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HOMOLOGOUS SERUM JAUNDICE

MEMORANDUM PREPARED .BY .MEDICAL.OFFICERS OF THE
. . MINISTRY OF HEALTH ’

BETWEEN Aug. 13 and Sept. 1, 1885, 1289 persons
employed in a shipbuilding yard in Bremen were vac-
cinated with * glycerinated humanised
these 191 developed jaundice aft.r sn incubation period
of several weeks. In two other groap. of 87 and 500 work-
men in the same yard vaccinated at the same time with
dislg'gl"ent lymph there were no cases of jaundice {(Lurman
1 . : . ' .. -

During 1637, 41 of 109 recipients of a single batch of -
measles convalescent serum administered subeutaneousiy
developed jaundice -and 8. died. These cases were

scattered proportionately over.a wide area in the South -

of England. A batch of measles adult serum, pooled
and Berkefeld candled in the same laboratory, gave rise
to at least 11 cages of jaundice with one death. Other
batches of measles serum were also suspect {Annual

In the same year a similar sequence of events was
reported in persons receiving vellow fever vaccine
subcutaneously (Findlay and MacCallum 1937 Yand since
then the icterogenicity of certain lots of yellow fever
vaccine has been demonstrated repeatedly. In Brazil
in 1839, 187 lots of vaceine were used to immunise.
1,300,000 people. Omne of these lots was- followed by
Jaundice in 304 persons, an attack-rate of 27%. The
vaccine coatained human serum, and &ltheugh 10r a time
change in the seed virus appeared to eliminate the causal
factor, it reappeared in 1040, when two of 78 lots of vac-
cine caused attack-rates of jaundice of 7-66% and 1-509%,,
with fatalities of 2:58% and 2-009, respectively among
19,191 persons immunised. Other lots of vaccine were also
mildly icterogenic (Fox et al, 1942). During the first six
months of 1942, 28,585 cases of jaundice appeared in
American troops who had had yellow fever vaccine
containing human serum ; 82 died (Editorials- 1942). ;

In March, 1942, 2668 British troops were each given Jess
than 14 c.cm, of Seitz filtered pooled mumps convalescent
plasma in one or two doses intravenously ; 88 of them
developed jaundice (Chesney, Gordon, Hawley, Mac-
Farlane and Stegman, unpublished: communication).

Of 36 patients treated at an EMS hospital with massive

 transfusions of Seitz filbered pooled mod Arod e~

serum for various forms of peripheral vascular disease
(Hayward 1942, Hayward and Jordan 1942) 8 are
known to have developed jaundice (Morgan and William-
son, unpublished communication). - . .

Full details of the yellow fever vaccine incidents have -

been,published and a recurrence prevented by eliminating
human serum from the vaccine. . Reports on the mumps
convalescent serum and the transfusion cases, which are
still under investigation, are promised by the observers.
The measles convalescent serum story, now six years old,
was not published in detail, and, since in the light of
recent events it assumes a greater im rtance, the follow-
ing account has been reconstructed &m the contempor-
ary records.. ’ ' ., ) o " .

. <1 .. Measles Serum Hepatitis .
Epidemic (ecatarrhal) jaundice was known to have,
oceurred sporadically among school-children in a county
town during 1938, and inquiry of all practitioners brought
to light 53 cases between March, 1935, and March, 1937,
During the same period 185 children in the town had
received measles serum from one and the same laboratory,
110 of them before Feb. 10, 1937, on which day & new
batch of serum which will be referred to as K80 came
into use. The 110 remained well, but among the remain-

. ing 75, 18 developed jaundice 16-114 days later and 4

died of hepatic necrosis, from which cause there were no

. other deaths in the city. The injections associated with

jaundice were given during the period Feb, 18 to March
31, and slthough in 11 of them only was the measles
serum-batch number recorded: all 18 patients probably
e omst sreparatory beanding sch 10f 80 boys in'an
- At & small preparatory boarding-school o in'an
adjacent county 7 boys exposed to méasles in the same
dormitory were given K80 serum on Feb. 8, 1937; 4 of

