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The effects of antibiotics on the antigen-specific humoral immune response are not known. Macrolides,
tetracyclines, and beta-lactams are commonly prescribed antibiotics. The first two are known to have immu-
nomodulatory activities. The effects of clarithromycin, doxycycline, and ampicillin on the primary and second-
ary antibody responses to tetanus toxoid, a pneumococcal polysaccharide vaccine, a hepatitis B virus surface
antigen (HBsAg) vaccine, and live attenuated Salmonella typhi (Ty21a) were investigated using a mouse model.
For the mice receiving the tetanus toxoid, the immunoglobulin M (IgM) level of the clarithromycin group at
day 7 was significantly lower than the corresponding antibody level of the normal saline (NS) group. For the
mice receiving the pneumococcal polysaccharide vaccine, the total antibody and IgM levels of the clarithro-
mycin group and the IgM level of the doxycycline group at day 7 were significantly lower than the correspond-
ing antibody levels of the ampicillin and NS groups. For the mice receiving the HBsAg vaccine, the IgM level
of the doxycycline group at day 7 was significantly lower than the corresponding antibody levels of the
clarithromycin and NS groups, while the IgM level of the clarithromycin group at day 28 was significantly lower
than the corresponding antibody levels of the doxycycline, ampicillin, and NS groups. For the mice receiving
all three vaccines, there were no statistically significant differences between any of the antibody levels of the
ampicillin group and the corresponding antibody levels of the NS group. For the mice receiving Ty21a, the total
antibody levels of the ampicillin group at days 7 and 21 were significantly higher than the corresponding
antibody levels of the NS group. Moreover, the IgM levels of the clarithromycin, doxycycline, and ampicillin
groups at days 7 and 21 were significantly higher than the corresponding antibody levels of the NS group.
Furthermore, the total antibody level of the ampicillin group at day 21 was significantly higher than the
corresponding antibody level of the doxycycline group. For all four vaccines, there were no statistically
significant differences among the serum levels of interleukin-10 and gamma interferon for the mice treated with
the various antibiotics. We conclude that clarithromycin and doxycycline, but not ampicillin, suppress the
antibody responses of mice to T-cell-dependent and T-cell-independent antigens, whereas all three antibiotics

enhance the antibody response to live attenuated mucosal bacterial vaccines.

Antibiotics are well-known to have effects on the immune
system, as shown by in vitro, ex vivo, and in vivo animal exper-
iments and clinical studies. Regarding macrophage-monocyte
functions, in vitro experiments have shown that macrolides
stimulate phagocytic chemotaxis (4), promote monocyte-to-
macrophage differentiation (11), and increase the killing ca-
pacity of macrophages (6); tetracyclines inhibit phagocytic che-
motaxis and granuloma formation (25). As for cytokines,
macrolides inhibit interleukin-1 (IL-1) production by murine
peritoneal macrophages (22) and suppress IL-2 production
induced by mitogen-stimulated T cells (15), while tetracyclines
inhibit IL-1 and tumor necrosis factor alpha (TNF-a) produc-
tion by human macrophages (19). In regard to lymphocytes,
macrolides suppress mixed lymphocyte proliferation and the
proliferative response of human peripheral blood mononu-
clear cells stimulated by polyclonal T-cell mitogens (15). Ad-
ditionally, tetracyclines can protect mice from lethal endotox-
emia (13), and we have recently shown that clarithromycin
attenuates the surgical-trauma-induced inflammatory response
in guinea pigs (26) and cyclophosphamide-induced mucositis
in mice (27). In clinical studies, it has been shown that eryth-
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romycin has an anti-inflammatory effect on patients with dif-
fuse panbronchiolitis (17). Despite these findings, most of the
experimental data to date relate to how antibiotics affect the
innate immune response, cytokine levels, or nonspecific mono-
cyte or lymphocyte proliferation. It has never been shown
quantitatively how these antibiotics affect the effector arms of
adaptive immunity, namely specific-antigen-induced antibody
production and specific-antigen-induced lymphocyte prolifer-
ation or epitope-specific cytotoxic T-cell responses. The only
study of antibody production and allograft rejection was not
antigen specific (2).

