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Abstract
 Since 2015, the World Health Organization (WHO) hasBackground:

recommended a commercially available lateral-flow urine LAM test
(Alere-LAM) to assist in the diagnosis of tuberculosis (TB) in severely ill
people living with HIV (PLHIV). The test can rapidly detect TB in severely ill
PLHIV and can identify PLHIV most at-risk of death, leading to mortality
reductions. However, its uptake in countries with high burdens of TB and
HIV has been slow. To assess the current use landscape and identify
barriers to the adoption of Alere-LAM, we conducted a questionnaire-based
study in 31 high TB and HIV/AIDS burden countries.

: Between November 2018 and December 2019, we collectedMethods
responses to a semi-structured questionnaire that had been emailed to staff
and affiliates of National TB Programs or HIV/AIDS Programs, Ministries of
Health, and TB or HIV institutes of 31 high TB/HIV burden countries.
Questions concerned country policies, adoption, and current use of
Alere-LAM testing, as well as testing algorithms and barriers preventing
Alere-LAM uptake.

 We received questionnaire responses from 24 out of 31 (77%)Results:
high TB/HIV burden countries. Of these 24 countries, 11 (46%) had
adopted Alere-LAM policies, with only five (21%) countries currently using
Alere-LAM testing. Testing algorithms were generally aligned with WHO
recommendations. Fifteen countries (63%) said they were planning to

implement Alere-LAM testing in the near future. The most commonly cited
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implement Alere-LAM testing in the near future. The most commonly cited
constraint to adoption and implementation was budget limitations.
Additional barriers to Alere-LAM implementation included lack of
country-specific data and piloting, administrative hurdles such as regulatory
agency approval, lack of coordination between National TB and HIV
programs, and small perceived patient population.

 Responses to our questionnaire demonstrate the persistentConclusion:
gap between country-level policy and real-world use of Alere-LAM, as well
as specific barriers that must be addressed to scale-up testing in PLHIV.
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Introduction
Tuberculosis (TB) is the leading cause of both hospitaliza-
tion and death among people living with HIV/AIDS (PLHIV)1. 
PLHIV are 26 times more susceptible to TB infection than those 
who are seronegative and in 2018, the World Health Organiza-
tion (WHO) estimated 860 000 PLHIV had developed active  
TB disease2. Further, over a third of deaths in PLHIV are  
attributed to TB co-infection3. Yet, according to a systematic 
review of post-mortem studies in resource-limited settings, TB was   
undiagnosed in PLHIV until the time of death in 46% of cases4.

The high rate of undiagnosed TB is partially a function of 
the available TB diagnostic tests that detect Mycobacteria  
tuberculosis (M. tuberculosis) bacilli in respiratory samples, 
such as sputum. For many PLHIV, producing sputum is difficult  
and bacterial burden is low, resulting in diagnostic test  
sensitivities that are lower than in HIV-uninfected individuals5. 
As well, PLHIV often present with extrapulmonary TB, for which  
sputum is not the correct sample.

Next generation assays such as Xpert MTB/RIF Ultra, a  
WHO-recommended PCR-based rapid TB test, offer improved 
diagnostic accuracy over conventional smear microscopy6, but 
are often not available where patients first seek care due to 
infrastructure needs and relatively high cost7,8. Until accurate  
diagnostic tests for PLHIV become widely accessible, many  
individuals with TB will continue to be missed.

Lipoarabinomannan (LAM) is a component of the M. tuberculosis 
cell wall that can be detected in urine9,10. The first commer-
cially available TB test based on urinary LAM detection is the 
Determine™ TB LAM Antigen assay (Alere-LAM), origi-
nally manufactured by Alere Inc. (now produced by Abbott).  
Available since 2013, this lateral flow LAM strip test requires  
60 μl of urine and provides results in approximately 30 minutes11. 
Besides a micropipette, no equipment is required, allowing its 
placement at the point-of-care, with a low cost of about 3.50  
USD per test. Because the assay detects LAM in the urine, it 
is more likely than other sputum-based TB tests to diagnose 
PLHIV with extrapulmonary or advanced disease since urinary  
LAM concentrations are higher at lower CD4+ cell counts12.

In 2015, the WHO published guidelines recommending the 
Alere-LAM test be used to assist TB diagnosis in hospitalized  
HIV-positive patients with TB symptoms and CD4+ cell counts 
less than or equal to (≤) 100 cells/μl, or who are seriously ill 
regardless of CD4+ cell count. Based on generalization of  
data from inpatients, these recommendations could be extended 

to adult HIV-positive ambulatory (outpatient) cases and, with 
discretion, to HIV-positive children while acknowledging  
lower specificity in this group13.

In 2019, the Guidelines were updated to indicate the increased 
strength of the recommendation for Alere-LAM in hospital-
ized HIV-positive patients with CD4+ counts ≤ 200 cells/μl,  
or who are seriously ill regardless of CD4+ cell count; in this 
setting, the test is now more clearly recommended for children  
and adolescents. With respect to ambulatory settings, Alere-LAM 
testing is conditionally recommended for severely ill HIV-
positive outpatients of all ages with CD4+ counts ≤ 100 cells/μl  
regardless of signs and symptoms, or any outpatient with TB 
symptoms. Use of Alere-LAM is discouraged without assessment 
of patient signs and symptoms and without knowing CD4+ cell  
count14. The Cochrane systematic review and meta-analysis 
commissioned for the update found the pooled sensitivity of 
Alere-LAM was 42% (95% credible interval [CrI]: 31–55%) 
and pooled specificity was 91% (95%CrI: 85–95%) from 
eight studies and 3449 participants. In hospitalized in-patients, 
pooled sensitivity was 52% (95%CrI: 40–64%) versus 29%  
(95%CrI: 17–47%) among outpatients15.

Despite the existence of these Guidelines, a 2018 Médecins 
Sans Frontières (MSF) report16 as well as a Treatment Action 
Group (TAG) Activist Guide to TB LAM17 found that very 
few high burden countries had adopted Alere-LAM in their 
national policies or articulated plans to scale up use of the test. 
We conducted a questionnaire-based study in 31 high TB and 
HIV/AIDS burden countries to assess the current landscape  
and identify barriers to the adoption of Alere-LAM.