** lymph ‘and of -

. dysentery group until May 24.
. assumed

them developed jaundice (3 ‘severely ill) about 66 days
later. - Only one other boy, who had returned .to sc¢hool -
late and was in & different dormitory, received serum.
This was on'March 4, The boy became ill 61 days later
and was the oniy other case of jaundice in the school.
These events in themselves were not beyond the
bounds of coincidence. Multiple deaths in a family
during attacks of non-spirochztal hepatitis are recorded
(Bulmer 1923, Symmers 1920, ‘Hirschberger 1936}, and
epidemic jaundice is"a very! common disease in corm-
munities.  For example, in the five Years 1930-34, in 21
boys’ ‘and 10 girls’ residential schools jaundice occurred -
in all but one of the boys’ schools and all but 3 of the girls’
schools (MRC Special Report 1838}, But while these
events were being investigated news was received that in
a county institution 100 miles or more away 7 of 8 men-
tally deficient children injected with K60 on June1, 1937,
became ill on an average 82 days later {in - August) ;'
6 of them had jaundice and 8died. There were 42 children
in this community among a total of 541 inmates and 94.
staff, The children were divided by an outbreak of
dysentery in January, 1937, Measles first appeared in
the diarrhcea-free group in’ April but did not invade the
It may therefore be
that the 11 members of the dysentery group,
who remained on June 1 were reasonably well isolated.
None of the 8 inoculated had left this group since it was
formed, a.lthough 4 of the other patients and the nursing
stafl had been in contact with the outside world. It is
known' beyond. doubt that there was no antecedent or
concurrent infective hepatitis in the institution and the
case against K60 might have been complete but for the
fact that jawndice appeared in 2 uninoeulated children
in the dysentery group in the following November
{Propert 1842), - . .o
Batch K60 was pooled messles convalescent serum
amounting to 880 c.em. derived from 26-donors residing
in four localities and collected by. four practitioners
during April, 1938. It was candled and treated with
0-5% of an equal mixture of phenol and ether before being
bottled in~171 phials ; 121 of these phials were distri-
buted between April, 1936, and June, 1937, in nine ™
localities scattered over a wide area in the South and
East of England, and 82 persons were certainly, and a
further 27 probably, inoculated with it. Of the 109
recipients, 41, proportionately scattered over the nine
localities, subsequently became ill, 37 with jaundice;
8 died—a phenomenally high fatality of 12%-—and, more
significantly, they all died between the 61st and 93rd day
after receiving serum, 5 -
All unused serum of the batch (K60) had been recalled
by November, 1937, and the laboratory not issued *
measles convalestent serum since the middle of 1938.
This laboratory is-beyond reproach both structurally
and so far as its technigue and staff are concerned, and
has had long experience in handling serum and similar
biological products.. The proprietors provided compre--
hensive information concerning the distribution of
measles serum, and a specific inquiry disclosed humerous
other cases of jaundice following the administration of
certain other batches of serum from the iaboratory..
At Leeds (Jervis 1930} 9 batches were employed to
protect 158 children during 1936, 1837 and 1938, and
Jaundice appeared four weeks to four months later in 23

* children receiving serum from 5 of the 9 batches. Careful

survey covering the same three-year period brought to
light only 809 cases of epidemic hepatitis scattered
throughout the city. Different sets of donors contri-
buted to each batch of measles serum, vet 2 of the
batches appeared to be more hepatotoxic than the others
and one of these, K488, is believed to have given rise to
jaundice elsewhere, including a South coast town, where
of 130 c.cm, received 58 c.om. was injected into 14
children, 6 of whom subsequently developed jaundice
and one died. . ] . N
Hepatitis following measles serum therefore oceurred . -
among persons who were for the most part young child-
ren recently exposed to measles. 1t included, however,
some boys of public-aschool age and one man of 61, The
sexes were evenly represented.” The Registrar-General
reported -that during :the period 1926-36 theré was no
inerease in the total mortality’ from all diseases of the
liver and’ gall-bladder (excluding tumours or gallstones),
in children inder 15 years,” During-the period Jan. 1,
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1937, to July 9, 1938, there were 62 deaths. In 15 of
these cases a biological product had been administered
at some time before the onset of jaundice, in 6 more than
a year previously and in 9 between two and four months
before death. Of these 9, 7 had received either K488
or K60 measles serum.

CLINICAL FEATOURES |

Unfortunately, as is to be expected when spezia) inter-
sy is aroused only long after the event, very fe » ¢linical
notes are available. In addition there is the difficulty
of judging whether serum from any given batch was ep
Wwas not a factor in the subsequent development of
jaundice. Only with regard to two batches, K60 and
K488, did suspicion amount to strong probability, ang
for this reason a discussion of the clinical features must

batehes in which the story goes beyond a diagnosis of
*“ jaundice.” The number of times
certain signs and symptoms are mentioned in these 34
histories is shown in table 1. )

TABLE 1—3IGNB AND SYMPTOMS RECORDED IN MEASLES

SERUM HEPATITIS

. , Recovered |  Deaths
l K60 ]'mssl" K60 | K488 |
R

{ Total

3

Records available . .y ! 2

Malstse: .. .. ., |
Anorexia .. -, ..
Tiredness, depression
Irritability, restiessness
Sereaming ., -
Intractadility

Nausea ..

Yomiting ., . .. ., 1
Constipation, . . . .
Loose stools ..
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Jaundice ., e e 1 : i
Bile in urine .. . |
Clay-coloured stools i !
" Liver palpable v o {
Abdominal pain ., ... , ..
. -

ematemesia

Convulsions . .
Tetany - .. ool e
Deliriam e e V.
Extensor plantars .. . [
Squint ol oe ..

WA | O Db~y

Temperature normal
Temperature elevate
se normal ‘e

]
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Bruising

Urticaria i l

e
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Except for the mention of irritability, restlessness,
intractability, screaming and delirium, and the occurrence
of urticarja and extensor plantar responses, this list does
not suggest a diasgnosis other than epidemic hepatitis
or catarrhal jaundice in the recovered cases, and the infre-
quent mention of clay-coloured stools may

e e e, _'
Dayotdisease 1 g2° z 4 5 6 7

" Later

Recovered - ... 3 1 ... 1 1 1 on 12th day
I?ied .. eo.. 201 2 1 on #0th day

‘1 on 16th day

Totals {15) i .. 5 2z 2 3 1 3

: FATAL CASES ’

Those who died exhibited Some unusual features which
are best presented in the words of the contemporary
histories, .. '

