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Rifampin has been shown to impair both humoral and cell-mediated immune
responses in animal models. In order to detect a similar effect in man, 11 patients
with active tuberculosis were evaluated before, 2 weeks after, and 12 to 16 weeks
after initiating rifampin. Several parameters were serially measured including
blood lymphocytes, intradermal response to intermediate strength tuberculin
(PPD), and in vitro proliferative responses to phytohemagglutinin (PHA), a

nonspecific mitogen, and to the specific antigens, PPD and influenza A. No
changes in lymphocyte counts were noted. No changes in response were noted 2
weeks after beginning treatment with rifampin. However, compared
with initial and 2-week responses, the PHA response was reduced by 47%, the
PPD by 68%, and the influenza by 75%, and 6 of 11 patients showed no induration
after tuberculin skin testing at the 12- to 16-week point. These results indicate
that in doses employed for the treatment of tuberculosis, rifampin has an
immunosuppressive effect in man that develops gradually.

Rifampin is currently recognized as one of the
most effective new agents for tuberculosis ther-
apy (8, 13). In addition to its antibacterial
properties, rifampin appears to have im-
munosuppressive activity. Paunescu (10) and
others (3), using animal models, found that
rifampin impairs antibody responses and skin
test reactivity to several antigens. This effect is
dose related and promptly reverses when the
drug is discontinued. Rabbits treated with this
agent show prolonged survival of skin grafts
(12).

In vitro studies demonstrate that rifampin
reduces the proliferative responses of human
lymphocytes to both tuberculin (PPD) and
phytohemagglutinin (PHA) (2, 9) in a dose-
dependent manner. Rifampin cream applied to
smallpox vaccination sites impairs production
of antivaccinia hemagglutination-inhibiting
antibody (6). In patients receiving rifampin
orally, humoral antibody responses to keyhole
limpet hemocyanin are decreased (4).

In the present study parameters of immune
function in tuberculosis patients treated with
rifampin were sequentially measured. Pro-
longed therapy was associated with decreased
skin test reactivity to PPD and suppression of in
vitro lymphoproliferative responses to both spe-
cific antigens and a nonspecific mitogen, PHA.

MATERIALS AND METHODS
Patients. Eleven adults of both sexes, aged 23 to 68

years (average 48 years) with active pulmonary tuber-
culosis, who were either hospitalized or being managed
in the County Tuberculosis Clinic, were studied. Prior
to initiating rifampin therapy, all patients were re-
ceiving two or more antituberculous drugs including
isoniazid, streptomycin, and ethambutol. They had
been treated with these antituberculosis drugs for
periods ranging from days to several months. No
patients had other major underlying diseases, and
none was receiving corticosteroids or cytotoxic agents.

Rifampin dosage. Following the initial immuno-
logic survey, treatment of all patients with 600 mg of
rifampin in a single, daily morning dose was begun.
Other antituberculosis drugs were continued through-
out the study period.

Blood specimens. Blood was collected from each
patient at three specific time intervals: before, 2 to 3
weeks after, and 12 to 16 weeks after initiation of
rifampin therapy. Blood samples were obtained ap-
proximately 2 h after the patient had received his
daily medication; serum was stored at -20 C. For
lymphocyte studies, 30 to 50 ml of blood was collected
in heparin (0.25 mg of a 1% heparin solution per 5 ml
of blood) and handled as indicated below.

Vaccine studies. Patients received 0.5 ml of a
1972-73 formula, bivalent, influenza vaccine contain-
ing 700 CCA A/Aichi/68 and 300 CCA B/Mass/71
viruses. Hemagglutination-inhibiting (HAI) anti-
bodies to influenza A/Aichi were measured as previ-
ously described (11).
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Lymphocyte cultures. Samples of heparinized
blood were processed within 2 h of collection by using
assay techniques reported in detail elsewhere (15).
Peripheral blood mononuclear cells were separated
by the Ficoll-Hypaque method. Each culture con-
tained 3.0 x 106 cells; antigen-stimulated cultures
contained either PPD (20 ug/culture), PHA (0.1 ml/
culture), or influenza A antigen (0.1 ml of a suspen-
sion containing 800 hemagglutinating units of in-
activated influenza A/Aichi/68 virus, the vaccine
strain). Antigen-stimulated and control cultures were
incubated for 5 days; the cultures containing PHA
and unstimulated controls were incubated for 3 days.
At each time point, at least three cultures were incu-
bated with antigen, and two or three unstimulated
cultures served as controls.

