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Evaluation of enzyme-linked
immunosorbent assay (ELISA) in
serodiagnosis of pulmonary
tuberculosis
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ABSTRACT A total of 45 patients with pulmanary tuberculnsis and 45 healthy individuals were subjected
to chest examination, radiography and ELISA tests for IgA and IgG antibodies. Sputum smear and
culture were performed for all tuberculous patients. Evaluated against clinical and radiological diagno-
sis, ELISA’s specificity exceeded 90% in detecting specific [gA and IgG antibodies. The parallel appiica-
. tion of ELISA and microscopic examination of sputum yielded 80% sensitivity compared with clinical and
radiological examination and 100% sensitivity compared with culture. ELISA alone can be used in ruling

out putmonary tuberculosis but not in diagnosing the disease. However, coupled with microscopic ex-
amination, It can be used instead of culture to provide positive diagnosis within 24 hours,

Evaluation de la méthode ELISA pour le sérodiagnostic de la tuberculose pulmonaire

RESUME Quarante-cing (45) patients atteints de tuberculose pulmonaire et 45 sujets ont 6té soumis a
un examen et & une radiographie pulmonaires ainsi qu'a des dosages des immunoglobulines A et G par
la méthode immunoenzymatique (ELISA). Des frottis et la culture de crachats ont été réalisés pour tous
les tuberculeux. Dans I'évaluation effectuée par comparaison avec le diagnostic clinigue et radi-
ologique, la spécificité de la méthode ELISA a dépassé 90% pour la détection des anticorps spécifiques
lgA et 1gG. En appliquant parallélement la méthods ELISA (IgA et IgG) et examen microscopique des
échantillons de crachats, on a atteint une sensibilité de 80% en comparaison de I'examen clinique et
radiclogique et une sensibilité de 100% en comparaison de la culture. La méthode ELISA seule peut
étre utilisée pour exclure une tuberculose pulmonaire mais pas pour diagnostiquer la maladie. Par
contre, si elle est associée & 'examen microscopique, la méthode ELISA peut étre utilisée au lieu de la
cullure pour elablir un diagnostic positlf dans les 24 hetres,
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Introduction

Of the infectious diseases. tuberculosis re-
mains the leading cause of human suffering
worldwide [/,2,3]. Bloom and Murray re-
ported that the disease affects nearly one-
third of the world’s population, resulting in
eight million cases of clinical disease and
three million deaths each year [1]. In view
of the increasing incidence of infection
with resistant strains [4,5,6] and the grow-
ing prohlem of human immunodeficiency
virus (HIV) infection [/,7], these figures
are likely to increase.

In Egypt, it was estimated in 1992 that
new cases of smear-positive pulmonary tu-
berculosis will develop at a rate of 30 to 35
per 100 000 population [8]. With a popula-
tion of 55.8 million, this corresponds to
16 740 to 19 530 smear-positive cases. Un-
fortunately, in the same year, only one-third
(5608) of the expected cases were reported
to the health authorities. It is assumed that
another proportion of people with tubercu-
losis sought private physicians and other
health care facilities for diagnosis and treat-
ment. However, many of the cases remain
undiagnosed [8]. Indeed, in developing
countries, more than half of those with tu-
berculosis are not in contact with health
care facilities [¢]. These individuals consti-
tute a pool from which the infection is per-
petuated to healthy community members
[8,10,11].

Eradication of tuberculosis as a public
health problem requires the mobilization of
all resources for rapid case-finding and ad-
equate treatment [/ 2, /3]. This is the goal of
a health department tuberculosis control
programme [/4]. Case-finding and treat-
ment have the social objective of prevent-
ing suffering and premature death and the
epidemiological objective of interrupting
the chain of transmission, hence reducing
the tuberculosis burden in the future. In

fact, the World Health Organization
(WHO) recommends that these activities
should receive the highest priority in any
tuberculosis control programme [/0].

