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CD4 cell count at entry into human immunodeficiency virus 
(HIV) care is a useful indicator of success of multiple steps in 
HIV public health programming. We demonstrate that CD4 
cell count at care initiation was stable in St Louis between 
2017 and 2019 but declined in 2020. Missouri efforts in the 
Ending the HIV Epidemic plan should focus on rapidly 
identifying individuals with undiagnosed HIV infection.
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In persons living with human immunodeficiency virus (HIV), 
CD4 cell count at entry into care is an important and underused 
indicator of success of multiple steps in HIV public health pro
gramming, including the reach of HIV testing programs and 
the completeness and timeliness of linkage to HIV care [1]. 
Ultimately, higher CD4 cell counts at entry into care indicate 
reduced time between seroconversion and initiation of antire
troviral treatment (ART). From a clinical perspective, reduced 
time between seroconversion and ART initiation reduces the 
risk of adverse health outcomes (eg, renal impairment and car
diac events) even when CD4 cell counts are above the range 
where frank immunodeficiencies are present [2]. From a public 
health perspective, this also reduces “community viral load,” 
which minimizes susceptibility of new infections [3].

Missouri is among the 7 states identified as high priority 
in the Ending the HIV Epidemic (EHE) plan owing to a 

substantial number of HIV diagnoses in 2017 and 2018 [4]. 
As additional efforts are made to address barriers to improved 
HIV care outcomes across the state, robust monitoring of 
appropriate metrics is necessary to understand the success of 
these efforts. Currently, reporting by Missouri public health au
thorities describes the numbers of persons known to be living 
with HIV and with new HIV diagnoses. However, these figures 
do not provide information on how effectively or efficiently 
persons with HIV are receiving diagnoses or being linked 
to care following infection—a gap directly addressed through 
monitoring CD4 cell counts at care or ART initiation.

In the past 2 decades, CD4 cell counts at treatment initiation 
have risen globally, suggesting improved public health pro
gramming that has minimized the time between seroconver
sion and ART initiation [5, 6]. Understanding the CD4 trend 
at care entry in St Louis and how it compares regionally and 
globally will elucidate the success or failure of EHE efforts to 
reduce late diagnoses and the potential impact of coronavirus 
disease 2019 (COVID-19), which disrupted healthcare globally. 
Moreover, identifying sociodemographic correlates of CD4 at 
care entry can aid in identifying those who might benefit 
most from targeted testing and linkage efforts.

METHODS

Study Population and Setting

We leveraged electronic health record data from patients at 
the Washington University Infectious Diseases Clinic in St 
Louis, Missouri. Missouri is a largely rural Midwestern state 
of approximately 6 million residents, 82% of whom are white 
[7]. Nearly 14 000 Missourians are known to be living with 
HIV, and approximately 45% of these individuals live in the 
St Louis region [8].

The Washington University Infectious Diseases clinic is the 
largest provider of HIV primary care and Ryan White Part C 
grantee in the region and offers a host of integrated healthcare 
services (eg, case management and laboratory testing) [9]. We 
extracted electronic health record data for all individuals seek
ing care between January 2017 and December 2020 (n = 3131). 
Individuals who were new or presumed new to care (n = 395) 
were included. Individuals without a documented CD4 cell 
count or viral load measurement within 90 days of their record
ed diagnosis date and those with a viral load <1000 copies/mL 
at entry were excluded, as they were hypothesized to have been 
on ART previously (n = 145).

Participant Consent

This was a secondary data analysis that leveraged existing elec
tronic health records. As such, no patient consent was obtained. 
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Secondary data analysis was approved by the Washington 
University Institutional Review Board.

Measures

We defined CD4 cell count at entry into care as the first docu
mented CD4 cell count measurement taken within 90 days of 
diagnosis. CD4 cell count was considered as a continuous mea
sure and dichotomized to represent those with late-stage entry 
into care (CD4 cell count <200/μL) versus others (CD4 cell 
count ≥200/μL). Demographic and clinical characteristics of 
interest included age, sex, race/ethnicity, HIV susceptibility 
category, and year of diagnosis.

Statistical Analyses

Counts and proportions or medians and interquartile ranges 
(IQR) were used to describe the demographic and clinical char
acteristics of the study population overall and by year of diagno
sis. Wilcoxon rank sum tests were used to compare median CD4 
cell count at entry into care by year. Separate binomial regres
sion models were used to estimate prevalence differences and 
ratios to assess absolute and relative discrepancies in late-stage 
entry into care by year of diagnosis and patient demographic 
and clinical characteristics. All analyses were conducted using 
SAS v.9.4 software (SAS Institute).

RESULTS

Of the 250 included individuals who entered care in the 
Washington University Infectious Disease Clinic between 
2017 and 2020, a majority were male (n = 183 [73.2%]), black, 
non-Hispanic (n = 182 [72.8%]), and men who have sex with 
men (n = 148 [59.2%]). Nearly one-third were aged 18–24 years 
at entry (n = 77 [30.8%]). Sixty individuals (24.0%) had HIV in
fection diagnosed in 2017, 58 (23.2%) in 2018, 73 (29.2%) in 
2019, and 59 (23.6%) in 2020. The median CD4 cell count at 

entry into care across the study period was 361/μL (IQR, 
230–550/μL). Just over 20% (n = 55 [22.0%]) had a CD4 cell 
count <200/μL at entry.

