
Pathogens and Immunity - Vol 4, No 1

www.PaiJournal.com

66

Research Article
Published February 14, 2019

DOI
10.20411/pai.v4i1.255

Increased CMV IgG Antibody Titer is  
Associated with Non-AIDS Events 
among Virologically Suppressed 

HIV-Positive Persons 
AUTHORS
Aimee C. Hodowanec1, Nell S. Lurain2, Supriya Krishnan3, Ronald J. Bosch3, Alan L. Landay2

AFFILIATED INSTITUTIONS
1Division of Infectious Diseases; Rush University Medical Center; Chicago Illinois
2Department of Immunology/Microbiology; Rush University Medical Center; Chicago Illinois 
3Center for Biostatistics in AIDS Research; Harvard TH Chan School of Public Health; Boston 
Massachusetts

CORRESPONDING AUTHOR
Aimee C. Hodowanec 
aimee.hodowanec@fda.hhs.gov 
717-809-1390

SUGGESTED CITATION
Hodowanec A, Lurain NS, Krishnan S, Bosch RJ, Landay AL. Increased CMV IgG Antibody Titer 
is Associated with Non-AIDS Events among Virologically Suppressed HIV-Positive Persons. 
Pathogens and Immunity. 2019;4(1):66-78. doi: 10.20411/pai.v4i1.255

http://www.PaiJournal.com


Pathogens and Immunity - Vol 4, No 1

www.PaiJournal.com

67

ABSTRACT
Background: Among HIV-positive individuals, increased levels of inflammation and immune 
activation persist even in the setting of effective antiretroviral therapy (ART) and are associated 
with greater rates of non-AIDS events. The etiology of this persistent inflammation is incomplete-
ly understood.

Methods: Using a well-characterized cohort of 322 HIV-infected individuals on suppressive ART, 
we conducted a case-control study. Cytomegalovirus (CMV) immunoglobulin G (IgG) levels, 
plasma biomarkers, and T-cell phenotypes were measured/characterized from samples collect-
ed 1 year after ART initiation. Conditional logistic regression for matched case-control studies 
analyzed the associations of year 1 CMV-specific IgG level with the subsequent occurrence of any 
non-AIDS event. Correlations between continuous CMV IgG antibody levels and soluble and 
cellular markers were assessed. 

Results: We found that higher levels of CMV IgG were associated with increased risk of non-
AIDS events (OR = 1.58 per IQR [95% CI: 1.12, 2.24], P = 0.01) and with elevated soluble and 
cellular markers of inflammation. 

Conclusions: The magnitude of the host immune response to CMV may play a role in the per-
sistent inflammation and resultant morbid events observed in the HIV-positive population. 

Keywords: HIV; cytomegalovirus (CMV); immunity; inflammation; malignancy; cardiovascular 
events

BACKGROUND
Untreated HIV infection is characterized by ongoing inflammation and immune activation [1]. 
Despite suppressive antiretroviral therapy (ART), many HIV-infected individuals continue to 
have increased inflammation compared to uninfected controls. Soluble markers of inflammation, 
such as interleukin (IL)-6, soluble tumor necrosis factor (TNF)-alpha receptor I and II, soluble 
CD14 and soluble CD163 and cellular markers of immune activation, such as HLA-DR/CD38 
co-expressing T cells remain elevated in these individuals and are associated with morbid AIDS 
and non-AIDS events, including death [1-4]. 

The etiologies of these persistently elevated levels of inflammation and immune activation re-
main unclear, but are likely complex and variable across individuals. The direct effects of HIV, 
persistent HIV-related defects in the gut mucosal barrier with exposure to microbial products, 
reactivation of latent infections (eg, herpes viruses), chronic silent co-infections (eg, HCV) and 
persistent immune dysregulation are all potential drivers of ongoing inflammation and immune 
activation [1, 2]. 

With aging, host immune response is increasingly dominated by cytomegalovirus (CMV)-spe-
cific responses [5]. This disproportionate CMV-specific response might contribute to immune 
senescence and might be associated with inflammation. The presence of CMV infection has been 
associated with a variety of aging-related diseases in both HIV-positive and negative populations 
[6-9]. Among a large cohort of immunocompetent adults, higher anti-CMV immunoglobulin G 
(IgG) antibody levels were found to be associated with an increased incidence of ischemic heart 
disease and increased all-cause mortality [6, 7]. Similarly, one study on HIV-positive women 
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found that higher anti-CMV IgG levels were associated with subclinical carotid artery disease, 
as diagnosed by carotid artery ultrasound in a subset of virologically suppressed participants [8]. 
Another study found that CMV seropositivity was associated with a significantly increased risk 
for severe non-AIDS events, in particular cardiovascular and cerebrovascular diseases [9]. It is 
not known whether these associations are causal in nature. Further, if there is a causal association 
between CMV and inflammatory conditions, it is not known whether this is due to a direct effect 
of CMV or if it is secondary to the inflammation associated with CMV-specific host immune 
responses. Further studies exploring the relationship between CMV and inflammatory conditions 
are needed, particularly among HIV-positive individuals. 