Tetanus toxoid, pneumococcal polysaccharide vaccine, hep-
atitis B virus surface antigen (HBsAg) vaccine, and live atten-
uated Salmonella typhi are the prototypes of T-cell-dependent
inactivated toxin, T-cell-independent polysaccharide, recombi-
nant protein, and live attenuated vaccines, respectively. Their
protective efficacies are often associated with the induction of
antibody production in the host (3, 8, 10, 16, 21, 24). Since
antibiotics of the macrolide, tetracycline, and penicillin groups
are commonly prescribed and some of them have known effects
on the immune system, but minor ailments such as upper
respiratory tract infections may require antibiotic treatment
and such treatment is not a known contraindication to vacci-
nation, it is important to know whether antibiotics have any
effects on the efficacy of immunization. In these experiments,
we investigated the effect of clarithromycin (a commonly pre-
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scribed macrolide), doxycycline (a commonly prescribed tetra-
cycline), and ampicillin (a commonly prescribed penicillin
without a known effect on the immune system) on antibody
production after tetanus toxoid, pneumococcal polysaccharide
vaccine, HBsAg vaccine, and live attenuated S. #yphi (Ty21a)
administration to mice.

MATERIALS AND METHODS

Animals. Female BALB/c mice (18 to 22 g) were used in all experiments. They
were housed in cages, each containing 10 mice, under standard conditions with
regulated day length, temperature, and humidity, and they were given pelleted
food and tap water ad libitum.

Immunization. On day zero, groups of 40 mice were immunized subcutane-
ously with tetanus toxoid with alum adjuvant (Berna, Bern, Switzerland; 2 limit
flocculations (Lf) per mouse), subcutaneously with a pneumococcal polysaccha-
ride vaccine (Pneumovax 23; Merck, Rahway, N.J.; 0.5 pg of each polysaccharide
antigen per mouse), intraperitoneally with an HBsAg vaccine with alum adjuvant
(H-B-VAX II; MSD, Whitehouse Station, N.J.; 0.5 pg per mouse), or intraperi-
toneally with live attenuated S. typhi (Ty21a; Berna; 10’ CFU per mouse) trans-
formed with pBR322 (Amersham Pharmacia Biotech, Piscataway, N.J.) by elec-
troporation (so as to make it ampicillin and doxycycline resistant [it is
intrinsically resistant to clarithromycin]). On day 21, the same amount of tetanus
toxoid, pneumococcal polysaccharide vaccine, or HBsAg vaccine was given to
each member of the corresponding group of mice as a booster dose.

Administration of antibiotics. Clarithromycin (50 mg/kg), doxycycline (1.5
mg/kg), ampicillin (20 mg/kg), or normal saline (NS) (0.25 ml) was administered
intraperitoneally to the 10 mice of each group daily from 1 day prior to immu-
nization (day —1) to day 27 postimmunization for the tetanus toxoid, pneumo-
coccal polysaccharide vaccine, and HBsAg groups or to day 20 postimmunization
for the Ty21a groups.

Measurement of antibody response. The mice were bled on days —1, 7, 21, and
28 for the tetanus toxoid, pneumococcal polysaccharide vaccine, and HBsAg
groups and on days —1, 7, and 21 for the Ty21a groups. On days —1, 7, and 21,
blood was taken just prior to administration of antibiotics. The blood was cen-
trifuged at 2,700 X g for 20 min, and the supernatant (serum) was aliquoted and
stored at —70°C until antibody measurements were performed.

