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Innate defense against microbial infection requires the action of neutrophils, which have cytoplasmic gran-

ules replete with antibiotic proteins and peptides. Bactericidal/permeability-increasing protein (BPI) is found
in the primary granules of adult neutrophils, has a high affinity for lipopolysaccharides (or “endotoxins”), and
exerts selective cytotoxic, antiendotoxic, and opsonic activity against gram-negative bacteria. We have previ-
ously reported that neutrophils derived from newborn cord blood are deficient in BPI (O. Levy et al., Pediatrics
104:1327-1333, 1999). The relative deficiency in BPI of newborns raised the possibility that supplementing the
levels of BPI in plasma might enhance newborn antibacterial defense. Here we determined the effects of addi-
tion of recombinant 21-kDa N-terminal BPI fragment (rBPI,,) on the growth and tumor necrosis factor
(TNF)-inducing activity of representative gram-negative clinical isolates. Bacteria were tested in citrated
newborn cord blood or adult peripheral blood. Bacterial viability was assessed by plating assay, and TNF-a
release was measured by enzyme-linked immunosorbent assay. Whereas adult blood limited the growth of all
isolates except Klebsiella pneumoniae, cord blood also allowed logarithmic growth of Escherichia coli K1/r and
Citrobacter koseri. Bacteria varied in their susceptibility to rBPL,,’s bactericidal action: E. coli K1/r was relatively
susceptible (50% inhibitory concentration [ICsy], ~10 nM), C. koseri was intermediate (ICs, ~1,000 nM),
Kiebsiella pneumoniae was resistant (ICs,, ~10,000 nM), and Enterobacter cloacae and Serratia marcescens were
highly resistant (IC;,, >10,000 nM). All isolates were potent inducers of TNF-« activity in both adult and
newborn cord blood. In contrast to its variable antibacterial activity, rBPL,, consistently inhibited the TNF-
inducing activity of all strains tested (IC,, 1 to 1,000 nM). The antibacterial effects of rBPI,, were additive with
those of a combination of conventional antibiotics typically used to treat bacteremic newborns (ampicillin and
gentamicin). Whereas ampicillin and gentamicin demonstrated little inhibition of bacterially induced TNF
release, addition of rBPL,, either alone or together with ampicillin and gentamicin profoundly inhibited release
of this cytokine. Thus, supplementing newborn cord blood with rBPI,, potently inhibited the TNF-inducing
activity of a variety of gram-negative bacterial clinical pathogens and, in some cases, enhanced bactericidal
activity. These results suggest that administration of rBPI,, may be of clinical benefit to neonates suffering
from gram-negative bacterial infection and/or endotoxemia.

Host defense against bacterial invasion requires an innate
immune system with the ability to respond to infection inde-
pendent of prior exposure to the pathogen (16). As evidenced
by the increased frequency and severity of infections in pa-
tients who are neutropenic, neutrophils are important cellular
effectors of the innate immune system. Neutrophils exert mi-
crobicidal activity by at least three mechanisms: (i) generation
of oxygen radicals by the phagocyte oxidase (1), (ii) generation
of nitric oxide (36), and (iii) mobilization of antibiotic proteins
and peptides which are stored in neutrophil cytosolic granules
(14, 20).
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Neutrophil microbicidal activity is diminished in a variety of
clinical conditions. Chronic granulomatous disease is caused by
mutations in the genes encoding components of the leukocyte
oxidase enzyme (22). Specific granule deficiency is associated
with decreased defensin content, but this disorder is associated
with pleiotropic neutrophil abnormalities, leaving it uncertain
as to whether an increased rate of infection is solely related to
deficiency of these broadly cytotoxic peptides (13, 26).

The neutrophils of newborns, who are particularly suscepti-
ble to invasive bacterial infections, have also been found to
function suboptimally (6, 29, 38). Although gram-positive bac-
teria (particularly group B streptococcus) cause the majority of
bacterial infections in newborns, gram-negative bacteria ac-
count for up to 20 to 40% of newborn bacterial infection (2),
are associated with a relatively high mortality rate (~40%
[31]), and have been increasing in incidence at some medical
centers (30).
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FIG. 1. Effect of added rBPI,, on the survival of E. coli K1/r in adult and newborn cord blood. E. coli K1/r cells (10* bacteria/ml) were incubated in citrated adult
blood (A) or newborn cord blood (B) with increasing concentrations of rBPI,,. Samples were periodically plated to assess bacterial survival (CFU) as a percentage of
that of a control sample incubated in buffered saline alone. The results shown represent the mean of 2 to 12 independent determinations (error bars omitted to enhance

figure clarity).