A whole century has elapsed since the
introduction of the tuberculin skin test and
the staining and culture methods for diag-
nosis of tuberculosis. Tuberculin testing us-
ing purified protein derivative has lost its
epidemiological value, particularly in areas
where BCG vaccination is compulsory, as it
fails to distinguish hetween vaccinated in-
dividuals and those who have been infected
or developed the disease [/5]. Direct mi-
croscopic examination of sputum is a sim-
ple and rapid means of detecting cases of
pulmonary tuberculosis [/6]. However, this
necessitates the presence of a huge number
of bacilli, from 5000 to 10 000 per millilitre
of sputum. On the other hand, the culture
technique is able to detect as few as 10 to
100 bacilli per millilitre of sputum [{/,16].
Definite diagnosis of the disease is based
on the identification of the organism by cul-
ture; this takes at least 3 to 6 weeks result-
ing in delay in diagnosis, treatment and
contact investigation, in addition to the
high cost of the technique, which limits its
use in developing countries [17,16]. In
Egypt, this method is reserved only for pa-
tients with successive negative smears and
in whom pulmonary tuberculosis is clini-
cally suspected [&]. )

Obviously, such conventional methods
hinder the rapid and accurate diagnosis of
pulmonary tuberculosis, one of the major
constraints facing tuberculosis control pro-
grammes in developing countries, includ-
ing the Egyptian National Tuberculosis
Control Programme [8,17,18}. In the past,
serological tests have been generally unac-
ceptable because of their low specificity.
However, now that specific antigens have
been identified and recombinant antigens
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are more readily obtainable, serological
tests are a far more realistic proposition.

This study was undertaken to evaluate
the role of enzyme-linked immunosorbent
assay (ELISA), a more rapid method for the
serodiagnosis of pulmonary tuberculosis
than conventional methods.

Subjects and methods

Subject selection

A total of 90 subjects were included in the
study since only one kit of ELISA identify-
ing specific [gA antibodies and another for
[gG could be afforded. The first 45 cases of
pulmonary tuberculosis admitted to Alex-
andria Main University Hospital and Kom
El-Shoqafa Chest Hospital from 1 Decem-
ber 1995 were enrolled in the study. An
equal number of controls were selected
from patients attending the ophthalmology
and dermatology outpatient clinics at Alex-
andria Main University Hospital.

Cases of pulmonary tuberculosis were
identified and enrolled on the basis of
meeting the standard case definition of pul-
monary tuberculosis [/9]. Controls were
included according to the following crite-
Tia:

* no relevant history of pulmonary tuber-
culosis

+ free from any signs and symptoms sug-
gestive of pulmonary tuberculosis

* chest radiographies revealing no abnor-
malitics consistent with pulmonary tu-
berculosis.

Methods and data collection

All participants were subjected to:
+ Interview questionnaire, to reveal their

personal characteristics, including age,
sex, marital status, education and occu-

pation as well as their habits, such as
smoking, consumption of alcohol and
psychoactive substances. Participants
were asked about associated health
problems and family history of tubercu-
losis. Detailed history of the illness and
the treatment regimen received were ob-
tained from tuberculous patients. The
type of regimen and its duration were
ascertained by reviewing the hospital
files.

= Check for the presence of a scar from
BCG vaccination.

*+ Chest examination and radiography, to
aceepl or reject the diagnosis of tuber-
culosis.

* Laboratory investigations, including
sputum smeat, culture and serology for
the identification of specific IgA and
1gG antibodies.

Early morning sputum samples (at least
two samples) were aseptically collected
from tuberculous patients for smear and
culture. Smears were stained with Ziehl-
Neelsen (ZN) stain for acid-fast bacilli.
Culture was performed in two L&wenstein—
Jensen glycerol tubes (Biolife commercial
basic product) after Petroff’s decontamina-
tion procedure [16]. Culture tubes were in-
cubated at 37 °C for 12 weeks and not
discarded before then. This was followed
by ZN-stained film even if there was no ap-
parent growth. Healthy subjects could not
be tested because sputum cannot be provid-
ed, only saliva. Hence, they were consid-
ered negative for the organism by both
techniques.

A 2 ml sample of venous blood was
drawn from all participants. Serum was
then separated and stored at —20 °C until
tested. IgA antibodies to Kp-90 Im-CRAC
characteristic for active tuberculosis were
assayed by ELISA (Pharmeurope Medical
and Diagnostic, Amsterdam, Netherlands).
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For the detection of IgG antibodies to My-
cobacterium tuberculosis complex, an
ELISA nsing a highly specific recombinant
38 kDa antigen (Omega Diagnostics Limit-
ed, Alloa, Scotland) was used. Both tests
were applied according to the manufactur-
ers’ instructions.

