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Abstract  

Objective: To assess the prevalence of CMV viremia in HIV-positive patients starting 
antiretroviral therapy (ART) and to evaluate its impact on clinical outcomes. 

Design: Retrospective analysis of four clinical trials (INSIGHT FIRST, SMART, START, 
and ANRS REFLATE TB).  

Methods: Stored plasma samples from participants were used to measure CMV viremia at 
baseline prior to initiating ART and at visits through one year of follow-up after ART 
initiation. CMV viremia was measured centrally using a quantitative PCR assay. Within 
FIRST, associations of CMV viremia at baseline and through eight months of ART were 
examined with a composite clinical outcome of AIDS, serious non-AIDS events, or death 
using Cox proportional hazards regression. 

Results: Samples from a total of 3176 participants, 1169 from FIRST, 137 from ANRS 
REFLATE TB, 54 from SMART, and 1816 from START were available with baseline CMV 
viremia prevalence of 17%, 26%, 0% and 1%, respectively. Pooled across trials, baseline 
CMV viremia was associated with low CD4+ T-cell counts and high HIV RNA levels. In 
FIRST, CMV viremia was detected in only 5% of participants between baseline and month 8. 
After adjustment for CD4+ T-cell count and HIV RNA levels, hazard ratios (HR) for risk of 
clinical outcomes was 1.15 (0.86-1.54) and 2.58 (1.68 – 3.98) in FIRST participants with 
baseline and follow-up CMV viremia, respectively.  

Conclusion: Baseline CMV viremia in HIV-positive patients starting ART is associated with 
advanced infection and only persistent CMV viremia after ART initiation is associated with a 
higher risk of morbidity and mortality. 
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Introduction 

Morbidity and mortality in advanced HIV-infection remains high despite the use of 
antiretroviral therapy (ART) and prophylaxis for opportunistic infections [1]. In the Reality 
trial, enhanced prophylaxis for opportunistic infections other than cytomegalovirus (CMV) 
reduced the risk of adverse clinical outcomes in antiretroviral naïve participants starting 
ART, but the death rate at week 48 was still 11% [2]. 

CMV infection and reactivation are frequent in patients with advanced HIV-infection and 
may also significantly contribute to disease progression and death [3–8]. CMV prophylaxis or 
preemptive therapy is not recommended, however, in patients starting ART [9]. Before the 
ART era, CMV prophylaxis with ganciclovir was shown to reduce the incidence of CMV 
disease without affecting overall mortality[10]. However, subsequent trials of CMV 
prophylaxis using valganciclovir conducted in persons starting ART were underpowered to 
assess their impact on CMV disease or other clinical outcomes due to the  small sample size 
and the low incidence of CMV disease following ART-induced immune reconstitution 
[10,11]. In addition, drugs available for CMV prophylaxis were associated with significant 
hematologic toxicity [10,12].  

Newer anti-CMV drugs for prophylaxis with a better safety profile, such as letermovir (a 
drug already approved for CMV prophylaxis in stem cell transplant recipients) prompted us 
to examine the role of CMV infection on disease progression and death in patients living with 
HIV starting ART [13]. Indeed, the deleterious effect of CMV replication on clinical 
outcomes is not only linked to the development of CMV disease, but is also likely related to 
persistent immune activation and exacerbated inflammatory responses which have been 
associated with serious non-AIDS clinical events and death [14].   

We therefore assessed the prevalence of CMV viremia before ART initiation in a large 
number of participants living with HIV, and explored the association between CMV 
replication, before and after ART initiation, with future risk of clinical outcomes. For that 
purpose, we used stored plasma samples from individuals with HIV-infection, undergoing 
initiation of ART and enrolled in four different clinical trials.  Participants in these trials had 
a wide range of CD4+ T-cell counts at study entry, a long follow-up and a prospective 
collection of centrally adjudicated clinical events including AIDS, serious non-AIDS events 
and all-cause death [15–18].  

