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Abstract

Introduction: Tuberculosis still characterizes till now a major respiratory insult
with concurrent pulmonary manifestations and later disability. Aim of Work:
To evaluate the level of exhaled fraction of nitric oxide (FENO) and fraction
of exhaled carbon monoxide (FECO) as markers of pulmonary tuberculosis
TB activity in patients under chemotherapy in comparison to healthy negative
patients and latent TB patients. Patients and Methods: This cross-sectional
study was conducted on 130 patients recruited from the outpatient clinic of
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They were categorized into the three groups: 1) Pulmonary tuberculous pa-

Copyright © 2020 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

tients PTB (groupl) which included 48 cases with positive sputum for TB
bacilli in the initiation phase after 1 month of starting anti-tuberculous chemo-
therapy; 2) Latent patients (group 2): included 40 patients with positive tu-
berculin skin test (Mantoux test) > 10 mm. 3) Control patients (group 3)
which included 42 healthy volunteers with negative sputum for TB bacilli.
They were subjected to portable spirogram as well as exhaled fractional NO
and CO measurement. Results: FECO and FENO levels prevailed in pulmo-
nary TB patients followed by Latent TB patients and lastly healthy volunteers
(42 £12.32/5 £ 0.16 & 38 + 8.25/6 + 2.25 and 23 + 3.25/2 + 0.40 respectively).
Conclusion: Measurement of CO and NO level in expired air may correlate
with active pulmonary TB infection in comparison to healthy negative tuber-
culous patients and latent tuberculous patients.
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1. Introduction

Eminent diagnosis of pulmonary TB, primarily at the critical care level, counted
on obtaining an adequate sample of the bronchial airway as enough expectorated
sputum. The basic typical tool for diagnosis of active pulmonary TB relied on the
bacteriological culture, alongside with nucleic acid amplification test (NAAT) plus
microscopic examination of obtained smear however in one-third of TB patients
no adequate biological sputum sample could be acquired [1].

This dictated more different sampling methodologies for fear of failure of di-
agnosis altogether that was recognized in many low resource communities. Thus,
alternate non-invasive techniques, such as blood, urine samples [2] and exhaled
breath condensate [3] supported aides in TB diagnosis.

Numerous research teams had utilized gas chromatography (GC) interre-
lated to mass spectrometry (MS), for inspecting the volatile molecules detected
in breath in cases with active pulmonary TB, and detected diverse forms of marker
compounds [4] [5] [6] owing to different sampling methods and analytical ap-
proaches along with patient population heterogeneity and patient comorbidities
[7].

Overall, breath chemical composition could be affected by varied respiratory
infections, food, drug medications, and smoking habits in addition to age and gend-
er [8], but less prominent as smoking behaviors do [9]. Also, the profile of com-
pounds possibly created during MTB infection may be altered by the host at dif-
ferent phases of infection and could be variable during the progression/regression
of TB disease [5].

Currently, most researchers had focused on exhaled nitric oxide (NO), although
recently quite a lot of other volatile gases (carbon monoxide, pentane, ethane)
had also been investigated. Moreover, multiple endogenous substances (inflam-
matory mediators, cytokines, oxidants) were identified in expired breath con-
densates. In patients with active tuberculosis elevated exhaled NO and NOS2
presentation in alveolar macrophages was established and seemed to vanish with
antituberculosis therapy [10].

On the other hand, elevated exhaled CO levels offered an initial warning indi-
cator for an acute pulmonary infection, which was associated with exacerbation
of an existing respiratory disease, moreover lower respiratory tract infections other
than pulmonary TB [11], thus our study aimed to evaluate the level of exhaled
fraction of nitric oxide (NO) and carbon monoxide CO as markers of pulmonary
TB activity in patients under chemotherapy in comparison to healthy negative

patients and latent TB patients.
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2. Patients and Methods

This an observational cross-sectional concurrent parallel study.

Patients:

This study was conducted on 130 patients who were recruited from the Out-
patient Clinic of Mansoura Chest Hospital. The practical part of this study was
carried out from May 2019 to August 2019 while the theoretical and statistical
part was conducted during the period from August 2019 to December 2019. The
selected patients were at age (13 - 55 years) who were referred for medical advice
for TB treatment at Mansoura Chest Hospital Outpatient Clinic, National TB pro-
gram. Control patients were selected from patients’ relatives with a negative his-
tory of pulmonary diseases and a negative (tuberculine Monteux test and spu-
tum smear) and nonsmokers with the same age group.