Data analysis

Data were analysed using SPSS (version 6).
The kappa coefficient was computed to test
the agreement between the two diagnostic
tools relying on the strength of agreement
rather than the P value. Accordingly, the
strength of agreement was classified as
poor (x < 0), slight (x = 0-0.20), fair (k=
0.21-0.40), moderate (x = 0.41-0.60), sub-
stantial (x = 0.61-0.80) and almost perfect
(x=0.81-1.00) [20]. In addition, the likeli-
hood ratio (LR) of a positive test, and the
validity and predictive values of the per-
formed serological tests were computed.
The Chi-square test and the Student #-test
were used to test the significance at the 5%
level

Results

The majority of the participants studied
were men—women constituted less than
one-third of the sample. The mean age of
tuberculous patients (39.4 + 16.53 years)
was significantly higher than that of the
controls (28.6 + 10.64 years) (1 =3.67, P =
0.0004). The composition of the two
groups by marital status did not differ sig-
nificantly. Similarly, they did not differ sig-
nificantly regarding their educational level
or occupation (Table 1).

The patients had been suffering from
pulmonary tuberculosis for a mean duration
of 2.5 + 2.76 years with a minimum of 2
weeks and a maximum of 14 years. Less
than half of thc patients (46.7%4) reported

that they had previously received antituber-
culous chemotherapy and only 52.4% of
these had completed the regimen as pre-
scribed by the treating physician. At the
time of the study, 40 patients (88.9%) had
heen under specific treatment for a mean
duration of 2.53 + 4.09 months (minimum 2
weeks, maximum 18 months). Out of these
40 cases, isoniazid was prescribed to 90.0%
of the patients followed by rifampicin
(85.0%), ethambutol (67.50%), pyrazina-
mide (57.0%) and streptomycin (52.50%).
The majority of patients were receiving a
combination of three (42.50%) or four
{40.0%) antituberculous drugs, while a
small percentage were receiving a combina-
tion of two (7.5%) and five drugs (10.0%).

Only 20.0% of the healthy subjects were
regular smokers and none of them reported
the consumption of alcohol or psychoactive
substances. On the other hand, smoking
and the consumption of alcohol and psy-
choactive substances were encountered in a
significantly higher pereentage (64.4%) of
tuberculous patients (x} = 355.27, P =
0.00001).

In conjunction with pulmonary tubercu-
losis, other chronic health problems were
reported by 20.0% of the patients, includ-
ing diabetes (» — 7) and bronchial asthma
(n = 2). The majority of healthy partici-
pants (91.1%) were totally free of any
chronic health problem, but rheumatic
heart disease was encountered in 8.9% of
the cases. However, no significant differ-
ence was detected between the two groups,
(3=2.25,P=10.1338).

Equal percentages (40%) of participants
in the index and control groups had re-
ceived the BCG vaccine as indicated by the
presence of the characteristic scar. Howev-
er, family history of tuberculosis was en-
countered in a significantly higher
percentage of tuberculous patients (20.0%)
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Table 1 General characteristics of tuberculous patients and their controls

Characteristic Cases Controls Test of
(n=145) {n=45) significance
No. % No. %
Sex
Male 32 711 33 73.3 ¥3=0.08
Female 13 28.9 12 26.7 P=0.813
Marital status
Married 23 51.1 16 35.8 xe=2.48
Single 20 44.4 25 55.6 P=0.289
Widowed/divorced/separated 2 4.4 4 8.9
Education
llliterate/read and write 28 62.2 21 46.7
Primary/preparatory 8 17.8 10 222 %2=2.36
Secondary 8 17.8 12 26.7 P=0.502
University 1 2.2 2 4.4
Occupation
Professional 1 2.2 2 4.4
Skilled/semiskilled 6 13.3 6 13.3 xi=19.99
Manual 21 46.7 32 711 P=0.075
Housewife 10 22.2 4 8.9
Student 3 6.7 - -
Not attending school 4 8.9 1 2.2
nor working
Age (years)
Meanz s 39.36 + 16,532 28.60 = 10.641 t=3.671
Min—Max 10—-72 15-50 P =0.0004

s = standard devialion

compared to 2.2% among controls (x2 =
4.60, P = 0.031).

