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Abstract

 

The thymus in adults infected with the HIV-1 is generally
thought to be inactive, both because of age-related involu-
tion and viral destruction. We have revisited the question of
thymic function in adults, using chest-computed tomogra-
phy (CT) to measure thymic tissue in HIV-1–seropositive
(

 

n

 

 

 

5

 

 99) or HIV-1–seronegative (

 

n

 

 

 

5

 

 32) subjects, and cor-
relating these results with the level of circulating CD4

 

1

 

 and
CD8

 

1

 

 T cells that are phenotypically described as naive thy-
mic emigrants. Abundant thymic tissue was detectable in
many (47/99) HIV-1–seropositive adults, aged 20–59. Inde-
pendent of age, radiographic demonstration of thymic tis-
sue was significantly associated with both a higher CD4

 

1

 

 T
cell count (

 

P

 

 

 

5

 

 0.02) and a higher percentage and absolute
number of circulating naive (CD45RA

 

1

 

CD62L

 

1

 

) CD4

 

1

 

 T
cells (

 

P

 

 

 

,

 

 0.04). The prevalence of an abundant thymus was
especially high in younger HIV-1–seropositive adults (

 

#

 

 39
yr) with CD4 counts in the range 300–500 cells/

 

m

 

l and in
older subjects (

 

.

 

 40 yr) regardless of CD4 count (

 

P

 

 

 

5

 

 0.03).
These studies suggest that the thymus is functional in some
but not all adults with HIV-1 disease. (

 

J. Clin. Invest.

 

 1998.
101:2301–2308.) Key words: HIV disease
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Introduction

 

The thymus is important for the generation of naive CD4

 

1

 

 

 

and
CD8

 

1

 

 

 

T cells with a diverse T cell receptor repertoire. Al-
though it is active in utero and in early life, intrathymic T cell
production diminishes progressively with age. Numerous stud-
ies by autopsy (1–8), biopsy (9), and computed tomography

(CT)

 

1

 

 (10–12) indicate that the volume of true thymic tissue
(excluding perivascular space, adipose and fibrous tissue) di-
minishes progressively throughout life. These observations are
consistent with clinical studies showing that, postmyeloabla-
tion, circulating naive CD4

 

1

 

 

 

and CD8

 

1

 

 

 

T cells are only found
after relatively long periods of time (4–6 mo) and then usually
in children and young adults (13–16). Viewed in conjunction
with a more extensive literature of thymic function in rodents
(17–23), these data underscore the commonly-held belief (17,
24, 25) that the thymus is not present or not functional in
adults.

Even if functioning thymic tissue persisted in adults, it
might be quickly eliminated by infection with HIV-1. Viral in-
fection is clearly associated with thymic pathology in HIV-
1–infected humans (26–36), and SCID-hu mice (37–40), simian
immunodeficiency virus–infected nonhuman primates (41–43),
and feline immunodeficiency virus–infected cats (44, 45). De-
struction of thymocytes occurs after infection of CD3

 

2

 

CD4

 

1

 

CD8

 

2

 

 intrathymic T progenitor cells, CD3

 

1

 

CD4

 

1

 

CD8

 

1

 

 

 

corti-
cal thymocytes, and/or CD3

 

1

 

CD4

 

1

 

CD8

 

2

 

 or CD3

 

1

 

CD4

 

2

 

CD8

 

1

 

medullary thymocytes (37–40). HIV-1–infected children with
rapid disease progression have been found to have less thymic
mass (as measured radiographically) (46) and function (as de-
termined by the level of circulating CD4

 

1

 

 

 

and CD8

 

1

 

 

 

cells) (47).
Finally, the chronic stress associated with HIV-1 disease and
its attendant opportunistic infections could predictably lead, in
and of itself, to thymic involution.

Given the current availability of highly active antiretroviral
therapy, we considered it of interest to revisit the question of
thymic function in the setting of adults with HIV-1 disease. In
those with a functioning thymus, it might be possible to regen-
erate a T cell compartment with a diverse T cell receptor rep-
ertoire; in those without such thymic function, restoration of
the T cell repertoire might require alternative approaches. We
used computed tomography to visualize the amount of thymic
parenchymal tissue in 99 HIV-1–seropositive and 32 HIV-
1–seronegative adults. To ascertain whether thymic tissue vi-
sualized by CT scanning was functional, we graded and corre-
lated the presence and amount of thymic tissue with the level
of circulating naive (CD45RA

 

1

 

CD62L

 

1

 

) and memory/effector
CD4

 

1

 

 

 

and CD8

 

1

 

 

 

T cells as measured by multiparameter flow
cytometry.

