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Abstract

Background: Two original methods for evaluation of response to tuberculosis treatment are sputum smear and culture. Sputum
smear test has a low sensitivity and sputum culture is not available in many countries with endemic tuberculosis. There are some
biomarkers diseases such as IgM anti-cardiolipin antibody which could be assessed for this purpose.
Objectives: Therefore, we decided to measure the reduction rate of IgM anti-cardiolipin antibody during treatment of smear pos-
itive pulmonary tuberculosis (PTB) patients for monitoring response to treatment and then compare efficiency of this test with
sputum smear conversion.
Methods: In this research study 30 sputum smear positive PTB patients were included by convenient sampling method and then
their serum samples were taken before and after the first 3 months of anti-TB treatment for measurement of IgM anti-cardiolipin
antibody serum level by Elisa method. Their serum level changes during treatment were analyzed by paired t test with SPSS software
(ver.18).
Results: The mean IgM anti-cardiolipin serum level during treatment showed significant reduction relative to its level at baseline
in 27 (90%) of total patients (P < 0.0001). Also, this result was confirmed in both cavitary (P < 0.0001) and non-cavitary (P = 0.005)
groups. The sensitivity of test (90%) was equal with sputum smear conversion rate in our study (90%) and was associated with clinical
improvement in all of 30 cases (100%).
Conclusions: The reduction of IgM anti cardiolipin serum level during treatment, could be a reliable indicator of effective treat-
ment and specially it may be applicable in PTB patients who have negative sputum smear test or cannot deliver sufficient sputum
for evaluation of response to anti-TB treatment.
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1. Background

Tuberculosis is one of the oldest historical infectious
diseases of humans which causes more than 50% mortal-
ity rate after five years [1]. Tuberculosis is a major health
problem in our country and especially in our province (Sis-
tan and Baluchestan). Incidence of tuberculosis in Iran
has been reported about 13.4 cases per 100,000 population
in Persian year 1387 (2008 - 2009), which most of them
belongs to this province with 40 to 70 cases per 100,000
population in recent years. Then, the incidence of total
reported cases of country has decreased to 12.6 with 6.25
smear positive PTB cases per 100,000 population in year
2015, while the above incidences in our province at the

same time were 41.60 and 22.36, respectively, which had
been the highest rate of TB incidence in our country [2].
Tuberculosis is also a major global health problem from
many years ago [3].

For diagnosis of pulmonary Tuberculosis (PTB), micro-
scopic sputum smear is a main method of diagnosis in
addition to chest X-ray, clinical history and patient ex-
amination. The sensitivity of sputum smear with Ziehl-
Neelsen stain is about 20 to 70 percent which needs at least
10,000 Mycobacterium Tuberculosis (MTB) bacillus in per
milliliter of sputum for smear positivity [4]. Therefore,
the sensitivity of sputum smear, that is recommended by
WHO as a standard method, is low for diagnosis and also
for monitoring response to anti-TB Treatment [5]. Some
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elderly and all the pediatric patients cannot produce suf-
ficient sputum for smear and culture, even before start-
ing treatment. Many patients cannot produce cough and
sputum after 2 months of IPT for monitoring response to
treatment. Also, 90% of patients who didn’t convert spu-
tum after 2 months of IPT, were cured at the end of treat-
ment, that indicates there isn’t complete correlation be-
tween this standard method and response to anti-Tb treat-
ment. Sputum culture is a more sensitive method for di-
agnosis and monitoring response to anti-TB therapy, espe-
cially after the intensive phase of TB treatment (IPT), but
it is not available in all developing countries and may be
sometimes negative [5, 6]. The only WHO-recommended
rapid diagnostic test for detection of TB and rifampicin re-
sistance is the Xpert MTB/RIF® assay, that could be available
in some of the TB involved countries. Of the 48 TB endemic
countries, 15 of them had used Xpert MTB/ RIF as the first
step diagnostic test for all people who were suspected with
pulmonary TB until the end of 2015 [3].