Methods
A semi-structured questionnaire was emailed to staff and 
affiliates of National TB Programs (NTPs) or HIV/AIDS  
Programs (NAPs), Ministries of Health, and TB or HIV institutes  
of 31 high TB/HIV burden countries, primarily identified  
from prior country surveys. The questionnaire is available as 
Extended data18. Countries were chosen based on 2015 WHO  
classification19. Questionnaire responses were collected between 
November 2018 and December 2019 and participants were con-
tacted an average of three times for questionnaire responses. 
In cases of unclear comments, respondents were contacted 
for follow-up. By filling in the questionnaire, respondents  
consented for the provided data (de-identified) to be used for  
research purposes only. As the questionnaire only collected  
country level data, no ethical approval was required.

The questionnaire included ten questions and space for respond-
ents to provide additional comments. Questions pertained 
to country adoption of Alere-LAM policies; current use of  
Alere-LAM; location of current testing; testing algorithms and 
use-cases; possible future test implementation and use; and bar-
riers preventing Alere-LAM uptake and routine use. Respondents 
had the option to choose from a list of 17 suggested obstacles  
or could describe other constraints.

Results
Out of the 31 high TB burden countries that were contacted, we 
received questionnaire responses from 33 individuals representing  

            Amendments from Version 1

In this updated version of the article, we address two major 
comments from reviewers regarding 1) the significant delay that 
in-country diagnostic test piloting can impose and 2) increasing 
domestic funding for health systems and utilising novel strategies 
to help improve test access. Both of these considerations are now 
within the Discussion section.

Any further responses from the reviewers can be found at the 
end of the article

REVISED

Page 3 of 14

Gates Open Research 2020, 4:24 Last updated: 08 APR 2020



24 countries (77%). The majority of respondents were affili-
ated with country NTPs (24/33, 73%), with five respond-
ents from NAPs (5/33, 15%), two respondents with joint  
affiliations (2/33, 6%), and one individual from neither Pro-
gram (1/33, 3%). All questionnaire responses are available as  
Underlying data18.

Of the 24 countries, 11 (46%) had Alere-LAM policies at the 
time of questionnaire response. Of these 11, six countries had 
Alere-LAM policies in both NTPs and NAPs (55%), three  
countries had policies within the NTP only (27%), and two 
countries reported an Alere-LAM policy in their NAP only  
(18%) (Table 1). But inclusion in policy does not mean actual 
usage. Notably, only four countries that had adopted an  
Alere-LAM policy within the NTP and/or NAP had imple-
mented testing. One country, the Democratic Republic of  

Congo (DRC) was utilizing Alere-LAM testing without a policy 
in either Program (Figure 1). When asked if they were planning 
to use Alere-LAM in the near future, 15 countries (15/24, 63%) 
responded yes (Table 1). Altogether, 20 of 24 countries (83%) 
were currently using or were planning to deploy Alere-LAM  
testing.

Respondents from ten of the eleven countries with Alere-LAM 
policies provided details regarding their testing algorithms 
with respect to the then-current 2015 Guidelines (Table 2)13. 
As expected, policies in eight of ten countries (80%) followed 
these guidelines. That is, eight of ten countries were using the 
Alere-LAM test in hospitalized PLHIV with CD4+ counts  
≤100 cells/μl, and seven of ten (70%) countries were using 
the test in seriously ill PLHIV inpatients (Table 2). Notably, 
in Mozambique, the NAP is discontinuing CD4+ cell testing,  

Table 1. Stages of implementation of Alere-LAM urine test by country.

Country Does the country have 
policies that include 
Alere-LAM? 

(year of introduction)a

Which National 
Program includes 
Alere-LAM? 

(TB, HIV, both)b

Is Alere- LAM 
currently in use?c

Is Alere-LAM 
use planned for 
the near future? 
(prospective year)d

Angola No - No Yes (2019)

Botswana Uncleare (2018) TB No Yes (2019)

Brazil No - No Yes

Cameroon - - No Yes

CAR Yes (2016) Both No Yes (2019)

Chad Yes (2018) TB No Yes 

China No - No No

DRC No - Yes Yes

Ethiopia Yes (2017) Both No Yes

Ghana No - No Do not know

Guinea-Bissau No - No No

India Yesf HIV No Yes (2020)

Indonesia No - No Yes

Kenya Yes (2019) Both No Yes

Malawi Yes (2017) Both Yes -

Mozambique No - - -

Myanmar Yes (2017) HIV Yes Yes

Nigeria No - - Yes (2019)

Philippines No - No Yes (2021)

Tanzania No - No No

Thailand No - No No

Uganda Yes (2017) Both Yes -

Zambia Yes (2018) TB No Yes

Zimbabwe Yes (2017) Both Yes -

Number answering 
“yes” 

10 NA 5 15

Summary of answers given by respondents regarding Alere-LAM test adoption stage. A dash indicates no response. CAR = Central 
African Republic. DRC = Democratic Republic of Congo. aYears that Alere-LAM test policies were introduced into either the TB 
or HIV National Programs are listed in brackets as reported by the respondents. bThe questionnaire was limited to Alere-LAM 
policy inclusion in TB and HIV National Programs. cActual use of the Alere-LAM urine tests is independent of existence of a 
national policy. dProspective year was included only if reported by respondents. eRespondents gave conflicting responses. fTest 
is not yet introduced.
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Figure  1.  High TB/HIV  burden  countries  contacted  for  survey.  Status of Alere-LAM policy adoption and test implementation are as  
indicated by colour. Blue indicates countries that were contacted but did not respond to the survey. Purple indicated countries with an  
Alere-LAM policy but that have not implemented the test. Green indicates that Alere-LAM testing has been implemented without a policy.  
Red indicates that the country has an Alere-LAM policy and testing has been implemented.

so CD4+ cell count was not part of their Alere-LAM  
testing algorithm. Six countries (6/10, 60%) were using the test  
in children. Four countries were using the Alere-LAM test in  
outpatient scenarios14.