Table 2 shows the results of the micro-
scopic examination and culture of sputum
specimens collected from the 45 tubercu-
lous patients. M. fuberculosis was detected
in 42.2% of the patients by smear examina-
tion and in an equal percentage {42.2%) by
culturc. However, discordant results were
observed in six patients.

Serum examination for specific IgG an-
tibodies denoting activity yiclded a positive
result in 37.8% of tuberculous patients
compared to only 4.4% of the controls.
Morecover, 53.3% of the patients were

Table 2 Results of smear examination and
culture of sputum specimens collected from
tuberculous patients

Smear Culture Total
examination  Positive Negative

Positive 16 3 19
Negative 3 23 26
Total 19 26 45

found to have specific IgA antibodies
(compared to 6.7% among the controls).
These differences were statistically highly
significant (Table 3). Among tuberculous
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Table 3 Distribution of the participants according to the specific
Mycobacterium antibodies detected by serodiagnosis

Type of antibedies Cases Controls Test of significance

detected {n=45) {n = 45)
No. % No. %

oG
Positive 17 37.8 2 4.4 x3=156.01
Negative 28 62.2 43 95.6 P =0.00010

IgA
Positive 24 53.3 3 6.7 x5=23.33
Negative 21 46.7 42 23.3 P = 0.00000

patients, discordant results were observed
in 17 patients (Table 4).

A fair agreement was observed between
the specific IgA antibodies detected by the
ELISA technique and the results of the mi-
croscopic examination of sputum speci-
mens (kK = 0.36), culture (x = 0.24) and
either technique (x= 0.35), while moderate
agreement was observed with clinical and
radiological examination (x = 0.46) (Ta-
ble 5). The sensitivity of ELISA in detect-
ing specific IgA antibodies just exceeded
50% evaluated against the clinical and ra-
diological diagnosis (53%) and the detec-
tion of the organism by culture (53%) and
by either smear or culture (59%). However,
it was 63.2% compared to the microscopic
examination of sputwm. A positive test was
about eight times more likely to be obtained
among patients identified by clinical and
radiological diagnosis (LR = 7.99), while it
was two to three times more likely among
those identified bacteriologically by smear
(LR ~ 2.98), culture (LR — 2.19) or either
technique (LR = 2.87). The specificity of
this serological test was high (76%—93%),
being highest with the clinical and radio-
logical diagnosis and lowest with culture.
The predictive value positive of the test
was lowest compared with the detection of

Table 4 Distribution of tuberculous patients
according to the specific antibodies
detected by the two types of ELISA

lgG antibodies IgA antibodies Total
Positive  Negative
Positive 12 5 17
Negative 12 16 28
Total 24 21 45

the organism by culture (37%) and highest
(89%) compared with the clinical and ra-
diological diagnosis. With the latter, the
lowest predictive value negative (67%) was
observed while a higher predictive value
negative (89%) was obtained compared
with the smear examination of sputum (Ta-
ble 5).

Table 6 presents the sensitivity, speci-
ficity and predictive values of serodiagno-
sis detecting specific IgG antibodies in
relation to the different diagnostic tech-
niques adopted. A fair to moderate agree-
ment existed between ELISA and the other
diagnostic tools as revealed by the value of
the kappa coefTicient (0.33-0.46). The sen-
sitivity of ELISA was the lowest (38%)
compared with the clinical and radiological
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Table 5 Validity and predictive values of ELISA {IgA) in relation to the different diagnostic

methods used

Diagnostic ELISA (IgA) Kappa  Sensitivity Specificity Predictive value
method Positive Negative coefficient Positive Negative
(n=27y (n=63) (%) {%) {%) i _(9&) B
Clinical and radiological
Positive 24 21 0.46 53.3 93.3 88.9 66.7
Negative 3 42
Sputum smear
Positive 12 7 0.36 63.2 78.9 44.4 88.9
Negative 15 56
Sputum culture
Positive 10 9 0.24 53.6 76.1 37.0 85.7
Negative 17 54
Either smear or culture
Either positive 13 9 0.35 59.1 79.4 48.1 85.7
Both negativa 14 54

