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Summary. Massive hemolysis is a rare, usually fatal
complication of Clostridium perfringens septicemia. Of
all toxins produced by the bacterium, phospholipase C
(PLC) is believed to be the most likely cause of hemo-
lysis. An influence of neuraminidase has often been
suspected. In the present study, a case of C. perfringens
septicemia with acute massive intravascular hemolysis
is described. It led to death within 4 h of admission to
the hospital. While the course of events was compara-
ble to previously reported cases, we succeeded in gain-
ing deeper insight into the pathogenesis by monitoring
serum anti-T titer and quantifying serum PLC activity
during the course of the disease. We excluded an effect
of neuraminidase by a negative direct antiglobulin test,
a negative anti-T lectin test, and a steady serum anti-T
titer of 1 in 32, Serum PLC activity, on the other hand,
showed a nearly fivefold increase (6.0 to 27.3 U/l),
which is consistent with the hypothesized dominant
role of this enzyme.
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Introduction

Clostridium perfringens is capable of inducing a wide
spectrum of clinical manifestations, ranging from
asymptomatic patients with an incidental positive
blood culture to massive intravascular hemolysis,
shock, and death [1, 6]. Of the various toxins produced
by C. perfringens, PLC (alpha-lecithinase) and neu-
raminidase (sialidase) are held responsible for causing
significant hemolysis in vivo [6, 11]. In one case addi-
tional proteolyic action of other toxins was proposed
[16].

PLC acts upon red blood cells directly by disruption
of their cell membrane, caused by hydrolyzing sphingo-
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myelin and lecithin [6, 13]. Neuraminidase exposes the
T-cryptantigen on normal red cells by removal of N-
acetyl neuraminic acid, enabling binding of anti-T anti-
bodies present in the serum of all subjects except in-
fants [4, 7, 11, 17]. Whereas the hemolytic potential of
anti-T antibodies reacting with exposed T-antigen on
red blood cells has been demonstrated [5, 12], an in-
volvement of neuraminidase in the massive hemolysis
seen in C. perfringens septicemia has been doubted [9,
14]. Among the 25 comparable cases we found re-
ported in the literature from 1959 onward, the direct
antiglobulin test and the anti-T lectin test were re-
ported to be positive only in one case [9]. Serum PLC
was demonstrated in two cases with qualitative meth-
ods [3, 15]. In the present study, we describe a case of
acute, massive hemolysis caused by C. perfringens sep-
ticemia. In addition to previously reported findings, we
were able to describe the anti-T titer and to determine
PLC activity in serum and urine.

Materials and methods

A complete blood count (RBC, WBC and PLT), hemoglobin
(HGB), hematocrit (HCT), red cell indices (MCV, MCH,
MCHC), and blood cell histograms based on the size distribution
of cells were obtained using a Coulter S-Plus STKR. All serolog-
ical tests were performed by means of gel centrifugation
(Diamed-ID microtyping cards, Diamed AG, Switzerland) [10].
T-activation was tested with anti-T lectin from Arachis hypogaea
(Biotest Diagnostics). To determine the anti-T titer, serial two-
fold dilutions of the patient’s serum were incubated with T-acti-
vated RBC prepared with C. perfringens neuraminidase (Sigma
Chemicals Co.). A turbidimetric method developed by Jolivet-
Reynaud et al. [8] was slightly modified for quantification of PLC
activity in the serum.

Case report and results

A previously healthy 84-year-old woman sought medical atten-
tion because of indisposition and increasing abdominal girth.
Physical examination revealed jaundice with massive abdominal
distention, abdominal tenderness, elevated blood pressure of 170/
80 mm Hg, an elevated pulse rate of 100/min, and moderate dysp-



146

SAMPLE 1

RBC 3.42 x10"]
HGB 10.8 g/di
HCT 0.3211

SAMPLE 2
RBC 1.71 x10'/

HGB 7.6 g/dl
HCT 0.121A

| 1 |

RELATIVE NUMBER OF RBC

SAMPLE 3

RBC 1.B4 x10'%
HGB 6.8 g/dl
HCT 0.0911

i | } ]
50 100 150 200

size (fl)

Fig. 1. Coulter red blood cell histograms of the three EDTA blo-
od samples drawn within 3 h

nea. Her body temperature was 37°C. Blood samples were sent
to the laboratory: Coulter analysis showed a leukocytosis of
16.5 x 10°/1, mild anemia (RBC 3.42 x 10'%1, HGB 10.8 g/dl, HCT
0.32 1Y) with normal MCV and MCHC. In retrospect, a minute
elevation of the red cell histogram in the 60-nm region (Fig. 1)
represented fragmented RBC. Routine coagulation tests were
within the normal limits. Reddish discoloration of serum samples
suggested hemolysis, which was confirmed by the results of blood
chemistry: total bilirubin (TB) 21.0 mg/dl (359 umol/l); direct bi-
lirubin (DB) 7.2mg/dl (123 umoll); lactate dehydrogenase
(LDH) 1344 U/l; and a potassium level of 9.0 mmoV/l.