They were categorized into three groups:

1) Pulmonary tuberculous patients (group 1): which included 48 (sputum
positive smear pulmonary tuberculous) (PTB) patients after 1 month of starting
antituberculous chemotherapy during the initiation phase.

2) Latent patients (group 2): included 40 patients with positive tuberculin skin
test (Mantoux test 0.1 ml PPD purified protein derivative containing 5 TU) > 10
mm with negative history of TB infection in endemic area (Egypt) and high risk
groups (pulmonary TB contacts).

3) Control patients (group 3): which included 42 healthy volunteers with a
negative history of pulmonary diseases and negative (tuberculine Monteux test
and sputum smear) and nonsmokers with the same age group.

Exclusion criteria: Included:

1) Current Smokers;

2) Asthma;

3) COPD;

4) Inhalational lung injury;

5) Interstitial lung disease;

6) Chronic debilitating diseases, autoimmune disorders and hematological dis-
orders.

The procedure:

All patients were subjected to the following:

1) Clinical assessment (full history taking and clinical examination);

2) Laboratory investigations:

a) Routine laboratory investigations:
® Complete blood count, Liver function and Kidney function tests;

b) Erythrocyte sedimentation rate and C reactive protein;

¢) Sputum eosinophil level.

3) Pulmonary function test:

Portable Spirogram: measuring FEV1, FVC, FEV1/FVC ratio PEFR was con-
ducted with three alternative sensors for the Discovery device for the three groups

with infection control policy, Figure 1 Infection control policies were carried out
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Figure 1. Discovery Device 2, portable Spirogram, Future Med. (America. Inc., 15700
Devonshire St., Granada Hills, CA 91344-7225, USA).

ensuring personal hygiene using disposable mouthpieces, nose clips and barrier
filters. Sensors were sterilized in Activated Glutaraldehyde 2.4% (Cidex) for 10
minutes.

a) Exhaled NO level:

FeNO was measured on the first day of admission in recent-diagnosed cases
or once pulmonary TB was diagnosed, according to the guidelines of American
Thoracic Society and European Respiratory Society (ATS/ERS) [12], utilizing a
hand-held portable device NO breath device, manufactured by Bedfont scientific
Itd-England, 2011 (NO breath, Bedfont, UK). Patients were seated to perform the
test, in the upright position with a nose clip off. Then to inspire as deeply as possi-
ble for three seconds then were asked to expire through device mouthpiece, main-
taining ball in flow indicator in middle of a black band in the center of the tube,
this was done aiming for keeping the rate of the expired air at a constant flow of
50 ml/s [13] [14].

To ensure a breath sample was right at the correct flow rate, the monitor was
held upright all the time during the test. Repeated measurements were done after
10 minutes until two acceptable comparable values (+2.5 part per billion (ppb)
for measurements <35 ppb and +5% for measurements > 35 ppb) were per-
formed (maximum 3 attempts) [11].

The mean of two adequate values for every patient was documented for analy-
sis. Interpretation of FeNO levels was done according to ATS 2011 guidelines as
follows [15]:

- FeNO < 20 ppb: low (normal);
- FeNO 20 - 35 ppb: intermediate;
- FeNO > 35 ppb: high.

b) Exhaled CO measurement: CO detector check plus

All patients were acquiesced to the measurement of exhaled carbon monoxide
by Co detector check plus, Tracy Rowland—Dorset Public Health, England. By
MD Diagnostics Ltd. 15 Hollingworth Court, Turkey Mill, Ashford Road, Maid-
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stone, Kent ME14 5PP). Cases were advised to breathe into a cardboard tube at-
tached to a handheld monitor. The monitor then displayed the results on its
screen. They were requested to hold their breath for 15 seconds then breathe out
slowly into the mouthpiece aiming to empty their lungs. The results were veri-
fied in parts per million (ppm) of carbon monoxide in breath.

