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Introduction: For many years, chest-X-ray (CXR) has been used as a diagnostic tool to
complement clinical diagnosis of bacteriologically negative tuberculosis (TB) cases.
Increased erythrocyte sedimentation rate (ESR) was also used as laboratory surrogates to
augment the diagnosis of bacteriological test negative TB cases. The objective of this study
was to evaluate the diagnostic performance of CXR and ESR in comparison with geneXpert®
for TB case notification among PLHIV in a resource-limited setting.

Methods: An institution-based cross-sectional study was carried out from February 1, 2018—
January 31, 2019. During regular HIV-clinic visits, PLHIVs were assessed for TB using the
National and WHO screening tool, and those with positive results were further evaluated using
ESR, CXR and sputum for AFB and GeneXpert®. Patients were interviewed for demographic
and clinical data using a standardized tool. Collected data were analyzed using SPSS 21.
Frequency, percentage, cross tabulation and proportion were used to describe variables of
importance. Logistic regression was used to assess factors affecting CXR and ESR findings.
Kappa was used to assess reliability, and a p-value <0.05 was considered significant.
Results: A total of 384 patients with presumptive TB-HIV co-infection were included of which
165 (43.0%) were diagnosed to have TB, and 79 (53.3%) of these were confirmed by
GeneXpert™, and the remaining 77 (46.7%) TB cases were diagnosed using clinical judgment,
CXR and ESR. The sensitivity, specificity, positive predictive value and negative predictive value
of CXR were 67.9%, 77.3%, 43.8%, and 90.3%, and that of ESR were 49.4%, 55.1%, 22.1%, and
83.0%, respectively. The overall agreement between CXR and GeneXpert® was good with
a kappa value of 0.38 while that of ESR and GeneXpert® was poor with a kappa value of 0.028.
Conclusion: CXR in diagnostic work of TB among PLHIV plays an unprecedented role
while ESR has little clinical significance in the evaluation of TB.
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Introduction

The World Health Organization (WHO) recommends regular symptom screening
for TB for HIV-positive individuals in TB endemic settings.'” There has been no
single diagnostic test implemented till now which addresses all ideal diagnostic

submit your manuscript

Dove

http:

in 3

Risk Management and Healthcare Policy 2020:13 1639-1646 1639

© 2020 Sorsa. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php and

o incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-5744-1518
mailto:nathanabebe08@gmail.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Sorsa

Dove

tools to satisfy all the demands of “rapid,” “affordable,”

il

and “easy” in TB case findings.** Diagnosis of TB is
challenging in HIV-positive individuals, especially when
the stage of the disease is advanced. Standard TB diag-
nostic approaches and clinical algorithms should be fol-
lowed to guide the diagnosis of TB in PLHIV. Sputum
smear acid fast bacilli (AFB)-microscopy has been in
clinical use for decades for the diagnosis of TB. For
many years, WHO has recommended chest-X-ray (CXR)
as a diagnostic tool to be used to substantiate the diagnosis
of microbiologically negative TB cases.> CXR shows
important radiological features regarding disease extent
and progress, but there is no valid and reliable grading
system to assess the severity of TB on CXR. Similarly,
chest radiography can help the diagnosis of tuberculosis in
patients with a smear negative result that mainly averts
diagnosis delay. "' There are radiologic features compa-
tible with TB which includes hilar lymph node enlarge-
ment, pleurisy with fluid collection and military infiltrates
and the reactivated form of TB which mainly involves the
upper lobe of the lung with consolidation, calcification,
and cavitary lesions.”® The sensitivity of CXR is good for
the diagnosis of intra thoracic TB, hence, it is a valuable
tool to identify TB as a likely diagnosis for patients;
however, it is limited by modest specificity with a high
interobserver variability in radiological reports.®'*"3
A study from Kenya evaluated the performance of CXR
through classifying the lung radiologic lesions into “highly
consistent with TB, consistent with TB, pathology but not
TB and no pathology.” The CXR reading with “highly
“ had
a sensitivity of 72% and 42%. However, from the same

consistent with TB” and “consistent with TB”
report, the specificity of CXR reading with “no pathology”
was 87%, taking Mycobacterium culture as the “gold
standard.”®'* Similarly a study reported by Riccardo
et al, showed a high of 91.5% negative predictive value
with slightly lower positive predictive value of 50%. Some
CXR as an

a microbiological study turned out to be negative to sub-

centers use augmenting tool after
stantiate the diagnosis of microbiological negative TB
among people living with HIV.">!® Patients with
a chronic inflammatory condition like TB were more likely
to have hematologic changes like anemia and elevated