Case 1.—A girl, ~ued 13 years, received 10
between March 25 _nd 30, 1937 ; 53 or 58 deys later, on Msy
22, developed violent urticaria i temperature normal. 2nd
day : confirmed in church : felt g littie queer afterwards, 3rd
day ; evening temperature 100.2° F., i 88on by doctor who could
make nothing of her but vaguely thought of measles. dth day ;

¢.cm.. of K60

. again by doctor during night ;

evening temperature 104° F. but no Signs or symptoms axce}
constipation and violent dislike for food, 5th day : slight;
jeundiced but not thought to be il i in evening became ver
restless and noisy and did not recognise her mother, 6, day
temperature normel in morning ; restless; requiring to be key
in bed; once rolled on the floor ealling out * Oh dear, o
dear " and could not be quietened ; doctor thought her Jive
dullness was less and that he had missed i

gumns bled, passed blood in stool, became unconscious an
went downhill very rapidly. 8tk day : fits began and con
tinued till she died on evening of 9tk day. .

Casg 2—A girl, aged 10 months, received K60 on March 18
1937; 71 dayslater, on May 28, refused 6 ¥ foed, 2nd day
vomited after morning_ feed ; irritable; objected to being
moved about ; slight rash between legs. 3rd day : rask
became general. 4ih day : rash faded ; refused feeds ; stool

. semi-solid ; child pale ; conjunctive slightly yeliow ; passed

large white fatty stool. 644 day : coffee-ground vormit frgt
seen by doctor in afterncon ; definitely jaundiced ; tempera-
ture and pulse normal ; another large coffee-ground vomit and
at 5.45 Py died suddenly (June 3}. . -

Case 3.—A girl, aged 7 years, received 5 c.em, of K60 on
Feh, 26, 1937; 62 days later, on April 29, vomited after
breakfast but waas able to travel 120 moiles.  Well throughout
day but vomited several times in evening. 2nd day : sleapy
and off colour; constipated ; no abnormel physical signs.
3rd day : poor appetite ; listless ; no fever; no abnormal
#7s. At 1 M became restless and began’ screpming ;
generalised abdominal pain, s0 enema given which resulted
in flatus only; not thought to be ill ; chastised by mother
for screaming whigh continued throughout night.. Seen
temperature and pulse
normal but very restless ; examinations, possible only in
calmer intervais, negative ; vomiting frequent, 44k day -
amall coffes-ground vomit at 8 AM, becoming profuse dater in
the day ; first noticed to be slightly jaundiced. Child found
lying on ficor ; when attempt made to pick her up she strug:
gled’ violently and crawled under farniture. . Heroin, B v,
given at noon and child became quieter, but. at 430 px she
was restless and screaming and was noticed to be rigid. At
6 PM was unconscious ; slightly jaundiced ; various . bru'ses
from her struggles.” Temperature 100° F, pulse-rate 80.
Tongue and throat dry and red. Pupils small and reacted
only slightly to light; fundi and eardrums normal ; well-
marked divergent squint with independent movement of
eyes. -General fisccidity apart from jaw and neck ; abdomiaai
refioxes absent, plantar responses strongly extensor, other
reflexes brisk; no Kernig sign. Short systolic murmur at
base of heart, otherwise heart ‘and lungs normal. BP 13070
mim. Hg. - Liver edge firm, palpeble 1 in, below .costal
margin ; - abdominal movelnents normal, peristalsis hesrd.
Urine contained bile and trace of protein. Cerebroapinal
fluid normel. At 7 Pm several coffee-ground vomits and
tetany. At 9 PM condition worse with spasms of generalized
rigidity, cyanosis, Cheyne-Stokes-breat;hing and bad pulse ;
coffee-ground vomits continued, Died on May 3, 5¢h day of
disease. Autopsy obtained, Coe :

Case 4.—A boy, aged 4} years, brother of case 3, received
5 c.em. of K60 on Feb, 26, 1937; 63 days later, on April 30,
developed malajse, vomiting and constipation ; trace of
tenderness in right loin. 2ngd day : did not appear to be ill H
temperature normal ; urine contained trace of protein but no
bile. After 2 pu, except for drowsy intervals, restlessness
and screaming continued throughont night, during which
child was delirious and twice fell out. of bed, 3rd day : better
and sitting up, but at ! pm produced & coffee-grpund vomit
and later became drowsy. By 6.30 rx looked ul; stightly
jsundiced ; on any attempt at examination screamed ond
struggled violently, Bruises on body from struggles during
night; optic fundi nermal ; -eardrums & little injected
inferiorly ; tongue dry and red. Examination diffieult.
Extensor plantar responses were the only abnormal sign found
except for a firm liver palpable 1 in. below costal mergin.
Lumbaer puncture impossible on account of struggles but child
drowsy throughout night, 4th' day : quiet ; temperature
norms! ; took fluids well and seemed better, At noon coffee.
ground vomiting became continuous and at B Py tetany
appeared ; temperature 99-6° F. At 6.30 par became worse ;
temperature 100-6° F., pulse-rate 145, At 8 PM transfused
with 100 c.em. of father's blood (both group A)." At 9 pu
was & little better with pulse-rate 90 but vomiting continued
and became more bloody. Died at 11.40 pu (May 2), ..
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Records of & autopsies are available, but, with two
exceptions, are sketchy and incomplete. The findings
recorded are set out in table 11, -

TABLE II—AUTOPSY FINDINGS IN CASES OF MEASLES SERUM
’ : HEPATITIS ’

K488
1, 5

al
&
2

Total

No. of autopgies

s

!
!

