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ABSTRACT

Objectives: Globally, Multidrug-Resistant Tuberculosis (MDR-TB) remains a public health concern.
Rapid identification of MDR-TB using conventional or novel technologies is crucial for effective
treatment. Here we assessed the quantity and quality of DNA extracted from MDR-TB isolates, allowing
whole-genome sequencing (WGS).

Methods: This was a retrospective study carried out on MDR-TB isolates from five studies conducted in
Zimbabwe between 2011 and 2019. The isolates were stored under ambient 37 °C and -80 °C
temperatures, respectively. These isolates were resuscitated and confirmed to be Mycobacterium
tuberculosis (MTB). DNA was extracted using the N-Cetyl-N-trimethylammonium-bromide standard
protocol. The concentration (A260nm) and purity (A260/280) of the extracted DNA before WGS
(concentration >20ng/ul) were compared among the different storage conditions on Stata v15.

Results: A total of 85 samples were successfully recovered from 106 retrieved. The overall recovery rate
was 80.2%. We found a significant difference (p=0.005) in the concentration of the DNA samples by
storage temperatures, with samples stored at -80 °C having the lowest concentration. Similarly, a
significant difference (p=0.018) was found in the purity of the DNA (samples within the optimal range
of 1.8 + 0.2) by storage conditions, with 34/39 (87.2%) stored under ambient temperature, 18/20 (90.0%)
stored in a 37 °C incubator and 1/4 (25.0%) stored at -80 °C.

Conclusions: The better concentration and purity obtained from samples stored at 37 °C and ambient
temperatures provide an impetus that such storage conditions could be used in many resource-limited
settings where power supplies are a limitation to long storage conditions. J Microbiol Infect Dis 2023,
12(4):31-37.
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INTRODUCTION incidences in the world, estimated at

) ) ) 210/100,000 in 2019 by the World Health
Tuberculosis (TB) is the leading cause of Organization and a Multidrug-
infectious disease deaths worldwide, and drug- Resistant/Rifampicin Resistant (MDR/RR) TB
resistant tuberculosis (DR -TB), a form of TB incidence of 1.5/1000 [3]. However, old

that does not respond to Rifampicin and
Isoniazid, continues to be a public health crisis
[1]. Globally, 10 million people developed TB in
2017 [2]. Zimbabwe has among the highest TB

technology used for the detection of TB is
limited as it cannot provide a comprehensive
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profile of TB diagnostics or DR-TB conferring
mutations at a shorter turnaround time.

Detection and treatment of MDR-TB remain a
global concern. Novel technologies (Next
Generation Sequencing (NGS) and Whole
Genome Sequencing (WGS)) are now being
used to rapidly diagnose (DR-TB), detect drug-
resistant conferring mutations, and provide a
comprehensive picture of the drug resistance
profile of a TB clinical sample or from a culture
isolate for both 1st and 2nd line TB treatment
drugs.

The WGS, for instance, screens both the loci
included in rapid molecular tests and other
known resistance-associated loci not screened
by them, thus providing comprehensive data on
resistance mutations and strain typing for
monitoring transmission that are not given by
currently available diagnostics [4-6] at
significantly shorter turnaround time [4,7]. A
comprehensive diagnostic, within a week of
sample receipt, enables earlier use of the most
appropriate treatment regimen. Hence, this
offers the prospect for personalized rather than
empirical treatment of DR-TB (the use of
antimicrobial-sparing regimens), thus
improving patient outcomes and reducing
overall healthcare costs [4,8]. In addition, WGS
also detects very low drug-resistant profiles that
are undetected by phenotypic methods. These
low drug-resistant bacteria can lead to
treatment failure and the emergence of
significant drug resistance (in the bacteria
population or quasispecies) [9]. However, the
use of WGS to detect drug-resistant conferring
mutations on MTB/MDR/TB isolates in the
Zimbabwean population has not been explored.

