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Formaldehyde induced anti-N: a possible cause
of renal graft failure
D. W. GORST, R. A. RICHES, AND P. H. RENTON

From the National Blood Transfusion Service, Roby Street, Manchester Ml 3BP, UK

suMMARY Treatment of human red cells with low concentrations of formaldehyde induces an anti-
genic change which makes them react very strongly with the anti-N sera found in certain patients
treated by haemodialysis. This supports the idea that formaldehyde sterilisation of reusable home
dialysers leads to the development of anti-N in these patients' sera. The clinical problems produced
by this antibody are discussed together with ways of overcoming them.

The blood group antibody, anti-N, is rare in human
sera, but Howell and Perkins (1972) observed 12
examples in 416 renal failure patients maintained on
chronic haemodialysis. Harrison et al. (1975) also
observed anti-N in 15 out of 33 home dialysis
patients, and in the present study 20 examples of the
antibody were found among 95 sera from such
patients. Unlike the anti-N occasionally found in
other sera, which tend to be rather weak and active
only at low temperatures, the majority of these anti-
Ns are powerful agglutinins, often active at 37°C.
These antibodies lead to difficulty in providing com-
patible blood for the occasional transfusion which
these patients require, but more important than this
is the strong probability of their interfering with the
function of a transplanted kidney. Donor kidneys
are commonly refrigerated before transplantation,
and if they come from N or MN donors it seems
inevitable that donor erythrocytes, which must still
be present in the renal capillaries even though the
kidney has been flushed with saline, will be agglu-
tinated by the anti-N in the recipient's serum, result-
ing in capillary blockage and interference with the
function of the kidney. At least one recorded episode
of graft failure was probably due to this phenomenon
(Belzer et al., 1971). The renal damage caused by the
anti-N could be to some extent reduced by warming
the kidney before transplantation, but this is an un-
desirable procedure liable itself to lead to reduced
viability. These considerations indicate that it is im-
portant to discover the cause of the anti-N in these
patients' sera and, if possible, to prevent its develop-
ment.

Howell and Perkins (1972) suggested a number of
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possibilities, one of which was that formaldehyde
used to sterilise reusable dialysers might lead to an
antigenic change in the N antigen of patients' eryth-
rocytes, and they observed that red cells in small
amounts were frequently left behind in the dialyser.
The suggestion that formaldehyde might be respon-
sible was supported by Harrison et al. (1975), who
observed anti-N in 15 out of 33 patients maintained
on home dialysis with reusable dialysers sterilised by
formaldehyde but found no antibodies in 28 patients
treated in hospital with disposable dialysers. We have
found that treatment of erythrocytes with certain
concentrations of formaldehyde does indeed induce a
change which causes them to react very strongly with
the anti-N in the sera of these patients. This indicates
that the use of formaldehyde to sterilise the dialysers
is almost certainly the factor which causes the anti-N
to appear.

Material and methods

Blood specimens were obtained from patients under-
going home dialysis under the care of the University
Hospital ofSouth Manchester Artificial Kidney Unit.
The initial screening of 95 sera for cold agglutinins
was carried out at the hospital: the specimens con-
taining anti-N were referred to the Blood Transfusion
Centre for ftirther study.
The MN types of the blood specimens were deter-

mined by use of Blood Group Reference Laboratory
rabbit antisera and human typing sera. The separated
sera were stored at - 20°C until tested.
The dialysers in use are of the Kiil type, and the

sterilising agent used between dialysis runs is 2% w/v
formaldehyde solution, which remains in contact
with the dialysis membranes for up to 48 hours.
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Membranes are used three times but connecting
tubing only once.
Twenty anti-N sera were investigated using for-

maldehyde treated red cells. The tests for agglutina-
tion were all carried out on slides at room tempera-
ture. The results were read microscopically after six
minutes. Absorptions were carried out at 20-22°C for
30-minute periods and eluates were made by heating
the cells to 60°C followed by rapid centrifugation.
Electrophoretic mobility was measured by the method
of Bangham et al. (1958).
Normal group 0, M and N cells were obtained

from the fully typed donor panel in current use.

After preliminary experiments with various times,
temperatures, and concentrations, red cells were
treated with formaldehyde by mixing 1 volume of
washed packed cells with 10 volumes of formalin
(40% w/v) diluted in saline to a concentration of
0-06% formaldehyde. After incubation for 20 hours
at room temperature the cells were washed four
times in saline.

Results

Treatment of cells with 10 volumes of 0-06% for-
maldehyde for 20 hours at room temperature is found
to have a striking effect on the agglutinability by renal
dialysis anti-N sera. The strength of reaction and
titre with N cells are greatly increased and even M
cells become strongly agglutinable.

