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ABSTRACT. Despite the serious pulmonary manifesta- intact animal could be initiated by a direct interaction 
tions of early onset group B streptococcal (GBS) sepsis, it between GBS and resident lung cells without obligatory 
is not known whether the organism distributes into lung participation by other organ systems. (Pediatr Res 27: 
tissue and whether adverse pulmonary hemodynamic ab- 344-348,1990) 
normalities relate to an interaction between the organism 
and target cells in the pulmonary vascular bed. Accord- Abbreviations 
ingly, this study evaluated the distribution and fate of GBS 
in the lung, liver, and spleen of anesthetized infant piglets GBS, group B streptococcus 

and in isolated, salt solution-perfused piglet lung prepara- HBSS, Hanks' balanced salt solution 

tions. GBS were radiolabeled with lllIndium-oxine and cfu, colony-forming unit 

infused at a dose of 108 organisms/kg/min for 15 min into Ppa, pulmonary arterial pressure 

anesthetized piglets ranging in age from 5-10 d. Forty-five Pla, left atrial pressure 
min after termination of the infusion, animals were killed Rt, total resistance 

and specimens of lung, liver, spleen, and blood were excised Ra, arterial resistance 

and the relative deposition and viability of GBS were Rv, venous resistance 

determined. Most of the recovered bacteria were detected Pdo, double occlusion pressure 

in the lung (53.2 f 3.9%) followed by the liver (41.4 f 
2.0%) and spleen (2.2 f 0.38%). GBS detected in the blood 
was estimated to be only 3.2 2 1.0% of the infused dose. 
Viability of GBS was least in the lung (21.4 2 2.6%) The question is straight-forward: Does GBS promote pulmo- 
relative to the liver (45.7 f 11.2%) and spleen (83.4 +: nary hypertension in the newborn through interaction with a 
19.5%). After a 60-min GBS infusion, transmission elec- target cell in the lung? The concept that GBS-induced pulmonary 
tron microscopy localized the organism within pulmonary hypertension results from an interaction with resident lung cells 
intravascular macrophages in the lung; there was no evi- is intuitively appealing. The lung contains several cell types that 
dence for bacterial interaction with either neutrophils or could serve as transducers of the pulmonary hemodynamic re- 
endothelial cells. In the liver, GBS was found exclusively sponse to GBS. For example, the lung contains a substantial 
in Kupffer cells. In isolated piglet lungs perfused at a population of marginated neutrophils, a phagocytic cell known 
constant flow rate with blood-free physiologic salt solution, to elaborate various mediators incriminated in the response to 
GBS (lo6 to 10' organisms/mL) provoked concentration- GBS (I) ,  including thromboxane AZ, sulfidopeptide leukotrienes, 
dependent increases in pulmonary vascular resistance. and toxic oxygen radicals (2-4). Pulmonary vascular endothelial 
Transmission electron microscopic examination of isolated cells also exhibit phagocytic activity ( 5 ,  6) and produce eicosa- 
lungs indicated that GBS was localized within pulmonary noids with chemoattractant activity for neutrophils (7). The 
intravascular macrophages, again with no apparent intrac- pulmonary microcirculation also is the site of a recently discov- 
tions between the organism and other cellular residents of ered population of intravascular macrophages that function to 
the pulmonary vascular bed. These results indicate that clear circulating bacteria and inert particulates from the blood 
GBS distributes into lung and liver where resident intra- during pulmonary transit (8). Significantly, these cells, too, gen- 
vascular phagocytes, possibly pulmonary intravascular erate vasoactive and injurious metabolites of arachidonic acid 
macrophages and Kupffer cells, respectively, contribute to (9) and, in adult sheep, seem to play a central role in initiating 
killing of the organism. In addition, because GBS evokes the adverse pulmonary hemodynamic consequences of micro- 
pulmonary hypertension in isolated piglet lung prepara- embolization with liposomes (10). However, the liver is tradi- 
tions, it appears that cardiopulmonary disturbances in the tionally viewed as the predominant reticuloendothelial organ of 
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Our study had several principal goals. First, we sought to 
quantitate the distribution and killing of GBS in the classic 
reticuloendothelial organs, the liver and spleen, and compare 
these with clearance of GBS into the lung. Second, we hoped to 
identify the cell types in which GBS could be localized in these 
organs. Finally, we used isolated piglet lung preparations perfused 
with blood-free salt solution to determine if pulmonary hyper- 
tension could be initiated via a direct interaction between GBS 
and target cells in the lung. 