In a previously reported case-control study within the AIDS Clinical Trials Group (ACTG) Longi-
tudinal Linked Randomized Trials (ALLRT) cohort, soluble markers of inflammation (IL-6, sT-
NFR-I/II) and coagulation (D-dimer) measured 1 year after ART initiation were associated with 
subsequent non-AIDS events, but T-cell activation was not [10]. In this current study, we utilize 
the same cohort and soluble inflammatory marker and T-cell activation data to determine wheth-
er the magnitude of CMV-specific antibody response might be associated with the occurrence of 
non-AIDS events.

METHODS
Participants from the ALLRT cohort were selected for this case-control study. Institutional Re-
view Board (IRB) approval for ALLRT was obtained by each ACTG site. All participants provided 
written informed consent. As previously described by Tenorio et al., participants were ART-na-
ive when enrolled into an ACTG study, had plasma HIV-1 RNA < 400 copies/mL at week 48 of 
ART, and maintained a plasma HIV-1 RNA < 400 copies/mL at all subsequent time-points (iso-
lated values > 400 copies/ml were allowed.) Cases were defined as participants who developed a 
non-accidental, non-AIDS-related death, myocardial infarction (MI), stroke, or non-AIDS-defin-
ing malignancy or serious bacterial infection. One to three controls were identified for each case 
(median of two controls per case). Controls had an event-free follow-up time greater than the 
case and were matched for age, sex, pre-ART CD4+ T-cells (within +50 cells/mm3), ART regimen 
at week 48 (whether protease-inhibitor containing or not, and whether abacavir-containing or 
not), and parent study [10]. Of the 458 subjects in the previously reported case-control study, 322 
subjects had specimens available from the 1 year post-ART initiation timepoint and were includ-
ed in the current study. 

Laboratory Analysis
All ALLRT participants had plasma, serum, and PBMCs collected, frozen, and stored at each 
study visit. For this study, specimens collected 1 year (48–64 weeks) after ART initiation were 
utilized. Quantitative CMV-specific IgG levels were measured using ELISA (GenWay Biotech 
Inc., San Diego, CA). Additionally, quantitative Epstein-Barr virus (EBV)-specific IgG levels were 
measured using ELISA (GenWay Biotech) to differentiate between a generalized increase in IgG 
levels and a CMV-specific increase in IgG levels. Year 1 plasma biomarker measurement (IL-6, 
sCD14, interferon-γ-inducible protein [IP-10], sTNFR-1, sTNFR-2, and D-dimer), T-cell pheno-
type characterization (immune activation [CD38+/HLA DR+ or PD1+], and immune senescence 
[CD57+/CD28-]) were available as part of the previously published study [10] and these results 
were included in our analysis. 
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Statistical Analysis
It was anticipated that cases would have higher CMV IgG levels than controls. Conditional logis-
tic regression for matched case-control studies analyzed the associations of year 1 CMV-specific 
IgG level (as a continuous variable) with subsequent occurrence of any non-AIDS event during 
follow-up. Of note, participants with a CMV IgG level < 1.2 IU/mL (CMV seronegative) were 
analyzed as CMV IgG = 1.2 IU/mL. Effects were quantified in terms of odds ratio (OR) per one 
interquartile range (IQR). Further analyses adjusted for year 1 CD4 count; smoking status; waist 
circumference; waist-hip ratio; and plasma levels of IL-6, IP-10, D-dimer, sCD14, sTNFR-1, and 
sTNFR-2. Additionally, CMV IgG antibody levels were classified into quartiles, and the OR was 
estimated for each of the top three quartiles relative to the lowest quartile. Subgroup analyses 
were performed by type of non-AIDS event, evaluating CMV IgG levels as a continuous variable. 
No adjustments were made for multiple comparisons. Correlations between continuous CMV 
IgG antibody levels and soluble and cellular markers were assessed using Spearman correlations 
(and 95% CI).

