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Summary

Short-term (0-30 min) pulmonary and systemic vascular re-
sponses of oophorectomized ewes infused intravenously with a
trichloroacetic acid (TCA) extract of a type III (strain 878) group
B streptococces (GBS) were studied. TCA-878 extract induced
significant pulmonary hypertension, reduction in femoral artery
pressure and reduced femoral artery Po,. These responses were
similar to those observed after the infusion of sublethal doses of
E. coli endotoxin and could be prevented by priming the animal
with ibuprofen or indomethacin. Ewes rechallenged 48 h after
their initial dose of TCA-878 extract experienced pulmonary
arterial pressure significantly higher than those induced by the
first infusion. Similar augmented responses were not seen after
rechallenge with endotoxin. Larger doses of TCA-878 extract
resulted in increasingly higher pulmonary arterial pressure. We
conclude that the venous infusion of TCA extracts of GBS-878
induces significant pulmonary hypertension in sheep and that
this response may be mediated by prostaglandins. The vasoactive
substance extracted from these streptococci could play a role in
promoting the vascular instability experienced by the human
neonate with early onset GBS disease.

Abbreviations

FAP, femoral artery pressure

GBS, group B streptococci

PAP, pulmonary artery pressure

PG, prostaglandins

SDS-PAGE, sodium dodecyl sulfate-polyacrylamid gel electro-
phoresis

TCA, trichloroacetic acid

GBS are common causes of serious infections in the human
neonate (1, 8). Though the clinical syndromes caused by GBS
are well described, little is known of how these organisms induce
the attendent physiologic abnormalities. Recently, Hellerqvist,
et al. (7) and Rojas et al. (13) reported the isolation of a
carbohydrate “exotoxin” from the culture media in which type
III GBS had been grown. Intravenous infusion of this material
was found to induce pulmonary hypertension, fever, and increase
pulmonary lymphatic flow in adult sheep. At the time of the
Hellerqvist and Rojas reports (7, 13), we were preparing TCA
extracts of washed, whole GBS for utilization in studies of GBS
antigens. One person in our group (W.F.0.) was utilizing the
oophorectomized adult ewe model of Cefalo et al. (2, 3, 11) to
examine the early phase of vascular responses in sheep after the

venous infusion of E. cofi endotoxin. Noting some striking
similarities in PAP responses induced by the Rojas’ “exotoxin”
and E. coli endotoxin, we infused sterile TCA extract of whole
GBS (type II1, 878) into an oophorectomized ewe. The infusion
resulted in a prompt and impressive rise in PAP, a reduction in
FAP, and a drop in femoral artery Po,. Once our studies had
excluded endotoxin contamination of whole organism extracts
(TCA-878) and produced a predictable vascular response in the
available ewe model, we devised studies: 1) to compare the
vascular responses induced by TCA-878 extract with those in-
duced by E. coli endotoxin; 2) to examine responses to increasing
concentrations of TCA-878; 3) to determine whether, as reported
with endotoxin (3, 11), we might inhibit the ewes’ vascular
responses to GBS-878 with ibuprofen or indomethacin; and 4)
to study the augmentation phenomenon observed when an ani-
mal is given TCA-878 extract and then rechallenged 48 h later
with the same extract.

MATERIALS AND METHODS

GBS bacterial extracts were prepared as follows: GBS were
grown overnight in 3-liter batches in Todd-Hewitt broth (Difco
Laboratories, Detroit, MI), centrifuged (2500 g for 10 min), and
the supernatant discarded. The bacterial button was suspended
in 200 ml of 2% TCA and stirred overnight at 4°C. The cell
button was removed by centrifugation (2500 g for 10 min), the
supernatant removed, and 4 volumes of absolute ethanol added.
The mixture was stored overnight at 4°C, the fine precipitate
removed by centrifugation and lyophilized (The Virtis Company,
Model 6212-0010, Gardiner, NY).

TCA-878 was subjected to carbohydrate analysis in the labo-
ratory of Dr. Barry Gray utilizing the methods reported by
Pritchard ef al. (12). SDS-PAGE was performed on a vertical gel
electrophoresis system (BRL, Model V16, Rockville, MD) utiliz-
ing standard methods. Protein concentrations of the extracts
were determined utilizing the Bio-Rad protein assay (Bio-Rad
Laboratories, Richmond, CA) and read on a Gilford 250 spec-
trophotometer (Gilford Instruments Inc., Oberlin, OH). Extracts
tested were for group B type and group carbohydrate antigens
utilizing a modified capillary precipitin technique (9).

