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INTRODUCTION

In the past years there has been a striking re
awakening of the peoples’ interest in infectious mono
nucleosis. To a great extent this renaissance of atten
tion can be attributed to the introduction by Paul and 
Bunnell in 1932 of the serologic diagnostic test whereby 
many instances of the disease, which would formerly have 
been entirely overlooked or only suspected, could be 
confirmed as examples of infectious mononucleosis.

Between 1928 and 1932 there were published 
several excellent monographs on this disease, notably 
those by Chevallier 1928, Glanzmann 1930, Lehndorff and 
Schwarz 1932.

In 1889, Pfeiffer gave us the first accredited 
description of this disease. Under the title of "Druesen 
fieber" he presented a surprisingly comprehensive dis
cussion of Its clinical aspects. It was not until 1896 
that the term "glandular fever" appeared in American 
literature when West described an epidemic of three years 
duration localized In eastern Ohio.

Infectious mononucleosis is probably the most 
satisfactory term for this disease which is, In all like
lihood, infectious and which sometimes in its course 
must be associated with an Increase of mononuclear cells 
in the blood. On the other hand, neither fever nor 
glandular enlargement being essential signs, glandular
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fever is a less fitting term. The two names, infectious 
mononucleosis, mentioned by Baetjer in 1915 but more 
properly introduced by Sprunt and Evons in 1920 and 
glandular fever (Druesenfieber of Pfeiffer) are favored 
in literature.

However, many another appellation has been ap
plied depending upon what particular aspect of the disease 
attracted the attention of the individual authors. Thus, 
it has been called lymphoid-cell angina or monocytic 
angina, acute benign lymphoblastosis, acute lymphodeno- 
sis. Final proof that all these are the same can be 
reached only when the true etiological agent is dis
covered.

In this thesis the author shall review fully all 
the work that has been done on this disease. The failures 
and accomplishments of many past workers shall be con
sidered. The different view points of many authors shall 
be expressed in relationship of how best to diagnose the 
disease, infectious mononucleosis.

The author has prepared a heterophile-bacterial 
complex antigen which he believes is a new diagnostic 
method for a quick, inexpensive means of detecting the 
heterophils antibody in the sera of patients suffering 
from infectious mononucleosis. This test is simple to 
perform, requires a minimum amount of precise technique, 
and requires no additional laboratory apparatus.



The antigen itself is easily prepared, remains 
stable for a period of at least six months under re
frigerated temperature and shows an easily identifiable 
test in presence of positive sera.
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REVIEW OF LITERATURE

The blood picture in Infectious mononucleosis 
and the other clinical findings as well, are in them
selves not entirely specific nor typical. There is 
often a great difficulty in a positive diagnosis or a 
differential diagnosis from other clinical conditions, 
especially from early lymphatic leukemia.

All the serologic tests devised and now in use 
in the diagnosis of infectious mononucleosis depend on 
the demonstration of a heterophile antibody. Heterophile 
antibodies are those produced by the injection of one 
type of antigen which are capable of reacting not only 
with the inciting antigen, but also with unrelated anti
gens in related and unrelated species as well. The 
presence of these nonspecific antibodies may be demon
strated by their reaction with antigens other than those 
involved in their production. One type, the Forssman 
antigen, is a substance which when injected into rabbits 
or a group of animals serologically similar, will call 
forth hemolysins and agglutinins against sheep erythro
cytes. The types of antibodies produced are; agglutinins, 
lysins, opsonins, precipitins, anaphylactins, and local 
or systemic toxins. Antigenic substances which are able 
to stimulate the production of heterophile antibodies 
are called heterophile antigens.

The sheep cell agglutination test or heterophile
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antibody reaction is referred to in this country as the 
Paul-Bunnell test and in Europe it is referred to as 
the "Hanganutziu-Deicher reaction”. No attempt is made 
to review in minute detail the development of knowledge 
of the heterophile antigen and antibody, but a few state
ments relative to the nature of the phenomenon involved 
seem desirable. The very first work along this line be
gan as early as 1899» but it was Forssman who clarified 
the subject.

In 1911» Forssman recognized the non-specificity 
of certain antigen-antibody reactions. The terms 
”heterogenetic”, "heterophilic”, or "heterophile” are 
applied to those antibodies that react with an antigen 
(sheep erythrocytes) which seemingly had nothing to do 
with their development. One type of heterophile anti
body is known as the Forssman antibody, but there are 
other varieties of heterophile antibodies which differ 
from the Forssman type.

Forssman observed that emulsions of the tissues 
(other than blood cells) of the guinea pig, cat and horse 
stimulated the production of lysins for sheep red blood 
cells just as sheep erythrocytes themselves do when in
jected into a rabbit. Subsequently, the term Forssman 
antigen or heterophile antigen has been applied to 
materials having this property. The substances which 
contain the heterophile antigen are widespread through
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out the animal kingdom. They have been found chiefly in 
the lowest orders of animals and less frequently in the 
higher orders, especially the primates. They have also 
been found in species of birds, fish, reptiles, and worms 
but not in higher plants.

Comparatively few bacterial species have been 
found to have such a heterophile antigen. Examples are: 
B. paratyphosus B. B, enteritidis (Gaentner), B. dysen- 
terlae (Shiga), a particular strain of B. lepisepticus 
and various types of pneumococci. The above informa
tion was the result of an investigation made by Bunnell 
in 1933» He also demonstrated that the heterophile anti
body is distinct from specific bacterial agglutinins and 
precipitins by using the absorption test.

It has been known for a long time that the serum 
of many normal persons is able to clump sheep red blood 
cells in a very low dilution.

Priedberger and his co-workers in 1929 showed 
that there is a definite age distribution of the hetero
phile antibody content, which rises from zero at birth 
to reach a peak at about the twelfth year and then falls 
gradually through subsequent decades.

In 1920, Taniguchi, while reading the results of 
a routine Wassermann reaction observed that when guinea 
pig heart, which contains Forssman antigen, was used as 
the antigen in the Wassermann test, there was consider
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able variation in the ability of the unknown sera to fix 
complement, depending upon the amounts of sheep cell 
hemolysin contained therein. This variable complement
fixing property could be modified by absorbing out this 
hemolysin with such a Forssman antigen as guinea pig 
kidney.

In 192l|., Hanganutziu noted high titers of heter
ophils antibodies (strong agglutination of the sheep 
red cells) in the sera of patients who received injec
tions of horse serum. He then made subsequent studies 
and noted that the antibodies appeared about the tenth 
or eleventh day after the injection and remained for a 
number of weeks; their presence was independent of the 
amount of serum administered or the number of injections.

Davidsohn in 1929# 1930 and 1933 reported many 
more such instances. He proved that following the in
jection of horse serum an increased titer of heterophile 
antibodies resulted in the blood of the patients, es
pecially if the horse serum injection is followed by 
serum sickness. The agglutination titers ranged from 
1 :3 2 to 1 s61+ at the height of the disease or shortly 
afterwards•

In an effort to establish a serological test for 
acute rheumatic fever, because of its clinical similari
ties to serum disease in which Davidsohn had found an 
increase of heterophile antibodies, Paul and Bunnell in
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1932 studied sera from cases of rheumatic fever as well 
as from a group of hospital patients suffering from 
other diseases. In the serum of one of these control 
groups, a high titer of sheep cell agglutinins was 
demonstrated. This patient had infectious mononucleosis.

Chemically, the antigen capable of eliciting the 
above response has been defined as a lipoid-protein 
complex. The whole complex is necessary for the produc
tion of the heterophils antibody, whereas the lipoid 
fraction, which can be extracted with alcohol, reacts 
with antisera in vitro, but is incapable of producing 
heterophils antibody.

Paul and Bunnell employed the same method David- 
sohn used for the determination of the presence and the 
titer of sheep cell agglutinins and hemolysins. The 
materials required to determine the titer of sheep cell 
agglutinins are the patient’s serum, a suspension of 
sheep red cells, and physiological saline solution (the 
determination of hemolysins requires, In addition, 
complement)•

The serum was inactivated for 1$ minutes at 
55°C. Dilutions of Inactivated sera, ranging from 1:4 
to 1:32 (or higher if the heterophile antibody content 
was suspected to be present in unusual concentration), 
were set up in 0.$cc. portions. To these 0.$cc. of a 
two percent suspension of sheep cells (sheep cells were
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obtained fresh and washed three times in saline in the 
ice box for two to five days before using.) was added, 
followed by l.Occ. of salt solution, thus bringing the 
total volume to 2.0cc. The test tubes were shaken and 
placed in a water bath at 37°C. for one hour. The tubes 
were left in the ice box overnight and read the follow
ing morning, after each tube had been inverted three 
times. If, after shaking, the sediment of red cells re
mained unbroken, the results were read as 3*; if it 
breaks up into large particles or flakes and the fluid 
is clear, as 24-; and if the particles are fine and the 
fluid is not transparent, as If; but if barely perceptible, 
but showed definite agglutination, as plus or minus.

The sheep cell hemolysins were found to parallel 
the agglutinin content with such regularity that the 
former have never even been recorded. If both tests 
were run they are used as a rough check, one for the 
other.

