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ABSTRACT. In chronic granulomatous disease (CGD) 
polymorphonuclear leukocytes (PMN) are unable to kill 
phagocytized catalase-positive bacteria. Therefore, pa­
tients with CGD are prone to infections and dependent on 
antimicrobial agents able to penetrate PMN membranes 
and to act intracellularly. Owing to their good lipid solu­
bility, trimethoprim/sidfamethoxazole and rifampicin pas­
sively diffuse the membrane. In contrast, fosfomycin is 
transported actively into the cell. In normal PMN, it 
reaches cellular-to-extracellular ratios of 1.83 after 15 min, 
in CGD-PMN 2.18 after 30 min. At concentrations be­
tween 16 and 200 mg/liter, fosfomycin was able to kill 
staphylococci surviving within CGD-PMN, thus compen­
sating for the bactericidal deficiency in CGD. A combina­
tion of low concentrations of fosfomycin (8 mg/liter) plus 
rifampicin (0.06 mg/liter) was more effective at the intra­
cellular level than either agent alone. Apart from a stimu­
lation of PMN-chemiluminescence of yet unknown signif­
icance, the agent did not interfere with other neutrophil 
functions. Clinical investigations are indicated to study 
whether fosfomycin can be added to the small number of 
antibiotics useful in CGD. (Pediatr Res 19: 38-44, 1985) 
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C/E, cellular-to-extracellular concentration ratio 
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HBSS, Hanks' balanced salt solution 
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KCN, potassium cyanide 
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PMN, polymorphonuclear leukocytes 
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Common to the nine different types of CGD described to date 
(20) is a defect of the NADPH-oxidase system located in the 
PMN membrane. Production of hydrogen peroxide (H20 2) dur­
ing phagocytosis is lacking. Consequently, the patients are prone 
to infections by catalase-positive bacteria (e.g. staphylococci, 
Escherichia coli, klebsiella, serratia) and fungi (mainly Aspergil­
lus spp.). Initially, recurrent, purulent infections are located on 
skin and mucous membranes. Later, phagocytized, but still viable 
bacteria may spread within the PMN throughout the body, 
causing osteomyelitis and liver and lung abscesses (20). 

For prevention and treatment of infections in CGD, antibiotics 
capable of penetrating PMN membranes, accumulating intracel­
lularly, and revealing bactericidal activity within the phagocytic 
vacuoles are required. Host defense should not be adversely 
affected by such drugs (27, 29). These stringent requirements are 
met by only a small number of antimicrobial agents. TMP /SMZ 
is now generally accepted as the drug of choice for continuous 
antibacterial prophylaxis in these patients (20, 26). Rifampicin 
is mainly administered in cases of intercurrent staphylococcal 
infections ( 4, 21 ). The need for additional antibiotics applicable 
in CGD is evident, especially in cases of severe infections by 
bacteria resistant to TMP /SMZ or in cases of allergic reactions 
toward this agent. 

Fosfomycin was identified in the culture filtrates of several 
streptomyces species (28). It has a low molecular weight of 138.06 
daltons and is structurally unrelated to any other known anti­
biotic substance, exhibiting an unusual direct linkage between 
carbon and phosphate. Bactericidal activity is exerted through 
inhibition of the enzyme important for the first step in bacterial 
cell wall synthesis (N-acetylglucosamino-3-o-enol-pyruvyl-trans­
ferase) (12). Fosfomycin is taken up into bacteria by two active 
transport systems ( 12). Its antibacterial activity in vitro (5, 9) 
includes organisms important in CGD (20). Rate and severity of 
side-effects are reported to be low (8, 9, 13, 28). 

Because of these favorable characteristics, we investigated 
whether fosfomycin fulfills the in vitro requirements for an 
antibiotic useful in therapy of chronic intracellular infections. 
Due to their unique metabolic anomaly, CGD"PMNs represent 
an excellent model for the study of the intracellular bactericidal 
activity of antibiotics. 

MATERIALS AND METHODS 

Isolation of PMN. Heparinized blood, 40-120 ml, was taken 
from 20 healthy volunteers (male and female, aged 20-45 yr) 
and 10 COD-patients (male, aged 3-22 yr) with informed con­
sent. Antibiotics were discontinued at least 24 h before sampling. 
Neutrophil granulocytes were isolated after dextran sedimenta­
tion and Ficoll-Hypaque gradient centrifugation as previously 
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described (3). Viability of the cells was determined using the 
Trypan blue dye exclusion test. 