Availability of testing varied substantially across countries. 
Eight countries reported the setting where Alere-LAM testing 
was available (Table 2). In Chad and Uganda, Alere-LAM was 
most widely available, as testing is offered in all hospitals and 
antiretroviral treatment (ART) centers. Malawi and Zimbabwe 
provide Alere-LAM testing at all hospitals. Myanmar and the  
DRC provide Alere-LAM testing at a limited number of hos-
pitals or ART centers. An Alere-LAM testing pilot program was 
limited to 12 hospitals in Kenya. Mozambique reported that 
they had been using the Alere-LAM test within a research con-
text only (i.e., not a pilot). Botswana, Central African Republic,  
and India have Alere-LAM policies, but the test is not yet in  
use and eventual test use locations were not reported. 

Almost all countries (21/24, 88%) identified barriers preventing 
implementation of Alere-LAM (Figure 2). Selected comments 
from questionnaires are quoted in Box 1. Budget limitations 
were the most reported barrier (10/21, 48%). Some countries 
had indicated that they were currently consulting with finan-
cial partners to support uptake or that they hope to use 
Alere-LAM as soon as funding becomes available in their  
country (Figure 2). The second most reported barrier was that 

pilot studies or evaluations within their country needed to 
be conducted. In that context, some countries that reported 
this explanation already had ongoing studies, but were wait-
ing on results to inform their guidelines, determine the best use 
and placement in national diagnostic algorithms, and assess  
accuracy along with various operational issues.

Some countries had indicated that implementing Alere-LAM 
was not a priority because of the relatively small size of the 
population affected: this was the third most common bar-
rier. In certain cases, this belief prevailed because NTPs/NADs 
did not expect a high number of seriously ill PLHIV cases  
due to aggressive existing “test and treat” programs. Other  
barriers identified were more administrative in nature. For 
example, the purview of Alere-LAM testing was reportedly 
not within the NAP or NTP, Alere-LAM was not approved by  
country-relevant regulatory agencies, challenges persist with 
registering the test in the country, and estimates of the number 
of required tests needed for country-wide implementation were 
reported as uncertain.

Discussion
Despite the positive WHO recommendations and evidence 
demonstrating that Alere-LAM testing reduces mortality in 
the intended use population20, our analysis is consistent with  
previous reports16,17 in finding that Alere-LAM use remains low 
among high TB/HIV burden countries. As we observed directly 
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from the questionnaire responses, existence of policy for a test  
does not guarantee routine use, as there are numerous barri-
ers to overcome before country-level implementation of a test  
can begin.

While policies recommending the use of Alere-LAM have 
been adopted by eleven (11/24, 46%) countries at the time of 
data collection, the test was routinely used in only four of these 
countries, plus the DRC (which is using Alere-LAM without 
a policy) (Figure 1). Despite the severity of the HIV-TB  
co-epidemic, the generally siloed nature of HIV/AIDS and 
TB care is also observed in the context of Alere-LAM testing: 
six countries had adopted Alere-LAM policies in both NTPs 
and NAPs, but in two and in three countries, only the NAP and  
NTP, respectively, had an Alere-LAM policy. This distinct 
separation was further reflected in the reported barriers to 
Alere-LAM uptake: four countries stated that the Alere-LAM  
test is not within the scope of the NAP and six responded that  
it is not within the NTP’s mandate.

For PLHIV who are coinfected with TB, this lack of collabora-
tion manifests in particularly low rates of TB testing, diagnosis, 
and eventual TB treatment completion21. A systemic review and 
meta-analysis of post-mortem studies found that approximately 
40% of deaths in PLHIV were attributable to TB, but half of 
these TB cases were undiagnosed in the person’s lifetime4.  
By employing Alere-LAM, many of these deaths could have 
been prevented. In a 2016 systematic review and meta-analysis, 
the risk of mortality was 2.3 times higher in PLHIV who tested 
LAM-positive than in PLHIV who tested negative, so this  
test could be used as a life-saving prognostic tool22. Indeed, it has 
been shown that urine is more feasible to collect and testing can 
occur within 24 hours of hospital admission23, and that routine 
Alere-LAM testing in hospitalized PLHIV led to a 4% (95%CI: 
7–9%) absolute risk reduction in death, as clinicians could  
identify patients who needed rapid anti-TB treatment initiation24.

Issues surrounding Alere-LAM jurisdiction were not the only 
barriers to the test’s implementation. In-country test piloting 

Table 2. Alere-LAM testing algorithms and its location of use.
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Current algorithm for Alere-LAM testing 

To assist in the diagnosis of TB in adult HIV positive in-patients with a CD4 count ≤ 100 cells/µL X X X X X X X X 8

To assist in the diagnosis of TB in children HIV positive in-patients with a CD4 count  
≤ 100 cells/µL X X X X 4

To assist in the diagnosis of TB in adult HIV positive out-patients (ambulatory) with a CD4 
count ≤ 100 cells/µL X X X 3

To assist in the diagnosis of TB in children HIV positive out-patients (ambulatory) with a CD4 
count ≤ 100 cells/µL X X 2

To assist in the diagnosis of TB in adult HIV positive in-patients who are seriously ill 
regardless of CD4 count or with unknown CD4 X X X X X X X 7

To assist in the diagnosis of TB in children HIV positive in-patients who are seriously ill 
regardless of CD4 count or with unknown CD4 X X X X X 5

To assist in the diagnosis of TB in adult HIV positive out-patients (ambulatory) who are 
seriously ill regardless of CD4count or with unknown CD4 X X X 3

To assist in the diagnosis of TB in children HIV positive out-patients (ambulatory) who are 
seriously ill regardless of CD4count or with unknown CD4 X X 2

To assist in the diagnosis of TB in adult HIV positive in-patients regardless of CD4 count or 
with unknown CD4 X X X 3

To assist in the diagnosis of TB in children HIV positive in-patients regardless of CD4 count 
or with unknown CD4 X X 2

Where is the Alere-LAM test being used? 

All hospitals X X X X 4

Limited number of hospitals X X 2

All Antiretroviral Therapy (ART) centers X X 2

Limited number of ART centers X 1

Other (Pilot in 12 high volume facilities, to start) X 1

Algorithm is based on WHO 2015 Lateral Flow LAM guidelines. Although India has an Alere-LAM policy, algorithm details were not provided.
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Figure 2. Barriers to Alere-LAM urine test use. Questionnaire included a set list of barriers and allowed respondents to report other barriers 
not included. Unique barriers per country are reported here. For example, if two surveys from one country listed the same barrier, it was only 
included once.

