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Abstract

Antibiotics are widely used in the therapy of infections. Besides the respective interactions be-
tween antibiotics and pathogens it seems that antibiotics also directly interact with the immune
system. Some commonly used antibiotics are currently known to have effects on the innate immune
response, as shown by in vitro, ex vivo and also in vivo animal experiments and clinical studies. Most of
the experimental papers published to date, as well as most reviews, relate to how antibiotics affect the
innate immune response or non-specific monocyte or lymphocyte proliferation. However the effects
of antibiotics on the adaptive immune response are still not well characterized. This review of the
literature considering different in vivo experiments indicate the real importance of interrelations
existing between acquired immune responses and antibiotics, however, the mechanism of im-
munomodulatory effects of antibiotics are still poorly understood. Currently, data on the im-
munomodulating effects of antibiotics often remain heterogeneous, contradictory or insufficient, but
most results published to date revealed the immunosuppressive effect of antibiotics on the anti-
gen-specific immune response in vivo. In pigs as well as in poultry herds, it is not uncommon practice
to add antibiotics to drinking water or feed at the time of vaccination. Information on the effects of
such practices on the immune system of animals is restricted and more in vivo studies are needed to
investigate the effects of antimicrobial drugs on the immune system, especially in the field conditions.

Key words: antibiotics, immunomodulation, acquired immunity, in vivo
Abbreviations: CMI- cell mediated immunity, IFN-y — interferon gamma, IL- interleukin, i.p. — in-

traperitoneally, ND- Newcastle disease, NVD — Newcastle disease virus, SRBCs — sheep red blood
cells, s.c. — subcutaneously

Review

Effects of antibiotics on acquired immunity

Introduction

Antibiotics are widely used as bacteriostatic or
bactericidal drugs in the therapy of infections. Besides
the respective interactions between antibiotics and
pathogens, and between the immune system and
pathogens, it seems that antibiotics also directly inter-
act with the immune system. Results from last years

have shown that many antibiotics — in addition to their
antibacterial activity — have also immunomodulatory
properties and can induce a significant modulation of
the immunity (Skopinska-Rézewska et al. 1981,
Yamamoto et al. 2000, Munir et al. 2007, Brisbin et al.
2008, Tauber and Nau 2008, Khalifeh et al. 2009,
Radomska-LeSniewska et al. 2010a, Radomska-
-Les$niewska et al. 2010b). Chemotherapy of bacterial
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infections can no longer be regarded as an interaction
between drugs and bacteria. Undoubtedly the im-
mune system of the host is also strongly involved in
this interaction. Some commonly used antibiotics are
currently known to have effects on the innate immune
response. Concerning macrophage-monocyte func-
tions, in vitro studies have shown that macrolides
stimulate phagocytic chemotaxis (Carlone et al. 1989),
promote  monocyte-macrophage  differentiation
(Keiho et al. 1994, Xu et al. 1996, Yoshida et al.
2005), and increase the killing capacity of macro-
phages (Cuffini et al. 1989). Tetracyclines inhibit
phagocytic chemotaxis and granuloma formation
(Webster et al. 1994). As for cytokines, tetracyclines
inhibit interleukin-1 (IL-1) and tumor necrosis factor
alfa (TNF-alfa) production by human macrophages
(Shapira et al. 1996, Milano et al. 1997) while macro-
lides inhibit IL-1 production by murine peritoneal
macrophages (Takeshita et al. 1989, Morikawa et al.
1994). In regard to lymphocytes, macrolides suppress
lymphocyte proliferation and the proliferative re-
sponse to human peripheral blood mononuclear cells
stimulated by polyclonal T-cell mitogens (Morikawa
et al. 1994).

An in vitro study carried-out on chicken-derived
phagocytic cells showed that tilmicosin is concen-
trated in phagocytes due to their lipophilic properties
(Chin et al. 2000). The uptake of this antibiotics re-
sulted in an increase in lysosomal enzyme activity,
which suggest a complex interaction between phago-
cytic cells and tilmicosin (Chin et al. 2000). Flor-
fenicol inhibited in vitro phagocytosis activity of neu-
trophils in bovine (Paape et al. 1990).

Most of the experimental papers published to
date, as well as most reviews, relate to how antibiotics
affect the innate immune response or non-specific
monocyte or lymphocyte proliferation (Carlone et al.
1989, Keiho et al. 1994, Xu et al. 1996, Labro 2000,
Yoshida et al. 2005). However, the effects of anti-
biotics on the adaptive immune response in vivo are
still not well characterized. The knowledge of possible
influences of antibiotics on the immune response
seems to be of great importance for the clinical ap-
proach to the process of therapy and/or vaccination.

