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Middlebrook and Dubos (1) described a hemag-
glutination reaction designed to detect serum anti-
bodies to certain components of M. tuberculosis.
Early reports suggested that this test might have
valuable clinical applications both in the diagnosis
of tuberculosis and in evaluating the activity of
the disease (2-7). Subsequent reports on its
clinical usefulness have been less encouraging (8-
16). Many modifications of the test have been
devised in an attempt to make it more specific.
These have included more thorough absorption of
sera with normal sheep erythrocytes to remove
heterophile antibodies (17), the substitution of
human Group O cells for sheep erythrocytes (18-
21), the use of fowl erythrocytes (22), and the
use of collodion particles (23). Middlebrook (24)
introduced a hemolytic modification which has
received considerable study (25-33). A slide ag-
glutination test has been used (34). Different
products of the tubercle bacillus have been used
(1, 5, 15, 20, 23, 29, 33, 35, 36) in attempts to
make the test more specific, and modifications of
the method of adsorbing antigens on the erythro-
cytes have included the use of tannic acid (37-39),
inulin or trypsin (38), and treatment of the cells
with Forssman antibody (30). In an effort to
explain false negative reactions, “incomplete” or
“blocking” antibodies have been looked for by the
use of such diluents as pooled serum, 5 per cent
bovine albumin, glycine solution, or polyvinyl pyr-
rolidone (30), and by the use of the Coombs anti-
globulin technique (26, 40). None of the modifi-
cations appears to have improved the test, and the
consensus is that it is not sufficiently specific and
reliable to have practical clinical applications in the
diagnosis and prognosis of tuberculosis. Never-
theless, the occurrence of high titres in a higher

1 Assisted with funds allocated by the Province of On-
tario under the National Health Grants programme of
the Department of National Health and Welfare, Ottawa.

percentage of tuberculous than non-tuberculous
patients is too significant to be ignored.

Few studies have been made in children other
than those of Anderson and Platou (41) and
those included in their series by Fleming, Runyon,
and Cummings (9), and others (11, 18). Ander-
son and Platou, while recognizing limitations in
the test, tended to regard it favourably as to its
clinical usefulness in children.

Most workers have noted the occurrence of
positive reactions in individuals not believed to
have had tuberculosis as well as of negative reac-
tions in patients with tuberculosis. The reasons
for these false reactions have not been clarified. It
is difficult to rule out past subclinical tuberculous
infection as a reason for false positives especially
in adults. In this respect, further studies in chil-
dren of different age groups from areas with a
low incidence of tuberculosis should be of interest.

Our experience with the hemagglutination test,
recorded here, includes studies in infants, children,
and adults as well as in a series of experimental
animals.

METHODS

The technique of the hemagglutination test was that
described by Middlebrook (24) with few modifications.
Sera were inactivated at 65° C. for 3 minutes instead of
56° C. for 30 minutes and were diluted before use with
2 volumes of phosphate-buffered saline instead of 3 vol-
umes. Heterophile antibodies were found to be removed
more readily by absorbing each serum three times with
unsensitized sheep erythrocytes. The mixture of serum
with unsensitized cells was shaken for 20 minutes at
room temperature, centrifuged, and the supernatant re-
moved to fresh cells for reabsorption. Serial dilutions
of the final supernatant were made in 0.4 ml. volumes
to which were added equal volumes of a 0.5 per cent sus-
pension of sensitized sheep cells. Standard concentrated
old tuberculin, lot 27-1, prepared by the Connaught Medi-
cal Research Laboratories was used to sensitize the
erythrocytes instead of the Lederle 4X tuberculin. These
two tuberculins were compared by Armstrong and Orlicki
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(42) and found to be equally sensitive and specific in the
performance of this test. Freshly sensitized sheep eryth-
rocytes were prepared for each daily series of tests (43).

The standard controls included tubes to show inag-
glutinability of the sensitized cells in phosphate-buffered
saline, complete absorption of heterophile antibodies us-
ing unsensitized cells, and proper cell sensitization using
a standard serum with a titre of 1:1024 prepared by
immunizing rabbits with B.C.G.

Titres of less than 1:4 were recorded as negative.
Those of 1:4 and 1:8 were classified with the negatives
as insignificant, and those of 1:16 or over were con-
sidered positive.

RESULTS
In children

Figure 1 shows the hemagglutinin titres found
in 165 children.

Sera from 15 newborn infants with erythro-
blastosis fetalis all gave completely negative reac-
tions.