Box 1. Select comments from country surveys

Comment

    •    “[We] are ready to use the test. However, the NTP with the 
NAP are planning to carry out a pilot study not only to assess 
the accuracy of the test but also the operational issues.”

    •    “This test is crucial for [us] to improve diagnostic capacity for 
national TB program. I suggest, piloting of this test is important 
to show added value for TB diagnosis due to [Alere-LAM].”

    •    “The test was tried in a small PhD study [here]. It proved 
very useful but has not been considered for use because 
of the existing tests in use (Smear microscopy, GeneXpert, 
LPA and liquid culture). It is also considered to be useful in 
a small population of patients (severely ill HIV/TB  
co-infected persons).”

    •    “The test is currently under verification by a team from 
TB and HIV programs. The report will be used for 
implementation.”

    •    “Overall, we think that this rapid test that uses urine (a 
much easier sample to obtain), is a breakthrough with 
potential to help to find the missing cases.”

    •    “We believe that discontinuing CD4 by the HIV Program 
may negatively impact the decision whether or not to use 

         the test and increase the risk of using the test in people with 
elevated CD4, producing false negatives.”

    •    “In 2018, it was planned to procured to start the 
implementation in HIV specialist hospitals and planned to 
roll out to all ART centers. However, when the international 
procurement through UNOPS was proceeded, the supplier 
could not import the product without country FDA’s 
approval letter.”

    •    “In the NTP perspective, in an environment like ours 
where there is a test and treat policy and therefore very 
few anticipated HIV patients would be severely ill, the 
usefulness of this test needs to be well demonstrated 
specifically to the HIV program where most of these 
patients are found. The NTP program’s experience with 
rolling out IPT program was very challenged because of 
introducing the program via the NTP with no ownership of 
the HIV program.”

    •    “The policy guidelines which introduced TB-LAM were 
developed in 2017 but actual implementation started in 
2018 because of delays in receiving the tests. The [then] 
current guidelines from WHO do not seem to explicitly 
recommend the use of the test in children and our 
guidelines have taken the same bias.”
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was commonly cited, and while such evaluation is important for 
understanding logistical and country-specific implementation 
issues, they can significantly delay the introduction of new tests 
where they are most needed. Additionally, the belief that only a 
small volume of people would require Alere-LAM testing, due 
to the existence of “test and treat” programs and ART scale-up, 
prevails. Unfortunately, this claim is not substantiated by the 
data. In a retrospective cohort study of over 8 million CD4+ cell  
count test results in South Africa, the proportion of people  
presenting to care with advanced HIV disease was 33%, relatively 
unchanged since 2011, and those presenting with very advanced 
disease was 17%25.

Budget limitations were the most commonly cited barrier 
(10/21, 48%). This is despite the low end-user cost per test 
cost of Alere-LAM, approximately 3.50 USD via Global Drug  
Facility16,26, well below the WHO Target Product Profile opti-
mal cost for a rapid non-sputum-based biomarker test for 
TB detection27. The lack of budget allocation may be related 
to the absence of targeted donor programs or concessional  
pricing negotiations around Alere-LAM’s launch, such as what 
was observed with Unitaid-funded access grants28 or donor- 
orchestrated buydowns29 in the case of Xpert MTB/RIF. It 
may also be a reflection of the WHO’s previously conditional  
(now strong) recommendations that were limited to a relatively 
small subgroup of PLHIV. The conditionality of the recom-
mendations was perceived as a lack of confidence in the 
data, which likely played out at the country-level as a lack of  
enthusiasm for Alere-LAM, translating into a lack of political 
will, and thus funds, to improve test implementation and  
accessibility. Domestic funding for health systems must be  
grown; in conjunction with strategies that previously led to  
successful procurement of Xpert MTB/RIF, like those mentioned 
above, and novel solutions, such as reducing price mark-ups on  
in-country suppliers or pooling procurements from different 
regions, this should allow for increased availability of Alere-LAM. 
Hopefully, the now strong recommendation for Alere-LAM use 
in an expanded population will result in increased funding and  
implementation of testing.

Country testing policies for Alere-LAM, when existent, were  
generally (8/10, 80%) aligned with WHO guidelines, i.e. to 
assist in the diagnosis of TB in severely ill PLHIV or PLHIV 
with CD4+ counts ≤100 cells/μl. However, as WHO’s Con-
solidated ART Guidelines now recommend viral load testing 
for ART response monitoring instead of CD4+ count30, there 
might be some uncertainty with regard to whom the test should 
be offered and whether the test can be used at decentralized  
facilities without clinical laboratories. The 2019 WHO Essen-
tial Diagnostics List includes Alere-LAM, but only at facilities 
with clinical laboratories31. Although the updated LAM Guide-
lines depends significantly less on CD4+ cell counts than the 
2015 recommendations, this ambiguity will need to be clarified 
by WHO, particularly for countries that are planning to imple-
ment Alere-LAM but currently have no policy or testing algorithm 
in place. It should be noted that the 2019 LAM Guidelines do 
strongly recommend the use of Alere-LAM in all severely ill 
PLHIV inpatients with TB symptoms, regardless of CD4+ cell  
count14, which is now aligned with the ART Guidelines’ strong 

recommendation to initiate ART in all PLHIV regardless  
of clinical stage or CD4+ cell count30.

Qualitative research published alongside the latest WHO  
Alere-LAM policy reported that among primary care health 
workers in high HIV/TB burden settings, confidence in Alere-
LAM may be rather low, given its overall low sensitivity. As 
well, Alere-LAM is not a stand-alone diagnostic test, and TB 
rule-out requires confirmation by other methods, which, besides  
being difficult to obtain from severely ill PLHIV, may be  
difficult to explain to patients, lowering its acceptability.  
Finally, in order to have confidence in a positive Alere-LAM 
result, existing clinical suspicion on the part of clinicians  
remains necessary32.

The primary limitation of this study is that although we sur-
veyed the 31 highest TB/HIV burden countries, we did not attain 
a 100% response rate. However, it was relatively high (24/31, 
77%), with most questionnaire responses coming from NTP  
employees. Lack of adequate responses from NAPs, however,  
could mean that we under-estimated Alere-LAM uptake. 
Also, we did not account for Alere-LAM use via PEPFAR, 
a major funder of ART scale-up in many high HIV prevalent  
settings.

