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Foetus in foetu: serological assessment of
monozygotic origin by automated analysis
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SYNOPSIS A further example of the rare disorder of embryonic development known as 'foetus in
foetu' is described. Extensive blood group determinations, using a new autoanalytical technique,
were combined with chromosome studies to show that the chance of the foetus in foetu and its host
being of monozygotic origin was 0O947.

Foetus in foetu is the term given to a highly
differentiated foetus-like structure found within the
retroperitoneal space of its bearer, usually an
infant, and is distinguished from a teratoma by the
possession of a vertebral axis and often by appro-
priate arrangement of other organs and limbs with
respect to this axis. (Willis, 1935). Lord (1956), in an
extensive review of the literature, found only four
proven and seven probable or possible examples of
the condition. Further cases have been described by
Lewis (1961), Janovski (1962), Lee (1965), Numan-
oglu,Yaruz. Gokdemir, and Oztop (1970), and Lama-
badusuriya, Atukorale, Soysa, and Walpita (1972).
The pathogenesis is uncertain but foetus in foetu is
assumed to be a monozygotic parasitic twin develo-
ping within the abdomen of its partner on whom it
becomes dependent for blood supply.
A further example of this rare anomaly is reported.

In addition evidence strongly supporting a mono-
zygotic origin for foetus in foetu and its bearer is
provided for th' first time. Much of this evidence was
obtained by means of a new serochemical technique
developed by one of us (J.W.L.) for detection of
blood group antigens on tissue cells.

Case Report

Examination of an otherwise well 3-month-old male
infant presenting with a torticollis revealed a large,
smooth, fluctuant, and mobile abdominal mass to
the right of the mid-line. Birth weight at full term
had been 3-54 kg after an uneventful pregnancy.
There was no family history of twinning.
A plain radiograph of the abdomen showed a large

homogeneous mass in the right lower quadrant. An
Received for publication 4 July 1972.

intravenous pyelogram was normal apart from
posterior displacement of the right kidney and ureter.
The mass was therefore thought to be an entero-
genous or omental cyst.
At laparotomy a large cystic tumour was found in

the lower retroperitoneal space. The thin-walled sac
ruptured during dissection spilling yellowish fluid in
which was bathed a vernix-covered, foetus-like
structure (Fig. 1). Although no definite vascular
pedicle could be detected the blood supply appeared
to come from the inferior mesenteric vessels (Fig. 2).
The sac and its contents were dissected free and re-
moved. The immediate postoperative recovery was
uneventful but two months later the infant was re-
admitted to hospital with symptoms and signs of
intestinal obstruction. At a second laparotomy
adhesions were the only abnormal finding and these
were dissected free. Subsequent growth and devel-
opment of the infant have been normal.

Pathology

The foetus in foetu was a crudely bilaterally sym-
metrical structure with definite cephalic and caudal
ends (Fig. 1). Although most of the specimen was
skin covered there was a membranous sac reminis-
cent of meninges at the cephalic end, and an
envelope of greyish tissue with surface convolutions
similar to those of brain. A phallus-like structure was
situated between two rudimentary limbs at the
caudal end. At the 'umbilical' position coils of
intestine, continuous with others in an anteriorly
placed internal cavity, protruded about 1 in. from
the body of the specimen through a small orifice.
A cross section of the specimen in an approximate

mid-sagittal plane (Fig. 3) showed four bones
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Fig. 2.

Fig. 1.

Fig. 1 'Ventral' view of the fresh specimen offoetus in
foetu.

Fig. 2 View at operation to show vascular pedicle.

Fig. 3 'Sagittal' section offoetus in foetu.

Fig. 3.
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arranged in a primitive vertebral column in which
vertebral bodies and appendages could be recog-
nized. At its cephalic end a 4 cm segment of spinal
cord lay within a small section of vertebral canal
attached to its walls by strands of whitish tissue.
There was no evidence of either a cardiovascular
system or internal urogenital organs and their ducts.
The spinal cord and intestinal loops were confirmed
histologically and there was no tissue characteristic
of gonads of either sex. The sac consisted of con-
nective tissue lined with endothelial cells. Placental
tissue was not seen.
A radiograph of the specimen (Fig. 4) showed a

series ofmassive ossified structures clearly resembling
vertebrae and forming a well developed spine. A
sacrum-like structure was related to other ossified
structures arranged as in a pelvic girdle. Ossified
areas were present in the limb-like appendages, but
no macroscopic or radiological evidence of skull
bones was seen.