Nunc-Immuno plates (Nalge Nunc International, Roskilde, Denmark) were
used in all enzyme-linked immunosorbant assay (ELISA) experiments for mea-
surement of antibody levels against tetanus toxoid, pneumococcal polysaccha-
ride, and lipopolysaccharide of S. typhi. Each well was coated with 100 ul of
diluted antigen (50 .l of tetanus toxoid in 50 wl of 0.05 M carbonate-bicarbonate
buffer [pH 9.6], 0.1 pl of pneumococcal polysaccharide in 99.9 pl of phosphate-
buffered saline [PBS], or 4 ug lipopolysaccharide of S. typhi in 0.05 M carbonate-
bicarbonate buffer [pH 9.6]), and the plates were incubated at 4°C overnight.
After the plates were washed with PBS-0.05% Tween 20 (washing buffer) twice,
200 pl of PBS-5% bovine serum albumin (BSA) (blocking buffer) was added to
each well; the plates were then incubated at 37°C for 2 h. After the ELISA plates
were washed with washing buffer three times, mouse sera (diluted with PBS-2%
BSA) were added to them. For measurement of antibody levels against HBsAg,
mouse sera (diluted with PBS-2% BSA) were added to ELISA plates precoated
with HBsAg (Biokit, Barcelona, Spain). The plates were incubated at 37°C for
1 h. After the plates were washed with washing buffer three times, 100 pl of
peroxidase-conjugated goat anti-mouse antibody (Serotect, Kidlington, United
Kingdom), diluted with PBS-2% BSA according to the manufacturer’s instruc-
tions, was added to each well; the plates were then incubated at 37°C for 30 min
(tetanus toxoid, pneumococcal polysaccharide, and HBsAg) or 1 h (Ty2la).
Immunoglobulin M (IgM) and total antibody levels were assayed to assess the
primary and secondary immune responses, while IgG1 and IgG2a were measured
to determine whether the humoral response had a more Th2-like or Thl-like
pattern, respectively. After the plates were again washed with washing buffer
three times, 100 pl of ortho-phenylenediamine (OPD) substrate (prepared by
diluting 2 mg of OPD [Calbiochem, La Jolla, Calif.) in 2.5 ml of 50 mM citric acid
[pH 5] with 2.5 pl of 30% H,0,) was added to each well; the plates were then
incubated at room temperature for 30 min. A 100-pl aliquot of 1 M H,SO, was
added to each well, and the absorbance of each well was measured at 492 nm,
using OPD buffer as a blank. Each sample was tested in duplicate, and the
mean absorbance for each serum was calculated. All ELISAs were optimized
so that there was a linear relationship between the optical density and the
amount of antibody present in the serum at the serum dilution for the
corresponding type of antibody measured. The serum antibody level of a
particular mouse on a particular day was defined as the absorbance obtained
from the serum on that day minus that of the same mouse on day —1. Control
experiments were performed by adding ampicillin, clarithromycin, or doxy-
cycline to serum samples so as to exclude the possibility of antibiotics inter-
fering with the ELISA.

Measurement of serum levels of IL-10 and IFN-y. Serum IL-10 and gamma
interferon (IFN-y) were measured by using commercial kits (Amersham Phar-
macia, Little Chalfont, United Kingdom) to determine whether the immune
response was more Th2 or Thl like, respectively. Briefly, 50 wl of serum from
each sample was added to the wells of ELISA plates precoated with monoclonal
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antibodies against IL-10 or IFN-y. The plates were incubated at 25°C for 3 and
2 h, respectively. For IL-10, after the plates were washed with washing buffer
three times, 50 pl of biotinylated antibody against IL-10 was added to each well,
and the plates were then incubated at 25°C for 1 h. After the plates were again
washed with washing buffer three times, 100 wl of streptavidin-horseradish per-
oxidase conjugate was added to each well prior to incubation at 25°C for 30 min.
For IFN-v, 100 pl of horseradish peroxidase-conjugated antibody against IFN-y
was added to each well. After the plates were washed with washing buffer three
times, 100 wl of 3,3’-5,5'-tetramethylbenzidine substrate was added to each well,
and the plates were incubated at room temperature for 30 min. Then 100 pl of
1 M H,SO, was added per well, and the absorbance of each well was measured
at 450 nm. The IL-10 and IFN-y concentrations of individual samples were
calculated by using standard curves prepared by performing the ELISA with
known concentrations of the cytokines. The serum IL-10 or IFN-y level for a
particular mouse on a particular day is defined as the concentration of the
cytokine on that day minus that of the same mouse on day —1.

Statistical analysis. Comparisons of the antibody and cytokine levels of mice
in the clarithromycin, doxycycline, ampicillin, and NS groups receiving tetanus
toxoid, pneumococcal polysaccharide vaccine, recombinant HBsAg vaccine, or
Ty21a transformed with pBR322 were made by using Tukey’s honestly significant
difference test. A P < 0.05 is regarded as statistically significant.