Here, recently published studies on im-
munomodulatory properties of antibiotics with regard
to antigen-specific immune response in vivo are re-
viewed and disscused.

Influence of antibiotics on acquired
immunity in vivo

There is limited information on how antibiotics
affect the effector arms of adaptive immunity — speci-

fic-antigen induced antibody production and how they
influence the specific-lymphocyte proliferation to
date. Moreover, the results of previous studies have
been conflicting and depended on the type and dose
of the antibiotic, as well as on the route of administra-
tion and duration of treatment.

Khalifeh et al. (2009) investigated the effects of
antibiotic treatment at the time of chicks vaccination
against Newcastle disease (ND) on the immune re-
sponse after Newcastle disease virus (NDV) expo-
sure. They demonstrated that tilmicosin, florfenicol
and enrofloxacin clearly targeted the humoral im-
mune response and resulted in a decrease in anti-
body production. In addition, oral antibiotic treat-
ment, probably through maintaining the intact mu-
cosa surfaces and changing the normal flora bacterial
content, caused an upregulation in the threshold of
the cell mediated immunity (CMI) (Khalifeh et al.
2009).

Beneficial effects of salinomycin and monensin
were found on CMI responses after vaccination of
broilers against NDV, whereas another study reported
an immunosuppressive effects of salinomycin on the
immune response generated against NDV (Shalaby et
al. 1993, Munir et al. 2007).

Roszkowski et al. (1985) evaluated the effects of
beta-lactams and clindamycin on immunological par-
ameters in the mice-model. They have shown that
mezocillin and piperacyllin inhibited both the cellular
and humoral responses. Moreover, both drugs im-
paired the proliferative activity of lymphocytes. Sup-
pression of the cellular and humoral immunity was
also observed after 7 days treatment with cefotaxime
and amikacin. However, the degree of inhibition was
not as strong after the application of mezlocillin and
piperacyllin. Moreover, the normalization of the im-
mune reactivity was faster.

Effect of clindamycin and lincomycin on an-
giogenic activity (angiogenesis is regarded as a part of
the cell immunity) was studied also by Radomska-
-Le$niewska et al. (2010b). The influence of these
antibiotics on neovasuclar reaction induced in
BALB/c mice skin by mononuclear cells were evalu-
ated. Mice received antibiotics subcutaneously (s.c.)
over 3 days at doses 3, 15 or 75 mg/kg. Mice from the
control group were injected with PBS. This study has
shown that clindamycin stimulated angiogenic re-
sponse at all administered doses, while lincomycin did
not alter neovascular response. Stimulating effects on
the angiogenic activity of human blood mononuclear
cells were also found by the same authors with regard
to selected cephalosporines (cefuroxime and cef-
tazidime) while the others (cefradine, ceftriaxone, cef-
sulodin) inhibited angiogenic response (Radomska-
-Les$niewska et al. 2010a).
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Demkow et al. (1998) evaluated the influence of
rifampicin on some parameters of acquired immunity.
This study has shown that rifampicin administered at
dose of 50 mg/kg to B6AF1 mice slightly stimulated
the production of anti-SRBC antibodies and sup-
pressed the cellular response in vivo. Additionally this
drug inhibited angiogenesis induced by leukocytes.

Borowski et al. (1985) investigated the effect of
cefotaxime and cephradine on the humoral and cellu-
lar immune response in BALB/c (H-29) mice. They
found that cefotaxime at therapeutic doses did not
affect the humoral and cellular immune response
against sheep erythrocytes, whereas cephradine sup-
pressed the humoral response at doses corresponding
to those used for the treatment of patients.

In the study conducted by Bellahsene et al. (1985)
the influence of doxycycline on cell-mediated immun-
ity as well as on humoral response in CBA/H (H-2¥)
mice were evaluated. Every morning, the animals
were given doxycycline intraperitoneally at doses of
2.5 mg/kg (human therapeutic dose). Both agglutinat-
ing and hemolytic antibody response to sheep eryth-
rocytes was slightly but significantly decreased after
treatment with doxycycline, though there was no inhi-
bition of splenic production of antibodies to sheep
erythrocytes (as measured by the number of plaques
of hemolysis detected). The results indicate that the
immune response in mice can be moderately inhibited
by doxycycline.

