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Natural killer (NK) cells, natural killer T (NKT) cells, and T lymphocytes were analyzed by using a flow
cytometer in 225 human immunodeficiency virus (HIV)-positive individuals infected through the past sale
of blood and plasma without receiving antiretroviral therapy in the People’s Republic of China. According
to CD4 T-cell counts these HIV-infected adults were stratified into three groups: long-term slow progres-
sors, HIV-infected subjects, and AIDS patients. NK cell counts in long-term slow progressors were higher
compared to HIV infection and AIDS patients (P < 0.05) and lower compared to normal controls (P <
0.05), whereas NKT cell counts in slow progressors and the HIV infection group were not different from
those of normal controls. NK cell counts in HIV-seropositive subjects were positively correlated with CD4
T-cell counts (P < 0.05), and NKT cell counts were positively correlated with CD4 T-cell and CD8 T-cell
counts (P < 0.05). The CD8 T-cell counts were higher in slow progressors compared to those with HIV
infection, AIDS patients, and normal controls. These results indicated that HIV infection causes alter-
ations of NK cells and T cells in slow progressors, HIV-infected subjects, and AIDS patient groups, but
no difference was found in NKT cell counts and percentages in slow progressors and the HIV-infected
group compared to normal controls.

Among human immunodeficiency virus (HIV)-infected per-
sons, a small percentage maintaining CD4 T-cell counts of
�500 cells/�l for more than 10 years without receiving anti-
retroviral therapy are known as long-term slow progressors
(SPs) (9, 10, 12, 13, 22). The factors involved in the long-term
survival of these patients have been the subject of intense
investigations since these factors may provide information im-
portant in the development of HIV-1 vaccines and treatments.
However, since it is difficult to identify the time when these
individuals were infected, studies for such long-term survivors
are limited.

The People’s Republic of China is at significant risk for a
generalized HIV/AIDS epidemic. There was a severe HIV
epidemic among people who sold blood and plasma in the past
in the rural areas. The duration of infection time for these
people is very narrow (1993 to 1996) because the unsafe blood
banks were set up around 1993 in the local areas, and the
government closed these banks in 1996 to prevent the trans-
mission of HIV.

There is also a small percentage of long-term SPs among
people infected with HIV through past sales of blood and
plasma who have lived with HIV for nearly 8 to 11 years but
still show normal CD4 T-cell counts without having received

highly active antiretroviral therapy (HAART) treatment. In
contrast to the small percentage of long-term SPs, other people
infected with HIV in the same way, at the same time period,
and in the same local areas have decreased CD4 T cells, have
developed AIDS, or have even died of AIDS. Why then do
these HIV-seropositive people appear so different? Study of
the immunological parameters of these long-term SPs compar-
ing them with typical progressors, including HIV-infected sub-
jects and AIDS patients, will be helpful for the prevention and
control of HIV infection in the People’s Republic of China.
Because there are few HIV-seropositive cases infected through
past sales of blood and plasma in Western countries, most
studies of HIV have focused on individuals infected with HIV
through sexual contact or sharing needles; thus, studies of SPs
infected via blood donation are limited.

After 20 years of intensive study on the acquired immune
system for HIV infection, innate immune system has drawn
much attention recently. Natural killer (NK) cells are an es-
sential part of the immune system, representing 10 to 15% of
circulating lymphocytes, and are important mediators of both
natural and adaptive immunity. NK cells participate in immune
surveillance against malignancies and virus infection (4, 8,
16, 20). NK cells are CD3-negative, large granular lymphocytes
that express characteristic NK cell markers such as CD56 and
CD16 (7, 18–19). A second set of NK cells—natural killer T
(NKT) cells—are found within T-cell populations, and identi-
fication is based on expression of T-cell-receptor molecules
and certain NK cell markers. NKT cells have been implicated
in tumor rejection, control of microbial infection, and suppres-
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sion of autoimmune diseases (3, 14, 21, 24). Understanding the
responses of the innate immune system to HIV infection may
be very important for HIV research.

