
intervention schedules or strategies may be required to maximise the possibility of eradicating bacterial

colonisation.
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Are peripheral microscopy centres
ready for next generation molecular
tuberculosis diagnostics?

To the Editor:

Sputum smear microscopy is the primary test for tuberculosis (TB) in most high-burden countries. Direct

Ziehl–Neelsen (ZN) microscopy is routinely implemented in these countries via a vast network of

decentralised, peripheral microscopy centres (as opposed to centralised reference laboratories), often

located within primary or community health centres. This decentralised approach increases access in

primary care settings and may help reduce diagnostic delays [1]. However, microscopy has limitations and

novel diagnostics are urgently needed, particularly in settings with high prevalence of drug resistance and

HIV [1, 2].

While Xpert1 MTB/RIF (Cepheid, Sunnyvale, CA, USA), a World Health Organization-endorsed test, is

already being rolled out in many countries, it is intended for district or sub-district laboratories [3], and not

peripheral microscopy centres. In contrast, at least four next-generation nucleic-acid amplification tests

(NAATs) are now on the market, with the goal of point-of-care (POC) use in peripheral laboratories [4, 5].
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Can these so-called ‘‘POC-NAATs’’ actually be implemented in peripheral microscopy centres? Is there

sufficient expertise (e.g. to extract DNA) and biosafety (e.g. to process sputum)? Will the necessary

infrastructure (e.g. stable power supply) be present? Will environmental conditions (e.g. high temperature)

limit their use?

The introduction of novel diagnostics that aim to replace smear microscopy in peripheral laboratories is

more likely to succeed if the new tests are designed with real world conditions in mind. However, there are

limited data on landscape of microscopy centres in high-burden countries. We addressed this gap with a

survey of 22 high-burden countries. We designed a one-page, 12-question survey. We focused on the most

important requirements and considerations for the next generation of TB diagnostics. We included

questions about ambient temperature and humidity conditions, safety, infrastructure, availability of

equipment and expertise, and communication infrastructure.

We contacted at least three experts in each country. If the responses were discrepant, we attempted to obtain

at least one additional response from another expert. All contacts had extensive field experience and were

either working for the national TB programme or non-governmental organisations, or were carrying out

diagnostics or implementation research in the respective countries. Respondents were instructed to focus on

the ‘‘typical’’ most peripheral microscopy laboratory in the country.

We were able to obtain at least three responses from 17 of 22 (77%) high-burden countries. For four countries,

we received two responses that were consistent and matched well with other countries of comparable

purchasing power parity. For one country, we received only one response; however, this response reflected the

consensus opinion of several experts within the national TB programme. The answer options were ‘‘yes’’,

‘‘no’’, ‘‘maybe’’ and ‘‘unsure’’; ‘‘maybe’’ reflecting that some but not all of the microscopy centres had the

characteristic in question. If at least two-thirds of the respondents gave the same answer, this answer was

chosen as the overall answer; otherwise, the answer was rated as ‘‘maybe’’.
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Temp. Humidity Power Water Security Gloves N95 Pipettes Refrigerator Incubator Centrifuge Water bath Hood

Congo
Zimbabwe
Mozambique
Ethiopia
Afghanistan
Myanmar
Uganda
Tanzania
Kenya
Bangladesh
Cambodia
Nigeria
Pakistan
Vietnam
Philippines
Indonesia
Thailand

India
China
South Africa
Brazil
Russia        

Infrastructure Available equipment

BR
IC

S
N

on
-B

RI
CS

Environment

QA Stockouts WasteCountry
Pipetting PCR tests Computer Landline Mobile Internet established established ZN FM

Congo
Zimbabwe
Mozambique
Ethiopia
Afghanistan
Myanmar
Uganda
Tanzania
Kenya
Bangladesh
Cambodia
Nigeria
Pakistan
Vietnam
Philippines
Indonesia
Thailand

India
China
South Africa
Brazil
Russia

Yes/present
Maybe 
No/not present
Unsure/question 
not answered

Skills Communication Current testing

N
on

-B
RI

CS
BR

IC
S

FIGURE 1 Characteristics of peripheral microscopy centres in 22 high-burden countries. Questions related to
environmental conditions (Is temperature or humidity not a concern?), infrastructure (Is a stable power supply, clean
water supply and room security present?), presence of equipment (gloves, N95 respirator, micropipettes, refrigerator,
incubator, centrifuge, hot water bath or biosafety hood) and skills (to operate a micropipette or computer or perform a
PCR test) and the presence of means of communication (landline, mobile or internet). Additional questions asked about
whether quality assurance (QA) measures and waste management were established or whether stock of testing supplies
was always replenished in time. In addition we asked about which diagnostic tests were currently used. Countries are
sorted by increasing purchasing power parity. BRICS countries are Brazil, Russia, India, China and South Africa.
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Figure 1 presents the results as a color-coded chart. The countries are sorted by increasing purchasing

power parity with data for BRICS countries (Brazil, Russia, India, China and South Africa) shown separately

at the bottom.

