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syNropsIs Three examples of non-syphilitic paroxysmal cold haemoglobinuria (PCH) in children
are described which occurred, within a period of 16 days, in association with a febrile illness. No
definite viral aetiology or obvious epidemiological association could be established. A Donath-
Landsteiner antibody of anti-P specificity was demonstrated in all three patients. The serological
aspects of PCH are critically discussed.

Although paroxysmal cold haemoglobinuria (PCH)
is relatively uncommon, it was the first autoimmune
haemolytic anaemia to be described (Donath and
Landsteiner, 1904). Indeed, the discovery of this
disorder constituted the foundation of immuno-
haematology, and the laboratory test for its
diagnosis, the Donath-Landsteiner (DL) reaction,
was the first immunohaematological test ever to be
described.

In the earlier period of its history, PCH usually
occurred as a chronic complication of syphilis.
Syphilis is, however, not as common as it used to be
so that, in recent years, PCH occurs more often
as a transient sequel to certain virus infections, eg,
chicken pox (Kaiser and Bradford, 1929), measles
(Dacie, 1954; O'Neill and Marshall, 1967), mumps
(Colley, 1964), and an 'influenza-like' illness (Nelson
and Nicholl, 1960). An example of PCH has been
reported which followed prophylactic immuniza-
tion against measles (Bunch et al, 1972). Some
examples of PCH are classified as idiopathic and
may be transient or chronic (Dacie, 1962). They are
usually associated with fever of obscure origin.
The serology of PCH is still essentially the same as

that described by Donath and Landsteiner (1904)
except for two additional features which were
demonstrated later. The direct antiglobulin
(Coombs) test is positive, and the antibody almost
invariably has the specificity anti-P (Worlledge and
Rousso, 1965; Mollison, 1972) within the P blood
group system (table I). Other specificities have been
described; they are discussed below. The antibody is
of the IgG class and is biphasic, correctly bithermic,
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Red Cells Antibody
(phenotype) Anti-P, Anti-P + Pk Anti-P

(formerly (formerly (DL antibody)
anti-P) anti-Tja)

P1 + + +
Ps - + +pk, + + _

pk, _ + _

P - - _

Table I Serology of the DL and related antibodies
within the P blood group system

in the sense that sensitization and complement-
fixation takes place at low temperatures (compara-
tively high in non-syphilitic examples, see below)
and lysis occurs at or near body temperature. The
antibody is essentially haemolytic. In our experience,
it is also haemagglutinating, but only in the sense
that it gives positive antiglobulin tests; this is
discussed below. Its specificity can therefore be
demonstrated either by haemolysis or by indirect
antiglobulin tests.

There are serological differences in the syphilitic
and non-syphilitic types of PCH. The thermal
amplitude of erythrocyte sensitization in the non-
syphilitic type is much greater than in the syphilitic
type (Schubothe and Haenle, 1961). Antibody bind-
ing in the non-syphilitic type may occur at tempera-
tures as high as 32°C (Ries et al, 1971), whereas it
usually occurs below 20°C in the syphilitic type.
Furthermore, the antibody is usually persistent in
the syphilitic type of PCH, whereas it is often tran-
sient in non-sypbilitic PCH.
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Case Reports

In our region, the incidence of PCH has previously
never been more than one case in 12 months. We
here report three patients studied between 2 and 17
February 1975.

CASE 1
JB, a 9-year-old boy, was admitted on 11 February
1975 complaining of back pain and the passage of
dark red urine. There was no significant past history.
On 3 February he had developed an 'influenzal'
illness for which he received a course of co-trimoxa-
zole. On 10 February there was increasing malaise,
anorexia, right loin pain, and dark red urine. He was
pale and slightly icteric; there was nothing else
abnormal.

Investigations
On admission: Hb 10-1 g/dl; Hct 0-2; MCHC 34 0
g/dl; WBC 6-7 x 109/l; differential count normal;
reticulocytes 1-0%; blood film-occasional frag-
mented red cells and spherocytes; urine-dark red,
no red cells present, methaemoglobin present;
blood urea 9-6 mmol/l; serum bilirubin 32 ,umol/l;
liver function tests normal.

Further investigations: Unstable haemoglobins
negative; G6PD deficiency (Sigma) negative; direct
Coombs test positive; Donath-Landsteiner antibody
positive; urine porphyrins not detected; WR and
VDRL negative.

