14) 0.381

26.3 - 33.3 24.3 -0.24 (-0.45, -0.04) 0.02 -0.12 (-0.39, 0.14) 0.358

33.3 + 25.4 -0.17 (-0.40, 0.07) 0.18 0.06 (-0.24, 0.36) 0.700

% low density lipoprotein (quartiles) 

0 - 54.1 25.6 0 Referent 0 Referent 

54.2 - 60.2 24.3 -0.07 (-0.26, 0.18) 0.453 -0.14 (-0.39, 0.11) 0.264

60.3 - 66.1 25.0 -0.15 (-0.34, 0.04) 0.122 -0.17 (-0.42, 0.08) 0.193

66.1 + 25.2 -0.07 (-0.29, 0.15) 0.532 -0.12 (-0.40, 0.16) 0.410

Immune Activation Factor Inflammation Factor 
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a Models are adjusted for study center, age, race, education, blood draw time, body mass index, hepatitis C infection status, smoking 

status, alcohol consumption, use of recreational drugs, presence of depressive symptoms. 

b Models are adjusted for study center, age, race, education, blood draw time, body mass index, hepatitis C infection status, smoking 

status, alcohol consumption, use of recreational drugs, presence of depressive symptoms, diabetes, and hypertension. Study sample 

was restricted to 2001 – 2009 person-visits. 

c Uncontrolled depression (excluding those not taking depression medication), total number of person-visits = 813. 

d Depressed and depressive symptoms was defined as those with CES-D ≥ 16 and those taking medication for depression.  
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Supplemental Figures 3.1.A – 3.1.P. Relative percentiles and 95% confidence intervals from univariate (left panel) and multivariate 

(right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are adjusted for 

age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, hepatitis C 

status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, hypertension, and 

hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the markers maintain that 

order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically significant at the p < 0.002 

level. Horizontal line indicates unity.  

 
A. AGE: 5-year intervals, ref = 46 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate (left panel) and 

multivariate (right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are 

adjusted for age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, 

hepatitis C status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, 

hypertension, and hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the 

markers maintain that order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically 

significant at the p < 0.002 level. Horizontal line indicates unity.  

B. RACE: Non-blacks vs. blacks 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate (left panel) and 

multivariate (right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are 

adjusted for age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, 

hepatitis C status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, 

hypertension, and hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the 

markers maintain that order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically 

significant at the p < 0.002 level. Horizontal line indicates unity.  

C. BODY MASS INDEX:  

i.        Overweight vs. normal 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate (left panel) and 

multivariate (right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are 

adjusted for age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, 

hepatitis C status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, 

hypertension, and hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the 

markers maintain that order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically 

significant at the p < 0.002 level. Horizontal line indicates unity. 

ii. Obese vs. normal 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate (left panel) and 

multivariate (right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are 

adjusted for age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, 

hepatitis C status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, 

hypertension, and hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the 

markers maintain that order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically 

significant at the p < 0.002 level. Horizontal line indicates unity. 

D. HEPATITIS C INFECTION STATUS: 

i. Ab+ only (cleared) vs. negative 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate (left panel) and 

multivariate (right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are 

adjusted for age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, 

hepatitis C status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, 

hypertension, and hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the 

markers maintain that order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically 

significant at the p < 0.002 level. Horizontal line indicates unity. 

ii.  Chronic vs. negative 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate and multivariate 

models examining the effect of each characteristic on individual biomarker levels. Univariate models are adjusted for age, blood draw 

time, and study center. Multivariate models additionally adjust for race, education, body mass index, hepatitis C status, presence of 

depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, hypertension, and hypercholesterolemia. 

In each univariate plot, the markers are ordered according to increasing estimate size; the markers maintain that order in the 

multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically significant at the p < 0.002 level. 

Horizontal line indicates unity. 

iii. Cleared (Ab+) vs. chronic 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate (left panel) and 

multivariate (right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are 

adjusted for age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, 

hepatitis C status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, 

hypertension, and hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the 

markers maintain that order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically 

significant at the p < 0.002 level. Horizontal line indicates unity. 

E. SMOKING: 

i. Former vs. never 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate (left panel) and 

multivariate (right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are 

adjusted for age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, 

hepatitis C status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, 

hypertension, and hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the 

markers maintain that order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically 

significant at the p < 0.002 level. Horizontal line indicates unity. 

ii. Current vs. never 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate (left panel) and 

multivariate (right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are 

adjusted for age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, 

hepatitis C status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, 

hypertension, and hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the 

markers maintain that order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically 

significant at the p < 0.002 level. Horizontal line indicates unity. 

F. ALCOHOL CONSUMPTION: 

i. Moderate-heavy vs. none 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate (left panel) and 

multivariate (right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are 

adjusted for age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, 

hepatitis C status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, 

hypertension, and hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the 

markers maintain that order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically 

significant at the p < 0.002 level. Horizontal line indicates unity. 

ii. Binge vs. none 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate (left panel) and 

multivariate (right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are 

adjusted for age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, 

hepatitis C status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, 

hypertension, and hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the 

markers maintain that order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically 

significant at the p < 0.002 level. Horizontal line indicates unity. 

G. MARIJUANA USE: Yes vs. no 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate (left panel) and 

multivariate (right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are 

adjusted for age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, 

hepatitis C status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, 

hypertension, and hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the 

markers maintain that order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically 

significant at the p < 0.002 level. Horizontal line indicates unity. 

H. AMYL NITRATES USE: Yes vs. no 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate (left panel) and 

multivariate (right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are 

adjusted for age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, 

hepatitis C status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, 

hypertension, and hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the 

markers maintain that order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically 

significant at the p < 0.002 level. Horizontal line indicates unity. 

I. STIMULANTS USE: Yes vs. no 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate (left panel) and 

multivariate (right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are 

adjusted for age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, 

hepatitis C status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, 

hypertension, and hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the 

markers maintain that order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically 

significant at the p < 0.002 level. Horizontal line indicates unity. 

J. DEPRESSIVE SYMPTOMS: Yes vs. no 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate and multivariate 

models examining the effect of each characteristic on individual biomarker levels. Univariate models are adjusted for age, blood draw 

time, and study center. Multivariate models additionally adjust for race, education, body mass index, hepatitis C status, presence of 

depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, hypertension, and hypercholesterolemia. 

In each univariate plot, the markers are ordered according to increasing estimate size; the markers maintain that order in the 

multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically significant at the p < 0.002 level. 

Horizontal line indicates unity. 

K. DEPRESSIVE SYMPTOMS (INCLUDING MEN TAKING DEPRESSION MEDICATION): Yes vs. no 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate (left panel) and 

multivariate (right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are 

adjusted for age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, 

hepatitis C status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, 

hypertension, and hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the 

markers maintain that order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically 

significant at the p < 0.002 level. Horizontal line indicates unity. 

L. PERSISTENT DIABETES: Yes vs. no 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate and multivariate 

models examining the effect of each characteristic on individual biomarker levels. Univariate models are adjusted for age, blood draw 

time, and study center. Multivariate models additionally adjust for race, education, body mass index, hepatitis C status, presence of 

depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, hypertension, and hypercholesterolemia. 

In each univariate plot, the markers are ordered according to increasing estimate size; the markers maintain that order in the 

multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically significant at the p < 0.002 level. 

Horizontal line indicates unity. 

M. UNCONTROLLED DIABETES: Yes vs. no 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate (left panel) and 

multivariate (right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are 

adjusted for age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, 

hepatitis C status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, 

hypertension, and hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the 

markers maintain that order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically 

significant at the p < 0.002 level. Horizontal line indicates unity. 

N. PERSISTENT HYPERTENSION: Yes vs. no 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate and multivariate 

models examining the effect of each characteristic on individual biomarker levels. Univariate models are adjusted for age, blood draw 

time, and study center. Multivariate models additionally adjust for race, education, body mass index, hepatitis C status, presence of 

depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, hypertension, and hypercholesterolemia. 

In each univariate plot, the markers are ordered according to increasing estimate size; the markers maintain that order in the 

multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically significant at the p < 0.002 level. 

Horizontal line indicates unity. 

O. UNCONTROLLED HYPERTENSION: Yes vs. no 
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Supplemental Figures 3.1.A – 3.1.P. (con’t) Relative percentiles and 95% confidence intervals from univariate (left panel) and 

multivariate (right panel) models examining the effect of each characteristic on individual biomarker levels. Univariate models are 

adjusted for age, blood draw time, and study center. Multivariate models additionally adjust for race, education, body mass index, 

hepatitis C status, presence of depressive symptoms, smoking status, alcohol consumption, recreational drug use, diabetes, 

hypertension, and hypercholesterolemia. In each univariate plot, the markers are ordered according to increasing estimate size; the 

markers maintain that order in the multivariate plot to facilitate comparison. Open squares indicate estimates that are statistically 

significant at the p < 0.002 level. Horizontal line indicates unity. 

P. HYPERCHOLESTEROLEMIA: Yes vs. no 
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Supplemental Figure 3.2. A&B. Sensitivity analyses: Coefficients from linear mixed 

models of the (A) Inflammation and (B) Immune Activation factor scores, Multicenter 

AIDS Cohort Study, 1984 – 2009. 

 

A. 
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Supplemental Figure 3.2. A&B. Sensitivity analyses: Coefficients from linear mixed 

models of the (A) Inflammation and (B) Immune Activation factor scores, Multicenter 

AIDS Cohort Study, 1984 – 2009. 

 

B. 
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4.1. Abstract  

 

Background: Soluble markers of inflammation and immune activation are prognostic of 

HIV pathogenesis during chronic infection. Acute infection is associated with increased 

proinflammatory cytokine production; however, knowledge of the effect of HIV infection 

on a broader array of soluble markers, including chemokines and soluble cytokine 

receptors, within the first 3 years of infection is limited. Whether inflammatory 

biomarker concentrations early after infection are prognostic of subsequent plasma HIV 

RNA setpoint is also uncertain. 

Methods: Serum concentrations of twenty-three markers were measured in longitudinal 

specimens obtained from 273 men observed to seroconvert to HIV prior to 1996. Linear 

mixed models examined the change in biomarker concentrations from pre- to post-

seroconversion time points. Multiple linear regression was used to determine the 

association between biomarker concentrations 0 – 9 months after seroconversion with 

subsequent HIV RNA setpoint values (obtained 12- 24 months following 

seroconversion).  

Results: Significant (p < 0.002) increases in concentrations of IP-10, CXCL13, TNF-α, 

sCD27, sTNF-R2, sIL-2Rα, sCD14, BAFF, and CRP and significant decreases in GM-

CSF, MIP-1β, IL-8, and Eotaxin were observed within the first year after seroconversion.  

From 1 to 3 years after seroconversion, we observed different patterns of increasing, 

decreasing, and unchanging marker levels. Concentrations of IP-10, CXCL13, sCD27, 

sIL-2Rα, and sTNF-R2 0 – 9 months after seroconversion were positively associated with 

subsequent HIV RNA setpoint levels, as was BAFF in sensitivity analyses (0 – 6 months 
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after seroconversion). Pre-infection concentrations of sCD27 and CXCL13 were also 

associated with subsequent setpoint levels. 

Conclusion: The early response to HIV infection, particularly within the first year, 

reflects a complex mixture of inflammatory and immune activation responses, some of 

which may contribute to viral dissemination and disease progression. The identification 

of biomarkers associated with subsequent HIV RNA setpoint levels may have 

implications for current vaccine and therapeutic strategies.  
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4.2. Introduction 

 

The immune response to HIV at different stages of the disease process is complex and 

has been incompletely elucidated.  Studies suggest that early immune events during HIV 

infection are prognostic of subsequent disease progression.[1-4] Acute HIV infection is 

characterized by high levels of viremia and a substantial depletion of CD4+ T cell counts, 

particularly from the gastrointestinal tract.[5, 6]  While viral load eventually decreases to 

a relatively stable set point level, viral replication does not subside and CD4+ T cell 

counts decline progressively and, in most people, are eventually exhausted leading to the 

development of AIDS. The viral setpoint is prognostic of subsequent disease progression 

with higher levels associated with more rapid disease progression and higher likelihood 

of virus transmission.[7, 8]  This process is accompanied by a dysregulation of the 

immune system during which most cellular components are activated, including T cells, 

B cells, natural killers (NK) cells, monocytes, and macrophages.[9]  

 

During acute infection, a prominent proinflammatory cytokine cascade is induced, which 

fails to clear the virus in most infected people, followed by a subsequent increase in 

immunoregulatory cytokine secretion.[10] These circulating proinflammatory mediators 

may promote viral replication and CD4+ T cell depletion by directly triggering proviral 

transcription and attracting activated CD4+ T cell targets for infection.[11] However, 

evidence of the association between these soluble mediators and subsequent disease 

progression, including viral setpoint, is limited. Roberts et al characterized a multiplex 

panel of plasma cytokines during acute infection (6 weeks post-infection) among a group 

of 40 South African women and found that plasma concentrations of IL-12p40/p70, IFN-
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γ, IL-7, and IL-15 predicted 66% of the subsequent viral load setpoint.[12] Deeks et al 

found that T-cell activation, as measured by CD38 levels, was positively associated with 

viremia and that an immune activation set point is established early in infection, which is 

independently associated with the rate of CD4+ T cell loss among the untreated.[4] 

Investigating other soluble markers of inflammation and immune activation, including 

chemokines and soluble immune receptors, early after HIV infection will inform our 

understanding of HIV pathogenesis and may offer the identification of additional 

biomarkers for use in the clinical management of infected individuals.  Moreover, 

potentially modifiable immune correlates of HIV pathogenesis may suggest promising 

candidates for vaccines or adjuvants therapies aimed at reducing the rate of disease 

progression.[13] 

 

We set forth to quantitate the change in a broad array of serum biomarkers early after 

infection among a large, well-characterized group of men who have sex with men (MSM) 

in the United States.  This quantitation provides historical comparison data for biomarker 

changes associated with HIV treatment and may have utility for the clinical management 

of infected individuals. As such, the primary objectives of this study were to: 1) 

determine the effect of HIV infection on serum concentrations of select chemokines 

[Eotaxin, IL-8 (CXCL8), IP-10 (CXCL10), MCP-1 (CCL2), MCP-4 (CCL13), MIP-1β 

(CCL4), TARC (CCL17), CXCL13 (BLC-BCA1)], cytokines [interleukins (IL-1β, -2, -6, 

-10, -12p70), TNF-α, IFN-γ, GM-CSF, BAFF/BLyS], soluble immune receptors [sCD14, 

sCD27, sgp130, sIL-2Rα, sTNF-R2], measured using high-sensitivity multiplex assays, 
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and C-reactive protein [CRP], and (2) assess the longitudinal effect of biomarker 

concentrations early after infection on subsequent HIV RNA setpoint.  

 

4.3. Materials and methods 

4.3.1. Study population 

 

This analysis focused on participants observed to seroconvert to HIV in the Multicenter 

AIDS Cohort Study (MACS) prior to 1996 with serum samples available pre- and post-

SC.  The MACS is a prospective cohort study of homosexual and bisexual men enrolled 

at four U.S. locations (Baltimore/Washington D.C., Chicago, Los Angeles, and 

Pittsburgh) to examine the natural and treated histories of HIV-1 infection. Since 1984, 

6,972 participants have been enrolled: 4,954 in 1984 – 1985, 668 in 1987 – 1991, and 

1,350 in 2001 – 2003. Institutional review boards at each center approved the MACS 

protocols and informed consent was obtained from all participants. Detailed information 

on the MACS cohort and study design has been reported elsewhere. [14, 15]  Study 

highlights, including data collection forms, may be found at 

http://www.statepi.jhsph.edu/macs/macs.html.   

 

Only methods relevant to this analysis are presented. Briefly, participants are seen every 

six months at study visits that include a detailed interview, focused physical examination, 

and the collection of blood for testing and storage of serum, plasma, and peripheral blood 

lymphocytes in local and national repositories. HIV seropositivity was defined by 

Western blot confirmation of positive ELISA. At each MACS visit, absolute CD4+ T cell 

counts were obtained via standardized flow cytometric procedures.[16] HIV RNA levels 

http://www.statepi.jhsph.edu/macs/macs.html
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were measured in samples stored before 1996 by reverse-transcription polymerase chain 

reaction (Amplicor; Roche Diagnostics, Nutley, NJ), with an assay detection limit of 400 

copies/mL.  Pre-seroconversion samples determined to have detectable viral load (≥ 400 

copies) were excluded.  To obtain the HIV RNA setpoint (the lower level at which viral 

load stabilizes), RNA measures from all visits between 12 and 24.5 months after 

seroconversion were used. The first HIV positive visit was excluded if it fell in this time 

period. HIV RNA slopes were then calculated and examined, with slopes falling within -

1.28 to 1.0 log10 viral copies per year determined as acceptable. To calculate the setpoint, 

the mean of all measures included in the slope calculation within the acceptable range 

was taken.  For participants who had only one measure in the time period, that measure 

was used as the setpoint.  

 

Our study population was restricted to those for whom the seroconversion window, 

defined as the time between the last negative (LN) and first positive (FP) visits, was ≤ 1.5 

years to obtain a relatively precise time of seroconversion.  Date of seroconversion was 

defined as the midpoint between the LN and FP visits.  To avoid potential confounding 

by highly active antiretroviral therapy (HAART), analyses were limited to person-visits 

prior to December 31, 1995. Serum samples, collected at semi-annual study visits were 

stored frozen at -70°C, in the MACS national repository until thawed for testing, with no 

additional freeze-thaw cycles before the present analysis. 

 

4.3.2. Laboratory methods  

 

Two electrochemiluminesence-based multiplex assays (Proinflammatory 9-plex and 
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Chemokine 7-plex; Meso-Scale Diagnostics, LLC, Rockville, MD) were used to 

determine concentrations of IL-1β, IL-2, IL-6, IL-10, IL-12p70, GM-CSF, IFN-γ, TNF-α, 

IL-8 (CXCL8), IP-10 (CXCL10), Eotaxin, MCP-1 (CCL2), MCP-4 (CCL13), MIP-1β 

(CCL13), and TARC (CCL17); assays were performed per manufacturer’s instructions at 

the Johns Hopkins Bloomberg School of Public Health.  Assay- and plate-specific lower 

limits of detection (LLOD) were calculated as concentrations 2.5 standard deviations 

above the background.  Concentrations of other soluble immune markers were 

determined using the fluorescent bead-based multiplexed Luminex xMAP system at the 

University of California, Los Angeles, using a single assay lot (Fluorokine® MAP, R & 

D Systems, Minneapolis, MN), following the manufacturer’s instructions, and a Bio-Plex 

200 Luminex instrument and Bio-Plex software (Bio-Rad, Hercules, CA).  Five soluble 

receptors (sCD14, sgp130, sIL-2Rα, and sTNF-R2), a cytokine (BAFF/BLyS), and a 

chemokine CXCL13 (BLC-BCA1), were measured in a single panel (Human Biomarker 

Custom Premix Kit A). CRP was measured at Quest Diagnostics using a high-sensitivity 

nephelometric assay with an LLOD of 0.2 mg/L and a coefficient of variation of 7.6% 

(Dade Behring, Inc., Newark, DE). All specimen for a given individual were run on the 

same plate. 