RESULTS
Baseline characteristics of the 322 participants (107 cases and 215 controls) are presented in Table 
1. Three-hundred and two (94%) participants were CMV seropositive at year 1. Cases and con-
trols had similar age, pre-ART CD4 (matching variables), pre-ART HIV RNA, and year 1 HIV 
RNA. Among the 107 case subjects, the median (Q1-Q3) time from ART initiation to non-AIDS 
event was 2.9 (1.6–4.5) years. 

Comparison of the ORs for non-AIDS events by CMV IgG quartile revealed that, relative to the 
lowest CMV IgG quartile, the risk of non-AIDS events was higher for the remaining three quar-
tiles. The ORs reached statistical significance for the fourth and third quartiles (OR = 2.4 [95% 
CI: 1.2, 5.0] and 2.2 [95% CI: 1.1, 4.4], respectively; P = 0.02 for both) but not the second quartile 
(OR = 1.6 [95% CI: 0.8, 3.3]; P = 0.16). Adjusting for year 1 CD4+, T-cell count did not signifi-
cantly impact these associations. As previously noted, controls were matched for pre-ART CD4+ 
T-cell count; therefore no further adjustment for baseline CD4+ T-cell count was performed. 
Analysis of continuous CMV IgG levels and risk of non-AIDS events also showed a significant 
association (OR = 1.58 [95% CI: 1.12, 2.24], P = 0.01) that was maintained after adjusting for CD4 
count (Table 2). Results were similar in a sensitivity analysis excluding CMV seronegative subjects 
(OR = 1.82, 95% CI 1.18, 2.80; P = 0.01). The significant association of continuous CMV IgG levels 
with non-AIDS events was also maintained when adjusted for inflammatory markers, cigarette 
use, waist circumference, and waist-hip ratio (data not presented). However, when specific non-
AIDS events were analyzed individually (cardiovascular/cerebrovascular events, malignancy, and 
death), only malignancy was significantly associated with increased CMV IgG levels (Table 2). 
(See Supplementary Table 1 for a listing of the specific reported malignancies.) There were no 
significant associations between EBV IgG levels and combined non-AIDS events (unadjusted OR 
1.24 [95% CI: 0.88, 1.75], P = 0.22) or between EBV and cardiovascular/cerebrovascular events 
(OR 0.74 [95% CI: 0.40, 1.36]) and malignancy (OR 1.65 [95% CI: 0.92, 2.94]) when analyzed 
individually. However, there was an association between EBV IgG level and death (OR 4.74 [95% 
CI: 1.11, 20.23], P = 0.036). 
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Spearman correlations were performed to assess the relationship between CMV IgG levels and 
biomarkers and cellular phenotypes. These analyses were performed among the controls to be 
most representative of the virally suppressed population of interest. CMV IgG antibody levels 
positively correlated with IL-6, sTNF-1, sTNF-2, CD4+ %PD-1+, CD4+ %28-57+, and CD4+ 
%DR+38+ (Table 3), and also with EBV IgG. After adjusting for CD4 count, the same associa-
tions were identified, with the exception of CD4+ %DR+38+ cells no longer being associated with 
CMV IgG level. 

Table 1. Demographic Characteristics of Cases and Controls 

Variable Total
(N = 322)

Controls
(N = 215)

Cases
(N = 107)

Age, years; mean (SD) 45 (9) 44 (9) 46 (10)
Male sex 273 (85%) 183 (85%) 90 (84%)
Race/ethnicity
     White non-Hispanic 160 (50%) 104 (48%) 56 (52%)
     Black non-Hispanic 98 (30%) 60 (28%) 38 (36%)
      Hispanic  

(regardless of race)
58 (18%) 46 (21%) 12 (11%)

     Other 6 (2%) 5 (2%) 1 (1%)
Pre-ART CD4, cells/mm3; mean (SD) 242 (174) 241 (172) 244 (177)
Year 1 CD4, cells/mm3; mean (SD) 420 (213) 431 (214) 399 (209)
Pre-ART HIV-1 RNA, log10 
copy/mL; mean (SD) 

4.8 (0.7) 4.9 (0.8) 4.7 (0.7)

Year 1 HIV-1 RNA, <50 copy/mL 287 (89%) 192 (89%) 95 (89%)
Year 1 CMV IgG, IU/mL
     Mean (SD) 35 (17) 33 (17) 38 (15)
     Median (Q1, Q3) 37 (25, 47) 35 (22, 45) 39 (30, 49)
Year 1 waist circumference, cm; 
mean (SD)*