Values were detected according British lung foundation 2017 for exhaled
level [16]:

Reading Suggests

« 210 ppm « Recent exposure to a high level of carbon monoxide
*5-9ppm « Recent exposure to a moderate level of carbon monoxide
e1-4ppm « Recent exposure to a low level of carbon monoxide.

4) Radiological investigation in the form of Chest X ray (PA, lateral view)
Chest radiograph scoring [17]:
A five-point CXR scoring tool to record the severity of lung abnormalities.

Grade I Normal chest x-ray

Grade I Patchy atelectasis and/or pulmonary hyperinflation and/or bronchial thickenings
GradeIII ~ Focal pulmonary consolidation affecting from one segment to one lobe
GradeIV ~ Multifocal consolidation

Grade V Diffuse alveolar consolidation

Statistical Analysis

Data were analyzed with SPSS version 21. The normality of data was first
tested with a one-sample Kolmogorov-Smirnov test. Qualitative data were de-
scribed using number and percent. Association between categorical variables
was tested using Chi-square test. ANOVA test was done between studied groups
for all above mentioned statistical tests done, the threshold of significance is

fixed at 5% level (p-value).

3. Results

Table 1 demonstrated the demographic findings in studied cases. The total mean
age was the higher than mean age in all groups. Mean age was higher in the la-
tent group (group 2) followed by group 1 (32 + 11.23 and 29 * 9.25 years), un-
like group 3 which presented 26 + 8.65 years. Females were less affected than
males in all studied groups and in total patients however group 3 was approx-
imate. There were statistically significant differences between all the studied groups
regarding sex. Pulmonary function parameters including FEV1, FVC, FEV1/FVC
ratio and PEFR showed higher levels in latent TB group than PTB group but less
than their peers in the control group with statistical significant difference re-
garding FVC and FEV1/FVC ratio (0.002, 0.036 respectively).
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Table 1. Demographic and pulmonary functions data of the studied groups.

Group 1 Group 2 Group 3

Total -value
(PTB) (n=48) (LTB) (n=42) (CT) (n=40) P "%
Age (years) 35+125 29 £9.25 32+11.23 26 + 8.65 0.865
Gender Male Female
94 (72.3%) 42 (87.5%) 31 (73.8%) 21 (52.5%) 0.0254
36 (27.7%) 6 (12.5%) 11 (26.2%) 19 (47.5%) ’
Duration of illness | ) 10(3-25) 11 (6-20) 0.906
Median (Min-Max) ’
Pulmonary function
parameters
FEV1 (L) 2.36 £0.54 1.99 £ 0.82 2.34 £ 0.74 2.76 £0.42 0.219
FVC (L) 2.87 £0.75 2.76 £ 1.06 2.90 £0.95 3.30 £0.52 0.002

FEV1/ECV ratio (%) 79.72+8.64 74.21+17.29 81.57+9.64 83.63 £4.75 0.036

PEFR (L/min) 265.62 212 £ 51.81 256+ 38.07 329 +74.21 0.493

PTB (pulmonary tuberculosis); LTB (latent tuberculosis); CT (control); FEV1: Forced expiratory volume in
one second; FVC: Forced vital capacity; PEFR: peak expiratory flow rate.

The total leukocytic count was higher in the tuberculous group than the latent
one with no significant statistical differences. On one hand CRP showed a higher
median level in pulmonary TB group followed by a the control group then laslty
latent TB group. On the second hand, ESR median level and sputum eosinophi-
lia mean percentage were higher in pulmonary TB patients than the other two
groups. Mean FECO and FENO levels prevailed in pulmonary TB patients fol-
lowed by Latent TB patients and lastly healthy volunteers (42 + 12.32/5 + 0.16 &
38 £ 8.25/6 £ 2.25 and 23 + 3.25/2 + 0.40 respectively). Statistical significant dif-
ferences were documented between three groups concerning sputum eosinophi-
lia, ESR, FECO and FENO. Radiological findings were prominent in PTB group
[grade III was detected in more than 50% in PTB however grade VI accounted
for 25%, however, grade II and V were identified only in 12.5% and 8.33%]. Ra-
diological presentations were less evident in latent TB group [grade III was less
than 5%, as well as other grades were less than 3%] and nearly absent in healthy
group. Statistical significant differences were recognized between the three groups

concerning group II, III, IV patterns (Table 2).

