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Interaction of phagocytic cells with 
antibiotics: uptake and intracellular killing

activity
RA S e h e r , T M ü h l e b a c h

D iv. Im m uno logy , U n iv e rs ity  C h ild ren ’s H o sp ita l Z urich  S w itzerland

Antibiotics can affect the interac­
tion of phagocytes with microbes in 
several ways.

I  Phagocytes may provide a pro t­
ected environment for some microbes, 
in which the phagocyte cannot kill the 
organisms, and antimicrobial agents 
are either unable to  reach the microbes 
or are inactivated in the phagosome.

I I  Antibiotics may affect phago­
cytes directly, either potentiating or 
inhibiting their m igratory, phagocytic 
and microbidical functions.

I I I  Finally antibiotics m ay affect 
the microbes in such a way th a t their 
phagocytosis and killing by neutro­
phils and monocytes is altered.

Intracellular survival of infectious 
agents within hum an phagocytic cells 
is best exemplified by patients with 
chronic granulomatous disease (CGD). 
Due to  a metabolic defect CGD phago­
cytes lack endogeneous intracellular 
microbial killing and therefore re­
present a unique opportunity to  study 
the intracellular bactericidal activity 
of exogeneous agents such as an ti­
biotics [10].

In  order to  be effective in CGD- 
-Patients, antimicrobial agents have to 
fulfill three requirements:

I The m ust be able to  penetrate the 
outer cell membrane and then the 
phagosomal membrane, in order to 
reach invaders surviving inside the 
phagosomes.

Lipophilic antibiotics or drugs taken 
up by active transport systems would 
have an advantage over hydrophilic 
antibiotics.

I I  They m ust be able to  exert an ti­
microbial killing activity also inside 
the phagosomes. Bactericidal an ti­
biotics would have an advantage over 
bacteriostatic antibiotics.

I I I  F inally they m ust possess an 
antim icrobial spectrum directed aga­
inst catalase-positive invaders. Anti­
biotics directed a t staphylococci and 
enterobacteriaceae would be m ost suc­
cessful.

This review will summarize data  
on uptake and intracellular killing 
activ ity  of 4 Antibiotics:

1. Rifam pin; 2. Trimethoprim; 3. 
Clindamycin; 4. Fosfomycin

From  these data  recommendations 
of antim icrobial prophylaxis and 
trea tm ent for CGD-patients are de­
rived.
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M e t h o d s

U p ta k e  o f  an tib io tics b y  p h ag o cy te s  
c a n  o n ly  b e  m aesured  by  a  sy s te m  c lea rly  
s e p a r a t in g  th e  in trace llu la r o r  ce ll-asso ­
c ia te d  a n tib io tic s  from  th e  e x tra c e llu la r  
a n tib io t ic s .  O ne su itab le  w ay  is to  f irs t  
in c u b a te  phagocy tes w ith  rad io lab e lled  
a n t ib io t ic s  follow ed b y  ra p id  s e p a ra tio n  o f 
cells f ro m  m ed ium  by c e n tr ifu g a tio n  th r o ­
u g h  a  la y e r  o f w a te rim perm eab le  silicone 
oil [1 1 ]. T h e  ra tio  o f ce ll-assoc ia ted  to  
e x tr a c e l lu la r  an tib io tic  c o n c e n tra tio n  (C /E) 
is th e n  d e te rm in ed .

A  C /E -v a lu e  of 1 m eans e q u a l d is tr ib u ­
tio n  in  th e  tw o  co m p artm en ts , a  C /E  <  1 
e x c lu s io n  fro m  th e  cells a n d  a  C /E  >  1 
c o n c e n tra tio n  w ith in  th e  cells. S u ch  ex ­
p e r im e n ts  can n o t localize th e  a n tim ic ro ­
b ia l a g e n ts  inside th e  cell, n o r  c a n  th e y  te ll 
w h e th e r  m trace llu la rly  a c c u m u la te d  d rugs 
a re  s t il l b io ac tiv e .

T h e  a n tib io tic  effect on  in tra c e llu la r  
m ic ro b e s  c a n  only  be assessed by  a  b a c te ­
r ia l k illin g  te s t  rem oving th e  n o n -in g es ted  
b a c te r ia  a lm o s t com pletely . I n  n e u tro p h ils  
o n e  su ccessfu l approach  is th e  u se  o f  m u l­
tip le  w a sh e s . [ 1 1 ].