Skin :

Intestines :

Bruises . .
Jaundice .. e e
Extreme catarrh
Sugerﬂcial necrosis ..
Subacute atrophy .
Fatty degeneration ..
Gross necrosis ..
Heart : Fatty degeneration .. .
. . Necrosle= .. .
Eidneys: Fatty degeneration, |
necrosis ..
Hemorrhages : Blood In stemach
. into viscera
into sergus sacs
into brain ..

Liver:

b e s D B e sk S ek et et et ek e
FETRDGS B0 bkt €300 bt bt i

- ks

Histology.—Blocks from 4 cases showed widespread
atrophy of the liver cells ; few of these appeared normal
and the majority showed extensive vacuolation with
‘' foamy ’’ cell body_and degenerative changes in the
nuclei, Elsewhere numerous liver cells were completely
necrotic. The records do not mention the orientation of
the damage in the liver and it is not clear whether the
necrosis was mainly central, peripheral or uniformly
diffuse. There is nothing characteristic about the
descriptions of microscopic lesions in other OTgans.

- LABORATORY INVESTIGATIONS

For the most part~the available reports relate to the
acute stage of the illness. Table 11z shows the availabie
white counts. ~ . )

TABLE IiI—WHITE .CELL COUNTS 1N CASES OF MEASLES SERUM

- HEPATITIS
. ’ Percentages
Day after 2.5 o, .| _ol. i
Case | onset of Total whites | 33' 23, 2%' EE?E%F g2
jaundice TE 2L AT 5% 5% EZ
r |RE 59853285 85
[ o IR M |
. ! i | .
A 38 A $2 31 .. 4| 4 3
12 . 52,38! 0| 3|41 3
47 o 65 30 .. 3., 2
B .. ‘e 58 . 3817 .. 1 2
a 15 - } Apparent 918 .. 2. -r
35 leucocytoslali 48 511 .. 1 ¢!, H
D 18 }l App% gg : ig . g 1251 s
. eucoc . 5. 5
B 4950 542125 f .01
r . .. G400 32 :38: 9 1
Ge 4t 14,200 8¢ 124§ 7 1
=4 17 .. 25 ' 86 2 1
1 5330 29 1' 64 | 3 | S 44
i

t Three hours after transfusion and one hour betore death.
* Fatal cage, $ One mast cell per cent, )

Two red-c_ell counts are recorded, beoth during the
acute stage, in cases F and (G of table m. The second
case died soon after the count and had been bleeding.
Case F: reds 4,050,000; Hb, 80%; CI 1. Case G:
reds 4;430,000 ; Hb. 70% ; COI 0-8 :

Bacteriological findings were negative in the following
investigations (K60 cases only). Anjmal inoculations of
blood, urine or post-mortem fAuid, including tests for lepto-
spirosis, 7 cases. Microscopy of tissues and/for cuiture,
5 cases, Cerebrov?unal fluid, cytology, chemistry and
culture, 1 case. idal reaction, several cases,

Urinary bilirubin (Fouchet's test) was negative in 4
cases six months after onset.

Findings were pogitive in the following investigations.

Van den Bergh, 6 cases (during acute stage unless otherwise

" stated). :

Direct positive {26 unitain 1 case) 4 positive
:l{)zfxnremye% posdht;teit 04 ‘n ] M"
! '¥e 04 un:
- 2-0 units (10 months after onset) { .

In the last case serum bilirubin (Fouchet) wag weakly
positive 10 months after onset and the serum showed no
immunity to yellow fever.- :

Urinary urobilin was determined in 4 cases six months
after onset and was abnormal in 2, suggesting excessive
hmmolysis or persistent liver damage.

Levulose-tolerance, test was abnormal twelve months after -
onset in 1 case {50 g. l@vulose by mouth).

i Falsting blood 130 g. per 100 c.cm. -

hour .. L1383, .,
2 hours e .. 111, '

INVESTIGATIONS ON THE SUSPECTED SERUM

No record of any similar incident could be found in the
published work. ard opportunity was taken to consult
such persons * &s it-was thought would be able to throw
light on the matter. The problem was discussed from
every angle which may have been even remotely con- .
cerned, but no conclusion was reached as to the mechanism
of the disease, although the majority opinion attributed
it directly to the " measles ” serum. Since the case
against K60 was most firmly established the unused
residue of this batch was submitted to tests unfortunately

- limited by the small volume of serum available.

K60 was found to be sterile and to contain the proper quan-

' tity of antiseptic : 0-59, of an equal mixture of phenol and

ether,

1 c.em. was injected intracardially into each of 10 guinea-
pigs. All survived the injection ; 4 wers killed on the second
dey and all organs found healthy both macroscopically and
microscopically ; the remaining 6 were killed on the 100th
day and all organs were healthy. )

A sample of the serum was ashed and analysed spectro-
scopically. As, Ba, Cd, Co, Mn, Ni, Ti, Tl and V were entirely
absent. Exceedingly minute traces of Bi, Cr, Ph, Sb, $n and
Zn were detected, the evidency or antimony depending ori a
single very feeble line. There was nothing to suggest the
presence of & hepatotoxic inorgagic element.

Microscopic and dark-ground investigations failed to reveal
any bodies which could be characteristically differentiated
from the myriads of particles of all shapes afid sizes seen.

