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Moderate to severe anemia often presents as a clas-
sic._ hemorrhagic syndrome accompanying sepsis. Ex-
perimental and clinical studies show that signs of
hemolysis are present in more than one half of sub-
jects with pneumococcal, streptococcal, or staphy-
lococcal sepsis |2], bartonellosis [7], or with septi-
cemia caused by H. influenzae [7], Clostridium [2],
or Neisseria [2] organisms; “septic anemia” has
therefore been traditionally regarded as hemolytic
anemia [2, 15]. An important role in the origin of
anemia in sepsis may be played by impaired iron
metabolism [8] and blood loss [13], but the major
mechanisms by which anemia arises in sepsis have
not been elucidated. Low levels of erythropoietin
(EP), a hormone of glycoprotein nature produced in
the kidneys {5, 9], have been observed in chronic
inflammations [6, 8], whereas reduced EP activity in
acute bacterial inflammatory infections (sepsis) has
been reported in only one study [3].

The purpose of the present study was to exam-
ine erythropoietin activity in infants with sepsis.

MATERIALS AND METHODS

Erythropoietin activity was measured in an in vitro
bioassay [10] in Manakova and Setkov’s modification,
with minor alterations. As target cells for detecting
this activity, nucleated cells obtained from spleens of
anemic BALB/c mice weighing 20-25 g were used.
The mice had been made anemic by being injected
with phenylhydrazine hydrochloride intraperitoneally
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in a dose of 60 mg/kg twice on two successive days.
Three days after the second injection, their spleen
cells were suspended in a supplemented Eagle’s mini-
mum essential medium (alpha modification) (a-
MEM). The complete medium contained 3 ml of o-
MEM (Flow Laboratories), 4 ml of fetal calf serum
(Flow Laboratories), 0.2 ml of L-glutamine (0.1
mmol/liter), 0.2 ml of 2-mercaptoethanol (0.1 mmol/
liter), 0.4 ml of HEPES buffer (20 mmol/liter), and
0.2 ml of kanamycin sulfate in a concentration of 100
pg/ml. This medium with suspended murine cells
(4x107 cells/ml) was seeded into tissue-culture plates
with 96 U-shaped or flat-bottomed wells (Linbro), 50
pl per well, adding patient’s plasma or an EP stand-
ard in various dilutions. As the EP standard, Epoe-
tin-Alfa (Epogen) (USA), a recombinant preparation
having an activity of 20,000 mU/ml, was used. To
calculate EP activity, 5-7 data points were consid-
ered, using 3 wells for each point. The cells were
cultured for 20-22 h at 37°C and 100% humidity in
the presence of 5% CO, in air, after which *H-
thymidine was added to the culture (1 puCi in 10 ul
of o-MEM per well), and the culturing was contin-
ued for another 2 h. Thereafter the cells were trans-
ferred to nitrocellulose filters (Titertek) with a 12-
well vacuum cell harvester (Millipore). The radioac-
tivity of the samples was measured in a liquid
scintillation counter (Contron). For the detection of
a nonspecific inhibitor of EP activity in plasma sam-
ples from infants with sepsis during the acute and
recovery periods, the EP standard (3 mU/ml) and/
or 10% patient’s plasma were added to the culture.

Ervthropoietin (EP) activity was studied in 36
infants (age range 2 to 11 months) with sepsis of
various origin; in 4 of the infants, the sepsis oc-

0007-4888/93/0005-0545512.50 ©1993 Plenum Publishing Corporation



546

Bulletin of Experimental Biology and Medicine, Ne 5, 1993. MICROBIOLOGY AND IMMUNQOLOGY

TABLE 1. Comparison of Erythropoietin Activity and Hemoglobin Levels in Infants with Sepsis and in Those with Iron Deficiency

Anemia (IDA) (M=% m)

Disease Ne of infants Erythropoietin activity, | Hemoglobin concentra-
mU/ml tion, g/liter
Sepsis, acute period 19 12.6%+3.1 65.1=2.1
(5.0—22.1)
17 <5.0
Sepsis, recovery period 21 28.5+3.2 92.6=2.6
(5.0—56.6)
7 - <50
IDA, mild 17 59.9=4.1 97.2=1.4
{40.5—88.4)
IDA, severe 9 619.6+=20.9 63.2=1.0
{511.6—715.0)
Normal (control} infants 45 129=1.1 124.6+23
(5.0—-24.8)

curred in the form of septicemic infection, while the
remaining 32 had been diagnosed as having a
septicopyemic form of sepsis.

