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Haemoglobinuria occurring at any age is an interesting study, but the
dramiiatic character of its onset and its striking symptomatology in the newborn,
combined with the additional information which more frequent post-mortem
investigation affords, lend special interest to heemoglobinuria in early infancy.
The literature on this subject is almost entirely foreign, for, whereas several
cases have been recorded from Germany, Austria, France, Russia and America,
the only English one which could be traced was that described by Feldman"
in 1927. The rarity of the condition in England and the knowledge gained
from the pathological investigations give interest to the following case,
published by kind permission of Dr. Eric Pritchard.

A.B., a female infant, aged one month, was admitted to the Infalnts' Hospital on January 8th.
1930. She was born on December 5th, 1929, of yotng parents. The father was said to be healthy
and the mother, apart from a mild degree of albuminuria during the last months of pregnarcy,
was also healthy. The birth weight was 51 lb. and except for some slight feedina difficulties
resultina from the necessity for supplementing the breast milk, the child appeared a normal,
though perhaps not a very lusty, infant. On the twenty-first day, however, a rose-coloured
morbilliform rash appeared on the chest and was especially profuise in the axillae; the limbs,
neck and face were not involved. No constitutional disturbance or pyrexia accompanied this
rash which disappeared in three days. On Januarv 6th, at 6 a.m., that is, whein the child was
thirty-two dayvs old, the nurse noticed that the child became ' black all over.' It continued to
take its feeds well anid there was still no pyrexia. The umbilicus was healthy. The stools
and urinie remained normal uintil the merning of January Sth, when the motions became dark
g,reen ard the urine a pinikishl browr,. On further enquiry, it was found that there had been very
slight bleeding from the anus during the second week due to the passage of hard constipated
motions, but with the administration of laxatives this bleeding had ceased.

On admission, the child w%as a small but not much wasted infant weighing 41 lb. It was
extremely lethargic and only took small feeds and those with difficulty. The skin was dry,
lax and parchment-like and of an uniform dusky blue colour; the sclerotics were jaundiced.
There wvere areas of desquamating skin on the chest, abdomen and hands, but the umbilicus was
dry and there were no raw, ulcerated areas to be seen. The stools were loose, dark green and
slimv, and the urine turbid and dark red-brown in colour. Very little urine was passed although
no exact measurement was possible. The temperature on admission was 101 -2° but it fell
quickly anid remainecl sibDormal throuohout, on one ccasion reachiDng 928°. The pulse was

140 and extreme]y feeble: the'shallow respirations varied from 25 to 60 per minute. The liver
was felt one finger's brea(dth below the costal margin but the spleen was not palpable. Further
clinical examination of the chest and abdomen revealed no other abnovmalities. The day
after admission, the discolouration of the skini became distinctly less marked, but the character
of thl stools and the urine remainied unchanged. On Jainuary 11th, the child became increasingly
drowsy and died.

Investigations.-On pricking the heel, the bloo(d which exuded was brown, not red, in colour
and after centrifuging, the serum was an olive-coloured, translucent fluid while the corpuscles
formed a dark rusty brown precipitate at the bottom of the tube. Spectroscopic examination
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ARCHIVES OF DISEASE IN CTIII,D)HOOD

of the serum revealed the presence of oxyhamoglobin bands only. The indirect Van den Bergh
test was slightly positive, and the fragility of the red cells slightly increased, partial h.Tmolysis
taking place in 0 5 per cenit. and total hnmolysis in 0 48 per cent. saline. The Wasscrmann
reaction was negative in the mother, but the test on the infant's blood was not satisfactory
and unfortunately it could no' bh repeatedJ. The urine was faintly acid and was shown spectro-
scopically to contain methbemoglobin. The guaiacum test was positive and there was much
albumin present, but no blood cells or casts were seen. The faeces gave a faint positive test
for blood, but this may have bcen due to urinary contamination.