 

4.3.3. Statistical methods 

 

Biomarker levels were loge (natural) - transformed to reduce departures from normality 

and minimize skewness. Measurements below the assay- and plate-specific LLOD were 

assigned a value equal to the midpoint between the LLOD and zero.  In descriptive 

analyses, paired t tests were used to compare pre-seroconversion and post-seroconversion 
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mean biomarker concentrations at the following three time points: T0 (2.0 – 0 years pre-

seroconversion), T1 (0.5 – 1.5 years post-seroconversion, n = 743), and T2 (1.5 – 3.0 

years post-seroconversion, n = 251).  Linear mixed models were used to model each 

biomarker separately, by time relative to seroconversion, using T0 levels (pre- 

seroconversion) as the reference. For participants with > 1 sample pre-seroconversion, 

the mean concentration was computed and used as the reference level.  Piecewise linear 

spline mixed regression models, accounting for the correlation of repeated measurements, 

were employed to assess longitudinal changes in biomarker concentrations up to 1 year 

following seroconversion and from 1 to 3 years post-seroconversion, controlling for age, 

study center, race (non-black vs. black), body mass index ((BMI = weight (kg)/height 

(m)2) categorized as ≤ 24.9 (normal/underweight), 25 - 29.9 (overweight), and ≥ 30 

(obese), and hepatitis C status, categorized as negative, cleared [antibody (Ab) + only], or 

chronic [RNA positive].  

 

For the setpoint analysis, linear regression was used to determine whether biomarker 

concentrations (log2) 0 – 9 months after seroconversion influenced the subsequent HIV 

RNA setpoint, adjusting for first viral load count and age at seroconversion.  Logarithm2 

transformation of each biomarker was utilized so that the regression coefficient (β) 

represents the change in HIV RNA setpoint (log10 copies/mL) and 10β
 represents the 

relative setpoint value associated with a doubling of the biomarker concentration.  

Bootstrap sampling was used to construct 95% confidence intervals. Separate analyses 

were conducted for each marker.   
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To account for multiple testing, we conservatively employed a Bonferroni adjustment at 

an α-level of 0.05: (0.05/23) = 0.002 for statistical significance. P-values greater than 

0.002 but less than 0.05 were considered marginally significant.    

 

All analyses were conducted using SAS statistical software, version 9.3 (SAS Institute, 

Inc., Cary, North Carolina) and Stata, version 13 (College Station, Texas).  

 

4.4. Results 

 

At the time of this analysis, there were 447 MACS participants who seroconverted before 

1996 and who had seroconversion windows ≤ 1.5 years.  Of these, 348 (78%) had post-

seroconversion samples and pre-seroconversion samples with undetectable HIV RNA. 

Further narrowing our sample to those with specimens within 3 years post-

seroconversion yielded 273 participants contributing a total of 1,459 observations to the 

final analysis.  

 

The characteristics of the study sample at the first available marker measurement pre-

seroconversion are presented in Table 4.1. The median (IQR: 25%, 75%) age at 

seroconversion was 34.6 (28.6 – 39.1) years, and the median (IQR) date of 

seroconversion was 1986.8 (1985.6 – 1989.2). About 90% of the seroconverters were 

non-black, about 71% had a BMI of 24.9 or lower, about 63% were either former or 

current smokers, and 80% reported using recreational drugs. About 5% were chronically 

infected with HCV prior to HIV infection. The median (IQR) HIV RNA setpoint was 

28,565 (8,320 – 70,425) copies/mL.   
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4.4.1. Effect of HIV infection on serum concentrations of inflammatory and immune 

activation biomarkers 

 

As illustrated in the boxplots of grouped concentrations (Figure 4.1), we observed 

heterogeneous patterns of differences in crude biomarker concentrations relative to 

seroconversion.  In the first year after seroconversion, increases were noted for IP-10, 

CXCL13, IFN-γ, TNF-α, BAFF, sCD14, sCD27, sIL-2Rα, sTNF-R2, and CRP (p < 

0.002) and IL-2, IL-6, IL-10, and MCP-1 (p ≤ 0.05), while decreases were noted for MIP-

1β and GM-CSF (p < 0.002) and TARC and IL-8 (p ≤ 0.05). Concentrations of Eotaxin, 

MCP-4, sgp130, IL-1β, and IL-12p70 were not significantly different 1 year after 

seroconversion relative to pre-seroconversion levels.  After an initial significant increase, 

some biomarkers were further elevated (IP-10, TNF-α, BAFF, IL-2, sCD14, sCD27, sIL-

2Rα, and sTNF-R2) between 1.5 to 3 years after seroconversion. Concentrations of MIP-

1β 1.5 to 3 years after seroconversion were further decreased significantly, while the 

concentrations of Eotaxin and IL-12p70 were lower at T1 but were not significantly 

different than pre-seroconversion levels until T2 (1.5 – 3 years beyond seroconversion; p 

< 0.002 and p ≤ 0.05), respectively). The concentrations of IL-8, MCP-1, TARC, 

CXCL13, IL-6, GM-CSF, IFN-γ, and CRP at T2 were not statistically different from 

those at T1.  IL-10, however appeared to revert back to pre-infection levels. MCP-4, 

sgp130, and IL-1β concentrations within 3 years post SC were no different than levels 

pre-SC.  
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Results of the multivariable analyses of individual trajectories (Figure 4.2) were mostly 

consistent with the differences shown at the population level.  In Panel A, we present the 

percent change in concentration for each biomarker from pre-infection up to 1 year 

following seroconversion adjusting for age, study site, race, body mass index, and 

hepatitis C status.  Within this first year, significant (p < 0.002) increases were noted for 

the chemokines, IP-10 (101% increase) and CXCL13 (24%), the pro-inflammatory 

cytokine TNF-α (38%), the soluble cytokine receptors sCD27 (47%), sTNF-R2 (37%), 

sIL-2Rα (33%), and sCD14 (10%), the B-cell activating cytokine BAFF (9%), and CRP 

(25%). Increases in concentrations of IL-6 (13%), MCP-1 (5%), sgp130 (3%) and IFN-γ 

(16%) were also noted but reached significance only at the 0.05 level. The cytokine GM-

CSF and chemokines MIP-1β, IL-8, and Eotaxin decreased significantly (p < 0.002) in 

the first year, while MCP-4, TARC, IL-10, IL-12p70, IL-1β and IL-2 did not exhibit any 

significant changes from pre-seroconversion.   

 

After an initial increase, concentrations of IP-10, TNF-α, sCD27, sTNF-R2, sIL-2Rα, 

BAFF, IFN-γ, sCD14, MCP-1, sgp130, and CRP did not demonstrate any additional 

change from 1 to 3 years after infection, while CXCL13 was observed to revert and 

decrease significantly (p ≤ 0.05) between 1 and 3 years after infection (Figure 4.2, Panel 

B). IL-6 continued on a positive, albeit more modest, trajectory (p ≤ 0.05) after the first 

year. Increases in MCP-4 were more gradual and did not reach significance (p ≤ 0.05) 

until after the first year.   
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After an initial decrease within the first year after seroconversion, concentrations of GM-

CSF, MIP-1β, and IL-8 demonstrated no additional change between 1 and 3 years post-

infection. Concentrations of Eotaxin continued to decline modestly, but significantly (p < 

0.002), between 1 to 3 years.  Concentrations of TARC increased (p = 0.005) during this 

time frame after initially decreasing within the first year (p = 0.006).  After exhibiting no 

significant change within the first year post-SC relative to pre-infection, IL-12p70 

concentrations decreased significantly (p = 0.006) between 1 to 3 years after infection. 

 

4.4.2. Effect of early biomarker concentrations on subsequent HIV RNA setpoint 

 

Of the 273 seroconverters in our sample, 208 had biomarker measurements within 9 

months after seroconversion and subsequent HIV RNA setpoint values. Among these 

men, 40% (n = 142) contributed 1 observation, 48% (n = 170) contributed 2 observations, 

and 12% (n = 42) had 3 observations, for a total of 354 biomarker measurements. This 

subgroup of 208 men was not significantly different from the 273 seroconverters 

regarding sociodemographics, behavior, or clinical characteristics. The median HIV RNA 

setpoint for these participants was 28,114 copies/mL (IQR: 8,055 - 68,666) and the 

median age at seroconversion was 34.6 years (IQR: 28.8 – 39.6).  

 

In age-adjusted analyses, HIV RNA setpoint more than doubled with a doubling of the 

concentrations for IP-10, CXCL13, sCD27, TNF-α, sIL-2Rα, and sTNF-R2 in the first 9 

months after infection (see Model 2 in Table 4.2).  Subsequent adjustment for the first 

viral load measurement attenuated both the magnitude and significance of some of these 

relationships, although significant elevations in setpoint (relative setpoint ratio (RSR)) 
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were still observed for the following biomarkers: IP-10 (RSR = 1.69; 95% CI 1.23 – 

2.32; p < 0.002), CXCL13 (RSR = 1.94; 95% CI 1.25 – 3.00; p = 0.003), sCD27 (RSR = 

2.01; 95% CI 1.21 – 3.34; p = 0.007), sIL-2Rα (RSR = 1.80; 95% CI 1.21 – 2.68; p = 

0.004), and sTNF-R2 (RSR = 1.86; 95% CI 1.17 – 2.97; p = 0.009) (see Model 3, Table 

4.2). BAFF was also positively associated with increased setpoint values, but the estimate 

did not reach statistical significance (RSR = 1.76; p = 0.07).  

 

Several of the chemokines exhibited inverse relationships with subsequent setpoint values 

although the estimates did not reach statistical significance. Higher concentrations of 

MCP-4 appeared to result in lower HIV RNA setpoint (RSR = 0.71; 95% CI 0.51 – 1.00 

for doubling of MCP-4 concentrations).  Similarly, MCP-1 and MIP-1β were associated 

with lower setpoint levels (RSR = 0.76; 95% CI 0.49 – 1.20, and RSR = 0.85; 95% CI 

0.67 – 1.07, respectively). 

 

In sensitivity analyses, we further restricted the time frame of interest to capture those 

biomarker concentrations only up to 6 months after seroconversion. This was done to 

avoid including any participants who may already have reached setpoint levels near 9 

months post-seroconversion. There were 176 seroconverters who contributed 225 

biomarkers observations during this time period. As can be seen in Supplemental Table 

4.1., inferences were similar to the results obtained with the less restricted time period, 

with elevated concentrations of IP-10, CXCL13, sCD27, sIL-2Rα, and sTNF-R2 

associated with higher HIV RNA setpoint levels. The effect of elevated concentrations of 

BAFF on subsequent setpoint levels became both more pronounced and more significant 
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(RSR = 2.46; 95% CI 1.33 – 4.54; p = 0.004), which is notable given the smaller sample 

size.  

 

We also examined whether biomarker concentrations prior to HIV infection had any 

association with subsequent HIV RNA setpoint levels (Supplemental Table 4.2.). 

Interestingly, pre-infection concentrations of both the T-cell activation marker sCD27 

and the chemokine CXCL13 were positively associated with subsequent HIV RNA 

setpoint levels (RSR = 1.70; 95% CI 1.08 – 2.67; p = 0.02 and RSR = 1.46; 95% CI 1.03 

– 2.06; p =0.03, respectively).  

 

4.5. Discussion 

 

Having seroconverters with both pre- and post-seroconversion serum specimen in a 

sufficiently large sample of individuals offered the unique opportunity to examine the 

effect of new HIV infection on biomarkers of inflammation and immune activation in the 

untreated context. This longitudinal assessment of a large panel of inflammatory and 

immune activation markers in this well-characterized cohort of HIV seroconverters 

revealed a complex mixture of inflammatory reactions to early HIV infection.  

Inflammation and immune activation during HIV infection are the product of 

multifactorial stimuli, including the direct inflammatory response to viral components, 

the increase in systemic bacterial endotoxin due to microbial translocation from the 

intestinal mucosa, and the homeostatic response to the massive depletion of CD4+ T 

cells.[5, 17-19] The composite profiles of increasing, decreasing, and unchanging 

markers documented in our study provide insight to the host response to HIV, and, as far 
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as we know, no other published study has measured such a broad array of biomarkers 

within the early years after HIV infection among a large well-characterized group of 

seroconverters in the natural history context.   

 

Our results showed that serum concentrations of the innate proinflammatory markers 

TNF-α, IFN-γ, and IP-10 were increased at 1 year after infection relative to pre-infection 

levels, a finding that is consistent with a robust pro-inflammatory response involving an 

ordered cascade of cytokines that has been shown to occur over the initial few weeks of 

infection.[10, 12, 20] These proinflammatory markers remained elevated from 1 to 3 

years post-infection but did not show any further change.  IFN-γ, an antiviral cytokine 

that promotes cell-mediated immunity, was previously found to associate strongly with 

activated CD8+ T cells, activated NK cells, and a lack of disease progression in HIV-

infected individuals.[21, 22]  Several studies have documented elevated concentrations of 

TNF-α and IP-10 in chronic HIV infection compared to HIV-uninfected individuals.[23-

25]   

 

Elevated concentrations of IP-10 were particularly pronounced in our study. Increases in 

IP-10 concentrations during the acute phase of HIV infection have been documented 

previously.[12, 26] It is possible that the abnormally high levels in chronic infection may 

stem from these early changes.  Elevated IP-10 has been reported in other viral infections, 

including HCV [10, 25], although in a less pronounced fashion, suggesting a key role for 

IP-10 in the immune response to viral infections. Secreted by macrophages in response to 

IFN-γ, IP-10 serves as a chemoattractant for a number of different cell types, including 
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monocytes, T cells, natural killer (NK) cells, and dendritic cells.[27] As such, enhanced 

production may result in increased cell proliferation and turnover, which may directly 

lead to CD4+ T cell depletion over the long term.  In addition, elevated concentrations of 

IP-10 were strongly prognostic of subsequent HIV RNA setpoint in our study, even after 

accounting for initial viral load counts. This is consistent with in vitro experiments that 

have demonstrated the ability of IP-10 to stimulate HIV replication.[28] Since higher 

setpoint is prognostic of faster disease progression, our findings affirm that IP-10 may be 

a useful diagnostic biomarker of clinical disease progression, with elevated levels 

indicating risk of faster disease progression, or a potential target for immunotherapy 

intervention.[29]  

 

After an initial increase after the first year of infection, concentrations of IL-6 continued 

on a positive, although more modest, trajectory from 1 to 3 years after infection.  

Elevated levels of IL-6, a B-cell stimulatory cytokine, have been widely documented 

during both primary and chronic infection.[30, 31] The Strategies for Management of 

Antiretroviral Therapy (SMART) trial showed that elevated levels of IL-6 were 

prognostic of both all-cause mortality and opportunistic infections in HIV-infected 

patients with CD4+ cell counts greater than 350 cells/µl.[32] IL-6 has also been widely 

linked with both increased risk of cardiovascular disease and all-cause mortality in the 

general population.[33, 34] In our study, however, IL-6 was not prognostic of subsequent 

HIV RNA set point, which may indicate that elevated levels are more a marker of the 

systemically enhanced inflammatory state and do not cause increased viral replication 

and persistence.  CRP, which is produced by hepatocytes and other cells in response to 
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IL-6 and is also known to increase gradually during chronic HIV infection [35], was 

notably increased within the first year but exhibited no further change from this elevated 

level between 1 and 3 years after infection. Moreover, consistent with the results for IL-6, 

early CRP levels had no effect on subsequent viral setpoint levels. 

 

Significant declines in IL-12p70 were observed but not until after the first year of 

infection. This is consistent with previous work which has demonstrated cellular defects 

in the production of IL-12p70 and depressed levels during both the acute and chronic 

stages of HIV infection. [10, 36, 37] Although no effect was seen on setpoint level in this 

analysis, in simian immunodeficiency virus (SIV), rhesus macaques that were 

administered IL-12p70 treatment during the acute phase exhibited enhanced NK and 

CD8+ T cell counts, reduced viral loads, and prolonged survival.[38]  

 

We did not observe any changes in the anti-inflammatory cytokine IL-10 within 1 year 

after infection but noted modest declines between 1 and 3 years after infection. Our lack 

of observed changes in the 3 years after infection is in contrast to others who have 

reported significant increases in IL-10 during acute HIV [12, 39] and positive 

associations with disease progression.[40] Produced by monocytes/macrophages and 

regulatory T cells, IL-10 has a role in inhibiting the proinflammatory responses of both 

innate and adaptive immune cells as part of the homeostatic immune response.[41] 

Studies of the acute phase of HIV infection have shown a late-peaking increase in IL-10 

concentrations as part of the immunoregulatory response to the cascade of 

proinflammatory cytokines.[10, 12]  In Roberts’ study of acute HIV infection, higher 
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concentrations of IL-10 were associated with greater risk of CD4+ T cell loss.[12] 

Although we did not observe a significant association between elevated IL-10 and 

subsequent HIV RNA setpoint, it has been proposed that IL-10 may contribute to HIV 

viral persistence by inhibiting IFN-γ production and defusing antiviral T cell 

responses.[42, 43]  

 

In addition to a broad proinflammatory cytokine response, HIV infection is characterized 

by persistent immune activation, involving widespread T-cell dysfunction and chronic B-

cell hyperactivation.  This heightened activation has been found to be significantly 

predictive of disease progression.[4, 44] In our study, the first year after infection was 

associated with considerable increases in the soluble markers of T-cell activation sCD27, 

sTNF-R2, and sIL-2Rα, the B-cell stimulating cytokine BAFF, and CXCL13, a B cell 

chemokine involved in B-cell trafficking and stimulation. After an initial increase, 

concentrations of sCD27, sTNF-R2, and sIL-2Rα exhibited no further change between 1 

and 3 years after infection, and CXCL13 was observed to experience a modest decline. 