We have recently demonstrated that newborns are selec-
tively deficient in a neutrophil antibiotic protein with selective
activity against gram-negative bacteria: bactericidal/permeabil-
ity-increasing protein (BPI). BPI is a 55-kDa protein found in
primary (azurophilic) granules with high affinity for the lipid A
moiety of gram-negative bacterial lipopolysaccharides (LPSs)
(21). BPI exerts selective cytotoxic, antiendotoxic, and opsonic
activities against gram-negative bacteria (12). As predicted by
their lower mean BPI content, newborn neutrophils have rel-
atively low bactericidal activity against the encapsulated se-
rum-resistant pathogen Escherichia coli K1/r (21). This result
suggested that the relatively low BPI content of newborn neu-
trophils may contribute to the increased risk to newborns of
gram-negative sepsis. Moreover, this study raised the possibil-
ity that supplementing newborns with exogenous BPI might
enhance their antibacterial and antiendotoxic activities. Impor-
tantly, BPI’s action in blood is greatly enhanced by synergy
with the membrane attack complex of the complement system
(33), whose function is impaired in newborns by virtue of
markedly lower levels of C3 as well as C8 and C9 (37). Thus, it
is unknown whether the effects of BPI that have been demon-
strated in adult whole blood (33) would also be manifested in
newborn blood.

With these considerations in mind, we undertook the cur-
rent study to determine the effect of addition of exogenous BPI
on the survival and cytokine-inducing activity of gram-negative
bacteria isolated from newborns with bacteremia clinically as-
sociated with sepsis syndrome. We decided to measure tumor
necrosis factor alpha (TNF-a) as a marker of endotoxin-in-
duced cytokine release, because this cytokine is known to be
elevated in newborns with bacterial sepsis (3) and is believed to
contribute to the pathophysiology of septic shock by damaging
neonatal tissues (4, 10, 23). Exogenous BPI was provided in the
form of rBPI,,, a recombinant modified N-terminal fragment
which carries the antibacterial and antiendotoxic activities of
the holoprotein (17, 24) and is currently being evaluated for
potential clinical utility in meningococcemia (15) and other
applications (12).

MATERIALS AND METHODS

Reagents. Trypticase soy broth (TSB) was purchased from Becton Dickinson
and Co. (Cockeysville, Md.). Nutrient broth and Bacto agar were obtained from
Difco Laboratories (Detroit, Mich.). Sterile saline was bought from Baxter
(Deerfield, I11.). Ampicillin was obtained from Apothecon (Princeton, N.J.), and
gentamicin was obtained from American Pharmaceutical Partners (Los Angeles,
Calif.). Slick Seal Eppendorf tubes were supplied by Research Products Inter-
national (Mount Prospect, IIl.). Hank’s balanced salts solution (HBSS) and
RPMI medium were obtained from GIBCO BRL (Grand Island, N.Y.). Sterile

buffered sodium citrate (0.129 M [3.8%]) tubes were obtained from Becton
Dickinson (Franklin Lakes, N.J.). The Quantikine TNF-a enzyme-linked immu-
nosorbent assay (ELISA) kit was purchased from R&D Systems (Minneapolis,
Minn.).

rBPL,,. rBPI,; was provided by XOMA (US) LLC (Berkeley, Calif.). It is a
recombinant 21-kDa protein derived from a genetic construct encoding the
N-terminal 193 amino acids of human BPI with an alanine-for-cysteine substi-
tution at position 132. rBPI,, was expressed in CHO-K1 cells and purified by
cation-exchange chromatography as previously described (17).

Bacterial strains. E. coli K1/r, a K1-encapsulated rough LPS chemotype strain,
is a bacteremic isolate provided by Alan Cross, Department of Bacterial Dis-
eases, Walter Reed Army Medical Center, Washington, D.C. (34). Citrobacter
koseri was isolated from the blood and cerebrospinal fluid of a 14-day-old male
with meningitis and was provided by the Bacteriology Laboratory at Baystate
Medical Center (Springfield, Mass.). Klebsiella pneumoniae, Enterobacter agglo-
merans, Enterobacter cloacae, and Serratia marcescens were isolated from blood
cultures of newborns (7 to 27 days old) with congenital cardiac defects requiring
invasive surgery at Children’s Hospital of Boston. In order to prepare frozen
stocks of these bacterial isolates, bacteria were grown in TSB and sterile glycerol
was added to 15% (vol/vol) prior to freezing at —80°C.

