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Integrating tuberculosis and COVID-19 molecular testing in 
Lima, Peru: a cross-sectional, diagnostic accuracy study
Emily Lai-Ho MacLean*, Luz Villa-Castillo*, Patricia Espinoza-Lopez, Tatiana Caceres, Giorgia Sulis, Mikashmi Kohli, Madhukar Pai†, 
César Ugarte-Gil†

Summary
Background Integrated molecular testing could be an opportunity to detect and provide care for both tuberculosis and 
COVID-19. Many high tuberculosis burden countries, such as Peru, have existing GeneXpert systems for tuberculosis 
testing with GeneXpert Xpert MTB/RIF Ultra (Xpert Ultra), and a GeneXpert SARS-CoV-2 assay, GeneXpert Xpert 
Xpress SARS-CoV-2 (Xpert Xpress), is also available. We aimed to assess the feasibility of integrating tuberculosis and 
COVID-19 testing using one sputum specimen with Xpert Ultra and Xpert Xpress in Lima, Peru.

Methods In this cross-sectional, diagnostic accuracy study, we recruited adults presenting with clinical symptoms or 
suggestive history of tuberculosis or COVID-19, or both. Participants were recruited from a total of 35 primary health 
facilities in Lima, Peru. Participants provided one nasopharyngeal swab and one sputum sample. For COVID-19, we 
tested nasopharyngeal swabs and sputum using Xpert Xpress; for tuberculosis, we tested sputum using culture and 
Xpert Ultra. We compared diagnostic accuracy of sputum testing using Xpert Xpress with nasopharyngeal swab 
testing using Xpert Xpress. Individuals with positive Xpert Xpress nasopharyngeal swab results were considered 
COVID-19 positive, and a positive culture indicated tuberculosis. To assess testing integration, the proportion of cases 
identified in sputum by Xpert Xpress was compared with Xpert Xpress on nasopharyngeal swabs, and sputum by 
Xpert Ultra was compared with culture.

Findings Between Jan 11, 2021, and April 26, 2022, we recruited 600 participants (312 [52%] women and 288 [48%] men). 
In-study prevalence of tuberculosis was 13% (80 participants, 95% CI 11–16) and of SARS-CoV-2 was 
35% (212 participants, 32–39). Among tuberculosis cases, 13 (2·2%, 1·2–3·7) participants were concurrently positive 
for SARS-CoV-2. Regarding the diagnostic yield of integrated testing, Xpert Ultra detected 96% (89–99) of culture-
confirmed tuberculosis cases (n=77), and Xpert Xpress-sputum detected 67% (60–73) of COVID-19 cases (n=134). All 
five study staff reported that integrated molecular testing was easy and acceptable.

Interpretation The diagnostic yield of Xpert Xpress on sputum was moderate, but integrated testing for tuberculosis 
and COVID-19 with GeneXpert was feasible. However, systematic testing for both diseases might not be the ideal 
approach for everyone presenting with presumptive tuberculosis or COVID-19, as concurrent positive cases were rare 
during the study period. Further research might help to identify when integrated testing is most worthwhile and its 
optimal implementation.

Funding Canadian Institutes of Health Research and International Development Research Centre.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 
4.0 license.

Introduction 
Tuberculosis was the leading cause of death by an 
infectious disease, until the emergence of COVID-19. 
WHO estimated that there were 10·6 million 
tuberculosis cases and 1·6 million tuberculosis-related 
deaths in 2021.1 Since the emergence of COVID-19, there 
have been over 676 million cases and nearly 6·88 million 
deaths attributable to COVID-19 as of March 22, 2023, 
according to the COVID-19 dashboard by the Center for 
Systems Science and Engineering at Johns Hopkins 
University. Some of the vast pandemic-related resource 
mobilisation2 has come at the expense of control 
programmes of other diseases, with existing personnel, 
facilities, and supplies reallocated to the COVID-19 
response; additionally, routine health services have been 

disrupted.3,4 An estimated 4·2 million people who 
developed tuberculosis in 2021 were not diagnosed or 
notified1 and, consequently, did not receive proper care; 
thus, strategies and catch-up efforts to mitigate the 
detrimental effects of COVID-19 are urgently needed.

In response, in 2021, the Stop TB Partnership and US 
Agency for International Development recommended 
simultaneous, integrated (on a multiplex platform) 
testing approaches for tuberculosis and COVID-19 in 
countries with a high burden of tuberculosis (as reported 
by WHO) for individuals presumed to have either 
disease.5 In late 2021, The Global Fund to Fight AIDS, 
Tuberculosis and Malaria released a briefing note 
recommending that individuals whose clinical signs and 
symptoms meet the case definitions for tuberculosis and 
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COVID-19 undergo testing for both diseases, using 
sputum for tuberculosis and nasopharyngeal swabs for 
COVID-19.6 WHO has not issued a formal policy 
recommendation on integrated testing.