Intracellular uptake of antibiotics. Uptake of antibiotics into 
PMN from healthy blood donors and CGD patients was mea­
sured as described before ( 11, 14, 21 ), but with several minor 
modifications. 2.2 ml of a PMN-suspension (3 x 107 PMN/ml 
HBSS) were preincubated in a water bath at 3r C for 10 min. 
The following radiolabeled antibiotics were tested: either 3H­
fosfomycin (disodium-L-cis-1,2-epoxy-PH]propylphosphonate, 
specific activity: 59.9 J.LCi/mg, supplied by Boehringer, Mann­
heim, FRG) or [14C]rifampicin (l-methyl-4-amino-(3:5-[14C]pi­
perazin-rifamycin, 4 J.LCi/mg, Ciba Geigy, Basle, Swttzerland), 
[' 4C]trimethoprim (2,4-diamino-5-(3,4,5-trimethoxybenzal)-2-
[14C]pyrimidine, 40 J.LCi/mg, Wellcome Research 
Switzerland), [35S]sulfamethoxazole (3-[35S]sulfamlamtdo-5-
methylisoxazole, 26.54 J.LCi/mg, Amersham Int., Amersham, 
UK), or [14C]penicillin (benzyl-[ 14C]penicillin-potassium, 140 
J.LCi/mg, Amersham). 

The antibiotics were added at the following final concentra­
tions: fosfomycin 1, rifampicin 2, trimethoprim 10, sulfamethox­
azole 4.5, penicillin 35 J.Lg/ml HBSS. The PMN/buffer coeffi­
cients were determined 30, (75), 90s and 3, 5, 10, (15), 20, and 
30 min after the addition of antibiotics. Three-hundred-J.Ll ali­
quots ( 1 x 107 PMN) were centrifuged across a gradient. of 
silicone oil into a layer of sucrose at the bottom of the centnfu­
gation tube. The cells containing the 
activity formed a pellet. The extracellular antlbtotlc actlVlty, 
which did not permeate the water-impermeable silicone, was 
found in the supernatant above the silicone layer. After treatment 
with 1 ml of tissue solubilizer (Soluene 100, Packard, Downers 
Grove, IL} and subsequent addition of 10 ml scintillation fluid 
(Econofluor, NEN, Dreieich, FRG}, 200-J.Ll aliquots of superna­
tant and the pellet were separately counted in a 13-counter (Kon­
tron Liquid Scintillation System MR 300, Kontron AG, Birsfel­
den, Switzerland}. 

We tested the inhibitory effect of the following substances on 
the uptake of fosfomycin and rifampicin: iodacetamide (0.1 and 
5 mM, Fluka, Buchs, Switzerland), DOG ( 1 mM, Sigma, St. 
Louis, MO), KCN (10 mM, Merck, Darmstadt, FRG) and sn­
glycero-3-phosphate (5 J.LM, Fluka). PMN were preincubated at 
3r C for 10 min in HBSS with the inhibitors. The subsequent 
test procedure was the same as described above. 

Total and extracellular water spaces in the PMN-sediment 
were measured with labeled water eHzO, specific activity: 0.25 
J.LCifmg, NEN) and inulin (carboxy-[ 14C]inulin, 2.5 J,LCi/mg, 
NEN). The procedure differed from antibiotic uptake in that 
aliquots were' taken 5 resp. 10 min after addition of 3Hz0 and 
['4C]inulin and the centrifuge tubes did not contain sucrose, 
which would have interfered with HzO within the cells to be 
measured (14). Calculations were as follows (20): Total (V,), 
extracellular (Ve), and intracellular (Vi) water spaces of cell pellet: 

dpm 3H20 (pellet) X J.Ll (supernatant) v 1 dpm 3H20 (supernatant) 

V = 
e dpm [14C]Inulin (supernatant) 

Vi=V,-Ve 

Total (AB,), extracellular (ABe) and intracellular (ABi) activity of 
radiolabeled antibiotics in cell pellet: 

AB, = dpm antibiotic (pellet) 

AB =-
J.Ll (supernatant) 

ABi = AB,- ABe 

Extracellular (E) and intracellular (C) concentration of antibiotics 

in cell pellet: 