Despite limitations, our study identified limited uptake of 
Alere-LAM among high TB/HIV burden countries. The bar-
riers identified in our questionnaire, along with advocacy 
reports by groups such as TAG and MSF, can help policy mak-
ers, country governments, and donors build better strategies for  
Alere-LAM implementation and scale-up. These questionnaire 
results should help guide efforts to develop higher-sensitivity  
urine LAM tests33–35 and rapidly roll them out, as country adop-
tion of improved products must anticipate challenges from the  
field.
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org/10.17605/OSF.IO/6W8VX18.

This project contains the following extended data:
-    Questionnaire responses from all completed  

questionnaires received.

Extended data
Open Science Framework: LAM country survey, https://doi.
org/10.17605/OSF.IO/6W8VX18.

This project contains the following extended data:
- Questionnaire

Data are available under the terms of the Creative Commons 
Zero “No rights reserved” data waiver (CC0 1.0 Public domain  
dedication).

Acknowledgements
We are grateful to all those who responded to the survey as  
well as follow-up questions.

Page 8 of 14

Gates Open Research 2020, 4:24 Last updated: 08 APR 2020

https://doi.org/10.17605/OSF.IO/6W8VX
https://doi.org/10.17605/OSF.IO/6W8VX
https://doi.org/10.17605/OSF.IO/6W8VX
https://doi.org/10.17605/OSF.IO/6W8VX
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/


References

1. Ford N, Matteelli A, Shubber Z, et al.: TB as a cause of hospitalization and 
in-hospital mortality among people living with HIV worldwide: a systematic 
review and meta-analysis. J Int AIDS Soc. 2016; 19(1): 20714.  
PubMed Abstract | Publisher Full Text | Free Full Text 

2. World Health Organization: Cascade Data Use Manual: To Identify Gaps in 
HIV and Health Services for Programme Improvement. Geneva: World Health 
Organization; 2018.  
Reference Source

3. World Health Organization: Global tuberculosis report 2019. Geneva: World 
Health Organization; 2019.  
Reference Source

4. Gupta RK, Lucas SB, Fielding KL, et al.: Prevalence of tuberculosis in post-
mortem studies of HIV-infected adults and children in resource-limited settings: 
a systematic review and meta-analysis. AIDS. 2015; 29(15): 1987–2002.  
PubMed Abstract | Publisher Full Text | Free Full Text 

5. Getahun H, Harrington M, O'Brien R, et al.: Diagnosis of smear-negative 
pulmonary tuberculosis in people with HIV infection or AIDS in resource-
constrained settings: informing urgent policy changes. Lancet. 2007; 
369(9578): 2042–9.  
PubMed Abstract | Publisher Full Text 

6. Dorman SE, Schumacher SG, Alland D, et al.: Xpert MTB/RIF Ultra for detection 
of Mycobacterium tuberculosis and rifampicin resistance: a prospective 
multicentre diagnostic accuracy study. Lancet Infect Dis. 2018; 18(1): 76–84. 
PubMed Abstract | Publisher Full Text | Free Full Text 

7. Harries AD, Kumar AMV: Challenges and Progress with Diagnosing Pulmonary 
Tuberculosis in Low- and Middle-Income Countries. Diagnostics (Basel). 2018; 
8(4): pii: E78.  
PubMed Abstract | Publisher Full Text | Free Full Text 

8. Albert H, Nathavitharana RR, Isaacs C, et al.: Development, roll-out and impact 
of Xpert MTB/RIF for tuberculosis: what lessons have we learnt and how can 
we do better? Eur Respir J. 2016; 48(2): 516–25.  
PubMed Abstract | Publisher Full Text | Free Full Text 

9. Hamasur B, Bruchfeld J, Haile M, et al.: Rapid diagnosis of tuberculosis by 
detection of mycobacterial lipoarabinomannan in urine. J Microbiol Methods. 
2001; 45(1): 41–52.  
PubMed Abstract | Publisher Full Text 

10. Bulterys MA, Wagner B, Redard-Jacot M, et al.: Point-Of-Care Urine LAM Tests 
for Tuberculosis Diagnosis: A Status Update. J Clin Med. 2019; 9(1): pii: E111. 
PubMed Abstract | Publisher Full Text 

11. Lawn SD, Kerkhoff AD, Vogt M, et al.: Diagnostic accuracy of a low-cost, 
urine antigen, point-of-care screening assay for HIV-associated pulmonary 
tuberculosis before antiretroviral therapy: a descriptive study. Lancet Infect Dis. 
2012; 12(3): 201–9.  
PubMed Abstract | Publisher Full Text | Free Full Text 

12. Lawn SD, Edwards DJ, Kranzer K, et al.: Urine lipoarabinomannan assay for 
tuberculosis screening before antiretroviral therapy diagnostic yield and 
association with immune reconstitution disease. AIDS. 2009; 23(14): 1875–80. 
PubMed Abstract | Publisher Full Text 

13. World Health Organization: The use of lateral flow urine lipoarabinomannan 
assay (LF-LAM) for the diagnosis and screening of active tuberculosis in 
people living with HIV. Policy update. Geneva: WHO; 2015.  
Reference Source

14. World Health Organization: Lateral flow urine lipoarabinomannan assay (LF-
LAM) for the diagnosis of active tuberculosis in people living with HIV. Policy 
update. Geneva: World Health Organization; 2019.  
Reference Source

15. Bjerrum S, Schiller I, Dendukuri N, et al.: Lateral flow urine lipoarabinomannan 
assay for detecting active tuberculosis in people living with HIV. Cochrane 
Database Syst Rev. 2019; 10: Cd011420.  
PubMed Abstract | Publisher Full Text | Free Full Text 

16. MSF: Out of Step 2017: TB policies in 29 countries. MSF, 2017.  
Reference Source

17. Treatment Action Group: An activist’s guide to the TB LAM test. New York: 
Treatment Action Group; 2017.  
Reference Source

18. MacLean E: LAM country survey. 2020.  
http://www.doi.org/10.17605/OSF.IO/6W8VX

19. World Health Organization: Use of high burden country lists for TB by WHO in 
the post-2015 era. Global Tuberculosis Report 2015. Geneva, Switzerland: World 