The WGS requires high-quality
deoxyribonucleic acid (DNA) extracted using
standard protocols. Sample archives represent
the main source of biological samples for WGS
and further research on rapid methods for
MDR-TB detection [10]. Storage conditions are
important for the successful resuscitation and
extraction of high-quality DNA from stored
samples [11,12]. Novel molecular
Deoxyribonucleic Acid (DNA) amplification
methods have been developed over time using
high-quality samples stored under ideal
conditions in developed countries [13]. The
recommended standard protocol for storing
mycobacteria for long periods without loss of
metabolic activity, viability, or virulence is at =70
0C to -80 °C in enriched liquid broth [14-18].
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However, in resource-limited settings (RLS),
extensive sample archives are not stored under
ideal conditions, often due to the unavailability
of — 80 OC freezers, space, and limited constant
power supply [19]. A study conducted in
Zimbabwe by J. Chirenda et al. [14] has
demonstrated the possibility of recovering Mtb
isolates from original culture tubes stored at
ambient temperatures. However, information is
sparse on the viability of isolates following long-
term storage in original culture tubes stored at
ambient and 37 °C temperatures and assessing
the quality and quantity of the DNA extracted
from the isolates.

Extraction of DNA from isolates stored for long
periods under ambient temperatures, at 37 °C
and recommended -80 °C, offers an opportunity
to assess the effects of storage conditions on
the concentration and quality of DNA extracted.
Before proposing the best storage method in
RLS, a greater understanding of the quantity
and quality of DNA from stored samples is
needed.

We present the first study from a RLS whose
main aim is to assess the DNA yield in terms of
quantity and quality from MDR-TB isolates
stored at +15 to +30 °C * 2 9C (ambient
temperatures) at 37 °C in an incubator (37 °C)
in their original Mycobacteria Growth Indicator
Tubes (MGIT) where they had been grown as
compared to isolates stored in a -80 °C freezer
(-80 °C) in 30% glycerol aliquots. We also
propose the best method of storage in an RLS.

METHODS
Study Setting

This analysis was carried out at the Biomedical
Research and Training Institute (BRTI)
laboratory at Number 10 Seagrave, Avondale,
Harare. The BRTI is a center for Trials of
Excellence in Southern Africa (TESA) and is
accredited for 1SO 15189 standards of
operations for Tuberculosis diagnosis.

Study design and population

We retrospectively reviewed samples for MDR
-TB isolates from five different studies
conducted in Zimbabwe, namely, the Trap
MDR-TB study (2011-2015), the Zimbabwe
National TB Prevalence Survey (2014), the
Zimbabwe MDR-TB Survey (2015), routine
workouts at both the BRTI (2017) and the
National Microbiology Reference Laboratory
[(NMRL) (2019)]. Participants consented to
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participate in the surveys, and isolates were
stripped of patient identifiers.

Ethical approval

Ethical approvals were obtained from the BRTI
Institutional Review Board (AP155/2020), the
Parirenyatwa Joint Research Ethics Committee
(JREC/183/2021), and the Medical Research
Council of Zimbabwe (MRCZ/A/2662).

Laboratory Methods

From January to September 2021, one hundred
and ninety-nine isolates were identified from the
five source databases, and out of these,106
were retrieved. The retrieved isolates were
subcultured onto Lowenstein Jensen (LJ)
media slopes, which were incubated at 37 °C
until growth was obtained. The growth was
confirmed to be mycobacteria by Ziehl Neelsen
microscopy and Mycobacterium tuberculosis
(Mtb) complex species by the MPT64 rapid
antigen detection kit (BD). Eighty-one isolates
that were resuscitated and confirmed to be
MTB had DNA extracted according to published
N-Cetyl-N, N, N-trimethylammonium-bromide
CTAB standard protocol for DNA extraction [20,
21].

