
Relation of Reticulocytosis to Positive Cooinbs Tests
in NZB and Other Mice

By PAMELA J. GILTINAN, LESLIE C. NoRINsf AND MARGARET C. HOLMES

S EVERAL RECENT REPORTS have incriminated reticulocytes as the
cause of “false positive” Coombs tests obtained in spontaneous or experi-

mentally induced anemia.14 As reticulocytosis is frequently associated with the
spontaneous Coombs positive hemolytic anemia which develops in NZB mice,

and because the positive Coombs test has been used by Holmes and Burnet5T

as the main basis for calling the condition autoimmune, it seemed important to

establish whether or not a possible pseudoreaction caused by reticulocytes was

contributing to the test.

Two general approaches were used. First, the temporal relationship between

reticulocytosis and positive Coombs tests in NZB was examined. Second, four

rabbit antisera with well-defined specificities were used as Coombs test re-

agents and for immunoelectrophoresis to study phenylhydrazine-induced reti-

culocytosis in NZB, C3H, C57/B1, and Hall Instiute mice, with the aim of

characterizing any cell coatings giving rise to a positive Coombs test.

The results indicate that reticulocytosis does not contribute to the positive

Coombs tests reported for NZB mice, and that “false positive” Coombs tests

are caused by reticulocytes only when antisera of broad specificity are used.

MATERIALS AND METHODS

Mice. ‘Flie NZB mice have ben previously described.5 The C3H and C57/BI inbred

hued, and the Hall Institute ( HI) outbred mice, are from colonies maintained at this

Institute.

Direct Coombs Test. This was modified from Coombs et al.,8 and the details are given

by Long et al.6 Briefly, the red cells are washed three times in warm physiological saline

and then tested by slide agglutination with a drop of antiserum ( anti-mouse-globulin se-

rum), diluted 1:5, and 1:50, using standard saline controls. With some of the special

antisera only dilutions of 1 : 5 were used.

Antisera. Four antisera were used:

1. Rabbit anti-mouse-globulin (standard Coombs serum).

2. Rabbit anti-mouse-whole serum.

3. Rabbit anti-mouse-whole serum absorbed with reticulocytes.

4. Rabbit anti-Coombs positive NZB red cells.

Preparation and Absorption of Antisera. The rabbit anti-mouse-globulin serum is the
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standard Coombs serum prepared and used in the laboratory. This was prepared against

a crude globulin fraction and absorbed according to the method described by Long et al.#{176}

The preparation and absorption of the antisera prepared in rabbits against mouse-

whole serum and NZB Coombs positive red cells has been described by Norms and

Holnies.1#{176} After absorption with normal mouse red cells, the antiserum prepared against

NZB Coombs positive red cells contained antibodies to the protein coating the cells.

For the production of reticulocyte-absorbed reagents, sera were absorbed with red

cell populations containing a high proportion (90 per cent + ) of reticulocytes from C3H
mice treated with phenylhydrazine. These cells were washed 10 times with normal saline,

and two volumes of packed cells were used for one volume of serum for each absorption.

The time sequence and conditions of absorption were adapted to each experiment to

produce adequate removal of undesired properties of the serum.

Reticulocyte Counts. These were done in duplicate by the standard method using the

vital stain, brilliant cresyl blue, as recommended by Dacie.9

induction of Reticulocytosis by Phenyihydrazine. Repeated injections of a 0.5 per cent

solution of acetyl phenyihydrazine were given to induce reticulocytosis in mice.4 Injec-

tions were given subcutaneously in the dorsal neck region. As a rule, injections of 0.5 ml.,
and 0.4, 0.4, 0.4 ml. were given on successive days with bleeding for reticulocyte counts

on the 7th day, but this varied in accord with the degree of reticulocytosis induced, as

indicated in the text.. In some groups, similar courses were repeated on the second and

third weeks.

Immunoelectrophoresis. The micro method of hi was used.

RESULTS

Temporal Relationship Between Reticulocytosis and Positive Coombs Tests in

NZB Mice

The temporal relation between positive antiglobulin tests and reticulocytosis

was determined by bleeding a group of 17 mice at intervals and carrying out

reticulocyte counts and standard Coombs tests on the same blood sample.

These mice were untreated except for routine bleeding and castration of the

male mice. Twelve mice were followed for several months; five were spot-

tested only.