Studies to determine whether the TCA extracts of GBS con-
tained or were contaminated with endotoxin included: 1) quan-
titative Limulus amebocyte lysate and rabbit pyrogen assays
(kindly performed by the laboratory of Dr. Donald H. Hochstein
of the National Bureau of Biologics); 2) utilizing the method of
Selye and associates (14) whereby adult Wistar rats received slow
intravenous injections of 2 mg of lead acetate followed by either
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E. coli endotoxin (0.3 mg/kg), TCA-878 (0.5 mg/kg), or an
equivalent volume of sterile non-pyrogenic physiologic saline;
and 3) the rat model as described by Latour and Leger-Gauthier
(10) was utilized to determine whether TCA-878 could, like
endotoxin, induce the systemic Schwartzman reaction in the
adult rat.

We used the oophorectomized adult sheep model as described
by Cefalo et al. (2, 3, 11). Adult female Dorset sheep weighing
approximately 50 kg were oophorectomized and allowed to
recover for 2 wk. Before the placement of various catheters, each
ewe was anesthetized with ketamine (Parke, Davis and Company,
Detroit MI), 0.2 mg-kg™'-min~', placed in the supine position
and allowed to breath 40% oxygen through a face mask. Indwell-
ing catheters were placed in the common jugular vein, femoral
artery, and pulmonary artery (Swan-Ganz, Edwards Laborato-
ries, Santa Ana, CA). Blood pressure in the pulmonary and
femoral arteries was continuously measured with pressure trans-
ducers (Statham P37B, Statham Company, Oxnard, CA) and
recorded on a multichannel recorder (Hewlett Packard, Rock-
ville, MD). Blood gases were determined every 5 min throughout
the studies with a blood gas-analyzer (IL 813, Instrumentation
Laboratories, Lexington, MA). Anesthesia, drugs, and bacterial
extracts were infused as a bolus via the jugular vein catheter.
Leukocyte and platelet counts were performed by standard meth-
ods.

Several groups of ewes were studied: /) negative control ani-
mals which received sterile physiologic saline; 2) five ewes which
received E. coli endotoxin (055:35, Difco Laboratories, Detroit,
MI) at a dose of 0.3 mg/kg; 3) seven ewes which received
intravenously TCA-878 extracts in sterile physiologic saline (0.5
mg/ml) and to a total dose of 0.5 mg/kg per animal; 4) four ewes
which received alternatively 0.5, 1.0, 5, or 10 mg/kg of TCA
extract of GBS-878 dissolved in sterile physiologic saline; 5) six
ewes which received an initial challenge (0.5 mg/kg) and then 48
hr later were rechallenged with the same dose of TCA-878 extract;
and 6) six ewes which were primed intravenously with 10 mg/kg
of ibuprofen (The Upjohn Company, Kalamazoo, MI); two were
primed with 1.5 mg/kg of indomethacin (Merck, Sharp and
Dohme, West Point, PA) and then each was challenged with 0.5
mg/kg of TCA-878 (3).

Statistics were performed using a two-tailed, Student’s paired
t test.

RESULTS

Examination of TCA-878 extracts for endotoxin. TCA-878
extracts did not induce gelation of Limulus amebocyte lysate in
a test sensitive to endotoxin levels as low as 0.125 ug/ml. Neither
did these extracts induce fever when infused into rabbits. There
were no deaths among the lead acetate primed rats who received
TCA-878 extracts in doses of 0.5 mg/kg. All 10 controls treated
with lead acetate survived as did the controls receiving only
endotoxin. The 10 rats receiving both lead acetate and E. coli
endotoxin were dead 24 h after injection. The six TCA-878
rechallenged rats showed no evidence of the systemic Schwartz-
man reaction in their kidneys as did the six endotoxin rechal-
lenged rats.

Preliminary characterization of TCA-878 extract. Lyophilized
TCA-878 extract was approximately 20% protein. SDS-PAGE
yielded protein bands corresponding with molecular weight con-
trols at_31,000, 43,000, 50,000, 68,000, and 130,000 daltons,
respectively. Chromatographic carbohydrate fingerprints of
TCA-878 were found to be identical with those reported utilizing
whole GBS cells (12) (personal communication with Dr. Barry
M. Gray). TCA-878, dissolved in physiologic saline, yielded
capillary precipitin rings to both group and type III rabbit anti-
sera, although the group ring was very faint.

Sheep infusion studies. Figures 1 through 3 depict the changes
in PAP, FAP, and Po, observed after the jugular vein infusions
of saline, TCA-878 extract, or E. coli endotoxin. Each animal
receiving an initial infusion of endotoxin, or TCA-878 extract,
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Fig. 1. Pulmonary artery pressure measured at baseline, 2, 5, and 10
min in oophorectomized ewes injected intravenously with 0.9% saline,
extract of GBS-878, or E. coli endotoxin. Depicted are mean values +
SE.
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Fig. 2. Femoral arterial pressures measured at baseline, 2, 5, and 10
min in oophorectomized ewes injected intravenously with 0.9% saline,
extract of GBS-878, or E. coli endotoxin. Depicted are mean values *
SE.

demonstrated significant rises in PAP (P < 0.01), and decreases
in FAP and Po, (P < 0.01 and P < 0.05, respectively). Six ewes,
rechallenged with TCA-878 extract 48 h after their initial infu-
sion, experienced a dramatic increase in PAP as compared with
the initial TCA-878 response (P < 0.001). A commensurate
reduction in Po, (P < 0.05) was also observed. Repeat exposure
to E. coli endotoxin, performed in two sheep, failed to produce
an enhanced PAP response.