ABe 
E=­

Ve 

C=ABi 
vi 

C/E = intracellular accumulation of antibiotics in PMN. 
Killing of Staphylococcus aureus by PMN. Bacterial killing by 

PMN was tested according to a previously described method 
(21 ), but with certain modifications. S. au reus WOOD. 4? showed 
minimal inhibitory concentrations (minimal bactenctdal con­
centrations) of 0.03 (2.0) mg/liter for fosfomycin, 0.0005 
(0.0008) mg/liter for rifampicin, 0.002 (0.008) mg/liter for pen­
icillin G 1.0 (2.0) mg/liter for trimethoprim, and 128 (>256) 
mg/liter'for sulfamethoxazole. In vitro studies of a combination 
of fosfomycin and rifampicin at various concentrations revealed 
no synergism or antagonism against extracellular bacteria. 

For our experiments, bacteria were subcultured in tryptone­
water broth overnight. The bacterial suspension was washed twice 
in 0.9% NaCI and resuspended in HBSS +serum. After adjust­
ment of optical density, the staphylococci (5 x 108 CFU/ml} 
were opsonized in HBSS + serum for 10 min at 3r C. Bacterial 
density was checked by plate colony counts. 

After opsonization, 200 J.Ll of the bacterial suspension were 
added to a 20-ml suspension ofPMN in HBSS +serum (1 x 107 

PMN/ml). Final count was adjusted to 5 x 106 CFU/ml in order 
to establish a bacteria/PMN ratio of 1:2. After incubation for 30 
min at 3r C with constant rotation, the PMN suspension was 
carefully washed 3 times in cold NaCI (0.9%) in order to elimi­
nate extracellular bacteria. Control experiments performed with 
Lysostaphin (10 mg/liter final concentration, Sigma) did not 
result in further reduction of extracellular bacteria. 

PMN were resuspended in HBSS + serum and antibiotics were 
added at the following concentrations: fosfomycin (Boehringer) 
= 8, 16, 100, 150, 200 mg/liter, rifampicin (Ciba Geigy)= 0.06, 
1.25 mg/liter, fosfomycin (8 mg/liter) plus rifampicin (0.06 mg/ 
liter) simultaneously, penicillin G (Sigma)= 100 mg/liter. 

The antibiotic/PMN-suspension was incubated at 3r C and 
slowly rotated. At the beginning (0 min) and after 60, 120, and 
180 min (occasionally at 240 min), 1-ml aliquots of the suspen­
sion were taken, washed with HBSS, resuspended, and lysed in 
H20 for 15 min at R T. Smears of the suspensions were performed 
and analyzed with a phase-contrast microscope to assure that all 
PMN were destroyed by this procedure. Then the samples were 
diluted 10-, 100-, 1000-, and 10,000-fold in HBSS and plated 
onto Muller-Hinton agar. CFUs were counted after incubation 
for 48 hat 3r C. 

Controls were as follows: PMN from healthy blood donors 
instead ofCGD-PMN (with and without antibiotics), CGD-PMN 
and bacteria (without antibiotics), and extracellular bacteria 
alone (with and without antibiotics). 

Injluenceoffosfomycin on normal PMN function. PMN from 
healthy blood donors were suspended in HBSS containing fos­
fomycin at different concentrations (50, 100, 200, 400, 1000 mg/ 
liter) and compared to controls without fosfomycin. The follow­
ing tests were performed in order to assess alterations of normal 
granulocyte functions by fosfomycin. 

Phagocytosis assay. Phagocytosis of yeast cells by PMN was 
tested as described previously (22) with several modifications. In 
brief, yeast cells (2.5 X 108/ml) were exposed to PMN (5 x 106

/ 

ml) in the presence of fresh human serum for 30 mm. After 
centrifugation, the pellet was thoroughly washed. The number 
of ingested yeast particles per 100 PMN was counted after 
counterstain of extracellular yeast cells with Ziehl-Fuchsin stain. 