The Coombs test in individual mice always became positive before the

reticulocytosis developed ( fig. 1 ), and similarly, a strongly positive Coombs

test always preceded a severe ( > 20 per cent ) reticulocytosis.

Figure 2 represents cumulative data showing the correlation between posi-

tive direct Coombs tests and reticulocyte levels done on the same blood sample

in NZB mice, regardless of their age.

The most significant feature is the presence of 17 per cent of Coombs posi-

tive mice among those with a normal (<5 per cent) reticulocyte level. With

the progressive development and persistence of the Coombs positive state, and

the consequent hemolytic anemia, the reticulocyte count naturally rises. This is

clearly responsible for the general correlation of the two criteria seen in the

figure.

Relation Between Induced Reticulocytosis and Coombs Tests in NZB, C3H

and C57/B1, and HI strains of Mice

The relationship between reticulocytosis and positive direct Coombs tests

was determined by inducing a severe reticulocytosis in 12 mice of each of
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AGE IN DAYS

Fig. 1.-Relation between reticulocyte levels and Coombs conversion with in-
creasing age in NZB mice. Mouse 3146 died at day 151 with a negative Coombs
test and a normal reticulocyte count and is not included in the figure. The solid
shading represents a positive Coombs test of degree + + or greater, the cross
hatching represents a Coombs test of ± or + degree, and the unshaded areas
correspond to negative Coombs tests. The numbers represent the mean of duplicate
reticulocyte counts carried out on the same blood sample as the corresponding
Coombs test.

80-
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Fig. 2.-Correlation between positive Coombs tests and reticulocyte levels in
NZB mice. The solid shading represents a positive Cooinbs test of degree + +
or greater; the cross hatching represents a Coombs test of ± or + degree; and
the unshaded areas correspond to negative Coombs tests.
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four mouse strains-the inbred strains; NZB aged 12-13 weeks; C3H and

C57/B1, 1)0th aged 12 weeks; and the outhred HI strain aged 24 weeks. Re-

peated doses of phenylhydrazine solution were given until a marked response

was obtained. Duplicate reticulocyte counts and Coombs tests were performed

using the four antisera : rabbit anti-mouse-globulin, rabbit anti-mouse-whole

serum, rabbit anti-mouse-whole serum absorbed with reticulocytes, and rabbit

anti-NZB-Coombs positive red cells.

Table 1 shows the results of reticulocyte counts done on the four strains of

mice, together with concomitant Coombs tests : ( a ) prior to treatment; ( b),

( c ) , and ( d ) after 4, 11 and 18 days of treatment, respectively; and ( e ) after

recuperation for 1 month without treatment.

On preliminary testing, all the mice were Coombs negative and had reticulo-

cyte counts in the normal range-i.e., less than 5 per cent.

As phenythydrazine treatment proceeded, the reticulocyte levels became

grossly elevated in the HI and C57/B1 strains of mice. There appeared to he a

strain difference in that in the C3H mice, such gross elevations were slower

in occurring. In the NZB group, treatment was temporarily stopped, and the

reticulocyte levels, which had been slightly elevated, fell to 8 per cent. On re-

institution of treatment, severe reticulocytosis was produced, as in the other

strains of mice. No sex differences were observed in the response to drug

treatment.

As the reticulocyte level was “artificially” increased, a number of the mice

became Coombs positive when tested with antisera to the mouse-whole serum,

l)ut remained negative when tested with anti-globulin, or anti-NZB-Coomhs

positive red cell sera.

When anti-mouse-whole-serum reagent was absorbed with red blood cells

containing more than 90 per cent reticulocytes, its reactivity with cells of the

phenyihydrazine-treated mice was abolished.

There appeared to be a difference in the ability of mice with the same order

of reticulocyte levels to convert to the pseudo-Coomhs positive state, and this

difference appeared to be strain-dependent. Although 100 per cent pseudo-

Coombs conversion was readily obtained with both the NZB and HI strains

of mice, the maximum conversion obtained with C:4H mice was 60 per cent,

of which 30 per cent gave only a weakly positive test, in spite of a reticulocyte

range of 31.4-79.3 per cent. Similarly, although all the C57 mice converted to

pseudo-Coombs positive when their reticulocyte levels were 21.3-86.5 per cent,

75 per cent of these mice gave strongly positive, hut 25 per cent only weakly

positive, pseudo-Coombs tests.