ESR.'®

Objective
The objective of this study was to evaluate the diagnostic
performance of CXR and erythrocyte sedimentation rate

(ESR) in comparison with geneXpert® for TB case notifi-
cation among PLHIV in a resource-limited setting:

Methods and Materials

An institution-based cross-sectional study was conducted
for 1 year from February 1, 2018- January 31, 2019 among
patients living with HIV/AIDS (PLHIV) who were under
care and treatment at Asella teaching and referral hospital
(ATRH). The hospital is the only teaching and referral
hospital for the south-central part of Ethiopia serving
close to 4 million people. There are about 3,560 PLHIV
having follow up and getting HIV care and treatment at the
hospital.

Inclusion criteria: all patients fulfilling the screening
criteria for presumptive TB cases per the revised WHO/
National Comprehensive HIV Prevention, Care and
Treatment guideline' recommendation for intensified TB
case finding among PLHIV were included. Accordingly,
any patient during the regular follow up visit who has one
or more of the following was included:

e Current cough,
e Fever,

Weight loss,
Night Sweats.

Data were collected using patient interview, antiretro-
viral therapy (ART) log book review, laboratory log books
for important demographics (age, sex, address), clinical
symptoms (cough, fever, weight loss) and laboratory para-
meters (Hct, CD4, ESR, viral load).

Exclusion criteria: Patients who were on TB treatment
during the time of study.

Sputum, Blood Sample Collection and

Laboratory Procedure

Included patients were requested to give a morning spot
sputum specimen (about two mL) for GeneXpert. Each
patient gave the expectorate of sputum samples which
was not induced. It was collected under direct observation
of a laboratory technologist. The sputum was processed
using a fully self-automated GeneXpert” MTB/RIF v 4.3
(Cepheid, Sunnyvale, CA, USA) machine at the reference
laboratory of the hospital by a laboratory technologist.
Similarly, complete blood cell (CBC) count and ESR

determination were performed at the reference laboratory
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of the hospital. The laboratory technologists were blinded
to the results of each other.

Erythrocyte sedimentation rate (ESR): was measured
using Westergren method. Two mL of venous blood was
added into a tube containing 0 0.5 mL of sodium citrate.
The tube is placed in a rack in a strictly vertical position
for 1 hour at room temperature, at which time the distance
from the lowest point of the surface meniscus to the upper
limit of the red cell sediment is measured. The distance of
fall of erythrocytes, expressed as millimeters in 1 hour, is
the ESR.

Chest-X-Ray

Posterior anterior CXR was taken in an upright posi-
tion using a digital X-ray machine. Then the CXR film
was examined by two radiologists assigned blindly for
the purpose of the research and not aware of the
CXR was
a compatible finding with pulmonary TB or not if

reports of each other. considered as
they fulfill the following as defined below. Discordant
results of CXR readings were taken to discussion at the
presence of two radiologists for agreement. Results that
still remained discordant were taken as inconclusive

and discarded.

Data Analysis

Data were initially coded and entered to Epilnfo 7.2 for
clean-up and exported to SPSS 21 for analysis. Frequency,
proportion and percentage were calculated for categorical
variables and mean with standard deviation (SD) was used
for continuous variables. Cross tabulation and ROC curve
were used to assess the sensitivity, specificity, positive
(PPV) and negative (NPV) in reference to GeneXpert as
“reference.” Univariate and multivariate logistic regres-
sions were used to assess factors associated with outcome
variables. Factors associated with ESR and CXR findings
on univariate analysis at a p-value <0.2 were further ana-
lyzed using multivariate logistic regression. Significance
levels of p<0.05 with confidence intervals of 95% CI were
used.

