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Abstract

Background: Antitrypsin is one of the factors that increases during inflammatory responses. The aim of this study was to monitor
alterations in serum antitrypsin level during pulmonary tuberculosis treatment and determine its association with pulmonary
function and fibrotic changes.
Methods: This quasi-experimental study was done on all 40 patients who had pulmonary tuberculosis and were referred in 2015 -
2017 to a tuberculosis care center in Birjand, Iran. Sampling was done through the census method. After the establishment of tu-
berculosis diagnosis, all patients received tuberculosis treatment for 6 consecutive months. Before, 2 and 6 months after treatment
onset, 5-milliliter blood samples were obtained from each patient for antitrypsin measurement. Moreover, chest radiography was
performed for each patient both before and 6 months after treatment onset, while pulmonary function test or spirometry was done
2 and 6 months after treatment onset. The one-way analysis of variance, independent-sample t-test, Mann-Whitney U, Friedman, and
Kruskal-Wallis tests were performed for statistical data analysis.
Results: From the 40 recruited patients, only 24 completed the study. The mean of serum antitrypsin level at baseline was 201.72
± 47.66, which significantly decreased to 157.61 ± 36.98 and 141.10 ± 26.76, at respectively 2 and 6 months after treatment onset (P
< 0.001). Post-treatment chest radiography showed that 15 patients had fibrotic residue and 9 had normal chest radiography. The
mean of serum antitrypsin among patients with fibrotic residue was not significantly different from that of patients with normal
chest radiography (75.05 ± 13.51 vs. 36.57 ± 14.22; P = 0.7). Pulmonary dysfunction was observed among 75% of patients. The preva-
lence rates of post-treatment restrictive, obstructive, and normal spirometry patterns were 41.7%, 33.3%, and 25%, respectively. There
was no significant difference among patients with restrictive, obstructive, and normal spirometry patterns respecting the amount
of decrease in the mean of serum antitrypsin (56.12 ± 64.41, 63.27 ± 35.6, and 64.60 ± 54.14, respectively; P = 0.94).
Conclusions: The serum level of antitrypsin decreases during pulmonary tuberculosis treatment. Therefore, antitrypsin, as an
acute-phase protein, can be used for the follow-up assessment of response to treatment among patients with pulmonary tubercu-
losis.
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1. Background

Tuberculosis is a widespread disease, which is preva-
lent particularly in less developed countries. Pulmonary
tuberculosis (PTB) is the most prevalent form of tuber-
culosis. Either with or without treatment, patients with
PTB may develop persistent pulmonary complications (1)
such as fibrosis and pulmonary dysfunction. Pulmonary
dysfunction among patients with PTB may have differ-
ent forms, chiefly chronic obstructive pulmonary disease
(COPD) (2, 3). While smoking has been considered as the

most important risk factor for COPD (3), PTB is also consid-
ered important (1).

The association of PTB and COPD has been assessed in
different ways. A review study noted PTB-COPD comorbid-
ity and reported COPD as the second most principal PTB-
associated problem after diabetes mellitus. Moreover, this
study showed that PTB-COPD comorbidity is more com-
mon among older patients and concluded that COPD in-
creases the risk of drug resistance, the need for critical care,
and the rate of mortality among patients with PTB (4). An-
other study also indicated that patients with a past history
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of PTB develop COPD and experience death 5 years earlier
than those without such history (5). A study in Columbia
also showed that PTB-COPD association is more prevalent
than smoking-COPD association (6).

One of the factors in COPD etiology is antitrypsin defi-
ciency (7). Antitrypsin is an acute-phase protein, which in-
creases during inflammatory reactions such as PTB (8, 9).
In PTB, inflammatory reactions are provoked and matrix
metalloproteinase is produced. Matrix metalloproteinase
is known to contribute to lung tissue degeneration (10-12)
as well as COPD development. Therefore, PTB can be a po-
tential risk factor for COPD. On the other hand, regenera-
tive reactions, scar formation, and pulmonary fibrosis, due
to delayed PTB diagnosis and treatment can restrict pul-
monary function and cause restrictive lung disease (13).

