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To determine whether Korean red ginseng (KRG) has beneficial effects on human immunodeficiency virus
type 1 (HIV-1)-infected patients administered highly active antiretroviral therapy (HAART), we analyzed the
CD4 T-cell count, viral load, and resistance mutations to HAART in 46 individuals. Thirteen patients harbored
resistance mutations at baseline. The study population was divided into two groups: specifically, a group
treated with a combination of HAART plus KRG (23 patients) and a group treated with HAART alone (23
patients). The annual increase in CD4 T-cell count in the combination group was significantly higher than that
in the group treated with HAART alone (P < 0.05). Overall, 21 patients harbored resistance mutations after
3 years of therapy. Following exclusion of 13 patients displaying baseline resistance mutations, 7.1% of patients
(1/14) in the combination group and 42.1% (8/19) in the HAART group were identified with resistance
mutations. One patient with baseline resistance mutations in the combination group did not display resistance
mutations 3 years after HAART therapy. High-level resistance mutations were significantly lower in the
combination group than in the group treated with HAART alone. Five patients showed no improvement in viral
copy number (26.3% [5/19]) in the combination group and 9 (45.0% [9/20]) showed no improvement in the
HAART-only group. Our data support the clinical utility of KRG intake during HAART therapy.
in long-term survivors for more than 20 years in the absence of
antiviral therapy (13).
In the present study, we investigated whether KRG has a
favorable effect on the CD4 T-cell response and development
of resistance mutations in Korean HIV-1 patients treated with
HAART. While this is essentially a pilot study, the results
support the potential benefits of combination therapy of KRG
with HAART. We recommend that clinicians advocate the use
of KRG to improve the prognosis of HIV-1-infected patients.

The rates of mortality and morbidity related to human immunodeficiency virus (HIV) disease have decreased significantly following the introduction of antiretroviral therapy for
HIV-1 infections (25). The current recommendation for treatment of HIV-1 infections is combination therapy with at least
three antiretroviral agents in cases where patients display a
CD4 T-cell count of ⬍200 to 350/l or become symptomatic
(1). While highly active antiretroviral therapy (HAART) suppresses replication of HIV-1, its effectiveness is often limited
by the emergence of antiretroviral drug-resistant mutants (28).
Replication of drug-resistant HIV-1 during HAART is a major
cause of treatment failure (32). Consequently, novel approaches to delay treatment failure are urgently required.
In Korea, zidovudine (AZT) monotherapy has been offered
free of charge by the Korean Health Authority from 1991
onwards for HIV-1-infected patients displaying a CD4 T-cell
count of ⬍500/l (11), followed by three-drug combination
therapy with AZT or didanosine, lamivudine, and indinavir in
1997. Korean red ginseng (KRG) has been used singly or
together with AZT for HIV-1-infected patients since late 1991
as an alternative medicine (6). Several beneficial effects have
been reported, including delayed development of AZT resistance mutations and maintenance of CD4 T-cell counts with
KRG therapy only for 10 years (6–8). Surprisingly, the frequency of genetic defects of HIV-1 appears dependent on the
level of KRG intake (5). Thus, we could maintain CD4 T cells

MATERIALS AND METHODS
Patients. Forty-six HIV-1-infected patients (39 men and 7 women) receiving
HAART were recruited from eight tertiary care hospitals located in four metropolitan cities and three provinces in Korea (Table 1). At the commencement
of HAART, nine patients were classified as stage B and the remaining patients
as stage C, according to the 1993 revised classification system for HIV-1 infection
and the expanded AIDS surveillance case definition for adolescents and adults by
the Centers for Disease Control and Prevention (2). Among the 46 patients, 41
were infected with HIV-1 subtype B, 4 with subtype CRF02_AG, and 1 with
subtype J. The duration of HAART was 39.2 ⫾ 4.0 months.
KRG therapy. KRG was administered as capsules prepared commercially by
the Korea Ginseng Corporation (Daejeon, Korea). Capsules were made with
100% KRG powder products ground to a grain size of 0.125 mm (120 mesh). The
crude ginseng saponin content was 44.84 mg/g, and the water content of KRG
capsules was ⬍5% (4). In addition to HAART, 23 (50.0%) of the 46 patients
were administered KRG in the third year, with men receiving 5.4 g/day (six
300-mg capsules three times a day) and women receiving 2.7 g/day (three 300-mg
capsules three times a day) with no other additives (6, 7). The dose was adjusted
to half for women in view of potential adverse effects, such as weight gain and
vaginal hemorrhage. The remaining 23 patients were not administered KRG
during the study period. In the first and second years, only 17 and 19 patients
commenced KRG intake, respectively. The median duration of KRG intake by
the 17 patients who received KRG prior to HAART was 62 months (range, 6 to
148 months). The average amount of KRG supplied to the 23 patients during
HAART was 2,419 ⫾ 1,713 g (range, 720 to 5,940 g), corresponding to 66.2 ⫾
47.5 g per month (range, 20.0 to 165.0 g per month). Four out of the 23 patients
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TABLE 1. Baseline characteristics of patients treated with HAART
plus KRG or HAART alone
Result for:
Parameter