Chemotaxis-assay. Chemotactic activity of PMN was evalu­
ated according to the "migration-under-agarose" method re­
ported by Nelson et a!. (16). ZAS was used as a chemotactic 
fa:ctor. Results were expressed as the difference between activated 
(A) and spontaneous (B) migration ofPMN, measured in J.Lm. 
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Chemiluminescence assay. Chemiluminescence of stimulated 
PMN was tested as previously described {I). Emission of light 
impulses by PMN in the presence of luminol (Sigma) was regis­
tered with a photometer (Luminometer 1251, LKB Wallac, 
Turku, Finland) and recorded graphically. PMN were stimulated 
with PMA and OPZ, respectively. Control experiments were 
performed with fosfomycin at the same concentrations as men­
tioned above, but without PMN. Results were expressed in m VI 
min/106 PMN. 

Oxygen consumption assay. Consumption of oxygen by stim­
ulated PMN was tested with an oxygraph (no. 5/6, Gilson 
Medical Electronics, Middleton, WI) according to a method 
previously described ( 19). Again, PMN were stimulated with 
either PMA or OPZ. Results were expressed in nmol 0 2/min/5 
X 106 PMN. 

Statistical analysis. Statistical anaysis was performed using the 
Student's t test. 

RESULTS 

Uptake offHJfosfomycin into normal PMN. Fosfomycin was 
slowly accumulated within the PMN and reached its maximal 
intracellular concentration after 15 min (Fig. !A). The C/E ratio 
was 1.83 at that time. After another 15 min, the C/E ratio was 
1.63. In comparison, [14C]penicillin (Fig. !A) was not accumu­
lated within the PMN (C/E < 1). The influx of rifampicin was 
faster and reached significantly higher accumulation rates than 
that of fosfomycin (C/Ema. = 9.8 after 20 min). The correSpond­
ing values for TMP and SMZ were situated between those for 
fosfomycin and rifampicin, both in respect to amount and ki­
netics of intracellular uptake (C/Emax = 2.26 and 3.56, respec­
tively, at 10 min). 

Uptake offHjfosfomycin into CGD-PMN. CGD patients were 
equally capable to accumulate fosfomycin inside their PMN (Fig. 
!B). The C/E ratio increased slowly and continuously over a 
period of 30 min and the C/Emax of 2. 18 was slightly higher than. 
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in normal PMN ( 1.83). However, a statisticallly significant dif­
ference between normal and CGD-PMN could only be observed 
at one point (3 min, p < 0.05). The rate of intracellular accu­
mulation of TMP (C/Emax = 3.15 after 5 min) was again inter­
mediate between that of rifampicin (C/Emax = 12.84 after 10 
min) and fosfomycin, while penicillin was not accumulated 
within CGD-PMN (C/Emax = 0.65 after 20 min) (Fig. !B). 

Inhibition of fHjfosfomycin uptake into normal PMN. Four 
metabolic inhibitors were examined for their ability to impede 
intracellular uptake of fosfomycin: sn-glycero-3-phosphate is 
transported mainly by the sn-glycero-3-phosphate-transport-sys­
tem present in cell membranes. In bacteria, it was shown to 
competitively inhibit the transport of structural analogues such 
as fosfomycin (12) (Fig. 2). Iodacetamide inactivates sulfhydryl 
groups, e.g. of transport enzymes. KCN is a potent inhibitor of 
the intramitochondrial A TP generation. DOG competitively in­
hibits glycolysis and A TP-dependent transport processes (II, 14 ). 
Figure 2 demonstrates the effect of these agents on fosfomycin 
uptake into normal PMN. Intracellular accumulation was absent 
in all cases (with C/E ::::; 0.8, p < 0.05, resp < 0.01) except 
iodacetamide, where inhibition was only seen at a concentration 
of 5.0 mM, with no effect at 0.1 mM. In contrast, the rapid 
uptake of rifampicin into PMN is not inhibited by any of these 
agents (data not shown, cf Ref. 14). 