         93 (13) 92 (13) 93 (13)

Year 1 waist-hip ratio; mean (SD)** 0.9 (0.1) 0.9 (0.1) 0.9 (0.1)
History of smoking 203 (63%) 122 (57%) 81 (76%)
Year 1 # cigarettes/day; mean (SD) 6 (10) 5 (9) 9 (11)

*Missing data for 25 participants 
**Missing data for 26 participants 
Results reported as n (%) unless otherwise noted 
Abbreviations: ARV, antiretrovirals; CMV, cytomegalovirus; IgG, immunoglobulin G; SD, standard devia-
tion
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Table 2. Association between Year 1 CMV IgG Level and Non-AIDS Events

Event Sample Size
Case : Control

OR (95% CI) P-value

Any Event 107± : 215
     Unadjusted* 1.58 (1.12, 2.24) 0.01
     Adjusted for year 1 CD4** 1.54 (1.08, 2.18) 0.02
MI/CVA 33 : 70
     Unadjusted* 1.36 (0.76, 2.44) 0.3
     Adjusted for year 1 CD4** 1.36 (0.75, 2.46) 0.3
Malignancy 38 : 79
     Unadjusted* 1.99 (1.07, 3.70) 0.03
     Adjusted for year 1 CD4** 2.07 (1.08, 3.94) 0.03
Death# 16 : 31
     Unadjusted* 0.86 (0.42, 1.76) 0.7
     Adjusted for year 1 CD4** 0.77 (0.35, 1.71) 0.5

Abbreviations: CI, confidence interval; CMV, cytomegalovirus; CVA, cerebrovascular accident; IgG, im-
munoglobulin G; MI, myocardial infarction; OR, odds ratio per interquartile range of CMV IgG. Note that 
the CMV IQR was obtained by pooling cases and controls. 
±In addition to the MI/CVA, malignancy, and death non-AIDS events reported in this table, there were 26 
serious bacterial infection non-AIDS events in case subjects. These non-AIDS events were not mutually 
exclusive as subjects may have had a bacterial infection, malignancy, or MI/CVA that resulted in death. 
*From conditional logistic regression analysis which incorporates the case-control matching factors: age, 
sex, pre-ART CD4+ T-cell count, ART regimen and parent study. 
** Further adjusting for year 1 CD4+ T-cell count. 
# The causes of death among these 16 case subject deaths were MI, malignancy, and serious bacterial in-
fection (2 subjects each); and non-accidental death (n = 10, including chronic renal failure, end-stage liver 
disease, multi-system failure and congestive heart failure).  
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Table 3. Correlations between CMV IgG Level and Soluble and Cellular Immune Markers 
at Year 1 Among Controls

Variable Unadjusted Analysis Adjusted for CD4
Correlation (95% CI) P-value Correlation (95% CI) P-value

CD4 -0.18 (-0.30 – -0.04) 0.009 - -
CD8 0.14 (0.01 – 0.27) 0.04 - -
CD4:CD8 ratio -0.26 (-0.38 – -0.13) < 0.001 - -
IL-6 0.17 (0.04 – 0.30) 0.01 0.16 (0.02 – 0.29) 0.02
IP-10 0.08 (-0.06 – 0.21) 0.25 0.06 (-0.08 – 0.19) 0.40
D-dimer 0.05 (-0.08 – 0.19) 0.43 0.05 (-0.08 – 0.18) 0.46
sCD14 0.03 (-0.11 – 0.16) 0.69 0.01 (-0.13 – 0.14) 0.89
sTNFR-1 0.25 (0.12 – 0.37) < 0.001 0.22 (0.09 – 0.35) 0.001
sTNFR-2 0.26 (0.13 – 0.38) < 0.001 0.24 (0.11 – 0.36) < 0.001
CD4+ %PD-1+ 0.22 (0.08 – 0.35) 0.002 0.15 (0.01 – 0.28) 0.04
CD4+ %28-57+ 0.20 (0.06 – 0.33) 0.005 0.19 (0.05 – 0.32) 0.008
CD4+ 
%DR+38+ 0.15 (0.01 – 0.28) 0.04 0.07 (-0.07 – 0.21) 0.32

CD8+ %PD-1+ -0.12 (-0.25 – 0.02) 0.11 -0.12 (-0.26 – 0.02) 0.09
CD8+ %28-57+ 0.10 (-0.04 – 0.23) 0.17 0.07 (-0.07- 0.20) 0.35
CD8+ DR+38+ 0.10 (-0.04 – 0.23) 0.18 0.05 (-0.09 – 0.19) 0.47
EBV IgG 0.22 (0.08 – 0.34) 0.001 0.18 (0.05 – 0.31) 0.008

Abbreviations: CI, confidence interval; EBV, Epstein-Barr Virus; IgG, immunoglobulin G; IL-6, interleukin 
6; IP-10, interferon γ–inducible protein 10; sCD14, soluble CD14; sTNFR, soluble tumor necrosis factor 
receptor.