The level of natural immunity in HIV carriers in the People’s
Republic of China who have been infected via past blood
donation has not been examined. To our knowledge, a study
of NKT cells in the SP group infected with HIV for more than
8 years and with normal CD4 T-cell counts has not been reported
elsewhere. We investigated here the alterations of NK cells, NKT
cells, and T lymphocytes in SPs and compared them to HIV-
infected individuals and AIDS patients infected through the prior
sale of blood and plasma in the People’s Republic of China.

MATERIALS AND METHODS

Study population. Diagnosis of HIV-1 infection was made on the basis of a
positive anti-HIV enzyme-linked immunosorbent assay (Vironostika; Organon
Teknika, The Netherlands) and confirmed by a positive Western immunoblot
(Gene Lab Diagnostics, Singapore). A total of 225 HAART-naive HIV carriers
who were infected through past sales of blood and plasma in rural areas of the
People’s Republic of China were asked to participate in the study. These indi-
viduals had been infected with HIV for 8 to 11 years. HIV-infected individuals
were stratified according to CD4 T-cell counts. If the CD4 T-cell count was
�500 cells/�l and the subject showed no HIV symptoms, we defined him or her
as an HIV-positive long-term SP. If the CD4 T-cell count was �500 cells/�l but
more than 200 cells/�l and the subject had no HIV symptoms, we defined him or
her as an HIV-infected person. If the CD4 T-cell count was �200 cells/�l or the
CD4 T-cell count gave indications of AIDS, we categorized the HIV-infected
individual as an AIDS patient. According to these criteria, there were 64 SPs in
the present study, with 41 males (64.1%) and 23 females (35.9%); the mean of
age was 40.11 � 7.6 years old, with a 10.2% positive rate of hepatitis B virus
surface antigen and a 96.7% positive rate of anti-hepatitis C virus antibody,
making up 28.4% of this HIV-seropositive study population. There were 122
HIV-infected persons, with 64 (52.5%) males and 58 (47.5%) females; the mean
of age was 41.8 � 8.34 years old, with a 5.9% positive rate of hepatitis B virus
surface antigen and a 94.9% positive rate of anti-hepatitis C virus antibody,
making up 54.2% of this HIV-seropositive study population. There were 39
AIDS patients, with 19 males (48.7%) and 20 females (51.3%); the mean of age
was 42.42 � 7.58 years old, with a 4.2% positive rate of hepatitis B virus surface
antigen and a 98.2% positive rate of anti-hepatitis C virus antibody, making up
17.3% of this HIV-seropositive study population. Among the three groups, there
were no significant differences based on age, sex, or coinfection of hepatitis B
virus (HBV) or HCV statistically analyzed by one-way analysis of variance
followed by use of the Student-Newman-Keuls test or the Fisher exact test. A
total of 130 HIV-negative healthy persons were used as normal controls, with 68
males (52.3%) and 62 females (47.7%); the mean of age was 43.91 � 14.74 years
old, with normal blood cell counts, normal levels of hemoglobin, and normal liver
functions and without any history of immune system disease. All subjects in-
cluded here gave informed consent under the auspices of the appropriate re-
search and ethics committees.

Blood collection. Whole blood was collected into EDTA Vacutainer tubes and
transported to our AIDS Research Center. The blood samples were analyzed by
flow cytometer on the same day.