 

Methods

 

Subjects.

 

A convenience sample of subjects with documented HIV-1
infection was recruited from clinics and community organizations in
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1. 

 

Abbreviation used in this paper:

 

 CT, computed tomography.
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the San Francisco Bay Area between August 1995 and June 1997. Ef-
forts were made to balance entry of subjects across three age strata
(20–29, 30–39, 40–49 yr) and two strata of CD4 counts (

 

, 

 

500, 

 

$

 

 500
cells/

 

m

 

l). HIV-1–uninfected controls were frequency matched by age
strata. Prospective subjects were excluded if they had an acute illness
and/or a prior medical condition known to have effects on the thymus
(e.g., myasthenia gravis, hyperthyroidism, lymphoma, or cachexia).

The protocol was approved by the UCSF Committee on Human Re-
search.

 

Chest tomography.

 

After written informed consent was obtained,
noncontrast chest CTs were performed on a CT scanner (9800; Gen-
eral Electric Co., Milwaukee, WI), with contiguous 5-mm sections ob-
tained at end expiration from the sternal notch to the xiphoid. A thy-
mic index was scored (by B.H. Gross and I.R. Francis) on a grading
scale of 0–5: 0 - no soft tissue, with the thymus entirely replaced by
fat; 1 - minimal soft tissue, barely recognizable; 2 - minimal soft tissue,
more obvious; 3 - moderate soft tissue; 4 - moderate soft tissue of
greater extent, almost mass like; and 5 - mass-like appearance, of con-
cern for hyperplasia or thymoma. Representative images from HIV-
1–seropositive adults are shown in Fig. 1. Most (

 

.

 

 95%) of the scores
fell in the range of 1–4. Before data analysis, thymic scores of 3 or
greater were designated to represent abundant thymic tissue. The ra-
diologists were blinded to CD4 count and to HIV-1 serostatus. When
all films were reviewed in a blinded manner for a second time and 31
randomly selected films were reviewed for a third time, 98% of the
scores were within one grade of each other; the changes did not affect
any of the conclusions below.

 

Flow cytometry.

 

Naive or memory/effector CD4

 

1

 

 and CD8

 

1

 

 T
cells were discriminated as described by Roederer et al. (48). Briefly,
peripheral blood mononuclear cells were selected by scatter gates, di-
vided into CD4

 

1

 

 or CD8

 

1

 

 T cell subpopulations, and then subdivided
into naive (CD45RA

 

1

 

CD62L

 

1

 

) populations (see Fig. 3). All samples
were processed for staining within 6 h of venipuncture, using the fol-
lowing antibody combinations: (

 

a

 

) mouse (ms) IgG

 

1

 

-FITC/msIgG1-
phycoerythrin (PE)/CD4-CyChrome; (

 

b

 

) ms IgG

 

1

 

-FITC/ms IgG

 

1

 

-PE/
CD8-CyChrome; (

 

c

 

) CD45RA-FITC/CD62L-PE/CD4-CyChrome;
(

 

d

 

) CD45RA-FITC/CD62L-PE/CD8-CyChrome; (

 

e

 

) CD8-FITC (iso-
type control); (

 

f

 

) CD8-PE (isotype control); (

 

g

 

) CD8-CyChrome
(isotype control); and (

 

h

 

) auto control (unstained). Monoclonal anti-
bodies were obtained from PharMingen Corp. (San Diego, CA) as
premixed two color stain combinations (FITC and PE conjugates)

 

Table I. Composition of Study Cohort

 

Age
HIV
status CD4

 

n

 

Thymus
(%)

Years since seroconversion

0–5 6–10 11

 

1

 

20–29

 

2 $ 

 

500 9 100

 

1 , 

 

500 16 81 7 6 1

 

1 $ 

 

500 2 100 0 1 0
30–39

 

2 $ 

 

500 13 54

 

1 , 

 

500 27 48 7 10 8

 

1 $ 

 

500 10 50 6 4 0
40

 

1 2 $ 

 

500 10 0

 

1 , 

 

500 34 26 3 11 13

 

1 $ 

 

500 10 50 3 3 4
Total

 

2

 

All 32 50

 

1

 

All 99 47 26 35 26

Of those HIV-1–seropositive subjects in the 40

 

1

 

 group, 39 were in the
range of 40–49 yr old and five were in the range of 50–59 yr old. The
years after seroconversion were self reported by 87 subjects and likely
represent an underestimate. The CD4

 

1

 

 T cell counts were obtained
within 0 to 5 (mean 

 

5

 

 1) months of the CT scan.

