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Highly active antiretroviral therapy (HAART) for
human immunodeficiency virus (HIV) infection
became available in 1995–1996, but the therapy
was predominantly anchored by an unboosted
protease inhibitor, was used frequently in persons
who had previously received nonnucleoside reversetranscriptase–inhibiting drugs, and was associated
with significant side effects. Guidelines for when to
start HAART have changed, beginning with use at
higher CD4 T-cell counts, later recommending that
patients not be treated until their CD4 T-cell count
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was ,200 cells/mm3, and later ,350 cells/mm3. Only
in recent years have the guidelines recommended
earlier initiation of HAART [1]. Over time, HAART
has improved, becoming less toxic, and more efficacious. HIV-infected individuals are also less likely to
have had previous antiretroviral drug exposure, and if
they have prior exposure, the choices for subsequent
therapy are broader and allow for selection of drugs
for which they are likely to be naive. This should have
a salutary effect on the HIV RNA level in a clinical
population of HIV-infected individuals. In addition, if
the HIV RNA level is decreased within the population,
there may also be a decline in the risk of transmitting
HIV to others, particularly by sexual contact [2–4].
In 1999, we published the results of a study from our
institution showing that 44% of patients who received
HAART in 1996–1998 achieved virologic suppression [5].
By early in the past decade, ritonavir-boosted protease
inhibitors and efavirenz were in common use, and the
prevalence of virologic suppression had improved. Data
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Background. We have previously showed that as antiretroviral therapy has improved over time since 1995–
1996, the likelihood of achieving virologic suppression has also improved. Antiretroviral therapy and antiretroviral
therapy guidelines have continued to evolve, and we wished to determine the trend in human immunodeficiency
virus (HIV-1) RNA levels over time in HIV-infected persons receiving care in our large urban HIV clinical practice
in Baltimore, Maryland.
Methods. The HIV-1 RNA level was assessed each year from 1996 through 2010 at the date closest to 1 July for
all patients in care and followed up in the Johns Hopkins HIV Clinical Cohort. The clinic population’s median HIV1 RNA level and stratified threshold levels were plotted. The demographic characteristics of the population were also
assessed over time.
Results. From 1996 (shortly after highly active antiretroviral therapy [HAART] was introduced) to 2010, the
median HIV-1 RNA level decreased from 10 400 to ,200 copies/mL. The proportion of patients with an HIV-1
RNA level .500 copies/mL decreased from 75% to only 16% during this same period. The population itself became
older, had a higher proportion of women, and a lower proportion of patients with injection drug use as
a transmission risk, but it was geographically stable. There was an increase in HAART use over time.
Discussion. Our results demonstrate the remarkable impact of increased use of and improved management
with HAART in this urban HIV-infected population.

Table 1. Demographic and Clinical Characteristics of the Sample Over Time
Calendar year
Characteristic

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
a

Patients in care, no.

1304 1313 1504 1582 1735 1882 1975 1965 2010 1937 1891 1930 1968 1979 1983

Age, median, years

38

38

39

40

41

41

42

43

44

45

45

46

47

48

49b

Sex, % male

71

67

66

66

66

65

65

64

64

64

64

65

65

65

65b

Race, %
Black

73

76

76

75

74

74

74

73

73

74

74

74

74

73

73

White

25

23

23

23

24

24

25

25

25

24

24

24

23

24

24

46

48

48

47

44

41

40

39

39

37

35

34

34

34

36b

Transmission risk, %c
Injection drug use
Men who have sex with men

34

31

29

30

30

29

29

28

28

28

28

28

29

28

28

Heterosexual

43

45

45

44

47

48

48

50

50

49

49

49

51

51

51b

85
12

85
12

85
12

83
12

83
13

82
13

81
13

81
12

81
13

81
13

81
14

81
13

80
13

80
14

80
14

239

290

304

296

315

328

352

340

347

377

385

406

421

435

444b

22

51

58

66

69

71

70

70

75

77

79

80

83

84

85b

ZIP code, %
Baltimore city
Other Maryland
CD4 T-cell count, median, cells/mm3
Receiving HAART, %d
a

Defined as attending $2 clinic visits during the year.
P , .05 for trend from 1996 to 2010.

c

Transmission categories are not mutually exclusive.

d

HAART, highly active antiretroviral therapy.

from our institution showed that 79% of those patients who received HAART in 2001–2002 achieved virologic suppression [6].
The Johns Hopkins HIV Service has provided HIV care to the
majority of HIV-infected individuals who have sought care in
Baltimore, Maryland, since the service opened in 1984. Its patients are principally from the Baltimore metropolitan region, an
East Coast urban region with the fifth-highest incidence of HIV
of US urban centers and in a state with the third-highest incidence of HIV infection in the United States [7]. The population has a high proportion of individuals who were infected
through drug injection. We conducted an analysis of clinic-wide
HIV-RNA levels over calendar time since HAART became
generally available in 1996 in Baltimore.
METHODS
This analysis used data collected in the longitudinal Johns Hopkins
HIV Clinical Cohort. This is a cohort of persons who received care
from the Johns Hopkins HIV Service. All patients are approached
to enroll in the cohort, and the rate of refusal is ,0.5% [8].
We examined the HIV-1 RNA level collected closest to 1 July
of each calendar year from 1996 through 2010. The window of
time was 1 January to 1 July of each calendar year, but the value
closest to 1 July was used in the analysis for each patient. Other
information included demographic variables, CD4 T-cell counts,
and whether the patient was receiving HAART at the time the
HIV-1 RNA was measured.
The median and upper quartiles of HIV-1 RNA levels were
computed for each calendar year for all individuals in care during