Post-mortem examination.-The body was that of a slightly wasted small infant. The
skin was shrunken and of a paler dusky hue than that observed during life. The intercostal
and other striped muscles were extremely pale. The pericardiuim contained about 15 c.em. of
clear brownish yellow fluiid. The heart-muscle was pale and flabby and the foramen ovale
patent, but the valves and the great vessels were normal anid ductus arteriosus obliterated.
A few minute petechial hbemorrhages were present on the costal surfaces of the lungs which
otherwise appeared normal. The liver (145 grm.) uws smooth and firm anid showed some slight
yellow staininig. The stomach was somewhat dilated and the mucous membrane of the intestine
was injected. The spleen was firm and a dark brown-red in colour hut was not unduly large.
The kidneys wvere slightly enlarged the increase in size being due to the cortex which was wider
than normal and (f a pale brown colour, while the pyramids were dark brown and showed
striations of a still deeper shade of brown in the direction of the tubules. On treating pieces of
the liver, spleen and kidney with potassium ferrecyaniide anid hydroclhloric acid, the liver and
spleen changed to a dense prussian blue colour while the kidneys shbaNed a very pretty distinction
between the cortex and the medulla. The cortex gave the prussian blue reaction while the
pyramids retained their red-brown striated appearance (Fig. 1).

MrICROSCOPIC EXAMINATIOaE. Sections of the kidney, liver arid spleen were stained for
humosiderin by Abbott's method and then counter-stained with haematoxylin and eosin. The
renal glomeruli in many places showed dilatation of their capsules and some of the adjacent
tubules contained an eosini-staining hemoglobin precipitate. The cells of the convoluted tubules
contained considerable quantities of humosiderin. The medulla, as was expected from the
microscopic section, shoued no haemosiderin, but many of Henle's tubulles were considerably
dilated and were filled wx ith an amorphous brown material, which formed the basis of the striations
seen in the pyramids by the naked eye and represented what were described by the earlier writers
as ' hremoglobiin infarets.' The liver and the spleen showed large (quantities of haemosiderin,
granules being present in the Kupffer cells, the liver cells themselves, and in the cells of the
splenic pulp.

Historical.-Although von Winckel's41 name is associated with haemo-
globinuria in the newborn, a careful reading of the literature will show that
he was not the first to describe the condition.

As early as 1873, that is six years before von Winckel's paper appeared, Parrot28 published
two cases of what he termed 'tubulh6matie r6nale,' and in the same year Charrin6 and
Larovenne23 described thirteen cases of 'maladie bronz6e he'maturiqiue ' which were almost
certainly cases of hnemoglobinuiria rather than hrematuria. Indeed, Parrot himself says that
no blood cells were found in the urine. Nevertheless, it is probable that an even earlier
descrip)tion was given by Otto Pollak29 in 1871, although he was labouring under the misappre-
hension that he was describing h.Tmaturia from thrombosis of the renal veins. He described,
however, what he considered to be a new and singularly fatal symptom-complex occurring in
newborn children affected with enteritis and associated with a peculiar discolouration of the
skin, chocolate c loured urine (from wvhich he prepared bhematin crystals), and striking naked-eye
changes in the renal medulla; and thesc details conform so closely to those of other writers
that, although he did not recognize the true pathology, Pollak at least merits the distinction of
having first recorded observations on the subject. The next rame to appear in connection with
this subject was that of Bigelow4, who in 1875 published a paper on 'Septic Poisoning: Dis-
coloured Skin : Diphtheria : Haematuria,' and although von Reuss32 ac(luiesces in this author's
statement that it was hbematuria, it is clear on reading the paper that it was not haematuria;
for Bigelow himself says that in some cases there was 'a coagulum in the bladder extending up
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FI(G. 1.--Kidney stained with potassium ferroevainide and hvdrochloric acid. Showing
free iron in the cortex. The collection of pigmuient at the apices of the pyramids is
also seen.
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IEMOG(LOBINURIA IN TIE NEW.NBORN27

the ureters and filling the kidneys, the tubes of which were filled with highly solid materials of
the blood which had penetrated into their inter:or. This material was amorphous and in no
case was a well defined blood corpuscle found inside the tube.' Von Winckel's claim to prior:ty
rests on his discovery that the colouiring matter in the urine was lhemoglobin and not blood.
Following von Winckel's paper reports of isolated cases appeared by Sandner34, StrelItz37,
Kamen2l and Finkelsteint3 and two epidemics were recorded by Wolcynski42 and Ljwow24.
Epstein'0, Ritter33 and Francioni"5 added further records, so that in 1910, Brandenberg5 was
able to collect 50 cases in the literature. Since then papers have appeared by Weilie39 and
Bass3.