Determination of T-cell, NK cell, and NKT cell counts. CD4 T-cell, CD8 T-cell,
NK cell, and NKT cell counts were measured with a FACScalibur flow cytometer
(Becton Dickinson). A single-platform, “lyse-no-wash” procedure was performed

with Trucount tubes and with TriTEST CD4FITC/CD8 PE/CD3PerCP or
CD3FITC/CD56/16PE/CD45PerCP reagents (Becton Dickinson). We pipetted 20 �l
of TriTEST CD4FITC/CD8PE/CD3PerCP or CD3FITC/CD56/16PE/CD45PerCP
reagent and 50 �l of anticoagulated whole blood into the bottom of the
TruCOUNT Tubes and incubated them for 15 min in dark at room temperature
(20 to 25°C). We added 450 �l of 1� FACS lysing solution to the tubes,
incubated them for 15 min in the dark at room temperature, and analyzed the
samples with a flow cytometer. CD4 T cells were defined as CD3� CD4�

lymphocytes, CD8 T cells were defined as CD3� CD8� lymphocytes, NK cells
were defined as CD3� CD56/16� lymphocytes, and NKT cells were defined as
CD3� CD56/16� lymphocytes.

HIV viral load measurement. HIV RNA was extracted from plasma samples
stored at �70°C and amplified by a standardized reverse transcription-PCR assay
according to the manufacturer’s instructions (COBAS Amplicor; HIV-1 Monitor
Test Version 1.5; Roche Diagnostics). The detection level in plasma was defined
as 400 HIV-1 RNA copies/ml by our laboratory. An HIV viral load was trans-
formed to log10 values for all statistical analyses.

Statistical analysis. The analysis of variance were performed by analysis of
variance and subsequent Student-Newman-Keuls test. The viral load was logarith-
mically transformed before analysis, and the geometric means and standard devia-
tions (SD) were used to summarize the results for viral load. The means and SD
were used for other data. Correlation between two quantitative variance was mea-
sured by using the Pearson correlation coefficient. P values of �0.05 were considered
statistically significant. All analyses were carried out by using SPSS11.5 software.

FIG. 1. Correlation of CD4 T cells to NK and NKT cells in HIV-
seropositive subjects. The absolute counts of NK cells, NKT cells, and
CD4 T cells were measured with a flow cytometer. The absolute NK
cell counts and NKT cell counts were positively correlated with CD4
T-cell counts (r � 0.394, P � 0.01; r � 0.225, P � 0.01).

TABLE 1. NK and NKT cells in SPs, HIV-infected subjects, AIDS patients, and normal controlsa

Group n
Mean � SD

NKb NK% NKTb NKT%

Normal controls 130 407 � 223 18.92 � 7.74 124 � 92 5.83 � 4.11
SPs 64 310 � 159A 12.44 � 5.90A 128 � 85 5.12 � 3.27
HIV 122 241 � 160AB 13.41 � 7.41A 100 � 58 5.57 � 2.9
AIDS 39 190 � 143ABC 16.84 � 8.39BC 76 � 65AB 7.23 � 6.04ABC

aSuperscripts: A, compared to the control group, P � 0.05; B, compared to the SP group, P � 0.05; C, compared to the HIV group, P � 0.05.
b NK and NKT cell counts are given in cells per microliter.
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RESULTS

NK and NKT cells in SPs, HIV-infected subjects, AIDS
patients, and normal controls. NK cells and NKT cells were
measured in all subjects (Table 1). The absolute NK cell counts
were significantly higher in SPs compared to the HIV-infected
subjects (P � 0.05) and AIDS patients (P � 0.05) and lower
compared to the normal controls (P � 0.05). The percentage
of NK cells in SPs was lower than that of normal controls (P �
0.05), the same as that of the HIV-infected subjects (P � 0.05),
and lower than that of AIDS patient group (P � 0.05). The
percentage of NK cells in HIV infection group was much lower
than that of normal controls and the AIDS group (P � 0.05).

The absolute numbers of NKT cells were significantly higher
in SPs compared to AIDS patients (P � 0.05). No significant
differences were found among SPs, HIV-infected subjects, and
normal controls. The percentage of NKT cells in SPs was not
different from HIV-infected subjects and normal controls but
lower than that of the AIDS group (P � 0.05).