Health Organization; 2015.  
Reference Source

20. Gupta-Wright A, Corbett EL, van Oosterhout JJ, et al.: Rapid urine-based 
screening for tuberculosis in HIV-positive patients admitted to hospital 
in Africa (STAMP): a pragmatic, multicentre, parallel-group, double-blind, 
randomised controlled trial. Lancet. 2018; 392(10144): 292–301.  
PubMed Abstract | Publisher Full Text | Free Full Text 

21. Naidoo P, Theron G, Rangaka MX, et al.: The South African Tuberculosis Care 
Cascade: Estimated Losses and Methodological Challenges. J Infect Dis. 2017; 
216(suppl_7): S702–S13.  
PubMed Abstract | Publisher Full Text | Free Full Text 

22. Gupta-Wright A, Peters JA, Flach C, et al.: Detection of lipoarabinomannan 
(LAM) in urine is an independent predictor of mortality risk in patients 
receiving treatment for HIV-associated tuberculosis in sub-Saharan Africa: a 
systematic review and meta-analysis. BMC Med. 2016; 14: 53.  
PubMed Abstract | Publisher Full Text | Free Full Text 

23. Lawn SD, Kerkhoff AD, Burton R, et al.: Diagnostic accuracy, incremental yield 
and prognostic value of Determine TB-LAM for routine diagnostic testing for 
tuberculosis in HIV-infected patients requiring acute hospital admission in 
South Africa: a prospective cohort. BMC Med. 2017; 15(1): 67.  
PubMed Abstract | Publisher Full Text | Free Full Text 

24. Peter JG, Zijenah LS, Chanda D, et al.: Effect on mortality of point-of-care, urine-
based lipoarabinomannan testing to guide tuberculosis treatment initiation 
in HIV-positive hospital inpatients: a pragmatic, parallel-group, multicountry, 
open-label, randomised controlled trial. Lancet. 2016; 387(10024): 1187–97. 
PubMed Abstract | Publisher Full Text 

25. Carmona S, Bor J, Nattey C, et al.: Persistent High Burden of Advanced HIV 
Disease Among Patients Seeking Care in South Africa’s National HIV Program: 
Data From a Nationwide Laboratory Cohort. Clin Infect Dis. 2018; 66(suppl_2): 
S111–S7.  
PubMed Abstract | Publisher Full Text | Free Full Text 

26. Stop TB Partnership: Global Drug Facility: October 2019 Diagnostics Catalogue. 
Geneva: Stop TB Partnership; 2019.  
Reference Source

27. World Health Organization: Meeting report: High-priority target product profiles 
for new tuberculosis diagnostics: report of a consensus meeting. A Rapid 
Biomarker-Based Non-Sputum-Based Test for Detecting TB. Geneva: World 
Health Organization; 2014; 11–6.  
Reference Source

28. Unitaid: UNITAID end-of-project evaluation: TB GeneXpert – Scaling up access 
to contemporary diagnostics for TB. Geneva: Unitaid; 2017.  
Reference Source

29. Cost of Xpert cartridges to drop 40 percent [press release]. Geneva: Stop TB 
Partnership. 2012.  
Reference Source

30. World Health Organization: Consolidated guidelines on the use of antiretroviral 
drugs for treating and preventing HIV infection: recommendations for a public 
health approach. Second edition. Geneva: World Health Organization; 2016. 
Reference Source

31. World Health Organization: Second WHO Model List of Essential In Vitro 
Diagnostics. Geneva: World Health Organization; 2019.  
Reference Source

32. World Health Organization: Lateral flow urine lipoarabinomannan assay (LF-
LAM) for the diagnosis of active tuberculosis in people living with HIV. Policy 
update (2019). Report of user perspectives on TB LAM testing: results from 
qualitative research. Geneva: World Health Organization; 2019.  
Reference Source

33. Broger T, Sossen B, du Toit E, et al.: Novel lipoarabinomannan point-of-care 
tuberculosis test for people with HIV: a diagnostic accuracy study. Lancet 
Infect Dis. 2019; 19(8): 852–861.  
PubMed Abstract | Publisher Full Text | Free Full Text 

34. Sigal GB, Pinter A, Lowary TL, et al.: A Novel Sensitive Immunoassay Targeting 
the 5-Methylthio-d-Xylofuranose-Lipoarabinomannan Epitope Meets the 
WHO’s Performance Target for Tuberculosis Diagnosis. J Clin Microbiol. 2018; 
56(12): pii: e01338-18.  
PubMed Abstract | Publisher Full Text | Free Full Text 

35. Paris L, Magni R, Zaidi F, et al.: Urine lipoarabinomannan glycan in HIV-negative 
patients with pulmonary tuberculosis correlates with disease severity. Sci 
Transl Med. 2017; 9(420): pii: eaal2807.  
PubMed Abstract | Publisher Full Text | Free Full Text 