Killing of intracellular staphylococci in CGD-PMN by fosfo­
mycin. CGD-PMN are unable to kill phagocytized bacteria ade­
quately ( 17). As shown in Figure 3A, the number of intracellu­
larly surviving bacteria slowly increased during the 3 h incubation 
period, whereas normal PMN rapidly killed the phagocytized 
staphylococci. Fosfomycin significantly reduced the number of 
intracellular bacteria in CGD-PMN (Fig. 3, C-F). At concentra­
tions between 16 and 200 mg/liter, i.e. well within therapeutically 
achieved serum levels (8, 13), this effect was not dose dependent. 
Killing curves of CGD-PMN in the presence of fosfomycin 
resembled killing curves of normal PMN without antibiotics 
(Fig. 3A ). This effect could be observed at different concentra-
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Fig. I. A, means± SEM are given for rifampicin (3-12 single determinations in 12 healthy blood donors), trimethoprim (one to six determinations 
in six blood donors), and fosfomycin (five to 14 determinations in 14 blood donors). Mean values are given for sulfamethoxazole (one to two 
determinations in two blood donors) and penicillin (2 determinations in two blood donors). B, means± SEM are given for rifampicin (three to five 
determinations in five CGD patients), trimethoprim (one to six determinations in six CGD), and fosfomycin (four to nine determinations in nine 
CGD). Penicillin was tested in a single patient. *denotes statistically significant differences (p < 0.05) for antibiotic uptake into normal versus CGD­
PMN. 
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Fig. 2. Means ± SEM of one to nine single determinations in one to nine different healthy blood donors. Statistical analysis was performed 
comparing uptake of fH]fosfomycin in the presence and absence of metabolic inhibitors (*p < 0.05, **p < 0.0 I). 

tions of fosfomycin. In PMN from healthy donors no further 
enhancement of bactericidal activity by fosfomycin could be 
observed (data not shown). 

The same intracellular bactericidal activity was seen with 
rifampicin, whereas penicillin exhibited little and only retarded 
effect against the intracellular organisms (Fig. 3B). After 3 h, 
about 60% of the ingested staphylococci were still alive despite 
bactericidal concentrations of penicillin in the extracellular me­
dium, as compared with 1-7.5% in case of fosfomycin or rif­
ampicin (Fig. 3 B-F). 

Both fosfomycin and rifampicin were still active against the 
intracellular staphylococci at low concentrations (8 and 0.06 J.Lg/ 
ml, respectively) (Fig. 3G), although to a somewhat smaller 
degree. Ifboth antibiotics were combined at these concentrations, 
the extent of killing was significantly better than with fosfomycin 
alone, with a survival rate as low as 3.5% after 3 h (Fig. 3H). 

Influence of fosfomycin on normal PMN function. Results of 
functional assays are summarized in Table 1. Between 50 and 
1000 mg fosfomycin/liter (the latter concentration exceeding 
normal therapeutic plasma levels by far) (8, 13), no consistent 
effect of fosfomycin on phagocytosis, chemotaxis, and oxygen 
consumption could be seen. 

Chemiluminescence activity, however, was significantly stim­
ulated in the presence offosfomycin, reaching 201 resp 218% of 
normal (stimulus OPZ resp PMA) at 400 mg fosfomycin/liter. 
No such effect was observed in the absence of PMN at any 
concentration of fosfomycin. 

DISCUSSION 

The capacity of certain antibiotics to penetrate cell membranes 
represents an important prerequisite for their efficacy in vivo ( 10, 
11, 15, 29). After phagocytosis, bacteria may survive within the 
PMN (and other cells) and remain unaffected by antimicrobial 
agents unable to reach the intracellular space. This holds partic­
ularly true for J)-lactam antibiotics and aminoglycosides (29). 
Only if extracellular concentrations of these latter antibiotics are 
significantly increased, they are able to combat intracellular 
infections effectively (27). 

On the other hand, there are a number of antibiotics with 
known intracellular accumulation and efficacy against intracel­
lular pathogens, whose clinical applicability might be limited by 

their adverse effects on important neutrophil functions. Tetra­
cyclines, for instance, which are accumulated within the cells 
about 7-fold (6, 29), inhibit chemotaxis as well as phagocytosis 
and oxidative metabolism of PMN (29). Such inhibitory actions 
of antibiotics on host defense mechanisms might be critical in 
immunocompromised hosts. 

Thus, in patients with impaired neutrophil functions, only a 
few antibiotics can be recommended. In CGD, defective bacte­
ricidal activity calls for continuous prophylaxis with an intracel­
lularly active antibiotic (20, 21, 26). Since TMP/SMZ has been 
introduced into the management ofCGD patients, the prognostic 
outcome of this disease has favorably improved (26). TMP/SMZ 
has been shown to accumulate within PMN (6, 21) without 
affecting other cellular functions (2). Rifampicin also proved to 
be effective in CGD (4, 20). 