Further Investigations

Specimens of blood freshly taken from the infant

Fig. 4 Radiograph offoetus in foetu.

bearer of the foetus in foetu, from a 4-year-old female
sibling, and from both parents were tested for ABO,
RhesusM,N, S,P 1, K, Fy, andJkredcell antigens. Skin
from the foetus in foetu was analysed for similar red
cell antigens and skin fibroblasts were cultured for
chromosome studies.

METHODS
The blood group investigations into this case intro-
duce a new laboratory method for the antigen typing
of tissue cells, the principle of which is based on
absorption and elution, followed by examination
of the eluate for specific antibody using a highly
sensitive autoanalyser haemagglutinating system.
The continual flow autoanalyser system was set up

as shown in the flow diagram (Fig. 5) following the
method described by Marsh (1967). A 15 mm flow
cell was used within the colorimeter and a range
expander incorporated into the system to give
enhanced sensitivity. The enzyme used was 01I%
bromelin and the rouleaux-formiing agent was 0 3%
methyl cellulose. Red cells used for antibody detec-
tion were never more than 72 hours old.

Preparation of tissue from foetus in foetu
Skin dissected into small pieces measuring approxi-
mately 2 mm square was frozen and ground into a
fine powder under liquid nitrogen at a temperature
of - 198°C. The powdered tissue was then transferred
to a desiccator for drying.

Absorption and elution
Fifty milligram amounts of powdered tissue were
measured into clean tubes and mixed with 0 25 ml of
each of the antisera to be tested. Several inert AB
sera were included as a negative control and each
serum was incubated at its optimum temperature for
a minimum of three hours. The cells were then well
washed in ice-cold saline to ensure complete
removal of unbound antibody, the final wash being
kept as a control to be tested alongside the eluate.
Of inert AB serum, 0-125 ml was carefully mixed with
the cold wash sensitized tissue cells and the mixture
was then placed in a water bath at 56°C for 15
minutes followed by heated centrifugation. The
supernatant eluate was then separated into an
autoanalyser sampling cup and was tested within the
autoanalyser against red cells possessing the antigen
appropriate to the antisera used. A second blood
which lacked the particular antigen was similarly
tested against the eluate as a specificity control.
The presence of antibody in the eluate was shown

by a marked increase in light transmission and no
result was recorded as positive unless the light
transmitted was shown to be at least 40% above the
base line reading on the recorder.

795
copyright.

 on M
ay 22, 2023 by guest. P

rotected by
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.25.9.793 on 1 S
eptem

ber 1972. D
ow

nloaded from
 

http://jcp.bmj.com/


M. J. Boyce, J. W. Lockyer, and C. B. S. Wood

55 ml I .SCREE,NING HsATE
COLORIMETER RECORDER MAXIMUM SENSITIVITY 40/HOUR, 1:1

NORMAL SCREENING 70/HOUR, 2:1
Fig. 5 Flow diagram (reproducedfrom a paper by Marsh, 1967).

Blood samples
Washed red cells from each of the blood specimens
were tested for ABO, Rhesus, M, N, S, P1, K, Fy,
and Jk using the most suitable technique for the
appropriate antibody.

Chromosomes
Fibroblasts from the skin of foetus in foetu were
cultured for chromosome studies.

CALCULATION
Computation of probable zygosity was based on the
method of Smith and Penrose (1955).

Results

Skin from the foetus in foetu showed a normal male
chromosome complement with sex chromosome XY.
No abnormalities were detected in the metaphases
analysed. Results of the investigations for red cell
antigens are indicated in Tables I and II.