Increases in BAFF during the first year were more modest but were statistically 

significant. These disturbances are consistent with elevations documented during chronic 

HIV infection in prior published work. sCD27, a member of the TNF receptor 

superfamily and a marker for T and B cell activation, has been previously found to be 

abnormally expressed in HIV-infected individuals and significantly elevated among those 

who go on to develop AIDS-associated non-Hodgkin lymphoma (NHL).[45] sTNF-R2, 

produced by both activated T and B cells, is persistently elevated in chronic HIV 

infection, as previously documented in the MACS.[2] sIL-2Rα is released upon activation 
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of CD4+ T cells and is critical for T cell proliferation.[46] In a study of 64 HIV-infected 

patients between 1990 – 1993 and thus prior to the advent of highly active anti-retroviral 

therapy, Sipsas et al reported that elevated levels of sIL-2Rα were associated with AIDS-

related mortality and faster progression to AIDS.[3, 47] CXCL13 is a chemokine which 

is produced by T-helper cells and plays a central role regulating B cell trafficking and 

differentiation into antibody-producing plasma cells. Elevated concentrations of CXCL13 

have been associated with the development of AIDS-related B-cell lymphoma.[48, 49]  

 

Concentrations of BAFF, a cytokine member of the TNF superfamily, which has a role in 

B cell development and proliferation, also increased within the first year after infection, 

although modestly. Concentrations gradually decreased to a stable level between 1 and 3 

years.  Increased BAFF production has been reported in chronic HIV infection as part of 

the widespread dysregulation of B-cell responses in HIV pathogenesis.[50]  

 

Within the first year after infection, we observed significantly elevated concentrations of 

sCD14, a serological marker of monocyte and macrophage activation. This coincides 

with evidence of the translocation of microbial products due to impaired mucosal barrier 

function in the gut as an indirect cause of HIV-associated inflammation and immune 

activation.[5, 51] sCD14 was not, however, associated with subsequent HIV RNA 

setpoint levels.  Evidence regarding its use as a prognostic marker of HIV disease 

progression is conflicting, with Thiebaut et al asserting its relationship with viral 

suppression in HIV-2 progression [52] but another study in an untreated Ugandan cohort 

indicating a lack of association.[53] Concentrations of sCD14 were predictive of all-
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cause mortality in the SMART trial, but lipopolysaccharide, another marker of microbial 

translocation, was not observed to predict HIV-associated clinical outcomes.[51]  

 

Interestingly, we observed significant reductions in several chemokines during the first 

year of infection. Eotaxin, a chemoattractant for eosinophils as part of the allergic 

response, decreased modestly but significantly over the first year and continued a gradual 

decline from 1 to 3 years.  This may reflect the favoring of a cell-mediated immune 

response over the allergic response to achieve viral control early in the disease process.  

In vitro experiments have revealed anti-HIV properties associated with Eotaxin, with 

increased concentrations associated with decreased viral production in HIV-infected 

cells.[54] During the first year, we observed significant reductions in MIP-1β, which also 

possesses anti-HIV activity [55]. This is in contrast to one study which showed that MIP-

1β was significantly increased in both viremic and aviremic HIV-infected participants 

compared to uninfected controls.[56] In contrast, Stacey et al observed robust inductions 

of MIP-1β during acute infection but only in a low proportion of HIV-infected 

subjects.[10] It has been proposed that inducing a rapid increase in these chemokines 

during acute infection may offer a potential target of immunotherapy to avert clinical 

progression and enhance survival.[10]  

 

Significant reductions in TARC were also observed during the first year after infection. 

Expressed by dendritic cells and endothelial cells, TARC serves as a chemoattractant for 

T lymphocytes, including T regulatory (Treg) cells, which play an important role in the 

control of immune activation, particularly during chronic stages of infection.[57]  
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Reductions during the first year may reflect the mounting of anti-viral immune responses 

and the suppression of homeostatic regulatory mechanisms. Between 1 and 3 years after 

infection, TARC showed gradual but significant increases, which is consistent with 

numerous studies showing a substantially increased frequency of Treg cells during the 

chronic phases of HIV infection.[57]  The role of TARC in HIV disease progression 

remains poorly understood.  Increased production of TARC has been associated with 

viral persistence in other viral infections such as chronic hepatitis C infection and EBV, 

suggesting it may lead to persistent infection by suppressing virus-specific effector 

mechanisms.[58] Alternatively, its regulatory properties may decrease the immune 

activation associated with non-AIDS-related co-morbidities and suppress viral replication 

by limiting the trafficking of cellular targets for HIV infection.  

 

As noted above, higher concentrations of several chemokines (IP-10 and CXCL13) and 

markers of T-cell activation (sCD27, sIL-2Rα, and sTNF-R2) within 9 months after 

seroconversion were positively associated with higher subsequent HIV RNA setpoint 

levels. Pro-inflammatory responses during acute HIV infection are important for 

controlling viral replication and persistence.  However, the increased activation of 

immune cells and ongoing production of high levels of inflammatory molecules several 

months after infection may also lead to enhanced viral replication by recruiting and 

activating CD4+ T cells targets for HIV infection.  Increased immune cell turnover and 

ongoing dysregulation likely contributes to reduced viral control and accelerated disease 

progression.  In the South African study of 40 women with acute HIV infection, Roberts 

et al found that the concentrations of five plasma cytokines – IL-12p40, IL-12p70, IFN-γ, 
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IL-7, and IL-15 were significantly prognostic of viral load setpoint 12 months post-

infection. Specifically, concentrations of IL-12p40, IL-12p70, and IFN-γ were associated 

with lower setpoint levels, while IL-7 and IL-15 were associated with significantly higher 

setpoint levels.[12] We did not observe similar results for IL-12p70 and IFN-γ, which 

may reflect different study time frames or differences between the study populations.  

Whether these biomarkers, either individually or as part of a cluster, are useful targets for 

manipulation as a complementary approach to reduce viral expansion warrants further 

interrogation.[13]  

 

The only biomarker we observed to be associated with subsequently lower HIV RNA 

setpoint was MCP-4 (CCL13). MCP-4 is a chemokine that induces attraction of 

monocytes, T cells, and eosinophils, which is primarily implicated in allergic 

reactions.[59] Chemokines with adjacent C-C cysteine residues have HIV-suppressive 

properties due to the fact that they bind to the CC chemokine receptor 5 (CCR5), which is 

also used as a co-receptor by macrophage-tropic HIV strains.[60] Higher concentrations 

of these chemokines may thus reduce viral infection by competitively blocking entry to 

target macrophages, resulting in reduced viral replication and subsequent set point 

levels.[55] Biomarkers prognostic of viral setpoint may serve as potential intervention 

targets for immunotherapy or be useful in a clinical setting for identifying participants at 

risk for HIV-related morbidities or treatment complications.  

 

Interestingly, we found that pre-infection levels of CXCL13, a marker of B cell 

activation, and sCD27, a marker of T cell activation and proliferation, were also 
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prognostic of HIV RNA setpoint levels, with higher concentrations of both predicting 

higher viral levels 12 to 24.5 months post-infection.  As far as we know, this has not been 

reported and warrants further investigation.  It is uncertain whether higher levels of 

systemic immune activation prior to infection are associated with risk of infection, or 

with disease progression once infected.  The search for pre-infection correlates of 

protection against HIV acquisition is an important area of research, particularly in the 

search for developing prevention modalities, such as microbicidal gels, for young women 

in resource-poor settings.[61]  Because activated T cells are more susceptible to HIV 

infection, elevated levels of immune activation may predispose higher risk of acquisition 

and subsequently higher levels of viral replication.[62]  Additionally, higher levels of 

immune activation may result in increased T cell turnover and senescence, which may 

impair immune defenses against HIV infection and thereby lead to enhanced viral 

replication.[63]  The identification of potentially modifiable parameters prior to infection 

underscores a potential role for anti-inflammatory strategies for vaccine research or 

adjuvant therapies.  

 

There are limitations to our study that warrant consideration.  Our analysis was confined 

to circulating concentrations of these biomarkers in serum, which may not reflect 

immune alterations in specific tissue or cell compartments nor the cellular sources of 

these elevated markers. However, elevated serum concentrations of inflammatory 

mediators have been observed in HIV infection and other pathologies; it is thus 

conceivable that circulating levels may reflect local aberrations and provide useful 

information about underlying immune disturbances. Correlations between multiplex and 
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more traditional ELISA assays are mixed or not known; therefore, any comparisons with 

other analyses should be made with caution and inferences should be limited to relative 

associations rather than absolute levels.[64] Furthermore, the MACS is comprised solely 

of men who have sex with men in the United States; thus generalizability to other 

populations, such as women or the elderly, may be inappropriate.  

 

Our analysis has several notable strengths. The MACS cohort is a large, longstanding 

prospective cohort study of MSM who have been followed for more than 25 years with 

in-depth standardized data and specimen collection. The dedicated participation of men 

who were observed to seroconvert while in follow-up permitted the identification of a 

window of seroconversion with a precision that is rare. Moreover, the collection of serum 

samples before and after the time of HIV infection, prior to the advent of effective 

therapy, allowed us to investigate the role of inflammation and immune activation in the 

natural history context, unconfounded by highly active anti-retroviral therapy. The use of 

highly sensitive multiplex technologies permitted us to quantitate a broad array of 

markers representing several components of the inflammation process within a limited 

sample volume. Specimens were collected and processed in a standardized manner, and 

testing took place in centralized laboratories using a single, well-trained technician. 

Moreover, specimens were subject to only one freeze-thaw cycle, minimizing the 

potential for variability due to sample degradation. All longitudinal samples for an 

individual were measured on the same plate, preventing the introduction of inter-assay 

variability within an individual’s trajectory. Finally, we considered multiple comparisons 

to avoid spurious associations due to multiple testing.  
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In summary, we found a complex mixture of inflammatory and immune reactions to early 

HIV infection, some of which are likely to contribute to the failure of viral clearance and 

long-term disease progression. As expected, HIV had a pronounced effect on most 

biomarkers of inflammation and immune activation, and most of these effects were 

observed within the 1st year after infection. An important next step should consider 

whether these initial changes have independent prognostic effects on clinical progression 

of HIV beyond HIV RNA setpoint. The identification of several biomarkers, especially 

those related to T cell activation, that are prognostic with subsequent HIV RNA set point 

levels will inform our understanding of HIV pathogenesis, facilitate the identification of 

individuals who may be at risk for accelerated progression, and suggest novel targets for 

therapeutic approaches to control HIV infection and progression and potentially prevent 

infection.  
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Table 4.1. Characteristics of the study population at the first available marker 

measurement prior to HIV infection among 273 men who seroconverted prior to 1996 in 

the Multicenter AIDS Cohort Study (MACS) and had both pre- and post-seroconversion 

serum samples available for testing.  

 

Total sample of men in 

current analysis (N  = 

273)

Total sample of men who 

seroconverted pre-1996 with 

seroconversion windows ≤ 

1.5 years (N  = 447)

Characteristics % %

Age (years), median (IQR: 25% - 75%) 33.8 (28.1 - 39.2) 33.2 (28.3 - 38.5)

≤ 30 32.5 32.2

30.1 ≤ 40 46.7 48.1

40.1 ≤ 50 16.4 15.7

50.1 ≤ 60 4.4 4.0

Race

Non-black 90.2 91.3

Black 9.8 8.7

Education, baseline

Four-year college degree or higher 49.6 46.5

Less than college education 50.4 53.5

Smoking status

Current 38.0 40.1

Former 24.5 24.7

Never 34.3 35.2

Alcohol consumption
a

Binge 17.9 19.3

Moderate-heavy 29.2 29.7

Low-moderate 41.6 42.4

None 8.0 8.7

Recreational drug use
b 

80.2 80.8

Body mass index (kg/m
2
)

≥ 30 5.8 5.5

25 - 29.9 22.6 23.2

≤ 24.9 70.8 71.3

Hepatitis C infection

Negative 93.1 95.3

Cleared (Ab+ only) 1.09 1.1

Chronic 5.1 3.6

MACS study center

Baltimore/Washington D.C. 29.6 24.8

Chicago 25.2 21.9

Pittsburgh 22.3 26.4

Los Angeles 23.0 26.9

Distribution of pre-seroconversion visits

1 63.4 64.7

2 34.5 33.1

3 1.6 1.7

4 0.5 0.5

Median (IQR) Median (IQR)

Age at seroconversion (years) 34.6 (28.6 - 39.1) 33.3 (28.5 - 39.0)

Date of seroconversion 1986.8 (1985.6 - 1989.2) 1984.4 (1985.3 - 1989.7)

Plasma viral load

First viral load (copies/mL) 27,940 (4,556 - 79,433)

HIV RNA setpoint (copies/mL) 28,565 (8,320 - 70,425) 26,464 (8,109 - 64, 018)
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aAlcohol consumption was categorized as alcohol consumption (binge drinking [≥ 5 

drinks/day for ≥ 1 month], moderate-heavy [3 - 4 drinks/day for > 1 month, or ≥ 5 

drinks/day per month], low-moderate [1 - 2 drinks/day or 3 - 4 drinks/day for ≤ 1 month], 

or none). 

 

bRecreational drug use was defined as self-reported use of either marijuana, amyl nitrates, 

or any stimulants cocaine, ecstasy, methamphetamines, or any other upper) in the 

previous 6 months. 
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Figure 4.1. Grouped concentrations of chemokines, cytokines, soluble receptors, and 

CRP in sera collected at time points pre- and post-seroconversion among 273 HIV-

infected men who seroconverted prior to 1996 in the Multicenter AIDS Cohort Study. 

The pre-seroconversion visits were at -2.0 to 0 years (T0) relative to the last negative 

(LN) visit. Post-seroconversion visits were at 0.5 to 1.5 years (T1) and 1.5 to 3 years 

following the first positive (FP) visit (T2). P-values are obtained from paired t tests. 

 

  



 

 204 

Figure 4.1. (con’t) Grouped concentrations of chemokines, cytokines, soluble receptors, 

and CRP in sera collected at time points pre- and post-seroconversion among 273 HIV-

infected men who seroconverted prior to 1996 in the Multicenter AIDS Cohort Study. 

The pre-seroconversion visits were at -2.0 to 0 years (T0) relative to the last negative 

(LN) visit. Post-seroconversion visits were at 0.5 to 1.5 years (T1) and 1.5 to 3 years 

following the first positive (FP) visit (T2). P-values are obtained from paired t tests. 
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Figure 4.1. (con’t)  Grouped concentrations of chemokines, cytokines, soluble receptors, 

and CRP in sera collected at time points pre- and post-seroconversion among 273 HIV-

infected men who seroconverted prior to 1996 in the Multicenter AIDS Cohort Study. 

The pre-seroconversion visits were at -2.0 to 0 years (T0) relative to the last negative 

(LN) visit. Post-seroconversion visits were at 0.5 to 1.5 years (T1) and 1.5 to 3 years 

following the first positive (FP) visit (T2). P-values are obtained from paired t tests. 

 

  



 

 206 

Figure 4.1. (con’t) Grouped concentrations of chemokines, cytokines, soluble receptors, 

and CRP in sera collected at time points pre- and post-seroconversion among 273 HIV-

infected men who seroconverted prior to 1996 in the Multicenter AIDS Cohort Study. 

The pre-seroconversion visits were at -2.0 to 0 years (T0) relative to the last negative 

(LN) visit. Post-seroconversion visits were at 0.5 to 1.5 years (T1) and 1.5 to 3 years 

following the first positive (FP) visit (T2). P-values are obtained from paired t tests. 
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Figure 4.1. (con’t) Grouped concentrations of chemokines, cytokines, soluble receptors, 

and CRP in sera collected at time points pre- and post-seroconversion among 273 HIV-

infected men who seroconverted prior to 1996 in the Multicenter AIDS Cohort Study. 

The pre-seroconversion visits were at -2.0 to 0 years (T0) relative to the last negative 

(LN) visit. Post-seroconversion visits were at 0.5 to 1.5 years (T1) and 1.5 to 3 years 

following the first positive (FP) visit (T2). P-values are obtained from paired t tests. 
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Figure 4.1. (con’t) Grouped concentrations of chemokines, cytokines, soluble receptors, 

and CRP in sera collected at time points pre- and post-seroconversion among 273 HIV-

infected men who seroconverted prior to 1996 in the Multicenter AIDS Cohort Study. 

The pre-seroconversion visits were at -2.0 to 0 years (T0) relative to the last negative 

(LN) visit. Post-seroconversion visits were at 0.5 to 1.5 years (T1) and 1.5 to 3 years 

following the first positive (FP) visit (T2). P-values are obtained from paired t tests. 
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Figure 4.2. A&B.  Percentage change per year in biomarker concentrations by years 

relative to pre-infection levels, adjusting for age, study center, race, body mass index, and 

hepatitis C status. A. Percentage change per year in biomarker concentrations from pre-

infection to 1 year post-seroconversion.  B. Percentage change per year in biomarker 

concentrations from 1 to 3 years post-seroconversion.  Red line indicates no difference. 

Closed squares indicate statistical significance at p < 0.002; yellow-filled diamonds 

indicate statistical significance at 0.002 < p ≤ 0.05.  



 

 210 

  

Figure 4.2.A: Percent change per year from pre-infection to 1 year post-seroconversion 

Figure 4.2.B: Percent change per year from 1 to 3 years post-seroconversion 



 

 211 

Table 4.2. Relative HIV RNA setpoint for a doubling of biomarker concentrations 0 - 9 

months following HIV seroconversion among 208 HIV-infected seroconverters from the 

Multicenter AIDS Cohort Study. 

 
*For example, the HIV RNA setpoint increases 1.69 times for a doubling of IP-10 concentrations 0 – 

9 months after seroconversion in models adjusting for age at seroconversion and first viral load 

value. 

aModels are unadjusted. 

bModels are adjusted for age at seroconversion. 

cModels are adjusted for age at seroconversion and first viral load value.  

 

  

Inflammatory 

Biomarker 

Relative 

setpoint*
95% CI p -value

Relative 

setpoint
95% CI p -value

Relative 

setpoint
95% CI p -value

Chemokines

Eotaxin 0.88 (0.59 - 1.33) 0.558 0.87 (0.56 - 1.34) 0.514 0.84 (0.57 - 1.24) 0.382

IP-10 2.17 (1.63 - 2.89) <0.002 2.17 (1.62 - 2.91) <0.002 1.69 (1.23 - 2.32) <0.002

IL-8 0.94 (0.76 - 1.16) 0.572 0.93 (0.74 - 1.18) 0.559 0.94 (0.77 - 1.16) 0.586

MCP-1 0.81 (0.51 - 1.29) 0.380 0.79 (0.49 - 1.30) 0.362 0.76 (0.49 - 1.20) 0.238

MIP-1β 0.81 (0.64 - 1.03) 0.092 0.81 (0.64 - 1.04) 0.094 0.85 (0.67 - 1.07) 0.162

MCP-4 0.70 (0.48 - 1.03) 0.069 0.69 (0.47 - 1.02) 0.061 0.71 (0.51 - 1.00) 0.048

TARC 1.12 (0.85 - 1.46) 0.421 1.12 (0.85 - 1.47) 0.434 1.10 (0.84 - 1.44) 0.493

CXCL13 2.03 (1.15 - 3.60) 0.015 2.05 (1.16 - 3.63) 0.014 1.94 (1.25 - 3.00) 0.003

Cytokines

IL-10 1.17 (1.03 - 1.33) 0.018 1.17 (1.03 - 1.32) 0.012 1.12 (1.01 - 1.24) 0.070

IL-6 1.18 (0.91 - 1.54) 0.213 1.18 (0.91 - 1.54) 0.220 1.14 (0.88 - 1.46) 0.323

IL-12p70 1.05 (0.96 - 1.15) 0.245 1.05 (0.97 - 1.15) 0.238 1.03 (0.95 - 1.13) 0.423

GM-CSF 1.07 (0.90 - 1.27) 0.458 1.07 (0.91 - 1.26) 0.423 1.07 (0.92 - 1.25) 0.377

IL-1β 0.95 (0.78 - 1.16) 0.609 0.95 (0.77 - 1.16) 0.616 0.94 (0.79 - 1.11) 0.440

IL-2 1.04 (0.84 - 1.29) 0.725 1.04 (0.85 - 1.27) 0.717 0.97 (0.81 - 1.17) 0.761

IFNγ 1.06 (0.85 - 1.33) 0.607 1.07 (0.85 - 1.34) 0.583 0.96 (0.78 - 1.19) 0.730

TNFα 1.97 (1.28 - 3.02) <0.002 1.97 (1.29 - 3.01) <0.002 1.40 (0.91 - 2.13) 0.124

BAFF 1.79 (0.84 - 3.81) 0.132 1.79 (0.81 - 3.94) 0.150 1.76 (0.97 - 3.19) 0.065

Soluble receptors

sCD14 1.06 (0.43 - 2.64) 0.896 1.06 (0.42 - 2.66) 0.907 1.11 (0.56 - 2.20) 0.765

sCD27 2.55 (1.44 - 4.50) <0.002 2.56 (1.40 - 4.67) <0.002 2.01 (1.21 - 3.34) 0.007

sgp130 0.55 (0.20 - 1.52) 0.251 0.55 (0.19 - 1.55) 0.256 0.73 (0.31 - 1.69) 0.459

sIL-2rα 2.31 (1.37 - 3.91) <0.002 2.32 (1.43 - 3.76) <0.002 1.80 (1.21 - 2.68) 0.004

sTNF-R2 2.58 (1.46 - 4.54) <0.002 2.60 (1.45 - 4.67) <0.002 1.86 (1.17 - 2.97) 0.009

CRP 1.12 (0.97 - 1.30) 0.122 1.12 (0.97 - 1.30) 0.119 1.06 (0.91 - 1.23) 0.456

MODEL 1
a

MODEL 2
b

MODEL 3
c
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Supplemental Table 4.1. Sensitivity analyses: Relative HIV RNA setpoint with a 

doubling of biomarker concentrations 0 – 6 months post-infection among 176 HIV-

infected seroconverters from the Multicenter AIDS Cohort Study. 