As depicted in Figures 1-3, ibuprofen administered before
infusion of TCA-GBS extract blocked the pulmonary and fem-
oral arterial responses and the concurrent reduction in arterial
Po,. Similar results were achieved in two animals primed with
indomethacin before TCA-878 challenge.

Sheep given endotoxin (five ewes) experienced reductions in
their leukocyte counts (mean + SD: baseline, 6406 *+ 1846; 5
min, 1166 * 442; and 10 min, 1340 = 947) and reduced platelet
counts (mean =+ SD: baseline, 427,000 + 78,000; 5 min, 179,000
+ 169,000; 10 min 294,000 £ 114,000). In contrast, 12 ewes
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Fig. 3. Po, measured at baseline, 5, and 10 min in oophorectomized
ewes injected intravenously with 0.9% saline, extract of GBS-878, or E.
coli endotoxin. Depicted are mean values + SE.
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Fig. 4. Pulmonary artery pressure (PAP) measured at baseline, 2, 5,
10 min, and 20 min in four oophorectomized ewes given either 0.5 mg/
kg, 1.0 mg/kg, 5 mg/kg, or 10 mg/kg of TCA-878 intravenously.

receiving TCA-878 experienced little change in their leukocyte
counts (mean * SD: baseline, 6489 + 1412; 5 min, 6455 + 1310;
10 min, 6850 % 1329) or in their platelet counts (mean + SD:
baseline, 562,083 + 310,000; 5 min, 589,167 + 374,735; 10 min,
543,750 + 315,271).

Dose response curves are portrayed in Figure 4. In separate
experiments, ewes were challenged with either 0.5, 1.0, 5.0, or
10.0 mg/kg of TCA-878 and their vascular responses measured.
Increased doses of the extract induced higher pressures and
required longer periods of time before the pressures returned to
baseline levels. The changes in PAP were accompanied by re-
ductions in FAP and arterial Po,.

DISCUSSION

Rojas et al. (13) and Hellerqvist e al. (7) recently reported
recovery of an “exotoxin” from a type IIl GBS that induced
pulmonary hypertension in adult sheep. Their “exotoxin,” re-
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covered from the culture media but not whole bacteria, induced
gelation of Limulus lysate and killed 50% of lead acetate-primed
mice at concentrations of 5 ng/ml and 12 ng/ml, respectively.
We extracted material from whole GBS-878 which, in addition
to producing pulmonary hypertension in an endotoxin-sensitive
sheep model (2, 3, 11), also induced acute perturbations in
systemic blood pressure and arterial oxygen tension. The TCA-
878 extract failed to induce gelation of Limulus lysate (assay
sensitive to 125 ng/ml endotoxin) and did not kill lead acetate-
primed rats (14). Although it is possible that TCA-878 extract
and the “exotoxin” represent different substances, it is more
probable that the divergent results of these assays, traditionally
used to detect endotoxins, derive from differences in sensitivities
of the assays utilized.

Preliminary studies demonstrated striking similarities between
the vascular responses in pophorectomized ewes receiving sub-
lethal intravenous doses of E. coli endotoxin and those given
TCA extracts of GBS-878. Standard tests ruled out contamina-
tion of the material with endotoxin. Efforts to produce a systemic
Schwartzman reaction by successive intravenous challenge of
adult rats with the extract were unsuccessful as no glomerular
thrombosis was observed (10). These studies suggested that de-
spite induction of very similar vascular responses in oophorec-
tomized ewes, there are important differences in the biologic
activities of TCA-878 extract and E. coli endotoxin.

During studies to determine whether the GBS extract could
induce a systemic Schwartzman-like response, oophorectomized
ewes were infused intravenously with standard doses of endo-
toxin or TCA-878 and then rechallenged after 48 h with the
same dose of the homologous material. Impressive differences in
the vascular responses of the endotoxin and the TCA-878 re-
challenged ewes were observed with the TCA-878 rechallenged
animals experiencing the highest recorded PAP levels (Fig. 1).
Augmentation of the vascular responses with TCA-878 was
unexpected. We are aware of no reports of other bacteria-derived
products which induce similar vascular responses in animal
models. The mechanisms responsible for augmentation remain
to be elucidated. Antibody-mediated or anamnestic responses
seem unlikely causes because of the brief time between challenge
doses. Pulmonary Schwartzman reactions appear unresponsible
as we were unable to produce the enhanced response by challenge
and rechallenge with E. coli endotoxin. Augmentation may be
PG mediated as it was prevented by priming the ewes with
ibuprofen before rechallenge.