One platform that might be used for this purpose is 
GeneXpert (Cepheid, Sunnyvale, CA, USA), which runs 
cartridge-based, automated PCR tests for various 
diseases, including tuberculosis and COVID-19. 
GeneXpert Xpert MTB/RIF (Cepheid, Sunnyvale, CA, 
USA) and the newer generation GeneXpert Xpert 
MTB/RIF Ultra (hereafter referred to as Xpert Ultra; 
Cepheid, Sunnyvale, CA, USA) are WHO-endorsed 
molecular tuberculosis tests that use sputum samples.7 
The GeneXpert Xpert Xpress SARS-CoV-2 (hereafter 
referred to as Xpert Xpress; Cepheid, Sunnyvale, CA, 
USA) test has received US Food and Drug Administration 
Emergency Use Authorisation for SARS-CoV-2 detection 
with nasopharyngeal swab samples.8 Both Xpert Ultra 
and Xpert Xpress cartridges are available to national 
tuberculosis programmes at concessional prices via the 
Global Drug Facility of Stop TB Partnership.9 Therefore, 
GeneXpert-based testing provides an opportunity for 

presumably affected patients to receive care for 
tuberculosis and COVID-19 in one clinical encounter, 
because existing equipment, staff, and expertise can be 
leveraged.

This type of integrated intervention could be 
particularly applicable in countries such as Peru, a 
country with a high burden of tuberculosis that has been 
particularly affected by the COVID-19 pandemic and has 
one of the world’s highest COVID-19 cumulative 
mortality rates, according to the COVID-19 dashboard. 
Peru has also had a pandemic-associated drop in 
tuberculosis case notifications: there were 8093 fewer 
tuberculosis case notifications from March to 
October, 2020, than in that same period in 2019, a drop of 
about 20%.10 Since early 2020, there have been 
approximately 4·2 million notified cases of COVID-19 
and 217 000 COVID-19-related deaths in Peru, according 
to the COVID-19 dashboard (appendix 2 p 2). Other 
countries in the region have also reported substantial 
case notification declines.11 Due to high endemic levels of 
tuberculosis and multidrug resistant tuberculosis, there 
is an existing network of GeneXpert platforms across 

See Online for appendix 2

Research in context 

Evidence before this study
We searched PubMed from database inception to July 13, 2022, 
to identify articles of any language that studied integrated 
molecular testing approaches for tuberculosis and COVID-19. 
A search including terms for the concepts of tuberculosis and 
COVID-19—ie, (“tuberculosis”[Title/Abstract] OR “TB”[Title/
Abstract]) AND (“sars-cov-2”[Title/Abstract] OR 
“covid-19”[Title/Abstract])—with the human filter applied and 
with no other restrictions yielded 882 citations. These results 
included 28 systematic reviews, although none focused on 
integrated testing or screening approaches for tuberculosis and 
COVID-19. One systematic review and meta-analysis estimated 
that, on the basis of findings from 43 studies, the pooled 
prevalence of concurrent tuberculosis among patients with 
COVID-19 was 1·1% (95% CI 0·81–1·36) with values ranging 
from 0·2% to 14·4%. Additionally, we searched PubMed using 
the same search criteria and dates for evaluations of Xpert 
Xpress SARS-CoV-2, the index test of interest, using sputum 
samples. This search yielded three publications: a case report 
describing concurrent presence of Mycobacterium tuberculosis 
and SARS-CoV-2 from a sputum sample; a methodological 
paper describing the development of a protocol for sputum 
testing with results from less than 30 individuals; and one study 
evaluating Xpert Xpress SARS-CoV-2 with alternative 
specimens that presented diagnostic accuracy estimates of all 
lower respiratory specimens in aggregate.

Added value of this study
We describe the clinical symptoms and symptom duration of 
600 adults with presumptive tuberculosis or COVID-19. Our 
study is one of the first to evaluate simultaneous, integrated 

molecular testing for tuberculosis and COVID-19 among this 
group. Within our study population, we observed a relatively 
low concurrent positivity rate. We showed that using samples 
collected in one clinical encounter and running them on a 
multi-disease PCR-based platform was feasible for diagnosing 
both tuberculosis and COVID-19. Of note, our study also 
showed that detecting M tuberculosis and SARS-CoV-2 from a 
single sputum sample was possible, a finding that, until now, 
has only been documented in a case report. Additionally, our 
study is the largest to describe the diagnostic accuracy of Xpert 
Xpress SARS-CoV-2 using sputum samples, a sample type that 
has largely been ignored in COVID-19 testing.