The other 150 children comprise three groups.
The first 50 were under 5 years of age, the sec-
ond 50 were between the ages of 5 and 14 years.
Most of these 100 children were ill with mild
upper respiratory infections or various other dis-
eases, but none had evidence of recent or past tu-
berculosis, and all had negative Mantoux reac-
tions. The third group of 50 children were under
5 years of age, and all had active tuberculosis
which was proven by positive cultures and/or
guinea pig inoculations in 31. The disease was
clinically typical in the remaining 19. The mani-
festations of tuberculosis were primarily pul-
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monary in 40, while 10 were cases of tuberculous
meningitis with pulmonary lesions.

In the younger control group the hemagglutinin
titre was negative in 28 (56 per cent) and a fur-
ther 9 showed titres of only 1:4 and 1:8, a 74
per cent incidence of insignificant reactions. There
were fewer negatives, 16 per cent, in the older
control group, and only 48 per cent altogether
with insignificant titres. Both groups, therefore,
showed false positive reactions ; 26 per cent in the
younger and 52 per cent in the older children, a
significant difference between the two groups.
There were differences as well in the range of
titres. The highest found in the younger children
was 1:64 (one patient), while in the older group
there were 12 at or above this level and up to
1:256.

The reasons for these false positives or for the
rising incidence with increasing age are obscure.
False positives have been attributed to tubercu-
lin testing. According to Smith and Scott (8),
and others, tuberculin testing will stimulate the
formation of hemagglutinins, but Colwell and Pit-
ner (23) and Anderson and Platou (41) found
that this would not occur readily in non-reactors
to tuberculin. Unfortunately all sera could not be
collected before Mantoux testing. However, tu-
berculin testing and serum collection was done
similarly in both groups. Moreover, many sera
were collected on the same day as the Mantoux
test and most within 48 hours of it. Of the 13
false positives in the younger group, 9 were col-
lected before or on the same day as the Mantoux
test was done, and all but 2 within 48 hours. Of
the 26 false positives in the older group, 13 were
taken before or on the same day and another 8
within 48 hours. The six highest titres of 1:128
and 1:256 included two sera collected on the
same day, two in 24 hours, one in 48 hours and
one in 72 hours after the Mantoux test was done.
It is difficult to believe that antibodies in such
titres would appear so soon after a single anti-
genic stimulus. Moreover, antibodies would not
be expected so early in a group of tuberculin posi-
tive individuals where a “booster dose” effect
might be anticipated. In our opinion, Mantoux
testing has not affected the results.

In the last group of 50 children, those under five
years of age with proven tuberculosis, 70 per cent
showed positive titres ranging from 1:16 up to
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1:1024. This is significantly different from the
control group of similar age (26 per cent) and
from the older control group (52 per cent)
though the latter difference is less marked. The
median titre was 1:32 in the tuberculous group,
but was 1:16 in the older non-tuberculous chil-
dren and less than 1:4 in the non-tuberculous
groups under five years of age. In the tubercu-
lous group, however, 30 per cent had insignificant
titres ; 7 or 14 per cent were negative. These false
negatives could not be correlated with the extent
or type of tuberculosis, nor with the use, early or
otherwise, of antibiotic therapy. Of the ten cases
with proven tuberculous meningitis which are in-
cluded in this group, four gave false negative reac-
tions; this finding is in disagreement with the
suggestion of Nommik and Meakins (43) that
high titres are seen in an unusually high percent-
age of cases with tuberculous meningitis.

In adults

Figure 2 shows the hemagglutinin titres in 200
adults comprising four groups.

There are 50 healthy young adults, blood donors
from the hospital transfusion service, without
clinical evidence of tuberculosis. A tuberculin
test was not done. Insignificant titres were found
in 62 per cent of these of which six, or 12 per cent,
were negative. However, 38 per cent showed
titres ranging from 1:16 to 1:256. The median
for the entire group was 1:8. The pattern as
regards false positives was very similar to that
in the control group of older children, and the
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reason for it is equally obscure, It is more diffi-
cult in these adults to disregard the possibility of
previous exposure to the tubercle bacillus.

The second group comprises 50 adults with
presumably early tuberculosis. These sera were
collected at or shortly after the time when tu-
berculous disease was first diagnosed. The tu-
berculosis was not of the chronic fibro-caseous
type, and the histories were largely of short dura-
tion. There was a sharp contrast with all normal
groups. All showed hemagglutinins, with 96 per
cent in the significant range of 1:16 to 1:1024.
There were only two (4 per cent) with insig-
nificant titres. This group differs significantly
as well from the cases of tuberculosis in young
children.

