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Abstract

Point-of-care C-reactive protein (POC CRP) testing is a potential tuberculosis (TB) screening
tool for people living with HIV (PLHIV). Unlike lab-based assays, POC assays do not routinely
adjust CRP levels for hematocrit, potentially resulting in TB screening status misclassification.
We compared the diagnostic accuracy of unadjusted and hematocrit-adjusted POC CRP for
culture-confirmed TB among PLHIV with CD4 cell-count <350 cells/uL initiating antiretroviral
therapy (ART) in Uganda. We prospectively enrolled consecutive adults, measured POC CRP
(Boditech; normal <8 mg/L), collected two spot sputum specimens for comprehensive TB testing,
and extracted pre-ART hematocrit from clinic records. Of the 605 PLHIV included, hematocrit-
adjusted POC CRP had similar sensitivity (80% vs. 81%, difference +1% [95% CI -3 to +5],
p=0.56) and specificity (71% vs. 71%, difference 0% [95% CI -1 to +1], p=0.56) for culture-
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confirmed TB, relative to unadjusted POC CRP. When used for TB screening, POC CRP may not
require adjustment for hematocrit. However, larger studies may be required if differences close to
the clinically meaningful threshold are to be detected.

Keywords
tuberculosis; screening; C-reactive protein; Haematocrit; PLHIV; point of care

1.0 INTRODUCTION:

1.1 Background

Tuberculosis (TB) is a leading cause of death among people living with HIV (PLHIV)[1,
2]. To reduce TB burden, the World Health Organization (WHQO) recommends that all
PLHIV be screened for TB at each clinical encounter using a four-part symptom screen [3,
4]. Recent prospective studies have shown that the symptom screen has poor specificity[5—
10]. As a consequence, the vast majority of PLHIV screen positive and require further
confirmatory TB testing, which strains clinic resources and limits uptake of TB preventive
therapy. Better screening methods are needed urgently in order to reduce TB burden among
PLHIV.

C-reactive protein (CRP) is an acute phase reactant whose levels increase in response to
interleukin-6 (IL-6)-mediated inflammation, including pyogenic infections such as active TB
[11-14]. CRP levels can be measured using simple, inexpensive and point-of-care (POC)
tests and POC CRP testing was recently shown to be the first and only test to date to

meet the WHO-recommended accuracy thresholds for a TB screening test [14, 15]. Ina
subsequent study [10], POC CRP-based TB screening was demonstrated to improve the
efficiency of intensified TB case finding among PLHIV, relative to symptom-based TB
screening, without compromising diagnostic yield. Furthermore, elevated POC CRP levels
have been associated with an increased risk of early mortality for both patients with and
without prevalent TB, suggesting that POC CRP testing may have a dual use: both to screen
PLHIV for active TB and to identify patients at high risk of poor outcomes, irrespective of
prevalent TB status[16].

POC CRP assays use the immunodetection method wherein the antibody in buffer binds

to antigen in the sample, forming antigen-antibody complexes that are captured on

the test strip[17-21]. Unlike lab-based CRP assays, POC CRP assays do not typically
mathematically adjust for hematocrit (Hct), which is performed to improve prevalence
estimates of iron-deficiency anemia, particularly useful in low-income settings where both
iron-deficiency anemia and elevations in CRP due to systemic inflammation caused by
infection are common. If used to screen PLHIV for active TB, failure to adjust POC CRP for
Hct has the potential to 1) overestimate CRP concentrations when Hct is elevated, increasing
the proportion of patient without active TB referred for unnecessary confirmatory testing
(reduced POC CRP specificity) and 2) underestimate CRP concentrations among patients
with anemia due to chronic disease, such as anemia caused by active TB, increasing the
proportion of TB cases missed by screening (reduced POC CRP sensitivity). Although
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manufacturers recommend mathematically adjusting measured POC CRP levels for Hct
[19], if Hct is unknown or not available at the point-of-contact, adjusting POC CRP levels
for Hct may not be feasible.

To determine whether Hct adjustments impact the accuracy of POC CRP-based TB
screening, we compared the diagnostic accuracy of Hct-adjusted and -unadjusted POC CRP
levels for active TB among a cohort of PLHIV undergoing systematic TB screening.

2.0 METHODS:
2.1 Study design and population

This cross-sectional study was part of a larger prospective study that compared the

WHO four-part symptom screen to POC CRP-based TB screening for HIV-infected adults
initiating antiretroviral therapy (ART) at two large HIV clinics in Kampala, Uganda.
Findings of the parent study have been published previously[14]. Briefly, the parent study
included HIV-infected ART-naive adults (age =18 years) with a pre-ART CD4 T-cell count
<350 cells/uL taken within three months of study enrollment. For this study, we restricted
analysis to participants for whom baseline Hct levels were available (Hct ordered as part

of routine pre-ART care). The parent study was approved by the University of California
San Francisco Committee on Human Research, the Makerere University School of Medicine
Research Ethics Committee, and the Uganda National Council for Science and Technology.