MATERIALS AND METHODS 

Preparation of "'In-labeled GBS and assessment of bacterial 
disposition. Cultures of GBS (Streptococcus agalacticae, serotype 
11, American Type Culture Collection no. 138 13, Difco Labora- 
tories, Detroit, MI) were inoculated in brain-heart infusion broth 
containing 7% heat-inactivated FCS and grown to log phase at 
37°C under a 5% C 0 2  atmosphere. The medium was centrifuged 
at 2000 x g for 15 min and the pellet washed and resuspended 
in HBSS. Concentration of bacteria in the s l u m  was determined 
by quantitative culture and by relating optical density to cfu. To 
assess deposition of GBS, the organisms were radiolabeled with 
"lIndium-oxine using the following procedure: GBS suspended 
in HBSS were centrifuged, the pellet was resuspended in HBSS, 
and 1 mL containing approximately 2.5 x 10" cfu was trans- 
ferred to a microfuge tube and mixed with 15 pCi "'In-oxine. 
The tube was vortexed three times at 5-min intervals and then 
centrifuged at 15 000 x g for 2 min. The resulting pellet was 
resuspended in I mL HBSS. This procedure (vortexing, centrif- 
ugation, and resuspension) was repeated four times. After the 
third cycle, bacteria were resuspended in 50 mL of medium 
(instead of 1 mL) and allowed to stand at room temperature for 
1.5 h to remove any remaining soluble or loosely adherent 
indium. After the last centrifugation, the pellet was resuspended 
in HBSS to a bacterial concentration lo9 cfu/mL. Thorough 
preliminary experiments demonstrated that neither the sp act 
the radiolabeled bacteria nor bacterial viability changed as a 
function of time after the labeling procedure and that only 10% 
or less of the total radioactivity was present in the infusate as 
unbound label. 

Piglets ranging in age from 5-10 d and in wt from 1.9-2.8 kg 
were anesthetized with 50 mg/kg sodium pentobarbital (i.p.) and 
placed on a servo-controlled heat exchanging pad to maintain 
body temperature at 38 + 1°C. A tracheal cannula was inserted 
and the animals were ventilated (FI02 = 0.3) with a Harvard 
small animal ventilator (Kent, England). A polyethylene catheter 
was inserted into the jugular vein and advanced into the pul- 
monary artery for monitoring of Ppa. Additional catheters were 
inserted into the femoral vein and artery for bacterial adminis- 
tration and for monitoring of Ppa and systemic arterial pressures. 
Pressures were monitored using Statham transducers (Oxnard, 
CA) in conjunction with a Grass model 7 polygraph (Quincy, 
MA). Arterial blood gases in I-mL blood samples taken from 
the arterial catheter were determined using an Instrument Lab- 
oratories model 2 13 blood gas analyzer (Lexington, MA). During 
a 30-min equilibration period, the ventilator was adjusted to 
attain Po2, Pco~, and pH values of 100 torr, 40 torr, and 7.4, 
respectively. 

Animals were killed with an overdose of sodium pentobarbital 
at 45 min after termination of a 15-min infusion of lo8 cfu GBS/ 
kg/min. The lungs, liver, and spleen were removed aseptically, 
weighed, and homogenized in 4 mL sterile HBSS. Radioactivity 
was determined in an aliquot of homogenate using a Packard 
gamma counter (Downers Grove, IL). Bacterial deposition was 
quantitated as the percentage of radioactivity distributing into a 
particular organ relative to the total amount recovered. To assess 
the amount of bacteria remaining in the blood, a 1-mL blood 
sample was taken at the time organs were removed and reserved 
for determination of radioactivity. The blood vol was estimated 
as 80 mL/kg body wt and multiplied by the radioactivity deter- 

mined in the 1-mL reference sample. The amount of bacteria 
remaining in the estimated total blood vol expressed as a per- 
centage of the total amount recovered. To assess bacterial viabil- 
ity, an aliquot of homogenate was serially diluted in HBSS, 
streaked on blood agar plates, and incubated for 24-48 h in 5% 
C 0 2  at 37°C. Bacterial colonies were counted and expressed as 
cfu per g of tissue. The percentage bacterial viability, determined 
according to methods previously described by Coonrod et al. 
(14), was calculated as: 100 x [(cfut/cpmt) -+ (cfu,/cpmi)] where 
t refers to time after infusion and i refers to the value for the 
uninfused GBS inoculum. This method permits estimation of 
the proportion of bacteria deposited which remain viable. 