iEtiology.-The large number of conditions and the variety of micro-
organisms with which haemoglobinuria has been associated are sufficient proof
of the uncertainty of our knowledge of its causation at the present time.
Diphtheria (Bigelow4), B. coli (Wolcynski), streptococci (Finkelstein 3,
Strelitz37, Anders and Stern"), pseudo-diphtheritic bacilli (Francioni'5),
pneumonia (Devenspeck9, Comby8, Meyer25), amoebiasis (Fiessinger and
Partutier'2), scarlet fever (Miller26, Gunther'7 and Heubner'5), tetanus
(Wagner38), erysipelas (Langer22), malaria (Genoese16), typhus (Immermann'9),
umbilical sepsis (Parrot28), thrush and erysipelas (Parrot), and varicella (Kaiser
and Bradford20) have all been held responsible for hmemoglobinuria; nor
can the exact relationship between malaria and blackwater fever and syphilis
and paroxysmal hawmoglobinuria be considered established. Bigelow's
report of the epidemic which occurred in the Boston Lying-in Hospital
between September and December, 1873, shows a very striking association
with infection. The chief symptoms were :--sore mouths; diphtheritic
membranes in the mouth, larynx and cesophagus; conjunctival discharge;
puriform softening of the contents of the umbilical cord in one case; peritonitis
in one case and acute atrophy of the liver in another. Bigelow seems to have
thought that the material in the renal tubules consisted of spores and that
these spores were the same as those found in the diphtheritic membranes
elsewhere. It must be remembered that the diphtheria bacillus was not
discovered by Klebs until 1883, nor its pathogenic and cultural characteristics
by Loeffler until 1884.

The epidemic described by Ljwow24 confirms this conception of the
relationship of sepsis and haemoglobinuria in the newborn. Concurrent with
the epidemic of haemoglobinuria in the newborn infants, there was an outbreak
of puerperal sepsis among the mothers of the affected infants. Other points
in favour of an infective origin in these cases are the leucocytosis (even allowing
for the high white blood count which is found in the newborn), and the skin
rashes which have been described in those cases in which a micro-organism
was not sought or else not discovered. Burnett has expressed the view that
while in older children B. coli may cause pyelitis, Henoch's purpura or lichen
urticatus, its invasion of the newborn causes Winckel's disease. It seems
both unnecessary and misleading to limit the responsibility to the B. coli,
and it is probably more correct to say that any pathogenic organism, providing
the infection be sufficiently virulent, can cause haemoglobinuria in the newborn.

Nomenclature.-Von Winckel described this condition as 'cyanosis
afebrilis ictera cum haemoglobinuria,' but not all cases are afebrile, although
admittedly pyrexia is never a striking feature. Still, even if it were absent,
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severe infections in the newborn are frequently afebrile. Nor is cyanosis the
best description of the discolouration of the skin which more closely resembles
the slate-like colour seen in argyria with an underlying icteroid basis. It is
suggested therefore that 'infective hemoglobinuria of the newborn' is a more
comprehensive and satisfactory designation

Pathological Physiology.-Three points of interest require discussion here.
CHANGES IN THE BLOOD SERUM AND FRAGILITY OF THE RED CELLS.-Recent

work on the various types of hwmoglobinuria suggests that they are more
closely allied than was previously thought. The Donath-Landsteiner reaction
which was originally regarded as a specific test for paroxysmal haemoglobinuria
has recently been shewn by Kaiser and Bradford to be positive in haomoglo-
binuria associated with chickenpox. Repeated tests during the height of
the attack were positive, while during convalescence negative results were
invariably obtained. Moreover, Puris3' regards it open to reasonable doubt
whether the positive Wassermann reaction obtained in patients suffering from
paroxysmal haemoglobinuria is really indicative of syphilis, or merely due to a
change in the blood serum. It is well known that a positive reaction may be
obtained in streptococcal infections, acute exanthemata, pneumonia and
malaria and other diseases. On the other hand, Foix and Salinl4 believe that
in paroxysmal hamoglobinuria in addition to the changes in the blood serum,
a special fragility of the red cells must be assumed. This was confirmed by
Puris in a case of paroxysmal haemoglobinuria, and was also true of the case of
heemoglobinuria of the newborn recorded here. At the same time it may be
recalled that increased fragility of the red cells has been recorded in cases of
streptococcal pyoemia. Is it not possible that there may be a connection
between (1) the positive complement fixation test which has been found in
paroxysmal heemoglobinuria, streptococcal infections, the acute exanthemata
and pneumonia; (2) the increased fragility of the red cells in paroxysmal
heemoglobinuria, streptococcal infections and the case of haemoglobinuria of
the newborn here described; and (3) the heemoglobinuria ?