RESULTS

The antibody levels at days 7, 21, and 28 after subcutaneous
tetanus toxoid, subcutaneous pneumococcal polysaccharide
vaccine, or intraperitoneal HBsAg vaccine administration to
mice treated with clarithromycin, doxycycline, ampicillin, or
NS are shown in Tables 1, 2, and 3, respectively. No effect of
chemical interference of antibiotics on the ELISA was found,
and there were no statistically significant differences among the
antibody levels in the various groups of mice at day —1. For the
mice receiving tetanus toxoid, the IgM level of the clarithro-
mycin group at day 7 was significantly lower than the corre-
sponding antibody level of the NS group. For the mice
receiving the pneumococcal polysaccharide vaccine, the total
antibody and IgM levels of the clarithromycin group and the
IgM level of the doxycycline group at day 7 were significantly
lower than the corresponding antibody levels of the ampicillin
and NS groups. For the mice receiving the HBsAg vaccine, the
IgM level of the doxycycline group at day 7 was significantly
lower than the corresponding antibody levels of the clarithro-
mycin and NS groups, while the IgM level of the clarithromycin
group at day 28 was significantly lower than the corresponding
antibody levels of the doxycycline, ampicillin, and NS groups.
For the mice receiving all three of the vaccines, there were no
statistically significant differences between the antibody levels
of the ampicillin group and the corresponding antibody levels
of the NS group.

The antibody levels at days 7 and 21 after intraperitoneal
Ty2la administration to mice treated with clarithromycin,
doxycycline, ampicillin, or NS are shown in Table 4. There
were no statistically significant differences among the antibody
levels in the various groups of mice at day —1. The total
antibody levels of the ampicillin group at days 7 and 21 were
significantly higher than the corresponding antibody levels of
the NS group. Moreover, the IgM levels of the clarithromycin,
doxycycline, and ampicillin groups at days 7 and 21 were sig-
nificantly higher than the corresponding antibody levels of the
NS group. Furthermore, the total antibody level of the ampi-
cillin group at day 21 was significantly higher than the corre-
sponding antibody level of the doxycycline group.

The serum IL-10 and IFN-y levels of the mice administered
the various vaccines and antibiotics are shown in Tables 5 and
6, respectively. For all four vaccines, there were no statistically
significant differences among the IL-10 and IFN-y levels of the
mice administered the various antibiotics.
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TABLE 1. Total antibody and antibody subtype levels at days 7, 21, and 28 after subcutaneous tetanus toxoid administration to mice treated
with clarithromycin, doxycycline, ampicillin, or NS

Antibody level (A4,9,)

Day Antibody Serum Mean for group treated with: SEM
postvaceination subtype dilution Clarithromycin Doxycycline Ampicillin NS (pooled) Critical value
(n = 10) (n = 10) (n = 10) (n = 10)

7 Total 1:500 0.150 0.122 0.152 0.164 0.015 0.058
IeM 1:100 0.417¢ 0.554 0.659 0.696" 0.065 0.247
IgG1 1:50 0.265 0.216 0.186 0.173 0.048 0.182
IeG2a 1:50 0.014 0.009 0.010 0.012 0.002 0.009

21 Total 1:5,000 0.484 0.486 0.480 0.472 0.044 0.168
IeM 1:100 0.122 0.181 0.156 0.130 0.023 0.088
IgG1 1:500 0.382 0.354 0.364 0.355 0.019 0.071
IeG2a 1:50 0.020 0.040 0.032 0.023 0.007 0.027

28 Total 1:50,000 0.200 0.174 0.185 0.158 0.016 0.060
IeM 1:100 0.191 0.207 0.196 0.151 0.024 0.091
IgG1 1:5,000 0.286 0.217 0.235 0.243 0.025 0.096
IeG2a 1:50 0.105 0.293 0.200 0.133 0.057 0.217

“ The difference is statistically significant compared to the mean with the same superscript.

DISCUSSION

This is the first study undertaken to show the effects of
antibiotics on the B-cell response induced by specific antigens
in a series of common vaccines. These vaccines were chosen
because they represent prototypes of T-cell-dependent inacti-
vated toxin, T-cell-independent polysaccharide, recombinant
protein, and live attenuated vaccines against bacteria and vi-
ruses; clarithromycin, doxycycline, and ampicillin were chosen
because they are commonly prescribed for minor ailments such
as upper respiratory tract infection and acne vulgaris, and
doxycycline and clarithromycin are known to have immuno-
modulating activities.