Page 9 of 14

Gates Open Research 2020, 4:24 Last updated: 08 APR 2020

http://www.ncbi.nlm.nih.gov/pubmed/26765347
http://dx.doi.org/10.7448/IAS.19.1.20714
http://www.ncbi.nlm.nih.gov/pmc/articles/4712323
https://apps.who.int/iris/bitstream/handle/10665/273119/9789241514415-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/329368/9789241565714-eng.pdf?ua=1
http://www.ncbi.nlm.nih.gov/pubmed/26266773
http://dx.doi.org/10.1097/QAD.0000000000000802
http://www.ncbi.nlm.nih.gov/pmc/articles/4568896
http://www.ncbi.nlm.nih.gov/pubmed/17574096
http://dx.doi.org/10.1016/S0140-6736(07)60284-0
http://www.ncbi.nlm.nih.gov/pubmed/29198911
http://dx.doi.org/10.1016/S1473-3099(17)30691-6
http://www.ncbi.nlm.nih.gov/pmc/articles/6168783
http://www.ncbi.nlm.nih.gov/pubmed/30477096
http://dx.doi.org/10.3390/diagnostics8040078
http://www.ncbi.nlm.nih.gov/pmc/articles/6315832
http://www.ncbi.nlm.nih.gov/pubmed/27418550
http://dx.doi.org/10.1183/13993003.00543-2016
http://www.ncbi.nlm.nih.gov/pmc/articles/4967565
http://www.ncbi.nlm.nih.gov/pubmed/11295196
http://dx.doi.org/10.1016/s0167-7012(01)00239-1
http://www.ncbi.nlm.nih.gov/pubmed/31906163
http://dx.doi.org/10.3390/jcm9010111
http://www.ncbi.nlm.nih.gov/pubmed/22015305
http://dx.doi.org/10.1016/S1473-3099(11)70251-1
http://www.ncbi.nlm.nih.gov/pmc/articles/3315025
http://www.ncbi.nlm.nih.gov/pubmed/20108382
http://dx.doi.org/10.1097/qad.0b013e32832e05c8
https://apps.who.int/iris/bitstream/handle/10665/193633/9789241509633_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/329479/9789241550604-eng.pdf?sequence=1&isAllowed=y
http://www.ncbi.nlm.nih.gov/pubmed/31633805
http://dx.doi.org/10.1002/14651858.CD011420.pub3
http://www.ncbi.nlm.nih.gov/pmc/articles/6802713
http://www.stoptb.org/assets/documents/outofstep/UNOPS_out_of_step_2017_55_online.pdf
https://www.treatmentactiongroup.org/publication/an-activists-guide-to-the-tb-lam-test/
http://www.doi.org/10.17605/OSF.IO/6W8VX
https://www.medbox.org/use-of-high-burden-country-lists-for-tb-by-who-in-the-post-2015-era/download.pdf
http://www.ncbi.nlm.nih.gov/pubmed/30032978
http://dx.doi.org/10.1016/S0140-6736(18)31267-4
http://www.ncbi.nlm.nih.gov/pmc/articles/6078909
http://www.ncbi.nlm.nih.gov/pubmed/29117342
http://dx.doi.org/10.1093/infdis/jix335
http://www.ncbi.nlm.nih.gov/pmc/articles/5853316
http://www.ncbi.nlm.nih.gov/pubmed/27007773
http://dx.doi.org/10.1186/s12916-016-0603-9
http://www.ncbi.nlm.nih.gov/pmc/articles/4804532
http://www.ncbi.nlm.nih.gov/pubmed/28320384
http://dx.doi.org/10.1186/s12916-017-0822-8
http://www.ncbi.nlm.nih.gov/pmc/articles/5359871
http://www.ncbi.nlm.nih.gov/pubmed/26970721
http://dx.doi.org/10.1016/S0140-6736(15)01092-2
http://www.ncbi.nlm.nih.gov/pubmed/29514238
http://dx.doi.org/10.1093/cid/ciy045
http://www.ncbi.nlm.nih.gov/pmc/articles/5850436
http://stoptb.org/assets/documents/gdf/drugsupply/GDFDiagnosticsCatalog.pdf
https://apps.who.int/iris/bitstream/handle/10665/135617/WHO_HTM_TB_2014.18_eng.pdf?sequence=1
https://unitaid.org/assets/TB-Xpert-Evaluation_Report-_Final.pdf
http://www.stoptb.org/news/stories/2012/ns12_051.asp
https://apps.who.int/iris/bitstream/handle/10665/208825/9789241549684_eng.pdf?sequence=1&isAllowed=y
https://www.who.int/docs/default-source/nutritionlibrary/complementary-feeding/second-who-model-list-v8-2019.pdf?sfvrsn=6fe86adf_1
https://apps.who.int/iris/bitstream/handle/10665/329479/9789241550604-eng.pdf?sequence=1&isAllowed=y
http://www.ncbi.nlm.nih.gov/pubmed/31155318
http://dx.doi.org/10.1016/S1473-3099(19)30001-5
http://www.ncbi.nlm.nih.gov/pmc/articles/6656794
http://www.ncbi.nlm.nih.gov/pubmed/30257899
http://dx.doi.org/10.1128/JCM.01338-18
http://www.ncbi.nlm.nih.gov/pmc/articles/6258851
http://www.ncbi.nlm.nih.gov/pubmed/29237757
http://dx.doi.org/10.1126/scitranslmed.aal2807
http://www.ncbi.nlm.nih.gov/pmc/articles/6037412


Gates Open Research

 

Open Peer Review

  Current Peer Review Status:

Version 1

 02 March 2020Reviewer Report

https://doi.org/10.21956/gatesopenres.14286.r28586

© 2020 Ndlovu Z. This is an open access peer review report distributed under the terms of the Creative Commons
, which permits unrestricted use, distribution, and reproduction in any medium, provided the originalAttribution License

work is properly cited.

   Zibusiso Ndlovu
Southern Africa Medical Unit, Medecins Sans Frontières, Cape Town, South Africa

This manuscript by Diane   on "Adoption and uptake of the lateral flow urine LAM test in countries withet al.
high tuberculosis and HIV/AIDS burden: current landscape and barriers" is a well written article and quite
relevant. Poor utilization of diagnostics is now a big concern more than availability of treatments (in many
cases).

One of the identified major causes of poor adoption of urine TB LAM is mentioned as lack of funding. In
the Discussion, the authors ought to have further mentioned the need for countries to grow domestic
funding, especially for not so expensive tests like urine TB LAM. Furthermore, there is a lot of innovations
that could be mentioned including: pooled regional procurements (as we know volumes based
procurements can result in price reductions), waiver of taxes on global health products within countries,
reductions on price mark-ups from in-country suppliers etc.

This paper ought to give quite clear and pragmatic recommendations on key barriers to adoption.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?

Page 10 of 14

Gates Open Research 2020, 4:24 Last updated: 08 APR 2020

https://doi.org/10.21956/gatesopenres.14286.r28586
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-0386-8641


Gates Open Research

 

Are the conclusions drawn adequately supported by the results?
Yes

 No competing interests were disclosed.Competing Interests:

Reviewer Expertise: Public health implementation science, HIV/TB diagnostics....

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Author Response 01 Apr 2020
, McGill University, Montreal, CanadaMadhukar Pai

Thank you to the reviewers for your time and detail in evaluating our paper. Please find
our comments addressing your comments directly below, in bold.