HAART ⫹ KRG
(n ⫽ 23)

HAART alone
(n ⫽ 23)

Sex (male/female)
Mean age in yr (range)
Subtype
B
CRF02_AG
J
CD4 T-cell count/l
No. (%) of patients with CD4
T-cell count of ⬍200/l
No. (%) of patients with
history of previous
monotherapy
No. (%) of patients with
resistance mutations

18/5
36.5 (17–48)

21/2
36.4 (11–60)

19
3
1
127.0 ⫾ 112.5
17 (73.9)

22
1
0
138.4 ⫾ 96.6
17 (73.9)

13 (56.5)

12 (52.2)

9 (39.1)

4 (17.4)

subjected to therapy with HAART plus KRG purchased additional KRG. The
KRG intakes during HAART therapy were ⬍1,000 g in 5 patients, 1,000 to 2,000
g in 8 patients, and ⬎2,000 g in 10 patients. In terms of monthly dose, KRG
intakes were ⬍30 g/month in 6 patients, 30 to 60 g/month in 7 patients, and ⬎60
g/month in 10 patients. Informed written consent was obtained from all study
participants.
Specimens. At 6-month intervals, blood samples were collected from all patients for the measurement of HIV-1 RNA levels, CD4 T-cell counts, and HIV
resistance genotype. Plasma samples treated with EDTA for HIV-1 RNA estimation were centrifuged, separated within 2 h of collection, and stored in multiple aliquots at ⫺70°C.
CD4 T-cell count and plasma RNA copies. Peripheral blood mononuclear cells
(PBMCs) were incubated with phycoerythrin- and fluorescein isothiocyanateconjugated antibodies against CD4 and CD8 antigens, respectively (Simultest
reagent; Becton Dickinson, San Jose, CA), and the levels of CD4 and CD8 T
cells were measured using FACScan (Becton Dickinson) flow cytometry. The
plasma concentration of HIV-1 RNA was quantified using the Roche Amplicor
HIV-1 monitor (v1.5 or v1.0 test; Roche Diagnostics Systems, Branchburg, NJ)
following the manufacturer’s recommendations. The lower limits of detection of
the standard and ultrasensitive formats are 400 and 50 RNA copies per ml,
respectively.
DNA preparation and pol gene amplification. DNA was prepared from PBMC
samples as described previously (8, 9). Denatured DNA samples (10 l) were
amplified by nested PCR. Details are described in earlier reports (29–31). The
outer and inner primer pairs employed were HXB2/half RT and PO1/RIT137,
The amplified products were purified and sequenced directly using the primers
PO1 and RIT137 or 527.
Subtyping. Subtyping was based on the analysis of pol gene sequences. Initially, each sequence was compared to reference sequences using the Stanford
HIV drug resistance website (http://hivdb.stanford.edu), and subsequent phylo-

genetic analyses were performed using the PHYLIP program DNAdist (http:
//evolution.genetics.washington.edu/phylip.html) and Neighbor program.
Analysis of genotypic resistance. Drug resistance mutations were determined
on the basis of published guidelines (19). The details are provided in an earlier
report (31).
Statistical analysis. Data are expressed as means ⫾ standard deviations.
Statistical significance was estimated using Student’s two-tailed t test or Fisher’s
exact test with ␣ ⫽ 0.05 (SPSS package, version 12.0). Descriptive analysis was
performed to determine the proportions of patients with various types of drug
resistance. The level of significance was set as 0.05 (5%).