Progress: No treatment was given. He was dis-
charged on 17 February 1975 and seen regularly as
an outpatient.

Subsequent investigations: These are tabulated
below:

Date Hb (g/dl) Reticulo- Direct DL
cytes (%) Coombs Antibody

Test

11 Feb 10 1 1-2 Positive Positive
13 Feb 8-7 2-2 Positive
17 Feb 9 3 2-2
20 Feb 12-1 2-4 Positive Positive
4 Mar 12-4 11-2
12 Mar 13-1 12-0 Negative Positive
9 Apr 13-9 Negative Positive
7 May 13-3 10 Negative Positive

Viral studies: complement fixation test to influenza A
12 Feb 1:32 12 Mar 1:32

CASE 2

CI, a 3-year-old boy, was admitted on 17 February
1975 complaining of vomiting, abdominal pain, and
the passage of red urine. There was no significant
past history. On 14 February he had developed
abdominal pain and vomiting; he passed dark red

urine the next day. On 17 February there was fever
and jaundice. He was treated with ampicillin and
cloxacillin.

Investigations
On admission: Hb 5 5 g/dl; Hct 0-185; MCHC 36-0
g/dl; WBC 8-2 x 109/l; neutrophil leucocytosis;
reticulocytes 22%; blood film-occasional frag-
mented cells and marked polychromasia; urine-
dark red, no red cells present, methaemoglobin
present; blood urea 2-0 mmol/l; serum bilirubin
82 ,tmol/l.

Further investigations: Unstable haemoglobins
negative; G6PD deficiency (Sigma) negative;
Schumm's test-methaemalbumin present in serum;
direct Coombs test positive; Donath-Landsteiner
antibody present; urine porphyrins not detected;
WR and VDRL negative.

Progress: Pulse rate continued to rise after
admission. He was transfused one unit of warmed
packed red cells. Subsequent progress was un-
eventful and he was discharged on 3 March 1975
and seen regularly as an outpatient.

Subsequent investigations: These are tabulated
below:

Date Hb (gldl) Reticulo- Direct DL
cytes (%) Coombs Antibody

Test

22 Feb 5 5 22-0 Positive Positive
23 Feb 7-7 (post- 6-8

transfusion)
26 Feb 7-8 22-0
3 Mar 9 5
12 Mar 11-2 0-6 Negative Positive
9 Apr 12-2 Negative Negative
7 May 11.9 1-5 Negative Negative

Viral studies: Complement fixation to adenovirus group
28 Feb 1:8 22 Apr 1:64

CASE 3

KB, a 5-year-old girl, was admitted on 5 February
1975 complaining of fever, cough, and the passage
of red urine. She had received one week's treatment
with penicillin. Her condition improved but she
passed red urine on the day of admission.

Investigations
On admission: A pale child with a slight tinge of
icterus. In the respiratory system there were some
scattered crepitations over the right base only;
upper respiratory passages were clear. Abdomen
normal; Hb 9.4 g/dl; reticulocytes 4-8 %; WBC 9 0
x 109/1; ESR 110 mm in 1 hour; serum bilirubin
54 7 ,umol/l.

Further investigations: Urine-no cells, methae-
moglobin present; direct Coombs test positive;
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haptoglobin 250 mg/I; Donath-Landsteiner test
positive; ASOT normal, less than 200 units per ml;
immunoglobulins: IgG 9-6 g/l (normal), IgA 3-9 g/l
(normal), IgM 2X3 g/l (raised); chest x-ray shows
consolidation of the right lower lobe, later resolving
but not clearing; mycoplasma antibodies not
detected.

Subsequent progress: She was discharged on 18
February and was later seen in outpatients. Her
progress was uneventful.

In all three cases, the upper limit of sensitization
temperature was about 250. No drug-induced or
Mycoplasma pneumoniae antibodies were detected.
All three antibodies were of the IgG class. We do
not know why the IgM level in case 3 was signifi-
cantly raised. The important features of the cases
are summarized in table II.