After a period of 1 month recuperation, during which no treatment of any

kind was received by the mice, further testing showed that all the reticulocyte

levels had reverted to normal and the Coombs reaction with the anti-mouse-

whole-serum reagent had disappeared. In one female NZB mouse, a strongly

positive Coombs test was obtained to anti-globulin as well as to anti-whole

serum, hut the reticulocyte level remained normal at 3.5 per cent. Three other

NZB mice, two females and one male, had weakly positive Coombs tests with

reticulocyte levels of 1.8, 4.4 and 3.0 per cent, respectively. These mice were 5
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Table 1.-Relation Between Phenylhydrazine induced Reticulocytosis and Coombs

Conversion in NZB, C3H, C57 and HI Mice

Per Cent Positive Cooinbs Tests
with Sera Prepared Against:

No. of
Mice
Alive

12

12

12

12

Mouse
globulin

0

0

0

0

NZB
Coombs
positive

rbc

0

0

0

0

Mouse
Day Strain

o NZB

HI

C3H

C57

4 NZB

HI

C3H

C57

11 NZB#{176}

HI

C3H

C57

18 NZB

HI

C3H

C57

66 NZB

HI

C3H

C57

12 9.8-36.2

12 10.2-76.8

11 14.3-35.4

12 30.2-75.3

12 4.6-12.6

12 61.9-93.2

10 31.4-79.3

12 21.3-86.5

o 0

o 0

o o
o 0

17.9

41.8

21.7

48.7

7.9

75.2

52.0

62.7

25.0

66.7

9.1

58.3

0

0

0

0

o 0 8.3

0 0 100.0

0 0 60.0

0 (1 100(1

o o 100.0

o o 50.0

2.9 40.0

2.3 0

1.7 0

1.6 0

The NZB mice received treatment between days

C57 mice received treatment between days 1 and

between days 1 and 18.

1 and 4, and 11 and 18; the HI and

11; the C5H mice received treatment
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Retic. Counts (%)

Range Mean

0.6-4.9 2.3

1.8-4.7 3.3

1.4-3.9 2.5

1.8-6.1 2.5

12 37.0-89.3 66.1

Not tested

10 21.8-71.2 44.3

12 Not tested

10 1.8-4.4

10 1.6-3.0

8 0.8-2.6

12 0.8-3.2

40.0

0

0

0

Mouse-Whole-Serum

Unab- Ab-
sorbed sorbed

with retics.

o o
0 -

0 -

0 -

40.0

0

0

0

0

0

0

0

0

0

months old at this stage and the normal Coombs conversion ( with rabbit anti-

mouse-globulin ) occurs in NZB mice at 3 to 9 months of age.5

Figure 3 is a scatter diagram showing the relationship between positive

pseudo-Coombs tests, using the rabbit anti-mouse-whole serum, and reticulo-

cyte levels in the four strains of mice. The four ringed crosses in the “weak

positive tests-O-5 per cent reticulocytes” section represent NZB mice con-

verting to Coombs positive with the anti-mouse-globulin, at the end of the

experiment. With less than 20 per cent reticulocytes, very few positive anti-

mouse-whole-serum Coombs reactions were obtained. At higher reticulocytc

levels, the percentage of positive mice increased as the reticulocytosis in-

creased, but the correlation was not an absolute one. Even at a reticulocyte

level of 60-70 per cent, there were still 20 per cent of the mice which were

Coombs negative.

Immunoelectrophoretic identification of Reticulocyte Coating

In table 1 it was shown that antiserum from a rabbit immunized with whole-

mouse-serum failed to produce positive pseudo-Coombs reactions with reticulo-
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Fig. 3.-Relation between phenylhydrazine-induced reticulocytosis and positive

Coombs tests in NZB, C3H, C57/B1 and HI mice. All the C3H, C57/BI and HI
mice and the majority of NZB mice gave pseudo-positive Coombs reactions only.

4 NZB mice gave true positive Coombs reactions with the antiglobulin serum.

0111

A C3H ..