Blood. After Institutional Review Board approval at Brigham & Women’s
Hospital, cord blood samples were collected immediately after vaginal delivery
(n = 17) or cesarean section (n = 26) into sterile tubes anticoagulated with
sodium citrate (for whole blood and plasma experiments; final concentration, 129
mM citrate) or into sterile tubes without additives (for serum experiments).
Newborns receiving perinatal antibiotics were excluded. The average gestational
age was 38 weeks, with a range of 33 3/7 to 40 3/7 weeks. All samples were labeled
numerically, and the results were kept anonymous. Samples were kept at room
temperature and tested within 30 to 60 min of collection. Similar results were
obtained with cord blood derived from vaginal and C-section delivery. Adult
peripheral blood was obtained by venous phlebotomy of non-patient adult vol-
unteers.

Bactericidal assays. For bactericidal assays, subcultures of bacterial stocks
were prepared by inoculating a loopful into 20 ml of TSB and incubating at 37°C
with shaking for ~4 h (late logarithmic phase). The bacterial concentration was
determined by measuring the optical density at 550 nm in a spectrophotometer.
Subcultures were harvested by centrifugation and resuspended in sterile physi-
ologic saline to the desired concentration.

Antibacterial assays were conducted in Eppendorf tubes in a total volume of
100 pl. Samples contained 80 wl of blood or buffered saline (20 mM sodium
phosphate [pH 7.4], 0.9% NaCl) as control, 10 ul of rBPI,, (or buffered saline),
and 10 pl of bacteria (added last; final concentration, 10%/ml). Samples were
incubated with shaking at 37°C. At the indicated time points, 10 pl of each
sample was plated on a petri dish and dispersed with ~9 ml of molten (~50°C)
Bacto agar containing 0.8% (wt/vol) nutrient broth and 0.5% (wt/vol) NaCl. The
agar was allowed to solidify at room temperature, and bacterial viability was
measured as the number of colonies formed after incubation of plates at 37°C for
18 to 24 h. Bacterial viability was expressed in terms of CFU as a percentage of
that of the buffered saline control sample. Experiments employing ampicillin and
gentamicin were conducted similarly, except that samples contained 70 pl of
blood (or buffered saline) and ampicillin-gentamicin (premixed in saline at a 20:1
mass ratio based on the clinically relevant dosages) dilutions were added to
sample tubes in a 10-pl volume.

To compare the effects of rBPI,; in the presence and absence of host cells,
antibacterial assays were also conducted with both whole blood and plasma
derived from the same newborns (n = 2). Plasma was generated by collection of
blood into citrate tubes and centrifugation (1,200 X g for 5 min) prior to recovery
of the supernatant (i.e., plasma).
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FIG. 2. Effect of added rBPL,; on the survival of C. koseri in adult and newborn cord blood. C. koseri cells (10* bacteria/ml) were incubated in citrated adult (A)
or newborn cord blood (B) with increasing concentrations of rBPL,,. The results represent the mean of three to four independent determinations (error bars omitted

to enhance figure clarity).

In order to measure the antibacterial activity of rBPI,; under physiologic
divalent cation concentrations, bactericidal assays were conducted in serum
diluted to 10% (vol/vol) with HBSS containing 1.26 mM calcium and 0.9 mM
magnesium. Serum was prepared by collection of newborn cord blood (n = 4)
and adult peripheral blood (n = 3) into sterile tubes devoid of any additives and
with samples allowed to clot at room temperature for 20 min prior to centrifu-
gation (1,200 X g for 5 min) and recovery of the supernatant (i.e., serum). All
serum samples were prepared fresh and tested the same day.

Measurement of TNF-« release. In order to measure the ability of bacteria to
induce TNF-a release in blood, the bacteria were incubated in blood for 5 h.
Blood was diluted fivefold with RPMI and then centrifuged at 1,000 X g for 5 min
to collect the extracellular fluid (diluted plasma). Samples were stored frozen at
—80°C prior to measurement of TNF-a by using a specific ELISA according to
the manufacturer’s instructions (R&D Systems).