The biophysical properties of K60 wers, compared with
those of a control batch. Osmotic and refraction measure-
ments on clarified sera- showed the quotient * osmotic
pressure/refraction increment” to be the same on the two
samples. The value was less than that given by normal
serum but not small enough to indicate gross disintegration
of proteins, Ultracentrifuge fractionation revealed close
similarity in the molecular composition of the two sera,
In addjtion to the albumin boundary, three globulin com-

nents were present in both. The eonly difference between
%)60 and the control was a much more bulky deposit upon
slow speed centrifugation of the K60, Since the serum was
candled before bottling this deposit was either Pprecipitated
out of the serum, or foreign matter, living or dead,
introduced since candling. !

Donors were interrogated, particularly with regard to's
past personal or family history of jaundice, asthma, urticaria
or other allergic upset. The results were negative but serum
was taken from two of the donors who had had some appar-
ently unrelated illness yeass previously. These sers were used
in sgglutinations, precipitation and other serological tests to
which K60 was also submitted. The donors’ red cells were
also -investigated serologically. The blood of guineapigs
injected intracardially with K60 was included in these tests,
the results of which were not helpful. There is no record of

K60 against those who-survived jaundice,

DISCUSBION

In no single case of hepatitis could it be proved that
natural causes were not operative, but on the epidemio-
logical evidence the majority of the investigators con-
cluded that the causal factor resided in K60 and possibly
in K488, Conversely it was difficult to suppose a contri-
butory abnormality in the recipients because of the high
percentage of the inoculated who suffered from the
disease. The causal abnormality may have been intro-
@duced during the handling of the serum-—e.g., 4 non-
specific delayed action poison; or = known or unknown
virus with long incubation period, It may have been
derived from one of the contributors—e.g., a virus which
. ReB;euentatives of National Institute of Medical Research,

nden School of Hygiene and Tropical Medicine, Lister

pstitate of Preventive Medic.oe, Wellcome Physiological
Research Laboratories, London County Couneil, Metropolitan

- any atiemp* to perform serological or sensitivity tests using

Police Laboratory and General Register Office, and the Directors
of Hygiene to the Services -were consulted, as were also a
Rumber of clinictans, -
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i b could withstand carbolic 2nd ether and hag a long . oOn May 24, 1942, g days after the Jast transfusion,
L incubation period; or 4 mysterioug antigen occurring scarlatiniform punctate erytheme eppeared on the chest,

naturally in one of .the donors or produced by the inter. abdomen and legs. The ‘teruperature rose steadily day py

action of several sera or by denaturation by antiseptics, day until on the 7th day it reached peak of 10327 F
or & sensitising serum from a senditive donor, only théreafter it resolved by Iysis, becorning normaj 13 deys after
© 02 c.om. of which would be received. by each .of "the the 2ppearance of the rash, Jaundics was noticed on May 2¢
recipients of K60, ’ or 27, when the ljver was enlarged three finger-breadths ‘ang
Sections of liver from 4 cases were Specially stained -wag tender. The atools vrer, pale but not putty coloured,
by methods designed to demonstrate inclusion bodies, he spleen was not felt ay, there was neithep vorniting nor
In 2, cytoplasmic inclusions were found which stained blseding. " By June 19 the urine was free from bile, the liver
with acid dyes. No intranuclear inclusions were detected not palpable and the jaundice almost gone. The plaster ulcer

\ gnd the opilm'on v\;as tha.(ti: cytqbp]asm‘ilc inclu(siions in hea..led dramatically during the course of the jaundice, :

egenerated liver cells could ‘not be use as evidence of o e . . .
virus disorder since they have been found in 30% of livers 1923&83 f“ﬁ E&ubhfan, aged 58, wa? :ﬁent‘un:ﬂ No‘«l".em:qer,
ab .autopsy irrespective of cause of death. They have ¥ }? en .:. 6“!;'31.?9& g&n%rene ot the .:é’ °ct’m5;1'°“ ing
also been observed in the livers of normal monkeys, ‘hromboangeitis o tio fons- He was admitted to OSpitel
p . s on Dec. 14, 1940, Hig foot was removed, and apart from twg
ferrets and guineapigs (Pappenheimer ang Hawthom iods of I in 1941 h ained inhospital - e

- 1986).  Certain appearances suggested that some of the Periods of leave jo o0 rerained inhogpi Ak He roceived
acidophil inclusions seen in the K60 cases arose from eight serum pransfusions of 800 c.cm. each : four in ward
1oop MG 2 on Sept, 15 and 20 and Oct, 7 any 17, 1941, and four iy

; * degenerated nuclei i the numbers found were smal]l and p
i r quite disproportionate to the very extensive liver changes,” Ward MD on Feb. 12, March 1 andg 20, "mdlgpi‘ﬂ L,a tle %ﬁﬁ;

b i b isto- . 9¢cond period of leave, at Christmag
fo(g)-ig:lll‘;r evidence of disorder was dgtfected histo- . betweon the two series o’f trensfusions. He was transferred

It was thought that the long « iucmbai;iop period »

strong point against any known ‘““allergic explanation, q Spa - i
: : iati i : ays beginning on June 28, and & rige i temperature to
Since the investigations further mformatgmn has become 89 he F.%lhe 45 Do constitutional disturvance o ver.