DISCUSSION
CMV seroprevalence is high among HIV-positive individuals and CMV infection has been 
associated with numerous inflammatory conditions [6-9]. However, whether CMV is an active 
participant or an innocent bystander in the occurrence of these inflammatory processes among 
the HIV/CMV-coinfected population remains controversial. Among virologically suppressed 
HIV-positive individuals, we found a significant association between a higher CMV IgG level and 
the occurrence of non-AIDS events overall. This finding is consistent with the findings of Lichtner 
et al., though the Lichtner study compared CMV-seropositive participants to CMV-seronegative 
participants, rather than assessing quantitative CMV IgG levels [9]. Of note, among participants 
included in our study, the CMV IgG levels at Year 1, though higher in cases than in controls, show 
substantial overlap in their distributions. This suggests that CMV IgG levels may not be reliable as 
a biomarker to predict who will or will not experience a non-AIDS event. Rather, CMV IgG levels 
may be more informative as a biomarker evaluated at a population level. 
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Further characterization of the relationship between CMV IgG levels and non-AIDS events is 
impeded by an incomplete understanding of the biological basis for increased CMV IgG levels. It 
has been suggested that high CMV IgG levels may be caused by frequent CMV reactivations [6]. 
Alternatively, CMV reactivation could be a result of inadequate CMV-specific immunity [11]. 
Under this hypothesis, a high CMV IgG level would be associated with infrequent CMV reactiva-
tion. 

Although the observed association between CMV IgG level and non-AIDS events does not 
confirm a causal relationship, the associations between CMV IgG level and several markers of 
inflammation and immune activation allude to a potential mechanism for this association. In 
particular, we found that among control participants there was a weak but statistically significant 
positive association between s IL-6, sTNF1, sTNF2, CD4+ %PD-1+, CD4+ %28-57+, and CD4+ 
%DR+38+and CMV IgG levels. These same soluble markers of inflammation measured in this 
same cohort were also associated with increased risk of non-AIDS events at both 1 year post-ART 
initiation and at a timepoint immediately prior to the non-AIDS event. However, the cellular 
markers of immune activation were not [10]. These correlations suggest that chronic CMV infec-
tion may lead to increased inflammation, immune activation, and immune senescence. Chronic 
inflammation among patients with an increased humoral CMV-specific immune response may be 
a driver of non-AIDS events and malignancy in this population. Based on the findings from this 
cohort, the role of immune activation in the occurrence of non-AIDS events is less clear.

sCD14 has previously been identified as a predictor of mortality among HIV-positive persons [3]. 
Similarly, Tenorio et al. previously reported that, in our current cohort, sCD14 levels at a time-
point immediately preceding the non-AIDS event, but only marginally at 1 year post-ART initia-
tion, were positively associated with the risk of non-AIDS events [10]. Our study did not find an 
association between sCD14 and CMV IgG levels at one year post-ART initiation. Unfortunately, 
CMV IgG levels are not available for the pre-event timepoint for this cohort. These findings high-
light the dynamic nature of these various biomarkers and suggest that monocyte activation may 
play a role in the inflammatory environment contributing to the occurrence of non-AIDS events.

Our finding that CMV IgG levels are associated with increased rates of malignancy among 
HIV-positive individuals has not previously been reported and the mechanism for this finding 
is unknown. To date, there is no clear evidence that CMV is directly oncogenic [12]. However, 
CMV DNA and antigens have been detected in breast cancer tissues and brain tumors [13, 14]. 
Additionally, it is possible that, through its immune modulating activities, CMV interferes with 
immune checkpoints that would otherwise slow or prevent cancer growth. Alternatively, as many 
of the same immunologic pathways are involved in both controlling viral infections and prevent-
ing malignancy, higher CMV IgG levels in cases with cancer may be a result of rather than a cause 
of immunologic derangements. The robustness of the observed association between CMV IgG 
levels and malignancy is uncertain. In the absence of another study confirming this association, 
our findings should be interpreted cautiously. 