Table 6 Validity and predictive values of ELISA (IgG) in relation to the different diagnostic

methods used

Diagnostic ELISA (19G) Kappa Sensitivity Specificity Predictive value
method Positive Negative coefficient Positive Megative
{n=19) (n=71) (%) (%) (%) (%)
Cilinical and radiological
Positive 17 28 0.33 37.8 95.6 89.5 60.6
Negative 2 43
Sputum smear
Positive 10 9 0.39 52.6 87.3 52.6 B7.3
Negative 9 62
Sputum culture
Positive 10 9 0.29 52.6 87.3 52.6 87.3
Negative 9 62
Either emoar or culture
Either positive 12 10 0.46 54,5 89.7 63.2 85.9
Both negative 7 61

diagnosis and increased to 53%—-55% com-
pared with the detection of the organism by
microscopic examination of sputum, cul-
ture or either method. The possibility of a
positive test was nearly eight times higher

among patients identified clinically and ra-
diologically (LR = 8.49}, four times higher
among those identified by smear
(LR = 4.15) or culture (LR = 4.15) and five
times higher among patients identified by
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Table 7 Validity and predictive values of ELISA (IgG and IgA) in relation to the different

diagnostic methods used

Diagnostic ELISA (IgG and IgA) Kappa Sensitivity Specificity Predictive value
method Either Both  coefficlent Positiva Negative
positive negative
{(n=34) (n=56) (%) {%) (%) {%)
Clinical and
radiological
Positive 29 16 0.53 64.4 88.9 85.3 714
Negative 5 40
Sputurm smear’
Positive 12 7 0.24 63.2 69.0 35.3 87.5
Negative 22 49
Sputum culture
Positive 12 7 0.24 63.2 69.0 35.3 87.5
Negative 22 49
LCither smear or
culture
Either positive 15 7 0.33 68.2 72.1 441 87.5
Both negative 19 49

either technique (LR = 5.29) compared
with those who were not identified by these
methods. The test’s specificity was high
(87%-96%) with all diagnostic methods
used, The predictive value negative of
ELISA exceeded 85% with all diagnostic
tools except with the clinical and radiologi-
cal diagnosis where it was 61%. A reverse
trend was observed for the predictive value
positive of the test.

The validity and predictive values of
ELISA in detecting both specific IgA and
IgG antibodies combined (classified as ei-
ther positive or both negative) compared
with the other diagnostic methods are pre-
sented in Table 7. The kappa coefficient de-
notes a moderate agreement between the
serodiagnosis and the clinical and radiolog-
ical one (x = 0.53), but a fair agreement
with the diagnosis by smear (x'=0.24), cul-
ture (x = 0.24) or either technique (x =
0.33). Evaluated against the different diag-

nostic methods, the sensitivity of ELISA
was 63%—68%. The probability of a posi-
tive test was two times higher among pa-
tients identified bacteriologically by smear
(LR = 2.03), culture (LR = 2.03) or either
technique (LR = 2.44), while nearly six
times higher among those identified clini-
cally and radiologically (LR = 5.79). The
highest specificity of the test (89%) was
obtained compared with the clinical and ra-
diological diagnosis, while the lowest
(69%) was when compared with the smear
and culture results. The highest predictive
value positive of the test observed was 85%
when compared with the clinical and radio-
logical diagnosis and it was the lowest
(35.3%) when compared with the smear
and culture techniques. Compared with the
different diagnostic tools, the predictive
value negative of the test exceeded 85%,
except with the clinical and radiological di-
agnosis where it was 71%.
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Table 8 Validity and predictive values of ELISA (IgG and IgA) and sputum smear in relation to
the clinical and radiological diagnosis and culture results

Diagnostic ELISA (lgG and IgA) Kappa  Sensitivity Specificity Predictive value
method and sputum coefficient
Either Both Positive Negative
positive negative
(n=41) (n=49) (%) %) (%) (%)
Clinical and radiological
Positive 36 9 0.68 80.0 88.9 87.8 81.6
Negative 5 40
Sputum culture
Positive 19 - 0.48 100.0 69.0 46.3 100.0
Negative 22 49