Almost exactly similar to this group is the third
comprising 50 adults with chronic fibro-caseous
pulmonary tuberculosis. Hemagglutinins ranging
in titre from 1:16 to 1:1024 were found in 94
per cent. Again none were negative, but three or
6 per cent gave insignificant titres of 1:8.

Finally there are 50 adults, treated cases of
tuberculosis, whose tuberculosis had been con-
sidered arrested or “cured” for from one to six-
teen years. These sera were collected at a clinic
where such patients are examined periodically for
evidence of reactivation. Only one serum was
completely negative, and 22 per cent showed in-
significant results. The range of titres in the 78
per cent with significant hemagglutinins was some-
what lower than in the active cases, ranging up to
1: 512 only, with a median for the group of 1: 32.
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The median titre for the previous two groups
with active tuberculosis was 1:64. These find-
ings differ significantly both from those seen in
all non-tuberculous controls and in adults with
active tuberculosis, but are somewhat similar to
the results in young children with tuberculosis.
The small percentage of arrested cases of tubercu-
losis with insignificant hemagglutinin titres makes
it doubtful that the test is of value as a guide to
the activity of the tuberculous process.

In animals

Figure 3 shows the hemagglutinin titres in 50
unselected guinea pigs with proven tuberculosis
induced by the subcutaneous injection of exudates
from tuberculous patients. The sera were col-
lected immediately preceding autopsy of the ani-
mals at two months. These titres are compared
with those of 50 unselected uninoculated guinea
pigs. Hemagglutinins were present in 22 of the
controls, and 5 had titres of 1:16. Two of the
tuberculous animals failed to show agglutinins,
10 had titres below 1:16, and 38 had titres vary-
ing from 1:16 to 1:1024. There was no corre-
lation between titre and extent of tuberculosis,
though one of the negative pigs had extensive dis-
ease. The difference between the two groups is
highly significant. Nevertheless it would seem
that in dealing with guinea pigs one might ex-
pect false positive reactions in 10 per cent of un-
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infected animals and false negative reactions in
24 per cent of tuberculous ones.

Miscellaneous observations in children and animals

Twenty selected children with active tubercu-
losis (pulmonary and meningeal) were followed
by monthly hemagglutinin titrations for nine
months, Figure 4 shows the means of the titres
set out in four groups.

Five children gave negative hemagglutination
reactions when first tested. These false negative
reactions may have been found because the initial
samples of sera were taken too early in the course
of the disease.

Two of the five subsequently developed hemag-
glutinins to titres of 1: 128; the positive response
occurred in one after two months even though
specific antibiotic therapy was begun at the time
of the first sampling of blood. The clinical re-
sponse in both was good.

Three of the five children failed to develop he-
magglutinins throughout the nine-month period.
Two of these three received specific chemotherapy,
and this may have been responsible for their fail-
ure to give a positive test. The third child, whose
tuberculous disease was not clinically severe, did
not receive specific antibiotic or chemotherapy,
and the false negative reactions persisted even
though cultures of gastric washings grew tubercle
bacilli before, during, and after the period of
observation.
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Fifteen of the children had hemagglutinins ini-
tially. Eight of the 15 received specific antibiotic
and chemotherapy, seven did not. The titres of
most individuals remained at a fairly constant
level during the nine-month period. The mean
titres of the two groups (shown in Figure 4)
were maintained at a fairly constant and similar
level throughout. There were no detectable dif-
ferences between those receiving and those not
receiving antibiotic and chemotherapy and no cor-
relation with clinical response to therapy.

The Coombs antiglobulin technique was used in
45 selected children following the suggestion of
Meynell (40). This technique was investigated
to find out if positive reactions in tuberculous
cases could be differentiated from false positive
reactions in non-tuberculous patients by demon-
strating significantly higher titres of “incomplete”
antibodies in the sera of patients with tuberculosis.
It was also used to determine if “incomplete” anti-
bodies could be detected in the sera of patients
with tuberculosis giving false negative hemag-
glutination reactions.

The red blood cells in the tubes failing to show
agglutination were washed thoroughly with buf-
fered saline and mixed with a rabbit anti-human-
globulin serum found satisfactory for Rh work.
This serum failed to agglutinate control unsensi-
tized or tuberculin sensitized sheep cells.