However, it is more necessary for monitoring response
to therapy in smear and culture negative sputum PTB cases
to use suitable alternative methods. Also in tuberculosis
endemic countries these new methods should be inexpen-
sive, rapid and reliable and not associated with direct de-
tection of mycobacterium bacillus.

Plasma membrane of MTB is composed of non-specific
phospholipids and many exclusive phospholipids such
as phenolic glycolipids, lipo-oligosaccharide and polyacyl
trehalose. Acidic phospholipids in MTB cell wall are com-
prised of cardiolipin (CL), phosphatidylglycerol (PG), phos-
phatidyl inositol and also basic phospholipid like Phos-
phatidyl ethanolamine (PE) [7]. Some of these phospho-
lipids are specific antigen for mycobacteria, so they may
be important and favorable biomarkers for diagnosis and
monitoring response to tuberculosis treatment [8].

B -1 B cell as a subgroup of B lymphocytes (5%) produce
antibody against lipid component of above phospholipids
[9]. They are located originally in the pleural and peri-
toneal membrane. They produce high levels of IgM against
phospholipids without stimulation of T lymphocytes and
because of property of no or little immunological mem-
ory of B-1 B cell (8,9), the IgM antibodies produced by them
needs continuous replication of mycobacteria during ac-
tive disease of TB, which results in continued stimulation
of these cells by lipid antigen of phospholipids [9].

Therefore, rapid clearance of these antibodies will
be induced after complete TB treatment. IgM anti-
phospholipid antibodies produced by B-1 cell can make
self and poly-reactive reaction. This property induces their
rapid clearance from the patient blood [10-12].

2. Objectives

Our purpose is to determine whether IgM antibody
produced against one of specific phospholipids of MTB,
cardiolipin, is a sensitive biomarker for TB treatment eval-
uation, by measuring the reduction rate of IgM anti-
cardiolipin after the first three months of anti-TB treat-
ment. So, we should specify if it may be a reliable indica-
tor of response to anti-TB therapy and thus this new sero-
logic test could act as a proper alternative method for the
old and standard sputum smear conversion test, especially
in PTB patients who cannot produce sputum as in elderly
and pediatric patients or who initially are sputum smear
negative [13].

3. Methods

This is a research study that 30 sputum smear posi-
tive PTB patients, who referred to Bu-Ali infectious disease
hospital in Zahedan city in southern-east of Iran, were in-
cluded by convenient sampling method. Then, their serum
samples were obtained before beginning and after the end
of 3 months of anti-TB therapy (including 2 months of in-
tensive phase of therapy plus one month of maintenance
therapy in cat-1). All the patients were evaluated for lung
cavity presence with chest X-ray at the first step and in
some cases also with chest CT-scan. Thus, the patients were
categorized as two groups of cavitary or non- cavitary PTB
cases and also in 2 groups of 2+ and 3+ sputum smear pos-
itive rate. Serum samples were separated by 10,000 rpm
centrifuge from blood samples of patients which were ob-
tained before and after the first 3 months of anti-TB treat-
ment. At last, they were screened for level of IgM anti-
body against cardiolipin phospholipid by Elisa method
(Generic assay Co.). The brand of Elisa kit was AESKULISA
Cardiolipin-GM which is a solid phase immunoassay em-
ploying highly purified cardiolipin plus native human β2-
glycoprotein I for the quantitative detection of IgG or IgM
antibodies against cardiolipin in human serum with prod-
uct reference of 2204. Then, the results of IgM anti cardi-
olipin serum level were analyzed with SPSS (version18) by
paired t test and also were expressed by mean and stan-
dard deviation indexes for descriptive data. The mean IgM
anti-cardiolipin serum levels of before and during anti-TB
therapy were compared and its difference analyzed in all
cases, based on sputum smear positivity rate and presence
of cavity in chest X-ray and/or chest CT-Scan by paired t
test. Also for determining efficiency of IgM anti-cardiolipin
serum level reduction for monitoring response to anti-TB
treatment, its association with sputum smear conversion
and clinical improvement rate was evaluated during anti-
TB treatment.
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4. Results