 

*For example, the HIV RNA setpoint increases about 2 times for a doubling of sCD27 

concentrations 0 – 6 months post-infection in models adjusting for age at seroconversion 

and first viral load.  

Estimates are from models adjusting for age at seroconversion and first viral load.  

 

Relative 

setpoint
95% CI p -value

Chemokines

Eotaxin 0.84 (0.54 - 1.29) 0.415

IP-10 1.63 (1.16 - 2.28) 0.005

IL-8 1.00 (0.82 - 1.22) 0.991

MCP-1 0.75 (0.48 - 1.16) 0.195

MIP-1β 0.94 (0.73 - 1.19) 0.590

MCP-4 0.67 (0.48 - 0.93) 0.018

TARC 1.09 (0.85 - 1.40) 0.509

CXCL13 2.06 (1.30 - 3.27) 0.002

Cytokines

IL-10 1.12 (0.99 - 1.27) 0.078

IL-6 1.23 (0.93 - 1.64) 0.145

IL-12p70 1.06 (0.97 - 1.16) 0.171

GM-CSF 1.05 (0.88 - 1.25) 0.583

IL-1β 0.99 (0.81 - 1.21) 0.927

IL-2 1.04 (0.84 - 1.29) 0.720

IFNγ 1.05 (0.84 - 1.32) 0.664

TNFα 1.45 (0.93 - 2.27) 0.103

BAFF 2.46 (1.33 - 4.54) 0.004

Soluble Receptors

sCD14 1.06 (0.53 - 2.13) 0.859

sCD27 2.03 (1.26 - 3.27) 0.004

sgp130 0.72 (0.31 - 1.67) 0.446

sIL-2Rα 1.96 (1.25 - 3.10) 0.004

sTNF-R2 1.88 (1.14 - 3.10) 0.013

CRP 1.13 (0.98 - 1.30) 0.098
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Supplemental Table 4.2. Relative HIV RNA setpoint with a doubling of pre-infection 

biomarker concentrations among 208 HIV-infected seroconverters from the Multicenter 

AIDS Cohort Study. 

 

*For example, the HIV RNA setpoint increases 1.7 times for a doubling of pre-infection 

sCD27 concentrations in models adjusting for age at seroconversion and first viral load.  

Estimates are from models adjusting for age at seroconversion and first viral load.  

 

  

Relative 

setpoint*
95% CI p -value

Chemokines

Eotaxin 1.05 (0.76 - 1.45) 0.760

IP-10 1.06 (0.83 - 1.34) 0.644

IL-8 1.08 (0.94 - 1.23) 0.291

MCP-1 0.98 (0.64 - 1.51) 0.943

MIP-1β 1.02 (0.83 - 1.27) 0.824

MCP-4 0.91 (0.62 - 1.35) 0.651

TARC 1.15 (0.89 - 1.47) 0.282

CXCL13 1.46 (1.03 - 2.06) 0.033

Cytokines

IL-10 1.06 (0.97 - 1.16) 0.180

IL-6 1.03 (0.85 - 1.25) 0.775

IL-12p70 1.05 (0.97 - 1.13) 0.217

GM-CSF 1.11 (0.98 - 1.25) 0.094

IL-1β 1.05 (0.88 - 1.26) 0.561

IL-2 1.07 (0.88 - 1.29) 0.498

IFNγ 0.99 (0.82 - 1.21) 0.945

TNFα 1.04 (0.70 - 1.55) 0.837

BAFF 1.52 (0.94 - 2.47) 0.088

Soluble receptors

sCD14 0.90 (0.39 - 2.10) 0.816

sCD27 1.70 (1.08 - 2.67) 0.021

sgp130 1.61 (0.61 - 4.24) 0.339

sIL-2Rα 1.30 (0.84 - 2.02) 0.243

sTNF-R2 1.48 (0.88 - 2.49) 0.136

CRP 0.99 (0.85 - 1.15) 0.894
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5.1. Abstract  

 

Background: Rare HIV-infected individuals remain free of clinical AIDS for 15 years or 

more in the absence of effective treatment. These long-term non-progressors may 

represent a natural model of durable host control of HIV infection.  Whether the early 

immune response to infection is associated with the long-term non-progression remains 

incompletely understood.    

Methods: We compared concentrations of 23 soluble markers early after HIV infection 

(12 – 24 months) between 54 long-term non-progressors and 189 HIV-infected men who 

progressed to clinical AIDS within 12 years after infection and 193 HIV-uninfected men. 

Relative percentiles from generalized gamma models estimated differences between 

biomarkers concentrations between study groups.  

Results: Long-term non-progressors had higher concentrations of Eotaxin (+22%; p = 

0.02), MIP-1β (+44%; p = 0.03), and IFN-γ (+53%; p = 0.05) than progressors 12 – 24 

months after HIV infection in models adjusting for age, race, study center, body mass 

index, hepatitis C, CD4+ T cell counts, and plasma HIV RNA levels. No significant 

differences in IL-8, TARC, IP-10, MCP-4, MCP-1, CXCL13, IL-10, IL-12p70, TNF-α, 

IL-6, BAFF, IL-2, GM-CSF, IL-1β, IFN-γ, sCD14, sCD27, sgp130, sIL-2Rα, sTNF-R2, 

and CRP between the long-term non-progressors and the progressors were observed. 

Relative to the HIV-uninfected men, the long-term non-progressors had significantly (p < 

0.002) higher concentrations of sCD27, IL-10, IP-10, marginally (0.002 < p ≤ 0.05) 

higher concentrations of sTNF-R2 and sIL-2Rα, and marginally lower concentrations of 

GM-CSF, IL-8, IL-6. No significant differences in IL-1β, Eotaxin, TARC, CRP, sCD14, 

sgp130, IL-2, MCP-1, MCP-4, BAFF, IL-12p70, TNF-α, MIP-1β, CXCL13, and IFN-γ 
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concentrations between the long-term non-progressors and the HIV-uninfected men were 

observed.   

Conclusions: Long-term non-progression may be associated with reduced co-receptor 

accessibility due to elevated concentrations of MIP-1β and Eotaxin early after HIV 

infection.  Long-term non-progressors were distinct from HIV-uninfected men, exhibiting 

higher levels of T cell activation and dysregulated inflammatory responses.  
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5.2. Introduction 

 

Since the early years of the human immunodeficiency virus (HIV) pandemic, 

considerable variation in the progression from infection to the development of AIDS has 

been observed. This variability has been ascribed to such factors as age at the time of 

infection, host genetics, co-infections, and, less commonly, genetic defects in the 

infecting virus. [1, 2] In the absence of treatment, the median time to clinical AIDS after 

seroconversion is estimated to be about 9 years. [3] A rare subset of HIV-infected 

individuals, defined as long-term non-progressors (LTNPs), remain AIDS-free for long 

periods of time, some upwards of 20 years, after infection despite the absence of anti-

retroviral treatment.  Prior research in the Multicenter AIDS Cohort Study (MACS) 

suggested that only approximately 20% of men who have sex with men experience 

AIDS-free survival for 15 years or more if untreated. [4]  LTNPs offer a natural model of 

host resistance to clinical disease progression, providing insight into a potential 

“functional cure” by which host immune control of viral replication is sustained without 

the use of costly and often toxic drugs, and are thus an important focus of research.  

 

The mechanism of long-term nonprogression is likely multifactorial, comprising 

contributions from host genetic polymorphisms, virologic, and immunologic responses, 

with no one factor explaining all the variability in disease progression.  Correlates of non-

progression that have been previously identified include the presence of protective MHC 

Class I alleles, HLA B57 and B27 [5-7], presence of the CCR5 Delta-32 gene mutation 

which decreases the number of CCR5 receptors on the surface of immune cells and thus 

precludes viral entry [8], greater cross-reactivity to virus variants [9], and robust, 
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polyfunctional HIV-specific CD8+ T cell responses during primary infection, which is 

accompanied by the production of multiple cytokines and chemokines. [10-13]  Emerging 

evidence implicates the role of chronic inflammation and immune activation in HIV 

pathogenesis, with a higher frequency of activated CD4+ and CD8+ T cells found to be 

associated with more rapid disease progression, independent of CD4+ cell count of viral 

load.  [14-17] Elevated levels of circulating CRP, IL-6, and soluble CD14 have been 

identified as independent predictors of increased risk of HIV progression, even among 

patients on antiretroviral treatment. [18, 19] However, the extent to which soluble 

mediators of inflammation and immune activation are associated with long-term non-

progression remains incompletely understood.  

 

While prior research suggests that higher levels of inflammation and activation play a 

deleterious role during chronic stages of HIV disease, recent data suggest that the host 

immune response early after infection may also contribute to the individual variability in 

disease progression and pathogenesis.[20-23] The induction of a striking 

proinflammatory cytokine cascade occurs during acute infection, resulting in the 

dysregulation of a complex network of cytokines, chemokines, and soluble receptors.[24] 

Proinflammatory cytokines induce the recruitment inflammatory cells, such as 

monocytes/macrophages and natural killer cells, as part of the innate response to contain 

viral invasion and proliferation [25], setting the stage for prolonged CD4+ and CD8+ T 

cell activation.[26] Early establishment of an immune activation ‘set point’ has also been 

found to be prognostic of the rate of CD4+ T cell decline.[27, 28]  The pronounced 

activation and recruitment may serve to attract target CD4+ T cells for viral infection 
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thereby enhancing proviral transcription and viral replication.  Moreover, evidence from 

studies of simian immunodeficiency syndrome (SIV) infection suggests the lack of a 

sustained inflammatory response following the potent innate response during the acute 

stage of SIV infection defines its nonpathogenic course.[23, 29]   

 

The characterization of serological concentrations of inflammatory cytokines, 

chemokines and soluble immune receptors associated with durable control of infection 

may facilitate the development of novel preventive or therapeutic treatments, including 

vaccines and adjuvant therapies.  It is unknown if concentrations of inflammatory 

biomarkers early in HIV infection provide information distinct from HIV viral load and 

CD4+ T cell count. The advent of highly sensitive multiplex assay technologies permits 

the quantitation of a broad array of inflammatory biomarkers, enabling investigators to 

simultaneously characterize more comprehensive inflammatory profiles than previous 

studies and under the same laboratory conditions.  

 

Accordingly, the purpose of the present study was to investigate the relationships 

between concentrations of circulating inflammatory and immune activation biomarkers 

early after HIV infection with long-term non-progression of clinical HIV-1 disease and to 

determine if the associations were independent of HIV viral load and CD4+ T cell counts. 

We hypothesized that long-term nonprogression would be associated with a less 

pronounced immune response following infection compared to progressors and would be 

similar to those who remained uninfected. 
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5.3. Materials and methods 

5.3.1. Study population and design 

 

We undertook a case-control study nested in the Multicenter AIDS Cohort Study, an 

ongoing prospective, multicenter cohort study of the natural and treated histories of HIV 

infection in men who have sex with men (MSM).[30] From 1984 through 2003, the 

MACS enrolled a total of 6,972 participants in Baltimore/Washington D.C., Chicago, Los 

Angeles, and Pittsburgh over three separate recruitment periods: 4,954 in 1984 – 1985, 

668 in 1987 – 1991, and 1,350 in 2001 – 2003. The institutional review board at each 

center approved the MACS protocols and informed consent was obtained from all 

participants. A full description of follow-up procedures, including enrollment and 

retention strategies, has been published previously. [30, 31] Study highlights, including 

protocols and data collection forms used in the MACS, may be found at 

http://www.statepi.jhsph.edu/macs/macs.html.  Briefly, participants are seen every six 

months at study visits that include a detailed interview, focused physical examination, 

and the collection of blood for testing and storage of serum, plasma, and peripheral blood 

lymphocytes in national repositories. HIV seropositivity was determined as positive 

ELISA confirmed by Western blot.  Date of seroconversion was defined as the midpoint 

between last seronegative (LN) and first seropositive (FP) visits.  CD4+ T-cell counts 

were obtained used standardized flow cytometry, and plasma HIV viral load was 

measured by reverse-transcription polymerase chain reaction (Amplicor; Roche 

Diagnostics, Nutley, NJ), with an assay detection limit of 400 copies/mL.[32, 33]   

 

http://www.statepi.jhsph.edu/macs/macs.html
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Serum samples used to test for the inflammatory markers of interest were stored frozen at 

-70°C until thawed for testing, involving only one freeze-thaw cycle to minimize 

specimen degradation. Existing data from semi-annual interviews, physical examinations, 

and laboratory results were used to adjust for confounders determined a priori.  

 

5.3.2.1. Cases 

 

LTNP cases consisted of HIV-infected participants who met the definition of long-term 

non-progression using clinical criteria, that is, they had to have remained free of clinical 

AIDS for at least 15 years following their first seropositive study visit in the absence of 

anti-retroviral therapy (ART), and for whom at least 3 specimens were available in the 

MACS repository for testing. AIDS was defined as an illness according to the 1993 CDC 

criteria [34] and did not include those with only low CD4+ T cell counts. Cases included 

participants who were observed to seroconvert as well as participants who were 

seroprevalent upon study enrollment. Because of needing at least 15 years of AIDS-free 

follow-up time, only men enrolled in 1984 or who seroconverted prior to 1995 were 

eligible to be a case. 

 

5.3.3.2. Controls - HIV-infected seroconverters who progressed to clinical AIDS 

 

The first comparison group consisted of participants who developed AIDS within 12 

years following seroconversion (SC), hereafter denoted as “progressors.” The 

seroconversion window was restricted to ≤ 1.5 years for precision.   
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5.3.4. Controls - HIV-uninfected participants 

 

HIV-uninfected men comprised the second comparison group. We initially selected 250 

men from all HIV-uninfected men with available longitudinal serum specimens, and 

included those with chronic hepatitis C infection (HCV).  We further restricted the 

sample to men aged 24 – 46 years at baseline to be comparable to the age of the LTNPs 

at their first seropositive visit. This comparison offered a unique opportunity to evaluate 

whether biomarker concentrations from the LTNPs differed from HIV-uninfected persons 

of similar sociodemographics and risk behaviors.  For each SN participant, 4 serial 

specimens, representing the span of the MACS study from 1984 – 2009, were selected for 

testing.  For this analysis, we used the results from the earliest selected visit, to have 

similar lengths of storage time when compared to early results from the seropositive 

groups.  

 

5.3.5. Quantitation of biomarker concentrations 

 

Two electrochemiluminesence-based multiplex assays (Meso-Scale Diagnostics, LLC, 

Rockville, MD; Proinflammatory 9-plex and Chemokine 7-plex) were used to determine 

concentrations of the cytokines interleukins-1β, -2, -6, -10, -12p70, GM-CSF, IFN-γ, and 

TNF-α, and the chemokines IL-8 (CXCL8), IP-10 (CXCL10), Eotaxin, MCP-1, MCP-4, 

MIP-1β, and TARC at the Johns Hopkins Bloomberg School of Public Health.  Assay- 

and plate-specific lower limits of detection (LLOD) were calculated as concentrations 2.5 

standard deviations above the background.  Soluble immune marker levels were 

determined using the fluorescent bead-based multiplexed Luminex xMAP system at the 

University of California, Los Angeles, using a single assay lot (Fluorokine® MAP, R & 
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D Systems, Minneapolis, MN), following the manufacturer’s instructions, and a Bio-Plex 

200 Luminex instrument and Bio-Plex software (Bio-Rad, Hercules, CA).  Five soluble 

receptors (sCD14, sCD27, sgp130, sIL-2Rα, and sTNF-R2), a cytokine (BAFF/BLyS), 

and a chemokine (CXCL13/BLC-BCA1), were measured in one panel (Human 

Biomarker Custom Premix Kit A). CRP was measured at Quest Diagnostics using a 

highly sensitive nephelometric assay with an LLOD of 0.2 mg/L and a coefficient of 

variation of 7.6% (Dade Behring, Inc., Newark, DE). All longitudinal measurements per 

individual were run on the same plate. 

 

Existing measurements of HIV RNA levels and CD4+ T cell counts from the visits were 

utilized.  Men who were HIV negative at study entry were tested for seroconversion 

semiannually by ELISA, with confirmation of positive testing by Western blotting. At 

each MACS visit, absolute CD4+ T cell counts were obtained via standardized flow 

cytometric procedures.[35] HIV RNA levels were measured by reverse-transcription 

polymerase chain reaction (Amplicor; Roche Diagnostics, Nutley, NJ), with an assay 

detection limit of 400 copies/mL. 

 

5.3.6. Statistical methods 

 

Characteristics by study group were described using median and interquartile ranges 

(25%, 75%) for continuous variables and proportions for categorical values. The 

biologically relevant time period of interest for this study was early after HIV infection, 

defined as 12 – 24 months after the first positive (FP) visit, to avoid immunologic 

influences occurring during acute and primary infection. For the seroprevalent LTNPs, 
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samples from visits within 2 years of their baseline visit were used for the early infection 

period.  Non-parametric Wilcoxon-Mann-Whitney tests were used to compare median 

biomarker concentrations between seroprevalent and seroconverter LTNPs.   