Christophers and Bentley7 found an autolysin in the serum of blackwater
fever patients which autolysin was apparently formed as aresult of destruction
of the red cells in malaria, and this on attacking the remaining red cells gave
rise to blackwater fever. It seems possible that infection in the newborn
may give rise to a similar train of events. It is much regretted that the very
small quantity of blood obtained from this patient did not permit of testing
its hwemolytic action on cells derived from other human beings.

THE EXCRETION OF IAEMOGLOBIN.-Qn looking through the literature,
the similarity of the changes observed to those seen in experimental haemo-
globinuria in rabbits (Muir27), in blackwater fever (Yorke and Nauss43) and in
cases of transfusion of incompatible blood (Baker and Dodds2) is striking.
Muir has demonstrated experimentally that when there is heemoglobinaemia
for some-time without haemoglobinuria, the heemoglobin is split up in the
cells of the convoluted tubules of the kidney and the haemosiderin is retained
within them. In the case recorded, if the discolouration of the skin be taken
as evidence of heemoglobinmemia, then this had existed for at least forty-eight
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H.1h1oGLOBl,N' I.I IN TlHE NEWBORN

hours before the haemoglobinuria became manifest. In Fig. 2 the homo-
siderin granules are seen within the cells of the convoluted tubules. The
presence of granules in the renal tubules wNas described by Parrot and many
others of the earlier writers. That these infarcts miay constitute a grave
danger is emphasized by both Baker and Dodd1si', and Yorke and Nauss 4 3. It is
interesting to recall that Parrot considered the convulsions observed in one
of his patients to be due to uraemia. Yorke and Nauss writing onI the
mechaniism of the productioni of the suppression of urine in blackwater fever,
state that under certain conditions the nere passage of hoemoglobin through
the kidneys of a healthy animal is sufficienit to cause suppression of urine

Fi(.. 2.-Section througl tlle pyarmiids. Alasses of amorphous pigment
aire seeui to till the dFlated tublules.

owing to occlusion of the renal tubules by plugs of granular material derived
from the haemoglobin. They add that this process is greatly facilitated by
a lowering of blood pressure and the consequent diminished secretion of water
by the Malpighian capsules. When the blood volume is kept up by the
injection of saline and feeding the animal on moist foods, a large amount of
haemoglobin can be injected without any tendency to suppression of urine.
Baker and Dodds found that if rabbits were kept on an ordinary diet so that
they passed alkaline urine, they were unaffected by injections of haemoglobin,
whereas if the urine were kept acid by means of a suitable diet, intra-renal
obstruction could be produced. They concluded that the haemoglobin is

i2 9.
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excrete(l in the glomerular transudate, and that after concentration in the
tubules the acidity and the salt concentration increase, with the result that
the pigment is precipitated probably in the form of haematin. Various names
have been given to the iron-free pigment in the tubules. Originally called
'haemoglobin infarcts,' they were later described as 'haemofuscin' and still
later, haematin. As Muir says, however, the term 'haemofusein' has been
applied to so many different substances that it should either be defined or
discontinued. Whatever their composition, it is evident that the degree of
renal obstruction they may cause may be an important factor in determinilng
the issue for the patient.