Four hours prior to termination of the incubation,
1.0 pCi of tritiated thymidine was added to each
culture. Each sample was counted in a Tricarb liquid
scintillation counter; results were expressed as counts
per minute per 10" cells. Values in replicate cultures
were averaged to determine the mean isotope uptake.
In addition, for each patient, a stimulation ratio was
calculated by dividing the mean uptake in antigen-
stimulated cultures by that in unstimulated repli-
cates. The average stimulation ratio for most series
was determined by log,, transformation of individual
values because this served to normalize the distribu-
tion. Differences between series were analyzed with
the Mann-Whitney U Test.

Other studies. White blood cell counts with differ-
ential cell counts were also performed at intervals by
routine techniques.

Skin tests with Tween-stabilized intermediate
strength tuberculin were done at intervals by the
Mantoux technique.

RESULTS
Tuberculin skin tests. Prior to initiating ri-

fampin therapy; all 11 patients showed positive
reaction to intermediate strength tuberculin.
The average diameter of induration was 19.6 i

1.3 mm (SE). At 2 weeks, 10 of 11 remained
reactive; the mean diameter was 18.1 3.0 mm.
However, after 12 to 16 weeks of therapy, six
previously reactive patients had converted to
nonreactivity. The remaining five showed posi-
tive responses which were unchanged from the
initial tests. Thus, prolonged therapy inhibited
cutaneous responses to tuberculin in a portion
of the treated patients.
Peripheral blood lymphocyte count. Pre-

treatment, 2-week, and 12- to 16-week blood
lymphocyte counts were not significantly differ-
ent (Fig. 1). The values at these three times
were 2,064/mms i 772, 2,432 i 511, and 2,136 i

417, respectively.
Lymphocyte cultures. In each patient, lym-

phoproliferative responses to the nonspecific
mitogen, PHA, and two specific antigens were
measured at the three time periods. There was

no significant change in the response to PHA at
2 weeks. However, after 12 to 16 weeks, the
mean isotope uptake was reduced by 47% (Fig.
2).
Responses to PPD are expressed as a stimula-

tion ratio (Fig. 3). The mean value for PPD-
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FIG. 1. Peripheral blood lymphocyte counts in re-
lation to the initiation of rifampin therapy. Mean +
SE.
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FIG. 2. In vitro lymphocyte responses to phytohe-
magglutinin (PHA) in relation to the initiation of
rifampin therapy. The value obtained after 12 to 16
weeks of rifampin was significantly lower (P < 0.025).
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stimulated lymphocytes in the pretreatment
specimen (7.9 i 1.1) was not significantly
different from that at 2 weeks (7.0 0.9).
However, at 12 to 16 weeks, the ratios were
significantly lower (mean 2.5 0.8). It should
be noted that the activity in the unstimulated
control cultures was not altered at any time;
thus, reduction in stimulation ratios repre-
sented a true depression of antigen-induced cell
replication.

Similar responses were observed in influenza-
stimulated cultures (Fig. 4). The average
stimulation ratios in the pretreatment and 2-
week samples (6.8 X 1.7 and 5.9 1.3, respec-
tively) were significantly greater than in the 12-
to 16-week samples (1.7 0.7). Thus, responses
to PPD and influenza A were reduced by 68 and
75%, respectively.
Responses to influenza vaccine. Nine per-

sons received a single dose of influenza vaccine 2
weeks after initiating rifampin therapy. HAI
antibody responses were measured 12 to 28 days
after this dose. Six of the nine persons had
fourfold or greater rises in HAI antibodies
against the vaccine strain of Influenza A (Fig.
5). The three who failed to develop significant
increases had reciprocal HAI titers of 256, 1,024,
and 4,096 at the time vaccine was given; such
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FiG. 3. In vitro lymphocyte responses to tuberculin
(PPD) in relation to the initiation of rifampin ther-
apy. The value obtained after 12 to 16 weeks of
rifampin was significantly lower (P < 0.025).
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FIG. 4. In vitro lymphocyte responses to influenza
A antigen in relation to the initiation of rifampin
therapy. The value obtained after 12 to 16 weeks of
rifampin was significantly lower (P < 0.025).
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patients are not likely to show rises in antibody
titer after vaccination (5).