While these two antibiotics are able to permeate cell mem­
branes due to their high lipid solubility (6, 11, 15, 20), fosfomycin 
is known to be hydrophilic and, therefore, passive transmembra­
neous diffusion is an unlikely explanation for its uptake. Kahan 
et a!. (12) demonstrated the existence of two different active 
transport mechanisms for fosfomycin. The agent is accumulated 
by many (but not by all) bacteria via the sn-glycero-3-phosphate 
transport system. Under certain conditions, the glucose-6-phos­
phate system, which can be induced externally, may also be used 
for the transport of the substance. 

In the present study we could show that fosfomycin is taken 
up by human PMN (Fig. 1) and that its accumulation is hindered 
by sn-glycero-3-phosphate as well as by agents interfering with 
energy-requiring processes (Fig. 2). This strongly suggests the 
presence of a similar active transport mechanism for fosfomycin 
in human PMN as described for this drug in bacteria. 

The relative amount of fosfomycin accumulated in PMN is 
significantly smaller than that of rifampicin (C/Emax = 1.83 versus 
9.8, in normal PMN). However, the degree of C/E ratios might 
be only of minor importance as long as the critical value of 1.0 
is exceeded, where accumulation starts. Intracellular bacteria will 
be killed as soon as the antibiotic reaches a bactericidal concen­
tration within the PMN. 

In CGD-PMN, fosfomycin even exceeds the C/E ratio of 2. 
This phenomenon of increased uptake into CGD-PMN has also 
been observed with TMP/SMZ and rifampicin (14, 21) (Fig. 3). 
In the latter two instances, it might be attributed to a somewhat 



42 

A 

tOO 

No Antibiotics 
50 

HOGER ET AL. 

B 

• 

• 

Penicillin 

""" (100mgll) 

• 

100 

50 

(1.25mgll) 

Normal • 

50 

100 

50 

0 

CGO • Fosfomycin (100 mg/1) 

- CGO+ Fosfomycin (8mg/l) 
o--o CGO• Rifampicin (0.06mg/l) 

2 3 4 

Time (h) 

0 100 ·g 

(16mg/l) 

l-

0 
u 

..Q 
:>. 

£. 
50 .E 

(f) 

50 

- CGD+ Fosfomycin (Bmg/1) 100 

2 

P.IUS 

3 4 

50 

Fig. 3. A, COD: means ± SEM of 12 to 18 single determinations in eight different COD patients. Normal: means ± SEM of 19 single 
determinations in 19 healthy blood donors. B, penicillin and rifampicin effects: means of two single determinations in 2 COD patients. C-F, 
fosfomycin dose response: means ± SEM of one to three single determinations in 5 COD-patients. G, fosfomycin and rifampicin effects: means ± 
SEM of two responses, three single determinations in three COD-patients. H, means ± SEM of five single determinations in 4 COD patients. 
Statistical significance: (*p < 0.05, **p < 0.01) was tested in (A) COD versus normal PMN. B, rifampicin versus no antibiotics in COD. There was 
no statistically significant difference in bacterial killing between COD-PMN with or without penicillin. C-F, fosfomycin versus no antibiotics. G, 
fosfomycin resp rifampicin versus no antibiotics. In B-G, the difference between rifampicin resp fosfomycin versus penicillin was also statistically 
significant (p < 0.05-0.01). There was no statistically significant difference in killing efficacy between various concentrations of fosfomycin or 
between fosfomycin and rifampicin. H, combination of fosfomycin plus rifampicin versus fosfomycin alone. 

Table 1. Influence of different concentrations of fosfomycin on normal human granulocyte function 

Phagocytosis Chemotaxis Oxygen-consumption Chemiluminescence 

(Jlm of migration) (nmol 02/h/S X 106 PMN) (mV/min/5 X 106 PMN) 

Fosfomycin (Phagocytized Yeast 
concentration Particles per I 00 Stimulus Stimulus Stimulus Stimulus 

(mg/liter) PMN) Activated (A) Spontaneous (B) OPZ PMA OPZ PMA 

0 990 ± 33.1 4.28 ± 0.47 1.79 ± 0.29 1522 ± 122 1458 ± 124.5 5967 ± 646 1564 ± 232.3 
50 937 ± 31.9 3.38 ± 0.38 1.48 ± 0.38 1629 ± 139.7 1214± 118.4 9264* ± 1453 2573* ± 437.1 