Implications of all the available evidence
Despite policy briefs from major global health stakeholders 
calling for integrated testing for tuberculosis and COVID-19, 
evidence to support these policies has remained scarce. Our 
findings suggest that integrated testing for both diseases is 
likely to be feasible, particularly in settings that already use 
multidisease testing PCR platforms with experienced laboratory 
and clinical staff. However, sputum might not be the ideal 
sample for integrated testing, as the proportion of COVID-19 
cases identified through sputum testing was only a moderate 
proportion of total cases identified with nasopharyngeal swabs. 
Also, molecular testing is relatively expensive and resource-
intensive; the relatively low rate of COVID-19 diagnoses among 
people with culture-confirmed tuberculosis suggests that 
integrated testing approaches should be applied in a context-
specific manner as opposed to universally. More research will be 
needed to better understand when exactly and in which 
populations these approaches should be adopted.
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seven of the 24 regions of the country, and use of Xpert 
MTB/RIF or Xpert Ultra is recommended for tuberculosis 
diagnosis among key populations, such as children and 
people living with HIV.12

Therefore, we investigated integrated tuberculosis and 
COVID-19 molecular testing using GeneXpert 
(ie, simultaneously testing for both diseases in the same 
clinical encounter, including with a single sputum 
specimen). To do so, we first estimated the accuracy of 
Xpert Xpress on sputum samples versus nasopharyngeal 
swabs for COVID-19 diagnosis. We also compared the 
proportion of tuberculosis cases identified using sputum 
on Xpert Ultra and COVID-19 cases identified using 
sputum on Xpert Xpress when integrated testing is in 
place versus standard-of-care methods. We also comment 
on the feasibility of integrated testing.

Methods 
Study design and population 
We did a cross-sectional, diagnostic accuracy study of 
adult (aged ≥18 years) outpatients in Lima, Peru, with 
presumptive COVID-19 or tuberculosis, or both 
(ie, symptoms including but not limited to coughs, fever, 
difficulty breathing, and sore throat of any duration) or 
epidemiologic history suggestive of COVID-19 or 
tuberculosis. Participants were excluded if they had a 
history of COVID-19 in the previous 3 months or anti-
tuberculosis therapy in the previous 6 months. 
Participants had to be able to spontaneously produce a 
sputum sample.

Weekly COVID-19 incidence in Lima during the study 
period is provided in appendix 2 (p 2). Before July 2021, 
study participants were recruited from three sites across 
Lima: the COVID-19 clinic at Huaycán Hospital (a 
secondary referral hospital in the Ate-Vitarte district); the 
tuberculosis clinic at Huascar XV Health Centre (a primary 
health facility in the San Juan de Lurigancho district); and 
the tuberculosis clinic at Max Arias Health Centre (a 
primary health facility in the La Victoria district). After 
July 2021, participants were also recruited from 
tuberculosis clinics of 32 other primary health facilities in 
the San Juan de Lurigancho district. We expanded 
recruitment from the three initial sites in an attempt to 
increase the rate of participant enrolment.

All participants provided written informed consent. 
This study received ethical approval from the Comité 
Institucional de Ética en Investigación at Universidad 
Peruana Cayetano Heredia (SIDISI 202931) and the 
McGill University Health Centre Research Ethics Board 
(2021-6866). This study was registered in the PRISA 
repository at Instituto Nacional de Salud in Peru 
(number EI00000001484).

Procedures 
Eligible individuals presenting at recruitment sites were 
invited to participate in our study. Participants provided 
self-reported demographic and symptom data on 

questionnaires upon enrolment. Due to logistical 
considerations, COVID-19-related clinic closures, and 
irregular staff availability, consecutive sampling was not 
feasible and so convenience sampling was used. 
Nasopharyngeal swabs and sputum samples were stored 
and transported at 2–8°C and processed within the same 
day. Procedures and details are in figure 1 and 
appendix 2 (p 2).

Briefly, each nasopharyngeal swab was transported in 
approximately 3 mL of transport media. 300 μL was used 
for testing on Xpert Xpress as per manufacturer’s 
protocol. Approximately 5 mL of expectorated sputum 
was collected per participant. Glass beads were used to 
homogenise the sample for easier separation. For 
tuberculosis testing, 1 mL was used for Xpert Ultra; for 
COVID-19 testing, 300 μL was run on Xpert Xpress. The 
remaining sputum was decontaminated and used for 
smear microscopy and one bacteriological culture (BD 
BACTEC MGIT, BD, Franklin Lakes, NJ, USA).

The laboratory staff that did all the assays were masked 
to participants’ clinical details. Laboratory procedures 
were done at the Humberto Guerra Alisson laboratory, a 
reference-level laboratory at the Instituto de Medicina 
Tropical Alexander von Humboldt at Universidad 
Peruana Cayetano Heredia (Lima, Peru). Study data were 
collected and managed with Research Electronic Data 
Capture (REDCap) tools hosted at the Research Institute 
of the McGill University Health Centre.13 REDCap is a 
secure, web-based application designed to support data 
capture for research studies.

Information on testing integration feasibility was 
collected through semi-structured interviews with study 
staff, which took place at study completion —ie, when 
staff could reflect on their experience of the study 
(appendix 2 pp 2–3).