 

Multivariate generalized gamma (GG) regression models, using the maximum likelihood 

method of estimation and allowing only the location parameter (β) to vary, were 

employed to model biomarker concentrations between the study groups. GG distributions 

may be characterized by three parameters – location (β), scale (α), and shape (ĸ), 

collectively denoted as GG (β, α, ĸ). The scale parameter (α) denotes the values of the 

interquartile ratio, specifically the third quartile/first quartile, for a fixed value of the 

shape (ĸ) parameter and independent of β. The shape parameter estimates the 

heterogeneity of the tails of the distributions between different study groups.[36] The 

fully saturated GG model contains six parameters: three parameters (β, α, and ĸ) for each 

of the study groups. In conventional GG models, the covariates are allowed to modify 

only the β parameter (i.e., the location of the median); thus any shift in the biomarker 

remains constant for the entire distribution. The pth relative percentile biomarker 

concentrations for cases compared with controls is thus calculated accordingly: 

RP(p) = 
𝑟(𝑝; 𝛽∗,𝜎∗,ƙ∗)

𝑟(𝑝; 𝛽,𝜎,ƙ)
 

The numerator, 𝑟(𝑝;  𝛽 ∗, 𝜎 ∗, ƙ ∗), represents the estimated pth percentile of the selected 

biomarker for the cases while the denominator, 𝑟(𝑝;  𝛽, 𝜎, ƙ), represents that for the 

control, or reference, category.  

 

Biomarker values below the assay- and plate-specific lower limits of detection (LLOD) 
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were considered left-censored. All concentrations were inversed such that undetectable 

concentrations could be handled as right-censored using multivariate GG regression 

models in Stata. [36] The β and ƙ parameters were then multiplied by -1 and 

exponentiated. Robust standard errors adjusting for repeated measurements were obtained 

using the vce (cluster) option in Stata. In the context of repeated measurements, the Wald 

test is more appropriate for assessing the significance of the parameters than the 

likelihood ratio tests. Conventional GG models were used to estimate relative percentiles 

by exponentiating –β if differences in scale (σ) and shape (ƙ) between the study groups 

were not significant.  

 

Separate analyses were conducted for each marker.  For all models, age at visit using date 

of birth was centered at the median age calculated across the LTNP person-visits and then 

divided by 5 to obtain increments of 5-year age categories. Given the limited sample size 

of the cases, multivariate adjustment was restricted to the following confounders based 

on a priori hypotheses and included in models regardless of statistical significance 

(Model 1): age at visit, study center, race (non-black vs. black), body-mass index (BMI = 

weight (kg) divided by the height (m)2), categorized as ≤ 24.9 (normal/underweight), 25 - 

29.9 (overweight), and ≥ 30 (obese), hepatitis C infection (HCV), categorized as 

negative, cleared [antibody+ only], or chronic [RNA positive], using disjoint category 

coding. Model 2a was adjusted for all variables in Model 1 plus current CD4 + T cell 

count (cells/100). Model 2b was adjusted for all variables in Model 2a plus current HIV 

RNA levels (log10 viral load/1,000). To account for multiple testing, we conservatively 

employed a Bonferroni adjustment at an α-level of 0.05: (0.05/23) = 0.002 for statistical 



 

 234 

significance. Given the exploratory nature of this investigation, p-values > 0.002 but ≤ 

0.05 were considered marginally significant.  

 

Missing covariate values were imputed using a carry-forward approach using data 

collected at the closest visit within 1.5 years from the visit with missing information. 

Missing CD4+ cell counts at the early visits for seroprevalent LTNPs were substituted 

with CD4+ cell counts from their 3rd or 4th visit (person-visits = 3). Missing HIV RNA 

values at visits were substituted using a participant’s HIV RNA setpoint (LTNP person-

visits = 45 and progressor person-visits = 14).  

 

Additionally, we graphically depicted the trajectories of the biomarkers for the LTNPs 

using all available marker measurements up to 15 years from the first positive visit for 

the seroincident men and from the first available marker measurement (baseline) for 

those men who were seroprevalent at study entry. To facilitate the visualization of any 

trends, biomarker concentrations below plate- and assay-specific detection limits were 

assigned as one half the limit of detection and loge-transformed for summarization with 

Lowess smoothing.  

 

Analyses were conducted using SAS statistical software, version 9.3 (SAS Institute, Inc., 

Cary, North Carolina) and Stata, Version 13 (StataCorp. 2012. Stata Statistical Software: 

Release 13. College Station, TX: StataCorp LP.).  Graphical analyses were conducted in 

R statistical software (Foundation for Statistical Computing, Vienna, Austria, 2010, 

http//www.R-project.org). 
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5.4. Results 

 

Sociodemographic, immunological, and clinical characteristics of the three study groups 

at first available marker measurement, hereafter called baseline, are shown in Table 5.1. 

Eligible cases included 11 seroincident and 43 seroprevalent LTNPs, contributing 22 and 

102 person-visits, respectively. Thirteen (24.1%) of the 54 LTNPs contributed 1 visit, 17 

(31.5%) contributed 2 visits, 20 (37.0%) contributed 3 visits, and 4 (7.4%) contributed 4 

or more visits within 12 to 24 months following the first HIV seropositive visit. A total of 

189 men contributing 382 person-visits within 12 to 24 months after the first HIV 

seropositive visits fulfilled the criteria of men who progressed to clinical AIDS as 

expected. Sixty-three (33.3%) of these progressors contributed 1 visit, 68 (36%) 

contributed 2 visits, 47 (24.9%) contributed 3 visits, and 11 (5.8%) contributed 4 visits to 

the time period of interest. The HIV seronegative control group consisted of 193 men 

(193 person-visits).  

 

The LTNPs were slightly younger than the progressors and seronegatives although not 

significantly. About 80% of the LTNPs were non-black, compared to 93.7% of the 

progressors and 64.8% of the seronegatives. The LTNPs were more likely to have a 

normal BMI compared to the seronegatives (79.3% to 57%) but were similar to the 

progressors in terms of being primarily HCV negative. Almost 20% of the seronegatives 

were chronically infected with HCV, which was expected given the selection of HCV-

monoinfected seronegatives into the study population. The LTNPs had a higher median 

CD4+ T cell count than the progressors (840 cells/µL (IQR = 650 – 1,058) and 529 
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cells/µL (IQR = 391 – 736), respectively) and a lower median log10 HIV viral load level 

(2.89 cp/mL (IQR: 2.48 – 3.67) and (4.66 cp/mL (IQR: 4.28 – 4.93)).  The median age at 

seroconversion for the LTNPs and progressors was 36.0 years (IQR: 28.9 – 42.3) and 

34.3 years (IQR: 28.6 – 39.3), respectively. Four LTNPs developed AIDS at 16.3, 17.2, 

21.8, and 26.4 years following their FP visits. Thirty-eight initiated ART a median of 

19.8 years (IQR: 17.4 – 23.7) after detection of HIV infection.  The median time to AIDS 

for the progressors was 6 years (IQR: 4.2 – 7.7). Of the 189 progressors, 143 began 

therapy with a median time to first ART of 4.4 years (IQR: 2.9 – 6.0).   

 

There were no statistically significant differences between geometric mean biomarker 

concentrations between the seroincident and seroprevalent LTNPs early after HIV 

infection (Table 5.2), suggesting that the earliest samples available for testing for those 

nonprogressors who were infected prior to enrollment in 1984 – 85 and thus had 

unknown seroconversion dates adequately captured early concentrations of inflammation 

and immune activation. Spaghetti plots with lowess-smoothed trajectories by time since 

baseline and up to 15 years for each biomarker, stratified by seroincident and 

seroprevalent LTNPs are presented in Supplemental Figure 5.1.  

 

The proportion detectable of each biomarker during the time period of interest (12 – 24 

months following the first HIV seropositive visit) and the unadjusted geometric mean 

(IQR) biomarker concentrations at baseline for the three study groups are shown in Table 

5.3. The proportion detectable did not differ significantly between the 3 study groups for 

any of the biomarkers with the exception of IL-2, which was significantly lower among 
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the HIV-uninfected men than the LTNPs or progressors (70% vs. 84.7% and 88%, 

respectively, p = 0.003). Compared to the progressors, LTNPs had significantly (p < 

0.002) lower concentrations of IP-10, TNF-α, sCD14, BAFF, sIL-2Rα, sCD27, and 

sTNF-R2 but significantly higher concentrations of MIP-1β during this early infection 

period. Concentrations of MCP-1, CXCL13, IL-6, and CRP were also lower among the 

LTNPs relative to the progressors but these differences were only marginally significant 

(0.002 < p < 0.05).  Compared to the HIV-uninfected controls, the LTNPs had 

significantly higher concentration of IP-10 and sCD27. Eotaxin, CXCL13, and sIL-2Rα 

were marginally elevated.  Concentrations of IL-8, MCP-4, TARC, IL-10, IL-12p70, IL-

1β, IL-2, IFN-γ, GMCSF, and sgp130 did not differ significantly between the 3 groups.  

(Boxplots of grouped biomarkers concentrations by study group are provided in 

Supplemental Figure 5.2.) 

 

Estimated relative percentiles (RP) and 95% confidence intervals (CIs) representing the 

association between biomarker concentrations in the LTNPs compared with the 2 control 

groups, adjusting for age, race, study center, hepatitis C infection, and BMI are displayed 

in Figure 5.1. A&B. (See Supplemental Figures 5.3 – 5.6 for generalized-gamma-

modeled relative percentile estimate plots for the 4 biomarkers [IL-6, CXCL13, MIP-1β, 

and sCD14] in which the shapes of the biomarker distributions for the LTNPs were 

significantly different from the HIV-uninfected men.) The biomarkers listed along the x-

axis are ordered by magnitude of the effect from smallest to the largest. The red line 

indicates unity and thus represents the null effect of 1 (relative measure). The relative 

percentile may be interpreted as the factor by which the biomarker concentrations for the 
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non-progressors differ relative to the control group. For example, concentrations of IP-10 

were 1.61 times higher in the LTNPs than the HIV-uninfected men.  

 

Compared to the progressors (Figure 5.1.A), the LTNPs had significantly (p < 0.002) 

lower concentrations of most of the soluble immune activation markers: sCD14 (RP = 

0.86; 95% CI: 0.80 – 0.91), sCD27 (RP = 0.78; 95% CI: 0.70 – 0.87), sIL-2Rα (RP = 

0.75; 95% CI: 0.67 – 0.84), and sTNF-R2 (RP = 0.73; 95% CI: 0.68 – 0.79 in addition to 

significantly lower concentrations of IL-6 (RP: 0.79; 95% CI 0.67 – 0.92), BAFF (RP = 

0.87; 95% CI: 0.81 – 0.94), CXCL13  (RP = 0.82; 95% CI: 0.75 – 0.90), IP-10 (RP = 

0.49; 95% CI: 0.41 – 0.60). Lower concentrations of TNF-α (RP = 0.80; 95% CI: 0.66 – 

0.98), IL-10 (RP: 0.80; 95% CI 0.66 – 0.98), and CRP (RP: 0.66; 95% CI 0.47 – 0.94) 

among the LTNPs were marginally significant (0.002 < p ≤ 0.05). In contrast, 

nonprogressors had 46 % higher concentrations of MIP-1β (p < 0.002) and over 20% 

higher concentrations of Eotaxin (p < 0.002) compared to progressors in models adjusting 

for age, study center, race, hepatitis C infection, and BMI.  

 

Compared to the HIV-uninfected men, LTNPs had significantly (p < 0.002) higher 

concentrations of IP-10 (RP = 1.61; 95% CI 1.37 – 1.89), IL-10 (RP = 1.42; 95% CI 1.16 

– 1.39), and sCD27 (RP = 1.27; 95% CI 1.37 – 1.89), as well as higher sIL-2Rα (RP = 

1.13; 95% CI 1.04 – 1.24) and sTNF-R2 (RP = 1.12; 95% CI 1.04 – 1.21) although these 

differences were only marginally significant (0.002 < p ≤ 0.05) (Figure 5.1.B). LTNPs 

had marginally significant lower concentrations of IL-8 (RP = 0.79; 95% CI 0.68 – 0.93), 

IL-6 (RP = 0.83; 95% CI 0.70 – 0.97), and GM-CSF (RP: 0.58; 95% CI 0.35 – 0.97).  
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There were no significant differences in concentrations of CRP, MCP-4, MCP-1, MIP-

1β, TARC, Eotaxin, sgp130, BAFF, CXCL13, sCD14, TNF-α, and IL-12p70 between the 

LTNPs and the seronegative men. 

 

In Table 5.4 we present the relative percentile estimates and 95% CI for each biomarker 

comparing the LTNPs with the progressors further adjusted for CD4 + T cell count 

(Model 2A). While controlling for CD4+ T cell count attenuated some of the differences, 

the LTNPs continued to exhibit lower concentrations for most of the proinflammatory 

biomarkers and soluble immune receptors compared to the progressors. Lower 

concentrations of sCD27, sIL-2Rα, and sTNF-R2, markers of T cell activation, remained 

significantly (p < 0.002) associated with nonprogression, although the differences were 

slightly less pronounced. Concentrations of IP-10 remained significantly (p < 0.002) 

lower among the LTNPs relative to the progressors, however the relative percentile 

increased from 0.49 to 0.59. Similarly, nonprogression remained associated with lower 

concentrations of BAFF and CXCL13, markers of B cell activation, although only at 

marginal significance (0.002 < p ≤ 0.05). The LTNPs continued to exhibit lower 

concentrations of CRP, but the difference was no longer significant (p = 0.07).  

Nonprogression remained associated with higher concentrations of the chemokines 

Eotaxin and MIP-1β.  

 

Most of the prior differences in biomarker concentrations between the LTNPs and 

progressors attenuated to the null upon adjustment for HIV RNA levels (Table 5.4, 

Model 2B). Concentrations of IP-10, IL-12p70, IL-1β, and CRP remained over 10% 
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lower among the LTNPs; the differences were not statistically significant however. 

Notably, higher concentrations of Eotaxin and MIP-1β remained marginally associated 

with nonprogression (RP = 1.22; 95% CI: 1.04 - 1.43; p = 0.02 and RP = 1.44; 95% CI: 

1.04 – 2.00; p = 0.03, respectively), even after controlling for current levels of HIV RNA. 

Interestingly, LTNPs exhibited over 50% higher concentrations of IFN-γ than 

progressors, reaching marginal significance in these final models (0.002 < p ≤ 0.05). 

Concentrations of IL-2 were also considerably higher (RP: 1.33: 95% CI 0.98 – 1.81) 

although the estimate did not reach statistical significance.  

 

5.5. Discussion 

 

To our knowledge, this is the first comprehensive examination of an array of circulating 

markers of inflammation and immune activation obtained early after HIV infection from 

a well-characterized sample of therapy-naïve LTNPs. LTNPs were compared with HIV-

infected men who progressed to AIDS and HIV-uninfected controls, both of similar 

sociodemographic backgrounds and risk behaviors. The study of clinical nonprogression 

of HIV may help to identify early correlates of host immune control to facilitate our 

understanding of HIV pathogenesis and inform vaccine research and immune-based 

therapies.  While prior research focused on immune activation and inflammation in the 

later stages of disease once non-progression has been identified, little was known about 

immune responses early in HIV infection due to the rarity of observational cohorts with 

well-characterized seroconversion windows and adequately long follow-up. Prior work 

suggests that one of the most important distinctions between LTNPs and progressors is 

the functional quality of the HIV-specific CD8+ T cell response, with LTNPs 
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maintaining the ability to secrete multiple cytokine simultaneously, i.e., 

polyfunctionality.[10, 11] The role of serological markers of inflammation and immune 

activation in the natural control of clinical disease remains unknown. We expanded upon 

previous work by examining a broader array of inflammatory markers, including several 

soluble receptors that, to our knowledge, are otherwise unaccounted for in the literature 

about HIV-1 nonprogression.   

 

Compared to progressors, we found that LTNPs exhibited higher concentrations of the 

chemokines MIP-1β and Eotaxin early in HIV infection, which is consistent with 

previous literature demonstrating their HIV-suppressive properties. In in vitro studies, 

Betts et al and Migueles et al showed that the most predominant HIV-specific CD8+ T-

cell phenotype produced by antigenic stimulation to HIV proteins was characterized by 

MIP-1β secretion.[10, 11] Furthermore, lower production of MIP-1β, IFN-γ, TNF-α, and 

IL-2 characterized T cells with poor functional profiles during chronic infection from 

progressors relative to LTNPs.[11] Additionally, Saha et al showed that CD4+ T cell 

clones from 6 LTNPs produced higher levels of endogenous MIP-1β than infected 

patients who progressed to AIDS. [37] MIP-1β is a member of the CC chemokine 

subfamily and is produced in high amounts by monocytes upon stimulation by LPS or IL-

7 and, although to a lesser extent, by activated T cells and B cells. [38] MIP-1β is also 

one of the 3 main ligands for CCR5, the co-receptor for macrophage-tropic (or R5) 

HIV.[2] It has been shown to mediate virus inhibition by competing with HIV strains for 

the CCR5 cellular receptor, thereby blocking viral entry and reducing viral 

replication.[39, 40] Blocking macrophage-tropic HIV may be one mechanism by which 
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non-progressors suppress viral replication early in the infection process and contain the 

progression of disease. In addition, MIP-1β is a chemoattractant for natural killer (NK) 

cells, which may serve to establish an early control over viral replication during the early 

stages of infection.[41] Emerging evidence suggests that enhanced levels of NK 

cytotoxicity and degranulation of HIV-1-infected cells may be important for limiting 

initial viremia and reducing the initial destruction of CD4+ T cells, potentially setting the 

stage for delayed or non-progression. [42, 43]  

 

Eotaxin, a chemoattractant for eosinophils and basophils, is an important mediator of the 

allergic response and its HIV-suppressive potential has been documented in previous 

studies. [44] Hadida et al showed that Eotaxin stimulated anti-HIV cytotoxic T cells in 

freshly isolated peripheral blood mononuclear cells from HIV-1–infected individuals. 

[45] In a genetic analysis of 3,000 participants enrolled in five natural history cohorts, 

including the MACS, Modi et al found that frequencies of genetic variants of Eotaxin (-

1385A in the Eotaxin promoter region of chromosome 17) were elevated in uninfected 

European-Americans repeatedly exposed to HIV-1 through high-risk sexual behavior or 

contaminated blood products. [46] Moreover, the receptor for Eotaxin, CCR3, along with 

CCR5, the receptor for MIP-1β, have both previously been associated with HIV infection 

of the central nervous system, specifically AIDS-related dementia. [47] Inhibiting HIV 

infection of the microglia, the primary target cells of the central nervous system, may be 

one mechanism by which elevated concentrations of Eotaxin and MIP-1β serve to protect 

against disease progression among LTNPs.  
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Although not statistically significant, non-progression was associated with higher 

concentrations of IL-2 (RP: 1.33; p = 0.07) and IFN-γ (RP: 1.53; p = 0.05) during this 

early infection period. IL-2 is a cytokine produced by activated naïve T cells that is 

critical for the growth, proliferation, and differentiation of HIV-specific T cells and the 

development of immunologic memory during the adaptive immune response.[48]  IFN-γ 

is secreted by effector CD4+ and CD8+ T cells and NK cells and stimulates antigen 

presentation and anti-viral lysosome activity of macrophages. [48] In a study of 30 viral 

controllers, controllers exhibited significantly higher frequencies of HIV-specific IL-

2+IFN-γ+ CD4+ T cells compared to non-controllers. [49] Similarly, a CD4+IL-2+IFN-

γ+ phenotype with robust IL-2 production was also associated with disease control in a 

small study of viremic controllers (n = 11).[50] These prior studies were limited by their 

cross-sectional design.  