RESULTS
Changes in the CD4 T-cell count. Over the 39.2 ⫾ 4.0
months of HAART therapy, the CD4 T-cell count increased
significantly from 133 ⫾ 104/l to 480 ⫾ 236/l (P ⬍ 0.0001),
corresponding to an annual increase of 104 ⫾ 61/l. The 46
patients were divided into two groups according to KRG intake (HAART plus KRG versus HAART alone, hereafter
designated “combination” and “HAART” groups, respectively). The annual increase in the CD4 T-cell count was significantly higher in the combination group than in the HAART
group (124 ⫾ 63/l versus 84 ⫾ 53/l; P ⬍ 0.05) (Table 2).
Over the 3-year treatment period, the CD4 T-cell count increased from 127 ⫾ 113/l (range, 3 to 346 l) to 541 ⫾ 251/l
(range, 131 to 1,030 l) in the combination group and from
138 ⫾ 97/l (range, 2 to 318 l) to 419 ⫾ 206/l (range, 143 to
865 l) in the HAART group (Fig. 1). Additionally, the CD4
T-cell count increase varied, depending on whether the patient
was previously subjected to monotherapy. Taking this factor
into consideration, the increases in CD4 T-cell counts compared to baseline were 489 ⫾ 198/l (n ⫽ 10), 357 ⫾ 206/l
(n ⫽ 13), 333 ⫾ 209/l (n ⫽ 11), and 232 ⫾ 135/l (n ⫽ 12),
respectively, in the groups representing combination without
previous monotherapy, combination with previous monotherapy,
HAART without previous monotherapy, and HAART with previous monotherapy (Fig. 2).
Virologic response to treatment. After 3 years of HAART,
the plasma HIV-1 RNA viral loads were measured in 39 patients. Fourteen patients (35.9%) displayed no improvement in
viral copy number (i.e., incomplete virological suppression),
with a viral load of ⬎400 copies/ml. The annual increases in
CD4 T cells were 80.6 ⫾ 49.1/l in patients displaying no
improvement in viral copy number and 107.8 ⫾ 56.7/l in
patients with complete virological suppression (P ⬎ 0.05). Five
patients showed no improvement in viral copy number (26.3%

TABLE 2. Summary of treatment outcomes after 3 years
Result for:
Parameter

HAART ⫹ KRG
(n ⫽ 23)

HAART alone
(n ⫽ 23)

P value

Annual increase in no. of CD4 T cells/l
No. (%) of patients without improvement in viral copy no./totala
No. (%) of patients with drug resistance mutations
No. (%) of patients with additional drug resistance mutations after 3 yr/totalc
No. (%) of patients with additional drug resistance mutations at any time point
No. (%) of patients with high-level resistance mutations to ⱖ2 classes of drugs

124 ⫾ 63
5/19 (26.3)
9 (39.1)
1/14 (7.1)
2 (8.7)
1 (4.3)

84 ⫾ 53
9/20 (45.0)
12 (52.2)
8/19 (42.1)
10 (43.5)
7 (30.4)

⬍0.05
NSb
NS
⬍0.05
⬍0.05
⬍0.05

a
b
c

Plasma HIV-1 RNA loads were measured in 19 patients from the group treated with HAART plus KRG and 20 patients from the group treated with HAART alone.
NS, not significant.
With exclusion of 13 patients with baseline resistance mutations.
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FIG. 1. Changes in CD4 T-cell counts during HAART. The increase in the CD4 T-cell count was significantly higher in patients
treated with HAART plus KRG (n ⫽ 23) than in those treated with
HAART alone (n ⫽ 23) in the third year (P ⬍ 0.05).