Hemolysin tests were m m  as follows: original 
dilutions of 0 .5cc. of inactivated sera were employed.
To these l.Occ. of guinea pig complement in a dilution 
of 1:30 was added. This was followed with a O.^cc. of 
a two percent suspension of sheep cells, followed by 
l.Occ. of saline, thus bringing the total volume to 3»0cc. 
in each tube. The tubes were shaken, placed in a water 
bath at 37°0 » for one hour and read.
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The dilution of the serum in the first tube (O.lcc. 
to a final volume of 2.0cc.) , originally recorded as 1 :1+, 
is actually 1:20. For the Paul-Bunnell test to be signifi
cantly positive, the sheep cell agglutinins must be pre
sent in a titer of 1:160 or more. A host of authors have 
corroborated the observation of increased titers of sheep 
cell agglutinins in infectious mononucleosis; to name 
only a very few; Butt and Foord (1935), Oleson (1931]-) ,
Nolan (1935), and Bernstein (191+0). In 191+0, Bernstein 
investigated sixty-five cases of infectious mononucleosis. 
He reported titers ranging from 1:20 (only three per cent 
showed this low titer) to a titer of 1 :1 6 3,81+0 which was 
found in two percent of the cases. The rest of the titers 
were usually between 1:320 and 1:10,21+0. Bernstein be
lieved that the titer of sheep cell agglutinins bears 
no relation to the severity of the disease or the degree 
of lymphocytosis.

Bunnell in 1933 made more Investigations which 
ultimately proved that the heterophile antibody in in
fectious mononucleosis was a different type from that 
found in normal serum or in the serum of patients who 
had received horse serum injection. He showed that the 
Paul and Bunnell test could, be very useful as a diag
nostic aid. His report covered an investigation of over 
two thousand individuals in all sorts of clinical condi
tions. To mention only a very few: serum disease (with
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the highest average maximum titer of l:6i|) , acute rheu
matic fever, second with 1 :3 2 and then below these fell 
many innumerable ones such as common cold, tuberculosis, 
syphilis. Bunnell finally concluded that the height of 
the agglutinin response is fairly well correlated with 
the severity of the illness and distinctly related to 
the stage of the disease in which the serum for the test 
is obtained. This is in contrast with Bernstein’s own 
ideas expressed in his papers of 19i)-0 and I93I4.. Bunnell 
summed up his work by stating that cases presenting a 
suggestive clinical and blood picture whose blood serum 
shows an agglutination for sheep cells in a dilution of 
at least 1:61). can safely be diagnosed as infectious mono
nucleosis, and a favorable prognosis given.

The agglutinating titer of human sera for sheep 
erythrocytes is influenced by several factors as the age 
of the cells, the concentration of cells, the temperature 
at which the tubes are incubated, and the length of in
cubation. The practical importance of these variable 
elements is to emphasize the necessity of carrying out 
the test under closely standardized conditions, otherwise 
it is impossible to evaluate borderline results.

Paul and Bunnell assumed that the antibodies 
occurring in infectious mononucleosis were of the Forss- 
man variety. Soon, however, it became apparent that the 
term heterophilic antigen and antibody is not synonymous
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with the term Forssman antigen and antibody.
Davidsohn and Walker in 1935» suggested a method 

for differential diagnosis. They demonstrated that the 
antibodies found in infectious mononucleosis are quali
tatively different from those present in serum disease, 
in normal persons, or in persons with a variety of other 
diseases other than infectious mononucleosis. They have 
shown that the antibodies in infectious mononucleosis 
are not typical Forssman antibodies in that they are not 
completely absorbed out of solution by a suspension of 
guinea pig kidney tissue. In cases where antibodies are 
completely absorbed out, it can be concluded that they 
are not cases of infectious mononucleosis. Therefore, 
the heterophilic antibodies in serum disease are of the 
Forssman type and are readily absorbed by a suspension 
of guinea pig kidney.

It is worth while to mention briefly the work of 
Davidsohn and Walker (1935) since their investigations 
played such a large part in the new developments of the 
disease.

These authors conducted a study which includes 
the following: (1) eleven cases of horse serum disease 
due to injection of plain horse serum, of diphtheria 
antitoxin, of antimeningococcic serum, and of scarlet 
fever streptococcus antitoxin, (2) greater cases of in
fectious mononucleosis, (3) two borderline cases that
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resembled infectious mononucleosis clinically and hema- 
tologieally, and finally (I4.) a series of normal controls 
with a negative history as to infectious mononucleosis 
and serum injection.

The technique of absorption used by these two 
authors was conducted in the following manners The serum 
was inactivated for thirty minutes at 5>6°C. Then it was 
absorbed one or more times with a suspension of the kid
ney of the guinea pig, the rabbit, and the horse and 
with the sheep red blood cells• The kidneys were kept 
frozen in the refrigerator until needed. They were then 
permittee^ to thaw out and were washed repeatedly in a 
physiological saline solution until the washings were 
free of blood. They were then mashed into a fine pulp 
and were used for adsorption as a twenty percent suspen
sion. The sheep red blood cells were washed three times 
and packed well, and used for adsorption as a twenty 
percent suspension.

To a volume of undiluted inactivated serum l:l£ 
volumes of the tissue or of the suspension of red blood 
cells were added. The mixtures were kept at room tempera
ture for one hour and shaken vigorously at fifteen minutes 
intervals. It was centrifuged and the clear supernatant 
serum was transferred to other test tubes. A quantity 
of the serum sufficient for the various titrations was 
removed, and a second absorption was carried out by



treating the balance of the serum with an equal amount 
of suspensions« Further absorptions were carried out 
in a similiar manner. The effect of the repeated ad
sorptions upon the dilution of the serum was taken into 
consideration«

Technique of titrations: Hemolysins and agglu
tinins for the sheep red blood cells were studied before 
and after absorption« The titers of the hemolysins 
following absorption were occasionally difficult to 
determine, due to interference by anticomplementary 
effect of the tissue suspension« However, the results 
weire parallel to those obtained for the agglutinins#
For the sake of simplicity they only tabulated the 
latter. Serum dilutions varying from 1:2.5 were set 
up for the test and O.lcc. of a two percent suspension 
of washed sheep cells was added. The tubes were left 
at room temperature for one hour and then in the re
frigerator overnight. The test tubes were shaken 
vigorously until the sediment of the cells became 
suspended. The reading was done with the low power 
of the microscope.

The test performed on the blood serum of the 
normal individual can best be seen by examination of 
Table 1.
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Blood Serum of lì ormai Individuals

Titer before 
Absorption

Percentage of Absorption 
for the Erythrocytes of Agglutinins of the Sheep

After first absorption wit]lErythrocytes of Sheep luinea Pig Rabbit Horse
- I F ~ W 100 T o ” 10028 100 100 75 100
1k 100 100 100 10028 100 100 5o 100
lit- 100 100 0 100
lit- 100 100 0 100Average I 19 92 100 li.6 100

TABLE 1

This shows the results of the absorption of six sera of 
normal controls* These individuals were especially 
selected for the high titers of agglutinins for the 
erythrocytes of the sheep* The effect of the absorption 
is estimated in terms of percent of absorbed antibody.
If the antibodies were left intact, the percent of ab
sorption equals zero. But if they were removed com
pletely the absorption equals 100 percent, with grada
tions between the two extremes « According to the table 
the effect of the nonspecific absorption by the rabbit 
tissue varies from 0 to 100 percent. Its overall aver
age was k.6 percent, while the other two antigens were 
about equal to each other in their effects. The finding 
is in agreement with the well established Forssman hetero- 
philic nature of the natural antibodies against sheep cells 
in normal serum.

The result of the tests performed on the blood



Blood Serum of Patients with Serum Disease

Percentage of Absorption c?f Agglutinins for the Er?rthrocyte of Sheen
After 1st Absorp- Second Absorption Third AbsorotionTiter tlon with with withSheep Kidney of Sheep Kidney of Sheep Kidney ofEry. 3-P1Rabbit Horse Ery. J-P Rabbit lorse Ery« 3-P Rabbit Horse

W 92 92 100 100896 100 98 991792 9k 9k 75 9k 98 97 87.5 98 100 98 9k 100
358Í+ 98 99 9k 17 100 99.6 98 99 98 100112 95 p.00 0 97 87.5 50 100 100 5022k 97 9k 75 87.5 100 100 87.5 9k 100 10028 100 loo 50 100 JQ___ 100

TABLE 2

Os
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serum of patients with serum disease can be seen in Table 
2. The absorption of the patients1 serum shows a similar 
effect of the kidney of the horse and the guinea pig, and 
of the sheep cells, as in normal serum. The effect of 
the adsorption with the rabbit kidney is more pronounced 
than in normal serum.

The final case to be discussed is the test on 
the blood serum of patients with infectious mononucleosis. 
The nonspecific absorption by the rabbit kidney is less 
marked than in the cases with serum diseases. The 
striking finding is the failure of the kidney of the 
guinea pig to absorb specifically the agglutinins for 
sheep cells. The results conclusively establish that 
the antibodies in infectious mononucleosis are hetero- 
philic in nature but not of the Forssman type.