It has been known for a long time that antibiotics have
various effects on the immune system (18). A number of groups
have reported immunomodulatory effects of the macrolides
and tetracyclines in vitro. The macrolides roxithromycin and
erythromycin enhanced the phagocytosis of *H-labelled Staph-
ylococcus aureus by human macrophages (4) and increased the
killing capacity for human macrophage-ingested live Staphylo-
coccus aureus (6). Clarithromycin significantly inhibited IL
production by murine peritoneal macrophages (22). Erythro-

mycin significantly increased the number of adherent human
macrophages derived from monocytes after 7 days of culture
(11). At concentrations of 40 to 200 pg/ml, midecamycin, josa-
mycin, and clarithromycin suppressed the proliferative re-
sponse of human peripheral blood mononuclear cells stimu-
lated by polyclonal T-cell mitogens, and they also suppressed
IL-2 production induced by mitogen-stimulated T cells at con-
centrations between 1.6 and 40 pg/ml (15). The combination of
erythromycin and granulocyte-macrophage colony-stimulating
factor and macrophage colony-stimulating factor additively
and synergistically increased the number of monocyte-derived
macrophages (11). The expression of surface antigen CD71, a
macrophage activation marker, was increased when human
macrophages were cultured in the presence of erythromycin
(11). Recently, it was also reported that erythromycin amelio-
rated some chronic inflammatory processes of the respiratory
tract, such as diffuse panbronchiolitis (17) and bronchial
asthma (14), irrespective of its antibacterial properties. In one
study of patients with panbronchiolitis, it was shown that eryth-
romycin improved respiratory function and arterial blood gas
tension irrespective of the presence of Pseudomonas aerugi-

TABLE 2. Total antibody and antibody subtype levels at days 7, 21, and 28 after subcutaneous pneumococcal polysaccharide vaccine
administration to mice treated with clarithromycin, doxycycline, ampicillin, or NS

Antibody level (449,)

Day Antibody Serum Mean for group treated with: SEM
postvacination subtype dilution Clarithromycin Doxycycline Ampicillin NS (pooled) Critical value
(n = 10) (n = 10) (n = 10) (n = 10)

7 Total 1:1,000 0.1494% 0.217 0.281¢ 0.283° 0.031 0.118
IgM 1:100 0.6714 0.673%" 0.812¢¢ 0.807% 0.019 0.073
IgG1 1:50 0.017 0.014 0.016 0.011 0.002 0.009
I1gG2a 1:50 0.012 0.011 0.010 0.010 0.001 0.004

21 Total 1:1,000 0.343 0.361 0.345 0.347 0.029 0.110
IgM 1:1,000 0.442 0.477 0.452 0.430 0.020 0.077
IgG1 1:50 0.017 0.011 0.016 0.019 0.004 0.014
I1gG2a 1:50 0.018 0.015 0.018 0.018 0.004 0.015

28 Total 1:1,000 0.277 0.298 0.284 0.277 0.034 0.128
IgM 1:1,000 0.214 0.312 0.234 0.246 0.027 0.102
IgG1 1:50 0.016 0.012 0.019 0.027 0.007 0.025
I1gG2a 1:50 0.020 0.031 0.022 0.021 0.009 0.036

@/ The difference is statistically significant compared to the mean with the same superscript.
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TABLE 3. Total antibody and antibody subtype levels at days 7,
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21, and 28 after intraperitoneal HBsAg vaccine administration to mice

treated with clarithromycin, doxycycline, ampicillin, or NS

Antibody level (4,9,)

Day Antibody Serum Mean for group treated with: SEM
postvaceination subtype dilution Clarithromycin Doxycycline Ampicillin NS (pooled) Critical value
(n = 10) (n = 10) (n = 10) (n = 10)

7 Total 1:100 0.203 0.212 0.200 0.193 0.016 0.060
IeM 1:100 0.357¢ 0.103%* 0.201 0.322° 0.029 0.210
IgG1 1:50 0.027 0.026 0.026 0.027 0.002 0.007
IgG2a 1:50 0.022 0.020 0.020 0.021 0.002 0.008

21 Total 1:100 0.293 0.466 0.506 0.721 0.143 0.543
IeM 1:100 0.382 0.598 0.502 0.560 0.064 0.245
IgG1 1:50 0.049 0.069 0.123 0.222 0.060 0.229
IgG2a 1:50 0.060 0.039 0.099 0.162 0.045 0.172

28 Total 1:1,000 0.440 0.631 0.789 0.785 0.106 0.405
IeM 1:100 0.379¢4 0.602° 0.565¢ 0.574¢ 0.041 0.158
IgG1 1:50 0.335 0.710 1.056 1.130 0.222 0.845
IgG2a 1:50 0.464 0.339 0.565 0.626 0.140 0.533

“~¢ The difference is statistically significant compared to the mean with the same superscript.

nosa in the sputum (7). As for the tetracyclines, tetracycline,
doxycycline, and minocycline inhibited granuloma formation in
vitro in a dose-dependent manner at concentrations between
10~ *and 10~ ° mol/liter through their action on protein kinase
C (25). Tetracycline suppressed the synthesis of TNF-a and
IL-1 in human macrophages (19). Recently, it was also re-
ported that doxycycline (1.5 mg/kg) was able to inhibit TNF-q,
IL-1, and nitrate secretion in the blood, with a decrease in
inducible nitric oxide synthase activity in the spleen and peri-
toneal cells in a mouse model (13).