Figure 1. Visualization of 
the thymus in HIV-
1–seropositive adults by 
computed tomography. 
Representative CT scans 
are shown corresponding to 
thymic index scores of 1, 2, 
3, or 4. The thymus is the 
triangular-shaped mass at 
the top center of each 
frame, most obvious in 
frames 3 and 4.
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and single-color reagents (CyChrome conjugates). Flow cytometric
analysis was performed on a dual laser (argon 310 nm, argon 488 nm)
FACStar Plus (Becton Dickinson Immunocytometry Systems, San
Jose, CA). For each stain, data from 50,000 cells were collected and
analyzed on CellQuest software. Absolute numbers of CD4

 

1

 

 or
CD8

 

1

 

 T cell subpopulations were calculated by multipying their frac-
tional representation by the absolute counts obtained at the SFGH
Clinical Laboratories. The coefficient of variation in the number of
naive CD4

 

1

 

 and CD8

 

1

 

 T cells averaged 16% (range 4 to 35%) among
eight subjects retested two or three times over intervals as long as 244 d
(median 

 

5

 

 70.5 d).

 

Results

 

Thymic tissue in HIV-1–seropositive adults.

 

Our cross-sectional
study stratified subjects into groups between the ages of 20–59;
those that were HIV-1 seropositive were further subdivided
into groups with CD4 counts that were either greater than
or less than 500 cells/

 

m

 

l (Table I). The median age of the 99
HIV-1–seropositive subjects and the 32 HIV-1–seronegative
subjects was 39 and 32 yr, respectively.

Younger subjects demonstrated larger amounts of thymic
tissue by noncontrast chest CT (Fig. 1) than those who were
older, whether they were HIV-1 seropositive (Fig. 2 

 

A

 

) or
HIV-1 seronegative (Fig. 2 

 

B

 

) (

 

n

 

 

 

5

 

 99, Spearman 

 

r

 

 

 

5

 

 

 

2

 

0.39,

 

P

 

 

 

5

 

 0.0001 for HIV-1 seropositives; 

 

n

 

 

 

5

 

 32, 

 

r

 

 

 

5

 

 

 

2

 

0.73, 

 

P

 

 

 

5

 

0.0001 for HIV-1 seronegatives). There was also a statistically
significant association between decreasing amounts of thymic
tissue and longer durations of infection with HIV-1 (Fig. 2 

 

C

 

)
(

 

n

 

 

 

5

 

 87, 

 

r

 

 

 

5

 

 

 

2

 

0.31, 

 

P

 

 

 

5 0.003). Subjects with a longer duration
of infection were older (n 5 87, r 5 0.45, P 5 0.0001) and
tended to have lower CD4 counts (n 5 87, r 5 20.09, P 5
0.38). On multivariate logistic regression analysis (Table II),
the relationship between thymic index and duration of infec-
tion was observed to be confounded by age: subjects who had
been infected longer were likely to have a lower thymus index
simply because they were also older. However, in the HIV-
1–seropositive subjects, bivariate analysis showed that higher
thymic index was associated with higher CD4 count (Fig. 2 D)
(n 5 99, r 5 0.21, P 5 0.04), an association which persisted af-
ter controlling for age and duration of infection in multivariate
logistic analysis (Table II) and stratified analysis (see Fig. 5).

Correlation of circulating naive T cells with thymic tissue.
To determine whether the composition of the CD41 T cell
population was consistent with thymic function, circulating T
cell subpopulations from 47 HIV-1–seropositive and 32 HIV-
1–seronegative subjects were analyzed by multiparameter flow
cytometry. Previous studies demonstrated that naive CD41

and CD81 T cells (i.e., thymic emigrants that have not yet un-
dergone antigen-driven expansion) are phenotypically distin-
guishable from memory/effector T cells by their coexpression

Figure 2. Thymic index relative to age, serostatus, years since seroconversion, and CD4 count. The thymic index for 99 HIV-1–seropositive (A) 
and 32 HIV-1–seronegative (B) subjects is shown relative to age. For the HIV-1–seropositive subjects, the thymic index is also correlated 
with years since seroconversion (C) and the absolute number of CD41 T cell/ml (D). Solid bars represent means for each group; dotted lines rep-
resent the standard error of the mean. All associations are statistically significant and the association between thymic index and the CD4 count is 
independent of age (see text and Table II).
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of the surface markers CD45RA and CD62L (49, 50). Roe-
derer and colleagues (48, 51) revealed a fall in the absolute
number of naive (CD45RA1CD62L1) CD41 and CD81 T cells
as a function of HIV-1 disease progression. Using similar tech-
niques and phenotypic definitions here, CD41 and CD81 cells
were categorized as naive T cells if they also expressed
CD45RA and CD62L; those that were CD45RA1CD62L2,
CD45RA2CD62L1, or CD45RA2CD62L2 were grouped to-
gether as memory/effector T cells (Fig. 3).