The procedure increased the titres of some sera,
but not all. Increases could be demonstrated in
only 28 of the 45 cases; the increase was usually
2-fold to 8-fold and rarely 128-fold. Such in-
creases tended to occur more frequently in sera
from tuberculous cases than from controls, but
this was inconstant. Of particular interest were
the five tuberculous cases referred to earlier with
negative initial hemagglutinin tests. Only three
of the five were positive by the Coombs method ;
the titre in one was 1: 16 and in two it was 1:128,
All five cases were investigated serologically for
nine months. One child receiving chemotherapy
remained negative throughout to both tests. Two
children remained negative throughout by the
usual hemagglutinin test but showed titres of
1:128 for nine months by the Coombs technique.
The remaining two patients developed hemag-
glutinins subsequent to the first examination. In
one of these two the Coombs test always showed
titres from two to eight times the titre of the he-
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magglutination test, but in the second child the
Coombs test never showed a titre higher than the
hemagglutinin titre.

Tuberculin testing was discussed earlier as a
possible reason for false positive reactions in non-
tuberculous children. Tests were done in guinea
pigs to determine how readily a hemagglutinin
response might occur following the injection of
tuberculin. Nine guinea pigs with negative he-
magglutination tests were given repeated subcu-
taneous injections of 50.0 mg. of old tuberculin
at two-week intervals for 16 weeks. This dose is
1000 times the quantity used for routine Mantoux
testing in our Hospital. At 2 weeks, four ani-
mals were negative, three had titres of 1:4, and
two had titres of 1:16. At 4 weeks, four of the
nine guinea pigs remained negative, three had
titres below 1:16, and the titres of two had in-
creased to 1:64. Not until the end of 8 weeks
(four injections) were positive tests obtained in
all animals; the highest titre was 1:64, and five
had titres of only 1:4 or 1:8. The titres were
much the same at 14 and 16 weeks. The hemag-
glutinin response to tuberculin injections in guinea
pigs thus is slow and poor.

An attempt was made to determine if antigens
other than those derived directly from the tubercle
bacillus could stimulate the formation of anti-
bodies which would agglutinate tuberculin sensi-
tized erythrocytes. Groups of young guinea pigs
with initially negative hemagglutination tests were
given three subcutaneous injections at two-week
intervals of various antigens, and blood samples
were collected two weeks after the last injection.
Thirteen pigs were given a mixed formalin killed
vaccine made from freshly isolated nasopharyn-
geal strains of Staphylococcus pyogemes, Diplo-
coccus pneumoniae, Streptococcus pyogemes
(Lancefield Group A.), Hemophilus influenzae
(Typeb.), Streptococcus sp. (viridans), Neisseria
sp., and diphtheroids. All remained negative to
the hemagglutination test but one which had a
titre of 1:8. Eight guinea pigs received injec-
tions of fluid diphtheria toxoid. Four developed
titres of 1:32, two had titres of 1:16, and only
two remained negative to the test. Seven guinea
pigs were given a vaccine prepared from a sapro-
phytic orange-pigmented mycobacterium which
has been grown on several occasions from gastric
washings from infants and children. All became
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positive to the hemagglutination test with the
titres ranging from 1: 32 to 1:256. - Two were
at a titre of 1:256, three at 1: 128, one at 1: 64,
and one at 1:32, '

DISCUSSION

There are obvious and significant differences
in the incidences of positive hemagglutination
tests at a titre of 1:16 or more between the tu-
berculous and non-tuberculous cases in any age
group. These differences are also apparent in the
ranges of titres.

While this is true, the test has little or no prac-
tical diagnostic value, except perhaps in those few
cases of tuberculosis with exceptionally high titres,
because of the occurrence of so many false nega-
tive reactions in the tuberculous group and false
positive reactions in the non-tuberculous group.
False reactions in both directions were obtained
as well in control and tuberculous guinea pigs.
The arbitrary dividing point chosen between non-
significant and significant titres, levels of 1:8 to
1:16, seemed to fit best the group as a whole,
though a 1:4 to 1:8 division would have pro-
duced better differentiation in adults as regards
insignificant reactions in active cases. The addi-
tion of a Coombs technique did not make the test
more specific, though it is of interest that a few,
but not all, tuberculous cases with negative he-
magglutination tests gave moderately high titres
by this added procedure.

The hemagglutination test lacks practical prog-
nostic significance as an index of the activity of
the tuberculous process, even though there was a
somewhat significant difference in the incidence of
negative or insignificant titres between those adults
with early or chronic active tuberculosis and those
considered clinically as “cures.” The pattern of
the titres in “healed” adult tuberculosis differed
little from that in active tuberculosis in children
under five years of age. Children with active tu-
berculosis who received clinically effective specific
antibiotic and chemotherapy for nine months failed
to show a tendency to have lower titres. This pe-
riod of observation may have been too short.