~ l e c i o n  microscopy. ~ransmission electron microscopic ex- 
amination was performed on lungs and liver from two pentobar- 
bital-anesthetized piglets infused with bacteria (lo8 cfu/kg/min) 
for either 15 or 60 min and in isolated lungs receiving bacterial 
challenges as described below. Lungs were infused via the airways 
for 30-45 min with 3% glutaraldehyde in Sorenson's phosphate 
buffer (pH 7.4) at a hydrostatic pressure of 25 cm H20.  Lung 
tissue samples were taken from the lower left lobe and, along 
with specimens of liver, were immersed in fresh Sorenson's buffer 
for an additional 24 h. Subsequently, tissue was transferred to 
0.2 M cacodylate buffer containing 2% sucrose. For transmission 
electron microscopy, tissue blocks 1- to 2-mm thick were post- 
fixed in 1 % osmium tetroxide in 0.1 M cacodylate buffer for 2 
h and stained en bloc with 0.5% uranyl acetate at pH 5.0. Samples 
were then dehydrated in graded alcohols and propylene oxide, 
embedded in epoxy resins, and 40- to 60-nm thick sections were 
cut with a diamond knife using a Sorval MT2B ultramicrotome 
(Wilmington, DE). Sections were poststained with lead acetate 
and examined on a Phillips 300 electron microscope (Mahwah, 
NJ). 

Isolated, perjiused piglet lung preparation. Piglets ranging in 
age and wt from 1.7-2.5 kg and 3-10 d, respectively, were 
anesthetized with sodium pentobarbital (50 mg/kg, intraperito- 
neally). The trachea was cannulated and the animals were ven- 
tilated with room air at a tidal volume of 7 mL/kg and at a rate 
of 45 breaths/min. The thorax was opened and the animals 
received an intraventricular injection of 400 U heparin/kg. Sub- 
sequently, the pulmonary artery and left atrium were cannulated 
and the pulmonary circulation was perfused at 20 mL/min with 
500 mL of warmed (37"C), physiologic salt solution in a nonre- 
circulation manner to wash residual blood elements from the 
lung. The composition of the physiologic salt solution in mM/L 
was: NaCl, 118; KC1, 4.7; CaC12, 1.9; MgS04, 0.57; KH2P04, 
1.18; NaH2C03, 24.9; dextrose, 6.0; and BSA, 3% (wt/vol). All 
chemicals were of reagent grade and were dissolved in distilled, 
deionized water. 

After perfusing the pulmonary circulation in a nonrecirculat- 
ing manner, the heart and lungs were excised en bloc and 
suspended in a warmed (37"C), humidified "thorax." Perfusion 
was changed from nonrecirculating to the recirculating mode 
with 400 mL perfusion medium in the reservoir and the perfusion 
rate adjusted to 30 mL/min/kg body wt of the donor animal. 
Ventilation was then switched to 95% air supplemented with 5% 
C02. Positive end-expiratory pressure (4 cm H20)  was then 
applied and the preparation was allowed to equilibrate for 20 
min. Baseline  PO^, Pcoz, and pH in this isolated system were 
125 + 2.4, 44.5 k 2.3, and 7.4 + 0.04, respectively. Ppa and Pla 
were measured from transducers zeroed at the level of the heart. 
Pdo was measured by transiently interrupting flow through the 
pulmonary circulation and allowing pressure to equilibrate over 
the entire vascular bed. Pdo has been shown to be an indirect 
but reliable estimate of pulmonary microvascular pressure (1 5). 
Pressures were recorded on a Grass model 79 polygraph. Resist- 
ance across the Rt vascular bed along with the Ra and Rv 
components of the pulmonary vascular resistance were calculated 
in the following manner: 

Rt = (Ppa - Pla)/(Q/kg) 

Ra = (Ppa - Pdo)/(Q/kg) 

Rv = (Pdo - Pla)/(Q/kg) 
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The term Q in the equations refers to the flow rate, which was 
held constant at 30 mL/min/kg body wt of the donor animal. 