Correlation of NK cells and NKT cells with T lymphocytes
and viral load in all HIV-seropositive subjects. The absolute
NK cell counts were positively correlated with CD4 T-cell
counts (r � 0.394, P � 0.01) and not correlated with CD8
T-cell counts. The absolute NKT cell counts were positively

correlated with CD4 T-cell and CD8 T-cell counts (r � 0.225
P � 0.01; r � 0.269, P � 0.01) (Fig. 1). The HIV viral loads
were negatively correlated with NK cell counts, CD4 T-cell
counts, CD4 T-cell percentage, and CD4/CD8 T-lymphocyte
ratio (r � �0.362 [P � 0.01], r � �0.563 [P � 0.01], r � �0.658
[P � 0.01], and r � �0.632 [P � 0.01], respectively) (Fig. 2).

T lymphocytes in SPs, HIV-infected subjects, AIDS patients,
and normal controls. CD3 T and CD8 T lymphocytes were
measured in all subjects (Table 2). The results showed that
absolute CD3 T-cell counts were significantly higher (P � 0.05)
in SPs compared to normal controls, HIV infection, and AIDS
patients (P � 0.05). The CD3 T-cell counts were significantly
lower (P � 0.05) in the HIV-infected subjects and the AIDS
patient group than in normal controls (P � 0.05).

The absolute CD8 T-cell count was significantly higher in
SPs compared to normal controls and AIDS patients (P �
0.05) and not different from HIV-infected subjects (P � 0.05).
The CD8 T-cell count in HIV infection was higher than that of
AIDS patients (P � 0.05). The percentage of CD8 T cells in
SPs was remarkably higher than in normal controls (P � 0.05)
but much lower than that of HIV-infected subjects and the
AIDS patient group (P � 0.05). The percentage of CD8 T cells
in HIV-infected subjects and AIDS patients was higher than
that of normal controls (P � 0.05).

The CD4/CD8 T-lymphocyte ratio in SPs (0.75 � 0.39) was
significantly higher than in HIV-infected subjects (0.39 � 0.20)
and AIDS patients (0.21 � 0.14) (P � 0.05), whereas it was
lower than in normal controls (1.45 � 0.68) (P � 0.05) (data
not shown).

DISCUSSION

Innate immunity may play a role in preventing HIV infection
or progression to AIDS (11, 23). It has been determined that
a few HIV-infected people with very low CD4 T-cell counts
(�50/�l) who have prolonged asymptomatic periods had sig-
nificantly higher NK cell toxicity and NK cell numbers than
AIDS patients with symptoms and were not different from
HIV-negative controls with regard to NK cell cytotoxicity and
NK cell numbers despite their lower CD4 T-cell numbers and
higher viral loads (11). On the other hand, impairment of NK
cell number and function by HIV infection was also reported
(1–2, 5, 15), although different races may show different out-
comes in HIV infection. The impairment of NK cell number,
percentage, and function in North American HIV-seropositive
subjects was demonstrated compared to the HIV-seronegative
group, but there was no significant difference between the Thai
HIV-seronegative and HIV-seropositive groups (6).

FIG. 2. Correlations of viral load to CD4 T cells and NK cells in all
HIV-seropositive subjects. The HIV viral loads, NK cell counts, and
CD4 T-cell counts were measured. The HIV viral loads was negatively
correlated with NK cell counts and CD4 T-cell counts (r � �0.362
[P � 0.01] and r � �0.563 [P � 0.01], respectively).

TABLE 2. T lymphocytes in SPs, HIV infected subjects, AIDS patients, and normal controlsa

Group n
Mean � SD

CD3b CD4% CD4b CD8% CD8b

Normal controls 130 1,610 � 487 53.75 � 10.07 852 � 251 40.55 � 9.59 660 � 290
SPs 64 1,911 � 542A 38.94 � 11.12A 712 � 224A 57.8 � 11.74A 1,139 � 499A