The reasons for false negative results in proven
cases of tuberculosis are obscure. False negatives
were of significantly greater frequency in early
childhood tuberculosis than in adult cases. From
our series, this could not be attributed to early
specific antibacterial therapy or to massive infec-
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tion. It would appear that antibody response is
poor in certain individuals, and this occurs more
frequently in early childhood.

Of great interest are the false positive reactions
obtained in non-tuberculous humans as well as in
non-tuberculous animals, and of particular interest
are the frequencies of such reactions in different
age groups. The incidence of false positive tests
rose from O per cent in newborn infants to 26 per
cent in children under five years of age and to
52 per cent in children of five years or over while
the incidence of completely negative tests fell in
the three groups from 100 per cent to 56 per cent
to 16 per cent, respectively. The adult controls
differed little from the group of older children.
These positives cannot be explained by tuberculin
testing in the control children. It is difficult to
rule out past sub-clinical tuberculous infection in
adults. This factor, in our opinion, may be dis-
counted in the young children. The probability
of exposure at their age and in a community with
a relatively low incidence of tuberculosis is mini-
mal. Furthermore, clinical evidence of tubercu-
losis was absent, and Mantoux tests were negative.

Whether the increasing incidence of false posi-
tive tests from infancy to age 14 is an expres-
sion of some “maturation factor” of a completely
non-specific nature is not known. Our findings,
including the better antibody response in tubercu-
lous adults, suggest a “‘secondary” or “booster” ef-
fect of an antigen to which individuals have been
exposed on one or more occasions. The test ap-
pears to have a high degree of specificity in cases
of tuberculosis. But in the non-tuberculous con-
trols especially in children, the findings suggest
an immunological stimulation by an antigen or
antigens having some common factor with the
tubercle bacillus. In this respect, the demonstra-
tion that antibodies capable of agglutinating tu-
berculin sensitized erythrocytes could be produced
in guinea pigs by antigenic substances not prepared
from the tubercle bacillus, such as fluid diphtheria
toxoid and a suspension of a saphrophytic myco-
bacterium, is of interest. Antigenic exposure to
diphtheria toxoid is common in childhood. Ex-
posure under natural conditions to this particular
mycobacterium to a degree which would result
in the formation of hemagglutinins cannot be dis-
regarded as a possible explanation of false positive
hemagglutination tests. This could occur during
the course of upper respiratory infections caused
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by other micro-organisms, or for other reasons,
and the chance of such antigenic exposure might
increase with age. Factors such as these could
account for the increasing incidence with age of
false positive hemagglutination tests and the better
antibody response seen in adults with tuberculosis.

If this thesis proves valid, namely, that the de-
fects of the test are due to antigens shared by the
tubercle bacillus (or present in tuberculin) and
common substances to which individuals may be
exposed, there is little hope for clinical usefulness
of the test until antigens specific for pathogenic
strains of M. tuberculosis are found which are
capable of sensitizing erythrocytes.

SUMMARY

1. The Middlebrook-Dubos hemagglutination
test, using tuberculin sensitized erythrocytes, has
been studied in children, in adults, and in a series
of experimental animals.

2. A hemagglutinin titre of 1: 16 or more was
found in only 70 per cent of children under five
years of age with active tuberculosis and in 95 per
cent of adults with active tuberculosis. The in-
cidence of false negative reactions decreased with
age.

3. A hemagglutinin titre of 1:16 or more was
found in O per cent of newborn infants, in 26 per
cent of non-tuberculous children under five years
of age, in 52 per cent of non-tuberculous children
5 to 14 years of age, and in 38 per cent of normal
adults. The incidence of false positive reactions
increased with age.

4. False positive and false negative reactions
were also found to occur in experimental animals.

5. The test had very limited value in the labora-
tory diagnosis of tuberculosis because of the fre-
quency of false positive reactions in non-tubercu-
lous individuals and of false negative reactions in
active cases of tuberculosis especially in children.

6. A Coombs modification of the hemaggluti-
nation test did not make the results more specific.

7. The hemagglutination test failed to differen-
tiate accurately between active cases of tuberculo-
sis and “healed” cases or to detect clinical regres-
sion of the disease during nine months of specific
antibiotic and chemotherapy.

8. An antibody capable of agglutinating tuber-
culin sensitized sheep erythrocytes was found to
develop in all of seven guinea pigs injected with a
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saprophytic mycobacterium, in six of eight guinea
pigs injected with diphtheria toxoid, and in one of
thirteen guinea pigs injected with a vaccine of
mixed nasopharyngeal bacteria.
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