The sputum smear positivity rate was 2+ in 14 patients
(42.7%) and 3+ in 16 patients (53.3%), also 18 cases had cav-
itary PTB (60%) and 12 cases had non-cavitary PTB (40%).
The mean IgM anti-cardiolipin antibody serum level in all
of the cases at baseline and after the first 3 months of
TB treatment were 1.98 ± 0.74 and 1.74 ± 0.62 MPLU/mL
(IgM phospholipid unit/milliliter), respectively, which by
paired t test showed significant statistical difference (P <
0.0001). This significant result in IgM anti-cardiolipin an-
tibody serum level reduction was shown in 27 of 30 cases
(90%). Also, the mean IgM anti-cardiolipin antibody serum
level in 18 cavitary cases at baseline and after the first 3
months of TB treatment were 2.16 ± 0.78 and 1.84 ± 0.72
MPLU/mL, respectively, which showed significant statisti-
cal difference (P < 0.0001), and the same values for 12 non-
cavitary cases were 1.91±0.62 and 1.61±0.44 MPLU/mL, re-
spectively, that indicated significant difference (P = 0.005).
Thus, the amount of IgM anti-cardiolipin antibody reduc-
tion during treatment relative to baseline, separately in
each group of cavitary and non-cavitary patients was sta-
tistically significant, which is compatible with the same re-
sult in our total 30 cases.

The mean IgM anti-cardiolipin antibody serum level of
cavitary and non-cavitary PTB cases before IPT were 2.16 ±
0.78 and 1.91±0.62 MPLU/mL, respectively, which indicated
no significant statistical difference between results of 2
groups at before treatment stage (P = 0.086). After the first
3 months of drug therapy the same results were 1.84±0.72
and 1.61 ± 0.44 MPLU/mL, respectively, which showed no
significant difference between results of 2 groups at after
treatment stage (P = 0.285). The mean IgM anti-cardiolipin
antibody serum level in 14 and 16 cases with 2+ and 3+ pos-
itive sputum smear rate were 1.87 ± 0.74 and 2.07 ± 0.76
MPLU/mL, respectively, which indicated no significant dif-
ference (P = 0.47). The rate of statistical significant IgM
anti-cardiolipin reduction was 90% (27 of 30 cases) and
also the rate of sputum smear conversion in our study
was 90% and 3 cases (10%) remained smear positive with
2+ rate, but finally, even these 3 cases in addition to all
of 27 cases were cured clinically at the end of treatment.
These results indicate that the incidence rate of significant
IgM anti-cardiolipin serum level reduction (90%) was equal
with the incidence rate of sputum smear conversion (90%)
and was associated with clinical improvement in all of 30
cases (100%).

5. Discussion

According to WHO and national anti-TB treatment
guideline, the standard method for monitoring response

to TB treatment is based on sputum smear and culture con-
version after two and three months of IPT in category 1
and 2 of anti-TB therapy, respectively [3]. In many TB en-
demic countries, health service centers are not capable of
doing sputum culture for TB diagnosis. However, it is de-
sirable for these centers to replace this old method of TB
treatment evaluation by a more accessible, faster and sen-
sitive test. So anti-phospholipid antibodies like IgM anti-
cardiolipin may be a suitable alternative which should be
evaluated in comparison with sputum smear conversion.

In our study sputum conversion rate after IPT (90%) was
more than results of other studies such as Kumaresan et
al. (85%) in 1988 [14] and Nowak et al. (84%) in 1987 [15]
and Rieder (75%) in 1996 [16], which indicates the efficiency
of anti-TB drugs and also adherence of our patients to TB
treatment.

In Goodridge et al. study, the IgM level of anti-
cardiolipin showed significant reduction after IPT in non-
cavitary cases. In contrast, cavitary TB patients showed an
overall IgM increase, with a significant rise against phos-
phatidyl ethanolamine (P = 0.025) [13]. These results in cav-
itary PTB cases were in contrast with our study, but in non-
cavitary PTB cases, were compatible with our study. The
mean sensitivity of this test in Goodridge et al. study in 40
patients was 83% when the IgM response to a single lipid
antigen was used; it was > 90% when responses to 2 or
more lipids were assessed [13]. While in our study the sen-
sitivity of test for antibody to a single phospholipid of car-
diolipin was higher (90% vs. 83%). In Thorson et al. study
there was significant relation between response to treat-
ment and IgM anti-cardiolipin reduction and cavity pres-
ence in the lungs, which was compatible with our result in
cavitary PTB cases [17].