ate of administration of serum and of onset, of jaundice . At the time they developed icterug these men oceupied

i are known in 48 eases, as follows, " beds fifteen feet apart in a ward containing 19 patients,
; ~ — —— of whom they were the onlg two who had received serum.
i e Incubation periods i Deaths - Thirty-two days intervened between the dates of onset of
Batch ' Clases | - A ;w jaundice in the two cases, and this interval conforms wit],
s 1 Range ] Medlan ! No, | 3839“ the ineubation Period of epidemie hepatitis, Nop reember
: ;—-—.___-_. LI .. of the staff of the hospital and no other patient in the
K80 | gy f':sunuh day | g 7 : s ward had jaundice during materia] periods,
11 '78-161st day ’ c128 ) M X1 Although 5 of the remaining 6 cases of transfusion

Ei8g , {

. r

. . - foria 7 quently developed jaundice while still in thig Bospital,
The difference in array raay have some signific.ace and there were no cfrcumstances suggesting previous contagt,

¥1ll be discussed later. K60 was Prepared in April, 193¢ ; with epidemic (catarrhal) jaundice, %‘he evidence sug.

K488 on Feb, 12, 1987, It was clear that Dumerous gests that serum *transfusion per se kas eaused hepatitis

batches of serum produced in the same laboratory éven indistinguishable from  that following  convalescent

4 p ; f i rum, 1 t TUm

It is iqtez-estdng that i_nq}lu-y has failed to bring to light ?:szfliiﬁceme cogg:i‘;?:gs{fgmaﬁl{::&%e and yeliow

20y evidence that jaundice had followed measles Serum The appearance of this Phenomenon was anticipated

from other laboratories in this country or has come to at the Ministry of Health whers information had previ-

measles convalescent and adult serum for prophylaxis o inquire. i ia, wh
and attenuation in its hospitals ; 366 litre. obtained from f‘ﬁ;ﬁa_‘ﬁﬁﬁgg‘;&d gz;‘gi;;gggﬁgmﬁﬁgggg;,:s ethar
prer 3000 donors and processed in the LCC laboratories frequently followed by hepatitis. It transpireq that not
been emploved for this purpose and the “majority until Aug. 12 did the cases in the EMS hospital come to
ate 0000 recipients have been followas Tpfter an o noties of G bransfusion officers,  Since then tro
interval of two months or hoore ; 1o case of jaundice hag condition has been observed at three other hospitals ard
.. been detected among them, The American SeTUM  the botal of known cases following transfusion is now 12,
;nifgguggs d.l.str;butelml'n;n;célﬁious Tlf::‘;u?; lfg“re;’(‘;‘ﬁo‘;?_. It must, however, be remembered that ne systematic
. 5€s on & very Be . : o ti
j?lundice having resnited frorg theset gzra.cticesl,ea.nd gener- follow up of f,r.ansfus_ed‘p atients hag been pttempted, and
§ . A& ¥ speaking there is no evi ence that measies attenus- ¢ ice is unlikely to be pe £nis X
i tion. with adult, or_convaleseent serum fs fraught wwith f{? ‘f;lﬁ?: t;s be expzc?t‘:éd that such? remf:rdt.e iggﬁg?;?;‘;‘?}jﬁ '
yeewial danger. K80 was obtained foon, measles con- 1o brought to ‘the notice of the blood-transfosion

) valescents.and K488 was adult serum, . officers. ~For this reason it cannot be assumed that whole
. X Transfusion Hepatitis : 113: tj?mg;snii:nf?l?:;ns‘; r?xlx‘n that plasma is likely be less
With the preceding summary in mind the incident at ¢ T N .
the EMS hospital can be discussed more effectively ang Clinical Picture of Homologous Serum Jaundice
the histories of two of the cases will be summarised, The description of jaundies following meastes gerum

T Case 5.4 toolmaker, aged 51, hag suffered from inter. is based mainly on records of a few severe cases. ‘The
ikH mittent clandication for 4-5 years. In December, 1940, attacks following Imumps convalescent plasma and yellow
he was buried in debris and sustained a Pott's fracturs which fever vaccine wers for the most part less dramatic,

was treated in plaster epplied on Dec. 6, Plagter Bores per- ' The cardinal sign of the condition has been Jaundice
sisted, an uleer 1% in. in dismeter developed and he wag but it is probable that the disorder oscurs without the
transferred to & medical ward (MG 1) for sarum transfusion  appearance of jaundice; thus, one child of a number
and remeined thers, e received 800 ¢.cm. of dried, recon.- - receiving an otherwise implicated meagles serum died of
stituted serum on six occasions (Jan. 29, 194] i Feb. 4,11, 18, + meningismug ” some twelve weeks later, The inter-
25 and March 17, 1542). The batch and bottle numbers of the sity of fhe jaundice and of liver damage hag varied,
Serum administered wera ) ot recorded except in the case of Meagsieg convalescent serum gave rise to fulmi.nating
the last transfusion, and the origin of 3ths of the total of 4.8  hepatic necrosis and widespread Pathological changes in
litres usad cannot be identified. Al] the serum was, however, gther organs. Mumps convalescent serym produced
Processed at one and the same laboratory, ‘ . relatively mild disease. In Brazil yellow fever vaceine
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HOMOLOGOUS 'SERU'J( JAUNDICE

[3axv. 16, 1943 g7

TABLE IV~—8IGNS AND SYMPTOMS I 48 CASES OF JAUNDICE
FPOLLOWING MUMP CONVALESCENT SERUM

Severity ' i
‘ of disease 'Tl“'f"“l . Per cent:
- i T T Do, o incidence
‘ Mod- ! ! times  10°
. Mila jgoc Severe ﬂ}'mtptmr&s symggoms
" Jnentioned -
Cases (totalds) ., "33 | g ; 1 i
—— T b

Symptoms recorded ; !

