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ErythropoiAc Stimulating Activity During the First Ninety Days 
of Life. (29800) 
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The hypothesis that erythropoiesis is influ- 
enced by a humoral substance, erythropie- 
tin, rests on multiple experimental and clini- 
cal observations ( 1,2 ) . Its unequivocal dem- 
onstration in normal plasma has not been ac- 
complished and the significance of erythro- 
poietin in the physiological control of erythro- 
poiesis is uncertain( 2 ) .  In contrast definite 
elevations of plasma erythropoietin have been 
demonstrated in certain pathologic states 
manifested by major erythropoietic devi- 
ations ( l ,2). Conclusions regarding the physio- 
logic role of erythropoietin based on the fore- 
going observations are, at best, indirect. 

The alterations of erythropoiesis which 
occur during the first months of life provide 
a unique opportunity to explore the possible 
physiologic effects of erythropoietin. This re- 
port details serial observations made on plas- 
ma erythropoietin levels of infants during the 
first 90 days of life. Results indicate that 
erythropoietin may exert physiologic control 
of erythropoiesis in the newborn period. 

Methods and materials. Twenty-one new- 
born infants weighing greater than 2.5 kg and 
with no family history of blood dyscrasias 
were studied. Cord blood was obtained by 
needle aspiration after pulsation had ceased. 
Subsequent blood samples were obtained by 
femoral vena puncture a t  4, 30, 60 and 90 
days following birth. Blood was anticoagu- 
lated with EDTA, centrifuged, and the plas- 
ma removed and frozen until bioassay. The 
usual feeding regimen without vitamin sup- 
plementation was followed. If illness was 
found or reported, the infant was eliminated 
from the study, and 7 of the initial infants 
were followed to completion. 

Erythropoietin assay was carried out by a 
modification of a method previously de- 
scribed by Cotes and Bangham ( 3 ) .  Six-week- 
old CF #1 virgin female mice weighing 15-28 
g were maintained on a diet of Purina Labo- 

ratory Chow with tap water allowed ad libi- 
tum. Erythrocythemia was produced by ex- 
posure to discontinuous hypobaric hypoxia 
(0.5 atmospheres) for a 2-week period after 
which the hypoxic stimulus was withdrawn. 
The assay was carried out during the 96-hour 
period following hypoxic stimulation, while 
the animal was a t  ambient pressure. At 24 
and 48 hours 0.2 ml of plasma or 0.9% sa- 
line solution was administered I.P. Seventy- 
eight hours following the end of hypoxic 
stimulation 0.2 pc Fe59/0.2 pg Fe56 citrate 
was administered I.V. via the tail vein, and 
red blood cell radioiron incorporation deter- 
mined 18 hours later (4). 

Results. Hemoglobin and hematocrit de- 
terminations are presented in Table I. The 
initial hematocrit and hemoglobin determina- 
tions in cord blood were normal. By day 4 
there had been an increase, by day 30  hema- 
tocrit and hemoglobin had diminished below 
the levels found in cord blood. There was a 
further decrease by day 60, but hematocrit 
and hemoglobin then stabilized. Erythropoie- 
tic stimulating activity determined by the 
method described above was slightly but sig- 
nificantly (p>O.Ol)  elevated in cord blood 
(Table I). Plasma from 4-day-old and 30- 
day-old infants did not demonstrate signifi- 
cant erythropoietic stimulating activity 
whereas a t  day 60 and day 90 there was a 
significant (p<O.OOl ) increase. The relation- 
ship between erythropoietin activity and he- 
moglobin levels is presented in Figure 1. As 
hemoglobin level diminished erythropoietin 
activity increased. 

Comment. Studies of erythrocyte produc- 
tion utilizing reticulocyte counts, marrow 
erythroid cell counts and radioiron erythro- 
cyte incorporation ( 5,6) have demonstrated 
accelerated erythropoiesis at birth with a de- 
crease to lower levels within a few days. Di- 
minished erythropoiesis is reflected in hemo- 
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TABLE I. Results of Erythropoietin Away, Hermatoorit and Hemoglobin Levels in the Neo- 
natal Period. 

18 hr Fe69 RBC incorporation 
Ageof No. Hb, g % Hct,vol% Saline Neonatal 
infant% infants 2 S.D.M. 2 S.D.M. control plasma Probability 

Cordbloold 7 14.8 f. 1.1 49 f. 2.8 3.6 k 1.2 5.2 f. 1.8 .01 
7 17.4 2 1.2 57 f. 4.5 3.5 -+- 1.2 3.2 f. 1.5 NS 
7 12.9 k 1.6 40 2 4.8 2.5 & 1.6 3.6 2 1.3 NS 

60 ” 7 9.9 & .7 32 2 2.4 2.5 k .6 5.8 2 1.8 .001 
90 ” 7 10.0 2 .8 32 f. 2.5 3.5 -t. .8 7.0 2 1.3 .001 
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globin and hematocrit levels in the neonatal 
period. Suggested explanations of these ob- 
servations are that there is a primary failure 
of the marrow, or alternatively that the dimi- 
nution in erythrocyte production following 
birth is a temporary adjustment to the en- 
vironmental increase in oxygen with a re- 
duced hemoglobin need ( 5 , 6 ) .  