Studies in nontuberculosis subjects. To
test the effect of rifampin on the in vitro re-
sponses of lymphocytes to PHA, cultures were
established from six normal subjects. At doses
in excess of 10 gg/ml, rifampin impaired pro-
liferative responses (Fig. 6). Lesser quantities
did not inhibit proliferation; in fact, in lower
amounts this drug may have a stimulatory
effect. The isotope incorporation in PHA-stim-
ulated cultures containing 0.1 jg/ml was ap-
preciably greater than in those cultures estab-
lished without rifampin. Rifampin itself was
not stimulatory. Cultures containing the drug
in concentrations of 0.25 to 125 gg/ml showed
no increased isotope incorporation as compared
with unstimulated replicates.

DISCUSSION
This investigation indicates that the an-

tituberculous drug, rifampin, impairs cell-
mediated immune responses in humans. The
immunosuppressive effect develops gradually.
There was no change after 2 weeks of therapy in
either in vitro lymphoproliferative responses to
the nonspecific mitogen, PHA, or to the specific
antigens, PPD and influenza A, or in skin test
reactivity to tuberculin. After 12 to 16 weeks,
there was a decrease in lymphoproliferative
responses to both specific and nonspecific stim-
uli, and 6 of 11 patients converted their tuber-
culin skin test from positive to negative.

In the present study, the effect of rifampin on
humoral antibody production was tested at 2 to
4 weeks after starting rifampin. This was at a
time when no changes in lymphoproliferation
were evident. The antibody titers did not indi-
cate any suppression. These responses to influ-
enza A may be considered anamnestic type be-

IN VITRO EFFECT OF RIFAMIPE ON PHA RESPONSES
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FIG. 6. In vitro lymphocyte responses to PHA in
the presence of graded doses of rifampin.

cause all persons showed antibodies prior to
immunization. We have not tested either pri-
mary or anamnestic type responses at 12 to 16
weeks, a time when the immunosuppressive
effect of rifampin is evident, although such
studies are planned.
As shown by these and other studies, rifam-

pin, when added to lymphocyte cultures, can
inhibit proliferative responses to PHA (2, 9). It
should be noted that such inhibition is not
observed until the in vitro concentration ex-
ceeds 10 pg/ml, an amount greater than the
usual blood levels (14).
These results indicate that prolonged therapy

with rifampin in humans exerts an immunosup-
pressive effect and are in accord with previously
reported studies in animals (3, 10, 12). In
several animal models, immunosuppression has
been observed promptly after institution of
treatment and was rapidly reversed when the
drug was withdrawn. The delayed suppression
of cellular immunity observed in this clinical
study differs from what has been observed in
animals; the explanation for this delayed effect
is not known.

Recently, two studies have been reported that
are in agreement with the results of the present
study. Bassi et al. (1) failed to show any
evidence of immunosuppression in human vol-
unteers given cholera vaccine and maintained
on rifampin for only 16 days. Mukerjee et al. (7)
performed tuberculin skin tests in adult tuber-
culous patients receiving rifampin and showed a
suppression of the response.
The mechanisms by which rifampin exerts its

immunosuppressive activities are unclear. The
drug does not produce measurable changes in
blood lymphocyte counts. Although these
counts may not accurately reflect the total body
pools of lymphocytes, their lack of depression
suggests that the immunosuppressive activity is
not due to depletion of immunologically compe-
tent cells. Considering the effect of rifampin in
bacterial systems, it may be that this drug
impairs certain functions of immunologically
competent cells, limiting their ability to partici-
pate in cellular responses.
Although rifampin exerted a demonstrable

immunosuppressive effect, all patients showed
favorable responses to therapy. Acid-fast bacilli
were eliminated from the sputum of all pa-
tients, and all are currently being treated as
outpatients.
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