Methods 

Study population 

The study population included treatment-naïve HIV-positive participants starting ART after 
randomization in one of four clinical trials: ANRS REFLATE TB, FIRST (CPCRA 058), 
SMART (INSIGHT/CPCRA 065) and START (INSIGHT 001), with available stored plasma 
specimens at baseline and at least one visit during the first year of follow-up (post-ART 
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initiation). Details for each clinical trial have been reported elsewhere [15–18]. In brief, 
ANRS REFLATE TB participants were enrolled in France and Brazil and had tuberculosis 
co-infection. FIRST participants were enrolled in the USA were randomized to one of three 
antiretroviral treatment strategies as initial therapy for HIV-infection. SMART participants 
were enrolled in 33 countries, but only treatment-naive participants randomized to the viral 
suppression group were eligible for this analysis. START participants were enrolled in 35 
countries, but only those randomized to the immediate ART arm were eligible for this study. 
All participants provided written informed consent for stored specimens and institutional 
review board approval was obtained by each study site.  

CMV assays 

Baseline CMV-specific IgG measurements were performed on plasma using the Immuno-
Biological Laboratories (IBL-America, Minneapolis, MN, USA) IgG ELISA assay, following 
the manufacturer’s specifications [19]. Plasma that demonstrated an equivocal signal were 
resolved with the Diamedix CMV IgG Enzyme Immunoassay Test Kit (ERBA Diagnostics, 
Miam Lake, FL, USA) following the manufacturer’s specifications [20]. 

CMV viremia was measured at baseline and during the first year of follow-up (post-ART 
initiation) using available stored plasma specimens. For FIRST, SMART and START 
available time points were baseline, months 4, 8 and 12. For ANRS REFLATE TB available 
time points were baseline, weeks 2, 4, 8, 16 (month 4), 20, 24 (month 6) and 48.  

DNA was extracted from 200 �L of each plasma sample, and CMV viremia was measured 
centrally, using a quantitative PCR assay with TaqMan probes to detect human CMV DNA 
with a lower limit of detection of 88.5 IU/mL [21]. All samples were run in duplicate and 
CMV viremia (CMV+) was defined as the presence of quantifiable CMV DNA in plasma in 
at least one run.  

A participant was considered CMV viremic (CMV+) during follow-up if they had detectable 
CMV viremia at any of the follow-up visits.  Using baseline (BL) and follow-up (F/U) CMV 
viremia status, participants were classified into 4 subgroups. These were Group 1: BL 
CMV+, F/U CMV+ (detectable viremia at baseline and during follow-up); Group 2: BL 
CMV-, F/U CMV+ (detectable viremia during follow-up only); Group 3: BL CMV+, F/U 
CMV- (detectable viremia at baseline only); and Group 4: BL CMV-, F/U CMV- (no viremia 
at baseline and during follow-up).  

Statistical analysis 

Data from the 4 trials were pooled to assess the prevalence of baseline CMV viremia 
according to baseline CD4+ T-cell counts.  Based on these findings, we then pooled only the 
REFLATE TB and FIRST studies to assess the prevalence of CMV viremia according to 
baseline CD4+ T-cell counts and plasma HIV RNA levels.  
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We restricted the analysis of the association of CMV viremia with HIV disease progression 
to the FIRST trial since this trial had a large number of participants, a long follow-up, a high 
number of clinical endpoints, and a high prevalence of CMV viremia at baseline. Clinical 
endpoints collected prospectively during the trial included AIDS and all-cause death. Serious 
non-AIDS events (cardiovascular diseases, non-AIDS cancer, end stage renal disease, liver 
cirrhosis) were defined as previously reported [17,18]. 