While EBV and CMV IgG levels were correlated (r = 0.22, adjusted r = 0.18), EBV IgG levels were 
not predictive of non-AIDS events, while CMV IgG significantly predicted both overall non-
AIDS events and malignancies. This suggests that the increased risk of clinical events is in fact 
driven by a CMV immune response rather than by a generalized IgG response. However, a signif-
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icant correlation between EBV IgG level and death was observed and cannot be explained. It may 
be useful for this to be evaluated in a separate cohort. 

Our study has several limitations. First, it is a case-control study and hence has the potential for 
confounding. We addressed this through matching in the study design and by the consistency 
of the findings in adjusted models. Further, CMV IgG level and cellular and soluble markers 
of inflammation were measured at a single timepoint, not at the time of the non-AIDS event. 
Therefore, assessment of the immunologic and inflammatory milieu at the time of the event is 
not possible. Another limitation that this study shares with many studies exploring the impact 
of CMV-coinfection in HIV-positive patients is a limited number of CMV seronegative partici-
pants. This is due to the overall high seroprevalence of CMV among adults and the particularly 
high seroprevalence of CMV among certain subsets of HIV-positive patients. However, previous 
studies suggest that, in the overall population, CMV seropositivity, regardless of the magnitude 
of antibody response, is associated with an increased risk of cardiovascular disease [15]. Addi-
tionally, a large prospective, observational study of HIV-positive persons found an association 
between CMV seropositivity and risk of non-AIDS events. This association was most pronounced 
for cardiovascular/cerebrovascular events [9]. Lastly, data regarding the potential history of CMV 
disease and antiviral therapy usage among participants is not available for this cohort. Exposure 
of participants to antiviral agents with anti-CMV activity may impact CMV IgG levels as well as 
rates of non-AIDS events.

This study supports previous studies suggesting that there is an association between CMV in-
fection and various inflammatory conditions among HIV-positive patients. To the best of our 
knowledge, this is the first study identifying a correlation between the magnitude of host humoral 
response towards CMV and malignancy among HIV-positive individuals. The cellular and soluble 
inflammatory marker data available for participants in this cohort provide additional insight re-
garding potential mechanisms for these relationships, and the role of CMV co-infection in treated 
HIV-infected individuals is an active area of research [16, 17]. Future investigations to probe the 
mechanism would be valuable, including replication of our main findings [18], measurement of 
IgG subclasses and other measures of B-cell activation [19], as well as directly measuring CMV 
replication [20] (which is currently planned for this same cohort). Prospective interventional 
studies utilizing anti-CMV antiviral therapy may ultimately be needed to determine whether 
CMV plays a direct role in the occurrence of non-AIDS events.

ACKNOWLEDGMENTS 
We thank the ALLRT participants and protocol team, the ACTG clinical trial sites that enrolled 
and followed the participants, and the ACTG. 

FUNDING 
This work was supported by the National Institute of Allergy and Infectious Diseases of the Na-
tional Institutes of Health under Award Numbers UM1 AI068634 and UM1 AI068636 and by an 
ACTG ISL grant, AI 06701.

http://www.PaiJournal.com


Pathogens and Immunity - Vol 4, No 1

www.PaiJournal.com

75

CONFLICTS OF INTEREST 
None of the authors have a commercial association that might pose a conflict of interest. Dr. Alan 
Landay is an associate editor for Pathogens and Immunity.

CURRENT AFFILIATIONS
Aimee Hodowanec’s affiliation has changed. She is now a medical officer at the US Food and 
Drug Administration, Center for Drug Evaluation and Research, Office of New Drugs, Division 
of Antiviral Products (10903 New Hampshire Avenue, Silver Spring, MD 20993). However, all of 
the work for this project was completed while she was on the faculty at Rush University Medical 
Center, Division of Infectious Diseases.

REFERENCES
1. Hunt PW, Cao HL, Muzoora C, Ssewanyana I, Bennett J, Emenyonu N, Kembabazi A, 

Neilands TB, Bangsberg DR, Deeks SG, Martin JN. Impact of CD8+ T-cell activation 
on CD4+ T-cell recovery and mortality in HIV-infected Ugandans initiating antiretro-
viral therapy. AIDS. 2011;25(17):2123-31. PubMed PMID: 21881481. Pubmed Central 
PMCID: PMC3480326. doi: 10.1097/QAD.0b013e32834c4ac1