Discussion

Unlike the more common retroperitoneal teratoma,

Father Mother Sister Brother (Bearer
of Foetus in Foetu)

A,/0 0/0 0,0 0/0
Ms/Ns MS/Ms MS/Ms MS/Ms
P,/ ? PI/ ? PJ ? P,/ ?
Jka/Jkb Jka/Jka Jka/Jkb Jk-/Jka
Fya/ ? Fy"/ ? FYI'/? Fy"/ ?
cde/cde cde/cde cde/cde cde/cde
kk kk kk kk

Table I Family study

our specimen has the highly organized vertebrate
structure, which is characteristic of a foetus in foetu
(Lord, 1956). The pathogenesis is unknown but the
most accepted theory is that foetus in foetu results
from incomplete monozygotic twinning. Unequal
division of the 'totipotential' inner cell mass of the
developing blastocyst could lead to inclusion of a
smaller cell mass within a maturing sister embryo.
Foetus in foetu would therefore represent an
included diamniotic monochorionic twin. The
absence of an independent circulatory system would
explain the subsequent growth retardation. Other
suggestions are that either a germ cell in the retro-

796

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.25.9.793 on 1 S

eptem
ber 1972. D

ow
nloaded from

 

http://jcp.bmj.com/


Foetus in foetu: serological assessment of monozygotic origin by automated analysis

Foetus in Foetu Brother (Bearer Relative Chance in Favour of a
of Foetus in Dizygotic Twin Pair
Foetu)

Initial odds 2-3333
Likeness in sex 0 5000

0/0 0/0 0-5000
MS/Ms MS/Ms 0-2500
P,/ ? P,/ ? 0-9034
Jka/JkS Jk'/Jk- 0-5000
Fyll/ ? Fya/ ? 0-8000
cde/cde cde/cde 10000
k/k k/k f
Combined probability of dizygotic twin pair 0-0527
Probability of monozygotic twin pair 0-9473

Table II Probability of monozygotic origin

peritoneal region (where they are normally found) is
parthenogenically stimulated and develops into a
twin rudimentary foetus (Gross and Clatworthy,
1951) or that anastomosis of the vitelline circulations
results in an included twin (White, quoted by Lord,
1956).

If foetus in foetu and its bearer represent diam-
niotic monochorionic twins then they should be of
the same sex and possess identical red cell antigens
(Bulmer, 1970). Previous evidence tends to support
this concept but is somewhat scanty. Young (1809)
described 'male external genitalia' in the first
reported case of foetus in foetu. The infant bearer
was also a male. In two other cases (Brunkow, 1942;
Lord, 1954) intraabdominal gonads were present and
these corresponded histologically to the sex of their
respective bearers. Lee (1965) reported three foetuses
found within a single sac removed from the abdomen
of a 2-month-old infant all of which had the same
blood group (A) as their bearer.
Red cell antigens of the ABH Rhesus M N S P1 K

Fya Jka systems are known to develop early in
intrauterine life and to remain constant thereafter
(Kemp, 1930; Speiser, 1959; Constandoulakis and
Kay, 1962; Toivanen and Hirvonen, 1969). The
serological study using an entirely new technique
was therefore limited to particular blood group
systems known to be present in early foetal life.

In the past, attempts to use absorption and elution
techniques for demonstrating the presence of blood
group antigens on tissue cells have had little success.
One possible reason for this arises from the difficulty
in obtaining an adequate number of free cells for
antibody absorption. Only small amounts of
antibody are therefore eluted from the cells, and the
manual techniques normally used are insufficiently
sensitive to detect such small amounts of antibody.

Sturgeon, Cedergen, and McQuiston (1963) first
described the use of the autoanalyser for antibody
detection and others (Tovey and Lockyer, 1967;
Marsh, 1967; Lalezari, 1968), have since shown
3

it to be a highly sensitive instrument for detecting
certain blood group antibodies. Using this technique
it is possible to demonstrate antibodies in eluates
which by manual methods give negative or, at the
most, a weakly positive result.