A direct antiglobulin test of the patient’s erythrocytes was ne-
gative. The C-reactive protein concentration was 23.6 mg/dl
Blood cultures later grew C. perfringens, Escherichia coli, and en-
terococci. The urine showed massive hemoglobinuria. In spite of
antibiotic therapy the condition of the patient deteriorated rap-
idly; her body temperature rose to 38°C and she became unres-
ponsive. A second set of blood samples drawn 90 min after the
first one reflected the dramatic course of hemolysis: hematocrit
had fallen to 0.12 U1, the RBC count was 1.71 x 1041, and hemo-
globin 7.6 g/dl. The RBC histogram showed an abnormal popula-
tion of seemingly microcytic cells, which in fact represented frag-
mented red cells and ghosts. These artifacts and the inclusion of
plasma hemoglobin in the hemoglobin value accounted for the
MCV of 68 fl and for the reported MCHC of 658 g/l. TB had ris-
en to 32.0 mg/dl (547 umol/l), DB to 12.0 mg/dl (205 umol/l), and
LDH to 4400 UA.

After approximately another 90 min the last blood samples
were drawn. Shortly thereafter the patient died. CBC results cor-
responded with the continued hemolysis. The red cell histogram
revealed the preponderance of fragmented erythrocytes and
ghosts (Fig. 1). TB amounted to 34.0 mg/dl (581 umol/l), DB to
14.0 mg/dl (239 pmol/l) and LDH to 6120 U/L

Serological findings. The antiglobulin and anti-T lectin tests were
consistently negative. The anti-T titer remained at a steady nor-
mal level of 1 in 32 in all samples.

PLC activity. Quantification of PLC in the serum showed a con-
siderable activity of 6.0 U/l already in the first sample. This activ-

ity rose to 10.1 and 27.3 U/l in the second and third serum sam-
ple, respectively. The activity in urine was 2.6 U/l (within a vol-
ume of 60 ml).

Remarkable results of the autopsy were septic alteration of
organs, especially of the fiver and spleen, and distention of the
small and large intestines. As no site of entry of the infection was
found, the intestine was assumed to be the portal of entry, which
would be consistent with the combination of bacteria growing in
the blood culture. Clostridia-like rods were found in the bone
marrow only; signs of gas productioin were not detectable.

Discussion

No clinical finding specifically alerted to acute hemoly-
sis, which was brought into the focus by hemolyzed
samples and massive hemoglobinuria. The hematopa-
thological findings of Coulter analysis mirror the dra-
matic course of events and at the same time demon-
strate the limitations of numeric results and histo-
grams, in which RBC ghosts and fragments appear
merely as microcytic RBC (Fig. 1). RBC count and
HCT consequently under-represent hemolysis. The po-
tassium level of 9 mmol/l without corresponding altera-
tions of the ECG at the time of the sample collection
would suggest additional hemolysis in vitro.

Serological findings. The negative direct antiglobulin
and anti-T lectin tests argued against T-activation. This
assumption was confirmed by a steadily normal anti-T
titer, a decrease of which is believed to be the most
sensitive indicator of T-activation [3, 14].

PLC activity. The low activity of the enzyme in the
urine voided shortly after admission is consistent with
animal experiments in which intravenously adminis-
tered PLC was found in urine only after it had de-
stroyed the renal tubuli. PLC is thought to be totally
reabsorbed after glomerular filtration by an intact tu-
bulus [2].

The course of PLC activity in the patient’s serum
was remarkable; it rose from 6.0 to 27.3 U/}, this nearly
fivefold increase occurring over the 3-h period be-
tween admission and the last blood collection. The
only laboratory parameter showing a comparable in-
crease was LDH.

Although the absolute figures of enzyme activity are
difficult to interpret, the dramatic increase correlating
with the course of the disease is consistent with the oft-
en-suspected dominant role of PLC in the pathogene-
sis of hemolysis in clostridial septicemia. Based on our
results, hemolysis due to T-activation by neuramini-
dase can be excluded.
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