[5/19]) in the combination group and 9 showed no improvement (45.0% [9/20]) in the HAART-only group (P ⬎ 0.05)
(Table 2). Excluding 13 patients with baseline resistance mutations, no viral copy number improvement was detected in 1
of 14 patients in the combination group and 7 of 19 patients in
the HAART group (P ⫽ 0.098).
Overall drug resistance mutations. We determined the pol
sequences encompassing protease and reverse transcriptase
(RT) codons for 152 PBMC samples obtained at different time
points from the 46 patients during HAART. At baseline, patients previously subjected to monotherapy (44% [11/25]) dis-

FIG. 2. Comparison of the increase in CD4 T-cell according to the
presence or absence of previous monotherapy (PM) and KRG treatment. The groups with combination therapy and combination with
previous monotherapy showed mildly significant increases in CD4 T
cells compared with those in the groups treated with HAART only and
HAART with previous monotherapy, respectively (P ⫽ 0.096 and
0.089, respectively). In contrast, absence of previous monotherapy did
not show significant increase in CD4 T cells compared with the level in
the corresponding group.
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FIG. 3. Comparison of the frequency of additional resistance mutations to the class of drugs used in HAART to the baseline in 33
patients without baseline resistance mutations. The frequency of additional resistance mutations analyzed according to KRG intake was
significantly lower in the combination group (7.1% [1/14]) than the
HAART-alone group (42.1% [8/19]) (P ⬍ 0.05).

played a significantly higher frequency of resistance mutations
than those not exposed to monotherapy (9.5% [2/21]) (P ⬍
0.05).
Among the 13 patients displaying baseline resistance mutations, 1 of 9 patients in the combination group and 2 of 4
patients in the HAART group developed additional drug resistance mutations. In the remaining 33 patients without baseline resistance mutations, 7.1% of patients (1/14) in the combination group and 42.1% of patients (8/19) in the HAART
group (P ⬍ 0.05) were identified with resistance mutations
(Fig. 3 and Table 2). Since therapy-naïve patients in Korea
displayed very low rates of resistance mutations (2.3% on the
protease inhibitor (PI) gene and 3.4% on the RT inhibitor
gene) (29, 30), we assumed that patients with no history of
previous monotherapy harbored wild-type genotypes. However, one patient with baseline resistance mutations in the
combination group did not display resistance mutations 3 years
after HAART therapy. Resistance mutations were recorded in
9 of 23 patients (39.1%) in the combination group and 12 of 23
patients (52.2%) in the HAART-alone group. The data collectively show that 3 years after the commencement of
HAART, 21 (45.7%) of the 46 patients harbored drug resistance mutations. Seven of the 44 patients (15.9%) exposed to
protease inhibitors and 2 of 12 (16.7%) exposed to nonnucleoside reverse transcriptase inhibitors (NNRTIs) developed resistance mutations to their respective drugs.
Delayed development of resistance mutations to lamivudine
and protease inhibitors. M184V was detected in 11 out of the
46 patients subjected to lamivudine therapy. Four and seven of
these patients belonged to the combination and HAART
groups, respectively. Resistance mutations appeared after the
second year in the combination group but within the second
year in three of seven patients in the HAART group. Among
the four and seven patients with M184V in both groups, the
earliest time points for the development of M184V were 25
months in the combination group and 13 months in the
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HAART group, suggesting earlier development of M184V in
patients administered HAART alone. On the other hand, in
Korean patients treated with lamivudine only, the earliest development of M184V was observed at 7 months (3). M184V in
two patients (identified at 25 and 29 months) in the combination group disappeared in the subsequent sample but persisted
in the HAART group.
One (4.5%) and six (27.3%) out of 22 patients with and
without KRG displayed resistance mutations to PIs, respectively (P ⫽ 0.09). Following the exclusion of 13 patients with
baseline resistance mutations, M184V was not detected in 14
patients subjected to combination therapy but was present in 4
of 19 patients administered HAART alone.
High-level resistance mutations. After 3 years of HAART, 8
patients contained resistance mutations to two classes and 14
patients contained resistance to one of the three classes of
drugs (nucleoside RT inhibitors [NRTIs], NNRTIs, and PIs).
Analysis of resistance mutations to more than one drug class
revealed a significantly lower rate of mutations in the combination group (1/23) than in the HAART-alone group (7/23)
(P ⬍ 0.05) (Table 2).
DISCUSSION
To assess the efficacy of combination therapy with HAART
plus KRG, we compared the frequencies of resistance mutations, virologic responses, and CD4 T-cell counts between patients subjected to combination and HAART therapy for 3
years. We observed a high frequency of resistance mutations to
antiretroviral drugs, along with a significant percentage of patients displaying no improvement in viral copy number. The
high frequency and nature of drug resistance mutations are
indicative of their significant contribution to virological outcome.
The increase in CD4 T-cell count of the combination group
was higher than that of the HAART group over the 3-year
period. While patients treated with HAART plus KRG displayed more resistance mutations at baseline than those administered HAART only, the increase in the CD4 T-cell count
after 3 years was greater in the former group, suggesting that
the effect of KRG intake is underestimated. A report on responses after HAART in patients not subjected to previous
monotherapy in Korea shows a 167/l increase in CD4 T cells
(from 207/l to 374/l) after 12 months of HAART (21). The
increase in the combination group without previous monotherapy in this study was from 127 ⫾ 113/l to 326 ⫾ 199/l.
Both viral load and immune activation are associated with
progression to AIDS (15, 24). However, patients who fail virologically on HAART but have low levels of T-cell activation
and proliferation show a continuous increase in CD4 T cells
(16, 18). In long-term-asymptomatic HIV-1-infected patients
with high viral loads, significant immune activation or proliferation was not evident (14). Thus, low immune activation
despite a high viral load preserves HIV-1-specific T-cell responses and results in a long-term-asymptomatic phenotype
(14). The long-term effectiveness of KRG intake may be attributed to a combination of mechanisms related to the pathogenesis of HIV-1 infection (9). Patients treated with KRG
exhibit a significant and consistent decrease in soluble CD8
antigen (4), indicating that KRG intake suppresses generalized