2.2 Study Procedures

2.2.1 Data collection.—As part of the parent study, all participants were administered
a survey to collect demographic and clinical data. For all participants, we measured CRP
levels from capillary blood using a standard POC assay (iCHROMA POC CRP Reader,
BodiTech Med Inc., South Korea) and obtained two spot sputum specimens collected

by patient expectoration or sputum induction for Xpert MTB/RIF testing and liquid
mycobacterial culture as described [14]. We considered participants with POC CRP =8 mg/L
to have elevated CRP levels, based on previously reported receiver operating characteristics
[14]. We considered participants to have prevalent TB if at least one sputum culture was
positive for Mycobacterium tuberculosis. \We considered participants with two negative
sputum cultures to not have active TB. For this analysis, pre-ART Hct levels measured on
the same day as POC CRP testing were extracted from clinic records.

2.2.2 Adjusting POC CRP levels for Hct: POC CRP levels were adjusted for

Hct in accordance with the manufacturer’s instructions: we corrected the measured CRP
level by multiplying by the correction factor provided in the manufacturer’s manual[18].

We calculated sensitivity and specificity of HCT-unadjusted and -adjusted POC CRP in
reference to culture results. We compared the sensitivity and specificity of HCT-unadjusted
and -adjusted POC CRP for culture-confirmed TB (cut-point =8 mg/L) using culture as the
reference standard. We compared sensitivity and specificity differences using McNemar’s
test of paired proportions. All analyses were performed using Stata 13 (College Station, TX).
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2.3 RESULTS:

2.3.1 Demographic and clinical characteristics.—We prospectively enrolled 1314
consecutive adults initiating ART from October 2014 to December 2016 and excluded 709
patients for the following reasons: previously received ART (6), unknown ART status (11),
missing CD4 cell-count (14), currently receiving treatment for active TB (3), unknown
baseline TB status (217; due to incomplete or contaminated cultures), missing POC CRP
results (2), and missing Hct levels (456) (Figure 1). Of the 605 participants included in

this analysis, 308 (51%) were female, median age was 34 years (IQR 27-40), median CD4
cell-count 140 cells/uL (IQR 56-233) and median Hct was 40% (IQR 35-44) (Table 1).
Overall, 229 (38%) had elevated (=8 mg/L) unadjusted POC CRP levels, median unadjusted
POC CRP levels was 3.0 mg/L (IQR 2.5-20.3) and 90 (16.5%) had culture-positive TB
(Table 1). Compared to patients with known Hct levels, patients with unknown Hct levels
had higher median CD4 cell counts (168 cells/ul, IQR 80-264; p=0.001), were more likely
to have elevated unadjusted POC CRP levels (203/456, 45%; p=0.03) and had higher median
unadjusted POC CRP levels (4.9 mg/L, IQR 2.5-37.3; p=0.0005); all other demographic and
clinical characteristics, including TB prevalence, were similar.

2.3.2 Diagnostic accuracy of Hct-unadjusted and -adjusted POC CRP levels.
—Unadjusted POC CRP levels were elevated in 82/103 patients with active TB (sensitivity
81, 95% CI: 72-88) and 146/502 patients without TB (specificity 71%, 95% CI 67-75)
(Figure 2). Adjusting for Hct reclassified 3 patients with Hct <36% who screened positive
for TB by unadjusted POC CRP as screen negative, including 2 patients with active TB.
Adjusting for Hct reclassified 3 patients with Hct =43% who screened negative for TB

by unadjusted POC CRP levels as screen positive, including 1 patient with active TB.
Compared to unadjusted POC CRP, Hct-adjusted POC CRP had similar sensitivity (81%
[95% CI 72-88] vs. 80% [95% ClI: 71-87], difference —1% [95% CI -5 to -3], p=0.56) and
similar specificity (71% [95% CI: 67-75] vs. 71% [95% CI: 67-75], difference 0% [95% CI
-1 to +1], p=0.56) for culture-confirmed TB.

3.0 DISCUSSION:

In this study we assessed whether Hct adjustment modifies outcomes of POC CRP-based

TB screening among PLHIV - a high-risk population for whom systematic TB screening is
recommended[19, 23]. Overall, few PLHIV were re-classified as either screen-positive or
screen-negative and there was no difference in diagnostic accuracy of TB screening when
using adjusted vs. unadjusted POC CRP values. These data support use of POC CRP without
the need for measurement of HCT during routine TB screening.

No prior studies have assessed the impact of Hct adjustment on the outcomes of TB
screening using POC CRP. However, for TB screening, our data support that Hct adjustment
is not only unnecessary but also may be harmful. Anemia is common in populations at risk
for TB, including PLHIV [24, 25]. Adjusting for Hct in anemic patients lowers CRP values,
potentially resulting in screen-positive patients being re-classified as being screen-negative
as occurred in 3 patients in our study (including 2 with TB). Thus, using unadjusted POC
CRP values is less likely to lead to missed TB cases in those with severe anemia. However,

Diagn Microbiol Infect Dis. Author manuscript; available in PMC 2022 March 11.
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in populations where elevated Hct is common (i.e., children), using unadjusted POC CRP
levels to screen for active TB has the potential to miss TB cases.