Cox proportional hazards regression was used to assess associations of a composite clinical 
outcome of AIDS including CMV disease, serious non-AIDS events, or death with baseline 
CMV viremia, with and without adjustment for baseline CD4+ T-cell count and HIV RNA 
levels, using all follow-up accrued. CD4+ T-cell count and HIV RNA level (log) were 
included in the model as continuous variables.  Hazard ratios (HRs) and 95% confidence 
intervals (CIs) are cited. We also examined associations of the composite clinical outcome 
after 8 months of follow-up across the 4 subgroups defined by baseline and month 8 follow-
up CMV viremic status. A participant was considered viremic through month 8 if they had 
detectable CMV viremia in either the 4 or 8 month plasma sample.  Only participants still 
alive and under follow-up after month 8 were included in these analyses.  Participants who 
experienced an event before month 8 (other than death) were included in the time-to-event 
analyses and time ‘0’ was re-set to start from month 8.  Models are presented with and 
without adjustment for month 8 CD4+ T-cell count and HIV RNA levels, using follow-up 
accrued after month 8. For these analyses, CD4+ T-cell count was included in the models as a 
continuous variable and HIV RNA as a 3 level categorical variable (≤400 copies/mL, 400-
10,000 copies/mL, and >10,000 copies/mL) to account for viral suppression post ART 
initiation.  This period of eight months was chosen as a “burn-in” period to allow enough 
time to achieve HIV RNA suppression in plasma after initiation of anti-HIV therapy.    

Finally, we explored the association between high vs. low CMV viremia at baseline with 
clinical outcomes by subdividing the baseline CMV viremic group into those with CMV 
viremia levels above and below the baseline median level for the cohort.  For the month 8 
associations, we similarly subdivided those with CMV during follow-up into those with high 
(at least 1 follow-up CMV viral load above the baseline median) and low levels (all follow-
up values below the median).  Analysis were performed using SAS Version 9.3 (SAS 
Institute, Cary, NC).  A 2-sided p-value <0.05 was considered significant.   

Results 

Prevalence of CMV viremia at baseline and during the first year of follow-up 

Samples from a total of 3176 participants, 1169 from FIRST, 137 from ANRS REFLATE 
TB, 54 from SMART, and 1816 from START were available at baseline and at least one 
follow-up visit after ART initiation (Suppl Fig 1, http://links.lww.com/QAD/C478).  

Baseline characteristics of participants in each trial are shown in Table 1. Median baseline 
CD4+ T-cell counts varied across trials from 140, 153, 429 to 648/�L in  ANRS REFLATE 
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TB, FIRST, SMART and START respectively. Median plasma HIV RNA levels were higher 
in ANRS RELFATE TB and FIRST (Table 1). CMV-specific IgG seropositivity at baseline 
was 94% or more across all trials. Prevalence of CMV viremia at baseline was 26%, 17%, 
0% and 1%, in ANRS REFLATE TB, FIRST, SMART and START respectively (Table 1). 
Among those with CMV viremia at baseline, the median CMV viral load was 361 IU/mL 
(IQR: 159-2381) in ANRS REFLATE TB, 543 IU/mL (IQR: 184-2124) in FIRST, and 88.5 
IU/mL (IQR: 88.5- 740) in START.    

Using pooled data across the four trials, CMV viremia at baseline was associated with lower 
CD4+ T-cell counts (Fig. 1A). Using pooled data from FIRST and ANRS REFLATE TB, a 
higher percentage of CMV viremia at baseline was associated with lower CD4+ T-cell counts 
and higher plasma HIV RNA levels (Fig. 1B).  

During the first year of follow-up after ART initiation, the percentage with CMV viremia 
declined over time. In START and SMART, only 1.2% (n=22) and 2% (n=1) of participants, 
respectively, had CMV viremia detected during follow-up. In FIRST, 5% of participants had 
CMV viremia during follow-up: 3% at both baseline and follow-up (n=34), and 2% during 
follow-up only (n=28). In ANRS REFLATE TB, 52% of participants had CMV viremia 
detected during follow-up, which was mainly observed during the first 8 weeks after ART 
initiation. When using comparable time points in ANRS REFLATE TB (months 4 and 6; 
n=128) and FIRST (months 4 and 8; n=1151), detectable CMV viremia during follow-up was 
similar in both trials (7% (n=9) of ANRS REFLATE TB and 5% (56) of FIRST, Suppl Fig. 2, 
http://links.lww.com/QAD/C478).  

Associations between CMV viremia and clinical endpoints in FIRST.  