Combining the results of ELISA (both
IgA and 1gG) and that of the smear classi-
fied as either positive or both negative (Ta-
ble 8) yielded a substantial agreement (x =
0.68) with an 80% sensitivity, 89% speci-
ficity, a predictive value positive of 88%
and negative of 82% when evaluated
against the clinical and radiological diagno-
sis. Either positive smear or positive ELISA
were seven times more likely to be obtained
among patients diagnosed clinically and ra-
diologically (LR = 7.20). A moderate agree-
ment was observed between this combined
technique and the culture result (x = 0.48).
Compared with the culture, it yielded a
100% sensitivity and predictive value nega-
tive with a low specificity (69%) and pre-
dictive value positive (46%). Either
positive smear or positive ELISA were
about three times more likely to be obtained
among patients identified by culture com-
pared with those who were not identified
by this method (LR = 3.22).

Discussion

Tuberculous patients enrolled in the
present study were comparable to their con-

trols except for being significantly older.
An identical proportion of paticnts and
healthy participants had received BCG vac-
cine. However, smoking and the consump-
tion of alcohol as well as narcotics were
overpresented among tuberculous patients.
These habits are known to increase a per-
son’s vulnerability to the disease. The pres-
ence of the disease among family members
is an additional factor that increases the
probability of contracting the infection and
developing the disease.

In the present study, less than half of the
palicnts had been previously diagnosed and
prescribed antituberculous drugs. Howev-
er, nearly half of these had not complied
with the treatment regimen, Generally, in-
completion of the treatment is associated
with a substantial increase in the number of
chronic patients who can infect others.
Moreover, they are more likely to harbour
strains of the bacilli that are resistant to one
or more antituberculous drugs [&]. This is
only one of the factors that has contributed
to the re-emergence of tuberculosis as a
major public health problem [21].

The reason for the failure of tuberculo-
sis control programmes in developing
countries is not only the inability to cure
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those whe are diagnosed, but also the in-
ability to detect a sufficient number of tu-
berculosis cases, who are the prime source
of infection [/7]. Among the countries of
the Eastern Mediterranean Region, Egypt is
classified as a country of intermediate tu-
berculosis incidence ranging from 2 to 100
per 100 000 population with a low detec-
tion rate of less than 40% [22]. In the
present study, bacteriological diagnosis re-
vealed the presence of the organism in less
than half the patients. This could be attrib-
uted to the fact that the majority of patients
had been under specific treatment with a
combination of powerful drugs for a mean
duration of 2.5 months, In three cases, the
tubercle bacilli were detected in the sputum
specimen by culture but not detected by
smear. This is an advantage of the culture
over microscopic examination. In the other
three microscopy positive, culture negative
patients, the organism appeared fragmented
indicating dead bacilli secondary to treat-
ment effect. Consequently, they failed to
show any growth.

It is widely accepted that infection with
M. tuberculosis often induces & humoral re-
sponse that can be detected and measured
by specific antigen [23]. Indeed, the avail-
ability of new, more sensitive antibody as-
says, particularly ELISA, has stimulated a
resurgence of interest in the serology of tu-
berculosis as a rapid method of diagnosis.
Since the mid-seventies, several antigens
have been evaluated for their serodiagnos-
tic potential in detecting antibodies using
this technique with considerable variation
in their sensitivity and specificity [24-28).

In the present study, the technique de-
tected specific antibodies of the IgA class
in nearly half of the cases and of the IgG
class in just over one-third of them. Gener-
ally, the ability of either test to detect those
who truly had the disease based on ¢linical
and radiological as well as bacteriological