Four isolated lungs were challenged with GBS by sequential 
addition of the organisms to the perfusate reservoir in concentra- 
tions of lo6, lo7, and 10' cfu/mL. Peak changes in vascular 
pressures occurred within 4-6 min of bacterial challenge. Prep- 
arations received the next highest bacterial dose at 8-10 min 
after the preceding challenge. Ten min after receiving the 10' 
cfu/mL bacterial dose, two isolated lungs were prepared for 
electron microscopic assessment of bacterial localization as de- 
scribed above. 

Statistical analysis. Differences in the relative distributions in 
GBS between the lung, liver, spleen, and blood were assessed 
using a one-way analysis of variance and Neumann-Keuls test 
for multiple comparisons, as appropriate. The impact of selected 
concentrations of GBS on vascular resistances in isolated, per- 
fused lung preparations was evaluated using a one-way analysis 
of variance and Neumann-Keuls test for multiple comparisons 
when appropriate. p values 50.05 were considered to denote 
statistical significance. 

RESULTS 

Pulmonary hemodynamic effects of GBS. A 15-min i.v. infu- 
sion of GBS (10' cfu/min) increased mean pulmonary arterial 
pressure by 18.6 + 2.2 torr. Arterial Poz decreased by 25.6 + 9.0 
torr. These changes reverted to control levels within 5-10 min 
of termination of the GBS infusion. 

Organ-specijic disposition of GBS. Figure 1 illustrates the 
relative distribution and viability of "'In-labeled GBS into lung, 
liver, spleen, and blood. GBS was administered as a 15-min i.v. 
infusion of 10' organisms/kg/min and bacterial disposition was 
assessed 45 min after termination of the infusion. Deposition 
was greatest in lung and liver followed by the spleen. The total 
blood volume also contained a minute quantity of infused bac- 
teria. Bacterial viability was least in the lung, significantly greater 
in the liver, and nearly 100% in the spleen. 

Transmission electron microscopy was used to determine the 
cell type in which bacteria localized in the lung and liver. The 
spleen was not examined because this organ did not appear to 
contribute significantly to clearance of GBS. Bacterial deposition 
initially was examined after a 15-min GBS infusion (lo8 cfu/kg/ 
min). However, because very few bacteria were detected by 
electron microscopy using this protocol, additional experiments 
were conducted using a 60-min infusion of GBS given at the 
same dose rate. In these studies, bacteria were readily detected 
in both lung and liver. As illustrated in Figure 2, bacteria in the 
lung were localized to pulmonary intravascular macrophages. 
We found no evidence for localization of GBS within endothelial 
cells or sequestered leukocytes. In the liver (Fig. 3), GBS were 
localized exclusively within Kupffer cells. 

Effects and localization of GBS in isolated piglet lungs. Studies 

Lung L i v e r  Spleen Blood 

Fig. 2. Transmission electron micrograph demonstrating localization 
of GBS (arrow) within a pulmonary intravascular macrophage (PIM) in 
an intact, anesthetized piglet. Magnification x 13 000. 

Fig. 3. Transmission electron micrograph demonstrating localization 
of GBS within a hepatic Kupffer (K) cell in an intact, anesthetized piglet. 
S, sinusoid, L, liver cell. Magnification X 5900. 

were conducted in isolated piglet lung preparations to determine 
if GBS in concentrations of 1 06- 1 O8 cfu/mL of perfusion me- 
dium caused pulmonary hypertension without involvement of 

Fig. 1. Percentage distribution of "'indium (solid bars) and percent- other organ systems. As shown in Figure 4, GBS caused concen- 
age of GBS remaining viable (hatched bars) in lung, liver, spleen, and tration-dependent increases in Rt and its components, Ra and 
blood in anesthetized piglets (n = 11). GBS were given as a 15-min Rv. Increases in Rt were related principally to elevations in Ra 
infusion of lo8 cfu/kg/min and distribution and viability of the organism with only a modest contribution of increases in Rv. At the end 
was determined 45 min later. of the lung perfusion protocol, isolated lungs were prepared for 
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u, 1.0- - DISCUSSION .- 
C 