It is unknown whether antitrypsin has protective ef-
fects against metalloproteinase production in PTB or is a
contributing factor to PTB-related fibrotic changes in lung
tissue. Some studies showed the significant increase of
serum antitrypsin level during active PTB (14). However, no
study has yet assessed the serum antitrypsin level during
PTB treatment and its association with pulmonary compli-
cations. The aim of this study was to monitor alterations
in the serum antitrypsin level during PTB treatment and
determine its association with pulmonary function and fi-
brotic changes.

2. Methods

This quasi-experimental study was done on all 40 pa-
tients with PTB who were referred in 2015 - 2017 to a tu-
berculosis care center in Birjand, Iran. Sampling was
done through the census method. The eligibility crite-
ria included: consent for participation, easy accessibility
throughout the study, no tobacco use, and no history of
malignancy, COPD, asthma, sarcoidosis, interstitial lung
disease, as well as non-PTB fibrotic disorders. Patients were
excluded if they voluntarily withdrew from the study, dis-
continued treatment, or were resistant to treatment.

PTB diagnosis was established after ruling out other
differential diagnoses and based on the presence of
PTB clinical manifestations, PTB-related manifestations in
chest radiography, and 1 of the following diagnostic crite-
ria:

- 2 positive sputum-smear testsfor Acid fast bacili;
- A positive sputum-smear test along with a positive

sputum culture for Acid fast bacili; or
- A positive bronchoalveolar lavage (BAL) acid-fast

bacilli test along witha positive BAL culture or a positive
sputum culture.

Before the onset of treatment, a 5-milliliter blood sam-
ple was obtained from each patient. Then, PTB pharmaco-

logical treatment was provided for 6 consecutive months.
Two and 6 months after treatment onset, pulmonary func-
tion test or spirometry was done and blood sampling for
antitrypsin assessment was repeated. The serum part of
each blood sample was separated and immediately placed
in the freezer at a temperature of less than -20°C. At the
end of each weak during the study, the collected samples
were transferred to a central laboratory where they were
kept in freezer at a temperature of -70°C. At the end of
treatment, all blood samples were studied, respecting the
serum antitrypsin level. Antitrypsin measurements were
done using enzyme-linked immunosorbent assay (ELISA)
kits (Roche Diagnostic, Germany) and an INTEGRA 400 de-
vice. Moreover, chest radiography was performed and in-
terpreted both before and 6 months after treatment onset.

Data analysis was made via the SPSS software (v. 23.0).
The independent-sample t, Mann-Whitney U, Kruskal-
Wallis, Chi-square tests, as well as the one-way analysis of
variance were used for between-group comparisons. More-
over, Friedman test was used for within-group compar-
isons.

This study was approved by the ethics committee of
Birjand University of Medical Sciences, Birjand, Iran (with
the approval number of IR.BUMS.REC.1395.70). Informa-
tion about PTB and the aim of the study were provided to
all patients and written informed consent was obtained as
well.

3. Results

From the 40 TBP patients recruited to this study, 16
were excluded due to voluntary withdrawal from the study,
death, or drug side effects. Therefore, 24 patients com-
pleted the study and were included in the final analy-
sis. Among these 24 patients, 9 (37.5%) were male and 15
(62.5%) were female. They aged 60.87 ± 21.50, on aver-
age. They had been diagnosed with PTB based on 2 posi-
tive sputum-smear tests (9 cases, 37.5%), 2 positive acid-fast
bacilli tests and positive BAL-sample mycrobacterium tu-
berculosis culture (9 cases, 37.5%), or positive mycrobac-
terium tuberculosis culture for patients with clinical and
radiographic findings of PTB (6 cases, 25%). Two and 6
months after treatment onset, respectively, 4 (16.7%) and 6
(25%) patients had normal spirometry results (Table 1).

Chest radiography results showed that 13 (54.2%) pa-
tients had right lung PTB involvement and 11 (45.8%) had
left lung PTB involvement. PTB involvement of different
anatomical lobes of the lung are shown in Table 2.

At the onset of treatment, the mean of serum antit-
rypsin level was 201.72 ± 47.66; 2 and 6 months after treat-
ment onset, the value significantly decreased to 157.61 ±
36.98 and 141.10 ± 26.76, respectively (P < 0.001; Table 3).
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Table 1. The Frequency of Spirometry Patterns Among Study Participantsa

Pattern Time

TwoMonths After SixMonths After

Restrictive 12 (50) 10 (41.7)

Obstructive 8 (33.3) 8 (33.3)

Normal 4 (16.7) 6 (25)

Total 24 (100) 24 (100)

aValues are expressed as No. (%).