 

Nevertheless, two large international randomized trials, the SILCAAT (Subcutaneous IL-

2 in patients with Low CD4 Counts under Active Antiretroviral Therapy) study and the 

ESPRIT (Evaluation of Subcutaneous Proleukin in a Randomized International) trial, 

which treated HIV-infected patients who had severe immune depletion (CD4+ T cell 

count between 50 and 299 cells/mm3, in the former, and at least 300 cells/mm3, in the 

latter) with an IL-2 adjuvant to ART did not yield any clinical benefits, e.g., specifically 

slowed disease progression, despite yielding sustained increases in CD4+ T cell growth 

compared to those who were taking anti-retroviral therapy alone.[51] While reduced IL-2 

production is associated with depleted HIV-specific CD4+ T cell response, the precise 



 

 244 

role of a robust CD4+ T-cell response in the durable control of HIV therefore warrants 

further investigation.[52] 

 

After adjusting for HIV RNA levels, we observed no differences in levels of serologic T 

and B cell activation markers between the non-progressors and progressors during this 

early infection period. These findings suggest that a significant level of inflammation and 

immune dysfunction is present at the earliest stages of disease even among those who 

maintain durable control of clinical disease. This would appear to be in conflict with the 

SIV model of host control in which the restrained immune activation response shortly 

after infection purportedly distinguishes between the non-pathologic vs. pathologic 

course of clinical SIV progression. Yet, it is consistent with evidence which shows that 

individuals who control viral replication exhibit abnormally high T cell activation levels 

related to uninfected individuals despite maintaining undetectable plasma HIV RNA.[53] 

It is also in agreement with recent findings which show that elite controllers, who 

maintain virological suppression despite being treatment-naïve, continue to be at higher 

risk of non-AIDS-related complications, such as coronary atherosclerosis, than the HIV-

uninfected.[54]  LTNPs still showed significantly higher levels of sCD27, sIL-2Rα, and 

sTNF-R2 than the uninfected men, which is suggestive of immune activation.  Higher 

CD8+ T cell activation levels have been associated with more rapid CD4+ T cell decline 

and accelerated clinical progression among those who remain untreated.[20, 22, 27, 55, 

56] CD4+ T cell depletion is also linked to elevated levels of T cell activation, 

independent of viral load, among those with HIV-2, which is typically less pathogenic 

than HIV-1.[57] While the concentrations of these specific soluble immune receptors 
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were not noticeably different between the LTNPs and progressors, it is possible that the 

strong HIV-specific T-cell immune responses among the LTNPs may contribute to high 

levels of immune activation early in the disease process.[54] That we examined 

circulating biomarkers of immune activation, rather than specific cell types or tissue 

compartments, may have limited our ability to detect distinct immunological phenotypes. 

Further studies may elucidate specific immune pathways that are associated with control 

of clinical disease progression.  

 

We observed no significant differences in sCD14 concentration between the 3 study 

groups.  Soluble CD14 is secreted from monocytes/macrophages upon immune activation 

and is widely used as a biomarker for the microbial translocation of bacterial products, 

such as LPS, following the physical disruption of the mucosal barrier in the 

gastrointestinal tract associated with the early loss of CD4+ T cells after infection.[17] 

This has been hypothesized to contribute to systemic inflammation by stimulating the 

innate immune response in HIV infection.[17, 58] sCD14 has been linked with a higher 

risk of mortality among HIV-infected individuals.[59] Other reports have found high 

levels of LPS among HIV controllers relative to uninfected participants, suggesting 

persistent immune activation even in the context of viral control.[53] The lack of a 

difference in sCD14 concentrations between the LTNPs and uninfected men in our study 

might be attributed to our focus on early infection visits. Moreover, while sCD14 has 

utility as a marker of microbial translocation and has been found to correlate highly with 

LPS, it is not a specific marker for LPS endotoxin concentrations, thus discrepancies 

between study results using different markers are conceivable.[60]  
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LTNPs had significantly higher levels of IP-10 and IL-10 than uninfected men, which is 

consistent with the broad anti-viral proinflammatory cytokine response and generalized 

immune activation associated with HIV infection. IP-10 is secreted by monocytes in 

response to IFN-γ stimulation and serves as a chemoattractant for 

monocytes/macrophages, T cells, NK cells, and dendritic cells. [61] Concentrations of IP-

10 correlate positively with viral load during primary HIV infection [62], in untreated 

women during chronic infection [63], and remain elevated in HIV patients on treatment 

even after viral suppression and reconstitution of CD4+ T cells. [64] Elevations of IP-10 

concentrations are also seen in HCV monoinfection and HIV/HCV co-infection, implying 

a strong antiviral function.[65, 66] Concentrations of IL-10 are concomitantly elevated as 

part of the immunoregulatory response to curtail the strong release of proinflammatory 

mediators and prevent damage to the host. [67] In HIV-1 infection, IL-10 is part of the 

cytokine storm that occurs early after infection, usually peaking later than many of the 

initial pro-inflammatory cytokines. It has been observed to increase with disease 

progression, presumably as a response to the chronic inflammatory disturbances 

associated with progressive disease. [24, 68]  

 

Certain limitations of our study warrant discussion. While the overall number of LTNPs 

in our analysis was relatively large compared to prior studies, adjusted analyses were 

limited by design and thus may have been affected by small cell sizes, potentially 

preventing our ability to detect statistically significant differences between the groups. 

Given the relatively small sample of LTNPs, it is possible that the detection of only 
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relatively large differences in biomarker concentrations between the study groups was 

possible. It is also possible we did not capture the physiologically relevant time interval 

among those LTNPs who were seroprevalent upon study enrollment. Nevertheless, there 

were no meaningful differences in median biomarker levels between the seroincident and 

seroprevalent LTNPs, thereby suggesting that the earliest available specimens for the 

seroprevalent LTNPs were representative of concentrations early in HIV infection. 

Furthermore, Munoz et al determined that the imputed times from seroconversion for 

those who entered the cohort in 1984 were relatively short.[69] Even after accounting for 

multiple comparisons, we observed statistically significant differences, which strengthens 

our findings. Additionally, the focus on circulating biomarker levels may not reflect 

immune alterations in specific tissue or cell compartments; future studies would be 

needed to explore these issues. Furthermore, we are unable speculate about local 

inflammatory pathways, particularly in lymphoid and mucosal tissues where most of the 

virus resides, which may play a more important role in determining HIV progression or 

identify the cellular sources of these elevated markers. However, elevated serum 

concentrations of inflammatory mediators have been observed in HIV and other 

pathologies and reliably associated with specific disease outcomes. It is thus conceivable 

that circulating levels may reflect local aberrations. Correlations between multiplex and 

more traditional ELISA assays in the context of serum samples is less robust, therefore 

any comparisons with other analyses should be made with caution and inferences should 

be limited to relative associations rather than absolute levels.[70] The MACS is 

comprised solely of men who have sex with men in the United States; thus 

generalizability to other populations, such as women or the elderly, may be inappropriate.  
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A primary strength of this study was the inclusion of 54 HIV-infected men who met the 

definition of long-term nonprogression according to clinical criteria. Specifically, they 

remained free of clinical AIDS for at least 15 years following infection in the absence of 

anti-retroviral therapy. The use of a clinically-based phenotype offers increased accuracy 

and clinical utility if one considers remaining disease-free as the gold standard indicator 

of non-progression, rather than an arbitrary CD4 + T cell count cutoff, whose stability 

may depend on the time since infection and subject to other external exposures, may be 

quite variable over time, and may not be routinely available in all clinical settings. Given 

the varied definitions of LTNPs across many previous studies, it is important to identify 

those LTNPs whose classification is durable and well-characterized. With its long follow-

up period and comprehensive data collection, the MACS is well-positioned to study those 

individuals whose control of infection is clinically relevant. 

 

In addition to the advantages of the long-term non progression case definition described 

above, there are several other factors that strengthen our analysis. The MACS cohort is a 

large, longstanding prospective cohort study of MSM who have been followed for more 

than 25 years with in-depth standardized data and specimen collection. The dedicated 

participation of men who were observed to seroconvert while in follow-up permitted the 

identification of a window of seroconversion with a precision that is often lacking in 

other studies. The collection of valuable serum samples around the time of HIV infection, 

prior to the advent of effective therapy, allowed us to investigate the role of inflammation 

and immune activation unconfounded by anti-retroviral therapy. The use of a nested case-
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control design enabled us to evaluate biomarkers from stored serum specimens, which is 

efficient in terms of time, cost, and sample volume and is also less likely to be subject to 

certain biases, such as reserve causality.  The prospective nature of the specimen 

collection permitted us to capture an important time interval relative to HIV infection, 

i.e., prior to the determination of disease progression phenotype, thereby minimizing the 

possibility that our findings are due to selection bias and avoids the potential for reverse 

causation that may occur when using samples during chronic infection. Innovative 

statistical methods, i.e., generalized gamma regression models, were utilized to 

incorporate observations below limits of detection as right-censored.  Other methods, 

e.g., assigning undetectable levels with ½ LLOD, may result in estimates with overly 

narrow confidence intervals, yielding incorrect inferences. It is also common to analyze 

biomarker data using natural logarithm-transformation to alleviate the skewed 

distributions. However, the actual biomarker distributions may not be log-normally 

distributed. The advantage of using the GG distribution is that it does not assume an 

underlying log-normal distribution but rather allows for both the shape and the scale as 

well as the location to be modeled simultaneously. Heterogeneity of the full biomarker 

distribution may thus detected. The use of highly sensitive multiplex technologies 

permitted us to quantitate a broad array of markers that represent several components of 

the inflammation process within a limited sample volume. Specimens were collected and 

processed in a standardized manner, and testing took place in centralized laboratories 

using a single, well-trained technician. Specimens were subject to only one freeze-thaw 

cycle, minimizing the potential for variability due to sample degradation. All longitudinal 

samples for an individual were measured on the same plate, precluding the introduction 
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of inter-assay variability. Finally, we considered multiple comparisons in order to avoid 

spurious associations due to multiple testing.  

 

In conclusion, clinically-defined HIV-1 infected LTNPs had higher concentrations of 

MIP-1β, Eotaxin, and IFN-γ 12 to 24 months after seroconversion relative to progressors, 

independent of CD4+ T cell count and HIV RNA levels, which may play a role in 

establishing durable host control of infection early in the disease process.  The LTNPs 

were not, however, similar to the HIV-uninfected men exhibited elevated levels of T cell 

activation and dysregulated inflammatory responses.  In addition to supporting the role of 

systemic inflammation and an altered immune environment in HIV pathogenesis, our 

results may offer insight into novel concepts for vaccine development or immune-

modulating therapies. 
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Table 5.1. Sociodemographic, immunological, and clinical characteristics of the study 

population by group status, Multicenter AIDS Cohort Study (MACS).  

 

Data are no. (%) of participants or median value (interquartile range, 25% - 75%). See 

Materials and methods in text for descriptions of study groups. 

a At baseline (first available marker measurement) unless otherwise indicated. 

b 5 LTNPs and 1 progressor were missing HIV RNA values at the first measurement.  

c Value is presented in log base 10. 

Characteristics
a

Age (years)

Race

Non-black

Black 

Body mass index (kg/m
2
)

≥ 30

25 - 29.9

≤ 24.9

Hepatitis C infection

Chronic

Cleared (Ab+ only)

Negative

Total number of visits 

contributed

1

2

3

4

5

Age at seroconversion (years)

Time to AIDS (years)
d

CD4+ T-cell count (cells/µL)

HIV RNA load (copies/mL)
b,c

HIV RNA setpoint 
c,e

36 (18.7)

10 (5.2)

147 (76.2)

125 (64.8)

68 (35.2)

23 (11.9)

60 (31.1)

110 (57)

193 (100)

0 (0)

0 (0)

0 (0)

0 (0)1 (1.9)

177 (93.7)

12 (6.3)

10 (5.4)

46 (24.6)

131 (70.1)

9 (4.8)

2 (1.1)

177 (94.2)

63 (33.3)

68 (36.0)

47 (24.9)

11 (5.8)

0 (0)

Cases Controls

43 (79.6)

11 (20.4)

3 (5.7)

8 (15.1)

42 (79.3)

2 (3.7)

1 (1.9)

50 (94.3)

13 (24.1)

17 (31.9)

20 (37.0)

3 (5.6)

Long-term Non-

progressors
Seronegatives

n = 54 n = 189 n = 193 

Progressors

NA

34.4 (29.8 - 36.9) 35.8 (30.3 - 40.8) 38.3 (33.4 - 64.8)

36 (28.9 - 42.3)

840 (650 - 1,058)

2.8 (2.5 - 3.7) 4.7 (4.4 - 4.9) NA

NA

NA

924 (706 - 1,172)

2.9 (2.5 - 3.7)

34.3 (28.6 - 39.3)

6 (4.2 - 7.7)

529 (391 - 736)

4.7 (4.3 - 4.9)
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d Clinical AIDS was defined according to the 1993 CDC criteria (without CD4+ T cell 

counts). 

e HIV RNA setpoint was defined as the mean RNA obtained 12 – 24.5 months post-

seroconversion. 8 LTNPs and 12 progressors were missing HIV RNA set point values.  

 

Abbreviations: AIDS, acquired immunodeficiency virus; HIV, human immunodeficiency 

virus; NA, not applicable. 
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Table 5.2. Geometric mean (25%, 75%) biomarker concentrations early after HIV 

infection (12 - 24 months following the first positive visit or baseline) for the long-term 

non-progressors, stratified by seroprevalence status at study entry. 

 

a Measured in pg/mL, unless otherwise indicated. 

b Measured in mg/L. 

c p-value comparing median biomarker concentrations between seroincident and 

seroprevalent LTNPs obtained from the non-parametric Wilcoxon-Mann-Whitney text.  

Inflammatory Biomarker
a

Geometric 

mean
(25% - 75%)

Geometric 

mean
(25% - 75%) p -value

c

Chemokines

Eotaxin 2,039 (1,556 - 3,103) 1,772 (1,326 - 2,893) 0.31

IL-8 (CXCL8) 7.8 (6.0 - 18.7) 11.6 (6.2 - 35.9) 0.47

MCP-1 (CCL2) 614 (446 - 672) 498 (361 - 706) 0.30

IP-10 (CXCL10) 147 (122 - 296) 151 (101 - 194) 0.58

MCP-4 (CCL13) 685 (584 - 1,200) 620 (441 - 880) 0.10

MIP-1β CCL4) 108 (86.5 - 228) 108 (78.3 - 176) 0.54

TARC (CCL17) 483 (357 - 880) 446 (311 - 713) 0.72

CXCL13 (BLC-BCA1) 299 (284 - 380) 321 (284 - 384) 0.51

Cytokines

IL-10 5.1 (2.0 - 9.4) 3.5 (2.1 - 7.5) 0.50

IL-6 1.0 (0.3 - 1.4) 0.7 (0.5 - 1.2) 0.66

TNF-α 7.7 (6.0 - 12.1) 8.9 (6.8 - 11.8) 0.71

IL-12p70 2.9 (1.0 - 16.6) 3.0 (1.6 - 8.2) 0.91

BAFF 2,208 (1,845 - 2,490) 2,039 (1,772 - 2,327) 0.15

IL-1β 0.5 (0.4 - 0.7) 0.5 (0.3 - 0.8) 0.62

IL-2 0.8 (0.5 - 1.1) 0.6 (0.5 - 1.2) 0.85

IFN-γ 1.6 (1.3 - 2.6) 1.6 (1.1 - 2.4) 0.55

GM-CSF 0.6 (0.5 - 1.8) 1.3 (0.7 - 2.2) 0.10

Soluble Cytokine Receptors

sCD14 2.06E+06 (1,315,859 - 2,258,023) 2.13E+06 (1,830,317 - 2,350,174) 0.38

sgp130 2.40E+05 (221,904 - 271,034) 2.43E+05 (221,904 - 273,758) 0.89

sIL-2Rα 1,720 (1,043 - 2,208) 1,588 (1,287 - 1,939) 0.64

sCD27 10,199 (8,023 - 17,501) 11,048 (9,136- 14,472) 0.64

sTNF-R2 2,165 (1,845 - 2,836) 2,253 (1,920 - 2,836) 0.86

CRP
b

3.3 (1.8 - 13.5) 2.2 (1.3 - 3.7) 0.17

Cases

Seroincident

n = 11 (person-visits = 22)

Seroprevalent

n = 43 (person-visits = 102)
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Abbreviations: BAFF, B-cell activating factor; CRP, C-reactive protein; GM-CSF, 

granulocyte-macrophage colony-stimulating factor; IFN-γ, interferon γ; IL-8, interleukin 

8; IP-10, interferon-gamma induced protein; MCP-4, monocyte chemotactic protein; 

MIP-1β, macrophage inflammatory protein-1 beta; TARC, thymus and activation 

regulated chemokine; sCD14, soluble CD14; sgp130, soluble gp130; TNF-α, tumor 

necrosis factor α; sTNF-R2, soluble tumor necrosis factor receptor 2 
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Table 5.3. Unadjusted geometric mean (25% - 75%) biomarker concentrations at the first available marker measurement and percent 

detectable across all person-visits for the three study groups.  

 

a Measured in pg/mL, unless otherwise stated. 