Clinical staff at recruitment sites were already 
experienced at collecting sputum samples and 
nasopharyngeal swabs and had existing protocols 
regarding personal protective equipment and biosafety 
for these procedures, so study-specific additional safety 
measures were not required. Sputum specimen and 
nasopharyngeal swabs were collected outdoors or in well-
ventilated areas to reduce biosafety concerns. With 
respect to the laboratory aspects of integrated testing, 
splitting sputum for use in multiple assays was 
anticipated to be challenging, particularly for samples 
with a thick consistency, laboratory staff used glass beads 
to homogenise the sample before allocating the 
appropriate volume to each cartridge.

Outcomes 
The study aimed to identify, among people with 
presumed tuberculosis or COVID-19, the diagnostic 
accuracy of Xpert Xpress using sputum, compared 
with the performance on manufacturer-recommended 
nasopharyngeal swabs. The other main outcome was 
the proportion of COVID-19 cases and tuberculosis 

For more on REDCap see https://
www.project-redcap.org/

https://www.project-redcap.org/
https://www.project-redcap.org/
https://www.project-redcap.org/
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cases detected using a single sputum sample, compared 
with cases identified by reference standards. 
Additionally, the prevalence of concurrent tuberculosis 
and COVID-19, and the feasibility of integrated testing, 
were examined.

Statistical analysis 
The Xpert Xpress test on nasopharyngeal swabs, 
the manufacturer-recommended sample, can detect 
SARS-CoV-2 with very high accuracy14 owing to its low 
limit of detection.15 Due to its resultant high sensitivity, 
Xpert Xpress on nasopharyngeal swabs was used as the 
reference test and individuals with a positive Xpert 
Xpress result with nasopharyngeal swabs were classified 
as COVID-19 positive. The diagnostic accuracy of Xpert 
Xpress on sputum, our primary index test of interest, 
compared with Xpert Xpress on nasopharyngeal swabs 
was identified via a contingency table, with the 95% CI 
calculated by exact method. Tests that produced errors, 
no result, or inconclusive results were repeated with 
repeated results included in the analysis. After repeat 
testing, test results that were errors, no result, or 
inconclusive were excluded from the analysis. A 
sensitivity analysis was done that included only 

individuals who had complete test results for all assays 
(known as complete cases).

The index test for tuberculosis was Xpert Ultra in our 
study. Tuberculosis has no perfect reference standard, 
but microbiological confirmation of Mycobacterium 
tuberculosis by liquid culture is acknowledged to be the 
most accurate option and positivity served as reference 
standard for confirmed tuberculosis. The index test for 
COVID-19 is Xpert Xpress on sputum and secondarily 
Xpert Xpress on nasopharyngeal swabs. We compared the 
proportion of cases identified by Xpert Xpress on sputum 
with those identified by Xpert Xpress on nasopharyngeal 
swabs. Tests that produced errors, no result, or inconclusive 
results were repeated with repeated results included in the 
analysis. After repeat testing, test results that were errors, 
no result, or inconclusive were excluded from the analysis. 
All analyses were done with the epiR package (version 2.0.48) 
in RStudio.16 Overlap in test results was visualised with 
VennDiagram (version 1.7.1) in Rstudio.17

Role of the funding source 
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Individuals presenting at primary health facilities in Lima, 
Peru, with presumptive tuberculosis or COVID-19, or both 

Eligible participants recruited into integrated testing study

Chest x-ray Nasopharyngeal swab 
sample collected

GeneXpert Xpert Xpress 
SARS-CoV-2 (300 μL)

Raw sample: GeneXpert 
Xpert Xpress SARS-CoV-2 
(300 μL) and GeneXpert 
Xpert MTB/RIF Ultra (1 mL)

Smear microscopy BACTEC MGIT liquid culture

Drug susceptibility testing

Sputum sample collected 3-month follow-up phone 
call 

Demographic information collected:
• Age
• Sex
• HIV status
• Symptoms
• Epidemiological history

Pellet: GeneXpert Xpert 
Xpress SARS-CoV-2 (300 μL)

Figure 1: Study procedures
Each participant provided one nasopharyngeal swab and one sputum sample. During the phone call, we asked whether the participant was living at time of follow-up, 
was hospitalised since enrolling in the study, had received a diagnosis of tuberculosis or COVID-19 after enrolling in our study, or had any current symptoms, and how 
their overall physical and mental health were compared with usual health.
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Results 
Between Jan 11, 2021, and April 26, 2022, 607 eligible 
individuals were enrolled in our study, with 
seven excluded due to inadequate sputum specimen 
volume. Thus, 600 participants were included in our 
analyses. Demographic characteristics are shown in 
table 1. 171 (29%) of 600 of our study population had 
previously been tested for SARS-CoV-2. The study 
population (median age 40 years, range 18–87) was 
balanced between men (48%) and women (52%; table 1). 
Almost all participants self-reported that they were mildly 
ill (533 [89%] of 600). The most reported symptoms at 
study enrolment were cough (94%, 68% less than 2 weeks 
in duration, 26% longer than 2 weeks), headache (86%), 
and general malaise (85%). As producing a sputum 
sample was an eligibility criterion, there was most likely 
a selection bias against the inclusion of asymptomatic 
individuals who had difficulty expectorating.