Operational Definition
e Presumptive TB cases for positive HIV patients:
Current cough with/without any of the following
clinical symptoms: fever, night sweats or weight loss.
e Compatible CXRwith pulmonary TB: defined with
any one of the following: miliary mottling, pleurisy

with calcification or

enlarged hilar lymph nodes.

effusion, cavitary lesion,

e TB case in this report implies: All forms of TB which
include
o Pulmonary TB: A form of TB which is contained

only in the lung,

o Disseminated TB: A clinical spectrum of TB
involving lung and one or more of other
organsystems.

o Bacteriologically confirmed TB: TB case con-
firmed by bacteriological tests which include
smear AFB, GeneXpert, culture.

e Probable TB case among PLHIV is diagnosed if:
Patients whose bacteriological test is negative and if
they fulfilled two or more of the following criteria:
clinical feature suggestive of TB, reactive tuberculin,
skin test >10 mm, or radiographic findings compati-
ble with TB, no response to broad spectrum antibiotic
trial.

e Anemia: defined as hematocrit value of <34% for
blood drawn from venous blood which is the case

in our study.

Ethical Considerations

The research proposal was initially submitted to Arsi
University College of health science institutional review
board (IRB) and ethical approval was secured to pursue
the study. After briefing about the purpose and benefit of
the study, a written informed consent form was signed
by the patient before commencing data collection. For
patients under the age of 18 years, a parent/legal guar-
dian signed a written informed consent on behalf of
them.

The study was conducted in accordance with the
Declaration of Helsinki. Confidentiality of information
about the patients’ medical problem was secured with
maximum effort and was not exposed to any other third

party.

Results

A total of 3,560 patients who were living with HIV/AIDS
were attending our antiretroviral therapy (ART) clinic at
ATRH of which 384 patients who fulfilled the definition of
an intensified TB case were included in our study.
Males accounted for 199 (51.9%), the median age was
37 years and most of the patients were in the age range
of 18-60 years. Majority of patients were WHO HIV/
AIDS clinical stage T1 and stage T3, each accounting for
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119 (30.9%) and 130 (33.9%) patients respectively and
about 104 (38.2%) had a CD4 cell count of less than
200/mL (Table 1).

All patients have been on ART with a duration of ART
treatment ranging from 0 to 132 months with a median
duration of treatment of 52 months. The mean CD4 count
with SD was 272 + 240.2 cell/mL among GeneXpert TB
and 367.2+289.8
GeneXpert-negative patients (Table 2).

diagnosed-patients cell/mL among

A total of 165 TB cases were diagnosed during the
study period from which 79 (49.0%) were bacteriologi-
cally confirmed TB cases by GeneXpert. The remaining
cases were “probable” TB cases.

Pulmonary TB accounted for 98 (59.4%) of all TB
cases while the remaining were disseminated TB cases.
All presumptive TB-HIV co-infection had undergone CXR
imaging of which 122 (35.5%) had a compatible report.

Sensitivity, Specificity, PPV and NPV of
CXR and ESR

The sensitivity and specificity of ESR at the cut point level
of >50 mm/hour were 32.2% and 38.1% with a positive
predictive value (PPV) and a negative predictive value
(NPV) of 22.1% and 83.0%
GeneXpert as reference (Table 3 and Figure 1). There

respectively, taking
was no statistically significant difference between the
higher cut point level of ESR (=100 mm/hour) and
>50mm/hour, p=0.213. The reliability test was also eval-
uated and the kappa value was found to be 0.041 and
0.028 at ESR values of >50 mm/hour and >100 mm/
hour indicating poor reliability.

Using CXR as the screening tool while taking
GeneXpert as the “reference,” the sensitivity, specificity,
PPV, and NPV of CXR were 67.9%, 77.3%, 43.8%, and
90.3%, respectively (Table 3). The overall agreement of
GeneXpert and CXR were good with a kappa value
of 0.38.