Skin rashes ., .17 3 9 20 417
4horexia ... .. 33| 71 3 i { B4
Abdominalpain .. | 1 2 0 12 23°0
Indigestion ., + .. ;. 3 5 0 31 646
Change of bowel habits . 13 |- 2 0 15 312
Fatigne or sleepiness @ 25 6 1 32 667
Dark urine .o .37 g 1 47 879
Stiff joints ., .. 9 2 1. 12 250
Headache ., PR § B 1 ' a2 25:0

: e P

i | )

"No, of cases fn! N0 Ol  poroong

— which observation |_fBses sign- ADDEATARCE

: recorded : Present g_:l signe

Signs recorded ’ -

Jaundice : slight ' ¢ T 3547 100
R moderate ! 48 - { 22 468 ¢ 2o
Ras severe J . ; g | %31’
Conjunctivitis o 11 27 ' 659
Petechim, hremorrhages : i .

c. . . ool A8 7 146
Liver enlarged el i8 32 . BBT -
Liver tender ., o ! Y 21 . 4407
Spleen palpable eo 48 : 18 375
Epleenhg%nder b sl i; ‘ g . %95

ymyphadeno: ¥ ..l . : i
Urine : bilkgn p:n R 15 33 é{;)ﬂfé
album . 12 2 :
casts ., e 47 8. 170

t H - '

caused a significantly greater proportion of jaundice in
the age-groups above 20 years. :

. Nosign differentiating this condition from hepatitis due
to other causes has been reco, nised, but most of the studies
have been retrospective. The association between jaun-
dice and homologous serum has been seidom suspected
until the patient was either dead or recovered, and critical
clinical observations have been reported in ‘rare
instancesonly. These reports suggest that differentiation
from epidemic hepatitis should be possible and that
erythema multiforme, stiff joints and splenic enlargement
may in time be recognised as distinguishing points.

The most complete clinieal survey so far available
comes from the ARC Harvard Unit Hospital, where 48

. men who had received mumps convalescent serum were
subsequently treated for Jaundice (table- 1v). The
clinical severity of this series was classified as 7929,
mild, 18'89% moderate and 2-0% severe, and the severity
was not necessarily proportionate to the degree of
jaundice. ‘ .

In 4179 of the histories mention is made of the appear-
ance of polymorphic rashes distinet from the petechial,
purpuric and xanthomatous rashes usually associated
with grave and persistent jaundice, Although the
greatest incidence ‘of rashes so far recorded occurred
after mumps convalescent serum the notes of '6 of 34
measles serum cases also mention urticarial  rashes.

The history of two of these patients was as follows.

Case 7.—A boy, aged 5 years, received 4-5 e.cm, of K60 on
June 1, 1937; 18 days later, on June 19, developed swelling
of lips on left side and of joints. June 21, urtiearia] rash ;
temperature 101° F. June 24, temperature normal, rash
gone, Ang. 12 (73 days after serum), fover and vomiting ;
appeared bright for about two days, Aug. 21, convulsions,
deliriuma and comsa ; vomited terminally coffes -
faver up to 103°F. ; mild jaundice deepening after death,

- Case 8,—A girl, aged 8 years, received 4-5 ¢.em. of K60 on
April 1, 1937 ; 79 days later, on June 18, vomited, 3¢ day :
vomiting,” &th day : jaundice which deepened steadily until
18th day. 15-19th goy : drowsiness marked with periods of
delirium ; fever variable, up to 100° F, 26th day :urticaria,
rigor and temperature up to 1002 F°, This was the thirg
attack of wurticaria accompanied by restlessnesg and fever
during the course of disease. Rash was patchy and erythe-
matous, fading in 36 hours. No history since 26th day.
Child recovered. . .

ground ; -

The polymorphic rashes usually preceded jaundice
by & few days only, but this period was in some cases
extended to more than a month. On the other hand,
there was nothing to suggest a comparison between these
rashes and the urticaria of heterologous serum fever
which usually occurs during the second week after
injection. Although the rashes were polymorphic they
should probably be grouped into one category as ery-
thema multiforme, The * urticarial " ‘types were not
migratory and evanescent but tended to be fixed and to
leave staining; they were commonly papalar, pruritic
and centrifugally disposed. Erythema circinats was
seen and also a punctate erythema in diserete patches,
In other cases the rash appeared on the abdomen and
suggested pityriasis rosea ; in others again it resembled
Psoriasis and becamescaly. Inone patient a heemorrhagic
rash and other signs led to a ¢linical diagnosis of meningo-
coccal septicemia, but he subsequently developed
jaundice, ) i

Another characteristic prodromal sign was stiffness -
in the joints of the extremities, particularly in the
mornings, Pre-icteric pruritus was inconstant but
occurred and a variable degree of fever was present,
Anorexia and nauses appeared early with a sensation of
heaviness in the epigastrium ; this aching was exagger-
ated by walking or running and the patients said they
thought they could feel their abdominal viscera bouncing.
Vomiting was rare, Dark urine appeared three or four
days after these prodromata and subsequently icterus
developed gradually. -

. LATENT PERIOD :

A feature present in all instances has been the long

interval between the injection of human blood products

and the appearance of the jaundice. The “ incubation
period is most commonly 60—90 days (table v).