Progressors Seronegatives 

Biomarker
a n = 124 n = 382 n = 193

Geometric 

mean
(25% - 75%)

Geometric 

mean
(25% - 75%) p -value

c
Geometric 

mean
(25% - 75%) p -value

d

Chemokines (%) (%) (%)

Eotaxin 100 100 100 1,875 (1,387 - 2,922) 1,845 (1,339 - 2,441) 0.17 1,703 (1,274 - 2,253) 0.04

IL-8 100 100 100 11.5 (6.2 - 29.7) 11.1 (7.8 - 18.4) 0.81 11.6 (8.2 - 20.9) 0.73

MCP-1 100 100 100 550 (384 - 672) 608 (473 - 757) 0.006 498 (361 - 633) 0.22

IP-10 100 100 100 151 (103 - 213) 337 (228 - 534) <0.001 114 (78 - 179) <0.001

MCP-4 100 100 100 672 (478 - 871) 679 (518 - 889) 0.56 685 (550 - 854) 0.64

MIP-1β 100 99.7 99.5 108 (85 - 211) 92.8 (64.1 - 123) <0.001 134 (86 - 187) 0.44

TARC 100 100 99.5 464 (324 - 721) 464 (287 - 659) 0.93 498 (380 - 812) 0.08

CXCL13 96.8 99.7 98.5 317 (284 - 384) 354 (308 - 428) 0.006 296 (240 - 347) 0.01

Cytokines

IL-10 99.2 99.5 100 3.7 (2.1 - 7.5) 4.6 (2.7 - 10.3) 0.06 3.1 (2.1 - 6.8) 0.45

IL-6 99.2 98.2 100 0.8 (0.5 - 1.2) 0.9 (0.6 - 1.2) 0.004 0.8 (0.6 - 1.2) 0.09

TNF-α 100 100 100 8.6 (6.8 - 11.8) 11.6 (9.4 - 15.2) <0.001 7.9 (6.8 - 9.5) 0.36

IL-12p70 91.9 90.3 94.8 2.9 (1.6 - 8.2) 2.4 (1.2 - 5.3) 0.23 2.2 (1.2 - 8.2) 0.23

BAFF 100 99.7 100 2,059 (1,790 - 2,322) 2,276 (1,939 - 2,752) <0.001 1,939 (1,737 - 2,208) 0.11

IL-1β 56.5 56.3 52.3 0.5 (0.3 - 0.7) 0.4 (0.3 - 0.8) 0.53 0.4 (0.3 - 0.8) 0.61

IL-2 84.7 88.0 70.0 0.7 (0.5 - 1.5) 0.8 (0.5 - 1.1) 0.08 0.7 (0.4 - 1.3) 0.12

IFN-γ 58.1 63.1 57.5 1.7 (1.2 - 3.0) 1.7 (1.3 - 2.5) 0.13 1.2 (0.9 - 2.0) 0.17

GM-CSF 59.0 60.2 66.3 1.3 (0.7 - 2.1) 0.9 (0.6 - 1.5) 0.8 1.1 (0.7 - 2.2) 0.31

Soluble Cytokine 

Receptors

sCD14 100 99.7 100 2.11E+06 (1.74E+06 - 2.35E+06) 2.40E+06 (2.04E+06-2.81E+05) <0.001 2.08E+06 (1.81E+06 - 2.45E+06) 0.86

sgp130 100 99.7 100 2.43E+05 (2.22E+05 - 2.71E+05) 2.43E+05 (2.22E+05-2.74E+05) 0.63 2.55E+05 (2.31E+05 - 2.85E+05) 0.05

sIL-2Rα 100 99.7 100 1,588 (1,287 - 2,018) 2,122 (1,620-2,670) <0.001 1,326 (1,153 - 1,652) 0.01

sCD27 100 99.7 100 11,048 (9,136 - 14,765) 15,367 (12,088-18,770) <0.001 8,604 (7,332 - 10,615) <0.001

sTNF-R2 100 99.7 100 2,208 (1,920 - 2,836) 3,262 (2,697-4,146) <0.001 2,143 (1,755 - 2,618) 0.28

CRP
b

100 100 100 0.9 (0.3 - 1.9) 1.1 (0.5-2.4) 0.03 0.9 (0.4 - 2.2) 0.54

Above LLOD
e

Controls

ControlsCases 

Progressors
Cases 

Seronegatives

n = 193 (person-visits  = 193)n = 54 (person-visits  = 124) n = 189 (person-visits  = 382)
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b Measured in ng/mL. 

c p-value comparing median biomarker concentrations (LTNP vs. Progressors) obtained from the Wilcoxon-Mann-Whitney test. 

 
d p-value comparing median biomarker concentrations (LTNP vs. SN) obtained from the Wilcoxon-Mann-Whitney test. 

e The proportion of values above the LLOD did not differ substantially between the cases and controls for any of the markers except 

for IL-2 (70% for SN and 84.7% for cases), p = 0. 

 

Abbreviations: BAFF, B-cell activating factor; CRP, C-reactive protein; GMCSF, granulocyte-macrophage colony-stimulating factor; 

IFN-γ, interferon γ; IL-8, interleukin 8; IP-10, interferon-gamma induced protein; MCP-4, monocyte chemotactic protein; MIP-1β, 

macrophage inflammatory protein-1 beta; TARC, thymus and activation regulated chemokine; sCD14, soluble CD14; sgp130, soluble 

gp130; TNF-α, tumor necrosis factor α; sTNF-R2, soluble tumor necrosis factor receptor 2.



 

 257 

Figure 5.1. A&B. Relative percentiles (RP) and 95% confidence intervals (CI) of 23 

biomarker concentrations during early HIV infection (12 - 24 months after the first 

positive visit) comparing (A) LTNPs with seroincident men who progressed to AIDS 

within 12 years after seroconversion and (B) HIV-uninfected men, adjusting for age, 

race, body mass index, and hepatitis C infection. Biomarkers are ordered according to the 

magnitude of the estimate from values below 1 (unity) to those above 1. Red line 

indicates unity. Estimates above the red line indicate that the LTNPs had elevated 

concentrations of a biomarker compared to the control group; estimates below 1 denote 

lower biomarker concentrations. Filled squares indicate estimates that are significant at p 

< 0.002; yellow-filled diamonds are significant at 0.002 < p ≤ 0.05.  

 

A. LTNPs vs. HIV-infected progressors 
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Figure 5.1. A&B (con’t). Relative percentiles (RP) and 95% confidence intervals (CI) of 

23 biomarker concentrations during early HIV infection (12 - 24 months after the first 

positive visit) comparing (B) LTNPs with HIV-uninfected men, adjusting for age, race, 

body mass index, and hepatitis C infection. Biomarkers are ordered according to the 

magnitude of the estimate from values below 1 (unity) to those above 1. Red line 

indicates unity. Estimates above the red line indicate that LTNPs had elevated 

concentrations of a biomarker compared to the control group; estimates below 1 denote 

lower biomarker concentrations. Filled squares indicate estimates that are significant at p 

< 0.002; yellow-filled diamonds are significant at 0.002 < p ≤ 0.05.  

 

B. LTNPs vs. HIV-uninfected men  
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Table 5.4. Multivariate relative percentile (RP) estimates and 95% confidence intervals 

(CIs) for biomarker concentrations during early HIV infection (12 - 24 months) between 

54 LTNPs and 189 seroconverters who progressed to AIDS within 12 years.  

 

LTNPs compared to progressors.  

a Model 2A adjusted for age, study center, race, hepatitis C, body mass index, and CD4+ 

T cell count (cell count/100). 

b Model 2B adjusted for age, study center, race, hepatitis C, body mass index, CD4+ T 

cell count (cell count/100), HIV RNA (log10 viral load/1,000). 

Abbreviations: BAFF, B-cell activating factor; CRP, C-reactive protein; GM-CSF, 

granulocyte-macrophage colony-stimulating factor; IFN-γ, interferon γ; IL-8, interleukin 

Biomarker

Relative 

Percentile 

(RP)
a

p -value

Relative 

Percentile 

(RP)
b

p -value

Chemokines

Eotaxin 1.19 1.03 1.38 0.016 1.22 1.04 1.43 0.02

IL-8 1.03 0.84 1.27 0.762 1.05 0.83 1.33 0.69

TARC 1.05 0.86 1.27 0.66 1.17 0.93 1.48 0.18

IP-10 0.59 0.48 0.72 <0.002 0.87 0.71 1.08 0.21

MCP-4 0.95 0.82 1.11 0.55 1.02 0.87 1.20 0.79

MIP-1β 1.49 1.14 1.96 0.004 1.44 1.04 2.00 0.03

MCP-1 0.94 0.83 1.06 0.29 1.05 0.91 1.20 0.52

CXCL13 0.86 0.78 0.95 0.004 0.91 0.80 1.02 0.10

Cytokines

IL-10 0.83 0.67 1.04 0.10 1.03 0.81 1.30 0.83

IL-12p70 1.13 0.73 1.76 0.59 0.88 0.52 1.49 0.64

TNF-α 0.83 0.71 0.97 0.02 1.03 0.87 1.21 0.76

IL-6 0.83 0.70 0.99 0.04 0.96 0.78 1.18 0.68

BAFF 0.89 0.82 0.96 0.003 0.96 0.88 1.05 0.39

IL-2 1.10 0.86 1.41 0.44 1.33 0.98 1.81 0.07

GM-CSF 1.24 0.87 1.75 0.24 1.22 0.77 1.94 0.40

IL-1β 0.87 0.54 1.40 0.56 0.84 0.49 1.47 0.55

IFN-γ 1.39 0.88 2.20 0.16 1.53 1.00 2.34 0.05

Soluble Markers

sCD14 0.90 0.84 0.97 0.006 1.01 0.93 1.10 0.83

sCD27 0.83 0.74 0.93 0.002 1.06 0.92 1.23 0.43

sgp130 0.99 0.94 1.04 0.67 1.01 0.96 1.06 0.71

sIL-2rα 0.79 0.69 0.89 <0.002 1.00 0.88 1.15 0.94

sTNF-R2 0.79 0.72 0.86 <0.002 0.99 0.89 1.11 0.87

CRP 0.71 0.49 1.03 0.07 0.82 0.49 1.36 0.44

MODEL 2A MODEL 2B

95% CI 95% CI
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8; IP-10, interferon-gamma induced protein; MCP-4, monocyte chemotactic protein; 

MIP-1β, macrophage inflammatory protein-1 beta; TARC, thymus and activation 

regulated chemokine; sCD14, soluble CD14; sgp130, soluble gp130; TNF-α, tumor 

necrosis factor α; sTNF-R2, soluble tumor necrosis factor receptor 2. 
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Supplemental Figure 5.1. Spaghetti plots of lowess-smoothed loge-transformed 

biomarker trajectories by years from first positive visit for the 54 LTNPs stratified by 

seroprevalence status (i.e., those who were observed to seroconvert over follow-up 

[“seroincident”] and those who were seroprevalent at study enrollment in 1984 – 1985 

and for whom their first available biomarker measurement is used [“seroprevalent”]). 

Lowess smoothing is a locally weighting least squares regression technique that 

represents the unadjusted association between biomarker concentrations and duration of 

HIV infection.  

 

  



 

 262 

       EOTAXIN (ln) 

 

 

 

      IP-10/CXCL10 (ln) 

 



 

 263 

                 MCP-4/CCL13 (ln) 

 

 

 

      MIP-1β/CCL4 (ln) 

 



 

 264 

 

           TARC/CCL17 (ln) 

 

 

      IL-8/CXCL8 (ln) 

 



 

 265 

             IL-10 (ln) 

 

 

 

              IL-6 (ln) 

 



 

 266 

                  TNF-α (ln) 

 

 

 

               IL-12p70 (ln) 

 



 

 267 

            BAFF (ln) 

 

 

 

       sCD27 (ln) 

 



 

 268 

        sIL-2Rα (ln) 

 

 

 

           sCD27 (ln) 

 



 

 269 

        sgp130 (ln) 

 

 

 

       sTNF-R2 (ln) 

 



 

 270 

Supplemental Figure 5.2. Boxplots of grouped biomarker concentrations by study group 

(LTNPs, progressors, HIV-uninfected men) during time period of interest (12 – 24 

months following first HIV seropositive visit [or baseline in the case of the HIV-

uninfected men]).  
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Supplemental Figure 5.3. Generalized-gamma-modeled relative percentiles of IL-6 

concentration in LTNPs relative to HIV-uninfected men. The curves represent ratio 

estimates of GG-based percentiles with model parameters of β, σ, κ of GG(-

0.0791+0.5269, 0.1630, -0.8167) for the LTNPs and GG(0.5269, -0.6597, 1.1083) for the 

HIV-uninfected men. A line below unity (1.0) indicates a lower level of the biomarker 

among the LTNPs relative to the HIV-uninfected men.  For example, IL-6 concentrations 

are lower in LTNPs than in the uninfected 
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Supplemental Figure 5.4. Generalized-gamma-modeled relative percentiles of CXCL13 

concentration in LTNPs relative to HIV-uninfected men. The curves represent ratio 

estimates of GG-based percentiles with model parameters of β, σ, κ of GG(-0.1988 + -

5.8203, -0.3016, -0.8971) for the LTNPs and GG(-5.8203, -1.1633, -0.2307) for the HIV-

uninfected men.  
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Supplementary Figure 5.5. Generalized-gamma-modeled relative percentiles of MIP-

1β/CCL4 concentration in LTNPs relative to HIV-uninfected men. The curves represent 

ratio estimates of GG-based percentiles with model parameters of β, σ, κ of GG(0.2855 + 

-4.9856, -0.2597, 1.1123) for the LTNPs and GG(-4.9856, -0.5487, 0.06166) for the HIV-

uninfected men. 
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Supplemental Figure 5.6. Generalized-gamma-modeled relative percentiles of sCD14 

concentration in LTNPs relative to HIV-uninfected men. The curves represent ratio 

estimates of GG-based percentiles with model parameters of β, σ, κ of GG(-0.0832 + -

14.480, -0.2153, -0.9136) for the LTNPs and GG(14.480, -1.385, -0.0844) for the HIV-

uninfected men. 
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CHAPTER 6: CONCLUSION 
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This dissertation examined a comprehensive array of serological biomarkers of 

inflammation and immune activation, including cytokines, chemokines, soluble cytokine 

receptors, and C-reactive protein, in the context of the natural history of HIV-1 infection 

and clinical disease progression. In addition, this dissertation evaluated the long-term 

within-person reliability of these biomarkers and examined the assay performance of the 

Meso-Scale Discovery (MSD) and Luminex platform for epidemiologic utility. 

 

6.1. Summary of Findings 

6.1.2. Chapter 2: Multiplex assay performance and long-term intra-individual 

variation of serum concentrations of inflammatory cytokines, chemokines, and soluble 

receptors 

 

Determining measurement error is essential for obtaining valid inferences regarding true 

associations between an exposure and outcome. Laboratory variability results in 

attenuated effect estimates and reduces statistical power, which has significant 

implications for the design, analysis, and replication of large-scale epidemiologic studies. 

Using measures from the same two external samples using a single blood draw run in 

duplicate across 146 plates on the MSD platform, we determined that all 7 chemokines 

(Eotaxin, IL-8, IP-10, MCP-1, MCP-4, MIP-1β, and TARC) and 5 cytokines (IL-6, IL-

10, IL-12p70, IL-1β, and TNF-α) were highly detectable (> 80% of control samples) and 

had acceptable laboratory variability (intra-assay CVs < 15%). Three cytokines, IFN-γ, 

GM-CSF, and IL-2 were undetectable in > 20% of all control samples and exhibited poor 

reliability between control samples. Evidence of inter-assay variability indicates the need 
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to run longitudinal samples for a particular person on the same plate. While knowledge of 

assay characteristics is important for planning purposes, an assay may still be useful if the 

assay variability, even if still large, may be much smaller than the biological variability 

between the groups under investigation, underscoring the need to consider the biological 

context of the research question.  

 

Using up to 4 visits per person from 1984 – 2009 for 250 HIV-uninfected men in the 

MACS, we assessed the intra-individual reliability, or tracking, of biomarkers with > 

80% detectability over periods of time between visits ranging from 0 – 2 to > 15 years. 

With the exception of IL-8 and TNF-α, all the biomarkers exhibited fair to strong (ICC > 

0.40) intra-individual reliability up to 15 years between blood draws. After 15 years, all 

the biomarkers, with the exception of CXCL13 and IL-6 (in addition to IL-8 and TNF-α), 

exhibited moderate to strong tracking between blood draws.  The intra-individual 

reliability of IL-8, which was tested on both the chemokine and cytokine MSD assays, 

was good in the short-term (< 6 years) but decreased with increasing time between visits. 

This suggests that, when examining the relationship between IL-8 and an outcome of 

interest, capturing the biologically relevant time period is particularly critical to obtain 

valid risk estimates. In these HIV-uninfected men, the variability across the population is 

much greater than the variability within an individual for most of the biomarkers under 

study. It is possible that the exposures that effect these marker concentrations are more 

“fixed” within an individual over time, whereas IL-8 may be more susceptible to time-

varying, or transient, stimuli. For most of these biomarkers, therefore, longitudinal 

studies of individuals will be more precise than serial studies of different people. Intra-
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individual variability in biomarker concentrations may result in attenuated biomarker-

disease risk estimates in studies utilizing a single measurement. The ICCs we obtained 

may be useful for estimating the extent of measurement error associated with a single 

measurement in future epidemiologic studies.  

 

6.1.3. Chapter 3: Factors associated with serologic inflammatory markers in HIV-

uninfected men who have sex with men 

 

In addition to considerations of assay performance and intra-individual variability, 

studies utilizing multiplexed inflammatory biomarkers should incorporate rigorous 

epidemiologic design considerations such as controlling for potential confounders. In 

addition, identification of host characteristics may suggest modifiable risk targets for 

disease prevention or future treatment modalities.  In 250 HIV-uninfected men, we 

investigated the effect of fixed and modifiable host characteristics on serum 

concentrations of inflammation and immune activation, including CRP.  Several notable 

relationships were identified, including positive associations with age (associated with 

sCD27, sTNF-R2, MCP-4, IL-6, IP-10), non-black race (Eotaxin, MCP-1), body mass 

index (IP-10, IL-6, CRP, sgp130), chronic hepatitis C (IP-10, BAFF, sIL-2Rα, sCD27, 

sTNF-R2), current smoking (CRP), the use of stimulants (IL-10), depressive symptoms 

(TNF-α), diabetes (IL-6), and hypertension (IL-6, IL-8). Inverse associations included 

non-black race (MCP-4, MIP-1β, TARC), obesity (CXCL13), chronic hepatitis C (CRP), 

and hypercholesterolemia (CXCL13, sCD27). Sensitivity analyses revealed further 

interesting relationships between inflammation and depression which should be further 



 

 292 

investigated. Many of these host characteristics are common among HIV-infected 

individuals and will thus be important to consider in future studies.  

 

The measurement of a large number of biomarkers using multiplexed technology also 

mandates consideration of data dimensionality.  Examining biomarkers individually 

raises issues of multiple testing and the occurrence of Type I errors, while adjusting for 

all markers in regression models simultaneously may pose issues of multicollinearity. 