2. Hunt PW, Sinclair E, Rodriguez B, Shive C, Clagett B, Funderburg N, Robinson J, 
Huang Y, Epling L, Martin JN, Deeks SG, Meinert CL, Van Natta ML, Jabs DA, Leder-
man MM. Gut epithelial barrier dysfunction and innate immune activation predict 
mortality in treated HIV infection. J Infect Dis. 2014;210(8):1228-38. PubMed PMID: 
24755434. Pubmed Central PMCID: PMC4192038. doi: 10.1093/infdis/jiu238

3. Sandler NG, Wand H, Roque A, Law M, Nason MC, Nixon DE, Pedersen C, Rux-
rungtham K, Lewin SR, Emery S, Neaton JD, Brenchley JM, Deeks SG, Sereti I, Douek 
DC. Plasma levels of soluble CD14 independently predict mortality in HIV infection. 
J Infect Dis. 2011;203(6):780-90. PubMed PMID: 21252259. Pubmed Central PMCID: 
PMC3071127. doi: 10.1093/infdis/jiq118

4. Valdez H, Connick E, Smith KY, Lederman MM, Bosch RJ, Kim RS, St Clair M, Ku-
ritzkes DR, Kessler H, Fox L, Blanchard-Vargas M, Landay A, Team ACTGP. Limited 
immune restoration after 3 years’ suppression of HIV-1 replication in patients with 
moderately advanced disease. AIDS. 2002;16(14):1859-66. PubMed PMID: 12351945. 

5. Loewendorf A, Benedict CA. Modulation of host innate and adaptive immune defenses 
by cytomegalovirus: timing is everything. J Intern Med. 2010;267(5):483-501. PubMed 
PMID: 20433576. Pubmed Central PMCID: PMC2902254. doi: 10.1111/j.1365-
2796.2010.02220.x

6. Gkrania-Klotsas E, Langenberg C, Sharp SJ, Luben R, Khaw KT, Wareham NJ. High-
er immunoglobulin G antibody levels against cytomegalovirus are associated with 
incident ischemic heart disease in the population-based EPIC-Norfolk cohort. J Infect 
Dis. 2012;206(12):1897-903. PubMed PMID: 23045624. doi: 10.1093/infdis/jis620

7. Gkrania-Klotsas E, Langenberg C, Sharp SJ, Luben R, Khaw KT, Wareham NJ. Sero-
positivity and higher immunoglobulin g antibody levels against cytomegalovirus are 
associated with mortality in the population-based European prospective investiga-

http://www.PaiJournal.com


Pathogens and Immunity - Vol 4, No 1

www.PaiJournal.com

76

tion of Cancer-Norfolk cohort. Clin Infect Dis. 2013;56(10):1421-7. PubMed PMID: 
23442763. Pubmed Central PMCID: PMC3634310. doi: 10.1093/cid/cit083

8. Parrinello CM, Sinclair E, Landay AL, Lurain N, Sharrett AR, Gange SJ, Xue X, Hunt 
PW, Deeks SG, Hodis HN, Kaplan RC. Cytomegalovirus immunoglobulin G antibody 
is associated with subclinical carotid artery disease among HIV-infected women. J In-
fect Dis. 2012;205(12):1788-96. PubMed PMID: 22492856. Pubmed Central PMCID: 
PMC3415890. doi: 10.1093/infdis/jis276

9. Lichtner M, Cicconi P, Vita S, Cozzi-Lepri A, Galli M, Lo Caputo S, Saracino A, De 
Luca A, Moioli M, Maggiolo F, Marchetti G, Vullo V, d’Arminio Monforte A. Cyto-
megalovirus coinfection is associated with an increased risk of severe non-AIDS-de-
fining events in a large cohort of HIV-infected patients. J Infect Dis. 2015;211(2):178-
86. PubMed PMID: 25081936. doi: 10.1093/infdis/jiu417

10. Tenorio AR, Zheng Y, Bosch RJ, Krishnan S, Rodriguez B, Hunt PW, Plants J, Seth 
A, Wilson CC, Deeks SG, Lederman MM, Landay AL. Soluble markers of inflam-
mation and coagulation but not T-cell activation predict non-AIDS-defining morbid 
events during suppressive antiretroviral treatment. J Infect Dis. 2014;210(8):1248-59. 
PubMed PMID: 24795473. Pubmed Central PMCID: PMC4192039. doi: 10.1093/inf-
dis/jiu254

11. Gianella S, Massanella M, Richman DD, Little SJ, Spina CA, Vargas MV, Lada SM, 
Daar ES, Dube MP, Haubrich RH, Morris SR, Smith DM, California Collaborative 
Treatment Group T. Cytomegalovirus replication in semen is associated with higher 
levels of proviral HIV DNA and CD4+ T cell activation during antiretroviral treat-
ment. J Virol. 2014;88(14):7818-27. PubMed PMID: 24789781. Pubmed Central PM-
CID: 4097769. doi: 10.1128/JVI.00831-14

12. Michaelis M, Doerr HW, Cinatl J. The story of human cytomegalovirus and cancer: 
increasing evidence and open questions. Neoplasia. 2009;11(1):1-9. PubMed PMID: 
19107226. Pubmed Central PMCID: PMC2606113. 