Table 2. The Involvement Frequency of Different Anatomical Lobes of the Lungs
Based on Chest Radiography Findings

Side Lobe

Left Lung Right Lung

1. Upper lobe 5 (20.8) 7 (29.2)

2. Middle lobe 5 (20.8) 4 (16.7)

3. Lower lobe 1 (4.2) 2 (8.3)

Total 11 (45.8) 13 (54.2)

Table 3 shows the mean levels of serum antitrypsin
among patients with restrictive, obstructive, and normal
spirometry patterns. Six months after treatment onset,
these 3 groups of patients did not differ significantly from
each other, respecting the amount of decrease in the mean
of serum antitrypsin during the study (56.12 ± 64.41, 63.27
± 35.6, and 64.60 ± 54.14, respectively; P = 0.94).

Baseline serum antitrypsin levels among patients with
fibrotic residue and patients with normal chest radiogra-
phy were respectively, 211.45 ± 55.60 and 185.51 ± 25.46,
with no significant between-group difference (t = 1.31 and
P = 0.20). Six months after treatment onset, these values
were respectively, 136.40 ± 20.90 and 148.93 ± 34.41, again
with no significant between-group difference (Z = 1.13 and P
= 0.27; Table 4). In total, 15 patients had fibrotic changes. Six
month after treatment onset, 6 of these 15 patients (40%)
showed restrictive spirometry pattern, 5 (33.3%) showed
obstructive pattern, and 4 (26.7%) showed normal pattern
(P = 0.96).

Table 4 shows the mean serum antitrypsin levels
among patients with normal chest radiography and pa-
tients with fibrotic changes. Six months after treatment
onset, the mean decrements from the serum antitrypsin
levels among patients with normal chest radiography and
patients with fibrotic changes were 36.57± 14.22 and 75.05
± 13.51.

4. Discussion

Serum antitrypsin level at baseline was 201.72 ± 47.66.
Two and 6 months after treatment onset, it significantly de-
creased to 157.61±36.98 and 141.10±26.76, respectively. An-
titrypsin level can increase by 3 - 4 times during inflamma-
tory reactions to infectious or non-infectious diseases, ma-
lignancies, and acute inflammatory reactions (15). There-
fore, antitrypsin is considered as an acute-phase protein
and an inflammatory biomarker (9, 13). Our findings also
revealed significant decreases in the level of serum antit-
rypsin among PTB patients who were responsive to treat-
ment. Therefore, antitrypsin can be considered as a proper
marker for the follow-up assessment of PTB patients. Mat-
alon et al. also assessed post-colectomy levels of serum an-
titrypsin among patients with ulcerative colitis for the pur-
pose of pouchitis diagnosis and found that serum antit-
rypsin level is directly associated with the incidence and
the severity of pouchitis (16). As antitrypsin is an acute-
phase protein, effective infection or inflammation man-
agement may be associated with significant decrease in
its level in 3 - 4 days (15). Increases in antitrypsin level
during the acute phase of diseases may have some bene-
fits. For instance, some studies reported antitrypsin as an
anti-inflammatory, anti-infective immunomodulator, and
a tissue-regenerative agent (17).

Study findings also indicated that at the end of the 6-
month treatment, the level of serum antitrypsin among
patients with fibrotic residue was slightly higher than
those with normal radiography, though the difference was
not statistically significant. Moreover, the amount of de-
crease in antitrypsin level among patients with fibrotic
residue was more than patients with normal radiography.
This slightly higher level of post-treatment serum antit-
rypsin level among patients with fibrotic residue may be
due to the higher level of antitrypsin at baseline and can
be indicative of severer inflammation among these pa-
tients. Moreover, this hypothesis can be suggested that in-
creased tissue, regenerability among patients with higher
level of serum antitrypsin, might have caused more fi-
brotic changes. It is noteworthy that while antitrypsin de-
ficiency can reduce lung tissue regenerability and cause
emphysema (17), its high levels can improve regenerability
and cause fibrosis (17).