As expected, nearly all microscopy centres were reported to be using conventional ZN microscopy (with

established external quality assessment) and more than half also had fluorescence microscopy available in all

or at least some centres. Experts from nine countries reported implementation of Xpert MTB/RIF, mostly in

the context of demonstration/evaluation projects (at the time of our survey) [6].

Our survey revealed that high indoor temperatures and/or high humidity were perceived as a problem in

nearly all countries (17 out of 22; 77%). Only four out of the 22 high-burden countries (18%) reported

access to uninterrupted power supply, while a supply of running water was more common (13; 59%).

Equipment for personal protection (i.e. N95 respirator) was not available in 12 countries and inconsistently

available in seven countries. In contrast, surgical gloves were always available in most countries (18; 82%).

Microscopy centres in six countries had refrigerators (27%), and only in five countries (23%) was a

centrifuge consistently available. Expertise with non-automated molecular tests was not consistently

reported from any country and expertise in using micropipettes was reported in only two countries (10%).

Skills in using in a computer were only acknowledged to be always present in four countries (18%).

Interestingly, mobile phones for communication were available in a majority of the centres (82%), with

much poorer landline or internet connectivity (only consistently reported for 11 and two countries,

respectively). In almost half (45%) of countries, stock-outs of testing supplies were a concern.

When asked about the biggest challenges for implementing molecular assays in these peripheral microscopy

centres, the most commonly stated responses were ‘‘lack of stable power supply’’, ‘‘harsh weather

conditions’’ and ‘‘lack of skilled labour’’.

Overall, the conditions were much better in BRICS countries compared to the other countries. However,

even within the BRICS countries, large variability, in particular in the availability of equipment, was

reported, with Indian peripheral microscopy centres being the least equipped.

Our survey highlights scarcity of infrastructure, equipment and skills at the level of peripheral microscopy

centres in all high-burden countries, although BRICS countries, as expected, fared better than the others.

The results also confirm the known challenges of rough environmental conditions that may impact

decentralised scale-up of molecular tests [7].

Our survey was not intended to collect data on every microscopy centre in each country. We acknowledge

that there may be large variations across different regions within a country and our data only reflects the

‘‘typical’’ or average peripheral microscopy centre. The results also may be overoptimistic, as the mere

presence of equipment (e.g. centrifuge) does not guarantee its functionality or routine use.

However, our results highlight that unless upgraded and better staffed, existing microscopy centres will find

it challenging to implement Xpert MTB/RIF as well as newer NAATs, especially since they require manual

sputum processing and DNA extraction [4]. Unanswered questions remain about how newer NAATs will fit

with current TB diagnostic algorithms, at which level of care they can be successfully implemented in high-

burden countries and how appropriate quality control procedures can be developed and maintained in

peripheral laboratories.

Peripheral laboratory strengthening, therefore, should be a priority for high-burden countries. Even if

microscopy centres are upgraded, a sustainable system for ensuring biosafety, stock and waste management,

quality assurance, and maintenance will need to be developed in many high-burden countries. Fortunately,

since external quality assessment and training for smear microscopy is already established, there is much

experience that can be leveraged for external quality assessment and proficiency testing for molecular tests.

Our results should also be highly relevant for test developers and diagnostic companies interested in TB

diagnostics [8]. There are many barriers to point-of-care testing, and test developers need to align their ideal

target product profiles with realistic conditions in which most national TB programmes operate, especially

if the goal is same-day diagnosis and treatment at the point of care [9].

On a positive note, our survey suggests new opportunities. The widespread availability of mobile phones

may facilitate disease surveillance, supply chain management, and an automated notification of test results

to national TB programmes, as well as to providers and patients [10]. In summary, we show the limited

available infrastructure and expertise in decentralised microscopy centres. These limitations will need to be

addressed by countries and considered by test developers in order for the next generation of molecular

diagnostics to succeed.
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Serum lipids as biomarkers for
therapeutic monitoring of latent
tuberculosis infection

To the Editor:

The World Health Organization has estimated that more than two billion persons in the world carry latent

tuberculosis infection (LTBI). The diagnosis and treatment of LTBI could have an important impact in

preventing the development of active tuberculosis (TB), a disease that causes 1.4 million deaths annually

[1]. The current standard treatment of LTBI is nine months of isoniazid (INH) [2]. To improve adherence,

a shorter regimen of 4 months rifampicin (RIF) is being evaluated in a multicentre randomised trial (CIHR

MCT-94831, registered at www.controlled-trials.com/ISRCTN05675547). This ongoing trial offers an

opportunity to study potential biomarkers as surrogates of successful prevention of active disease [3].
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