This study had several strengths. First, we performed POC CRP testing as part of routine TB
screening of PLHIV initiating ART — a population in whom TB screening is of particular
importance. We show that POC CRP testing is practical as a screening tool for TB in HIV
clinics in resource limited settings. Second, we compared accuracy in reference to sputum
culture results, the gold standard for TB testing.

The limitations of our study included that a significant proportion of patients did not have

a Hct value measured as part of routine pre-ART care. Although non-random selection of
patients for Hct testing has the potential to bias results, baseline characteristics including

TB prevalence and proportion of patients with elevated unadjusted POC CRP levels were
similar among patients with and without Hct values. Furthermore, because patients referred
for Hct testing can be expected to have additional risk factors for anemia (relative to patients
not referred for Hct testing), sensitivity and specificity estimates of Hct-adjusted POC CRP
are likely to be higher (more similar to unadjusted POC CRP estimates) if Hct results were
available for all patients. Second, the study population was from a single high TB/HIV
burden country and the prevalence of anemia may be higher in other settings. However, the
likely impact as we show here, would be lower sensitivity of POC CRP with Hct-adjustment
as prevalence of anemia increases. Third, we did not assess patients for other conditions

that may affect POC CRP levels, such as adipose tissue. Fourth, enrollment was limited

to HIV-infected adults and did not include children, a population in whom elevated Hct

is more prevalent. Studies evaluating POC CRP-based TB screening in pediatric patients

are needed to determine whether Hct-adjusted POC CRP improves the sensitivity of TB
screening. Lastly, larger studies may improve detection of clinically meaningful difference
in sensitivity.

To our knowledge, this is the first study evaluating the impact of Hct adjustment on
outcomes of POC CRP-based TB screening. We show that in an ambulatory population

of PLHIV, Hct adjustment results in small changes in POC CRP values and the direction of
change does not support Hct adjustment in the context of TB screening.

In conclusion, although sensitivity was similar, adjusting for Hct has the potential to miss
TB in HIV infected patients with anemia. When used for TB screening, results of POC CRP
assays may not require adjustment for Hct and unknown Hct levels should not delay POC
CRP-based TB screening.
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ART Antiretroviral therapy

CRP C-reactive protein

Cl Confidence Interval

HIV Human Immunodeficiency Virus
Hct Heamatocrit

IQOR Interquartile Range

PLHIV People living with HIV

POC Point of care

TB Tuberculosis

WHO World Health Organization
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Patients enrolled

from 10/2014 to 12/2016

N =121/

17 prior or unknown prior ART

3 active TB

14, missing CD4 cell-count

V

Vv

217, incomplete culture results

Included in analysis
N = 605

2, missing POC CRP
456, missing Hct

No TB
N =502

Median Hct 41%

Median POC CRP 2.5 mg/L

TB
N =103
Median POC CRP 38.7 mg/L
Median Hct 35%

Figure 1.

PATIENT FLOW DIAGRAM Abbreviations: ART (antiretroviral therapy); TB
(tuberculosis); POC CRP (point-of-care C-reactive protein); Hct (hematocrit).
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Screen +
(=8 mg/L)

Screen —

(<8 mg/L)

Unadjusted POC CRP Hct-adjusted POC CRP
8 No TB 8 N0 18

83 146 82 147

20 356 21 355

Sensitivity 81% (72-88)
Specificity 71% (67-75)
PPV 36% (30-43)
NPV 95% (92-97)

Sensitivity 80% (71-87)
Specificity 71% (67-75)
PPV 36% (30-42)
NPV 94% (92-97)

Figure 2.
Diagnostic accuracy of hematocrit-unadjusted and -adjusted POC CRP for culture-

confirmed TB. Abbreviations: POC CRP (point-of-care C-reactive protein); TB
(tuberculosis); PPV (Positive predictive value); NPV (negative predictive value).
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Table 1
Demographics and clinical characteristics.

Characteristic, N (%) Median (IQR)/Number (%) (Total N=605)
Age (years) 34 (27-40)
Female 308 (51%)
CD4+ T-cell count (cells/pL) 140 (56-233)
Hemoglobin (g/dL) 12.7 (11.0-14.3)
Hematocrit (%) 39.8 (35.1-43.8)
BMI (kg/m?) 20.8 (18.8-23.8)
Elevated unadjusted POC CRP (=8 mg/L) 229 (38%)

Unadjusted POC CRP (mg/L) 3.0 (2.5-20.3)

Elevated adjusted POC CRP (=8 mg/L) 229 (38%)
Hematocrit-adjusted POC CRP (mg/L) 3.3 (2.5-21.1)

Abbreviations: IQR (interquartile range); BMI (body mass index); POC CRP (point-of-care C-reactive protein).
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