The median CD4 cell count (IQR) was 359/μL (214–636/μL) 
in 2017, 380/μL (262–481/μL) in 2018, 371/μL (266–614/μL) in 
2019, and 281/μL (149–449/μL) in 2020. The median CD4 cell 
count at entry into care was lower in 2020 compared with either 
2017 (z = −1.93; P = .05) or 2018 (z = −2.49; P = .01). The pro
portion of individuals with a CD4 cell count <200/μL was 
23.3% (n = 14) in 2017, 15.5% (n = 9) in 2018, 15.1% (n = 11) 
in 2019, and 35.6% (n = 21) in 2020 (Figure 1).

Age was associated with late-stage entry into care in regres
sion analyses (Table 1). For every 5-year increase in age, the rel
ative prevalence of late-stage entry into care increased by a 
magnitude of 1.12 (95% confidence interval, 1.04–1.20). The 
absolute prevalence of late-stage entry into care increased by 
a magnitude of 3 percentage points (risk difference, 0.03 
[95% confidence interval, .01–.06). No meaningful association 
was observed between sex, race/ethnicity, or HIV susceptibility 
category and late-stage entry into care.

DISCUSSION

Timely diagnosis and entry into care are critical to ending the 
HIV epidemic in the United States. While the EHE initiative 
holds promise for reinvigorating efforts to eliminate HIV na
tionally, use of inappropriate monitoring and evaluation met
rics may provide a skewed or misguided understanding of the 
true performance of EHE strategies over time. We harnessed 
data from the largest HIV care provider in the greater St 
Louis area to demonstrate the utility of CD4 cell count at entry 
into care as a measure of the success of public health program
ming for HIV and in identifying subgroups most at risk for de
layed diagnosis and linkage to care.

Figure 1. Distribution of CD4 cell count (A) and median CD4 cell count and interquartile range (IQR) (B) among individuals with newly diagnosed human immunodeficiency 
virus (HIV) infection initiating care in the Washington University Infectious Diseases Clinic between 2017 and 2020.
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Data suggest that, across the study period, the COVID-19 
pandemic likely hindered progress in improving the timeli
ness of HIV diagnosis and entry into care. Between 2017 
and 2020, the lowest median CD4 cell count at entry (281/ 
μL) and highest proportion of individuals with a CD4 cell 
count <200/μL at entry (35.6%) was observed among those 
with HIV diagnosed in 2020, despite no meaningful differenc
es in the absolute number of diagnoses across years. Age was 
the only factor explored that was meaningfully associated with 
late-stage entry into care, with older individuals more likely to 
enter later.

It has been posited that, nationally, we are closest to achiev
ing the EHE diagnosis goals (ie, diagnose all individuals with 
HIV as early as possible following infection) [10]. While data 
from America’s HIV Epidemic Analysis Dashboard suggest 
that the number of new HIV diagnoses in Missouri declined be
tween 2017 and 2020 [11], we observed no meaningful differ
ences in the annual number of diagnoses across this period, 
including in 2020 when diagnoses declined nationally owing 
to foregone care seeking attributable to COVID-19 [12]. Our 
findings also demonstrate that individuals initiating care in 
the Washington University Infectious Diseases Clinic in 2020 
presented for care later than those who initiated in either 
2017 or 2018. Despite consistency in the number of new diag
noses across years, these differences could represent later 

presentations due to COVID-19–related care disruptions 
(ie, delays in testing or linkage to care).

While the median CD4 cell counts at care initiation observed 
in our study are similar to nationally reported estimates [6], 
substantial disparities are noted when comparing our results 
with those in more metropolitan areas with sustained HIV pre
vention resources and robust monitoring systems [13, 14]. For 
example, the median CD4 cell count at entry into care in 2020 
was 439/μL in San Francisco [14] and 374/μL in King County, 
Washington [13], while our estimate was 281/μL. This suggests 
that, in addition to improving resource availability for HIV pre
vention, identification of individuals with undiagnosed HIV in
fection and more robust linkage to care programs may need 
greater prioritization in the St Louis area to minimize commu
nity viral load and new infections and achieve equitable out
comes relative to other metropolitan areas. Additional data 
from 2021 and beyond are also needed to ascertain whether 
these trends have continued as routine healthcare seeking 
resumed.

Finally, as has been observed in other settings, older age was 
associated with late-stage entry into HIV care, suggesting that 
older adults who have never tested or have engaged in 
HIV-susceptible behaviors since their last test may be particu
larly important to target in outreach programs [15, 16]. A host 
of strategies have been identified to improve HIV testing up
take across the United States and should be urgently used to im
prove timing of HIV diagnosis in Missouri, particularly among 
older populations [10].

In summary, the timing of entry into HIV care in St Louis 
has not improved since the launch of the EHE initiative, with 
the poorest outcomes observed during the COVID-19 pandem
ic. If we are to end the HIV epidemic in the United States by 
2030, robust metrics must be harnessed to monitor the effec
tiveness of EHE strategies in priority jurisdictions such as 
Missouri, as well as nationally.
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