Discussion

The viral antibody titres observed in our patients are
not of diagnostic significance. It may be assumed,
however, that an unknown organism, probably a
virus, was responsible. From our observations on our
patients and those of others (eg, Vogel et al, 1972)
it is clear that PCH may occur, particularly in
children, as a complication of febrile illness of
obscure origin. The occurrence of our three cases
within a 16-day period does, of course, suggest an
epidemiological association. However, no supportive
evidence was obtained either from laboratory in-
vestigations or from Public Health Reports. The
clustering may have occurred by chance.
The DL antibody in each of our patients was

typically anti-P; it was transient in two (CI and KB)
and persistent in one (JB). A few examples of PCH
have, however, been described in which the DL anti-
body apparently had specificities other than anti-P,

eg, those of Weiner et al (1964), Bell et al (1973), and
Wishart and Davey (1973). The antibody of Bell et
al (1973) was anti-I, and in the other two examples
specificity was not established. We wonder if these
were true DL antibodies. It is possible that, in some
cases, cold autoagglutinins such as anti-I or anti-i
may have been present in addition to a DL antibody,
for example, the cases of Stewart and Friedlander
(1957), Bell et al (1973), Wishart and Davey (1973),
and Djaldetti et al (1975).
The cases of Stewart and Friedlander (1957) and

Bell et al (1973) were associated with primary
atypical pneumonia (Mycoplasma pneumoniae infec-
tion) in which anti-I is usually present, and the
case of Wishart and Davey (1973) was associated
with infectious mononucleosis in which anti-i is
often present. The antibodies in all three of these
cases were strongly haemagglutinating. A similar
example was reported by Neely et al (1951), who
believed, probably correctly, that the DL test was
falsely positive. In the case of Malley and Hickey
(1949), described as PCH of the non-syphilitic type,
the DL test was negative. This was probably an
example of transient cold agglutinin disease. The
term PCH has been used to include cold agglutinin
disease, for example, by van Loghem et al (1963).
This practice may confuse clinicians and should be
avoided; we suggest the term PCH should be con-
fined to the condition caused by DL antibody.
Although the DL antibody is held to be both
haemolytic and haemagglutinating (Dacie, 1962), we
doubt if DL antibodies are ever haemagglutinating,
except in the sense mentioned in the introduction to
the present paper.
The antibody described by Weiner et al (1964) was

later said to be anti-HI (Mollison, 1972). Inspection
of Weiner's protocols, however, showed that the
antibody reacted much more strongly on group 0,

Case I Case 2 Case 3
JB CI KB

Age (yr) 9 3 5
Date of admission 11 February 1975 22 February 1975 5 February 1975
Presenting signs Back pain, right loin pain, Fever, vomiting, Fever (later-red urine)

dark red urine (fever before abdominal pain, dark urine
admission)

Tests for syphilis Negative Negative Negative
Virology Influenza A Adenovirus Echo 19'
Viral complement-fixation titre 32 64 Negative
Tests for Mvcoplasma pneumoniae Negative Negative Negative
Tests for relevant drug-induced antibody Negative Negative Negative
DL antibody Positive Positive Positive
Specificity of antibody Anti-P Anti-P Anti-P
Direct Coombs test Positive Positive Positive
Cold haemagglutinins Negative Negative Negative
Persistence of antibody Persistent Transient Transient
Upper limit of sensitization temperature 250 250 25°

Table II Comparison of the main features of three examples of idiopathic PCH
'Virus isolated from throat; regarded as probable contaminant.
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pp cells than on P-positive cells so that its relatively
strong action on pp cells cannot be ascribed to an
anti-HI effect. We tested the red cells of Weiner's
pp donor and found H, I, and i antigen strengths to
be normal. The ABO, H, I, i, and P systems are
known to be interrelated (Allen et al, 1974; Bird,
1975), so that the specificity of some DL antibodies
may well 'cut across' these systems. The DL anti-
body described by Engelfriet et al (1971) was possibly
anti-p and, in retrospect, the antibody of Weiner et
al (1964) was possibly an antibody with similar
specificity.
We suggest that, in future investigations of PCH,

DL antibodies with atypical specificity should be
carefully investigated for possible interrelationship
with the P system. We are also inclined provisionally
to confine the definition of the classical or DL type
of PCH as a haemolytic anaemia caused by a bi-
thermic complement-fixing Ig(G autoantibody (auto-
haemolysin) which has specificity, usually anti-P,
within the P blood group system.
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