In our experiments, as in numerous previous publications, 
GBS produced pulmonary hypertension accompanied by arterial 
hypoxemia. A number of chemical mediators have been incrim- 
inated in the pulmonary response to GBS sepsis, including 
thromboxane A2 (2) sulfidopeptide leukotrienes (3) and toxic 
oxygen radicals (4). Based on their involvement in animal models 
of endotoxin-induced lung injury, it is possible that the cytokines 
tumor necrosis factor and IL-I also contribute to GBS-induced 
pulmonary abnormalities (16, 17). Despite the relatively detailed 

> 0.0 information concerning the pathophysiologic characteristics and 
Baseline 1 1 0  1 0 0  chemical mediators of GBS-induced pulmonary hypertension, it 

Dose GBS (cfu x 1 million) is not known whether GBS interacts with a target cell population 

Fig, 4. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ . d ~ ~ ~ ~ ~ ~ ~ ~  effects of GBS on R ~ ,  R ~ ,  and R~ in the lung to initiate the hypertensive response or whether 

resistances in isolated piglet lungs perfused at constant flow with blood. Organs is required. In this there 

free Krebs-Henseleit medium (n = 4). are at least several itinerant or resident lung cell types, including 
vulmonarv intravascular macrophages, endothelial cells, or neu- 

Fig. 5. Transmission electron micrograph demonstrating localization 
of GBS (arrow) within a pulmonary intravascular macrophage (PIM) 
after intravascular delivery to an isolated piglet lung perfused at constant 
flow rate with blood-free Krebs-Henseleit solution. I, interstitium; A, 
alveolus. Magnification x 8700. 

electron microscopic examination. Similar to the results in intact 
animals, GBS administered to isolated lungs were localized in 
pulmonary intravascular macrophages (Fig. 5).  Bacterial uptake 
by endothelial cells or sequestered neutrophils was not observed. 
Interestingly, bacteria also were noted in the airways of perfused 
lungs, in contrast to their confinement to the vascular compart- 
ment in intact piglets. Also in contrast to observations in intact 
animals, perivascular edema was evident in isolated lungs receiv- 
ing GBS. 

trophils, which could phagocyt6se intravascular GBS and which 
elaborate the above mentioned autacoids (4-8). The liver, a 
classic component of the reticuloendothelial system, also con- 
tains resident phagocytes known to release some of these chem- 
ical mediators into the circulation (1 1-13). Against this back- 
ground, our study sought to determine if GBS distributed into 
the lung and if pulmonary hypertension was initiated through 
an interaction with a resident lung cell population or if other 
organs, particularly the liver, were essential for development of 
hemodynamic abnormalities. 

We found that infused GBS distributed to similar extents into 
the lungs and liver of infant piglets. That the lung, in addition 
to the liver, is important to clearance of intravascular particulates 
is consistent with a number of previous reports on organ-specific 
distribution of bacteria and particulates in adult pigs (8). How- 
ever, most previous studies indicate that, in the specific case of 
pigs, distribution into the lung is relatively greater than that in 
liver or spleen. The reasons for such a quantitative difference 
between the present experiments and earlier reports are not clear, 
but at least two major factors may contribute. First, it is known 
that organ distribution depends somewhat on the type of bacteria. 
Rogers noted in rabbits that although Staphylococci localized 
principally in circulating neutrophils, Escherichia coli and Pseu- 
domonas distributed into the liver (1 8). A second reason relates 
to the age of the animals. Previous reports have used adult pigs, 
whereas the present experiments used animals between 5 and 10 
d old. There are multiple differences in host-defense mechanisms 
between adults and infants that might influence bacterial dispo- 
sition, including a decreased density of pulmonary intravascular 
macrophages in neonates (19) and depressed capacities of other 
phagocytes such as neutrophils (20). Regardless of the mecha- 
nism underlying quantitative differences between the organ- 
specific disposition of GBS in infant piglets and other bacteria 
in adult pigs, the fact that GBS distributes into the lung and liver 
suggests that both organs could affect the pulmonary hemody- 
namic response to GBS. 

Early studies on organ-specific bacterial disposition used quan- 
titative culture techniques to assess bacterial clearance. However, 
this approach fails to discriminate between clearance due to 
deposition and clearance due to killing. In our study we found 
that substantial proportions of bacteria distributing into the lungs 
and liver were killed. This observation is consistent with a 
preliminary report from our laboratory indicating that the lung 
kills GBS in part through an oxygen radical-dependent bacteri- 
cidal mechanism and that oxygen radical-dependent bacterial 
killing may be functionally linked to development of hemody- 
namic abnormalities (2 1). 