Bacterial cells were removed from the surface
of LJ culture media, using a sterile inoculating
loop, and transferred into two separate screw
cap tubes, each containing 2 mls of 400 pL of
AE buffer (5 nM 10 mM or Tris/HCL, pH8.5) -
Qiagen. The screw cap tubes were incubated
for 20 minutes at 80 °C in a water bath with a lid
to kill the bacteria. After incubation, the tubes
were centrifuged for 3 minutes at 13000 g at
room temperature (RT) of around 20 °C. The
supernatant was discarded, and 400 pL TE-
Buffer-Qiagen was added to the deposit. After
a quick 3 seconds centrifugation of the tubes,
50 pL of 10mg/ml lysozyme was added, then
the tubes were vortexed and incubated at 37 0C
overnight in a water bath. The following
morning, the tubes were centrifuged for 3
seconds before opening. 75 pL of 10%
SDS/proteinase K mixture) - Sigma Aldrich (5puL
Proteinase K (10 mg/mL) + 70 uL 10% SDS)
was added. The tubes were then vortexed and
incubated for 10 minutes at 65 °C in a water
bath. Before opening, the tubes were
centrifuged for 3 seconds. 100 pL 5M NaCl-
Merck was added, followed by 100 pL CTAB
/NaCl -Merck buffer mix, preheated at 65 °C for
easier pipetting. The tubes were vortexed until
the liquid content became white. This was
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followed by incubation for 10 minutes at 65°C in
a water bath. Screwcap tubes were centrifuged
for 3 seconds before opening. At this stage, 750
pL chloroform/lsoamyl alcohol- LabChem mix
(24:1) was added, and the mixture was
vortexed for 10 seconds and then centrifuged
for 15 minutes at 13000 g at RT. A new set of
screw cap tubes was labeled, and aqueous
supernatant (containing DNA) from each tube
was transferred into each of the new labeled
tubes. 450 pL of isopropanol-LabChem was
added to each tube, mixed carefully, and then
incubated at -20 °C overnight. The following
day, the tubes were centrifuged for 15 minutes
at 13000 g at RT, and the supernatant was
removed. 500 pL of cold 70% ethanol was
added, the tubes were centrifuged for 5 minutes
at 13000 g at RT, and the supernatant was
discarded, leaving DNA in the pellet. The tubes
were centrifuged for 3 minutes at 13000 g at
RT, and the supernatant was discarded
cautiously to the last pL by pipetting. The pellet
was allowed to dry in an open tube for more
than 1 hour at RT. Finally, 50 pL AE buffer (5nM
10mM Tris/HCI, pH8.5) - Qiagen was added.
The tubes were vortexed gently for 3 seconds
so as not to fragment the DNA and put at 60°C
for 20 minutes for the DNA to dissolve.

The DNA was stored at RT overnight before
guantification on a nanodrop (Thermo Fisher)
and was stored afterward at -20 °C.

DNA Quantification

DNA concentration is measured using the
spectrophotometric analysis (Beer-Lambert
Law) of the absorption at A260, and the quality
is determined through DNA indicators which
give a value of the purity level. The purity level
is the absorbance ratio at 260nm and 280nm
(260/280), whereby a ratio of 1.8 + 0.2 is
considered pure DNA. Values outside these
ranges are usually an indication of impurities or
contaminants. The quantity and the quality of
the extracted DNA in this study were
determined using a nanodrop (Thermo Fisher.
The DNA concentration was determined
through the absorption at A 260 nm, and the
purity was determined by calculating the
A260/A280 ratio.

Statistical analysis

Data on recovery rates and DNA
concentrations extracted from the isolates
stored at ambient, 37 °C, and at -80 °C
temperatures were captured into Microsoft
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Excel and analyzed using Stata v15 software
(Stata Corp, Texas, USA). Concentration levels
meeting the WGS criterion of concentration 220
ng/uL were included in the analysis. Values
below this critical value were considered
unreliable (absorption levels at A260 outside
0.1 and 1.0). The isolates were divided into
three main groups, those stored under ambient
temperature, at 37 °C and at -80 °C. The
proportions within the critical range in each
storage group were determined.