The HIV-1–uninfected controls, when compared with the
HIV-1–infected subjects, were found to have higher CD41 ab-
solute numbers (P 5 0.0001), lower CD81 absolute numbers
(P 5 0.0001), and higher absolute numbers and percentages of
naive CD41 and CD81 cells (P , 0.004). The thymic index in
the uninfected group was significantly associated with the ab-
solute number (Fig. 4, A and B) and percentage (Fig. 4, C and
D) of naive CD41 and CD81 T cells (r 5 0.36–0.38, P , 0.05
for each association). Amongst the HIV-1–seropositive adults,
there was a significant correlation between the absolute CD41

T cell count and the percentage of circulating naive CD41 T
cells (n 5 37, r 5 0.41, P 5 0.004), confirming previously pub-
lished observations (48). There was also a significant correla-
tion between the thymic index and both the absolute number
(n 5 37, r 5 0.37, P 5 0.02) (Fig. 4 A) and the percentage (n 5
47, r 5 0.35, P 5 0.02) (Fig. 4 C) of circulating naive CD41 T
cells. These associations persisted after controlling for age
(Cochran-Mantel-Haenszel x2 analysis; P , 0.04). There was
no significant association between thymic index and the abso-
lute number (Fig. 4 B) or percentage (Fig. 4 D) of CD81 naive
T cells.

Enhanced abundance of thymus in some HIV-1–seroposi-
tive adults. Closer inspection of the data revealed two circum-

stances in which HIV-1 disease is associated with more and not
less thymic tissue. First, abundant thymic tissue is particularly
prevalent in younger seropositive subjects (# 39 yr) with a
CD4 count in the range of 300–500 CD41 T cells/ml. Over 93%
of younger subjects in this CD4 range had abundant thymic tis-
sue, a prevalence which was higher than that found in either
the . 500 or the 100–300 CD41 T cell strata (Fischer’s exact
test; P 5 0.06 and 0.03, respectively) (Fig. 5 B). Secondly, thy-
mic tissue persisted in older subjects (. 39 yr) who were HIV-1
seropositive but not in those who were HIV-1 seronegative.
Thus, abundant thymic tissue was not found in older seroneg-
ative subjects (0/10) but was found in 50% (5/10) of seroposi-
tive subjects of comparable age and CD4 count, representing a
significantly higher prevalence in the HIV-1–infected group
(Fischer’s exact test; P 5 0.03) (Table I, Fig. 5 C). Of note,
abundant thymic tissue in these older (. 39 yr) HIV-1–
infected subjects was associated with signs of thymic function,
e.g., a higher absolute number and percentage of naive CD41

T cells (n 5 25, r 5 0.36, P 5 0.07; n 5 23, r 5 0.41, P 5 0.05,
respectively).

Discussion

The above data indicate that CT appearance of the thymus is
highly correlated with circulating naive T cell subpopulations
in both HIV-1–seropositive and HIV-1–seronegative adults.
Abundant thymic tissue (with a score of 3 or greater) is
present in many (47/99) HIV-1–seropositive adults. Among
HIV-1–seropositive subjects under age 40, thymic tissue may
be responsive to declining CD41 T cell counts, which could ex-
plain the persistence of thymic tissue observed in older HIV-
1–infected subjects. Alternatively, the high prevalence of thy-
mic tissue in people over 39 yr of age may be due to increased
survival among adults with thymus. In either case, and by in-
ference, the thymus may be functional in some but not all indi-
viduals with HIV-1 disease.

This inference must be considered with two caveats in
mind. First, the images visualized by CT may not represent
true thymic tissue but a pathologic accumulation instead, e.g.,
of inflammatory or malignant cells. Direct biopsy studies of
thymic tissue from HIV-1–seropositive adults will be necessary
to resolve this issue. Secondly, it has not been proven that all
CD45RA1CD62L1 human T cells emanate directly from the
thymus; some, for instance, may be memory cells that have re-
verted in phenotype (23). Although the CD45RA1CD62L1

phenotypic definition of a naive T cell is more accurate than
the use of the CD45RA1 phenotype alone (48, 49, 51), future
studies will be necessary to confirm that this population has
additional attributes of recent thymic emigrants, e.g., a diverse
T cell receptor repertoire and the presence of T cell receptor
rearrangement deletion circles (52, 53). Notwithstanding these
caveats, it is striking that there is such a high correlation be-
tween the presence of abundant thymus and the circulating
levels of provisionally assigned naive CD41 T cells, suggesting
that the thymus is contributing to this pool of cells in adults.