This manuscript by Diane et al. on "Adoption and uptake of the lateral flow urine LAM test in
countries with high tuberculosis and HIV/AIDS burden: current landscape and barriers" is a well
written article and quite relevant. Poor utilization of diagnostics is now a big concern more than
availability of treatments (in many cases).
One of the identified major causes of poor adoption of urine TB LAM is mentioned as lack of
funding. In the Discussion, the authors ought to have further mentioned the need for countries to
grow domestic funding, especially for not so expensive tests like urine TB LAM. Furthermore, there
is a lot of innovations that could be mentioned including: pooled regional procurements (as we
know volumes based procurements can result in price reductions), waiver of taxes on global health
products within countries, reductions on price mark-ups from in-country suppliers etc.

This suggestion has been incorporated into the Discussion (paragraph 6).

This paper ought to give quite clear and pragmatic recommendations on key barriers to adoption.

 This suggestion has been incorporated into the Discussion (paragraph 6).

 No competing interests were disclosed.Competing Interests:
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   María Elvira Balcells
Department of Adult Infectious Diseases, School of Medicine, Pontifical Catholic University of Chile (UC),
Santiago, Chile

This is an interesting study. It aims at reaching better knowledge of the local landscape and barriers for
Alere-LAM tuberculosis test implementation in high TB and HIV burden countries.
 
The study is relevant because the current version of this test has the disadvantage of having a suboptimal
sensitivity for TB diagnosis, which can look unattractive to health care organizations from a public health
perspective. However, the test can still be very valuable from both patients and clinicians perspectives: it
is simple to perform, low-cost, and it can rapidly confirm severe forms of TB in up to 42% of cases with
advanced HIV infection, decreasing these patients’ risk of death.
 
On the whole, I was very well impressed with the paper.
 
I only have a few minor points to mention: 

As one of the study objectives, the authors meant to assess the current landscape of Alere-LAM
use in high TB and HIV burden countries. It is striking that 7 out of 11 respondents reported having
included the test in their national policies, but not having implemented it yet. I wonder whether or
not the authors verified local policies and algorithms for Alere-LAM testing for each of these
countries. If not, the discussion should mention if a response bias may have partially accounted for
this finding, which could have been particularly relevant when only one respondent participated per
country.
 
It is an interesting finding of this study that the need for “evaluation or local pilots studies” was the
second most reported barrier for Alere-LAM urine test use. This, which is a common practice in
many countries as a local requirement to introduce any new medical test or device (independently
of its regulatory approvals), can significantly delay implementation and does not necessarily
provide information of quality. It would be worthwhile to hear more about this in the discussion
section, e.g. how important this stage is in the process of a new test implementation and how could
it be optimized.

Additional minor comments:
On page 3, 1  paragraph of the Introduction: “TB was undiagnosed in PLHIV until the time of death
in 46% of cases” (ref 4.). It should mention that this was found in resource-limited settings.
 
I suggest proof-reading. For instance, on page 3, 2  paragraph, that, lacks in some clarity as a
consequence of the order of phrases. On the other hand, some wording should be reviewed, such
as the spelling of   in plural as a name in italics, in the same paragraph.Mycobacterium tuberculosis
Additionally, there is a typo on page 7, 2  paragraph, describing “A systemic review”, instead of “A
systematic review”.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?

Yes

st

nd

nd

Page 12 of 14

Gates Open Research 2020, 4:24 Last updated: 08 APR 2020

http://orcid.org/0000-0002-7223-9665


Gates Open Research

 

Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Not applicable

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

 No competing interests were disclosed.Competing Interests:

Reviewer Expertise: Clinical Infectious Diseases, Tuberculosis, Tropical Medicine & International
Health.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Author Response 01 Apr 2020
, McGill University, Montreal, CanadaMadhukar Pai

Thank you to the reviewers for your time and detail in evaluating our paper. Please find
our comments addressing your comments directly below, in bold.

This is an interesting study. It aims at reaching better knowledge of the local landscape and
barriers for Alere-LAM tuberculosis test implementation in high TB and HIV burden countries.
The study is relevant because the current version of this test has the disadvantage of having a
suboptimal sensitivity for TB diagnosis, which can look unattractive to health care organizations
from a public health perspective. However, the test can still be very valuable from both patients and
clinicians perspectives: it is simple to perform, low-cost, and it can rapidly confirm severe forms of
TB in up to 42% of cases with advanced HIV infection, decreasing these patients’ risk of death.
On the whole, I was very well impressed with the paper.
I only have a few minor points to mention:
As one of the study objectives, the authors meant to assess the current landscape of Alere-LAM
use in high TB and HIV burden countries. It is striking that 7 out of 11 respondents reported having
included the test in their national policies, but not having implemented it yet. I wonder whether or
not the authors verified local policies and algorithms for Alere-LAM testing for each of these
countries. If not, the discussion should mention if a response bias may have partially accounted for
this finding, which could have been particularly relevant when only one respondent participated per
country.

At the time of data collection, the answers reported by questionnaire respondents
appeared to be consistent with available data regarding existence of country LAM
policies. However, the information that was available only considered “is there a policy,
yes/no”, as opposed to implementation of the policy. This discrepancy is what led us to
our own questionnaire, with more nuanced findings than just the existence of a LAM
policy.
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It is an interesting finding of this study that the need for “evaluation or local pilots studies” was the
second most reported barrier for Alere-LAM urine test use. This, which is a common practice in
many countries as a local requirement to introduce any new medical test or device (independently
of its regulatory approvals), can significantly delay implementation and does not necessarily
provide information of quality. It would be worthwhile to hear more about this in the discussion
section, e.g. how important this stage is in the process of a new test implementation and how could
it be optimized.

This suggestion has been incorporated into the Discussion (paragraph 4). 

Additional minor comments:
On page 3, 1st paragraph of the Introduction: “TB was undiagnosed in PLHIV until the time of
death in 46% of cases” (ref 4.). It should mention that this was found in resource-limited settings.

This has been noted.

I suggest proof-reading. For instance, on page 3, 2nd paragraph, that, lacks in some clarity as a
consequence of the order of phrases. On the other hand, some wording should be reviewed, such
as the spelling of Mycobacterium tuberculosis in plural as a name in italics, in the same paragraph.
Additionally, there is a typo on page 7, 2nd paragraph, describing “A systemic review”, instead of
“A systematic review”.

 These errors have been corrected.

 No competing interests were disclosed.Competing Interests:
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