that year. These levels were also stratified as ,200, 200–1000,
1000–10 000, and .10 000 copies/mL. The demographics (age,
sex, race, HIV transmission risk group, ZIP code of residence)
and the CD4 T-cell count and the use of HAART at the time of
HIV-1 RNA measurement were recorded for each calendar year.
We compared the change in demographic and clinical characteristics of the population over calendar time to assess for changes
in the population receiving care in the Johns Hopkins HIV Clinic.
Comparisons were done by v2 and t tests.
RESULTS
A total of 5290 patients were in care in the Johns Hopkins HIV
Clinic during $1 calendar year between 1996 and 2010. Table 1
shows the demographic and clinical characteristics of the population by calendar time. The Johns Hopkins HIV Clinic population became older, with an increased proportion of women
and associated heterosexual HIV transmission, these characteristics reflecting the changing demography of HIV infection in
Maryland during this time. The ZIP code in which the patients
resided did not change significantly over time, indicating
that the clinic continued to care for the same population geographically. The CD4 T-cell count showed an increasing trend
during this time period, consistent with the increase in suppressed HIV RNA levels, associated with the increase in the
proportion of patients receiving HAART over time.
The HIV-1 RNA levels (median and upper quartiles) are
shown in Figure 1. The number of patients who contributed HIV1 RNA data is shown in the top row of the table within the figure.
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Particularly in earlier years, HIV-1 RNA levels were not always
obtained on the entire clinic population. It can be seen that the
median HIV-1 RNA level decreased from 10 000 copies/mL in
1996 to ,200 copies/mL in 2006, and remained ,200 copies/mL
through 2010. The upper quartile declined from 80 000 copies/
mL in 1996 to 500 copies/mL in 2008 and remained at this level
through 2010. This demonstrates that only 25% of the patients in
care had HIV-1 RNA levels of 500 copies/mL. Figure 2 depicts the
HIV-1 RNA thresholds at each calendar year. The table within the
figure shows the number of patients who had an HIV-1 RNA level
and could contribute to this analysis.
Because patients who are less adherent to care and have higher
HIV-1 NRA levels could selectively become unavailable for
follow-up, we examined retention in care in 1996–2002 and
2003–2009. Retention was defined as a patient in care during
one calendar year continuing in care the following calendar year.
Retention was 86% in 1996–2002 and 94% in 2003–2009 overall
(retention for injection drug users, 85% and 95%, respectively,
for 1996–2002 and 2003–2009; for men who have sex with men,
86% and 94%; for heterosexuals, 86% and 93%).

starting of antiretroviral therapy at less advanced immunosuppression. Proportionally fewer patients in care have HIV-1 RNA
levels obtained in the earlier years, probably both because viral
load testing was less available for these and because fewer of
them were receiving HAART. Therefore, the HIV-1 NRA levels
in the clinic may have even been higher than indicated by our
data. Selective loss of patients who were less adherent to HIV
care is unlikely to have affected our results differentially, because
retention improved over time. We believe that our results emphasize that even in an inner urban HIV-infected population
with a relatively high proportion of patients who were infected
as a consequence of injection drug use, HAART can be highly
successful. We note that our previous publications from our

DISCUSSION
Our clinic-wide analysis has shown that the burden of HIV-1
RNA has declined steadily since HAART was introduced in 1996
and that in the most recent year (2010), ,17% of the patients
had an HIV-1 RNA level of .500 copies/mL. This is a remarkable accomplishment that is probably due to improved antiretroviral drugs and changes in management, including the
602
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Figure 2. Bar chart of human immunodeficiency virus (HIV)–1 RNA
thresholds from 1996 through 2010 in the Johns Hopkins HIV Clinical
Cohort; threshold values are given in copies per milliliter.
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Figure 1. Line plot of median (Med) and upper- or third-quartile (Q) human immunodeficiency virus (HIV)–1 RNA levels from 1996 through 2010 in the
Johns Hopkins HIV Clinical Cohort. K, thousand; VL, viral load.

treatment of genital ulcers and other sexually transmitted diseases. However it is known that these behavioral interventions
can be of limited effectiveness because of poor adherence, and
the treatment of HIV with antiretroviral therapy to suppress
HIV-1 RNA is likely to be an important contributor to prevention of HIV transmission [17].
In summary, we have shown a dramatic decrease in the HIV-1
RNA level in a community of patients who receive care in a large
urban region in the United States. Although these results to not
reflect the entire community of HIV-infected individuals
from our region, they are likely to represent a substantial proportion of those who are infected, and certainly a group of
individuals that can be targeted with among whom an important
intervention that may reduce HIV transmission.
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