4. Discussion

Pulmonary tuberculosis has been boomed for many years as most ancient dis-
ease and inveterate infection of humankind for its mass dramatic impact on
body systems not only the lungs. Diagnosis of pulmonary tuberculosis has drawn
attention for all specialties to attain the access of early diagnostic modalities in
order to guard against debilitating sequels.

Inhaled inflammatory markers estimation shared to a greater extent as being

evidence of respiratory disease occurrence and a trace of their prognosis.
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Table 2. Laboratory and radiological data of the studied groups.

Group 1 (PTB) Group 2 Group 3 (CT)

Total (n=48) (LTB) (n=42) (n= 40)

p-value

TLC (1000/ml)
Mean +/- SD

22.21+6.05 21.65+4.63 15.04 £5.5 10.2 £ 3.06 0.184

CRP (mg/l) Median

o ) 56 (12-132) 62(24-132) 46(24-132) 52(24-96)  0.089
(minimum-maximum)

ESR (mm/hr) Median

o i 75 (18 -112) 84 (28-128)  65(12-85)  25(9-63)  0.023%
(minimum-maximum)

Sputum Eosinophil (%) 12.11+2.86 13.38 +3.31 1238 £2.38  9.05 £ 3.01 <0.001*

FeNO (ppb)

e 33+102  42+1232  38+825  23+325  0.0356

f;ig:f_ms'g 5+0.16 9+2.14 6+225 24040  0.0165+

Radiological grades

Grade 1(0.76%) 0 1(2.38%) 0 0.258
Grade II 8(6.15%) 6 (12.5%) 1(238%)  1(25%)  0.0236%
Grade II 28 (21.53%) 26 (54.16%) 2 (4.76%) 0 0.0045+
Grade IV 13 (10%) 12 (25%) 1(2.38%) 0 0.0032+
Grade V 4(3.07%)  4(833%) 0 0 0.925

PaO2/FiO2: ratio of arterial oxygen partial pressure to fractional inspired oxygen; FeNO: fractional exhaled
nitric oxide; TLC: total leukocyte count; CRP: C-reactive protein.

Multivariate analysis carried out by Jose W. L Opez et al [18] stated no sig-
nificant association between diagnosis of TB and FeNO level after correction for
age, gender, BMI, height and HIV status.

In our research mean age was insignificantly higher in the LTB group fol-
lowed by the PTB group (32 + 11.23 and 29 + 9.25 years), unlike the control
group that presented 26 + 8.65 years. Females were insignificantly less affected
than males in all studied groups and in total patients apart from the control
group that were approximate. Depending on the duration of illness as an indi-
cator for disease severity and in correlation with exhaled marker level could not
be applied in this study due to difficulties that were encountered in machine ca-
libration, limited number for the device to perform in addition to patient follow
up problems.

In L Opez study, on one hand, the median FeNO levels were 13 ppb in TB
participants of and 15 ppb in healthy non-diseased controls, without statistically
significant differences. On the other hand median FeNO measured levels in pos-
itive tuberculin controls were 18 ppb, negative tuberculin controls 13 ppb, and
TB patients 13 ppb and were not significantly different between groups. Howev-
er, in our work measurement of FeNo level in pulmonary TB patients showed
higher levels (42 ppb) than latent TB patients (38 ppb) and lastly healthy volun-
teers that demonstrated lowest detected level (23 ppb). This difference in FeNo
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level between pulmonary TB patients and latent Tb patients could be explained
by the pathophysiological inflammatory mechanisms of pulmonary parenchyma
owing to increased macrophages activity and lack of balance in iNO synthetase
enzyme system. In our study patients with immune disorders or other chronic
pulmonary disorders were excluded for fear of false-negative results.

Previous human studies on FeNO had shown contradictory results. The larg-
est human experiment to date in Indonesia found lower mean FeNO levels in TB
cases with no convincing explanation, although data coincided considerably with
those in healthy controls, and similar data were observed in an Ethiopian study
which included HIV-positive patient [19] [20]. A study in Taiwan had reported
increased FeNO levels in active TB patients, assuming increased lung macro-
phage activity and up-regulation of iNOS [10]. They found a median FeNO val-
ue of 15 ppb in healthy control subjects, parallel to values reported in Vietnam-
ese construction workers (15 ppb) and healthy controls in the Indonesian study
(16.6 ppb), but higher than that in controls in the Taiwanese study (6.5 £ 0.9
ppb) and lower than mean values observed in Korean controls (27.06 + 10.8
ppb) and Yhi study 2016 [21] [22]. The FeNO level unevenness in healthy con-
trols was furthermore demonstrated in the Vietnam study: although FeNO was
greater in TB participants compared with a subgroup of healthy hospital work-
ers, they were not significantly different on comparison with healthy construc-
tion workers [23].