RESULTS
Flow diagram of study sample processing

A total of 199 isolates were identified from five
study databases, of which the majority, 49%
(98/199), were from the Trap MDR TB Survey.
Out of the 199 identified, 53% (106/199) were
retrieved, and more than half 80% (85/106)
were resuscitated, from which 76.0% (81/85)
had DNA successfully extracted. Only 4.7%
(4/85) got contaminated during resuscitation
(Figure 1).

Total samples identified, N = 199

Zimbabwe National TB Prevalence (2014) at ambient temperatures, n=18
Zimbabwe MDR-TB Survey (2015) stored at ambient temperatures, n = 65
Trap MDR-TB Survey (2011 -2015) at 37°C, n =98

Routine workout at BRTI (2017) stored at 37°C,n=3

Routine workouts at NMRL (2019) stored at -80°C, n = 15

Unavailable samples removed from ar

chive for olher sludies, n =93

Total samples retrieved and cultured, = 106 (53%)

Contaminated cultures, n =4
No growth on cultures, n =21

Total samples successfully recovered, N =81 (76%)

Successful DNA extraction, N = 81 (100%)

Zimbabwe National TB Prevalence, n =7
Zimbabwe MDR-TB Survey, n =40

Trap MDR-TB Survey, n =22

Routine workout at BRTI, n =1

Routine workouts at NMRL, n = 11

Total number of extractions with optimal concentra-
tion or purity levels, N = 68 (84%)

Concentration > 20ng/ul, n =63
Purity within ratio 1.6 - 2.0, n =53
Optimal concentration and purity, n=48

Total number of extractions without optimal concen-
Lralion or purily levels, N =33 (41%)

Concentration < 20ng/ul, n =18
Purity ratio 1.6- 2.0, n =28
Suboptimal concentration and purity, n =13

Figure 1: Flow diagram of study sample processing
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Figure 2. DNA Purity A260/A280 by storage temperatures.

Assessment of the quantity and quality of DNA
samples under different storage temperatures

The overall recovery rate was 80.2% (85/106).
The highest recovery rate (85.7%),
concentration (87.0%), and purity (90.0%) were
obtained from isolates stored at a 37 oC
incubator; these isolates had the longest
duration of storage (6-11 years). We found
evidence of difference  (p=0.005) in
concentration; samples stored at -80 °C had the
lowest concentration and the shortest storage
duration (1-2 years). However, no evidence of
a difference in recovery rate was found by
storage temperatures among samples stored at
37 °C Incubator, ambient temperature, and -80
0C, respectively (85.7% vs. 79.4% and 73.3%;
p=0.572) (Table 1).

Purity of the extracted DNA by storage
temperatures

Assessment of the purity (A260/A280) indicated
that extracted DNA from 84.1% (53/63)
samples stored under different storage
temperatures were within the optimal range of
1.8 + 0.2 (Figure 2). There was evidence that
the purity —within the plausible range of 1.6 and

J Microbiol Infect Dis

www.jmidonline.org

2.0 statistically differed by  storage
temperatures; with 18/20 (90.0%) from samples
stored at 37 °C Incubator, 34/39 (87.2%) stored
under ambient temperature, and only 1/4
(25.0%) stored at -80 °C (p=0.018).

DISCUSSION

Storage conditions determine the successful
recovery rate and extraction of high-quality
DNA from archived samples. In this study, we
found a high recovery rate of 80.2% from
Mycobacteria Growth Indicator Tube (MGIT)
cultures of tuberculosis isolates stored at
ambient, 37 °C, and -80 °C temperatures. The
recovery rate found in our study compared with
a previous study, which reported an optimal
recovery rate range of 63% to 90% after
culturing neat sputum samples that had been
stored at —80 °C for three months) [22]. This is
evident that isolates stored at not-so-ideal
temperatures can still be recovered at rates
comparable to those stored at ideal
temperatures.