These results, together with those of Bailey’s 
in 1935, demonstrated for the first time the existence 
of a common heterophillc antigen which is not identical 
to the Forssman antigen in the erythrocytes of the sheep 
and the kidney of the horse. Therefore the absorption 
of a specimen of serum with the kidney of the guinea pig 
and of another sample of the same serum with the kidney 
of the rabbit offers a convenient method for the differ
entiation of infectious mononucleosis from serum dis
ease and from borderline cases.

A later investigation by Davidsohn, Stern and
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Kashnlwage (195D showed that instead of using rabbit 
kidneys for absorption the identical results could be 
obtained with the use of ox cells, which are now common
ly used• Therefore, to conclude it seems essential to 
diagram briefly the expected reactions of the various 
heterophile antibodies when treated with ox cells or 
with guinea pig kidney:

VARIETY OP TREATED OX WITH GUINEA-
HETER. ATB. CELLS PIG KIDNEY
Normal Not absorbed absorbed
Serum sickness absorbed absorbed
Glandular fever___________absorbed________Not absorbed

It is not generally appreciated that the so 
called Paul-Bunnell test or heterophilic antibody test 
is entirely nonspecific. This is apparent from the 
following facts: (1) Antisheep agglutinins are present 
in titers up to 1 :2 8 in most normal persons and occasional
ly even in a titer of 1:56; (2) A titer of 1:112 and oc
casionally of l:22i(. may be seen in various other infec
tions; (3) A high titer may be present in persons re
ceiving injections of horse serum and horse immune serum; 
and (I4.) Finally, a titer of 1 :144.8 or higher is found 
occasionally after various kinds of known or unknown 
antigenic stimulation. This nonspecific character of 
the Paul-Bunnell test causes It to be known as a "pre
sumptive test" and not a "differential test". Davidsohn
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in 1935 saw the need for a modification of the old Paul- 
Bunnell test. A new test was needed that was equally 
specific but less time consuming. So he devised his own 
method for speed.

In his presumptive test the serum dilutions range 
from 1:2.5 to I:5jl20, or higher if necessary. The quan
tity of the dilution used is 1.25cc. One tenth of a cc. 
of a two percent suspension of sheep cells is added.
Tubes, measuring greater than twelve mm. in length and 
five mm. in the external diameter, are needed in order 
to make possible the reading of the results with a micro
scope. ??he test tubes were shaken and placed in a water 
bath at 38°0. for one hour and then in & refrigerator 
for one hour. This was later changed to two hours of 
incubation at room temperature or less, if agglutination 
occurred earlier. Results can be read in fifteen minutes, 
but if negative, repeat at intervals. Do not report a 
negative until after the full two hours of incubation.
The tubes were then shaken until the sediment is suspended 
and the results interpreted as 3/ and 2/, and estimated 
with the naked eye. The results of a 1/ can be fairly 
well read with the naked eye, but a finer, more accurate 
reading is obtained by placing the tube flat on its side 
on the stage of the microscope and looking at the cell 
suspension with the low power objective. The titers 
obtained with the microscope were from one to two dilu
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tions higher than those read with the naked eye.
Due to the nonspecific character of this test, 

it was felt that the performance of a differential test 
was an absolute necessity.

In differential tests one sample of the serum was 
absorbed with guinea pig kidney and another with beef 
red cells. Both were subsequently tested as in the pre
sumptive test.

The differential test was based on the finding 
that the antisheep agglutinins in infectious mononucleo
sis are: (1) never completely removed by treating the 
serum with guinea-pig kidney and (2) are as a rule com
pletely removed by beef red blood cells. On the other 
hand in horse serum sensitization, normal people etc. 
sheep agglutinins are completely removed by guinea pig 
kidney antigen. The beef red cells also completely re
move the antisheep agglutinins in horse serum sensitiza
tion, but do so less regularly in "normal’*, healthy 
persons. These findings were indicative of the specific 
character of the differential test.

Davidsohn and his co-workers in a later investi
gation (195D found that the absorption period in the 
differential test can be reduced from the original one 
hour to two to three minutes because experiments showed 
that absorption of agglutinins by guinea pig kidney and 
beef cells is an immediate and complete reaction. So
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the procedure was changed to setting up the absorption 
with guinea pig kidney and beef cells and instead of 
one hour absorption, shake a few times and after two to 
three minuted, centrifuge and proceed as before.

The differential test has proved sensitive and 
specific. The specificity of the differential test for 
infectious mononucleosis is illustrated in Table 3> which 
is reproduced from "American Journal of Clinical Pathol
ogy".

Distribution of Titers of ¡4.03 Presumptive Tests. 
All differential tests were positive.

Number 
of tests 
80-

Presumptive Test

Negative Border- Positive
line

TABLE 3

The sensitivity of the presumptive test varies
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from SO to 8S percent. It depends on three factors. (1)
The indications employed for the clinical diagnosis. In 
the hands of those ■whose clinical diagnosis is less 
accurate, the presumptive test is less accurate. (2)
The stage of the disease when the test is done. (3) The 
number of repeated tests done in each case.

The range of titers of the presumptive test can 
best be examined by studying Table 3 (1951)• In 22.5 
percent of the cases the presumptive test was negative 
or questionable, with nondiagnostic titers from 1 :2 8 to 
1:112, but a positive differential test established the 
diagnosis,.

Nondiagnostic titers of the presumptive test may 
be found early in the disease (195D as shown in Table ij., 
and may be found late in the disease still more frequent
ly. In all of these cases the differential test was 
positive•

By examination of Table 5 (1951) you will notice 
that in seven patients a negative test was obtained early 
in the disease (up to seven days after the onset of symp
toms) but was later followed by a positive test when they 
are repeated from three to nine days later. It must be 
remembered that a negative test does not rule out the 
diagnosis of infectious mononucleosis and conversely that 
a positive test does not definitely establish this diagno
sis. In cases of suspected infectious mononucleosis the



Positive Differential Tests Obtained in Patients 
Having Nondiagnostie Titers in Presumptive Test

23

First Tests 
(early in 
disease)

to. of 
Pests

No. of 
Patients

iPests with 
titers of 1 :1 1 2  or less

283 283 U-8 (1 7 .0$)
Follow-up 
tests (3 -1 8  
wks. after 
onset of 
symptoms)

120 78 ii-3 (35.8$)

Total no. 
of tests if-03 283 93- (22.6$)

TABLE 4

When does Serologic Test Become Positive?

Days after falsease onset 1 Titer in3ase
to.

Negative
Test

Positive
Test Presumptive

Test Differential
Test1 T " 10 1 :2 2 4 1:562 7 1:112 1 :2 8

3 k 7 1:1792 1:148
k 5 8 1:448 1:56
5 6 10 1:56 1:286

il__
7

___1____
16
10 lilii-336

_______U 5 6 ____
1:35841:28

TABLE 5



test should be repeated at intervals according to the 
paper by Kaufman (I9i|l|-) . If the titer rises or if the 
test becomes positive after having been negative, the 
diagnosis is established beyond doubt, providing the 
patient did not receive an injection of horse serum a 
short time before.

Another problem of practical interest that was 
discussed by Davidsohn, Stern and Kashniwage (1951) was: 
how long after clinical symptoms make their appearance 
may positive serological findings be expected to persist? 
It may be said that the sheep cell agglutination test 
usually becomes positive between the sixth to twenty- 
first days of illness. It usually remains positive for 
two to four months after the onset of the disease.

Several years ago Davidsohn (1938) concluded 
that the usual order of disappearence of findings was as 
follows; (1) Clinical symptoms, (2) Abnormal hematologic 
findings, and (3) Abnormal serologic findings. Table 6 
is based on serologic tests done on nineteen patients 
until negative results were obtained. It can be seen 
that in one patient (No. 5) a positive test was obtained 
as late as eighteen weeks after onset of symptoms. On 
the other hand, negative tests were found in eleven of 
the nineteen patients before twelve weeks had elapsed 
since onset of the illness and in one of them as early 
as four and one-half weeks (No. 7)• When all of the

2k



When does a positive test become negative?

Last Positive Test First negative biiierentialWeeks After Titers o:c Weeks Since PresumotiveNo. Onset of Presumptive Differ- Weeks _since Onset of Titer TiterDisease ential last test Disease Drop1 56 28 ~ 1 W ~ ~ W ~ <7 " ~ r2 k 1792 896 8 12 111 7
3 6 W 22i| 7 13 <7 7
k 11 28 7 7 18 <7 35 18 56 Ik 5 23 111 26 13 56 Ik 16 29 28 1
7 1 22k 22k 3i 28 38 2 1792 896 27 29 _<2___ 8

TABLE 6

Distribution of Titers in Miscellany of Diseases

Titer Less than l:ii l:li 1:8 Is 16 1:32
Percent 29% 32% " 2 % ~ w r ~ 0% =  100%

TABLE 7
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above findings were published it led Davidsohn to con
clude that in the presence of clinical and hematologic 
findings suggestive of infectious mononucleosis, a titer 
of 1:221]. or higher in the presumptive test confirms the 
diagnosis of the disease. If the titer of the presump
tive test is less than 1:221]. in the presence of clinical 
and hematologic findings suggestive of infectious mono
nucleosis, or if the patient has a history of a recent 
horse serum injection, the results of the presumptive 
test should be checked by the differential test. In no 
instance of infectious mononucleosis, in the experience 
of this author (1 95D » were agglutinins for sheep red 
blood cells completely removed by guinea pig kidney. 
Maximum absorption was 8?»5 percent which is equivalent 
to a three tube drop of titer.