RESULTS

Antibacterial activity of rBPL,, in adult and newborn cord
blood. In order to assess whether supplementing newborn
blood with exogenous BPI might enhance its antibacterial ac-
tivity against clinically relevant pathogens, we made use of an
assay system which employs anticoagulated (citrated) blood
(33). We first tested E. coli K1/r, an encapsulated serum-resis-
tant clinical isolate which has been shown to be sensitive to
BPI-mediated killing in both artificial medium (34) and whole
adult blood ex vivo (33). Whereas the growth of E. coli K1/r
was inhibited by adult blood (Fig. 1A), newborn cord blood
served as a growth medium for this organism, which grew
logarithmically over several hours (Fig. 1B). Nevertheless,
rBPI,, was able to markedly diminish growth of this organism
in both adult and newborn cord blood with a 50% inhibitory
concentration (ICs,) of 10 nM (Fig. 1).

Similarly, Citrobacter koseri was inhibited by adult blood, but
grew logarithmically in newborn cord blood (Fig. 2). This iso-
late was intermediate in sensitivity to rBPI,,, requiring 1,000
nM to reduce the number of CFU by 50% in newborn cord
blood (Fig. 2B). K. pneumoniae was relatively BPI resistant,
with ~10,000 nM rBPL,; required to inhibit growth by 50%
(Table 1). E. cloacae and S. marcescens were highly resistant to
the antibacterial activity of rBPL,, (ICs,, >10,000 nM; Table
1). E. agglomerans was rapidly killed by both adult and new-
born cord blood (not shown), precluding analysis of rBPI,,’s
antibacterial activity against this organism. In order to deter-
mine the combined effects of rBPI,, with conventional antibi-
otics, assays were performed in which rBPI,; was added to
whole blood together with a combination of ampicillin and

gentamicin, which are frequently used in many nurseries and
neonatal intensive care units to treat newborns with presumed
bacterial sepsis. Based on their clinical dosages, ampicillin and
gentamicin were added at a 20:1 mass ratio (0.1 to 1,000 g of
ampicillin per ml together with 0.005 to 50 pg of gentamicin
per ml). When tested against E. coli Kl/r, C. koseri, and K.
pneumoniae, the antibacterial effects of rBPI,, were found to
be additive with those of ampicillin and gentamicin; no antag-
onism or synergy was noted (results not shown).

In order to compare the bactericidal activities of rBPL,, in
the presence and absence of host cells, antibacterial assays
were also conducted in whole blood and plasma derived from
the same newborns (n = 2). The activities against E. coli K1/r
were similar in both whole blood and plasma (ICs,, ~10 nM
[data not shown]), suggesting that rBPI,, activity was not de-
pendent on the presence of host cells.

The use of the divalent cation chelator citrate as an antico-
agulant in our whole blood and plasma assay systems raised the
issue of whether this additive might have enhanced the anti-
bacterial activity of BPI by removing stabilizing divalent cat-
ions (i.e., calcium and magnesium) from the outer surface of
the bacterial membrane. In order to determine rBPIL,, bacte-
ricidal activity in the absence of citrate (and in the presence of
divalent cations), antibacterial activity was measured in new-
born (n = 4) and adult (n = 5) serum diluted to 10% (vol/vol)
with HBSS containing calcium and magnesium. The ICs, of
rBPL,, against E. coli K1/r was ~10 to 100 nM in both newborn
and adult 10% serum (not shown), indicating that rBPI,, is
able to exert antibacterial activity in the absence of citrate (and
in the presence of divalent cations) as well.

TABLE 1. Antibacterial activity of rBPI,, against
gram-negative bacterial isolates

IG5 (nM)
Bacterial strain

Adult blood Newborn cord blood
E. coli K1/r 10 10
C. koseri 1,000 1,000
K. pneumoniae ~10,000 ~10,000
E. cloacae >10,000 >10,000
S. marcescens >10,000 >10,000
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FIG. 3. Effect of added rBPI,; on TNF-a induction by E. coli K1/r in adult and newborn cord blood. (A) E. coli K1/r (10" to 10* bacteria/ml) were incubated in
citrated adult or newborn cord blood for 5 h, at which point samples were diluted with RPMI and the extracellular fluid was collected by centrifugation. TNF-a release
was measured by ELISA. In order to determine the effects of 1BPI,; on bacterially induced TNF release, E. coli K1/r cells (10* bacteria/ml) were incubated in citrated
adult or newborn cord blood with increasing concentrations of rBPI,;. (B) TNF release is expressed as a percentage of that of a control sample incubated without

rBPI,,. Results represent the mean = standard error of two to four determinations.