The control group consisted of 45 healthy infants
in the same age range, while the comparison group
comprised of 38 infants with iron deficiency anemia
(IDA) of varying severity diagnosed as recommended
by Pizarmro et al. [11]. The nonspecific plasma inhibi-
tor of EP activity was determined in 20 infants with
acute sepsis and in 8 convalescent infants.

RESULTS

In the acute period of sepsis (fever, intoxicatiomn,
spread of pyemic foci), EP activity in 19 of the 36
cases ranged from 5.0 to 22.1 mU/ml (means,
12.6£3.1 mU/ml) and virtually did not differ from

that in the control group (12.9%1.1 mU/ml; range
5.0-24.8; p<0.05) (Table 1). EP activity in the
plasma samples from the remaining 17 infants with
acute sepsis was below the detection limit of the as-
say (5 mU/ml) [10].

The major stimulators of EP production are
anemia and hypoxia [5], which were both at their
height during the acute period of sepsis. Thus,
hemoglobin ranged from 47 to 69 g/liter (mean,
65.112.1 g/liter) and oxygen partial pressure (pO,)
from 44.3 to 56.2 mm Hg (mean, 49.5%3.8 mm
Hg) - values that significantly differed from those in
the control group (124.6+2.3 g/liter and 68.412.8
mm Hg; p<0.01) and indicated the presence of se-
vere anemia and hypoxia. For infants with acute sep-
sis, no correlation could be detected between EP
activity and hemoglobin concentration (r=-0.11)
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~ Fig. 1. Correlation between erythropoietin (EP) activity, hemoglobin level, and oxygen partial pressure in sepsis.
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(Fig. 1, @), and a weak negative correlation was found
between EP activity and pO, (r=-0.16) (Fig. 1, b).

During the recovery perod, plasma samples which
were taken from 28 of the 36 infants were found to
have a higher EP activity than during the acute period
in 21 cases (up to 56.6 mU/ml; mean, 28.513.2 mU/
ml; p<0.01) (Table 1). Plasma samples from the re-
maining 7 infants had an EP activity below 5 mU/ml;
all these infants were in a state of emaciation, having
a weight-for-age deficit of more than 20%. EP activity
during the recovery period was also low (mean,
9.4%2.2 mU/ml) in the plasma samples from 6 imfants
who had undergone repeated (on two or more occa-
sions) transfusions of packed red blood cells. For con-
valescent infants, EP activity showed a weak correla-
tion with hemoglobin concentration (r=-0.39).

In the comparison group (infants with IDA), EP
activity varied widely from 40.5 to 715 mU/ml and
correlated well with the severity of anemia, as was in-
dicated by a high correlation coefficient between this
activity and the hemoglobin concentration (= -0.93).
It was also found that plasma samples from infants
with severe IDA. had a 50-fold higher mean EP activ-
ity (619.6120.9 mU/ml; range, 512.0 to 715.6 mU/
ml) than those from “septic” infants with the same
degree of anemia (Table 1).

For infants recovering from sepsis, plasma EP
activity was compared to that determined for infants
with mild IDA because the mean hemoglobin level
in the former infants was 92.6+2.6 g/liter, indicat-
ing that the anemia was mild. This comparison
showed that the infants recovering from sepsis had a
mean EP activity only about half that in infants with
IDA who had a mean EP activity of 59.914.1 mU/
ml (range, 40.5 to 88.4 mU/ml) (Table 1).

Thus, our comparison of EP activity in plasma
samples from normal infants, those with sepsis, and
those with IDA demonstrated that septic infants had,
in both the acute and recovery periods, a low EP ac-

TABLE 2. Eythropoietin Activity of Heat — Treated and Untreated
Plasma Samples from Infants with Sepsis

Plasma sample Erythropoietin activity (mU/ml)
Ne. Before heat treatment{After heat treatment .
1 19.2 20.8
2 6.1 50
3 7.8 10.1
4 19.9 14.1
5 56 6.8
6 9.6 8.0
7 16.2 12.9
8 7.8 6.2
9 10.3 10.8
10 6.8 5.0
11 12.7 14.2
Mzm 11.1%=16 10.4=1.5
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Fig. 2. Relationship between eythropoietin (EP) activity and
severity of anemia in children with sepsis as compared to normal
children.

tivity that did correspond to the severity of anemia
(Fig. 2).

One possible reason for the reduced plasma EP
activity in sepsis and for the lack of its correlation
with the severity of anemia and hypoxia may be the
presence of a nonspecific inhibitor of EP in the
plasma. Confronted with a similar problem (low EP
activity that did not match the degree of anemia),
many investigators arrived at the conclusion that the
presence of EP inhibitor(s) is largely responsible for
the reduced EP activity in the plasma of patients
with rheumatoid arthritis, disseminated lung cancer
[8], nephrogenic anemia [14], and partial red-cell
aplasia [12]. Tt has been suggested that EP inhibi-
tors in inflammatory states are most likely to be
products of pathological iron metabolism, such as
acid isoferritins and possibly also interleukin-1 [8],
although both the nature and mechanismn of action of
these inhibitors remain unknown.