Combinations of soluble biomarkers may prove useful in elucidating underlying 

constructs that make sense biologically and offer a novel way of investigating the role of 

inflammatory or immune activation burden on disease-specific outcomes.  Using the 

same study sample, we employed exploratory factor analysis on the biomarker 

measurements and found that the biomarkers in our study clustered into two main 

biological constructs: an Immune Activation factor (sTNF-R2, sCD27, sIL-2Rα, BAFF, 

sgp130, IP-10) and an Inflammation factor (IL-1β, IL-2, IL-6, GM-CSF, IL-8, IL-10, IL-

12p70, and TNF-α). Subsequent analyses showed that age, obesity, and hepatitis C 

infection yielded higher Immune Activation scores, while binge drinking and 

hypercholesterolemia yielded lower Immune Activation scores. Additionally, age, 

obesity, uncontrolled hypertension, and depression were associated with higher 

Inflammation scores. These results are biologically plausible, suggesting that the use of 

innovative methodological data reduction techniques, such as exploratory factor analysis, 

may offer utility in future epidemiologic investigations.  Employing these clusters as 

exposure variables in prospective studies may inform large-scale etiologic analyses.  
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6.1.4. Chapter 4: The effect of HIV infection on markers of inflammation among men 

with known HIV seroconversion dates in the Multicenter AIDS Cohort Study) 

 

A prospective study design was used to examine the effect of HIV infection on 23 

inflammatory biomarker concentrations in 273 men with known and relatively precise (≤ 

1.5 years) HIV seroconversion dates in the MACS and with both pre- and post-

seroconversion serum samples available for multiplex testing.  Within the first year after 

infection, significant increases were noted: IP-10 (101%), CXCL13 (24%), TNF-α 

(38%), sCD27 (47%), sTNF-R2 (37%), sIL-2Rα (33%), sCD14 (10%), BAFF (9%), and 

CRP (25%). Increases in concentrations of IL-6 (13%), MCP-1 (5%), sgp130 (3%) and 

IFN-γ (16%) were also noted but reached significance only at the 0.05 level. In contrast, 

GM-CSF, MIP-1β, IL-8, and Eotaxin decreased significantly (p < 0.002) in the first year, 

while MCP-4, TARC, IL-10, IL-12p70, IL-1β and IL-2 did not exhibit any significant 

changes from pre-seroconversion.  After an initial increase, concentrations of IP-10, 

TNF-α, sCD27, sTNF-R2, sIL-2Rα, BAFF, IFN-γ, sCD14, MCP-1, sgp130, and CRP did 

not demonstrate any additional change from 1 to 3 years after infection. CXCL13 was 

observed to revert and decrease between 1 and 3 years after infection. IL-6 continued on 

a positive, albeit more modest, trajectory after the first year. Increases in MCP-4 were 

more gradual and did not reach significance (p ≤ 0.05) until after the first year.  After an 

initial decrease within the first year after seroconversion, concentrations of GM-CSF, 

MIP-1β, and IL-8 demonstrated no additional change between 1 and 3 years post-

infection. Concentrations of Eotaxin continued to decline modestly, but significantly (p < 

0.002), between 1 to 3 years.  Concentrations of TARC increased (p = 0.005) during this 
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time frame after initially decreasing within the first year (p = 0.006).  After exhibiting no 

significant change within the first year relative to pre-infection, IL-12p70 concentrations 

decreased significantly (p = 0.006) between 1 to 3 years after infection. 

 

In 208 of these seroconverters, we then prospectively assessed the impact of 

inflammatory marker levels within 9 months after seroconversion and subsequent HIV 

RNA setpoint values. In models adjusting for age and first viral load, a doubling of IP-10, 

CXCL13, sCD27, sIL-2Rα, and sTNF-R2 was associated significantly elevated 

subsequent HIV RNA setpoint levels. BAFF was also positively associated with 

increased setpoint values but did not reach statistical significance (p = 0.07). 

Interestingly, although not statistically significant, higher concentrations of the 

chemokines MCP-4, MCP-1, and MIP-1β resulted in notably lower HIV RNA setpoint.  

 

In sensitivity analyses, we further restricted the time frame to include only those 

biomarker measurements obtained within 6 months after seroconversion to avoid those 

participants who might already reached their setpoint at 9 months. This restriction yielded 

similar inferences. Interestingly, the effect of higher concentrations of BAFF on 

subsequent setpoint levels became both more pronounced and more significant in this 

smaller sample. Additionally, pre-infection concentrations of both the T-cell activation 

marker sCD27 and the chemokine CXCL13 were positively associated with subsequent 

HIV RNA setpoint levels (RP = 1.70; 95% CI 1.08 – 2.67; p = 0.02 and RP = 1.46; 95% 

CI 1.03 – 2.06; p =0.03, respectively). The potential role of pre-infection levels of 
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inflammation and immune activation on HIV RNA setpoint and other clinical outcomes 

associated with HIV infection warrants further study.  

 

6.1.5. Chapter 5: Association of serological biomarkers of inflammation and immune 

activation with long-term non-progression of HIV-1 infection  

 

Utilizing a case-control study design, we examined whether 54 HIV-infected men who 

have remained clinically free of AIDS for up to 15 years in the absence of treatment, 

defined as long-term non-progressors, had distinct concentrations of 23 biomarkers of 

inflammation and immune activation early after infection (12 – 24 months) from 189 

untreated HIV-infected men who progressed to AIDS as expected (within 12 years 

following seroconversion). We also examined whether the concentrations of these 

biomarkers were similar between these long-term non-progressors and 193 HIV-

uninfected men of comparable sociodemographics and risk behaviors.  

 

The long-term non-progressors higher concentrations of Eotaxin (+22%; p = 0.02) and 

MIP-1β (+44%; p = 0.03) than progressors 12 – 24 months after HIV infection in 

generalized gamma regression models adjusting for age, race, study center, body mass 

index, hepatitis C, CD4+ T cell counts, and HIV RNA levels. No significant differences 

in IL-8, TARC, IP-10, MCP-4, MCP-1, CXCL13, IL-10, IL-12p70, TNF-α, IL-6, BAFF, 

IL-2, GM-CSF, IL-1β, IFN-γ, sCD14, sCD27, sgp130, sIL-2Rα, sTNF-R2, and CRP 

between the long-term non-progressors and the progressors were observed. Relative to 

the HIV-uninfected men, the long-term non-progressors had significantly (p < 0.002) 
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higher concentrations of sCD27, IL-10, IP-10, marginally (0.002 < p ≤ 0.05) higher 

concentrations of sTNF-R2 and sIL-2Rα, and marginally lower concentrations of GM-

CSF, IL-8, IL-6. No significant differences in IL-1β, Eotaxin, TARC, CRP, sCD14, 

sgp130, IL-2, MCP-1, MCP-4, BAFF, IL-12p70, TNF-α, MIP-1β, CXCL13, and IFN-γ 

concentrations between the long-term non-progressors and the HIV-uninfected men were 

observed.   

 

Long-term non-progression may be associated with reduced co-receptor accessibility due 

to elevated concentrations of MIP-1β and Eotaxin early after HIV infection. The ability 

of these chemokines to reduce viral infection and replication been suggested previously.  

Our findings provide additional evidence of their anti-HIV properties.  Long-term non-

progressors were distinct from the HIV-uninfected men, exhibiting higher levels of T cell 

activation (IP-10, sCD27, sTNF-R2, and sIL-2Rα) and dysregulated inflammatory 

responses (lower concentrations of GM-CSF, IL-8, and IL-6 and higher concentrations of 

IL-10).  

 

6.2. Public health relevance and research implications 

 

Numerous biomarkers have been previously shown to be associated with various aspects 

of HIV-1 disease throughout the duration of infection.  The role of chronic inflammation 

and immune activation has been widely investigated in the chronic stages of infection, 

and the evidence that this persistent and systemic activation contributes to disease 

progression has been previously reviewed.[1] Yet, the dynamics of the immune response 
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to infection in the early stages of disease has been less widely examined, primarily due to 

the paucity of studies utilizing well-characterized seroconverters with data and specimens 

prior to seroconversion. Moreover, there have been few studies of inflammation in the 

context of untreated HIV due to the scarcity of longitudinal cohort data from the natural 

history era of HIV.  Immune events during early infection may be critical for setting the 

stage for subsequent disease events and chronic immune dysregulation. In their study, 

Roberts et al determined that biomarkers involved in the acute stage cytokine storm may 

be prognostic of viral load setpoint.[2] Previously, Deeks et al characterized the existence 

of an immune activation setpoint using a single T cell activation biomarker, sCD38, and 

found that it was prognostic of disease progression independently of viral load.[3] Our 

examination of a broad spectrum of soluble biomarkers contributes to our understanding 

of the host immune response to infection during the early months after seroconversion 

and may thus help to inform ongoing and future studies of the etiological mechanisms 

involved in clinical HIV progression. Correlates between stages of infection and specific 

or combinations of soluble markers are useful in helping investigators understand the 

underlying pathology associated with HIV disease progression.  Finally, characterizing 

natural history inflammatory marker concentrations among seroconverters provides 

valuable historical control data for future studies of inflammation among anti-retroviral 

treated patients. 

 

We assessed the detectability and reliability of the Meso-Scale Discovery platform, a 

relatively newly-developed multiplex assay technology, and the within-person biological 

variability of a wide array of serological biomarkers over increasingly long periods of 
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time, which is otherwise unaccounted for in the literature. Both aspects have implications 

for sample size estimates and statistical power calculations, which are critical for the 

design and conduct of future large-scale epidemiologic studies involving these 

biomarkers.  Moreover, knowledge of within-person variability will inform 

understanding of the intrinsic variability associated with these biomarkers over the long-

term.  

 

In this dissertation, we identified a complex profile of increasing, decreasing, and 

unchanging biomarkers of immune activation within the first few years after 

seroconversion, underscoring the complexity of the immune response to HIV infection.  

Persistent inflammation and systemic immune activation is a hallmark of chronic HIV 

infection and has been linked with increased risk of AIDS-associated opportunistic 

morbidities and mortality as well as, increasingly, non-AIDS-related morbidity, such as 

cardiovascular disease, malignancies, and metabolic disorders, among others. By 

examining a broad array of soluble immune mediators, we identified specific immune 

disturbances associated with HIV infection, which will inform our understanding of the 

underlying immune correlates associated with different stages of disease.  For example, 

the pronounced increase and sustained levels of IP-10, a chemoattractant for activated 

CD4+ and CD8+ T cells, and several soluble markers of T cell activation, including 

sCD27, sTNF-R2, and sIL-2Rα, observed within the first few years of HIV infection 

provides further and more comprehensive evidence that the foundation of HIV-associated 

immune dysregulation and T cell-activation characterized during the later stages of 

diseases is established early. These markers were also significantly associated with 
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subsequent HIV RNA setpoint levels, which further cements their role as significant 

predictors of disease progression. A recent study identified monocytes and dendritic cells 

as the primary cellular sources of IP-10 and has hypothesized that, in untreated HIV-1 

infection, IP-10 produced by monocytes may serve to recruit susceptible T cells to the 

lymph nodes, thereby augmenting infection and contributing to immune activation and 

dysfunction.[4] Some of the cytokines that are produced by activated T cells during the 

immune response to HIV, such as TNF-α and IFN-γ, were also significantly elevated 

following infection. While important for a robust anti-viral immune response, they have 

been shown to enhance HIV replication [5] as well as the activation and death of 

uninfected bystander CD4+ T cells, thereby contributing to progressive 

immunodeficiency.[6] Future studies involving the cellular sources of these various 

soluble mediators will be necessary to further elucidate the precise pathways involved.  

 

Our analysis also demonstrated that HIV infection is characterized by an early 

dysregulation of B-cell activation and cytokine production (CXCL13 and BAFF), 

although these findings were not as pronounced as changes associated with soluble T cell 

activation markers and chemokines.  This contributes to prior epidemiological studies, 

which showed that soluble markers of B-cell activation, as well as serum levels of B-cell 

stimulatory cytokines, are elevated in chronically-infected individuals.[7-9]  IL-6, a 

proinflammatory cytokine that is also a potent B-cell stimulatory molecule [10], was also 

elevated after infection, although less significantly. These findings enhance our 

understanding of the pathogenesis of HIV by offering further evidence that the 

foundations for B-cell hyperactivation associated with chronic disease are established 
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early in the disease. Progressive increases in B-cell stimulatory molecules, such as 

CXCL13 and IL-6, are seen as individuals progress to AIDS and have been associated 

with an elevated risk of AIDS-related non-Hodgkin lymphoma (NHL) as well as an 

increased risk of NHL among infected individuals on effective therapy.[11] While recent 

studies suggest that anti-retroviral therapy partially normalizes the levels of some of these 

markers and corrects some B-cell dysfunction, levels are not fully reduced to pre-

infection levels, even with successful viral suppression.[11, 12] Viral persistence and low 

level viral replication may contribute to persisting B-cell hyperactivation post-therapy. 

Whether immune-modulating agents can be developed to reverse these effects and thus 

reduce HIV-associated morbidity and mortality associated with B-cell dysregulation 

remains an open question and requires further investigation.  

 

In addition to contributing knowledge of the etiologic mechanisms underlying HIV 

pathogenesis, our results stand to inform ongoing research of potential therapeutics, such 

as microbicides or adjuvant therapies to anti-retroviral treatment, as well as vaccines. 

Clinical and public health considerations include efforts to both improve the health of 

HIV-infected individuals in the current treatment era and potentially reduce, or even 

prevent, transmission to uninfected individuals, thereby stemming the growth of the 

pandemic.  We identified several inflammatory biomarkers that were prognostic of HIV 

RNA setpoint, which has been previously associated with clinical disease progression.  

As mentioned above, the chemokine IP-10 and three soluble markers of T cell activation, 

sCD27, sIL-2Rα, and sTNF-R2, were significantly prognostic of viral setpoint levels, as 

were elevated concentrations of the B-cell chemoattractant CXCL13 and the B-
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stimulatory molecule BAFF.  Reduction of these immune components may offer a 

prospective strategy for developing immunosuppressive treatments aimed at directly 

reducing viral replication and slowing the progression of disease. It will be important for 

future studies to correlate these biomarkers with additional clinical endpoints beyond 

HIV RNA setpoint to further ascertain their utility as potential treatment targets.  

 

In sensitivity analyses, pre-infection concentrations of sCD27 and CXCL13 were 

positively associated with subsequent setpoint levels.  The extent to which immune 

activation is associated with susceptibility to HIV infection is unknown. It has recently 

been hypothesized that a model of immune quiescence may protect against HIV infection 

by limiting HIV target cell availability or damaging the efficiency of viral replication 

thereby stemming viral dissemination.[13] This model includes reduced expression of T 

cell activation markers and low levels of circulating proinflammatory cytokine and 

chemokine production. This concept is currently being explored in studies of SIV in non-

human primates and highly-exposed seronegative individuals.  Our findings may 

contribute to this burgeoning literature through the identification of specific disturbances.  

The corroboration of our inferences through replication in additional studies and among 

different populations is nevertheless warranted.  

 

Comparing unique populations, such as long-term non-progressors, or, in some cases, 

viral controllers, and those who progress to AIDS as expected, has also helped to identify 

key factors that may contribute to progression of HIV disease. Given their ability to 

naturally control clinical HIV disease progression, long-term non-progressors offer a 
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valuable source of information about potential treatment models. For example, in our 

study of early inflammatory and immune activation levels, long-term non-progression 

was associated with higher concentrations of the chemokines Eotaxin and MIP-1β as well 

as, although less significantly, the proinflammatory cytokines IL-2 and IFN-γ.  Both 

Eotaxin and MIP-1β have been previously characterized as having HIV-suppressive 

properties. That we documented this in a relatively large-group of well-characterized 

non-progressors offers further confirmation of their putative role in slowing HIV 

pathogenesis.  IL-2 is a proinflammatory cytokine that stimulates CD4+ T cell responses 

and CD8+ T cell-mediated viral suppression, but increased levels may also induce viral 

replication by promoting the availability of activated CD4+ T cell targets for 

infection.[14] Like IL-2, increased IFN-γ may have both beneficial and detrimental 

effects due to similar properties. Large-scale clinical trials involving IL-2 or IFN-γ as 

adjuvant to anti-retroviral treatment, for example, have met with limited success, 

however, strongly suggesting that the use of manipulation of single markers may be 

insufficient for attaining optimal endpoints, such as reduced disease progression.  The use 

of multiplex assays enabled us to examine a broad array of immune mediators with long-

term non-progression, offering a more comprehensive landscape of potential correlates of 

immune control. Further work to identify the cellular sources of these soluble markers 

will enable investigators to develop more precise mechanisms of protection.  

 

Finally, one of the primary contributions of longstanding, longitudinal observational 

cohort studies, such as the MACS, to clinical research is the identification of well-defined 

host characteristics, both fixed and modifiable, that influence biomarker concentrations.  
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As such, the results of our analysis in Chapters 2 and 3 utilizing a population of HIV-

uninfected men from the MACS have both methodological and clinical implications that 

are broadly applicable to a wide variety of disease outcomes even beyond HIV.  Given 

the relatively recent use of multiplex assays, data regarding the behavior of many of the 

studied biomarkers is scant. Examining host characteristics that influence the 

concentrations of these biomarkers is important for identifying potential confounders that 

should be incorporated to maintain internal validity thereby ensuring valid inferences. 

The identification of modifiable risk factors will also suggest novel targets for risk 

prediction and prevention action or generate hypotheses for future research.   
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______________________________________________________________________________ 

PROFESSIONAL ACTIVITIES 

Memberships, Honors, and Activities: 

Johns Hopkins Sommer Scholar (2008-present) 

Fellow, U.S.-Japan Leadership Program (2002-present), Program Committee 
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Society for Epidemiologic Research (2008-present) 

American Public Health Association (2000-present) 

Columbia College Admissions Interviewer (2005-present) 

Columbia College Women (alumni club), member, (2004-present) 

International Reporting Project, The Johns Hopkins University, Gatekeeper Editors’ Fact-

Finding Trip to Lebanon and Syria, Foundation Observer (May 2004) 

Women in Philanthropy, member  

New York Regional Association of Grantmakers, member  

Women’s Foreign Policy Group, member  

Global Health Forum, Mailman School of Public Health, Columbia University, New York, NY 

(2005-2008) 

Columbia University Partnership for International Development, Mailman School of Public 

Health, Columbia University, New York, NY (2006-2008) 

Emergency Room Volunteer, St. Vincent’s Hospital, New York, NY (1999-2002) 

Arnold P. Gold Foundation for Humanism in Medicine, Associate (1995-1998) 

International Voluntary Service: Eco-conservation workcamp, Riga, Latvia (1991) 

 

Peer Review Activities: 

2010-present  Society for Epidemiologic Research  

2007-2009 World Health Organization  

 

Student Leadership Positions: 

2009-2011 Chair of Social Activities, Epidemiology Student Organization, Johns Hopkins 

Bloomberg School of Public Health, Baltimore, MD 

 

2009-2011 Journal Club Coordinator, General Epidemiology and Methodology 

concentration, Department of Epidemiology, Johns Hopkins Bloomberg School 

of Public Health, Baltimore, MD  

 

2009-2012 PhD Student Mentor, Department of Epidemiology, Johns Hopkins Bloomberg 

School of Public Health, Baltimore, MD 

 

Statistical software skills:  

 Proficient in SAS, Stata, R 

 Novice in MPlus, ArcGIS 10, SUDAAN 

 

Other computer skills:  

 Endnote, MicroEdge Gifts (grants management database), Inkscape (graphics editor), 

Adobe Illustrator, Adobe Photoshop, Microsoft Powerpoint 

 

Language skills: 

 Intermediate German and Spanish 

 Beginning French and Russian 

 

Extensive travel throughout the U.S., Canada, Europe, India, Japan, China, Taiwan, Russia, 

Argentina, Tunisia, South Africa, Ghana, Turkey, Lebanon, Syria. 

 

 

 

 