HIV 122 1,397 � 507AB 26.07 � 8.73AB 334 � 83AB 71.45 � 9.57AB 1,032 � 484A

AIDS 39 845 � 342ABC 16.38 � 8.27ABC 127 � 57ABC 81.79 � 8.69ABC 704 � 320BC

a Superscripts: A, compared to the control group, P � 0.05; B, compared to the SP group, P � 0.05; C, compared to the HIV group, P � 0.05.
b CD3, CD4, and CD8 cell counts are given in cells per microliter.
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The present study shows that NK cells in HIV-infected
subjects and AIDS patients were significantly lower compared
to normal controls and that the numbers of NK cells were
significantly lower in AIDS patients compared to HIV-infected
subjects. We also show that HIV infection dysregulated the NK
cells with disease progression in HIV-seropositive individuals
infected via past sales of blood and plasma in China. The result
is consistent with findings in North American HIV-seropositive
subjects (6) and another published study (17) with North
American subjects, but quite different from the findings in a
Thai HIV-seropositive group (6). The reasons for this differ-
ence may be related to different sample sizes, the infecting
HIV subtype, or the infection time. In our study, we had a total
of 225 HIV-seropositive subjects infected with HIV through past
sales of blood and plasma for 8 to 11 years and who were pre-
dominantly infected with HIV subtype B	. Although there were
68 Thai HIV-positive subjects in that report (6) and the partici-
pants were mostly infected with HIV subtype E, the infection time
was not specified.

The percentage of NK cells in our study decreased in the
HIV-infected group compared to the normal control group,
whereas in the AIDS group it increased and was not different
from that of the normal control group. A previous study indi-
cated that the NK cell percentage in Thai HIV-seropositive
subjects was not different from HIV-seronegative subjects, but
the NK cell percentage in North American HIV-seropositive
subjects decreased compared to HIV-seronegative subjects (6).
The main reason for this difference is that the disease stages of
the subjects were not considered in that study; subjects studied
at different stages may lead to different results.

Studies of innate immunity in subjects infected HIV for
more than 8 years with normal CD4� T-cell counts and with-
out HAART therapy are rare, especially with respect to the
alteration of NKT cells. The present study investigated changes
of NK, NKT, and T cells in Chinese SPs. The results showed
that NK cell counts were lower in SPs compared to normal
controls and higher compared to HIV infection and AIDS
patients; they were positively correlated with CD4 T-cell
counts and negatively correlated with HIV viral loads. These
findings may indicate that HIV infection leads to the impair-
ment of CD4 T cells and causes NK cell counts to decline
subsequently. Although NKT cell counts in SPs were not dif-
ferent with normal controls and there was a trend toward
increased NKT cell counts in SPs, this may associated with
delayed disease progression; further studies are needed to ver-
ify this. The CD8 T cells in SPs and HIV-infected individuals
increased significantly compared to normal controls. The ab-
solute CD8 T-cell counts were positively correlated with NKT
cell counts, and we believe both NKT and CD8 T cells may
exert anti-HIV effects. In the AIDS stage, although the abso-
lute NKT and CD8 number decreased, the body trying to keep
anti-HIV effects causes the percentages of NKT and CD8 T
cells to significantly increase.

Although the present study is based on cross-sectional in-
vestigation, the subjects were infected around the same time
period but with the different disease progression. We may
presume from the data that the HIV infection that caused CD4
T cells to decrease also caused the NK cells to decrease; NKT
cell counts kept normal for a period of time and then declined,

whereas CD8 T-cell counts increased first and then decreased
to the normal range in the AIDS stage.

Our investigation showed that long-term SPs represented
28.4% of the HIV-positive past blood donors, a number higher
than that reported previously (5%) (10). The reason for this is
that we probably just cross-sectionally investigated live subjects
who had lived for 8 to 11 years after the HIV infection oc-
curred, and thus those who died from AIDS were not counted.

The HIV infection times for these blood donors in China is
easier to identify than infection times from sexual contact or
intravenous drug use. The SPs of these past blood donors are
important subjects to be studied for natural anti-HIV mecha-
nisms and may provide an opportunity to investigate both viral
and host factors that influence the rate of disease progression.
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