Participants in FIRST with baseline CMV viremia had lower CD4+ T-cell counts and higher 
HIV viral load compared to those without baseline CMV viremia (49 vs 156 CD4+ T-
cells/µL and 456,808 vs 100,344 copies/mL for HIV RNA levels). After a median follow-up 
time of 4.8 years, baseline CMV viremia was significantly associated with the composite 
clinical outcome of AIDS, serious non-AIDS events, or death (Fig. 2A and Table 2) in 
unadjusted comparisons. Rates of this composite clinical outcome were 9.4 vs. 4.7 per 100 
person-years (PY) in participants with and without baseline CMV viremia (log rank p-value < 
0.001). However, after adjusting for baseline CD4+ T-cell counts and plasma HIV RNA 
levels, this association was no longer significant with a HR of 1.15 (95% CI: 0.86-1.54, 
p=0.36). Rates of the composite outcome in participants with high vs. low baseline CMV 
viremia (above vs. at or below the median of 543 IU/mL) were 10.1 and 8.8 per 100 PY 
respectively. These rates were not significantly differently from each other and did not differ 
from the group without baseline CMV viremia in the model that adjusted for baseline CD4+ 
T-cell counts and HIV RNA (data not shown).  Among participants who experienced the 
composite outcome, 8 out of the 71 (11.3%) participants with baseline CMV viremia 
experienced CMV-end organ disease as their first event compared to 1/193 (0.5%) in those 
without CMV viremia. The most common events defining the composite outcome were death 
(19.7% in CMV viremic participants at baseline, 26.4% in non-viremic participants), 
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candidiasis (18.3% and 12.4%) and pneumocystis (11.3% and 8.3%) (Suppl. Table 1, 
http://links.lww.com/QAD/C479).    

Incidence of CMV end-organ disease was 1.1 per 100 PY (10 events) in those with CMV 
viremia and 0.1 per 100 PY  (5 events) in those without CMV viremia; the HR after 
adjustment for baseline CD4+ T-cell counts and plasma HIV RNA levels was HR=3.27 (95% 
CI: 1.11-9.6, p=0.031). Of note, the incidence of CMV end-organ disease was higher during 
the first six months after ART initiation, with incidence rates of 7.1 per 100 PY (7 events) in 
those with CMV viremia and 0.2 per 100 PY (1 event) in those without CMV viremia, with a 
HR of 11.97 (95% CI: 1.46-98.26, p=0.021) after adjustment for baseline CD4+ T-cell counts 
and plasma HIV RNA levels (data not shown). 

We then explored the association of CMV viremia post-ART initiation at month 4 or 8 
(irrespective of baseline status) with the composite clinical outcome after month 8 in 1,151 
FIRST participants.  Baseline and month 8 CD4+ T-cell counts and HIV RNA levels for the 
4 subgroups are presented in Supplemental Table 2, http://links.lww.com/QAD/C479.  
Participants without detectable CMV viremia during the first 8 months had higher HIV RNA 
suppression rates by the month 8 visit. Participants with CMV viremia during the first 8 
months of follow-up (irrespective of baseline status) had significantly higher rates of the 
composite clinical outcome compared to those without CMV viremia (16.1 vs. 4.3 per 100 
PY) even after adjustment for month 8 CD4+ T-cell count and plasma HIV RNA level (HR: 
2.58, 95%CI: 1.68-3.98, p< 0.001; Fig. 2B and Table 2). Of note, only two participants 
experienced CMV end-organ disease after month 8. Both participants had baseline CMV 
viremia but only one experienced persistent CMV viremia. Also, only three of the 24 
participants with follow-up viremia experienced serious non-AIDS events (Suppl. Table 3, 
http://links.lww.com/QAD/C479).  The event rates after month 8 for the groups with high 
(n=15) and low (n=40) CMV viremia during follow-up were 29.3 and 11.7 per 100 PY 
respectively.  Both of these rates were significantly higher than the rate for those without 
CMV viremia during follow-up (HRs: 3.95, 95%CI: 1.99-7.81, p <0.001 and 2.13, 95% CI 
1.25-3.62, p=0.005) after adjustment for month 8 CD4+ T-cell count and HIV RNA levels.  
The event rates between those with high and low follow-up CMV viremic levels were not 
significantly different (data not shown). In additional post-hoc analyses using death as an 
outcome, results were similar to those using the composite clinical endpoint (Suppl. Table 4, 
http://links.lww.com/QAD/C479). 