immune activation. Notably, the acid polysaccharide of ginseng
induces Th1 cytokines (20), including interleukin-12 (22),
thereby modulating the immune responses in vivo. An earlier
placebo-controlled study showed that ginseng significantly enhances the activities of neutrophils, CD4 T cells, and natural
killer cells (27). Moreover, extracts of North American ginseng
(CVT-E002) prevent acute respiratory illness (23, 26). KRG
has a mild antiviral effect on serum p24 (10), and an aqueous
extract of KRG significantly decreases p24 secretion in an in
vivo culture system (unpublished data). In view of these data,
we attribute the additional increase in CD4 T cells in the
combination group to the immunomodulatory influence of KRG.
In this study, we focus on patient response during the first 3
years of HAART administered in combination with KRG. The
modality appears very promising, since several patients treated
with HAART plus KRG for more than 8 to 9 years did not
display significant resistance mutations to HAART or additional resistance mutations, compared to the baseline (unpublished data). However, our study has several limitations. Patients were enrolled at different time points and received
variable doses of KRG, and four individuals additionally purchased KRG. Moreover, patients were not assigned in a blind
and random manner. Thus, randomized, blinded, and placebocontrolled studies are required to confirm the dose-dependent
effects of KRG on HIV-1-infected patients administered
HAART. Since KRG activity was not standardized, we attempted to overcome this problem by using the same KRG
product. In terms of optimal dose, patients who ingested more
than 60 g of KRG per month did not develop resistance mutations. Additionally, a recent report by our group showed that
the frequency of gross deletion in the nef gene depends on the
amount of KRG (⬎60 g per month versus ⬍60 g) (12). Thus,
the minimal effective dose for future studies is recommended
as 60 g KRG per month.
In total, 15.2% (7/46) of our patients developed major resistance mutations to PIs. V82A and M46I/L mutations were
identified in patients treated with indinavir and D30N in patients administered nelfinavir. Some major mutations are not
associated with PI cross-resistance, specifically, D30N and
I50L atazanavir resistance mutations. In contrast, several other
major mutations to PIs, such as those at codons 82, 84, and 90,
are associated with significant cross-resistance. Accumulation
of minor mutations, which by themselves do not cause resistance, can increase cross-resistance in the presence of major
mutations (3, 17).
In conclusion, our findings support the clinical value of KRG
in patients treated with HAART. However, further well-designed studies are essential to evaluate whether the potency of
HAART plus KRG in HIV-1 infected patients is maintained in
the long term.
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S. Mboup, and E. Delaporte. 2003. Low rate of genotypic HIV-1 drugresistant strains in the Senegalese government initiative of access to antiretroviral therapy. AIDS 17(Suppl. 3):S31–S38.