Previous work, utilizing the oophorectomized ewe model dem-
onstrated correlations between PAP in endotoxin-challenged
ewes and serum levels of PGE and F,, (3). Sheep primed with
ibuprofen or indomethacin and then challenged with endotoxin
failed to develop increased PAP or significant increases in serum
PG levels (3). Similar to the endotoxin model, ewes primed with
ibuprofen or indomethacin and then challenged with TCA-878
also failed to experience pulmonary hypertension or decreases in
FAP or arterial Po,. Ibuprofen and indomethacin reduce PG
production by inhibiting PG synthetase (4, 5). The prevention
of pulmonary hypertension and the other vascular changes in-
duced by TCA-878 suggest that PG may play an important role
in their genesis. Whether PG are released secondary to acute
endothelial injury or perhaps by platelet or leukocyte aggregation
is unknown. The latter cause seems less likely as we were unable
to document reductions in either platelet counts or leukocyte
counts in concert with the changes in pulmonary pressure.

One can only speculate as to whether these observations have
relevance to the problem of GBS infection in the newborn.
Harrison and associates reported in 1969 (6) that infusion of
endotoxin in dogs resulted in injury to the endothelium of
pulmonary vessels, reduction in pulmonary surfactant, and at-
electasis. Hyaline membranes are commonly found in the lungs
of infants who die with GBS pneumonia and sepsis (1, 8). Indeed,
some of the early high mortality seen in early onset disease
occurred because clinicians had not yet recognized the similari-
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ties between the respiratory distress syndrome (hyaline mem-
brane disease) in the premature infant and GBS pneumonia and
sepsis. To date, there are no reported PAP measurements in
infants with GBS sepsis or pneumonia; however, because neo-
nates are born with already thickened pulmonary arteriolar walls
and pulmonary vessels very responsive to acidosis, hypoxemia,
or hypercarbia, it seems possible that bacterial products from
GBS might induce serious pulmonary vascular injury in infected
infants. The injury would promote the release of vasoactive
mediators such as PG decreasing pulmonary arterial blood flow
thus exacerbating the infants’ hypoxemia.
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Summary

The plasma concentrations of 25-hydroxyvitamin D (OHD),
1,25-(OH).,D and 24,25-(OH),D were determined in 28 healthy
premature infants (median gestational age 33, range 28-36 wk;
and median birth weight 1880, range 900-2350 g) during the
first S-10 wk of life, and in a reference group of 17 young adults.
The infants received a vitamin D supplement of 500 IU/d and a
diet low in calcium (Ca) and phophorus (P) compared with that
of corresponding intrauterine accretion rates.

The median 25-OHD concentration increased from 11 (range
6-30) ng/ml at 1 d to 27 (range, 15-41) ng/ml by 5-10 wk of
age (P < 0.01). 1,25-(OH),;D concentrations at age 1 d were
similar to the adult levels (median 37, range 8-64 versus 35,
range 18-58 pg/ml), but increased significantly within 1 wk to
48 (26-156) pg/ml (P = 0.01), and between 1 and 3-4 wk of age
to 104 (58-203) pg/ml (P< 0.01). The levels at 5-10 wk were
similar to the 3—4 wk value. 24,25-(OH),D concentrations were
persistently low compared with the adult levels (medians 0.4-
0.5, range <0.3-2.1 versus 1.7, range 0.4-2.0 ng/ml, P < 0.01).
The relative concentrations, expressed as the ratio of 24,25-

(OH).D to 25-OHD, were comparable to those of the adults at
birth, but decreased significantly within 2 wk. The data demon-
strate that healthy premature infants can produce high plasma
levels of 1,25-(OH).D. '

The main function of vitamin D is to enhance intestinal
absorption of calcium (Ca) and phophorus (P) (reviews 12, 15).
This effect, however, is first achieved after a series of metabolic
alterations. The vitamin is first hydroxylated to 25-OHD in the
liver, and then to 1,25-(OH),D, which is the principal metabolite
with biologic activity, in the kidneys. The circulating concentra-
tion of 1,25-(OH),D is regulated according to the body’s need
for Ca and P (12, 15). Other vitamin D metabolites have also
been isolated. 24,25-(OH),D has received most attention, but its
significance remains to be clarified (12, 15).

Rickets is not uncommon in premature infants (7, 23, 31).
Several factors are probably of pathogenetic importance (5, 7,
10, 25, 30), and deficient functions in all aspects of vitamin D
metabolism have been implicated, such as: intestinal absorption
(21, 31, 37), hepatic 25-hydroxylation (19, 21, 31), renal 1-
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