Discussion 

In this large, pooled analysis of four clinical trials of treatment naïve HIV-positive patients 
starting ART with a very high rate (>94%) of CMV co-infection as demonstrated by specific 
anti-CMV IgG, the prevalence of CMV viremia at baseline was strongly associated with low 
CD4+ T-cell counts and high plasma HIV RNA levels. Indeed, among participants with less 

than 100 CD4+ T-cells/L, prevalence of baseline CMV viremia was 30% or more, 

compared to 1% or less in those with CD4+ T-cell counts above 350 CD4+ T-cells/L (Fig 
1A).  These results are consistent with previously published studies in participants with low 
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CD4+ T-cell counts and are in agreement with guidelines recommending monitoring CMV 

replication in blood mainly among participants with <100 CD4 T-cells/L [4,8,11,14,22].  

We assessed the association between CMV viremia and a composite clinical outcome that 
included AIDS, serious non-AIDS and deaths using data from the FIRST trial only.  

We observed that participants with baseline CMV viremia had a higher rate of the composite 
clinical outcome than participants without baseline CMV viremia, although this association 
was not significant after adjustment on baseline CD4+ T-cell count and plasma HIV RNA 
level with an HR of 1.15 (95%CI: 0.86-1.54) (Table 2).  

This observation is in contrast with studies conducted in the pre-ART era where baseline 
CMV viremia was independently associated with HIV disease progression and death, but 
consistent with more recent studies in patients with CMV viremia on ART [5,6]. This 
difference can be explained in part by the impact of ART on CMV replication due to the 
rapid immune reconstitution following ART initiation, with an increase in memory CD4+ 
and CD8+ T-cells, especially CMV-specific memory T-cells in patients with CMV co-
infection [23,24]. This is also consistent with the high clearance rate of CMV viremia in these 
participants within months of starting ART. Indeed, 17% of participants in FIRST had CMV 
viremia at baseline, but only 5% during follow-up at months 4 or 8. Similarly in ANRS 
REFLATE TB, most of the post-baseline CMV viremia occurred before 8 weeks and later 
cleared as previously reported [25].  

However, the incidence of CMV disease during follow-up remained higher in participants 
with baseline CMV viremia in FIRST (1.1 vs 0.1 per 100 PY).  The HR after adjustment for 
baseline CD4+ T-cell counts and plasma HIV RNA levels was significantly greater than 1.0 ( 
HR: 3.27,95% CI: 1.11-9.60). Most CMV disease occurred during the first six months after 
ART initiation, before anti-CMV immune defenses could be restored. Still, the incidence of 
CMV disease may remain too low to warrant CMV prophylaxis or even preemptive therapy 
for these patients, as reported previously [11].  

Interestingly, participants with CMV viremia during follow-up on ART, irrespective of 
whether or not baseline CMV viremia was detected, had significantly higher rates of the 
composite clinical outcome of AIDS, serious non-AIDS events or death as compared to those 
without CMV viremia during follow-up, even after adjustment for month 8 CD4+ T-cell 
count and plasma HIV RNA levels (HR: 2.38 (95% CI: 1.54-3.68), p< 0.001). Only one 
person, a participant with persistent CMV viremia (baseline and during follow-up), 
experienced a CMV disease event after month 8, so CMV disease was not the main factor 
contributing to this higher rate of clinical events. These findings are consistent with those of 
Deayton et al., showing that persistent detection of CMV in blood by PCR identified 
participants with a poor prognosis and was associated with increased relative rates of 
progression to AIDS and death [4]. Similar findings were reported in the Swiss HIV Cohort 
Study [7].  
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CMV replication could be to the consequence of impaired T-cell reconstitution in patients on 
ART and thus be associated with worse outcomes linked to defect in functional immune 
response [4,14,26]. But CMV replication could also be on the causal pathway to clinical 
events through direct pathogenicity [4,27–30] or through the inflammation it induces 
[14,30,31].  

