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The influence of B-lactam antibiotics, tetracyclines, aminoglycosides, erythromycin and clindamy-
cin on the phagocytosis process is reviewed. The results of the studies published are summarized in

tabular form.

In the last 15 years antibiotic modulation of
the phagocytosis process has become the sub-
ject of increased investigational activity. The
published results are, however, to a large
extent controversial thus rendering the eva-
luation of an antibiotic’s effect on phago-
cytosis rather difficult. The studies are often
hard to compare because of the variations in
methods used for assessing leukocyte functions
and the differences in experimental design,
including the antibiotic concentrations tested
and type of leukocytes and microorganisms
used. The purpose of this review is to sum-
marize, mainly in tabular form, the published
data on the influence of some selected anti-
biotics on phagocytosis, enabling the reader
to quickly survey the results in this area of
research.
Table 1 gives information about which anti-
biotic concentration, which kind of leukocytes
and which microorganism or particle the
authors used in their test system. The inter-
actions between antibiotics and the phago-
cytosis process investigated are arranged in
four major groups:

— influence of antibiotics on chemotaxis,

— direct action of antibiotics on the phago-
cytic cell functions such as engulfment,
killing and metabolic response,

— uptake and killing of bacteria altered by
previous contact with antibiotics,

- intracellular penetration of the antibiotics
and intracellular activity against phago-
cytized bacteria.

Institute forMedical Microbiology, Technical University
Munich, Ismaninger Str. 22, 8000 Munich 80, FRG.

Chemotaxis, defined as the directed migration
of leukocytes toward an attractant, is measured
in vitro by two methods: the agarose technique
and the Boyden chamber. The former is per-
formed in semi-solid medium; the latter consists
of two liquid filled compartments separated by
a membrane. The open skin window is a varia-
tion of the latter method which enables mea-
surement of chemotaxis in vivo. Besides the
different methods used, there are other variables
that may influence the chemotaxis results ob-
tained by the investigators, as for example the
choice of attractant (opsonized particles,
bacterial products, activated complement, etc.)
and the experimental design (assay performed
in the presence of the antibiotic tested, pre-
incubation of the leukocytes with the antibiotic,
etc.). Nevertheless, some general tendencies in
the published data regarding antibiotic modula-
tion of chemotaxis emerge in the table. Tetra-
cyclines and aminoglycosides seem to depress
the chemotactic response of the leukocytes as
described by the majority of the investigators.
This negative effect was observed in vitro as
well as in vivo. Beta-lactam antibiotics tend not
to affect chemotaxis. Therapeutic concentra
tions of erythromycin and clindamycin also do
not seem to influence chemotaxis.

The phagocytic process can be evaluated by
various methods. The uptake rate of micro-
organisms or particles by leukocytes is most
commonly calculated by counting the engulfed
intracellular particles on a microscopic slide of
by determining the intracellular radioactivity
after phagocytosis of radiolabeled bacteria.
Leukocyte killing of ingested bacteria is mea-
sured microbiologically by plating the surviv-
ing bacteria after various time intervals. As the
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phagocytosis process is accompanied by activa-
tion of the leukocyte metabolism, several tests
are based on measurement of this metabolic
reésponse, for example the chemiluminescence
assay, myeloperoxidase-mediated protein iodi-
Nation, the nitroblue tetrazolium reduction
test, etc. The same problems of comparability
arise as already mentioned for the chemotaxis
Tesults, and are even more pronounced in
Studies on interaction between antibiotics and
the phagocytosis process. Experiments con-
ducted by leaving the antibiotic in the test
System during the phagocytosis assay are hard
to interpret since any antibiotic effect could
be related to interaction between the anti-
biotic and any of the assay compounds and not
Necessarily the phagocytic cell.
The best conformity of results has been ob-
tained in experiments with tetracyclines which
Seem to exert a negative influence on the phago-
Cytic activity of the leukocytes. Beta-lactam
antibjotics and erythromycin tend to have no
effect. Data available on the influence of amino-
glycosides on phagocytic cell function is con-
flicting and in the case of clindamycin there
are not enough studies done to draw any con-
Clusions.
Antibiotic exposed bacteria have been shown
o undergo morphologic and biochemical
changes (46). The question arises whether
leukocytes act differently upon these altered
bacteria compared to normal bacteria. Most
of the investigators pretreated the bacteria
With subinhibitory concentrations of the anti-
biotic tested; some used high concentrations
but only very short incubation times. The
Iesults obtained in this kind of phagocytosis
Study mainly depend on the target micro-
Organism chosen.
It appears that S-lactam antibiotics render cer-
tain bacterial species like Staphylococcus
Qures, Escherichia coli and group B strepto-
Cocci more susceptible to leukocyte killing. The
enhanced killing does not seem to be preceded
Y an increased uptake of these bacteria. Clin-
damycin treatment of the bacteria results in
®nhanced engulfment and subsequently killing
b_y the leukocytes. Concerning the aminoglyco-
Sides, four studies have been done with gentami-
Cin, but each with a different bacterial species.
Thus, the enhanced killing of gentamicin trea-
ted Escherichia coli needs to be confirmed by
Other studies. There is also not enough data

Antibiotics and phagocytosis 423

available on the effect of tetracyclines and
erythromycin, but a tendency towards enhan-
ced phagocytosis of bacteria exposed to these
antibiotics can be recognized.

Intracellular penetration, and especially intact
microbicidal activity of the antibiotics once
they have penetrated the leukocytes, are im-
portant questions in terms of the fact that
certain microorganisms, for example Myco-
bacterium tuberculosis and Legionella pneu-
mophila, can survive and multiply inside the
phagocytic cells.

Generally, radiolabeled antibiotics are used
to determine the intracellular concentration.
To establish whether the antibiotic is active
intracellularly leukocytes containing ingested
bacteria are incubated with the antibiotic
tested and the number of intracellularly surviv-
ing bacteria is determined microbiologically.
Although not included in the table rifampin
should be mentioned in this context because
it is the only antibiotic for which penetration
and Dbactericidal -activity on phagocytized
bacteria has been demonstrated uniformly by
several authors (19,21-23, 26). The majority
of the numerous studies performed with -
lactam antibiotics were unable to document an
intracellular effect of these antibiotics. Con-
cerning the other antibiotics listed in the table,
it is not possible to make a statement on
whether these antibiotics also display bacterici-
dal activity inside the phagocytic cells although
an intracellular accumulation is described by a
few investigators. Either there is no or not
enough data available (tetracycline, erythromy-
cin and clindamycin) or the findings are con-
tradictory (aminoglycosides).

In conclusion it can be said that a survey of the
literature dealing with the effect of antibiotics
on the phagocytosis process leaves an impres-
sion of confusion. As long as the methods for
testing the phagocytosis parameters are not
standardized in any way, the problems of com-
parability and interpreation will remain although
with time more studies on this subject will be
performed thus making more data available.
Nevertheless, at this point we have obtained
some more or less obvious indications that
certain antibiotics may influence phagocytosis
negatively (tetracyclines and aminoglycosides)
or positively in an indirect way by interacting
with the microorganisms to be phagocytized
(B-lactam antibiotics and clindamycin).
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Although the clinical relevance of these results
can only be presumed from the few in vivo
studies performed (29, 30, 33, 36, 37, 39,42)
these possible side effects of antibiotics should
not be ignored, especially in the treatment of
immunocompromised patients.
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