All of the blood group antigens detected on the
red cells were also found on the tissue cells. This
was made possible by (a) grinding the tissue into a
powder, and thus exposing many more antigen
sites. This allowed an increased uptake of antibody
and consequently a stronger eluate; (b) the high
sensitivity of the autoanalyser haemagglutinating
system for detecting and quantitating antibody
present.
From a study of the family blood groups made in

parallel with those of the tissue from foetus in foetu
and blood from the infant bearer, the probability of
monozygosity appears to be 0-9473 whilst the
probability of dizygosity is 0-0527.

These new studies do not resolve the problem
surrounding the disorders of embryogenesis in
foetus in foetu. They do, however, virtually exclude
dizygosity or aneuploidy and clearly indicate that
the foetus in foetu was derived from the same zygote
tissue as its host.

We are grateful to Professor N. R. Butler and Mr
A. J. Webb for permission to publish this case, and
to Dr F. Lewis and the staff of the Regional
Cytogenetic Laboratory at Southmead Hospital for
the karyotype studies. J.W.L. wishes to acknow-
ledge with thanks the help and advice of Miss
Margaret Pereira, Principal Scientific Officer, Metro-
politan Police Forensic Science Laboratory, Holbom,
London.

References

Bulmer, M. G. (1970). In The Biology of Twinning in Man. pp.
3-7. Clarendon Press, Oxford.

Brunkow, C. W. (1942). In Pediatric Gynecology, edited by G. C.
Schauffler, pp. 220-224.Year Book Medical Publishers, Chicago.

Constandoulakis, M., and Kay, H. E. M. (1962). A and B antigens of
the human foetal erythrocyte. Brit. J. Haemat., 8, 57-63.

Gross, R. E., and Clatworthy, H. W. (1951). Twin fetuses in fetu.
J. Pediat., 38, 502-508.

Janovski, N. A. (1962). Fetus in fetu. J. Pediat., 61, 100-104.
Kemp, T. (1930). tYber den Empfindlichkeitsgrad der Blutkorperchen

gegenuber Isohamagglutininen im Fotalleben und im Kinder-
salter beim Menschen. Acta path. microbiol. scand., 7, 146-
156.

Lalezari, P., (1968). A new method for detection of red cell antibodies
Transfusion (Philad.), 8, 372-380.

Lamabadusuriya, S. P., Atukorale, A. W., Soysa, P. E., and Walpita,
P. R. (1972). A case of fetus in fetu. Arch. Dis. Childh., 47, 305-
307.

Lee, E. Y. C. (1965). Foetus in foetu. Arch. Dis. Childh., 40, 689-693.
Lewis, R. H. (1961). Foetus in foetu and the retroperitoneal teratoma.

Arch. Dis. Childh., 36,220-226.
Lord, J. M. (1956). Intra-abdominal foetus in foetu. J. Path., Bact., 72,

627-641.
Marsh, W. L. (1967). A critical evaluation of automated antibody

detection. Technicon Symposia, Vol. 2, pp. 47-52.

797

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.25.9.793 on 1 S

eptem
ber 1972. D

ow
nloaded from

 

http://jcp.bmj.com/


798

Numanoglu, I., Yaruz A., Gokdemir, and Oztop F. (1970). Fetus
in fetu. J. Pediat. Surg., 5, 472-473.

Smith, S. M., and Penrose, L. S. (1955). Monozygotic and dizygotic
twin diagnosis. Ann. hum. Genet., 19, 273-289.

Speiser, P. (1959). Ueber die bisher jungste menschliche Frucht (27
mm/2-2 g) an der bereits die Erbmerkmale Al, M, N, s, Fy
(a+), C,c, D, E,e, Jk. (a +?) im Blut festgestellt werdem
Konnten. Wien. klin. Wschr., 71, 549-55 1.

Sturgeon, P., Cedergen. B., and McQuiston, D. (1963). Automation of
routine blood typing procedures. Vox Sang. (Basel), 8, 43845 1.

M. J. Boyce, J. W. Lockyer, and C. B. S. Wood

Toivanen, P., and Hirvonen, T. (1969). Fetal development of red cell
antigens K, k, Lua, Lub, Fya, Fyb, Vel and Xga. Scand. J.
Haemat., 6, 49-55.