Factors Affecting the CXR Finding

Using the univariate analysis test, shorter duration of
cough, previous TB treatment, absence of INH prophy-
laxis provision, presence of anemia, lower BMI, non-
advanced WHO clinical stage of HIV/AIDS were
significantly associated with compatible CXR finding.
However, on the multivariate logistic regression only
absence of provision of INH and previous TB treatment

Table 1 Demographic and Some Clinical Data of Presumptive
TB-HIV Co-Infection Patients Among Presumptive TB Cases,
ATRH, 2019

Characteristics N (%)
Sex Male 199 (51.8)
Female 185 (48.2)
Age category | =<I8 years 45 (11.7)
(years) 18-60 years 324 (84.4)
Clinical Cough 372 (97.1)
characteristics | Fever 298 (77,8)
Weight loss 257 (67.1)
Previous TB treatment last |12 months | 84 (21.9)
INH prophylaxis (ever) 161 (42.0)
CPT prophylaxis (ever) 302 (78.9)
WHO clinical n 53 (13.8)
stages T, 119 (30.9)
T3 130 (33.9)
Laboratory Hematocrit Normal 224 (59.4)
Anemia 153 (40.6)
CD4 count in <200 cell/mL 104 (38.2)
last 6 months 2200 cell/mL 168 (61.8)
HIV viral load in | <1000 copy/mL 39 (48.1)
the last 6 21000 copy/mL 42 (51.9)
months
ESR <50 mm/hour 123 (37.0)
50-99 mm/hour 104 (31.3)
2100 mhoul/r 105 (31.6)

Abbreviations: ATRH, Asella teaching and referral hospital; CPT, cotrimoxazole
preventive therapy; ESR, erythrocyte sedimentation rate; HIV, human immunodefi-
ciency virus; INH, isoniazid preventive therapy; TB, tuberculosis; WHO, World
Health Organization.

Table 2 Hematologic, Immunologic and HIV Viral Load Outline
of Patients GeneXpert Positive and Negative, ATRH, 2019

Hematological GeneXpert GeneXpert p-value
and Viral MTB-Positive, N=79 MTB Negative,
Parameters Mean = SD N=305

Mean = SD
WBC* x 10 72+ 44 8.8 +2.7 0.45
Hematocrit (%) 326 £7.7 368 £ 6.5 0.00
ESR (mm/hour) 73.0 £ 388 674 +418 0.25
CD4 cell count 272 +240.2 367.2 £ 289.8 0.005
(cell/mL) in the
last 6 months
HIV viral load 89.3 £ 20.0 27.1 £ 69 0.04
(copy/mL) x10% in
the last 6 months

Abbreviations: ATRH, Asella teaching and referral hospital; ESR, erythrocyte
sedimentation rate; HIV, human immunodeficiency virus; MTB, Mycobacterium tuber-
culosis; SD, standard deviation; WBC, white blood cell.
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Table 3 Sensitivity, Specificity, PPV, NPV of ESR Taking GeneXpert as Gold Standard, ATRH, 2019

ESR and CXR Results

GeneXpert Result

GeneXpert as a Reference

Positive | Negative | Sensitivity Specificity PPV NPV
ESR (mm/hour) <50 26 189 32.2% (21.4-45.3) | 38.1% (22.849.7) | 12.6% (4.5-25.3) 68.4% (55.3-84.7)
250 53 116
<100 | 39 137 49.4% (35.3-62.8) | 55.1% (33.4-67.3) | 22.1% (10.2-34.5) | 83.0% (70.1-93.2)
2100 | 40 168
CXR compatible with TB | Yes 54 69 67.9% (43.2-79.5) | 77.3% (55.3-88.7) | 43.8% (31.6-59.5) | 90.2% (82.3-97.6)
No 25 236

Abbreviations: ATRH, Asella teaching and referral hospital; CXR, chest-x-ray; ESR, erythrocyte sedimentation rate; NPV, negative predictive value; PPV, positive predictive

value.

were significantly associated with a compatible CXR find-

ing (Table 4).