The mechanisms by which persistent CMV replication might cause an increased risk of 
disease progression and death remains to be elucidated.  It is plausible that persistent CMV 
replication during ART could be associated with immune activation, and exacerbate 
inflammatory-related diseases that have been associated with AIDS and death [32,33]. CMV 
replication has been associated with CD8+ T-cell expansion and inflammation [34], and 
lower CD4/CD8 ratio during ART [35]. Moreover, increased T-cell activation and exhaustion 
linked to CMV replication has been suggested to contribute to the pathogenesis of HIV-
associated atherosclerosis [36]. CMV replication has also been previously associated with 
serious non-AIDS events. Gianella et al., in their case-control study of patients starting ART 
enrolled in different ACTG trials, showed that detection of CMV DNA in peripheral blood 
mononuclear cells was associated with an increased risk of non-AIDS clinical events, with 
odds ratios ranging from 1.4 to 1.8. In this study, higher levels of CMV DNA correlated with 
elevated levels of multiple inflammatory markers and lower CD4/CD8 ratio [14]. However, 
in our study very few non-AIDS events were recorded after month 8, and we did not have the 
power to look at the association between persistent CMV replication and non-AIDS events 
only. Alternatively, CMV replication could contribute to impaired T-cell reconstitution in 
patients on ART without a direct role in disease progression.   

CMV preemptive therapy might be therefore considered in these patients with persistent 
CMV viremia to improve clinical outcomes but it remains to be shown whether anti-CMV 
drugs could have an impact on non-CMV AIDS events, serious non-AIDS events and death. 
Of interest, Hunt et al have shown that valganciclovir could reduce T-cell activation in 
patients living with HIV with incomplete CD4+ T-cell recovery on ART [37]. However, 
according to the low rate of persistent CMV viremia on ART, even in patients with low 
CD4+ T-cell counts, a large prophylaxis study would be required. Additional studies are 
therefore warranted to better identify factors associated with persistent CMV viremia under 
ART and to investigate whether CMV replication is a marker or a determinant of HIV disease 
progression.  

Our study has a number of limitations. Associations between CMV viremia and clinical 
outcome were limited to a single clinical trial. As it is a purely observational study, no causal 
relationships could be established between persistent CMV replication and clinical outcome. 
We also could not assess the role of CMV infection on clinical outcome since the vast 
majority of our participants were CMV seropositive [3]. Finally, we did evaluate the potential 
role of high versus low CMV viremia as suggested in previous studies on the risk of clinical 
outcome and did not find a difference,  however our analysis are limited due to small 
numbers in the groups with CMV viremia and should be interpreted with caution [7].  
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In conclusion, our study showed that in treatment naïve HIV-positive participants starting 
ART, baseline CMV viremia is associated with low CD4+ T-cell counts and high HIV RNA 
levels, but not with overall disease progression or death. However, persistent CMV viremia 
on ART was associated with a higher rate of clinical outcomes. Further investigations are 
needed to identify patients who might be eligible for CMV preemptive therapy with the goal 
of reducing HIV-related morbidity and mortality.  
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Figure 1: Baseline prevalence of CMV viremia (A) by baseline CD4+ T-cell counts pooled 

across all trials and (B) by baseline HIV viral load among participants in FIRST and 

REFLATE 
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Figure 2: Kaplan-Meier curves for the cumulative percent of participants in FIRST 

experiencing the composite outcome of AIDS, SNA, or death according to A) subgroups 

defined by baseline CMV+/CMV- status for events during all follow-up and B) the 4 

subgroups defined by baseline and follow-up CMV+/CMV- status through month 8 for 

events occurring after eight months of follow-up. 
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Table 1:  Baseline characteristics of participants included from each trial. 