In our study population, 80 of 600 (13%, 95% CI 11–16) 
participants had culture-confirmed tuberculosis, 
four of whom had multidrug-resistant tuberculosis. 
212 participants (35%, 32–39) were deemed positive for 
COVID-19 on the basis of detection of SARS-CoV-2 using 
Xpert Xpress on nasopharyngeal swabs. 13 participants 
(2·2%, 1·2–3·7) were concurrently positive on 
tuberculosis culture and Xpert Xpress on nasopharyngeal 
swabs or sputum.

Among the 80 participants with culture-confirmed 
tuberculosis, those who also tested positive for 
SARS-CoV-2 varied by specimen: 11 on nasopharyngeal 
swabs (14%, 95% CI 7·1–23) and three on sputum (3·8%, 
1·0–11). Test result patterns among culture-confirmed 
tuberculosis cases (appendix 2 p 4) showed that the 
observed concurrent tuberculosis and COVID-19 rate 
partly depends on the specimen used for SARS-CoV-2 
detection. Alternatively, of the 212 participants with a 
positive COVID-19 result with Xpert Xpress on 
nasopharyngeal swabs, 11 (5%) had culture-confirmed 
tuberculosis.

Symptoms are stratified by diagnosis (table 2). 
Participants with COVID-19 had higher rates of specific 
symptoms than participants with tuberculosis, 
including fatigue, headache, and loss of smell or taste. 
However, participants with tuberculosis typically 
reported having a particular symptom longer than 
those with COVID-19. For example, breathing 
difficulties were reported in 36 (45%) of 80 participants 
with tuberculosis and 91 (43%) of 212 participants with 
COVID-19; however, the median duration of having 
breathing difficulties for participants with tuberculosis 
was 10 days (IQR 4–15) compared with 3 days (IQR 2–4) 
for participants with COVID-19. Cough lasting longer 
than 2 weeks was uncommon in participants with 
COVID-19 (23 [11%] of 212) but was observed in 
52 (65%) of 80 of participants with tuberculosis 
(figure 2). Yet, cough for less than 2 weeks could not 
rule out either disease, as 176 (83%) of 212 participants 

with COVID-19 and 24 (30%) 80 of participants with 
tuberculosis reported short-term coughs. Symptoms 
are also presented for the 13 participants with 
tuberculosis and a positive Xpert Xpress on 

Participants (N=600)

Sex

Female 313 (52%)

Male 287 (48%)

Age, years 40 (29–54)

Known exposure to COVID-19 case 2 weeks 
before symptom onset

174 (29%)

Disease severity at study entry*

Not ill 0

Mildly ill 533 (89%)

Moderately ill 67 (11%)

Gravely ill 0

Smoking status

Current 32 (5%)

Former 178 (30%)

Never routine 390 (65%)

Chest radiography results

No abnormalities 63 (11%)

Abnormalities present 302 (50%)

Data not available 235 (39%)

Comorbidities

Cardiovascular disease 37 (6%)

Asthma 26 (4%)

Other chronic respiratory condition 5 (1%)

Diabetes 23 (4%)

Known HIV infection 6 (1%)

Chronic kidney disease 2 (<1%)

Current cancer 2 (<1%)

Symptom positivity

Breathing difficulties 230 (38%)

Cough 565 (94%)

Cough for less than 2 weeks 407 (68%)

Cough for 2 weeks or longer 158 (26%)

Fatigue 448 (75%)

Fever 343 (57%)

General malaise 509 (85%)

Headache 518 (86%)

Loss of smell 106 (18%)

Loss of taste 100 (17%)

Muscle pain 481 (80%)

Sore throat 523 (87%)

Thoracic pain 427 (71%)

Data are n (%) and median (IQR). *Disease severity definitions are as follows: not 
ill refers to healthy and strong impression throughout examination; mildly ill 
refers to ability to carry out routine activities but symptomatic (eg, fatigue or 
cough) upon careful inspection; moderately ill refers to some impairment of 
activities (ie, visibly ill to a lay person, still ambulatory and mostly self-sufficient, 
but clearly symptomatic); and gravely ill refers to inability to carry out usual 
activities, visibly distressed, and requires hospitalisation.

Table 1: Demographic characteristics of study population
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nasopharyngeal swabs or sputum (table 2), which is a 
small proportion of the study population (13 [2%] 
of 600), and therefore strong inferences should not be 
drawn.