However, there was no difference in recovery
rate by storage (p=0.572) conditions and
duration of storage. The highest recovery rate

Vol 13, No 1, March 2023
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(85.7%) was found from isolates stored at a 37
oC incubator for 6-11 years, followed by a
79.4% rate for isolates stored at ambient
temperatures for 6 -7 years and a 73.3% rate
for isolates stored at -80 °C for 1-2 years A
study conducted by Huang TS et al. 2005 [23]
found similar recovery rates (>90%) from
strains preserved in an enriched solid medium
for storage periods of <=6 years at -70 °C.
Another study by Jeconiah Chirenda et al. 2019
[14] also showed that more than 50% recovery
was possible after six years of storage of
isolates at room temperature in the original
MGIT tubes used for culture. These studies
provide evidence of the possibility of recovering
isolates stored at 37 O°C and ambient
temperatures for a long duration (6-11 years) at
rates comparable to those stored at ideal
conditions (-70 to -80 °C) and that isolates can
be stored under these conditions if the ideal
conditions are limited.

Salman A.H AlRokayan et al. 2000 looked at
the effect of temperature on DNA extracted
from stored blood and showed no difference in
yields of DNA from blood stored at 4 °C and -
20°C, respectively [24]. The quality of all DNA
extracted was also satisfactory, with an
average OD 260/280 ratio of 1.87 + 1.01. In our
study, we found a difference in concentration by
storage conditions, with isolates stored at 37 °C
having the highest number of isolates with
concentrations 220 ng/pL, the criterion of
concentration before WGS, followed by those
stored at ambient temperatures and at -80 °C
respectively (p=0.005). Furthermore, there was
evidence that purity differed by storage
conditions, with 18/20 (90.0%) stored in a 37 °C
Incubator and 34/39 (87.2%) stored under
ambient temperatures different from only
1/4(25.0%) stored at -80 °C with purity ratio
A260/A280 within the plausible range of 1.6 and
2.0 (p=0.018). These findings are similar to
Salman A.H. AlRokayan’s findings and provide
evidence that isolates stored at high
temperatures still produce high-quality DNA for
WGS.

Previous studies have reported that the gold
standard for long-term storage of isolates is -70
oC to -80 oC [13-15, 24]. We indeed found no
difference in the recovery rate per different
storage conditions. However, the fact that we
found better concentration and purity from
samples stored at 37 °C and ambient
temperatures compared to the gold standard -
80 oC can be explained by the unreliable power
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supplies most often encountered in many
laboratory settings in Zimbabwe. However, the
acceptable concentration and purity found from
samples stored under not ideal (37 °C and
ambient) temperatures in this study provide an
impetus that such storage conditions could be
used in many RLS, where power supplies are a
limitation to long storage conditions. A study by
Mapangisana et al. 2021 [19] shared the same
experiences of challenges with unreliable
power supplies, which affect storage in RLS.

This study has some limitations. These findings
cannot be generalized as isolates were
collected from only five study sites. Multicenter
studies are needed in the future to generalize
these findings. The other limitation is the small
sample size which could not allow a proper
comparison of the quantity and quality of the
DNA samples at different storage conditions.

Conclusion

In this study setting, we found that storage of
isolates under different temperatures (ambient,
37 °C incubator and -80 °C freezer) does not
affect the recovery rate of isolates on
resuscitation, but concentration and purity of
DNA are affected by the different temperatures
of storage, being highest in isolates stored at
370C incubator, followed by those stored at
ambient temperatures and the least in isolates
stored at -80 °C. This study, therefore, suggests
that in resource-limited settings with the
unavailability of -80 °C freezers or unreliable
freezer conditions due to limited constant power
supply, isolates can be stored at 37 °C or
ambient temperatures in their original MGIT
culture tubes for ten years and still yield good
quality DNA for Whole Genome Sequencing.
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