0 C57 � Pseudo-posItIve Coombs tests.

x NZB J
#{174}NZB True positive Coombs tests.

cyte-rich l)lOod samples after being absorbed with reticulocytes. Such ab-

sorbed serum should therefore have lost the antibodies that react with serum

proteins absorbed on reticulocytes, and the loss should be detectable by im-

munoelectrophoretic comparison of absorbed and unabsorbed serum against

mouse serum as antigen. The results obtained when such tests were performed

are illustrated diagrammatically in figure 4, where it can be seen that 3 lines in

the f3 globulin region are missing from the absorbed serum. One of these is

almost certainly transferrin.

DiscussioN

Work done by Norms and Holmes1#{176} has shown that although a /3 globulin

may participate, the major functional coating of NZB Coombs positive eryth-

rocytes is classical gamma globulin, and that the rabbit antiserum routinely

used in this laboratory as Coombs test reagent has a rather narrow specificity

directed mainly against mouse gamma globulin.

Neither the anti-globulin antiserum nor the antiserum specially prepared

against NZB Coombs positive erythrocytes ever agglutinated phenyihydrazine-

induced reticulocytes. This indicates that reticulocytes play no role in the con-

ventional Coombs test reported from this laboratory, that classical gamma

globulin plays little, if any, role in the coating of reticulocytes, and that

Coomhs test reagents of appropriately narrow specificity do not give “false

positive” Coombs tests with reticulocytes.
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Fig. 4.-Diagrammatic view of immunoelectrophoresis results demonstrating
that beta globulins are involved in the coating of mous2 reticulocytes. Whole C3H
serum in origin of A and B. In “A” rabbit, anti-mouse-whole serum previously

absorbed with C3H reticulocytes was placed in trough. In “B” rabbit, anti-whole-
mouse serum absorbed with normal C3H erythrocytes was placed in trough. Note

that in “A” as compared to “B,” the reticulocvte-absorbed antiserum had lost the

power to recognize three beta globulins, OUC of which is almost certainly transferrin.

The immunoelectrophoretic studies using the rabbit anti-mouse-whole serum

absorbed with reticulocytes showed that 3 fi globulins were involved in the

reticulocytes coating. This is consistent with Jandi’s demonstration that trans-

ferrin participated, and with his belief that additional proteins were involved.1

Because “nongamma” Coombs tests caused by complement have been re-

ported,12’� it is of interest to note that the recently described murine corn-
plement antigen known as He1 and MuBl1415 is not involved in the “false posi-

tive” Coombs tests described in this study. The NZB mice lack this protein

in their serum’t1 and so cannot have it on their reticulocytes which were ag-

glutinated by the anti-mouse-whole serum in the induced “false positive”

Coombs test. A direct test of C3H reticulocytes using a NZB anti-Hc1 anti-

serum was also negative.

Although a recent brief report indicated difficulty in obtaining agglutination

of human reticulocytes using a slide test technic,17 no such difficulty was cx-

perienced using a similar technic in the present study on mouse reticulocytes.

SUMMARY

The presence of a reticulocytosis was found to he irrelevant to the develop-

ment of a positive Coombs test when an appropriate anti-globulin reagent is

used. When a serum made against mouse-whole serum is used, any circum-

stance leading to the firm attachment of serum proteins to erythrocytes will

lead to agglutination. Blood containing moderate to high reticulocyte levels

(20-86.5 per cent) gave a proportion of “false-positive” Coombs tests, especial-

ly blood from strains HI and C57/B1, but no anti-globulin Coombs reactions

were obtained. Immunoelectrophoretic tests showed that 3 lines in the f3

globulin area, one of which was probably transferrin, were removed by ab-

sorption with reticulocytes.

SUMMARIO IN INTERLINCUA

Esseva constatate que Ic presentia de reticulocytosis es irrelevante con

respecto al disveloppamento de positivitate del test de Coombs quando un
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appropriate reagente anti globulina es utilisate. Quando un sero preparate

anti sero total murin es usate, omne circumstantia ducente al firme attacha-

menfo de proteinas seral a! erythrocytos va resultar in agglutination. Sanguine

continente moderate o alte nivellos reticulocytic (20 a 86.5 pro conto) rendeva

un proportion de falsemente positive reactiones de Coombs, specialmente in

le caso de sanguine ab le lineas HI e C57/B1, sed nulle reactiones de Coombs

anti globulina esseva obtenite. Tests immunoelectrophoretic monstrava que 3

lineas in le area de globulina a-un del quales esseva probabilemente trans-

ferrina-esseva eliminate per absorption con reticulocytos.
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