The immunomodulatory action of ampicillin has
been shown by Skopifiska-Rdzewska et al. (1985) and
Wiodarska et al. (1987). In the study performed by
Skopinska-Rozewska et al. (1985) ampicillin was in-
jected s.c. at daily doses of 250 mg/kg for 7 days. On
the day following the last injection, the mice received
a single injection of SRBC (2x10® cells/mouse). The
anti-SRBC antibodies in mice serum were determined
7 days later by direct haemagglutination test. In this
study, ampicillin was found to have an enhancing ef-
fect on the expression of FcM human lymphocyte re-
ceptors, on the angiogenic potential of human lym-
phocytes and on the production of anti-SRBC antibo-
dies after in vivo administration to low-responders
strains of mice (various strains). Wiodarska et al.
(1987) evaluated the effect of ampicillin given to preg-
nant C3HW mice on the immune reactivity in their
offspring. Prospective mothers were injected with 10
mg of ampicillin daily, during last 8-9 days of preg-
nancy. The lowered cellular immunity of the progeny
and reduced percentage of T lymphocytes in the
lymph nodes were found in mice born to ampicil-
lin-treated mothers, while the humoral immunity was
enhanced in the same animals.

Woo et al. (1999) investigated whereas clatith-
romycin, doxycycline or ampicillin modulate vac-

cine-induced humoral immune response in BALB/c
(H-2%) mice after intraperitoneal administration from
one day prior immunization to day 27 post immuniz-
ation. As antigens series of common vaccines were
used (tetanus toxoid, pneumococcal polysaccharide
vaccine, hepatitis B virus vaccine, live attenuated S.
typhi transformed with pBR322). The classic primary
antibody responses induced by tetanus toxoid, pneu-
mococcal polysaccharide vaccine and hepatitis B virus
vaccine were suppressed by clarithromycin and
doxycycline (IgM concentration were significantly
lower than those in the ampicillin and control groups).
The authors have speculated that this is partly due to
a suppression of the T- and B-cell interaction in the
production of antibodies (Woo et al. 1999). As it has
been shown previously (Morikawa et al. 1994), clarith-
romycin and doxycycline can inhibit production of
some interleukin (IL) by T lymphocytes in vitro. How-
ever, this cannot fully explain the suppression, since
antibody production to T-cell independent antigen
(pneumococcal polysaccharide vaccine) was also re-
stricted. Additional explanation presented by the
authors is that other possible targets of action of anti-
biotics investigated may include antigen presentation
or co-stimulatory signals (Woo et al. 1999).

As it has also been shown by Woo et al. (1999),
clarithromycin suppressed additionally the humoral
response against hepatitis B antigen with regard to
IgG1 class of antibodies. It would be interesting to
know whether clarithromycin has the same effect on
immunization in humans vaccinated against hepatitis
B. No effect on IgG1 was found with respect to others
vaccines tested by Woo et al. (1999). In contrast, after
vaccination of mice with live attenuated S. #yphi, the
levels of specific antibodies was higher in animals re-
ceiving ampicillin, clarithromycin and doxycycline. It
seems that the influence of antibiotic on the humoral
immune response was dependent mainly on the prop-
erties of antigens (Woo et al. 1999). In other study by
Woo et al. (2000) the vaccine against S. typhi was
given orally. This study has shown that ampicillin im-
proves the B-cell response and the antigen-specific
T-cell response after immunization. The mechanism
of this enhance is probably by giving S. typhi deriving
from vaccine a survival advantage against the normal
bacterial microflora of the intestine. Woo et al. (2000)
revealed that ampicillin significantly suppressed the
normal flora of the gut, resulting in a relatively higher
rate of recovery of S. fyphi from the feces. These ob-
servations have important implications for vaccina-
tions (Woo et al. 2000). These findings might be use-
ful in selective prophylactic vaccinations programs,
such as vaccination nonresponders to routine immu-
nization. However, with concerns about the increasing
rate of antibiotic resistance worldwide, the incorpor-
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ation of an antibiotic as a part of routine vaccination
schedule could be problematic.

Jaménez-Valera et al. (1995) found that ciprof-
loxacin injected for 3 days to BALB/c (H-2¢ mice sup-
pressed the indirect (IgG) plaque forming cell re-
sponse to SRBCs, whereas the response of IgM-form-
ing cells remained unchanged. The dosages used in
this study were similar to those used in human ther-
apy. When 3-day treatment was started at 24 h after
immunization with sheep erythrocytes, the response
of IgM-forming cells was increased, whereas the re-
sponse of IgG-forming cells was suppressed. De-
layed-type hypersensitivity to sheep erythrocytes was
significantly suppressed in animals that received cip-
rofloxacin for 3 days and were immunized subcu-
taneously 24 h after the last injection. Leukopenia and
increase in the level of granulocyte-macrophage col-
ony-forming cells in the bone marrow were also ob-
served in ciprofloxacin-treated mice.