If all or almost all (more than ninety percent) 
of the agglutinins have been removed in the differential 
test, then Infectious mononucleosis is excluded. Davld- 
sohn and co-workers found that infectious mononucleosis 
is the only disease in which antisheep agglutinins ahow 
the following behavior: (1) At least one-eighth of the 
original titer of antisheep agglutinins remains after 
absorption with guinea pig kidney, which means in a two 
fold serial dilution the drop does not exceed three tubes. 
(2) The antisheep agglutinins are completely removed 
after absorption with beef red cells.
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The Paul-Bunnell reaction is of great value in 
diagnosis of infectious mononucleosis. But there is much 
dispute in the literature regarding the titer of a posi
tive test. What titer of heterophlle antibodies consti
tutes a positive test? This depends on various factors, 
the technique employed, method of reading, etc. The 
differences in the dilutions of serum recorded in various 
publications make it very difficult to compare titers 
with each other. For example; Paul-Bunnell called their 
very first tube 1:1+. (whereas it is in reality a 1 :1 6  
dilution of serum) (1932). Davidsohn (1938) designates 
his first, tube 1:7» and Bernstein (1931+) his first tube 
1:20. Tidy (1939) regards a titer of 1:61+ as specific, 
but others do not accept a titer of less than 1:256 un
less the absorption test is also positive. Paul in 191+1 
states that a titer of 1:61+ is always of diagnostic value. 
Smeall (191+2) gives the results of Paul-Bunnell tests 
performed on 765 patients not suffering from infectious 
mononucleosis or serum sickness; in 66.8 percent there 
was no agglutination, while only 0.1+ percent gave a 
titer of 1:61+.

The lowest figure which may be called positive 
varies with the writers on the subject from 1:8 (1933) 
through 1:32 (1932), 1:56 (1931+) , 1:61+ (1938), 1:320 
(1931+)* up to 1:512 (1939)» The extreme figures (1:8, 
1:320, 1:512), were obtained with techniques not now in
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use. If definite figures are to be cited, we feel that 
with the Paul-Bunnell technique a value of 1:32 or more 
is positive (19I4JI4.) and 1:16 is suggestive. With the 
Davldsohn technique, 1:56 or more is positive and 1:28 
could even be positive if the different absorption is 
correct.

The experimentor feels, that in general, it may 
be said that the diagnosis of infectious mononucleosis 
should not be made on any one test. The Paul-Bunnell 
test, the hematological findings and the clinical mani
festations should all be correlated before coming to a 
decision.,

Bernstein ( 193ll) did a bit of interesting work 
when he tested for the heterophile antibody in sera from 
cases other than infectious mononucleosis. He divided 
his cases into three groups which seem to hold particular 
interest in the problem. They were: (1) Conditions with 
any clinical features similiar to those of infectious 
mononucleosis. Some of the more pertinent examples of 
these are: secondary syphilis, Vincent's stomatitis, 
herpetic stomatitis, scarlet fever, mumps, chicken pox, 
measles, luetic cervical adenitis, miliary tuberculosis, 
acute rheumatic fever, subacute bacterial endocarditis, 
pneumonia, erysipelas, influenza, poliomyelitis, tertian 
and quartan malaria, yaws, trichinosis, pregnancy (all 
stages), obstructive jaundice, hyperthyroidism, asthma,
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angioneurotic edema and many, many others. The distribu
tion of the titers in the miscellany of diseases studied 
is shown in Table ?• The results of Table 7 conform in 
general with the data cited by Paul-Bunnell. The only 
titers higher than 1 :1 6  were encountered in patients who, 
on further investigation, were found to have had horse 
serum within a period of less than a year.

(2) This second group contains conditions which 
are associated with bacterial agglutination reactions.
This study was carried out with many of the diseases in 
which bacterial agglutination reactions are employed.
By reviewing Table 6 you will notice that in not a single 
case did sheep cell agglutinins appear in increased titers.

Heterophile Antibody titers in a 
selected group of infections

Disease
Organism

Agglutinated Titer
Sheep Cell 

AgglutininsTyphoid fever B. typhosus 1:12804- " 1:4
*

1:8 1:16 1:32
Typhoid fever B. typhosus 1î1200 ** n ■» -

Paratyphoid 
(carrier)

B. melitensis- 
bovine 
porcine 
caprine

1:2560
1:320*
1:320*

* - -

dysentery B. dysentery 
Shiga

1:160 * —
dysentery B# dyssiitory 

Flexner 1:160 ■ ■ •
B. proteus 
pyelitis

B. proteus l:l60 •

TABLE 8
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It will be recalled that the dysentery shlga organism 
contains the heterophils antigen.

(3)* This group contains certain blood dyscrasias. 
He investigated diseases like the following: pernicious 
anemia, erythremia, chronic aplastic anemia, sickle cell 
anemia, hemophilia, Hodgkins disease, agranulocytic angina, 
chronic myeloid leukemia, lymphosar^coma and many others 
too numerous to mention. In none of these did Bernstein 
find any agglutinins found above normal levels. In 
these diseases the titer never rose over normal levels. 
According to Bernstein (19^0) there is no relation be
tween the severity of the disease and the concentration 
of the antibody. This is contrary to the original be
lief of Bunnell (1933) stated earlier in this thesis.

In the meantime there had been many suggestions 
to simplify the technique, shorten the time of the test 
and increase the sensitivity.

Such a suggestion was made by Straus (1936) who 
introduced centrifugation in place of sedimentation in 
order to shorten the test. Thsts using his methods were 
run on 376 patients. By these tests it was shown that 
centrifugation raises the titer of antisheep agglutinins 
even in the absence of infectious mononucleosis, so that 
the differential test would have to be done more fre
quently when the diagnosis of this particular disease is 
considered. Therefore, it fails to offer any significent
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advantage over the original method (sedimentation at 
room temperature).

Kaufman (19il4) made three modifications of the 
sheep cell agglutination test in I9I4JL4-• His test pro
ceeded in the following manner: (1) Instead of inacti
vating the serum for thirty minutes at 5>6°C., it was 
inactivated at sixty-one degrees centigrade for four 
minutes ; (2) Instead of reading the results of the 
agglutination after incubating for two hours at room 
temperature, and again after overnight in ice box, the 
final results were read after centrifuging at a high 
speed for five minutes and then shaking thoroughly with 
the hands ; (3) Instead of absorbing the sera for one 
hour, five minutes was found to be sufficient if tubes 
are shaken often; this applies to both the guinea pig 
kidney and beef red blood cells ; (I4.) The expression "one 
plus", "two plus", "three plus" were not used ; only posi
tive and negative ; (5) All the tests were read micro
scopically* He found this test to be just as accurate, 
quicker and greatly simplified.

Milzer and Nathor ( 19̂ 4-7) stated that bovine 
albumin, human serum and human ascitic-fluid, used as 
diluents in place of saline, increased the titer of anti
sheep agglutinins, thus increasing sensitivity without 
reducing the specificity of the serologic tests for in
fections mononucleosis. After repeating this work it
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was found that human serum was not found to increase the 
sensitivity or specificity of the test. The increase of 
the titer with human serum diluent was later shown to be 
caused by cold agglutinins. It was later shown that 
Bovine albumin often depressed the titers of antisheep 
agglutinins. The optimum temperature for the agglutinins 
participating in the test for infectious mononucleosis 
was found to be below 37°C. and above 5>°C.

Rappaport and Slariton (194-9) realized the fact 
that the ordinary method of blood examination for hetero- 
phile antibodies is time consuming and requires fresh sheep 
blood to fulfill the needs of the test. These people pre
sented a rapid qualitative and quantitative method for 
the determination of the heterophiles and a technique for 
preservation of sheep red blood cells. The preliminary 
qualitative method is a slide agglutination test. To one 
drop of unknown serum (fresh or inactivated) add one 
loopful of concentrated sheep blood corpuscles washed 
three or four times in saline solution and mixed with a 
glass rod. If no agglutination takes place, the test is 
negative. A typical agglutination constitutes a positive 
reaction and then requires the quantitative evaluation.
This procedure is as follows: place 0.1|_ee. of a physio
logic salt solution into first tube and 0.25>ec. into each 
of the remaining nine tubes. To the first tube, O.lcc. 
of the patient's serum is added and mixed well. From this
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tube there is withdrawn o.2i>cc. and a serial dilution is 
carried out. Then to each is added O.lcc. of a suspension 
of washed sheep cells and mixed well. Centrifuge for two 
minutes at 3000 rpm. The results are read after shaking 
gently. The last tube containing single clumps indicates 
the limit of the reaction. By using this method it is 
not necessary to incubate or keep the materials overnight 
in the refrigerator. In these experiments every serum 
was tested by three methods: qualitative slide method, 
the original Faul-Bunnell method, and the quantitative 
rapid method. The results were identical. Washed sheep 
cells are, a necessity, as unwashed cells will give a nega
tive reaction. They preserved their sheep cells by add
ing an equal part of Borax-NaCl solution of a pH of 7.1}. 
to 7.6 to defibrinated sheep blood. The latter can be 
preserved in the ice-box for at least two months without 
danger of its undergoing hemolysis. The advantages of 
this test as compared with the original methods are: in
activation of serum is omitted, results are obtained 
quickly, you do not have to incubate for two hours and 
you do not have to store on ice for twenty-four hours.