The cell types in the lung and liver responsible for bacterial 
killing GBS have not been previously reported. In our experi- 
ments, electron microscopy localized GBS in the lung to pul- 
monary intravascular macrophages and, in the liver, to Kupffer 
cells. Although the bactericidal capacity of pulmonary intravas- 
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cuhr macrophages has yet to be assessed, Kupffer cells, their 
morphologic counterpart, are known to exhibit such activity 
(22). Interactions between GBS and neutrophils or endothelial 
cells were not observed in either organ. Based on these consid- 
erations, we suggest that pulmonary intravascular macrophages 
and Kupffer cells play central roles in host-defense against GBS 
in infant piglets. Nevertheless, certain limitations of our experi- 
mental design dictate that this suggestion be viewed with caution. 
By necessity, our microscopic analysis was performed on piglets 
receiving bacterial infusions for 60 min, whereas bacterial depo- 
sition and viability were evaluated in a separate group of animals 
at 45 min after termination of a 15-min bacterial infusion. The 
two groups of animals thus received bacteria administered by 
different dosing regimens which, in turn, could conceivably 
influence the pattern of cellular localization. Perhaps more im- 
portantly, our electron microscopic analysis was qualitative and 
performed on only a few subjects. Important interactions be- 
tween GBS and other cells could have been overlooked. 

The foregoing observations indicated that GBS distributes into 
the lung and liver and evokes a microbicidal response in these 
organs. Further, the cells that appear to be responsible for the 
bactericidal activity are believed to be metabolically active and 
capable of releasing a variety of vasoactive and injurious media- 
tors implicated in GBS sepsis. Thus, bacterial interaction with 
cells in either or both organs could elaborate mediators that 
initiate pulmonary hypertension. We reasoned that a most direct 
means to determine if bacterial uptake into resident lung cells 
was sufficient to initiate pulmonary hypertension was to use an 
isolated lung preparation. If GBS promoted hypertension in the 
isolated lung and if the bacteria were localized in the same cell 
type with which it interacted in the intact animal, this would 
constitute provocative evidence for a direct interaction with 
target cells of the lung. Using an isolated piglet lung preparation 
perfused with blood-free medium, we found that GBS promoted 
concentration-dependent increases in Rt that were attributed 
primarily to elevations in Ra. Consistent with the above obser- 
vations in intact animals, electron microscopic examination of 
isolated lungs perfused with GBS indicated bacterial uptake by 
pulmonary intravascular macrophages with no evidence for 
interactions with endothelial cells or sequestered neutrophils. 
Perivascular "cuffs7' suggestive of edema formation also were 
noted and are consistent with the GBS-induced pulmonary 
edema formation in intact animals (4). These observations are 
interesting on two accounts. First, they indicate that pulmonary 
hypertension in response to GBS can be initiated by an interac- 
tion between the bacteria and resident pulmonary vascular cells 
without the obligatory participation of organ systems other than 
the lung. Second, keeping in mind the limitations of our electron 
microscopic analysis noted above, because bacteria were local- 
ized within pulmonary intravascular macrophages and because 
no evidence for interactions between bacteria and neutrophils 
were noted, it is tempting to speculate that intravascular macro- 
phages were important in initiating the hypertensive response. 
Interestingly, granulocyte depletion with hydroxyurea blocks the 
pulmonary hemodynamic response to GBS in young lambs (22), 
thus suggesting that neutrophils do indeed have an important 
role in this model of sepsis-induced lung injury. Based on these 
considerations, it seems likely that pulmonary intravascular mac- 
rophages interact with other lung cells, including neutrophils and 
perhaps endothelial cells, to promote the constellation of pul- 
monary abnormalities associated with GBS sepsis. 

In summary, results of this study indicate that in piglets, GBS 
is taken up and killed by the liver and lung. The cell types 
responsible for microbicidal activity may be the hepatic Kupffer 

cell and the pulmonary intravascular macrophage, respectively. 
GBS administered to isolated piglet lungs perfused with blood- 
free medium is localized in pulmonary intravascular macro- 
phages and causes pulmonary hypertension. These observations 
suggest that GBS may promote pulmonary hypertension through 
a direct interaction with resident lung cells and without obliga- 
tory participation of organs other than the lung. 
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