The diagnostic accuracy of Xpert Xpress on sputum is 
not well characterised. With sputum, Xpert Xpress 
sensitivity was 67% (95% CI 60–73) and specificity 
was 97% (94–98) compared with Xpert Xpress using 
the manufacturer-recommended sample, which is 
nasopharyngeal swabs (table 3). A sensitivity analysis 
including complete cases only (table 3) yielded similar 
results: Xpert Xpress on sputum had sensitivity of 
67% (60–73) and specificity of 97% (94–98).

We investigated the diagnostic yield of a single sputum 
sample for diagnosing tuberculosis or COVID-19, on the 
basis of the proportion of cases identified compared with 
the Universidad Peruana Cayetano Heredia standard-of-
care tests. Compared with culture-positivity, Xpert Ultra 
detected 77 of 80 (96%, 95% CI 89–99) tuberculosis cases, 
including all four cases with rifampicin-resistance. Xpert 
Xpress on sputum identified 134 of 201 (67%, 60–73) 
COVID-19 cases diagnosed by Xpert Xpress with 
nasopharyngeal swabs (figure 3). Counts and explanations 
for unavailable test results are reported in appendix 2 (p 4). 
As 13 (2%) of 600 participants had culture-positive 
tuberculosis and a positive Xpert Xpress result on either 
nasopharyngeal swabs or sputum, at least 46 people with 
presumptive tuberculosis or COVID-19, or both, would 
have to be tested to find one person with both diseases.

According to semi-structured interviews with two study 
nurses and three laboratory staff, integrated tuberculosis 
and COVID-19 testing using sputum was considered very 
feasible. Collecting additional nasopharyngeal swabs was 
not deemed difficult and was considered simpler than 
sputum, as some participants needed coaching to produce 
sputum. One study nurse suggested that integrated testing 
might be preferentially introduced at tuberculosis clinics. 
Given the epidemiological situation in Peru, individuals 
presenting for tuberculosis testing were comfortable with 
also providing different samples for concurrent COVID-19 
testing. Conversely, some individuals presenting for 
COVID-19 testing were more sceptical of undergoing 
tuberculosis testing: “When they were told that also they 
can leave a sample to rule-out tuberculosis, some did not 
really want to because they were more concerned about 
what COVID was, but not what tuberculosis was, no, 
because that was what ‘was on trend’, as they say. There are 
other patients who had a history or relatives with TB and 
they did leave their samples [ for TB]… But some did not 

People with tuberculosis 
(N=80)

People with COVID-19 
(N=212)

People with tuberculosis 
with concurrent positive 
Xpert Xpress test (N=13)

Participants 
reporting 
symptoms

Symptom 
duration, 
days

Participants 
reporting 
symptoms

Symptom 
duration, 
days

Participants 
reporting 
symptoms

Symptom 
duration, 
days

Breathing 
difficulties

36 (45%) 10 (4–15) 91 (43%) 3 (2–4) 7 (54%) 7 (6–15)

Cough 76 (95%) 20 (10–37) 199 (94%) 5 (3–8) 12 (92%) 15 (7–24)

Cough less than 
2 weeks

24 (30%) 7 (5–9) 176 (83%) 5 (3–7) 5 (39%) 7 (4–7)

Cough 2 weeks or 
longer

52 (65%) 32 (20–52) 23 (11%) 20 (15–33) 7 (54%) 20 (17–42)

Fatigue 56 (70%) 14 (7–19) 162 (76%) 4 (3–7) 9 (69%) 7 (5–15)

Fever 55 (69%) 5 (3–14) 141 (67%) 2 (2–4) 7 (54%) 3 (2–10)

General malaise 65 (81%) 12 (6–18) 187 (88%) 4 (3–7) 11 (85%) 7 (5–15)

Headache 58 (73%) 10 (5–15) 188 (89%) 4 (3–6) 9 (69%) 13 (6–15)

Loss of smell 7 (9%) 7 (6–11) 66 (31%) 3 (2–5) 2 (15%) 5 (4–6)

Loss of taste 8 (10%) 6 (5–9) 56 (26%) 3 (2–5) 1 (8%) 3 (3–3)

Muscle pain 59 (74%) 10 (7–15) 169 (80%) 4 (3–7) 8 (62%) 7 (5–15)

Sore throat 72 (90%) 15 (7–33) 184 (87%) 4 (3–7) 12 (92%) 7 (6–9)

Thoracic pain 60 (75%) 14 (7–25) 135 (64%) 4 (3–6) 11 (85%) 7 (7–16)

Data are n (%) or median (IQR). Data stratified by disease diagnosis in 80 people with tuberculosis, as defined by 
culture-positivity; in 212 people with COVID-19, as defined by a positive result on Xpert Xpress with nasopharyngeal 
swab; and in 13 people with culture-positive tuberculosis and a concurrently positive Xpert Xpress test 
(nasopharyngeal swab or sputum).