Glassy (1952) reported an article similar- to 
Rappaport and Slariton on the evaluation of the rapid 
heterophile antibody slide test. He suggested that the 
test should be used as a screening test. A negative test 
eliminates the necessity of using the test tube method.
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These modifications are of the utmost importance 
when you realize that it helps one to arrive at an earlier 
conclusion when the diagnosis lies between infectious 
mononucleosis and conditions requiring immediate specific 
therapy such as diphtheria, meningitis or appendicitis.
A rough method giving an almost immediate result in
volves the use of a hanging drop preparation of serum and 
sheep cells. Employing glass slides similar- to those 
used in the microscopic slide precipitation test for 
syphilis, one may obtain equally prompt but more sen
sitive results.

following the rapid slide tests many suggestions 
were advanced for decreasing the time required for per
formance. This initiated the search for a method of 
preservation of the sheep erythrocytes. One such example 
is Stein (1952) who published a report dealing with the 
standardization and preservation of a two percent suspen
sion of erythrocytes and their application to heterophile 
agglutination tests. Experiments were undertaken to 
determine whether the two percent suspension of erythro
cytes preserved in a dextrose-gelatin-veronal (DGV) so
lution over extended periods possessed practical merit.
One liter of the DGV contained: Barbituric acid, Gelatin, 
Sodium barbiturate, Calcium chloride, Magnesium sulfate, Sodium chloride, and Dextrose. During storage little or
no spontaneous hemolysis was observed. These preserved
cells remained as reactive to heterophile agglutinins
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as cells In suspension prepared daily according to Stein. 
But it was found that the life of such a preparation was 
somewhat over one month.

One of the major workers in this field of pre
servation was Cox (1956). He found that in the preserva
tion of the erythrocytes a final concentration of over
ten percent of formalin was required. Less than ten percent caused lysis. Microscopically in both the
stain and diluent preparation, the preserved erythro
cytes appeared normal and were not subject to lysis in 
distilled water or by sensitization with amboceptor in 
the presence of complement. PSE (preserved sheep ery
throcytes) was found to be stable for ten months both 
from the standpoint of hemolysis and reactivity with 
antisera. The rapid plate technique using PSE showed 
good correlation with the tube agglutination test using 
fresh sheep erythrocytes. Much work can be and should 
be done along this line of work.

Besides the main two types of tests, which have 
been described in detail (Paul-Bunnell and Davidsohn) 
for use in detection of Infectious mononucleosis there 
appears in "American Journal of Clinical Pathology" (1936) 
many additional tests using a variety of techniques. Such 
tests are: Butt-Foord test, Green test, Wiener test, and 
others. The explanations of these tests are excellent 
and should be read if further information is sought.

As with all investigations the results were not
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unaminously favorable. Many authors spoke out against 
such tests. It Is believed that reports which discredit 
the usefulness of serologic tests In the detection of 
the disease can be divided into three categories: (1) 
Studies which questioned the specificity of the so-called 
heterophilic antibody tests and which did not include the 
differential test. (2) Reports which reveal a low sen
sitivity of the heterophilic antibody test, again with
out the differential test. (3) Studies which included 
differential tests but found them unsatisfactory.

In the 1st category, reports questioned the 
specificity of the heterophilic agglutination because 
titers well above the “normal range“ were found in mono
cytic leukemia by Kent (I9I4.O), leukemia, Hodgkin’s 
disease and tuberculosis by Schultz (I9I4.8). Actually, 
no evaluation of these findings is possible since the 
absorptive characteristics of the antibodies were not 
determined by means of different tests. Therefore, 
these findings only add further weight to the statement 
made previously that the presumptive Paul-Bunnell test 
is a nonspecific test, the results of which frequently 
are inconclusive (1951).

Reports of the second category attributed an 
extremely low degree of sensitivity to the heterophilic 
antibody tests. Goldthwaite and Eliot (195l) in a series 
of twenty-six patients with infectious mononucleosis
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found only one single positive heterophilie test. Again 
the failure of the author to do a differential test made 
it necessary for them to depend exclusively on quantita
tive abnormalities in antisheep agglutinins which are 
far less reliable. In addition, inadequate or poorly 
timed repetition of the tests may have contributed to 
the disappointing results.

In the third category it is noted that the differ
ential tests were done but found unsatisfactory. Wechsler, 
Rosenblum, and Sills (I9I4.6) stated as a conclusion to 
their work that the differential tests were "not uni
formly satisfactory". Since the authors do not give any 
details as to technique used, the number of patients 
studied, or the actual titers found in the presumptive 
and differential tests, it is not possible to evaluate 
their results.

In contrast to the papers mentioned pie viously, 
a considerable number of authors have confirmed the diag
nostic value of serologic tests in this particular disease. 
Werlin, Dalgopal and Stem (19I4.I) obtained nineteen posi
tive serologic tests (including differential tests) on 
twenty-one patients with infectious mononucleosis.
Barrett (I9I4.I) studied antisheep agglutinins in normal 
persons and also employed the necessary absorption 
tests. In two out of one hundred persons he found an 
absorption pattern similar to that found in infectious
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mononucleosis, that is, incomplete absorption by guinea 
pig kidney and complete absorption by beef cells, and he 
interpreted these findings as possibly suggesting a past 
undiagnosed disease. Stoeppler ( 19h-9) carried out sero
logic tests in two hundred children, seven of whom had 
infectious mononucleosis. Only in the latter seven patients 
was there incomplete removal of agglutinins by the guinea 
pig kidney whereas there was complete removal of both the 
nonspecific and the specific agglutinins by the bovine 
red cells*

The investigator wishes to add that if, in the 
course of, performing a routine Wassermann test, aggluti
nation of the sheep red blood cells is noted, an other
wise unsuspected case of infectious mononucleosis may be 
uncovered. Since the diagnosis of this disease is not 
only based on the establishment of a positive or a 
negative Paul-Bunnell test, but also on the clinical 
manifestations, it is only just to spend a moment bring
ing one up to date on the clinical aspects of this dis
ease. It must be remembered that like other laboratory 
tests, the heterophile antibody reaction is confirmatory 
but is not conclusive.

Following the original description of infectious 
mononucleosis (discussed in the introduction) there ap
peared numerous papers most of which monotonously re
peated the clinical aspects of the disease (I9I4.O) *
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Soon, however, passing mention was made of blood counts• 
Sour 1 chon (189$) notes a mild leucocytosis. Bums (1909) 
first called attention to the changes in the differential 
formula of the leucocytes• In addition to a leucocytosis, 
Hthe small mononuclear elements of the blood seem to be 
the ones principally increased". In one case the mono
nuclear cells composed 86 percent of the total leucocytes• 

Distribution! This disease is largely seen in 
children and young adults. It Is generally agreed that 
the age group is from sixteen to twenty-five. With only 
two exceptions, Bumford (1918) and Tidy (1921) in the 
army ranks, epidemics have not been encountered in any 
group above the age of college students, but there has 
been a large number of cases In the universities• In
fectious mononucleosis has a world-wide distribution.
It is recognized in Egypt, Falkland Islands, Trinidad,
Hong Kong, and Japan as well as Europe, Australia, and 
America. In Japan there are a number of epidemic fevers 
whose identity with infectious mononucleosis was not 
shown until 1937 when the Paul-Bunnell test established 
that the disease known as Tosanetsu, Tokushima-netsu and 
Kagamlnutsu was identical to infectious mononucleosis•
Most of the epidemics have occurred in the Spring and 
Fall; cases in the Summer are rare. Epidemics of in
fectious mononucleosis have been frequently recorded 
tinder circumstances where the victims lived in close
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colleges (19 3 7), schools (1925), military and naval bases 
(1933) and in general communities (1931)•

Sex: The ratio in males and females was three 
to two. This was found by Glanzmonns (1930) and Nyfeldts 
(1932) and confirmed by many other authors.

Occupation And Race: The occupation of the in
dividual has nothing to do with the disease. As for the 
race, only one Negro case has ever been cited in the 
literature, all other races seem equally susceptible.

Incubation and Duration of the Attack: There is 
a wide divergence of opinion concerning the period of in
cubation. In general, the acute febrile stage of the 
disease lasts from seven to twenty-one days. Barring 
relapses which may prolong the course to as long as six 
months, the duration is rarely more than one month.

Symptoms: The initial symptoms of infectious 
mononucleosis are varied. Associated with the fever 
there may be chills, sweats, headaches, dizziness or 
faintness, malaise and aches. In many cases there are 
periumbilical pains. This has led to many false appen
dectomies. The symptom of constipation is striking while 
diarrhea is rare. Fever usually appears promptly and 
persists for approximately 15-21 days. As a rule the 
temperature parallels the course of the disease; usually 
between 100°-103°F. Particularly characteristic is the
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secondary rise after an initial drop to normal. As a 
rule the pulse rate runs parallel with the temperature, 
but not infrequently may be slower.