Antiendotoxic activity of rBPL,, in adult and newborn cord
blood. In order to assess the ability of added rBPL,; to inhibit
the endotoxic activity of bacteria in blood, bacteria were added
to citrated blood and incubated for 5 h to allow accumulation
of TNF-a, which was then measured by ELISA. The release of
TNF-« in newborn cord blood in response to E. coli K1/r was
at least as great as that in adult blood (Fig. 3A). rBPI,; was
able to inhibit bacterially induced TNF-a release with similar
potencies in both adult and newborn cord blood (ICs,, 10 to
100 nM) (Fig. 3B).

C. koseri, K. pneumoniae, E. cloacae, E. agglomerans, and
S. marcescens also induced substantial TNF-a release in both
adult and newborn cord blood. Of note, the overall average
levels of TNF-a release induced by all six of the gram-negative
isolates tested were closely similar in both adult and newborn
cord blood (Fig. 4A). In contrast to its variable antibacterial
activity (Table 1), rBPI,; was able to inhibit induction of
TNF-a release by all of the species tested (ICs, 1 to 1,000 nM)
(Fig. 4B and Table 2).
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Of note, although ampicillin and gentamicin had little effect
on the TNF-inducing activity of E. coli K1/r or K. pneumoniae,
addition of rBPL,, either alone or together with ampicillin and
gentamicin profoundly inhibited TNF release induced by these
bacteria (Fig. 5).

DISCUSSION

Newborns are at increased risk of bacterial infection. Al-
though gram-positive bacterial infections, especially group B
streptococcus infections, are more frequent, gram-negative in-
fections remain an important cause of morbidity and mortality
in this age group (2, 30, 31). In this study, we show that new-
born cord blood serves as a rich growth medium for E. coli K1/r
and C. koseri (Fig. 1 and 2, respectively), as well as K. pneu-
moniae (data not shown). These results are consistent with
those of other investigators who have shown inefficient killing
of E. coli by serum of human neonates (19), which may be
related to relatively low complement activity and, possibly,
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FIG. 4. Gram-negative bacterial strains are potent inducers of TNF-a in both adult and newborn cord blood, as shown by inhibition by rBPI,,. (A) Data points
represent averages of TNF-a release induced at each bacterial concentration by the six species tested. (B) Average percentage of TNF release induced by six bacterial
species incubated in the presence of increasing concentrations of rBPI,;. Results represent the mean *+ standard error of 22 to 25 independent determinations.
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TABLE 2. Antiendotoxic activity of rBPI,; shown by
inhibition of TNF-a release

1C5y (nM)
Bacterial strain

Adult blood Newborn cord blood
E. coli K1/r 10-100 10-100
C. koseri 100 100
K. pneumoniae 100-1,000 10-100
E. cloacae 100-1,000 100
E. agglomerans 10-100 10-100
S. marcescens 10-100 1-10

decreased immunoglobulin M activity (37). Despite the rela-
tively low baseline antibacterial activity of newborn cord blood,
we have demonstrated that augmentation of BPI levels in the
form of rBPI,, enhances the antibacterial activity of newborn
cord blood against E. coli K1/r and C. koseri (Fig. 1 and 2).
Given the important role of the complement system in enhanc-
ing BPI activity in biologic fluids (34), we speculate that the
relatively low level of complement activity in newborn cord
blood is sufficient to support BPI activity against these isolates.