Factors Associated with Increased ESR

(>50 mm/hour)

Using univariate analysis, low hematocrit, lower BMI,
advanced stage of HIV/AIDS disease, disseminated form
of TB and lower CD4 cell count were associated with

increased ESR. When these factors were further analyzed

using multivariate logistic regression only disseminated

TB and low hematocrit remained significantly associated

ROC Curve

Discussion
In our study, we tried to assess the performance of CXR and
ESR for the diagnosis of TB. A total of 165 TB cases were

with increased with ESR (Table 5).
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Figure | Receiver operating characteristic (ROC) of ESR and GeneXpert showing the performance of ESR in the diagnosis of TB among PLHIV. Cut-off points of ESR:
250 mL/hour has a sensitivity of 32.2% and specificity of 39.1%.
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Table 4 Factors Associated with Compatible Chest-X-Ray
Finding with TB on Univariate and Multivariate Logistic
Regression, ATRH, 2019

Some Clinical and Chest-X-Ray Finding Compatible
Laboratory Variables with TB
COR | p-value | AOR p-value
Duration of cough (in | <2 1.24 0.003 1.07 0.34
weeks) 22 | |
Contact with chronic | Yes 1.53 0.13 0.834 0.96
cougher No |
TB treatment in last Yes 1.26 0.022 1.85% 0.017
12 months No | |
INH prophylaxis over | Yes | |
last 12 months No 27.00 | 0.00 14.30*% | 0.012
Hematocrit level (%) <34 2.324 | 0.001 1.62 0.20
234 | |
BMI (kg/m?) <185 | 1.31 0.004 0.001 0.97
2185 | | |
ESR level (mm/hour) <50 | |
=50 1.402 | 0.071 1.58 0.11
WHO clinical stage of 536 &l 1.44 <0.001 | 0.856
HIV/AIDS ’
& IV | |

Note: *The value is significant.

Abbreviations: ATRH, Asella teaching and referral hospital; BMI, body mass index;
INH, isoniazid prophylactic therapy; ESR, erythrocyte sedimentation rate; HIV,
human immunodeficiency virus; AIDS, acquired immunodeficiency syndrome;
COR, crude odd ratio; AOR, adjusted odd ratio; TB, tuberculosis; WHO, World
Health Organization.

diagnosed of which 79 (47.8%) were bacteriologically con-
firmed TB cases while the remaining 86 (52.2%) were bacter-
iologically negative “probable” TB cases. In the case of
“probable” TB cases the diagnosis was made using clinical
evaluation, CXR and other laboratory tests like ESR.
Compatible CXR findings were reported among 105 (63.6%)
of all TB cases and these compatible CXR findings became
even higher among bacteriologically confirmed TB cases.
Taking GeneXpert as gold standard, the sensitivity of CXR
was found to be 68% implying that among patients with
compatible CXR findings, about two-thirds of them were
bacteriologically confirmed TB cases. The specificity was
a bit higher (77.4%) indicating that those patients with non-
compatible CXR with TB patients were unlikely to have actual
TB. The sensitivity reported in our study was comparable with
reports from Demoor et al'® in which the reported sensitivity
range was 66—72% and a specificity of 87-91.5% in a high-risk
population but lower sensitivity than the reports by WHO and
Pande et al,” who reported the sensitivity of CXR was 86%
taking sputum Mycobacterium culture as the gold standard.
The difference could be related to how the CXR was described,
and the difference with what tests were taken asthe “gold
standard.” !¢

Similarly, the PPV of compatible CXR findings was
43.8% implying that less than half the cases with CXR
readings compatible with TB actually had TB. This finding
is in congruence with the study from Kenya which
reported PPV of CXR to be 63% while its negative

Table 5 Factors Associated with Increased ESR Level on Univariate and Multivariate Logistic Regression, ATRH, 2019