I n  d e ta i l ,  phagocytes a re  f i r s t  a d d e d  to  
f re sh  n o rm a l serum  a n d  S ta p h , a u re u s  in  
lo g a r ith m ic  g row th  phase  to  a llo w  opso­
n iz a t io n  a n d  phagocytosis. A fte r  30 m in . 
th e  m ix tu r e  is cen trifuged  a n d  th e  cell p e l­
le t  w a sh e d  vigorously 3 tim e s  w h ich  r e ­
m o v es  m o s t  o f th e  e x tra c e llu la r  b a c te r ia . 
O n ly  th e n  is m edium  w ith  o r w ith o u t  a n t i ­
b io tic s  a d d e d .

A t  0 ,60  a n d  120 m in. a n  a liq u o t o f  th e  
r e a c t io n  m ix tu re  is lysed  fo r q u a n ti ta t io n  
o f  v ia b le  phagocy te -assoc ia ted  m ic ro o rg a ­
n ism s . W h ile  CGD n eu tro p h ils  o n  th e ir  ow n 
sh o w  o n ly  sligh t killing, in  th e  p resen ce  o f 
in t r a c e l lu la r ly  active a n tib io tic s  k illing 
w ill b e  n e a r ly  norm alized.

R e s u l t s

1. Rifam pin

B oth  form s of rifampin the  quinone 
and  th e  hydroquinone accum ulate

equally well in normal neutrophils 
with a maximal cellular to  ex tra­
cellular concentration of 9 a fte r 5 — 
10 min. incubation, and in CGD 
neutrophils with a C/E max. of 14.

U ptake is not influenced by m eta­
bolic inhibitors and even occurs within 
dead neutrophilie fixed by glutar- 
aldehyde [5]. At first shown by  Ezer 
and Soothill [2] rifampin significantly 
reduces the number of staphylococci 
surviving inside CGD cells a t  ex tra­
cellular concentrations ranging from 
0.06 — 5 jUg/ml easily achievable in vivo, 
thus compensating for the bactericidal 
defect inherent with this disease.

Though these in vitro results look 
very promising, rifampin alone can­
not be used for long term  prophylaxis 
of infections in CGD due to  the  select­
ion of resistant m utants, b u t it  has 
proven to  be effective in the  tre a t­
ment of overt staphylococcal infect­
ions if  combined with a second an ti­
biotic.

2. Trimethoprim

The lipid-soluble TMP is concen­
trated- by normal and CGD neutro­
phils 2-fold and Sulfamethoxazol 
(SMX) 3.5-fold, which is less than  ri­
fampin, b u t much better th a t  peni­
cillin G [4].

Tf TMP is combined with SMX a t 
extracellular concentrations still 
achievable in vivo (5 and 100 pg/m 1 
TMP/SMX) normalization of bacterial 
killing by CGD neutrophils is seen 
[11] (Figure 1).

These in vitro data  have been con­
firmed by Jacobs and W ilson [6, 7].
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F i g . l .E f fe c t  o f S u lfam ethoxazol (SM X  100 /ng/nú) an d  tr im e th o p rim  (T M P  6  //g/ml) 
on  th e  k illing  o f  S. au reu s  b y  n e u tro p h ils  from  fo u r p a tie n ts  w ith  C G D . T h e  n u m b e r of 
to ta l  v iab le  b ac te ria  in  th e  reac tio n  m ix tu re  is p lo tte d  as a  function  o f  tim e  a t  w hich  the
m ix tu re  is sam pled. (11) ■ ------■  CGD  cells w ith o u t SM X /TM P, □ ------ □  C G D  cells w ith
S M X /T M P (105 /(g/ml ), • ------•  n o rm al cells w ith o u t an tib io tic , Д------- Д  an tib io tic s

w ith o u t cells fo r com parison

In  their study TMP/SMX a t 4 and 
80 ug/inl as well as TM P/rifampin a t 
4 and 1 /ig/ml were both able to  re­
verse the bactericidal defect of CGD 
neutrophils.

Such data  indicate th a t TMP/SMX 
and-in case of sulfonamide allergy 
— TMP/rifampin may be suitable 
candidates for continuous therapy in 
CGD patients.

The mode of action of the in tra ­
cellular killing activity of TMP/SMX 
is probably a purely antibiotic ef­
fect [3].

The improvement of deficient mi­
crobicidal killing in CGD by ТМР/

SMX is not due to: 1 ) direct generation 
of H 20 2; 2) inhibition of bacterial 
catalase; 3) improvement of neutro­
phil oxygen metabolism; 4) synergism 
with non-oxygen dependent killing 
mechanisms.

Such negative data  do suggest tha t 
the reduction of intracellular bacteria 
by TMP/SMX is sim ply due to a 
direct antibacterial action.