In contrast, K. pneumoniae was relatively resistant (ICs,
~10,000 nM) and E. cloacae and S. marcescens were highly
resistant (ICs,, >10,000 nM) to rBPI,, (Table 1). Gram-neg-
ative bacteria are known to vary in their susceptibility to BPI’s
bactericidal action. For example, strains with long-chain LPS
are relatively BPI resistant, presumably secondary to steric
hindrance impairing BPI’s access to its lipid A target (8). Our
results do not speak to the factors that may confer increased
BPI resistance to the K. pneumoniae, E. cloacae, and S. mar-
cescens isolates tested, an important topic that is beyond the
scope of this study. The effects of rBPI,, against all species
tested were, however, additive with the combination of ampi-
cillin and gentamicin. Although no synergy was observed
against these pathogens, antagonism was not observed either,
indicating that rBPI,; does not interfere with the action of
these conventional antibiotics and raising the possibility that
addition of rBPI,, might contribute to antibacterial activity in
settings in which concentrations of ampicillin and gentamicin
are limiting.

Some studies have documented reduced responses of new-
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born leukocytes to endotoxin (27, 28, 32). In contrast, our study,
which employs a whole-blood assay system using whole, live bac-
teria, demonstrates that newborn cord blood releases quantities
of the cytokine TNF-a similar to those of adult blood (Fig. 4).
Our study does not address the reasons for the relatively high
levels of cytokine release in cord blood stimulated with gram-
negative bacteria. We speculate that multiple factors might
account for this result, including the presence of plasma and
other blood-derived cofactors, as well as a more pathophysi-
ologically relevant presentation of endotoxin in the context of
whole live bacteria which has been previously shown to be mark-
edly more stimulatory than purified endotoxin (18). Since our
assay system employs a biologic fluid ex vivo (i.e., blood), our
results suggest that gram-negative bacteria may induce high
levels of TNF-a release in newborns in vivo. Moreover, signif-
icant bacterially induced TNF release occurred even in the
presence of ampicillin and gentamicin, but addition of rBPI,,
effectively neutralized such endotoxic activity in this context as
well (Fig. 5). Excessive TNF release has been implicated in the
pathophysiology of neonatal septic shock (23), and agents that
reduce TNF-a release have been shown to have beneficial
effects in newborn animal models of gram-negative infection in
vivo (9, 25). In contrast, the tendency to have low ex vivo TNF
production in response to endotoxin challenge increases the
risk of fatal bacterial infection (35). Although the complexity
of inflammatory cytokine networks and antiinflammatory coun-
terregulation makes it difficult to predict the clinical effects of
cytokine modulation, it is possible that inhibition of bacterially
induced cytokine release (especially in the context of bacterial
growth inhibition) might have a beneficial impact on newborns
with gram-negative bacterial septic shock.

We have argued that newborns are likely to have limited
amounts of BPI at inflammatory sites because (i) they have
limited marrow reserve and are thus prone to neutropenia (5),
(ii) newborn neutrophils demonstrate impaired migration and
chemotaxis (11), and (iii) newborn neutrophils are relatively
deficient in BPI (21). Studies of neutrophil (granulocyte) trans-
fusion have shown some promise (7), but such therapy is com-
plicated by the need to prepare large numbers of histocompat-
ible cells and can be complicated by transfusion reactions. Of
note in this regard is that a pure formulation of rBPI,, has
been safely administered to over 1,000 human subjects and is
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FIG. 5. Combined effects of ampicillin-gentamicin (A/G) and rBPI,, on bacterially induced TNF-« release. E. coli K1/r (A) and K. pneumoniae (B) were incubated
at a concentration of 10*/ml in newborn cord blood either alone (white bar), with a bactericidal concentration of ampicillin and gentamicin (100 pg of ampicillin and
5 g of gentamicin per ml in panel A and 1,000 g of ampicillin and 50 pg of gentamicin per ml in panel B [grey bar]), with an endotoxin-neutralizing concentration
of rBPL,, alone (100 nM in panel A and 1,000 nM in panel B [striped bar]), or with a combination of ampicillin-gentamicin and rBPI,, (black bar). Results represent

the mean = standard error of three independent determinations.



VoL. 68, 2000

currently being assessed as a potential therapeutic agent in
pediatric meningococcemia (15) and for other applications.
Because the antibacterial and antiendotoxic effects of rBPI,;
or gram-negative bacteria tested in newborn cord blood ex vivo
are manifested at concentrations achievable by exogenous ad-
ministration of this agent in vivo (15), our current study sug-
gests that supplementing BPI may be of clinical benefit to
newborns with gram-negative bacterial infection and/or endo-
toxemia. Further studies to assess the potential utility of rBPI,,
in newborns at high risk for or with gram-negative bacterial
infection are therefore indicated.
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