Factors Increased ESR Level (=50 mm/hour)
COR 95% CI p-value AOR 95% CI p-value

Hematocrit level (%) <34 2.79 1.76-4.42 0.00 4.86* 1.44-16.33 0.0l
234 | |

BMI (kg/m?) <185 1.20 0.97-1.50 0.043 1.39 0.44-4.36 0.57
=185 | |

WHO clinical stage of HIV/AIDS | &l | |

I &v 1.24 0.98-1.56 0.047 1.04 0.28-3.83 0.96

CD4 count (cell/mL) <200 1.13 0.96-1.33 0.013 1.05 0.65-1.15 0.41
2200 | [

Type of TB Pulmonary | |
Disseminated 1.41 1.21-1.64 <0.001 3.37% 1.64-6.94 0.001

Note: *The value is significant.

Abbreviations: ATRH, Asella teaching and referral hospital; BMI, body mass index; COR, crude odd ratio; AOR, adjusted odd ratio; ESR, erythrocyte sedimentation rate;
HIV/AIDS, human immunodeficiency virus/acquired immunodeficiency syndrome; TB, tuberculosis; WHO, World Health Organization.
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predictive value (90.3%) implied that if the CXR is read as
not compatible with TB, one can be 90% confident that
there is no TB. Therefore, CXR can be used for triaging
patients to those in actual need of further GeneXpert
evaluation without missing significant TB cases and can
be used for effective and efficient utilization of the
GeneXpert service in resource-limited countries.””'?

The Radboud group and their collaborators at the
University of Cape Town, South Africa and a systematic
review by Lancelot et al assessed the algorithmic approach
of CXR as a test for sorting out patients with suspected TB in
reference to definitive testing with GeneXpert. They con-
cluded that early screening using CXR would have allowed
for reductions in the number of suspected TB cases under-
taking definitive testing, but at the cost of significantly under-
estimating the number of TB cases (eg, 11% of PTB cases
might have been omitted). The screening approach failed to
uncover fewer cases in patients without HIV infection, partly
because GeneXpert is more sensitive in patients with an intact
immune system.>®*'? The radiologic feature of TB among
HIV patients
findings unlike non-HIV patients. Factors associated with
CXR findings include previous TB treatment and lack of IPT
prophylaxis. The justification for the association between pre-

could vary from normal to atypical

vious TB treatment and current compatible CXR could be
related to the fact that some of TB radiologic findings could
remain for years as a scar after TB treatment.'>'"""?

In this study, we tried to evaluate the significance of ESR
which has been in routine clinical use for decades in the work-
up procedure of diagnosing TB. We tried to evaluate at two cut
point values: >50 mm/hour and >100 mm/hour, its sensitivity,
specificity, PPV and NPV were mostly less than 50%, hence
they do not play such a significant clinical role for routine
laboratory evaluation of TB patients. ESR is a non-specific
measure of inflammation. Non-inflammatory conditions that
can cause raised ESR include anemia, kidney failure, obesity,
ageing, and female sex. ESR is also higher in women during
menstruation and pregnancy. Also, ESR is increased in auto-
immune disorders (such as rheumatoid arthritis and lupus),
infections, some kidney diseases and some cancers (such as
lymphoma and multiple myeloma). This is in line with the
research findings of Amilo et al'® who reported non-specific
clinical significance of ESR in routine TB evaluation.'®

Conclusion

Our study concluded that CXR was a good augmenting tool
for TB case notification among PLHIV with TB-HIV co-
infection in resource-constraint countries. However, ESR has

an insignificant role in the evaluation of TB-HIV co-infection
and routine determination of ESR adds little value for patient
care other than incurring additional cost on the patients and
work load burden on health professionals.

Abbreviations

AFB, Acid fast bacilli; ATRH, Asella teaching and referral
hospital; BMI, body mass index; CXR, Chest-X-ray; INH,
isoniazid prophylactic therapy; ESR, erythrocyte sedimenta-
tion rate; HIV, human immunodeficiency virus; AIDS,
acquired immunodeficiency syndrome; COR, crude odd
ratio; AOR, adjusted odd ratio; TB, tuberculosis; WHO,
World Health Organization.
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