Tovey, G. H., and Lockyer, J. W. (1967). Use of autoanalyser in
antenatal prediction of severity of Rh. haemolytic disease.
Technicon Symposia, Vol. 2, pp. 39-41.

Willis, R. A. (1935). The structure of teratomata. J. Path. Bact., 40,
1-36.

Young, G. W. (1806-9). Case ofa foetus found in the abdomen ofa boy.
Med. chir. Trans., 1, 234-262 (3rd ed. 1812, 236-264).

Reports and Bulletins prepared by the Association of Clinical Biochemists
The following reports and bulletins are published by the Association of Clinical Biochemists. They may be obtained
from The Administrative Office, Association of Clinical Biochemists, 7 Warwick Court, Holborn, London, WCIR 5DP.
The prices include postage, but air mail will be charged extra. Overseas readers should remit by British Postal or Money
Order. If this is not possible the equivalent of 50p is the minimum amount that can be accepted.

SCIENTIFIC REPORTS
3 Automatic Dispensing Pipettes. An assessment of 35
commercial instruments 1967 P. M. G. BROUGHTON,
A. H. GOWENLOCK, G. M. WIDDOWSON, and K. A. AHLQUIST
85p ($2)

4 An Evaluation of five Commercial Flame Photometers
suitable for the Simultaneous Determination of Sodium
and Potassium March 1970 P. M. G. BROUGHTON and
J. B. DAWSON 85p ($2)

SCIENTIFIC REVIEWS

I The Assessment of Thyroid Function March 1971
F. V. FLYNN and J. R. HOBBS 62jp ($1.50)

2 Renal Function Tests Suitable for Clinical Practice
January 1972 F. L. MITCHELL, N. VEALL, and R. W. E.
WATTS 621p ($1.50)

TECHNICAL BULLEIINS

9 Determination of Urea by AutoAnalyzer November
1966 RUTH M. HASLAM 42ip ($1)
11 Determination of Serum Albumin by AutoAnalyzer
using Bromocresol Green October 1967 B. E. NORT}iAM
and G. M. WIDDOWSON 42jp ($1)
13 An Assessment of the Technicon Type 11 Sampler
Unit March 1968 B. C. GRAY and G. K. MCGOWAN
42jp ($1)

14 Atomic Absorption Spectroscopy. An outline of its
principles and a guide to the selection of instruments
May 1968 J. B. DAWSON and P. M. G BROUGHTON
421p ($1)

15 A Guide to Automatic Pipettes (2nd edition) June
1968 P. M. G. BROUGHTON 42ip ($1 )
16 A Guide to Automation in Clinical Chemistry May
1969 P. M. G. BROUGHTON 62jp ($1.50)
17 Flame Photometers (2nd edition) 1969 P. WILDING
624p ($1.50)
18 Control Solutions for Clinical Biochemistry (4th
edition) March 1970 P. M. G. BROUGHTON 62ip
($1.50)
19 Spectrophotometers. A comparative list of low-priced
instruments readily available in Britain May 1970
C. E. WILDE and P. SEWELL 62ip ($1.50)
20 Quantities and Units in Clinical Biochemistry June
1970 P. M. G. BROUGHTON 621p ($1.50) More than
30 copies in units of 10 at 20p
21 Filter Fluorimeters: A comparative list of 18 instru-
ments September 1970 H. BRAUNSBERG and s. s.
BROWN 62ip ($l.50)
22 Bilirubin standards and the Determination of Bilirubin
by Manual and Technicon AutoAnalyzer Methods
January 1971 BARBARA BILLING, RUTH HASLAM, anc:
N. WALD 62jp ($1.50)
23 Interchangeable Cells for Spectrophotometers and
Fluorimeters September 1971 E. S. BROWN and A. H.
GOWENLOCK 62Ip ($1.50)
24 Simple Tests to Detect Poisons March 1972 B. W.
MEADE et al. 621p ($1.50)
25 Blood Gas Analysers May 1972 K. DIXON 62jp
($1.50)

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.25.9.793 on 1 S

eptem
ber 1972. D

ow
nloaded from

 

http://jcp.bmj.com/