Characteristic ANRS 

REFLATE 

TB (n=137) 

FIRST 

(n=1169) 

SMART 

(n=54) 

START 

(n=1816) 

Age, years 38 (30,44) 38 (31, 43) 36 (31, 41) 36 (29, 44) 

Female, n (%) 37 (27.0) 252 (21.5) 21 (38.9) 485 (26.7) 

Black race, n (%) 46 (33.6) 614 (52.5) 9 (16.7) 545 (30.1) 

CD4+ T-cells/µL 140 (58, 302) 153 (34, 318) 429 (380, 

535) 

648 (585, 759) 

HIV RNA, copies/mL 

 

87000  

(27022, 

294479) 

143843  

(38654, 

400147) 

17012  

(4040, 61200) 

13480  

(3440, 43759) 

CMV-specific IgG*, 

n (%) 

  Positive 

   Negative 

 

 

 

136 (99.3) 

1 (0.7) 

 

 

 

1102 (94.4) 

66 (5.6) 

 

 

51 (94.4) 

3 (5.6) 

 

 

1752 (96.5) 

64 (3.5) 

CMV viremia 

prevalence¤, n (%) 

    Positive 

     IU/L (median, 

IQR) 

  Negative 

 

 

35(25.6) 

361 (159-2381) 

102 (74.4) 

 

 

 201 (17.1)  

543 (184-2124) 

968 (82.9) 

 

 

0 (0) 

- 

54 (100) 

 

 

15 (0.8) 

88.5 (88.5-740) 

1801 (99.2) 

IQR=interquartile range, *IgG was not available for 1 participant in FIRST, ¤CMV DNAemia 

defined as quantifiable CMV DNA (assay lower limit of detection 88.5 IU/mL) 
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Table 2: Hazard ratios (HRs) for the risk of the composite outcome of death, AIDS, or 

serious non-AIDS events during follow-up in FIRST.  

    Unadjusted Adjusting for  
BL CD4 

Adjusting for 
BL CD4 and 

HIV RNA 
Subgroup N in 

Grp. 
N. 

Evt. 
Rate 

(100 PY)
HR (95% 

CI) 
HR (95% CI) HR (95% CI) 

Using all follow-up for time-to-first-event 
BL CMV+ 

201 71 9.4 
1.98 (1.51, 

2.60) 
p= <0.001 

1.22 (0.92, 
1.64) 

p=0.17 

1.15 (0.86, 
1.54) 

p=0.36 
BL CMV- 968 193 4.7 -- ref -- -- ref -- -- ref -- 
    Unadjusted Adjusting for  

Month 8 CD4 
Adjusting for 
Month 8 CD4 

and HIV 
RNA 

category 
Using follow-up after eight months of ART use for time-to-first-event after 8 months 
BL 
CMV+,F/U  
CMV+  

31 14 15.4 
3.68 (2.12, 

6.37) 
p=<0.001 

2.42 (1.39, 
4.23) 

p=0.002 

2.29 (1.31, 
4.00) 

p=0.004 

BL CMV-, 
F/U CMV+ 

24 10 14.7 
3.50 (1.85, 

6.65) 
p=<0.001 

3.37 (1.77, 
6.41) 

p=<0.001 

3.18 (1.67, 
6.04) 

p=<0.001 

BL CMV+, 
F/U CMV-  

163 36 5.9 
1.44 (1.00, 

2.07) 
p=0.051 

0.95 (0.65, 
1.38) 

p=0.78 

1.05 (0.72, 
1.52) 

p=0.81 
BL CMV-, 
F/U CMV-  

921 145 4.1 -- ref -- -- ref -- 
-- ref -- 

Using follow-up after eight months of ART use for time-to-first-event after 8 months, 
pooled groups 

F/U CMV+ 55 24 15.1 
3.38 (2.21, 

5.18) 
p=<0.001 

2.78 (1.81, 
4.28)  

p=<0.001 

2.58 (1.68, 
3.98) 

p=< 0.001 
F/U CMV- 1084 181 4.3 -- ref -- -- ref -- -- ref -- 
BL: baseline; CI: confidence interval; CMV- : not CMV viremic ; CMV+ : CMV viremic ; 

F/U: follow-up; SNA : serious non-AIDS (cancer, CVD, renal, liver disease)   
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