100 972 ± 39.9 3.47 ± 0.39 1.53 ± 0.30 1368 ± 197.7 1454 ± 207.9 10514** ± 1409 2439* ± 569 
200 990 ± 24 3.87 ± 0.44 1.56 ± 0.19 1422 ± 126.6 1357± 118 10128** ± 1092 2646** ± 481.6 
400 945 ± 29.2 4.02 ± 0.36 1.36 ± 0.23 1383 ± 161.6 1389 ± 113.3 11997** ± 1356 3408** ± 583 

1000 959 ± 18.6 3.79 ± 0.54 1.40±0.19 1584 ± 169.2 1827* ± 90.3 10467** ± 1105 2811 ** ± 296.4 

Results are expressed as mean values ± SEM. Statistical significance is indicated either with * (p < 0.05) or** (p < 0.01). Number of tests 
performed per concentration: phagocytosis= 6, chemotaxis= 14-24, oxygen-consumption= 8-13, chemiluminescence= 12-19. 
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lower pH value found inside CGD-PMN. After intracellular 
accumulation due to its lipid solubility (20), the weak base TMP 
is protonated within the PMN. This phenomenon is called "ion­
trapping" and prevents rediffusion. The model of partition along 
a pH gradient cannot be applied to fosfomycin, because its high 
polarity precludes passive diffusion. It is conceivable, however, 
that membrane transport activity (including the sn-glycero-3-
phosphate transport) might be increased in CGD, a disease 
involving the outer cell membrane of PMN (21 ). 

An antibiotic taken up intracellularly can only be useful clin­
ically if it retains its bactericidal activity. Our data proved for 
the first time that fosfomycin is indeed able to compensate 
entirely for the lack of bactericidal capacity in CGD-PMN (Fig. 
3). Regardless of their higher C/E ratios, rifampicin and TMP I 
SMZ do not lead to any further improvement in intracellular 
killing (Fig. 3B: rifampicin) (21 ). 

Administration of 25 resp 50 mg fosfomycin per kg body 
weight iv in infants suffering from gram-negative infections 
resulted in peak plasma levels (at 15 min) of 102 and 194 mg/ 
liter, respectively (7). At 2 h after dose (i.e. one serum half-life 
of the drug) ( 13), the corresponding values were 22 and 50 mg/ 
liter, respectively. Within this range of concentrations, no dose 
dependence was found for the intracellular bactericidal activity 
of fosfomycin within CGD-PMN (Fig. 3 C-F). 

The intracellular activity of fosfomycin has previously been 
described using normal PMN. Takashima et a!. (23) reported 
99% reduction of CFU (salmonella within leukocytes) in the 
presence of 25-100 mg/liter fosfomycin. Traub (24) demonstra­
ted the intraphagocytic efficacy of this antibiotic (using phenyl­
butazone-treated leukocytes not separated from whole blood). 
At 32 mg/liter, fosfomycin reduced about 89% ofCFU (Serratia 
marcescens) and was comparable in its efficacy to rifampicin, 
whereas cephalosporines were ineffective. 

Unlike many other broad spectrum antibiotics, fosfomycin did 
not impede neutrophil functions (Table 1). On the contrary, we 
observed a stimulation of chemiluminescence by this agent. At 
high concentrations oxygen consumption was also increased. It 
would nevertheless be premature to hypothesize a stimulatory 
effect offosfomycin on PMN activity, especially since diminution 
of chemiluminescence caused for instance by TMP (27) did not 
result in inhibition of neutrophil function. Further investigations 
are underway to analyze this phenomenon and its significance 
inCGD-PMN. 

Fosfomycin has both the bacteriological and pharmacological 
characteristics necessary for an antibiotic effective in CGD. It 
reveals broad antibacterial activity against bacteria isolated in 
this disease (21 ): gram-positive such as staphylococci, and gram­
negative such as Escherichia coli, enterobacter, citrobacter, Pro­
teus mirabilis, vulgaris, and rettgeri, S. marcescens, salmonella, 
and in part klebsiella and pseudomonas (5, 8, 28). Due to its 
small molecular weight, diffusion into all organic fluids and 
tissues is easily achieved, including meninges, lung tissue, and 
bones (9, 13, 28). Its applicability and efficacy in osteomyelitis 
and respiratory tract infections are well documented. Chronic 
pulmonary infections and osteomyelitis are frequent problems 
in CGD patients (29) and in other immunocompromised pa­
tients. 