The classic primary antibody responses induced by tetanus
toxoid, pneumococcal polysaccharide vaccine, and hepatitis B
virus vaccine were suppressed by clarithromycin and doxycy-
cline, as evidenced by the IgM levels in the clarithromycin and
doxycycline groups being statistically lower than those in the
ampicillin and/or NS groups. We speculate that this is partly
due to a suppression of the T cell-B cell interaction in the
production of antibodies. This is in line with the evidence
showing that both clarithromycin and doxycycline can inhibit
IL production by T lymphocytes in vitro (15, 19, 22). This is
partly analogous to the suppressive effect on vaccination of
glucocorticosteroids, which are well-known to down-regulate
the production of IL-1, TNF-a, granulocyte-macrophage col-
ony-stimulating factor, IL-3, IL-4, IL-5, IL-8, and inducible
nitric oxide synthase (1). However, this cannot fully explain the

phenomenon, since antibody production after pneumococcal
polysaccharide vaccine administration was also suppressed by
both clarithromycin and doxycycline and since the humoral
response to pneumococcal polysaccharide vaccine is well-
known to be T-cell independent. Other possible targets of
action of clarithromycin and doxycycline include antigen pre-
sentation, costimulatory signals, and postreceptor events of
B-cell activation. Further experiments need to be performed
before the exact mechanism can be elucidated.

The suppression by clarithromycin of the antibody response
induced by the hepatitis B virus vaccine is persistent, as shown
by a persistent suppression of the IgM level at day 28. More-
over, clarithromycin also suppressed the level of IgG1 against
HBsAg at day 28, although this did not reach statistical signif-
icance. These phenomena were not observed in mice immu-
nized with tetanus toxoid or the pneumococcal polysaccharide
vaccine. It would be of both interest and clinical significance to
know whether clarithromycin would have the same effect on
immunization in humans, especially for HBsAg vaccination. If
this is the case, the administration of clarithromycin, like that
of glucocorticosteroid (12), cyclosporin A (5), and cytotoxic
drugs such as cyclophosphamide (23), would be relatively con-
traindicated when people receive vaccinations.

There is no conclusive evidence showing any inclination of
the immune response toward type Thl or Th2 in the clarithro-

TABLE 4. Total antibody and antibody subtype levels at days 7 and 21 after intraperitoneal Ty21a-pBR322 administration to mice treated
with clarithromycin, doxycycline, ampicillin, or NS

Antibody level (A449,)

Day Antibody Serum Mean for group treated with: SEM
postvaceination sublype dilution Clarithromycin Doxycycline Ampicillin NS (pooled) Critical value
(n = 10) (n = 10) (n = 10) (n = 10)

7 Total 1:25 0.096 0.100 0.132¢ 0.069* 0.110 0.043
IgM 1:25 0.226° 0.232¢ 0.2344 0.122b4 0.024 0.093
IgG1 1:25 0.012 0.013 0.011 0.013 0.001 0.004
1gG2a 1:25 0.010 0.010 0.020 0.010 0.004 0.016

21 Total 1:25 0.681 0.523¢ 0.973¢ 0.302 0.101 0.386
IgM 1:25 0.482% 0.524" 0.472" 0.1585" 0.043 0.162
IgG1 1:25 0.017 0.015 0.012 0.012 0.002 0.007
1gG2a 1:25 0.019 0.017 0.019 0.017 0.004 0.016

4= The difference is statistically significant compared to the mean with the same superscript.
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TABLE 5. Serum IL-10 levels after subcutaneous tetanus toxoid, subcutaneous pneumococcal polysaccharide vaccine, intraperitoneal HBsAg,
or intraperitoneal Ty21a-pBR322 administration to mice treated with clarithromycin, doxycycline, ampicillin, or NS

Serum IL-10 level (pg/ml)