The fractional concentration of exhaled nitric oxide that had been used as a
measure of type 2 airway inflammation showed correlations with a sputum eo-
sinophilia and Th2 cytokines including IL-5 and IL-13 [24] [25]. As a Thl re-
sponse predominates in TB, this might clarify why they found no difference in
FeNO levels between TB patients and controls [26].

In our work in Mansoura chest hospital sputum eosinophilia was identified in
pulmonary TB and latent TB patients that might be related to one variant in this
type of infection. ESR and sputum eosinophilia presented higher levels in pul-
monary TB patients than the other two groups.

Elevated exhaled NO and NOS2 expression in alveolar macrophages is found
in patients with active tuberculosis and is decreased with anti-tuberculous ther-
apy [10]. A longitudinal study in Korean TB participants also demonstrated no
significant change following 8 weeks of treatment [21]. Likewise, only a very
small variation was observed in mean FeNO levels at treatment completion in
the Indonesian study, 10.7 - 15.1 ppb, which falls within the precision range for
the portable NO analyzer device used (+5 ppb for values < 50 ppb).

Carbon monoxide (CO) was recognized as a gas that may be generated endo-
genously and was detectable in exhaled air. There were three major sources of CO
in exhaled air: exogenous CO, enzymatic degradation of heme, non-heme-related
release initiated by (lipid peroxidation, bacteria, hypoxia, tumor necrosis factor,
reactive nitrogen and oxygen intermediates [27] [28] and also by MTB infection
[29] [30]. CO gas resulted from the degradation of hemoglobin by the enzyme
heme oxygenase (HO) that was mostly exhaled, and approximately 15% had ari-

DOI: 10.4236/jtr.2020.81003

29 Journal of Tuberculosis Research


https://doi.org/10.4236/jtr.2020.81003

A. M. Abumossalam et al.

sen from the degradation of myoglobin, NO synthases, catalase, guanylyl cyclase
and cytochromes [31]. Several bacteria yielded CO, and less than 1% is unbound
and dissolved in body fluid [32]. Furthermore, in response to PTB infection, host
cells produced a variety of toxic compounds to mediate microbial eradication ni-
tric oxide (NO), and carbon monoxide (CO) are some of them. Formerly, multiple
studies [28] [29] found that throughout MTB infection, HO-1 enzyme was in-
duced in macrophages in infection suggesting that increased levels of CO might
be observed during MTB infection. In our work exhaled CO was statistically high-
er in PTB group being more than four folds increase in the measured level than
normal healthy volunteers and 50% increase than latent tuberculous patients.

Radiological findings were prominent in PTB group, grade III more than 50%
was detected in PTB however grade VI accounted for 25%. Grade II and V were
identified in lower percentages.

Radiological presentations were evident in latent TB group as (2.38%) in grade
I and II and minimal in healthy group. These findings were related to previous
pulmonary infections other than TB. These findings were reasonable with most
diseased patients and these imaging tools were held in the study to correlate with
clinical progression of the disease and to be supporting aids in the diagnosis. Many
limitations had been encountered in our study the first one represented in ap-
plication of serial monitoring that had been canceled due to apparatus calibration
as mentioned earlier, the second was in comparison between pulmonary and extra-
pulmonary patients was it differ, that needed larger multi-organ studies. The third
was in the strong need for recent well-documented sterilization techniques for
portable spirometer and gas analyzer to hinder the transmission of infection in

subsequent studies to save cost of sensors used in the three groups.

5. Conclusion

Measurement of exhaled NO and CO level in expired air can entitle a simple
non-invasive approach in the pathway of diagnosis of pulmonary tuberculosis in
both active and latent phases and differentiate them from healthy non-affected

cases.
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