The possibility that functioning thymic tissue may be
present in some HIV-1–seropositive adults is not completely
unanticipated by the prior literature. Thymic involution cer-
tainly occurs in most adults, but the course is variable and even
subjects as old as 107 yr have been found to have histologically
normal thymic tissue (as defined by demarcated cortical and
medullary regions and by the presence of immature cells posi-

Table II. Multivariate Logistic Regression Analysis of 
Predictors of Thymic Index , 3

Bivariate analysis Multivariate analysis

Odds
ratio Significance

Odds
ratio Significance

Increasing age 1.70 P 5 0.0003 1.64 P 5 0.006
Increasing years of infection 1.62 P 5 0.0003 1.25 P 5 0.23
Decreasing CD4 count 1.33 P 5 0.02 1.37 P 5 0.02

Seropositive subjects (n 5 87) with valid data for all predictors were ana-
lyzed. Thymic index was grouped before any analysis into two categories
( , 3, $ 3), representing nonabundant and abundant thymic tissue. The
range of each predictor variable was grouped into six equal intervals to
standardize the variance before analysis. Ages were grouped into 5-yr
intervals increasing from ages 20 to 24, years of infection were grouped
into 3-yr intervals increasing from years 0 to 2, and CD4 counts were
grouped into intervals of 100 cells/ml decreasing from cells counts . 500
cells/ml. Odds ratios represent the odds of having thymic index , 3 for
any interval of the predictor variable relative to the previous interval.
Analysis of each interval as an independent variable indicated consis-
tent dose–response relationships. Allowance for the unexpected in-
creased prevalence of thymic tissue among young subjects with mildly
decreased CD41 counts (see Fig. 5) significantly improved the fit of the
logistic model (P 5 0.03) but did not substantially change the overall
assciation between CD4 count and thymic mass. Consideration of other
statistical interactions did not significantly improve model fit and did
not substantially change model estimates.
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tive for terminal deoxytransferase) (2, 54–58). In adult mice,
thymocyte turnover is slower than it is in young mice, but
nonetheless measurable: 105 cells/d in the adult (6-mo-old)
mouse as opposed to . 106 cells/d in the young mouse (20–23).
Finally, phenotypic analyses of naive T cells in HIV-1–sero-
positive adults as well as estimates of their turnover are consis-
tent with, but not heretofore linked directly with, the presence
of thymic function at older ages (48, 59–61).

The high frequency of thymic tissue found in HIV-1–sero-
positive adults raises the possibility that thymic function may
actually be enhanced in some who are HIV-1 infected. This

possibility is underscored by the observation that most in-
fected individuals with a CD4 count in the range of 300–500
cells/ml have a high thymic index (scores of 3–4). In the same
manner that thymic rebound has been observed in adults after
myeloablation (62–67) and after correction of Cushing’s dis-
ease (68, 69), the peripheral T cell depletion induced by HIV-1
may drive renewed thymocyte maturation in an otherwise dor-
mant thymic remnant. Thymic rebound may contribute to host
compensation during the early phase of HIV-1 infection, char-
acterized by maintenance of total T cell counts (70). If so, pe-
ripheral total T cell depletion may occur when thymopoiesis is

Figure 3. Detection of naive 
and memory/effector CD41 
and CD81 T cell subpop-
ulations by flow cytometry. 
PBMCs were selected by 
scatter gates (top), divided 
into CD41 or CD81 T cell 
subpopulations (middle, dark 
bars), and then subdivided 
into naive (CD45RA1CD62L1) 
populations (bottom, boxes 
with dark lines labeled naive); 
the remaining cells (boxes 
with gray lines labeled mem-
ory) represent various mem-
ory/effector populations.
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finally disrupted (e.g., after direct infection and destruction of
the organ by HIV-1). Reciprocally, immune reconstitution in
late stage disease may be possible if disruption of thymopoiesis
is reversible. These implications bear potential importance to
the understanding of HIV-1 disease and to the design of clini-
cal trials of highly active antiretroviral therapy and vaccines in
HIV-1–infected patients. It will accordingly be critical to es-

tablish definitive evidence of thymic function in future studies
of HIV-1–infected adults.
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