The relative frequency of patients with abnormal
spirometry patterns in the present study was 75% at end of
successful treatment. Restrictive spirometry pattern was
also more common than the obstructive one. Similarly,
a study in Tanzania showed that 74% of post-treatment
spirometry patterns were abnormal. However, the dif-
ference between these 2 studies was in the frequencies
of different functional disorders of the lung. In other
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Table 3. The Mean Serum Antitrypsin Levels at Different Time Points Among Patients with Different Spirometry Patterns (post treatment)a

Time

Pattern Baseline TwoMonths After SixMonths After P value < 0.05 Between Time of Tests

Restrictive N = 10 203.28 ± 50.55 158.49 ± 34.42 147.16 ± 34.74 (1 vs. 2 and 1 vs. 3)

Obstructive N = 8 203.16 ± 42.29 162.32 ± 49.14 139.88 ± 23.23 (1 vs. 2 and 1 vs. 3)

Normal N = 6 197.21 ± 57.58 149.86 ± 25.25 132.61 ± 14.313 (1vs. 3)

Statistic 0.96 0.61 0.66

Total N = 24 201.72 ± 47.66 157.61 ± 36.89 141.10 ± 26.67 (1vs. 2, 1 vs. 3, and 2 vs. 3)

aValues are expressed as mean ± SD.

Table 4. The Mean Serum Antitrypsin Levels at Different Time Points Among Patients with Different Final Chest Radiography Findings (post treatment)a

Time

Radiography Findings Baseline TwoMonths After SixMonths After P value < 0.05 Between Time of Tests

Normal radiography N = 9 185.51 ±25.46 150.28 ± 20.23 148.93 ± 34.41 (1 vs. 2 and 1 vs. 3)

Fibrotic residue N = 15 211.45 ±55.60 162.00 ± 44.12 136.40 ± 20.90 (1 vs. 2, 1 vs. 3, and 2 vs. 3)

Statistic T = 1.31; P = 0.2 Z = 0.59; P = 0.55 Z = 1.13; P = 0.26 (1 vs. 2, 1 vs. 3, and 2

Total N = 24 201.72 ± 47.66 157.61 ± 36.89 141.10 ± 26.67 vs. 3)

aValues are expressed as mean ± SD.

words, the relative frequencies of restrictive, obstructive,
and restrictive-obstructive patterns in Tanzania were re-
spectively 13%, 42%, and 19% (18), while the frequencies of
restrictive, obstructive, and normal patterns in the present
study were 50%, 33.3%, and 26.7%, respectively. A study in the
United States also showed that 59% of spirometry patterns
after PTB treatment were abnormal, 31% of which were re-
strictive, 15% were obstructive, and 13% were restrictive-
obstructive (19). The values from a study done in Pakistan,
on patients who suffered from dyspnea after PTB treat-
ment, were 29%, 55%, and 7% (20). High prevalence of ab-
normal restrictive and obstructive spirometry patterns af-
ter PTB treatment is a finding of paramount importance.

The type of post-treatment pulmonary disorders de-
pends on the types of degenerative changes in the lung,
in that fibrotic changes can reduce lung compliance
and cause restrictive pattern, while degenerative changes,
which are due to protease activation and anti-protease de-
ficiency, can reduce lung elasticity and cause air trapping
with obstructive pattern. However, objective evidence for
this hypothesis was not found in the present study. In
other words, there were no significant differences between
patients with fibrotic changes and patients with normal
chest radiography, respecting the rates of restrictive and
obstructive spirometry patterns. Similarly, the serum an-
titrypsin level among patients with different abnormal

spirometry patterns did not significantly differ from that
of patients with normal spirometry pattern. Of course,
patients with obstructive spirometry pattern had slightly
lower antitrypsin level than those with restrictive pattern,
though this difference was not significant. However, as
1% - 5% of patients with COPD suffer from antitrypsin defi-
ciency (21), no increase in antitrypsin level during lung tis-
sue inflammation can be considered as a predictor of ob-
structive disease, while antitrypsin increase can be a pre-
dictor of fibrotic changes. Further studies with larger sam-
ples of patients are still needed to determine the cutoff
point of antitrypsin and the effects of serum antitrypsin on
pulmonary function.

4.1. Study Limitations

The most important limitation of the present study
was the lack of eligible patients for producing more credi-
ble results despite the 2-year extension of the study.

4.2. Conclusions

As an acute-phase protein, antitrypsin can be used for
the follow-up assessment of response to treatment among
PTB patients. Large-scale studies can produce more credi-
ble results respecting the power of antitrypsin in predict-
ing pulmonary fibrotic changes and functional disorders.
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