However, it must be born in mind that fosfomycin rapidly 
induces resistance if given as monotherapy over a longer period 
(7, 18, 28). A combination with rifampicin could diminish this 
risk and therefore be of value in the treatment of severe infec­
tions, especially in CGD patients, where short-term treatment 
rarely is effective. Previous in vitro studies have demonstrated 
synergism between fosfomycin and rifampicin as well as between 
fosfomycin and other antibiotics (9, 18). At the extracellular 
level, we could not confirm these observations. At the intracel­
lular level, however, a combination offosfomycin plus rifampicin 
(Fig. 3H) was more active than each antibiotic alone. This 
intracellular synergism between fosfomycin and rifampicin is yet 
to be confirmed by additional experiments. 

Clinical studies are indicated to investigate the efficacy of 
fosfomycin alone and in combination with rifampicin for therapy 
of chronic intracellular infections and especially for serious in­
fections in CGD patients. 
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Age-Related Red Cell Enzymes in Children with 
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ABSTRACT. Red cell enzymes of three children with 
transient erythroblastopenia of childhood were measured 
and compared with those of age-matched normal children 
and children with hemolytic anemia. While the activity of 
"age-dependent" enzyme such as hexokinase, aldolase, 
glucose-6-phosphate dehydrogenase, glutamic-oxaloacetic 
transaminase, and pyruvate kinase were greatly increased 
in the red cells of children with hemolytic anemia, they 
were not decreased in the red cells of children with ery­
throblastopenia of childhood. Only the activity of pyrimi­
dine 5'-nucleotidase was consistently low red cells ofthese 
chidren. These findings are inconsistent with the usual 
concept that red cell enzyme activities decline throughout 
red cell life span. Rather, they suggest that there may be 
very rapid loss in the activity of some red cell enzymes 
during the first few days of red cell life with little further 
decline in enzyme activity. (Pediatr Res 19: 44-47, 1985) 

Transient erythroblastopenia of childhood is a relatively un­
common disorder of infants and young children. It is character­
ized by a profound but transient cessation of erythropoiesis 
followed within a few weeks or months by complete recovery 
( 1 ). 

We have recently had the opportunity to study red cell enzymes 
in three children with this relatively rare disorder and to compare 
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the levels of red cell enzymes with those of children in the same 
age group who have hemolytic anemia. These investigations have 
provided us with some interesting new insights into the manner 
in which red cell enzyme activities, particularly that of pyrimi­
dine-5'-nucleotidase, decline with increasing red cell age. 

PATIENTS 

M.R., born on January 7, 1982, of Mexican-American parents 
was first seen at 15 months of age. He had a history of an upper 
respiratory infection 2 months prior to being seen. This had been 
treated with aspirin and with antibiotics. His Hb was 5.6 g/100 
ml, hematocrit was 16.3%, red count was 1.9 million/i.d, white 
count was 6400/,ul with a normal differential, and reticulocyte 
count was 0.2%. Bone marrow aspiration revealed normal cel­
lularity with only 8% total erythroid cells. A blood sample was 
drawn for enzyme assay. The pyrimidine 5'-nucleotidase activity 
was 36.7 units/g Hb (mean normal ± 1 SD = 138.8 ± 18.91 
mU/g Hb). The patient was given a single transfusion of 160 ml 
of packed red cells. His reticulocyte count gradually rose and 
reached 1.3% 10 wk after first being seen. At this time his Hb 
was 14.8 g/100 ml, hematocrit of 43.8%, and red count of 4.96 
million. 

C.H. was born on September 2, 1981. He was first seen at 19 
months of age with a history of recurrent upper respiratory 
infection and diarrhea for the preceding 4-5 wk. His hematocrit 
had been found to be 23% 1 wk earlier, and he had been placed 
on iron. His past history was significant only in that he had 
received exchange transfusions only because of Rh incompati­
bility. 

The Hb was 7.4 g/100 ml, hematocrit was 21.4%, the white 
count was 10,300 ,ul, platelets were 344,000 ,ul, and the differ­
ential was normal. The reticulocyte count was recorded as 0%. 
Bone marrow examination showed only 5% total erythroid cells. 
After blood was drawn for red cell enzyme assays. the patient 
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