These effects are illustrated in Table 1, which also
shows that formaldehyde induces a new specificity in
cells, which may be called NF. In this table some of
the reactions of a renal dialysis anti-N, some other
anti-N reagents, and some anti-M reagents with cells
treated by formaldehyde and by papain are shown.
Formaldehyde treatment of cells greatly increases the
titre with the renal dialysis serum but reduces or

abolishes the reactions with other types ofanti-N and

anti-M reagents. Furthermore, although formalde-
hyde treated N cells react to a higher titre than for-
maldehyde treated M cells with renal dialysis anti-
N serum, the difference is abolished by treatment with
papain which, as is well known, destroys the M and
N antigens. In addition to the results shown in Table
1, similar results were obtained with a further 19
renal dialysis anti-N sera, and one other non-renal
anti-N, and the formaldehyde treated cells failed to
react with 50 normal human sera without antibodies.
It might be thought from these results that the anti-
NF had no connection with the anti-N in the renal
dialysis sera, and this was also suggested by the fact
that it was possible to remove the anti-N from such
sera by a single absorption with N cells (or M cells),
leaving anti-NF behind; further absorptions caused
no reduction of titre of the anti-NF. On the other
hand, four absorptions with formaldehyde treated M
cells removed all antibody. However, an eluate from
N cells treated with renal dialysis anti-N reacted more
strongly with formaldehyde treated M and N cells
than with untreated N, a pattern of reaction clearly
distinguishing the renal dialysis anti-N from the anti-
N in other human and rabbit sera. Furthermore,
strong reactions with formaldehyde treated cells
were obtained with all of 20 renal dialysis sera con-
taining anti-N but with none of seven renal dialysis
sera not containing anti-N. This shows that the anti-
N is part of the response of the patient to formalde-
hyde treated cells.

Treatment of cells by trypsin or neuraminidase did
not abolish the formaldehyde change. The electro-
phoretic mobility of the altered cells was normal, and
so was the surface charge, as shown by agglutination
with 0-05% polybrene (Bird and Wingham, 1973).
The action of formaldehyde in inducingNFspecifi-

city in red cells is markedly temperature dependent.
At a concentration of 0-06%, formaldehyde had a

detectable effect after only 30 seconds at 37°C but

Table 1 Reactions ofanti-N and anti-M reagents with M andN red cells

Cells Treatment of cells Anti-N Anti-M

Renal dialysis Human (non-renalfailure) Rabbit Vicia graminea extract Human Rabbit

M Untreated 0 0 0 0 4 8
M Papain 0 0 NT 0 0 NT
M Formaldehyde 64 0 0 0 0 4
M Formaldehyde and

papain 256 0 NT 0 0 NT
N Untreated 8 4 4 4 0 0
N Papain 0 0 NT 0 0 NT
N Formaldehyde 256 0 2 2 0 0
N Formaldehyde and

papain 256 0 NT 0 0 NT

Figures are reciprocal titres of agglutination tests on slides at room temperature.
0 = no agglutination; NT = not tested owing to non-specific agglutination of papainised cells by rabbit sera.

957

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.30.10.956 on 1 O
ctober 1977. D

ow
nloaded from

 

http://jcp.bmj.com/


D. W. Gorst, R. A. Riches, and P. H. Renton

Table 2 MN groups of51 renal dialysis patients with anti-N

Group Series of: Total Expected (Race and Sanger, 1975)

Howell and Perkins (1972) Harrison et al. (1975) McLeish et al. (1975) Our study

M 4 7 2 9 22 14-33
MN 5 6 3 8 22 25-45
N 3 2 1 1 7 11-22
Total 12 15 6 18 51 51

x2 = 6 16; P < 0-05, 2 DF

almost no effect after 24 hours at 4°C. At room
temperature a concentration as low as 0 002% was
sufficient to induce the new specificity in 20 hours.

Discussion

This remarkable change wrought in the red cells by
very low concentrations of formaldehyde appears to
be responsible for the production of the powerful
agglutinins with anti-N specificity observed in
patients on home dialysis. It was noted in the original
study (Howell and Perkins, 1972) that visible accu-
mulations of red cells remained in the dialyser after
flushing through, and it is easy to see how these cells
might be changed by the formaldehyde and subse-
quently washed back into the patient's veins two or
three times a week. The formaldehyde is dialysed
away before re-use so any concentration from 2%
down to zero may exist in the machine.
Only the use of the cells chemically altered in vitro

has revealed the power and true specificity of the
agglutinin. A recent publication has shown similar
results with a small number of sera (Boettcher et al.,
1976), but the concentrations of formalin used were
too high to produce fully the change we describe. The
nature of the change is not yet known but the results
of the enzyme experiments indicate that it is not
modification of the M or N antigen per se, for it
occurs even if they are removed by papain treatment.
What relation the new antigen NF bears to the MNS
system is not clear but it may be related to some sub-
stance basic to the MNS system as H is to the ABO
system.
When the frequencies of the MN groups of renal

dialysis patients with anti-N are compared with the
frequencies for Northern European populations
(Race and Sanger, 1975), an excess of M is revealed
(Table 2). We do not, of course, know the racial
origin of all the patients, but the figures suggest that
possession of the N antigen may make a person less
likely to respond to the NF antigen.

It seems, therefore, that patients on home dialysis
should be screened for antibodies and the thermal
range and characteristics of any agglutinin investi-

gated. Kidney donors can be MN typed very rapidly,
and if a kidney from an N positive donor must be
given to a recipient with anti-N, particular care
should be taken to warm the graft immediately before
the vascular anastomosis is made.
The problem could, of course, be prevented if the

use of formaldehyde to sterilise home dialysers were
avoided, although already some 10-15% of patients
awaiting renal transplantation may be expected to
have this powerful antibody in their sera. It has been
observed, however, that the antibody disappears after
successful renal transplantation (Howell and Perkins,
1972), so it is likely to disappear in time if patients
can avoid further antigenic stimulation by formalde-
hyde treated cells.

We are indebted to Dr B. W. Otridge, Mr R. A.
Crossley, and Mr T. A. Morris for collecting and
screening the sera, and to Dr A. J. Ralston and Dr
P. A. Ackrill, under whose care the patients are, for
their co-operation.
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