Thermal treatment of plasma samples (heating to
56°C for 30 min) was found to result in the effec-
tive removal of EP inhibitors of the IgM class in
most instances [4]. In our study, however, such treat-
ment of plasina samples from infants with sepsis did
not alter EP activity to a significant degree (Table 2):
the average difference in this activity between un-
heated and heated samples was only 6.5%, i.e., it lay
well within the error range of the bioassay used [10]
and so did not allow us to judge whether or not EP
inhibitors of the IgM class were present in the plasma
of septic patients. We then made an attempt to de-
tect a nonspecific EP inhibitor in the in vifro
bioassay system. To this end, 10% of plasma taken
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TABLE 3. Inhibition of Target Cell Proliferation by Plasma Samples
Taken from Patients with Sepsis in the Acute Phase or during
Recovery (Convalescents) (M= m)

*H-Thymidine incorporation,
- cpmx10?
asma opoietin it
sample N¢ | Plasma from Eﬁiﬁﬁd ;| % Inhibition
patients plasma from
patients
1 6.1+=0.8 7.3%0.3 82.7%4.2
2 10.9£0.6 13.6x0.6 67.8%3.6"
3 9.2*1.0 55.2x2.8
4 3.8+0.4 48.0%2.2
5 33.4%=1.9 92.7£5.5
6 9.5+0.5 16.6+2.0 60.7%3.1
7 4.4%=0.2 8.1+0.6 '80.8+4.2
8 6.4%+0.3 58.6*3.0
9 7.0x0.4 55.0%3.3
10 16.4%+=1.2 34.3%x2.1 18.6=1.4
11 6.8+0.3 18.8+0.9 55.4=3.1
12 6.3+0.4 10.8*+0.6 74.4=%2.9
13 6.7+0.5 68.2+3.2
14 5.4+0.4 48.9x2.7
15 5.8%+0.2 56.1+=1.3
16 7.3+=0.5 60.5%=2.8
17 12.3%0.7 56.9+2.0
18 57%0.6 59.3x2.7
19 11.3%£0.5 19.4%1.3 54.0%2.8"
20 28.61.4 78.5+3.2
217 42.1%3.7 83.1+5.8
22" 36.1=1.4 79.5%£3.6
23" 45.0x2.9 85.3%+4.2
24" 42.3%2.0 77.4*3.9
257 44.1=2.7 81.0%4.5
26” 46.2+2.0 90.6%5.2
27" - 38.1=1.7 79.2+2.7
28" 36.7%=4.1 93.3%=4.6

Note. "~ % Inhibition of target cells was calculated by the formula
(C — P)/CX100%, where C is *H— thymidine incorporation into
cells stimulated by erythropoietin standard (3 mU/ml, 42.2+3.3
cpm) and P is *H—thymidine incorporation into cells stimulated
by erythropoietin standard enriched with the test plasma from
a patient with sepsis. "Plasma from convalescent patients.

from infants with sepsis during the acute or recovery
period was added to cultured target cells stimulated
with the EP standard (3 mU/ml) (Table 3). In these
tests, inhibition of 3H-thymidine incorporation by 17-
86% was observed for 8 out of the 20 (40%) patients
with acute sepsis but for none of the 8 convalescents.
These findings led us to conclude that the failure of
EP activity to correlate with the severity of anemia
and hypoxia was largely due, in a substantial propor-

tion of patients with acute sepsis, to the presence of
an EP inhibitor or inhibitors in their plasma. Another
likely reason for the lack of such correlation may be
the presence in the plasma of cell breakdown prod-
ucts and of metabolic products of microorganisms.
In summary, infants with sepsis were found to
show a low EP activity in their plasma and a lack of
correlation between this activity and the severity of
anemia and hypoxia. EP activity was lowest in plasma
samples from emaciated infants and those who had
undergone repeated blood transfusions, which agrees
with the results of other experiments where starvation
and emaciation [3] and repeated transfusions [6] were
shown to be associated with low levels of EP produc-
tion. Deficient production of this hormone in patients
with sepsis appears to result from derangement of the
mechanism regulating its biosynthesis. A firther reason
for the reduced plasma EP activity in patients with
acute sepsis may be the presence of a nonspecific EP
inhibitor or inhibitors in the plasma. The results of this
study prompt us to recommend clinical trials of reco-
mbinant EP for correcting anemia in patients with sepsis.
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