TABLE V—APPARENT INCUBATION PERIODS IN HOMOLOGOUS
SERUM JAUNDICE

Incubation period

! No. of (weeks)

cases of }
"‘_u“d-‘ce} Amay [ Med. | av.
i

i
j 191

Humanised lymph (Several weeks to 2
months)
Measlies convalescent ! .
serum (K80) ., . 41 2-16 10 !
Measles adwult serum i ' !
&IKAS3) .. r e 11 11-23 | 17
Yellow fever vaccine— ! i -
s610 81 16-31  i16-21°
(a) Brazil Lot no, 489 736 2-68 ., 178
. 490 150 2-80 .o, 20
{b) American 338 29 ‘ 1z~32 . 21 | e
troops in Lot no. 351 53 8-24 15 !
U.K. 368 189 5-28 13 .
Mutops convalescent serum 62 5-18 . 11
Berum transfnsion * .o 3 10-12 (mizn.). H i

| 14~4] (max.)
b i

* Peripheral vascular dlsense,

Although there is 5 wide array in most of these examplas
he curves show peaks about the median. The peaks
for different batches do not coincide, sug, esting consider-
able differences in the latent periods of Yifferent batches
of the same incculum. This point is worthy of
investigation.

. ANALOGOUS CONDITIONS IN HORSES

Disasters suggestive of the incidents described in this
Paper have been observed in horses, In England, 15 ¢.cm.
of lamb dysentery horse serum prepared early in 1935 wag
given subcutaneously to each of 817 horses in 9 areas.
An equally large group of untreated animals was
observed as control. Although the serum had given no
trouble when used in lambs in the same year, about 6

to ha.nd.le,_ attempted to savage their attendants and
plunged wildly about before developing a staggering gait
and eventually complete paralysis.” Most of the affected
animals showed well-marked icterus of the visible mucous
: In 80% (182) of the inccwlated animals the
disease was mild and might have been regarded as clover
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' sickness, 3 ‘cases of ‘which occurred among the control -
, *

group. “In 7-6% (47 of 817 inoculated) the.

was fatal and might have been diagmosed as * mad

staggers,”’ no case of which occurred among the control

group. Yeéllow atrophy of the liver was a promineng

feature at sutopsy (Gordon 1935), RS .
" In Montana, 5193 horses were treated with either

- 2 e.cm. of 20% suspension of guineapig brain infected with

equine -encephalomyelitis in 50 c¢.cm. of horse serom

- used as a diluent, or with serum alone. Between the

32nd and 89th day after injection 89 animals became ill
and 79 died “ on their feet.,”” Symptoms were excite-
ment, muscular tremors, impaired vision' and- sweating,
‘Mucous membranes were somewhat icteric, Some of the
89 had received serum alone. Later similar symptoms
appeared in unimmunised animals, but out of a group of
861 horses 2 oply died (Marsh 1837)." C :

‘ The fiest report of *“ mad staggers apparently follow- '

ing the injection of homologous serum into horses came

" trom South Africa: Staggers, jaundice and acute necro-

is of the liver a.pgle]ued 62-78 days after imoculation
\gainst horse sickness.
staggers " had oceurred ih 4 of 160 non-immunised

aorses in the same district (Theiler 1919). i

- In Norway, anti-apthrax serum was produced fro

borses and cows, dnd either homologous or. beterologous -

serwm was ,njected -into “both. Acute or subacute
necrosis of the liver ocourred in the horses receiving

bomologous serum after an interval ranging from 8§ to 97

days-(50-60 days.in the majority). In this group 49
(101) were affected and 50 died. The cows treated with
either serum and the horses treated with heterologous
serum were not affected {Stagsvold 1938). e
. -+ Comment - . =
.The examples of homologous serum jaundice collected
in this paper make.it cleax that the subject is one of

major importance. Our understanding of the mechan- .
- ism has not advanced since: 1937 when messles serum

jaundice was first described. Ome conclusion is now,

however, evident: any doubt as to the reality of the.

association is removed by the frequene¥ with which
hepatitis has followed the injection of human blood
products, The probability that further cases will oceur,

- ‘particularly after transfusion, must be faced.

. Altliough mtiological studies are proceeding both in

England and America it is unlikely that the problem will -
be easily soived or that a radical method for preventing

the phenomenon will readily be found, Since there can
no qaestion of withholding transfusion in emergency,
vention will for the time being depend on the identi-
cation and withdrawal of icterogenic batches of serum
and plasma. Timely identification may be possible only
under exceptional circumstances; it will depend ‘on
the care with which batch numbers are recorded at the
time of fransfusion, and on the speedy notification by
practitioners to transfusion officers of cases of jaundice

following, after a long interval, ‘the injection of blood -

pmduclta. ) . )
= It is iinpossible to mention by name the very large number

of collaborators and other contributors who have provided the -

dnts assembied in this paper and to whom the reporters wish
to express their thanks, .~ - . _— ‘ - .
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