Erythropoietin levels in the plasma and 
urine of patients with anemia and bone mar- 
row failure have been invariably elevated ( l ,  
2) .  However, remission ( 7 )  or transfusion( 8) 
produces reciprocal diminution of erythro- 
poietin titers as the packed cell volume in- 
creases, and indeed elevated erythropoietin 
titers do not occur in bone marrow failure 
until the hematocrit has diminished below 30 
volumes percent(9). In  the present study, 
hemoglobin and hematocrit values were not 
diminished to the levels in which increased 
erythropoietin titers are observed. Therefore, 
conclusions as to the role of bone marrow 
failure in the diminished erythropoiesis of 
the neonatal period are unwarranted, 

The present study suggests elevated erythro- 
poietin titers in the cord plasma at  birth and 
a subsequent fall in the postnatal period with 
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FIG. 1. Erythropoietin assay (18 hr red blood cell 
radioiron incorporation) and hemoglobin levels dur- 
ing first 91) days of life. Control animals were given 
saline, test animals neonatal plasma. 

a rebound rise as the hemoglobin level reaches 
an undefined critical level. These alterations 
in erythropoiesis and erythropoietin levels 
may be due to changes in arterial oxygen ten- 
sion. The fetus exists in an atmosphere of 
diminished oxygen tension and hemoglobin 
levels at birth presumably result from an 
oxygen debt in utero. Immediately following 
birth there is improvement in oxygenation of 
the blood and normal oxygen tensions are 
reached in about 3 hours(l0). Compatible 
with this hypothesis is the finding of in- 
creased titers in the cord blood of infants 
and inability to detect erythroproietin in the 
plasma at 4 and 30 days when the hemoglo- 
bin level is in the normal adult range. These 
results are in agreement with those of Hal- 
vorsen ( l l ) who demonstrated increased 
erythropoietic activity in cord blood and the 
blood from hypoxic anemic infants. A rise 
in the marrow erythroid cell count and 
reticulocytosis has been reported by Gardi- 
ner et aZ(5,6) 60 and 90 days following 
birth when the hemoglobin has fallen to 
the lowest level in the newborn period. 
The slight increase in plasma erythropoietin 
at these times demonstrated in the present 
study may be responsible for this augmen- 
tation of red blood cell production. These 
results are suggestive of variable erythro- 
poietin levels and it is possible that this 
represents physiologic or near physiologic 
levels of erythropoietin. These relationships 
need further clarification before definite 
conclusions can be drawn regarding the part 
which erythropoietin plays in the control of 
erythropoiesis in the newborn period. 

Summary. Serial observations were made 
on plasma erythropoietin levels of infants 
during the first 90 days of life. Results indi- 
cate variable erythropoietin titers and are 
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suggestive of a physiologic control of erythro- 
poiesis during the newborn period by erythro- 
poietin. 
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Comparative Study of in vivo and in vitro Grown Mycobacterium 
tuberculosis. IV. Immunogenic Differentiation.* (29801) 

WILLIAM SEGAL (Introduced by R. Thompson) 
Department of Microbiology, University of Colorado School of Medicine, Denver 

In a comparative study of the biochemis- 
try, pathogenicity and immunogenicity of in 
vivo and in vitro grown Mycobacterium tu- 
berculosis, strain H3 7Rv, significant differ- 
ences were found to exist( 1,2). Whereas the 
in vivo grown bacillus exhibited double the 
virulence for mice as measured by mean sur- 
vival time, its immunizing capacity using 
phenol-killed vaccines was lower. This latter 
observation was true regardless of whether 
the immunized mice were challenged with 
tubercle bacilli grown in vivo or in vitro. 
The following report involves an attempt to 
extend this finding of differential immuno- 
genicity of in vivo and in vitro cultured M .  
tuberculosis, and thereby to gain some in- 
sight into the mechanism involved. 

Methods. The strain of in vitro tubercle 
bacilli used in this study was H37Rv, grown 
on the surface of Kirchner’s synthetic liquid 
medium. The growth of the in vivo bacilli 
was carried out in mice (strain C F l )  which 
were initially infected with strain H37Rv 
grown in vitro, but thereafter by successive 
transfers from mouse to mouse with the in 
vivo grown bacilli. The separation by differ- 

* This investigation was supported in whole by 
USPHS Research Grant Af-02936-06 from Inst. of 
Allergy & Infect. Dis., Nat. Inst. Health. 

ential centrifugation of the in vivo grown 
tubercle bacilli (LRvt ) from tuberculous 
mouse lung homogenates was carried out ac- 
cording to the procedure previously described 
( 1) .  I t  has been found that there is no signi- 
ficant difference, with regard to biochemical, 
pathogenic and immunogenic characteristics, 
in the LRv separated after one mouse passage 
and the LRv separated after 25  serial mouse 
passages. 

Degree of immunity was determined by re- 
cording individual survival times of vacci- 
nated mice (strain CF1, 6 weeks old, female) 
after challenge infection, with confirmation 
by necropsy that the cause of death was tu- 
berculosis. The mice were divided into 8 
vaccinated groups of 15 mice each, in addi- 
tion to control groups of non-vaccinated mice 
which were injected with phosphate buffer 
or adjuvant. Each group was vaccinated 
twice, a t  1 -week intervals, subcutaneously 
with 0.1 ml volumes of various vaccine prepa- 
rations. Four groups received different vac- 

t LRv is the designation used throughout for the 
in vivo grown tubercle bacilli, separated by differ- 
ential centrifugation from lung homogenates of 
tuberculous mice initially infected with in vitro 
grown strain H37Rv, and maintained thereafter by 
successive transfers from mouse to mouse. 