Vace Day Mean for group treated with:
accine o gl SEM ..
postvaccination : : : . Critical value
Clarithromycin Doxycycline Ampicillin NS (pooled)
(n = 10) (n = 10) (n = 10) (n = 10)
Tetanus toxoid 7 18 23 21 17 9 33
21 Undetectable®  Undetectable ~ Undetectable ~ Undetectable
28 55 26 56 88 26 98
Pneumococcal polysaccharide 7 5 4 4 13 3 13
21 137 32 63 27 44 167
28 17 12 16 17 9 35
HBsAg 7 31 31 40 49 17 63
21 15 35 35 40 15 58
28 2 12 4 2 2 8
Ty2la 7 Undetectable Undetectable ~ Undetectable =~ Undetectable
21 Undetectable Undetectable ~ Undetectable =~ Undetectable

“ Undetectable, no statistically significant difference between the serum IL-10 levels on that day and day —1.

mycin or doxycycline groups. Although clarithromycin, and to
a lesser extent doxycycline, suppressed the level of IgGl
against HBsAg on days 21 and 28 (not statistically significant),
no effect on this antibody subclass was found with respect to
the other vaccines. Furthermore, for all four vaccines, no dif-
ference in the IL-10 or IFN-vy levels can be shown among the
mice administered the various antibiotics.

Paradoxically, the antibody responses induced by Ty2la
were enhanced by clarithromycin and doxycycline, despite the
immunosuppressive effect of these two antibiotics. Further-
more, the antibody response was also enhanced by ampicillin,
which is not known to have any immunomodulating effects and
has been shown in this study not to affect the antibody response
induced by tetanus toxoid, pneumococcal polysaccharide vac-
cine, or hepatitis B virus vaccine. There is evidence showing
that the antibody response of mice against Escherichia coli and
the protection against wild-type E. coli challenge can be aug-
mented by culturing live attenuated E. coli in the presence of
aztreonam before immunization. The author speculated that
this might be due to the partial damage of the bacteria by a
sublethal dose of aztreonam, rendering the organisms more
immunogenic (9). In our experiments, daily administration of
antibiotics to the mice could have also sublethally damaged the

Ty21a, making it more immunogenic and therefore inducing
an enhanced antibody response. Moreover, the total antibody
level of the ampicillin group on day 21 was the highest among
all the groups, significantly higher than that of the doxycycline
group. This can be explained by the absence of an immuno-
suppressive effect of ampicillin, such that the antibiotic’s im-
munogenic effect acts on its own. Since the clinical efficacy of
the Ty21a vaccine is only 70% in humans (20, 24), the present
observation could be important for enhancing the efficacy of
the vaccine.

In conclusion, clarithromycin and doxycycline suppress the
antibody response induced by tetanus toxoid, pneumococcal
polysaccharide vaccine, and HBsAg through their immuno-
modulating effects, while ampicillin, clarithromycin, and doxy-
cycline enhance the antibody response induced by Ty21a. This
may be due to the antibiotic’s immunogenic effect, which may
overwhelm the immunomodulating effect of clarithromycin
and doxycycline. Although the exact mechanism of suppression
and enhancement of the antibody response remains to be elu-
cidated, the present observations should prompt further inves-
tigation of the practical significance of such phenomena in
terms of clinical implications and applications.

TABLE 6. Serum IFN-y levels after subcutaneous tetanus toxoid, subcutaneous pneumococcal polysaccharide vaccine, intraperitoneal HBsAg,
or intraperitoneal Ty21a-pBR322 administration to mice treated with clarithromycin, doxycycline, ampicillin, or NS

IFN-y level (pg/ml)

Vacei Day Mean for group treated with:
accine b .
postvaccination - - - — SEM Critical value
Clarithromycin Doxycycline Ampicillin NS (pooled)
(n = 10) (n = 10) (n = 10) (n = 10)

Tetanus toxoid 7 135 180 134 240 76 289
21 705 1,006 943 620 401 1,526
28 956 350 390 480 242 923

Pneumococcal polysaccharide 7 769 654 1,047 1,600 534 2,035
21 Undetectable”  Undetectable = Undetectable = Undetectable
28 Undetectable Undetectable  Undetectable ~ Undetectable

HBsAg 7 760 1,032 857 570 352 1,340
21 Undetectable Undetectable  Undetectable ~ Undetectable
28 678 943 845 460 325 1,236

Ty2la 7 1,523 704 1,045 645 435 1,655
21 310 212 1,201 625 261 995

¢ Undetectable, no statistically significant difference between the serum IFN-y levels on that day and day —1.
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