Williams et al. (2005) found that moxifloxacin
and ciprofloxacin had pronounced effects on both
Th1l and Th2 cytokine expression, without altering
Th1/Th2 ratios, while clarithromycin decreased only
IL-4 expression so that the Th1/Th2 ratio increased.
T helper lymphocytes are important for both
cell-mediated and humoral immunity. The particular
type of the immune response is determined by the
differentiation of precursor najve T helper (ThO)
cells into Thl or Th2 cells; a process is dependent
upon local cytokine concentrations, antigen load and
mode of antigen presentation. Each cell subset se-
cretes a particular array of cytokines which further
augment the differentiation into that subset. Thl
lymphocytes produce mainly IFN-y and favor
cell-mediated immunity, while Th2 lymphocytes se-
crete predominantly IL-4 and favor humoral immun-
ity (Williams et al. 2005). Since a Th1 profile is con-
sidered favorable for resolution of infection, elucida-
tion of immunomodulatory profiles of antibiotics
may permit more rational antibiotic choice in future
(Williams et al. 2005)

Effects of cefodizime and cefotaxime on the cel-
lular and humoral immune responses were inves-
tigated by Pulverer (1992) on mice model. Anti-
biotics were injected subcutaneously into BALB/c
(H-2%) mice at 10h intervals for seven consecutive
days at various doses (0.4, 0.8 and 1.2 mg/day). The
dosages were calculated according to those used in
human medicine. Mice were immunized in-
traperitoneally (i.p.) with 2 x 10® sheep red blood
cells (SRBC). The level of IgM and IgG were evalu-
ated 4 and 7 days after immunization, respectively.
For analysis of T cell proliferation, the lymphocyte
proliferation assay and delayed type hypersensitivity
were used. Cefodizime, in contrast to cefotaxime, did

not influence the production of immunoglobulins
(IgM and IgG) or the delayed type hypersensitivity,
while cefotaxime was responsible for a remarkable
and long-lasting inhibition of the IgM production.
The same trends could be seen concerning the IgG
antibody response. Cefotaxime at the dose of 1.2
mg/day/ BALB/c (H-2¢ mouse over seven days was
responsible for a significant inhibition of lymphocyte
proliferation (Pulverer 1992).

Ortega et al. (2000) investigated the effect of az-
treonam, a monobactam antibiotic, on different par-
ameters of acquired immunity in BALB/c (H-2%) mice.
It was found that various doses of this antibiotics i.p.
injected into BALB/c (H-2%) mice induced an increase
in the lymphoproliferative response to specific mito-
gens and in the production of IL-2 by splenic cells, as
well as a decrease in the response of this immune
population to sheep erythrocytes, lower total blood
cell counts, and lower percentage of monocytes than
that determined in untreated BALB/c (H-2%) mice.
The increase in the lymphoproliferative response de-
tected in BALB/c (H-2%) mice treated with aztreonam
could be related to the enhancement of IL-2 produc-
tion by splenic cells. Interleukin-2 is known to in-
crease lymphocyte proliferation. These results point
to a modulatory effects of aztreonam on the immune
response in mice and could be of interest in antibac-
terial therapy with this drug.

Conclusion

This review of the literature considering different
in vivo experiments reveals the real importance of the
interrelations existing between the specific immune
responses and the antibiotics, however, the mechan-
ism of immunomodulatory effects of antibiotics are
still poorly understood. Because there is a wide use of
antibiotics either to treat or prevent (meta-
prophylaxis) bacterial diseases in animals, further stu-
dies are necessary to see if these immunomodulatory
effects of some antibiotics are clinically relevant in
veterinary medicine. Currently, data on the im-
munomodulating effects of antibiotics often remain
heterogeneous, contradictory or insufficient, however,
most contributions have revealed the immunosup-
pressive effect of antibiotics on the antigen-specific
immune response in vivo. Thus, for the adequate pre-
scription of antibiotics, their immunomodulating pro-
file should be considered, in the same way as is al-
ready the case for the pharmacokinetic profile and the
antimicrobial spectrum (Ringoir 1992). In pigs as well
as in poultry herds, it is not uncommon practice to
add antibiotics to drinking water or feed at the time of
vaccination. Information on the effects of such practi-
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ces on the immune system of animals is restricted and
more in vivo studies are needed in target animals to
investigate the effects of antimicrobial drugs on the
immune system and immune response, especially in
the field conditions.
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