3. Clindamycin

Clindamycin, a hydrophilic anti­
biotic, is nevertheless concentrated 
6.5-fold by neutrophils of normal
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controls and CGD patients. Accumu­
lation of clindamycin is an  active 
energy-requiring process dependent a t 
least in p a rt upon glycolysis [9].

Being a weak base, clindam ycin is 
transported  from areas of higher pH 
e.g. the  extracellular m edium , to 
areas of lower pH, probably the  ly­
sosomal and phagosomal com part­
ments.

A t least four studies, [1, 6, 7, 13], 
such as the one by Jacobs and  W il­
son [6, 7], have now shown th a t  the 
addition of clindamycin to  a suspen­
sion of CGD neutrophils following the 
ingestion of Staph, aureus increased 
intracellular killing a t  extracellular 
concentrations achievable in  vivo.

There are as yet no clinical studies 
on the  use of clindamycin for trea t­
m ent of infections in CGD. I f  the 
emergence of resistant staphylococcal 
strains occurs during the  usual ТМР/ 
SMX prophylaxis, they  should he er­
adicated with other drugs, and  high 
dose clindamycin therapy  could be 
one useful adjunct.

4. Fosfomycin

Fosfomycin is an antibacterial 
agent of low molecular weight, 140 
daltons, inhibiting the firs t step in 
bacterial cell wall synthesis. I ts  bac­
tericidal activity in vitro includes or­
ganisms im portant in CGD such as 
staphylococci and enterobacteriaceae, 
e.g. E . coli, S. marcescens and  sal­
monella.

Eosfomycin is a hydrophilic an ti­
biotic, b u t is nevertheless concentrat­
ed 2-fold by neutrophils.

Fosfomycin accumulation is hind­
ered by  glycerophosphate as well as 
by agents interfering with energy- 
-requiring processes.

This strongly suggests the presence 
of an active transport mechanism in 
human neutrophils, similar to  th a t 
described for this drug in bacteria [4].

At extracellular concentrations 
achievable in vivo by iv adm inistra­
tion (between 50 and 150 /ig/ml) 
fosfomycin is able to kill staphylo­
cocci surviving within CGD neutro­
phils, thus compensating for the bac­
tericidal deficiency in CGD [4]; (Fig. 
2 ) .

Clinical investigations are thus in­
dicated to  study  whether fosfomycin 
can be added to  the small list of an ti­
biotics clinically useful in CGD.

D i s c u s s i o n

Of m any antibiotics tested, only 4 
have been unequivocally shown to  be 
taken up by  norm al and CGD neutro­
phils and to  reach the phagocytic 
vacuole in  a  functionally active form; 
TMP/SMX, rifampin, clindamycin, 
and fosfomycin.

The mode of uptake is either pas­
sive, due to  lipid solubility, or active, 
due to  energy requiring transport 
systems.

From  th e  clinical point of view 
TMP/SMX or in case of sulfonamide 
allergy ТМ Р/rifampin would be good 
candidates for longterm antibiotic 
prophylaxis.

Rifam pin and clindamycin would 
be a reasonable therapeutic strategy 
against gram  negative infections.
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F ig . 2. E ffec t o f fosfom ycin  (FM ; 2 5 —150 /rg /m l) o n  th e  k illing o f S .au reu s by  n e u tro ­
p h ils  from  one p a tie n t w ith  CGD □ ------□  CGD cells w ith o u t fosfom ycin  ■ ----- ■  CGD

cells w ith  fosfom ycin , Д ------д  n o rm al cells w ith o u t an tib io tic  for com parison . (4)

OnlyTMP/SMX has been subjected 
to  clinical trials in CGD patients, [8, 
12].

The biggest retrospective study up 
to  date has been performed by Richard 
Mouy and Claude Griscelli in Paris 
[8].

The authors found a significant 
reduction in the frequency and sever­
ity  of bacterial infections in CGD 
patients under TMP/SMX-prophyl- 
axis a t 50 mg/kg/day. The mean num ­
ber of infections/year was reduced 
fivefold from 2 to  0.4, the number of 
lymphadenitis episodes dropped 
markedly and liver abscesses and 
salmonella infections virtually dis­
appeared.

I f  CGD patients are infected with 
microorganisms which develop ТМР/ 
SMX resistance additional drugs are 
needed.

One obvious candidate is fosfo­
mycin and clinical trials using this 
drug should be considered.

I t  is a promising broad-spectrum 
antibiotic and has already shown 
favourable clinical results in indi­
vidual CGD patients.

A c k n o w l e d g m e n t s
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