Other Manifestation; Considerable variation has 
been observed in the time of appearance, size and distri
bution of the enlarged glands. Enlarged glands ordinari
ly attain a moderate size of 1 to 2cm. in diameter, but 
may become the size of a plum. They may be single or in 
clumps. They are firm and tenderness is generally mini
mal. Most frequently involved are the cervical glands, 
but the axillary, inguinal, mediastinal and mesenteric 
glands arp also commonly enlarged. Involvement of the 
salivary glands is rare.

In about one-third of the patients the orb,ital 
portion of the upper lid becomes edematous causing a sag
ging of the palpebral fissure. This unusual appearance 
may be helpful when the diagnosis is in doubt.

Pulmonary signs are rare and cardiac disturbances 
during the attack are unusual but certain sequelae have 
been reported which indicates that there may occasionally 
be Involvement of the heart during an attack. In ten to 
2$ percent of the victims, mostly adults, there appears 
cardiac murmurs or evidence of a dilated heart at the 
end of the first week. Despite the scantiness of evidence, 
the effect of a severe attack of infectious mononucleosis 
upon sun individual with an already damaged heart may be
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to bring on acute cardiac failure.
Jaundice is not a frequent manifestation of this 

disease, but the enlargement of the spleen, after the 
first few days of illness, can almost always be demon
strated roentgenographically.

A rash is so unusual in serologically proven 
mononucleosis that its occurrence should case doubt on 
the original diagnosis. If a rash is present it resem
bles the rash of rubella and is equally evanescent.

Relapses: Relapses are not uncommon and the same 
glands that were originally involved become enlarged again. 
Recurrence in mononucleosis is only rarely found.

Transmission: The transmission of infectious 
mononucleosis presents certain puzzling features. During 
epidemics multiple cases are frequently encountered in a 
single household. Likewise, sporadic cases may affect 
several individuals in one house. However, in only a 
very small percentage of medical personnel who live and 
work in intimate contact with one another, could an infec
tion be attributed to association with another patient. 
Cases of infectious mononucleosis have been treated in 
the general ward without any spread of the infection.
The occurrence of sudden widespread outbreaks suggests 
that there may be carriers. When one considers the symp
toms and course of infectious mononucleosis, one obtains 
the impression that it is a viral disease. However, no



causative organism has ever been isolated, A great deal 
of circumstantial evidence is available, indicating that 
the disease is transmitted only with difficulty and 
only by intimate oral contact (probably with healthy 
carriers)•

Attempts to transmit the disease to animals and 
to human beings, using various inocula, have been studied. 
On the whole, cultures from the blood and lymph nodes 
have yielded disappointing results. With rare excep
tions animal inoculations have been equally fruitless.
Thus negative results followed the injection of material 
from a lymph node into guinea pigs (1 9 3 3), rabbits (1926), 
mice and monkeys (1936). Wising (1939) by injecting 
emulsified material from lymph nodes of several patients 
with infectious mononucleosis, produced in Macacus 
monkeys a mild febrile illness with general glandular 
enlargement, normal leucocyte count but a slight mono
nuclear increase. This disease was transmissible from 
monkey to monkey. A laboratory worker likewise contracted 
infectious mononucleosis by accidentally piercing his 
finger with a knife which had been in contact with a 
gland removed from one of the infected animals. The 
Faul-Bunnell test was not carried out on the monkeys; in 
the human experimentally elicited case, the test was 
positive. To this date it must be stated that the cause 
remains unknown.
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In not a single case of infectious mononucleosis 
has an uncomplicated case proven fatal.

Blood picture: At some stage of the illness the 
total leucocyte count is usually elevated. It varies 
between 5»000 and 10,000 cells in about 70 percent of the 
patients and parallels the clinical course of the dis
ease. A relapse may be accompanied by a secondary rise 
of the white blood cell count; extreme leucocytosis is 
rare. In the remaining 25 percent the count is either 
unusually low, sometimes only 2,000, or abnormally ele
vated, rising as high as I4.0,000 cells. The reason for 
this tremendous difference is unknown.

According to most workers mononucleosis at some 
stage of the disease is an essential sign although 
Chevallier (1928) suggests that in some instances this 
may be so slight that the diagnosis must be made only on 
the presence of abnormal cells. The degree of mononucle
osis in one author’s paper is shown on Table 9 (19l|-0) .

Percent ofMononuclear Cells Percent of Cases
14.0-50 b50-60 960-70 2670-80 3380-90 23over 90 5

TABLE 9

Having reached a peak, mononucleosis gradually diminishes 
over a period of several weeks or months. The character
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and nature of the mononuclear cells have been the basis 
of much discussion. This controversy Is not yet settled.

Anemia of any appreciable degree does not appear 
unless associated with some complicating feature. In a 
small number of Instances platelets have been reduced. 
Bleeding time may be prolonged but clotting time is not 
disturbed. Ho abnormality of the blood sugar or non 
protein nitrogen has been observed.

The occurrence of false positive serological 
tests for syphilis has been discussed at length in many 
publications. Such observations have been made by a 
number of authors (1938, 1931)» The duration of pos
itivity is brief, usually a matter of a few days, rarely 
as long as three months. Bernstein in I9I4.O stated that 
18 percent of his patients had a positive serologic re
action by the Wassermann method. But Hoagland (1958) 
reports that he has not seen a single false positive 
reaction when the cardiolipin antigen was used.

Treatment: There is no specific treatment for 
infectious mononucleosis. The uncomplicated case re
quires only symptomatic therapy. Hoagland (1958) did 
not observe any effect of antibiotics on the course of 
uncomplicated mononucleosis. Bed rest need not be con
tinued beyond the period of fever, and activity should 
be controlled for two weeks after its disappearance. 
Isolation of the patient is illogical because this



disease is not acquired by the sort of exposure which 
spreads measles, influenza, and other diseases which are 
usually thought of as ”contagious”.

Prognosis: The prognosis is exceptionally good. 
The average healthy young man often is able to resume 
his normal activities within three weeks after the onset 
of symptoms. Young women, particularly if they had been 
anemic previously, may require more time to regain their 
full vigor.

1+6



EXPERIMENTAL

The titration of the heterophilic agglutinins 
for sheep erythrocytes is a widely used procedure in the 
laboratory diagnosis of Infectious mononucleosis. The 
procedures for tube dilution agglutination titration and 
the differential adsorption test with guinea pig kidney 
and beef erythrocytes have been well defined in the 
literature review.

The purpose of this investigation is an attempt 
to prepare an antigen capable of eliciting a positive 
response in the presence of sera from patients suffering 
from infectious mononucleosis.

The many discrepancies that were discussed in the 
review of the literature should serve to show the neces
sity for a new type of examination for the heterophile 
antibody.

A new test should be more sensitive and selective 
than the test now presently employed. It is not intended 
to replace or refute the well established Paul-Bunnell 
test, rather the aim is to prepare a rapid qualitative 
and quantitative test for the detection of the hetero
phile antibody.

The test must be specific, sensitive and time
saving. It must be inexpensive and easy to perform and 
the test antigen should remain in a stable condition for 
a minimum period of six months.
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As was discussed in previous pages the heterophils 
antigen occurs naturally in sheep red blood cells. There
fore, one can assume that sheep erythrocytes, which con
tain the heterophile antigen, plus sera from infectious 
mononucleosis patients will cause the agglutination of 
the sheep erythrocytes.

Attempts have been made to attach this hetero
phile antigen to a bacterial cell and to procure a posi
tive test, which will be bacterial agglutination when in 
the presence of the heterophile antibody.

It was thought that by exposing certain bacterial 
cultures ,to lysed sheep red blood cells that the antigen 
which reacted with the heterophile antibody, would be
come attached to the bacteria. When these bacteria with 
their fixed antigen come into contact with serum that 
has the heterophile antibody present, then there should 
result a reaction of antigen-antibody which would end in 
the agglutination of the bacteria which is visible to 
the naked eye. This agglutination would then denote a 
positive test for the heterophile antibody and thus a 
diagnosis for infectious mononucleosis.



MATERIALS AND METHODS

Fresh, whole, sheep blood was donated by Swift 
and Company In Omaha, Nebraska. It was collected asep- 
tically and suspended In an equal amount of sterile 
Alsever*s solution. This solution consisted of: 2.05> 
percent dextrose, 0.8 percent citrate, 0 .14-2 percent 
sodium chloride and 0.055 percent citric acid.

The sheep erythrocyte suspension was kept under 
refrigeration when not in use.

Throughout the test (except where indicated) the 
sheep erythrocytes were lysed by the addition of distilled 
water to the blood in the ratio of three parts water to 
one part blood. This solution was allowed to stand at 
room temperature for a period of about three hours. This 
time was varied in certain tests. The preparation was 
shaken at various intervals. Aseptic precautions were 
maintained.

The blood was then centrifuged for a period of 
15 minutes and the supernate (hemoglobin) was drawn off 
and saved in a sterile flask. The precipitate was dis
carded at this time. This precipitate is referred to as 
"ghost cells", which is debris and waste matter separated 
when the cells were lysed. The lysate was believed to 
possess the heterophile antigen. This supernate was al
ways treated aseptically and also kept at refrigerated 
temperature when not in use.
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The organisms used to demonstrate the expected 
agglutination were Proteus vulgaris. Staphylococcus aureus. 
and Bacillus subtilis.