Table 2: Number of study participants reporting symptoms and corresponding symptom durations
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Figure 2: Boxplots of cough duration stratified by disease condition
Tuberculosis was defined by culture positivity (n=80). COVID-19 was defined by 
a positive test result on Xpert Xpress with nasopharyngeal swabs (n=212). 
Concurrent tuberculosis and COVID-19 was defined as concurrent tuberculosis 
culture and a positive result on Xpert Xpress with nasopharyngeal swabs or 
sputum (n=13).

Positive  on 
nasopharyngeal 
swab

Negative on 
nasopharyngeal 
swab

All available results (n=586)

Positive on sputum 134 13

Negative on sputum 67 372

Complete cases only (n=584)

Positive on sputum 134 13

Negative on sputum 66 371

Xpert Xpress results on sputum for SARS-CoV-2 detection (index test) compared 
with Xpert Xpress results on nasopharyngeal swabs (reference test) for all 
participants with available data (n=586), and for participants without any missing 
test results (n=584). 

Table 3: Two-by-two contingency table of Xpert Xpress results for 
SARS-CoV-2
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want to because in truth for time and because sometimes 
they were unaware of the disease [TB] and were more 
worried about COVID.” One laboratory staff member 
noted that as all GeneXpert cartridges look very similar, it 
could be possible to use the incorrect sample or sample 
volume in a particular assay during busy periods, and that 
this happened a few times during the study. Otherwise, as 
Universidad Peruana Cayetano Heredia already use Xpert 
Ultra in their laboratory workflow, the addition of Xpert 
Xpress was straightforward, regardless of specimen. 
Additional laboratory biosafety protocols were not required. 
The minimal manipulation and hands-on time needed to 
run Xpert Ultra and Xpert Xpress tests aided feasibility of 
integrated testing.

Discussion 
We investigated the integration of COVID-19 and 
tuberculosis testing by testing a single sputum sample 
on the GeneXpert platform. Compared with the 
standards-of-care in our setting (Lima, Peru), this 
approach identified 96% of tuberculosis cases and 67% of 
COVID-19 cases. In a hypothetical population of 
1000 people diagnosed with COVID-19 by Xpert Xpress 
with nasopharyngeal swabs, Xpert Xpress on sputum 
would miss 333 individuals. Using a single sputum 
specimen on GeneXpert to universally test for both 
diseases was a feasible but suboptimal integrated testing 
approach, since Xpert Xpress had only moderate 
sensitivity on sputum.

Recommendations from The Global Fund include 
testing for COVID-19 and tuberculosis when clinical 
signs and symptoms meet the case definitions for both 
diseases.6 Our concurrent positivity rate was low despite 
multiple COVID-19 surges during the recruitment period 
(appendix 2 p 2). Study activity was paused in 
January, 2022, as most staff were isolating due to 
SARS-CoV-2 exposure, so some concurrently positive 
cases were likely to be missed. Our positivity rates are 
consistent with a 2021 systematic review and meta-
analysis, which pooled 43 studies to estimate the 
prevalence of tuberculosis among people with COVID-19; 
prevalence estimates from included publication ranged 
from 0·18% to 14%, with pooled prevalence of 1·1% 
(95% CI 0·81–1·4).18 These findings and our findings 
suggest that testing everyone with either presumptive 
tuberculosis or COVID-19 for both diseases might not be 
a worthwhile approach, and universal implementation of 
integrated testing probably should not be adopted. 
However, when COVID-19 prevalence surges, integrated 
testing might gain value and yield more cases, 
highlighting the importance of strong disease 
surveillance systems that indicate when interventions, 
such as integrated testing, might be appropriate. Further 
work will be required to understand how integrated 
testing approaches can be optimised.19,20

Symptom duration alone could not reliably differentiate 
participants diagnosed with tuberculosis from people 

diagnosed with COVID-19. Our study population, who 
were predominately mildly ill, were almost all 
symptomatic. Many but not all symptoms were reported 
at similar rates by both groups. For some symptoms, 
such as fever or general malaise, the IQRs in people with 
tuberculosis and those with COVID-19 overlapped, 
presenting a challenge to using clinical picture as a rule-
out tool. In individuals with culture-positive tuberculosis 
and a positive Xpert Xpress test, the moderately longer 
reported symptom durations perhaps indicates that these 
individuals had incidental SARS-CoV-2 infections. 
Altogether, 14% of people with culture-confirmed 
tuberculosis also tested positive for SARS-CoV-2 on Xpert 
Xpress with nasopharyngeal swabs; therefore, integrated 
disease testing might be more pertinent in people with 
presumptive tuberculosis in the context of increased 
local COVID-19 outbreaks.

Therefore, from our study population, it appears that 
integrated tuberculosis and COVID-19 molecular testing 
might be most warranted when individuals are 
presenting with symptoms lasting less than 1 week, 
whereas for those with longer-lasting symptoms, 
seemingly only tuberculosis testing is needed. This 
observation might be particularly relevant as the 
incubation periods of newer SARS-CoV-2 variants 
continue to shorten.21,22 In particular, to ensure proper 
care, it would be important to understand whether a 
patient who requires steroids as part of COVID-19 
treatment also has tuberculosis. More research will help 
identify whether this trend is maintained in other high 
tuberculosis burden settings and as SARS-CoV-2 variants 
continue to arise.