HIEMOGLOBIYXEMIA AND HIEMOGLOBINURIA.-Haemoglobinuria postulates
the presence of a haemoglobinaemia, although it may be of only a few hours
duration, as in the paroxysmal type. On the other hand, if the discolouration
of the skin be taken as a criterion, then it is possible, as in one case reported

Fi(c. 3 --A micro-photograph of a section thirouigh the cortex. Several dilated tubules and
a glomerular capsule are shown. The cells of many of the convoluted tubu!es are hieavily

loaded with haTmosiderin graniules.

by Bigelow, for haemoglobinaomia of a fairly severe degree to be present for
seven days before haemoglobinuria appears. Icterus is an earlier symptom
and is also present in less severe cases, and may be taken as evidence of
haemolysis of a greater extent than the liver can deal with. The chief factor
influencing the appearance of haemoglobin in the urine must be the extent of
haemolysis which has occurred, since there is a definite renal threshold for
haemoglobin. Ponfick30 and Stadelmann36 have shown that baemoglobinuria
does not occur until the amount of haemoglobin reaches one-sixtieth of the
total haemoglobin of the body, and that a destruction of red cells may take
place almost to the equivalent of this content without the appearance of
haemoglobinuria. Sellards and Minot35 found that 25 c.cm. of packed human
red blood cells could be injected into normal human beings without symptoms,

2980
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HWlEM10O(tLOBINUIiIA IN THE NEWBORN

but that greater amounts caused hoemoglobinuria. Moreover, the renal
threshold was much lower in individuals whose serum contained the free
hbemoglobin resulting from rapid blood destruction.

Symptomatology.-The most striking and often the first symptom to
appear is the discolouration of the skin which appears usually during the
first week of life. In the Dresden epidemic the child usually fell ill on the
fourth day; in the Boston outbreak the onset was rather later, often at the
beginning of the second week. The infant described by Francioni was twenty-
six days old when the first symptorrs appeared, and the child recorded here
was thirty-two days old. The colour of the skin varies from a faint dusky
hue to a dark slate colour resembling argyria with an underlying icteroid
tint, which colour shows most clearly in the sclerotics. The discolouration is
generalized and is just as pronounced on the trunk as on the face and extremities,
and it persists to a less marked degree after death. The infants are extremely
lethargic and take their feeds very badly. The respirations are feeble and the
temperature often, though not without exception, subnormal. The stools
are loose and dark green, rcsembling meconium, and the urine is of a deep
brown colour. The liver is usually enlarged but the spleen may or may not
be palpable. The urine is acid. The depth of the colour depends on the
aniount of haemoglobin which further varies with the degree of hremolysis.
Casts may be found and spectroscopically, methoemoglobin is seen to be present.

Prognosis.-The prognosis is extremely grave, recovery occurring in
only a few instances. Only four infants out of the twenty-three attacked in
the Dresden epidemic, and two out of ten in the Boston outbreak, survived.
The outlook for older children suffering from haemoglobinuria of infective
origin is very different, complete recovery being the rule. In infanits death
usu8tlly takes place two or three days after the first syniptom has been noticed,
but it may occur in a few hours or it may be delayed for several days.

Diagnosis.-The discolouration of the skin may suggest a diagnosis of
congenital heart disease, but it is generalized and is as marked on the body
as elsewhere, which is not the case in congenital heart disease. Metheemoglo-
binemia and sulphemoglobinemia may resenXble this condition superficially,
but the diagnosis can be established by the syrupy consistence of the blood
on pricking the heel, the brown colour of the serum and the rusty-coloured
precipitate of the red corpuscles, which when examine(d in a film preparation
are seen to be of various sizes and shapes and many almost devoid of haemo-
globin-the so-called shadow corpuscles.

Treatment. It is questionable whether in the face of such an overwhelmilng
catastrophe as must have taken place in these cases any form of therapy
would be of avail, but two lines of treatment may be recommended.

(1) If the cause of the condition and the infecting organism be known,
then specific treatment in the form of intravenous serum may be tried.

(2) Attempts to keep up the blood volume and to prevent blocking of
the renal tuibuiles by means of the administration of alkaline diuretics have a
rational basis.
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282 ARCHIVES OF DISEASE IN CHILDHOOD

Conclusions.
(1) A case of infective haemoglobinuria in the newborn is described

together with pathological findings.
(2) The aetiology of this condition is discussed and 'infective haomoglo-

binuria of the newborn' is suggested as a suitable designation.
(3) Experimental work on the excretion of haemoglobin in rabbits and

the deposition of heemosiderin in the cells of the convoluted tubules is confirmed.
(4) The pathology of renal obstruction in this and other forms of haemo-

globinuria is surveyed and suggestions for treatment made.
(5) Further work on the Wassermann reaction and the fragility in this

and other forms of infection in the newborn would be helpful.
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