These organisms were grown in part on nutrient 
agar containing: meat extract, peptone, NaGl, agar and 
distilled water, and in part in nutrient broth (same 
constituents excluding the agar). They were incubated 
at 37°0. for a period of 2lj. hours.

The diluent used throughout the tests consisted 
of: 0.137 M. NaCl, 0.01 M. NagHPO^ and 0.003 M. KH2P0^ 
in distilled water. The pH was approximately 7.2. The 
diluent material was sterilized by autoclaving.

Other elements used in the testing will be con
sidered as they are used in the individual tests.

The rapid agglutination tests were performed on 
a large glass plate (lOin. x l8in.) marked off into 
squares of l*in. by l£ inches. It was found advantageous 
to use a flat plate, since readings were more difficult 
on concave depressions.

There were two sources of heterophile antibody 
used: a positive control serum for infectious mononucleo
sis tests commercially prepared by Mount Sinai Medical 
Research Foundation, Chicago, Illinois; and secondly, from 
patients with a known titer of heterophllic antibodies.
The human serum was separated from clotted blood in the 
usual manner and stored at refrigeration temperature
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until ready for use.
The serum was pipetted with sterile l.Occ. pipettes 

onto the plate glass at one drop per square. This was 
done in the early part of the work to find out if agglu
tination by the heterophils antibody was being accomplished. 
When a satisfactory result was obtained the serum was pi
petted with a 0.2cc. pipette graduated in O.Olcc. divisions. 
The following amount of serum was added to one drop of the 
prepared antigen: 0.08cc., O.Ol|.cc., 0.02cc., O.Olcc., 
0.005cc. and 0.0025cc.

Each of the serum dilutions was mixed with a 
separate applicator stick from right to left.

The plate was rotated by haa d for one or two 
minutes or until a definite reading could be established.
The tests were read macroscopically over a light or near 
a window in the usual manner of reading rapid plate 
bacterial agglutination tests. The results were reported 
as I4./, 3/, 2/, 1/ or negative; that showing the largest, 
most definite clumping as I4./ and decreasing in number as 
the clumping becomes less evident.

With each of these tests using the positive 
heterophils antibody a control test consisting only of 
one drop of prepared antigen was also run. If aggluti
nation was present in this control the tests were thrown 
out due to this false positive reaction. In later cases 
a negative serum control was run simultaneously with each
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positive serum. The negative serum must always show a 
negative reaction with no agglutination whatsoever.



METHODS OF EXAMINATION

In the first tests which were run the organism 
Proteus vulgaris was used. It was grown on nutrient agar 
in the previously described manner and the organisms were 
washed off the agar using diluent and this suspension was 
placed in a sterile flask. There were a total of 39 
different tests run with this particular organism.

Several tests were performed using in each 5*0cc. 
of the prepared hemoglobin and various amounts of the 
organism ranging from 3»0cc. to 0,lcc, This test was 
performed to determine whether or not there would be 
agglutination with this organism and at what concentra
tion of the organism agglutination appears most strik
ingly. Besides the organism and hemoglobin a four per
cent solution of NaOH was immediately added to the prepa
rations. (Byers, in 1957» found that the addition of NaOH 
resulted in a more marked agglutination.) When testing 
this preparation the results were rather disappointing.

The results were completely negative with a nega
tive control in the presence of a positive sera. Table 
10 shows the results of the tests with NaOH added immediately.

Amount of Amount of Hemoglobin Positive test
No. Proteus NaOH Added Results
1 0.8cc. o.5 0.5 neg.
2 0.5cc. o.5 0.5 neg.
3 0.q.cc. o.5 0.5 neg.
4 O.ii-cc. o.5 0.5 neg.
5 0.3cc. o.5 o.5 neg.
6 0.2cc. o.5 o.5 neg.
7 O.lcc. o.5 o.5 neg.

TABLE 10



Since all the testa were negative it is possible 
to conclude that it is either the Proteus or the addition 
of the NaOH that failed to show the expected agglutina
tion* If it was the Proteus. the conclusion could be 
drawn that the antigen had not become attached to this 
particular organism and thus there was no agglutination. 
But it was also possible that it could have been the 
sodium hydroxide that lnterferred with the reaction and 
further tests were run excluding the addition of NaOH.

The results seemed more favorable; there ap
peared an agglutination when positive serum was added. 
Here ag^in the amounts of organisms used were varied; 
the amounts ranged from l.Occ. per test to O.lcc per test. 
The hemoglobin remained constant at 5*0cc. per test and 
the test was run in the usual manner.

The agglutination appeared as small, fine, white 
clumps which in any standard reading would be classified 
as lj(. All controls were negative.

By macroscopic investigation the clumping appeared 
to be bacterial agglutination. To remove all doubt one 
of the tests was repeated in exactly the same manner ex
cept that it was performed on a regular slide and when 
agglutination appeared it was examined microscopically 
and bacterial clumping was clearly evident.

Two days later the tests were run using this anti
gen and agglutination was still present when acted on by
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the heterophile antibody, but a change had taken place. 
The controls which consisted of one drop of the antigen 
also showed the same agglutination* This antigen was 
kept for a few weeks and tested at various intervals in 
the hope that some new manifestation would take place*
The controls became more positive as days passed*

Another series of tests was performed in which 
the antigen was prepared in like manner• The blood was 
lysed and divided into separate tubes each containing 5.0 
cc* of the blood* Into each tube was added a definite 
amount of the organism; the amount ranged from l*5>cc to 
0*5cc. This mixture was allowed to remain in the re
frigerator overnight. Before storing in the refrigerator 
tests were run on each of the tubes for agglutination by 
the heterophile antibody. They all showed a definite 
degree, though slight, of agglutination in the presence 
of the heterophile antibody.

The next day there was added to each of the tubes 
a varying amount of a four percent solution of NaOH. The 
tubes were shaken by hand and tested in the usual manner. 
It was found that the greater the amount of NaOH added 
to the tubes, after one day, the stronger was the agglu
tination effect. With a high concentration of NaOH there 
appeared a dark brown agglutination. The clumping ap
peared immediately and lasted indefinitely. The controls 
were run in three ways: one drop of antigen, one drop of
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antigen plus saline, and antigen plus normal serum.
With less concentration of NaOH the agglutination 

appears to be diminished also, but it was still strong 
when Ojj.cc. per test of NaOH was added to 5.0cc. of 
hemoglobin and Proteus. Below this level there was no 
visible agglutination and the tests were reported as 
negative.

The above tests were run with a varying amount 
of organisms and a varying amount of NaOH. It seems to 
follow that a test should be run consisting of a constant 
amount of bacteria and a varying amount of NaOH. This 
was done by adding O . I 4 . C C .  of Proteus to lysed blood.
This mixture remained In the refrigerator overnight. Then 
a constant increasing amount of four percent NaOH was 
added before testing. The amounts of NaOH used ranged 
from 0.5ec. to Ij-.Occ. Immediately after shaking, the 
tests were performed and read. In the low concentrations 
(0.5 ) the test showed the expected slight agglutination. 
Table 11 will best show the results of varying the NaOH 
concentration.
Test
No.

Amount of 
Proteus

Amount of 
Hemoglobin

Amount of Positive 
NaOH Result1 0 .1+cc. 5 »0cc. 0.5cc. 2/2 0 .q.ec. 5 • 0 c c. l.Occ. 2/3/,3 0.q.cc. 5 .0cc. 1 .5ec.

k 0 J4.cc. 5 .0cc. 2 .0cc. k/5 O.ii-cc. 5 .0cc. 2 . 5 c c . neg.6 O.li-cc. 5 »0cc. l|..0cc. neg.
TABLE 11
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It was desirable that a test should be performed 
to see how much antibody was present. The antigen used 
was the one that produced the best result shown on Table 
11. Different dilutions of the serum were added to one 
drop from a l.Occ. pipette of the antigen. Table 12 shows 
the quantitative range of this particular antigen prepara
tion.

SERUM
DILUTION RESULT
0.08 cc. k /o .o i* cc. y0.02 cc. y0.01 cc. 2/O.OO^cc. V

TABLE 12
The two smallest dilutions became positive very 

slowly. This appears to be a very good antigen as far as 
the sensitivity is concerned. The usual range of the 
rapid plate test for infectious mononucleosis using pre
served sheep erythrocytes with a known control is about 0.02.

In rechecking three to four days after the above 
tests were performed it was found that the control, which 
was normal serum, also took on a positive aspect. There 
was agglutination in each control.

This aspect of the test was discussed with my 
advisor and it was believed that if possible, the NaOH 
should be eliminated from the test. The addition of this 
solution carried with it too many unavoidable errors. So
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the idea of NaOH in regard to the Proteus organi^sm was 
dropped but possibly further work should be continued 
along this line.

Tests were also run using Staphylococcus aureus » 
The Staphylococcus was grown on nutrient agar and washed 
off the media with diluent, The blood was lysed in the 
usual manner and the ghost cells were removed•

Tests were run using a constant amount of NaOH 
with varying amounts of organisms, a constant amount of 
organisms and varying amounts of NaOH, and tests using 
various amounts of organisms and no NaOH, The test using 
only ¡staphylococci resulted in good agglutination in pos
itive serum, but its stability was short. The amount of 
organisms present did not seem to have any effect on the 
test if NaOH was added immediately. These tests were 
all negative in presence of heterophils antibody.