Using already widespread molecular testing platforms 
to concurrently investigate tuberculosis and COVID-19 
could be one way to reach the millions of people with 
tuberculosis who have not received care since the 
pandemic’s onset. However, as rapid antigen tests for 
SARS-CoV-2 detection are now widely available, the role 
of molecular testing has reduced, which has probably 
diminished the opportunity to use COVID-19 testing as 

Figure 3: Venn diagram of Xpert Xpress results for SARS-CoV-2 detection 
with nasopharyngeal swabs and sputum
Numbers in the figure correspond to the number of individuals with positive test 
results on either nasopharyngeal swab (n=67), sputum (n=13), or both (n=134). 
Here, data from individuals with any missing test results were excluded from the 
figure.

Xpert Xpress results 
with sputum

Xpert Xpress results 
with nasopharyngeal swabs 

67 134 13
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an opportunity to identify people with undiagnosed 
tuberculosis. Even so, finding these missing cases 
remains important because people with previously 
diagnosed or current tuberculosis are at a high risk of 
complications and death if infected by SARS-CoV-2. A 
multicountry cohort investigating the effect of COVID-19 
on 767 people with current or previous tuberculosis 
reported that 61·7% were hospitalised for COVID-19 and 
more than one in ten died (85 [11%] of 767).23 Data from 
Peru suggest that mortality risk in people with concurrent 
tuberculosis and COVID-19 is 7·3%, compared with 
4·6% in people with tuberculosis alone.10 Thus, asking 
presumptive tuberculosis patients about their COVID-19 
history in tuberculosis-endemic settings might be 
appropriate as a prognostic factor.18

As resources have been reallocated towards the 
pandemic response and away from existing health 
services, available tools must be deployed in a maximally 
efficient manner. Sample collection supply shortages 
have driven the investigation into nasopharyngeal swab 
alternatives for molecular testing. For example, using 
saliva for molecular testing had a similar accuracy to 
nasopharyngeal swabs24 and would be less resource-
intensive in terms of personnel and cost.25 Swabbed saliva 
transported in sterilising buffer also had good accuracy,26 
an approach that might have some merit for sputum.

In planning for future pandemics, and when 
considering the breadth of infectious diseases endemic 
to many settings with high burden of tuberculosis, 
integrated testing using multidisease platforms seems 
an obvious intervention. Performing multiple tests 
simultaneously requires substantial resources, so 
designing appropriate testing algorithms is crucial. 
GeneXpert is already available in many high tuberculosis 
burden countries,27 but other well established platforms 
(eg, Abbott m2000 RealTime System [Abbott, Abbott 
Park, IL, USA]), or more novel options (eg, Truelab 
[Molbio, Verna, Goa, India]), exist for which tuberculosis 
tests are also WHO-endorsed. It is particularly relevant 
for lower-resource settings to invest in platforms that can 
be quickly updated to incorporate assays for emerging 
pathogens, as budget constraints might preclude 
procurement of multiple stand-alone systems. Diagnostic 
companies must ensure these tools are accessible.

Our study is one of the first to investigate integrated 
molecular tuberculosis and COVID-19 testing, and the 
diagnostic accuracy of Xpert Xpress on sputum. 
Integrated testing feasibility findings are likely to be 
generalisable to other urban settings with high burdens 
of tuberculosis and COVID-19. Additionally, we have 
shown that using a single sputum sample to test for both 
M tuberculosis and SARS-CoV-2 in a single clinical 
encounter was feasible. We contribute evidence that 
sputum might be a usable sample type.

There were limitations in this study. We faced many 
logistical issues related to the COVID-19 pandemic. Most 
crucially, consecutive participant sampling was not 

feasible due to limited personnel and availability. At 
multiple points throughout the study, clinical or laboratory 
staff members had to isolate due to infection or contact 
with SARS-CoV-2, which limited or halted recruitment. 
Additionally, although we repeated tests when an initial 
assay did not produce a definite result, results for Xpert 
Xpress on sputum were unavailable for several 
participants. As participants needed to provide a sputum 
sample, our results are likely to be most generalisable to 
settings testing mostly symptomatic individuals (because 
asymptomatic people typically cannot produce sputum), 
and are not universally applicable.

The diagnostic yield of Xpert Xpress on sputum was 
moderate, but integrated testing for tuberculosis and 
COVID-19 using GeneXpert was feasible. However, 
systematic testing for both diseases might not be a 
worthwhile approach in all people presenting with 
presumptive tuberculosis or COVID-19, as concurrently 
positive cases were rare in our study population. More 
research is needed to identify the epidemiological 
situations wherein integrated testing would be most 
valuable and appropriate.
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