In the next study of Goodridge et al. in 2014 it was
demonstrated that antiphospholipid IgM antibody can re-
main elevated in chronically infected mice, but with treat-
ment, only anti-cardiolipin IgM antibody levels decreased
together with M. tuberculosis bacterial burden in acutely
infected mice, but treatment did not affect antiphospho-
lipid IgM levels in chronically infected mice [18]. The result
of test in acutely infected mice was compatible with our re-
sults in PTB cases.

In Ordonez et al. study, the total and anti-phospholipid
IgM levels in the pleural lavage from mice with Mycobac-
terium bovis (BCG) extrapulmonary infection were ex-
amined. They found that the levels of total and anti-
phosphatidylcholine IgM antibodies remained signifi-
cantly higher in infected mice as compared to non-infected
mice up to day 90 after BCG infection, while the anti-
cardiolipin IgM antibody levels decreased with bacteria
clearance [19]. Although M. bovis is a different type of my-
cobacterium, but it has common microbiologic and bio-
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Table 1. IgM Anti-Cardiolipin Serum Level of PTB Patients Before and After the First 3 Months of Treatmenta

IgM Anticardiolipin Serum Level, MPLU/mL Before Treatment During Treatment P Value

Presence of cavity

Present (18 cases) 2.16 (0.78) 1.84 (0.72) < 0.0001

Absent (12 cases) 1.91 (0.62) 1.61 (0.44) 0.005

P value 0.086 0.285

Sputum smear positivity rate

2+ positive (14 cases) 1.87 (0.74) - -

3+ positive (16 cases) 2.07 (0.76) - -

P value 0.47

Total cases (30 cases) 1.98 (0.75) 1.74 (0.63) < 0.0001

Abbreviations: MPLU/mL, IgM Phospholipid Unit/ Milliliter; SD, Standard Deviation.
aValues are expressed as mean (SD).

Table 2. Comparison of IgM Anti-Cardiolipin Serum Level Reduction Rate with Spu-
tum Smear Conversion and Clinical Improvement Rate During Anti-TB Therapya

Results Response Type Positive Negative

IgM anti-cardiolipin serum level reduction rate 27 (90) 3 (10)

sputum smear conversion rate 27 (90) 3 (10)

Clinical improvement rate 30 (100) 0 (0)

aValues are expressed as No. (%).

chemical characteristics with MTB which is related to their
common mycobacterium tuberculosis family, so the result
of this study about IgM anti-cardiolipin decrease could be
partially comparable and extensible to the results of our
study with MTB infected cases.

In conclusion, the results of our study reveals that
screening of IgM anti- cardiolipin antibody serum level as a
specific biomarker at before and after IPT in PTB cases could
be useful and of high efficiency for monitoring response to
anti-TB treatment. Especially, in PTB patients who are not
able to deliver sufficient sputum and even in cases with cav-
itary PTB, it could be an applicable and efficient method for
treatment evaluation. On the other hand, the rate or sensi-
tivity of IgM anti-cardiolipin decrease after TB treatment is
about 90% in our study that is equal with sputum smear
conversion rate in this study (90%) but higher than other
studies with sputum smear conversion rates between 75%
to 85% in sputum smear positive PTB cases [14-16]. It is while
this method also could be applicable in sputum smear neg-
ative cases which have not been evaluated in our study.

This study is limited by low sample size and this fact
that all cases were cured during TB treatment, so we can-
not evaluate the sensitivity of this biomarker in the case of

treatment failure in this study.
Thus, it is necessary to perform more complete inves-

tigations based on combination of larger sample size and
clinical and radiological improvement criteria along with
assessment of antibodies against more different phospho-
lipids to monitor response to TB treatment.
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