Similar tests were run using Bacillus subtllis. 
The reactions seemed the same. When NaOH was added 
immediately, the tests were consistently negative, but 
if one day elapsed before adding NaOH, the test would be 
positive and remain positive for a few days. No test 
ever remained stable for more than 1$ days without the 
addition of a preservative.

After testing with these three organisms (Proteus 
vulgaris. Staphylococcus aureus and Bacillus subtills) it 
seemed that no matter which were used, the results, when
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tested, seemed essentially the same. There was no notice
able variation due to the organism.

It was suggested that possibly a higher concen
tration of organisms might bring about a more convincing 
test.

Proteus vulgaris was grown as previously described. 
It was washed from the media with diluent and centrifuged 
for 15 minutes. The supemate was drawn off and the or
ganism was resuspended in diluent in approximately less 
than half the amount used originally.

Tests were prepared using this heavier concen
tration pf organisms eliminating the addition of NaOH.
In this test the results were very satisfactory. The 
antigen when combined with the heterophile antibody shows 
a very strong (!}./) agglutination. The controls remained 
negative. These results were consistently good for a 
total of approximately l£ days; and at that time there 
appeared agglutination in the controls.



PRESERVATION

The short duration of stability was a limiting 
factor in the use of the heterophile antigen-bacteria 
complex antigen* The minimum duration for such a pre
pared antigen must be six months for any practical use# 
a shorter duration of stability would not fulfill the 
purpose for which it was originally intended. Therefore 
the next step was the stabilizing of the preparation. 
Three different types of preservatives were used. They 
were furfural, formalin and citric acid.

To test the furfural the blood was lysed in the 
usual manner and 5 .0cc. of the solution was pipetted into 
sterile centrifuged tubes. To this was added a constant 
amount of the Proteus organism (O.^cc.). This organism 
was prepared in a heavy concentration as was discussed 
on previous pages. No NaOH was added. Tests were run 
at this time to assure that there would be agglutination, 
with the heterophile antibody and a negative control. A 
varying amount of the preservative (furfural) was added, 
ranging from 0.£cc. to O.lcc., each tube varied O.lcc. 
from the one before it. One tube was used as a control 
which contained no furfural. The bottles were capped 
and stored in a refrigerator for later testing. Five 
days later the tests were run on these solutions and all 
showed a positive test and a negative control. These 
tests were again stored in the refrigerator.
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Another volume of antigen was prepared in exact
ly the same manner also using O.î cc. of Proteus vulgaris.

To this a varying amount of formalin was added 
ranging from 0«l|.cc. to O.lcc. per tube, each tube varied 
O.lcc. from the one before it. A control containing no 
preservative was included in this case also.

Sixteen days later tests were run on this set and 
the results were all positive in the presence of hetero- 
phi la?.antibody and all the controls were negative.

This set was capped and stored in centrifuge tubes 
at refrigerator temperature.

The third preservative used was citric acid. A 
3°cc. volume of lysed sheep erythrocytes was prepared.
The ghost cells were removed and the hemoglobin put into 
the refrigerator. A 2k hour culture of Proteus vulgaris 
was washed from the nutrient agar with diluent and placed 
into centrifuge tubes. It was centrifuged and the super
natant removed. The precipitate was resuspended in a 
small amount of diluent that was originally used. This 
procedure gave a heavy concentration of the organism and 
3*5g c. of this concentration was added to the 30cc. of 
lysed blood. Tests were m m  on the mixture at this time 
and the results were recorded as very good (k/)•

Prom this mixture 2.$cc. were placed in each of 
seven tubes. To each tube a varying amount of citric 
acid was added to five of the tubes while the remaining
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tubes contained only the blood mixture and therefore acted 
as a control.

Tests were again run and the agglutination seemed 
to remain constant. This showed that the citric acid 
did not act unfavorably with the antigen. Dilution tests 
were run to show the quantitative range of this particular 
antigen preparation and it was found to be very similar 
to those shown on Table 10. This set of tests was cap
ped and stored in the refrigerator.

All tests that were run were retested six months 
later. The results were poor on the majority of the 
tests with the exception of the preparations that had 
citric acid as a preservative. Table 13 demonstrates 
the results of the test with citric acid six months after 
the antigen was prepared.
Test

T"
2
3
k5
6
7

Amount of 
Citric Acid 2.5cc. 

2,0ec. 
l.Occ 0.$ce. 0.2cc. none 
none

Results Six Months laterJ
yneg,
neg,

TABLE 13

Control
neg.
neg.
neg.
neg. 
neg. 
neg.

The fourth test results were missing but it can
be assumed that it also would have shown a I4./ reaction 
since it is between the thi-rd and fifth test.

The agglutination observed was a white clumping
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that first appears at the periphery of the drop and quick
ly spreads throughout the test suspension.

It was found that if one small drop of safranin 
was added to the test solution and to the control, then 
mixed well with applicator sticks the visibility of the 
agglutination was increased substantially. It is pre
sumed that any basic dye could be used to enhance the 
color of the agglutination.

This positive test was elicited by pipetting one 
drop of the bacterial antigen onto the glass plate and 
immediately adding one drop of prepared heterophile anti
body. The test was also positive when tested with serum 
from an individual suffering from infectious mononucleo
sis .

This antigen was tested with three different 
controls. The controls were the antigen only, the anti
gen plus one drop of normal serum, and the antigen plus 
one drop of saline. All controls resulted in a negative 
test, i.e., no agglutination.



DISCUSSION

The main purpose of my research problem was the 
preparation of an antigen capable of eliciting a positive 
response when in the presence of sera from patients suf
fering from infectious mononucleosis. This attempt was 
successfully completed by using bacterial cultures as a 
"carrier” of the heterophile antigen.

It was found that by mixing the bacterial cultures 
with lysed sheep red blood cells the naturally occurring 
heterophile antibodies would become fixed to the bac
terial cell. When this prepared antigen comes into con
tact with sera possessing the heterophile antibody there 
is agglutination of the bacterial cells. This is visi
ble to the naked eye and readily distinguishable as a 
positive test for infectious mononucleosis.

The main organism used in this work was Proteus 
vulgaris. but similar tests conducted with Staphylococcus 
aureus and Bacillus subtills showed a similar tendency.

With each antigen a control was run. Any agglu
tination whatsoever found in the control cancelled out 
that antigen.

The agglutinated bacteria are easily identified 
macroscopically but can be checked under the microscope 
if desired.

It was found that a strong positive test can be 
established by adding NaOH (four percent) to the prepared
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antigen, but this combination never remained in a stable 
condition and its use had to be discontinued.

In order to bring about a more positive and 
striking test a higher concentration of organisms was 
used in the antigen. This increase in concentration 
showed a remarkable change. The agglutination appeared 
more visible and easier to read and also the period of 
stability was slightly increased. This increase was not 
substantial enough for any practical use so the addition 
of different preservatives were tested.

Three preservatives were tested. They were fur
fural, citric acid and formalin.

For this antigen to be of any practical use it 
must remain stable for a minimum period of at least six 
months•

The results using furfural and formalin were very 
disappointing. These two preservatives were incapable 
of improving the stability of the antigen.

When testing the antigen which was preserved with 
citric acid the results were found to be very acceptable 
after a six months duration. All tests showed some de
gree of agglutination in the presence of a source of 
heterophils antibodies• All the controls remained nega
tive .

It was found that by adding one drop of a basic 
dye (safranin) to the solution being tested the agglutl-
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nation of the bacteria could be seen more readily.
This heterophils-bacterial complex antigen offers 

a new, quick, simple and inexpensive means for the diag
nosis of infectious mononucleosis by the detection of the 
heterophile antibody.

By using preservatives this antigen can be stored 
at refrigerator temperature for a period of at least six 
months without losing its agglutination properties when 
in the presence of a source of heterophile antibody.

The antigen itself is easily prepared and re
quires no long tedious laboratory routine. No additional 
laboratory apparatus is needed to prepare the antigen.
It can be prepared in a very few minutes without any 
worry about preserving the sheep red blood cells as in 
other rapid plate tests.

The author feels that this test has much to offer 
in the serological diagnosis of infectious mononucleosis.



SUMMARY

An antigen was prepared that was capable of pro
ducing a positive response when in the presence of the 
heterophile antibody.

The source of the heterophile antibodies could 
fromeither be in sera/patients with infectious mononucleosis 

or from commercially prepared sera.
The antigen consisted of bacterial cells acting 

as "carriers" with "fixed" heterophile antigen attached 
to these cells.

The positive response was noted when the bacte
rial cells agglutinated in the presences of the hetero
phile antibody. The failure of the bacterial cell to 
agglutinate in the presence of an unknown serum is re
corded as a negative test with no heterophile antibody 
present.

By using different preservatives it was possible 
to store the antigen at refrigerator temperature for a 
period of at least six months without any noticeable 
effect on its sensitivity.

This antigen is capable of eliciting a positive 
test in suspected cases of infectious mononucleosis and 
should be brought to the attention of future investiga
tors who are interested in this disease.
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