13. Herbein G, Kumar A. The oncogenic potential of human cytomegalovirus and breast 
cancer. Front Oncol. 2014;4:230. PubMed PMID: 25202681. Pubmed Central PMCID: 
PMC4142708. doi: 10.3389/fonc.2014.00230

14. Soderberg-Naucler C, Johnsen JI. Cytomegalovirus infection in brain tumors: A po-
tential new target for therapy? Oncoimmunology. 2012;1(5):739-40. PubMed PMID: 
22934266. Pubmed Central PMCID: PMC3429578. doi: 10.4161/onci.19441

15. Wang H, Peng G, Bai J, He B, Huang K, Hu X, Liu D. Cytomegalovirus Infection and 
Relative Risk of Cardiovascular Disease (Ischemic Heart Disease, Stroke, and Car-
diovascular Death): A Meta-Analysis of Prospective Studies Up to 2016. J Am Heart 
Assoc. 2017;6(7). PubMed PMID: 28684641. Pubmed Central PMCID: 5586265. doi: 
10.1161/JAHA.116.005025

16. Christensen-Quick A, Vanpouille C, Lisco A, Gianella S. Cytomegalovirus 
and HIV Persistence: Pouring Gas on the Fire. AIDS Res Hum Retroviruses. 
2017;33(S1):S23-S30. PubMed PMID: 29140108. Pubmed Central PMCID: 5684659. 
doi: 10.1089/aid.2017.0145

http://www.PaiJournal.com


Pathogens and Immunity - Vol 4, No 1

www.PaiJournal.com

77

17. Freeman ML, Lederman MM, Gianella S. Partners in Crime: The Role of CMV in 
Immune Dysregulation and Clinical Outcome During HIV Infection. Curr HIV/AIDS 
Rep. 2016;13(1):10-9. PubMed PMID: 26810437. Pubmed Central PMCID: 5079703. 
doi: 10.1007/s11904-016-0297-9

18. Munafo MR, Davey Smith G. Robust research needs many lines of evidence. Nature. 
2018;553(7689):399-401. PubMed PMID: 29368721. doi: 10.1038/d41586-018-01023-
3

19. Affandi JS, Montgomery J, Brunt SJ, Nolan D, Price P. The immunological footprint 
of CMV in HIV-1 patients stable on long-term ART. Immun Ageing. 2015;12:14. 
PubMed PMID: 26435726. Pubmed Central PMCID: 4591633. doi: 10.1186/s12979-
015-0041-0

20. Gianella S, Morris SR, Tatro E, Vargas MV, Haubrich RH, Daar ES, Dube MP, Richman 
DD, Little SJ, Smith DM. Virologic correlates of anti-CMV IgG levels in HIV-1-infect-
ed men. J Infect Dis. 2014;209(3):452-6. PubMed PMID: 23964106. Pubmed Central 
PMCID: 3883163. doi: 10.1093/infdis/jit434

http://www.PaiJournal.com


Pathogens and Immunity - Vol 4, No 1

www.PaiJournal.com

78

SUPPLEMENTARY MATERIALS
Supplementary Table 1. Specific Malignancies Reported Among Case Subjects 

Malignancy (Reported Preferred Term) Number of Cases
Anal cancer 3
Basal cell carcinoma 7
Breast cancer female 1
Colon cancer 1
Gastric cancer 1
Hodgkin’s disease 6
Hypopharyngeal cancer 1
Large cell carcinoma of the respiratory tract 
stage unspecified

1

Lung adenocarcinoma 1
Lung cancer metastatic 1
Lung neoplasm 1
Lung neoplasm malignant 1
Metastatic neoplasm 1
Neoplasm malignant 2
Pharyngeal cancer stage unspecified 1
Prostate cancer 3
Rectal cancer 2
Small cell lung cancer metastatic 1
Small cell lung cancer stage unspecified 1
Testicular neoplasm 1
Thyroid cancer 1

FOOTNOTES
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