diagnosis was low. This was expected since
the spectrum of the illness was extremely
wide ranging from two weeks to 14 years.
Some of these patients had active tubercu-
losis associated only with a rise in the char-
acteristic [gA antibodies; in others, inactive
or improving tuberculosis set in with a de-
crease in IgA antibodies to an undetectable
level, coupled with an increase in the level
of IgG antibodies. In spite of this low sensi-
tivity, the likelihood ratio of a positive test
was high. This is attributed to the small
number of patients classified as false posi-
tive by either test rather than to an accept-
able sensitivity. In fact, both tests were able
to identify more than 90% of subjects clas-
sified as not having the disease by clinical
and radiological examination with a low
predictive value negative of just over 60%.
Evaluated against the bacteriological diag-
nosis, the specificity of ELISA in detecting
specific IgG antibodies exceeded 85%,
while it was more than 75% for the test de-
tecting specific IgA antibodies. Both tests
had a high predictive value negative.
Combining the results of the two tests
classified as either positive or both negative
was associated with a slight improvement
in sensitivity at the expense of specificity.
Evaluated against the culture, the yielded
sensitivity compares favourably with that
reported by previous studies [29,30], how-
ever with a much higher predictive value
positive. A much higher sensitivity exceed-
ing 85% was reported by Wang et al. [3/]
and Krambovitis [3Z]. Moreover, some of
the studies [29,32] reported a much higher
specificity than that obtained in the present
one, although with a comparable predictive
value negative. This variation in the validi-
ty and predictive values of the tests may be
attributed to differences in the characteris-
tics of the patients, as well as the types of

* antigens used.
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It is true that a perfect test would always
be positive in the presence of the disease
and negative in its absence. However, false
negative and false positive results com-
monly mar the capacity of a test to achieve
these goals [33]. False negative results
were viewed by Krambovitis {32]to be re-
{ated to the pathogenesis of the illness. It is
possible that the constant release of organ-
isms or antigens from the site of infection
leads to chronic stimulation of antibody
synthesis and the production of low avidity
antibody synthesis. This may result in the
formation of circulating immune complex-
¢s of the more reactive antibudies with the
released antigen and a considerable reduc-
tion in detectable antibodies. This hypothe-
sis is consistent with two observalions: the
first is that tuberculosis causes an increase
in the overall concentration of circulating
1gG and IgA [34,35], not reflected in the
specific antibody measured by ELISA with
mycobacterium antigens [36]; secondly, the
presence of circulating immune complexes
has been demonstrated [37,38] with an in-
verse relation between the concentration of
immune complexes and antimicrobial anti-
bodies [38]. An alternative explanation has
been proposed by Daniel et al. [26] based
onh the immunological spectrum. This con-
cept suggests that at one extreme of the
spectrum, tuberculosis is confined to local-
ized foci with well developed cell mediated
immunity, but little or no detectable anti-
bodies.

Since a single perfect test does not exist,
a combination of two or more tests can be
used in series or in parallel to enhance
specificity or sensitivity. Evaluated against
the bacteriological diagnosis, the sensitivi-
ty of ELISA was still low. The fair associa-
tion obtained indicated by the kappa
coefficient denotes that ELISA per se is un-
likely to replace the bacteriological diagno-
sis. Parallel application of ELISA and the

microscopic examination of sputum speci-
men was associated with a sensitivity of
80% compared with the clinical and radio-
logical diagnosis and 100% compared with
the culture. The latter figure was much
higher than that reported by Danicl ct al.
[29] and Zeiss et al. [30] who combined the
results of smear and ELISA. The predictive
value positive of this combination of tests
was comparable to that reported by Zeiss et
al. [30] but much lower than that reported
by Daniel et al. [29]. The low specificity of
the parallel application of these two tests
reflects the ability of either method to de-
tect cases which bave not been identified
by culture rather than an associated excess
of false positive results.

The present study has its limitations.
Enrolled patients presented great heteroge-
neity regarding the spectrum of illness. In
addition, the small number selected, gov-
emed by the affordability of the test, did
not allow the stratification of the sample
and consideration of the validity of the test
in relation to the spectrum of illness. How-
ever, the results indicate that the tests may
be promising in ruling out the disease, par-
ticularly in patients with lung lesions which
mimic pulmonary tuberculosis clinically
and radiologically. Furthermore, ELISA

" can be a useful adjunct to sputum smear in

ruling in tuberculosis within 24 hours. In
monetary terms, the purchase price in
Egypt is 7 Egyptian pounds for IgG (USS 1
= LE 3.37) and 15 Egyptian pounds for
IgA, much less than the cost of examina-
tion, radiography and culture; hence, diag-
nosis can be achieved at a fraction of the
usual cost. An additional advantage is that
ELISA can be performed under field condi-
tions typical of those found in developing
countries as its application does not require
major equipment or the training and experi-
ence mandatory for the culture.
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