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Objectives: Can the characteristics of persisters in cultures of Mycobacterium tuberculosis also be found in bacilli
from the sputum of pulmonary tuberculosis patients? The objective of this study was to explore whether the
ability of persisters to grow in liquid but not on solid culture media, as in 100 day static cultures, can also be

found in bacilli in sputum.

Methods: Serial dilutions of homogenized sputum obtained from patients before or during the first week of treat-
ment were inoculated into broths to estimate the probable number of organisms and onto plates to give colony

counts.

Results: Cultures in broths grew slowly to reach a maximal count at 12 weeks of probable numbers about 10-fold
higher than the colony counts on plates, which did not grow beyond the initial count at 3 -4 weeks. No such excess
growth in liquid medium was found with control log-phase cultures.

Conclusions: About 90% of the bacilliin sputum are persisters that can grow in liquid media but not on solid plates.
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Introduction

Cultures of Mycobacterium tuberculosis can be killed in days by con-
centrations of antibacterials such as rifampicin likely to be attained
during therapy, but the treatment of patients with regimens contain-
ing rifampicin as the main sterilizing drug takes 9 months to achieve
relapse-free cure. The very slow rate of elimination of the bacilli in
patients is usually attributed to the presence of persister bacilli,
which may be tolerant to rifampicin and other antibacterials.*>

The characteristics of persister bacilli have been described in
static cultures held at 37°C in the depths of liquid culture medium
at low O, tension. After about 3 weeks they pass through the non-
replicating nrpl and nrp2 stages, which are tolerant to high isoni-
azid concentrations but only marginally to rifampicin.* After
100 days, the cultures have developed populations that are
tolerant to high concentrations of isoniazid and rifampicin and
grow in liquid but not on solid culture media.>® A further stage in
development is the requirement for resuscitation promoting
factor (Rpf), a low molecular weight protein produced by actively
growing M. tuberculosis, for multiplication to start.’

It is reasonable to suppose that the air supply to tuberculous
cavities may sometimes be sufficient to allow rapid aerobic
growth of bacilli and at other times be cut off to create a low O,

tension environment suitable for the creation of persisters. Sputum
might therefore be supposed to contain persister populations at
various stages of their development. The existence in sputum from
patients with pulmonary tuberculosis of large numbers of an occult
population requiring Rpf to multiply has recently been demon-
strated,® but the earlier stages of persistence were not identified.
We report here a study on the existence in sputum of bacilli that
grow better in liquid medium than on solid medium, thus having
the characteristics of an earlier stage in the life cycle of persisters
than the requirement for Rpf.

Methods

Sputum was obtained before treatment from 14 smear-positive patients
with pulmonary tuberculosis due to M. tuberculosis susceptible to isoniazid
and rifampicin at King George V Hospital, Durban, South Africa and from a
further 6 patients during the first week of their chemotherapy, when isoni-
azid might have eliminated multiplying bacteria.’ The study was approved
by the Medical Ethics Committees of the University of KwaZulu-Natal,
Durban, South Africa and St George’s Hospital Medical School, London,
UK. Patients gave informed consent.

Specimens were sent by air to London; the interval between sputum col-
lection and setting up the experiments was usually 2 -3 days, during which



the sputumwas either atlow temperature during air transportorat 4°Cin
the Londonlaboratory. The culture media (Becton, Dickinson, Oxford, UK)
were Dubos base broth with albumin added and 7H11 agar with oleic
acid, albumin, dextrose and catalase added. Allmedia were made select-
ive by the addition of 1700000 U/L polymyxin B, 10 mg/L trimethoprim,
100 mg/L ticarcillin and 10 mg/L amphotericin B (Mast Selectatab-
Kirchner, Bootle, UK).'® Sputum was homogenized by vortex mixing
and incubation with an equal volume of 0.1% dithiothreitol (Sigma) for
30 min.

From this homogenate, serial 10-fold dilutions were made in distilled
water from each of which 0.1 mL was spread on two sectors of selective
7H11 plates for colony counts. The number of colonies on the plates was
counted after incubation for 3-4 weeks and the plates were then reincu-
bated for at least another 4 weeks to see whether there was any increase
in the colony count, with particular attention to plates with no colonies or
only a few at the initial reading.

Serial 10-fold dilutions were also made in selective Dubos medium to
create 13 sets of three 28 mL screw-capped bottles, each containing
10 mL of selective Dubos liquid medium. Each of the 39 liquid medium
bottles was shaken and examined for visible growth of M. tuberculosis
after incubation at 37°C for 4, 8 and 12 weeks. At the end of the 12 week
incubation period, subcultures to 7H11 plates were made from the
highest dilutions showing turbidity to demonstrate the typical colony
morphology of M. tuberculosis, and also from bottles that did not show tur-
bidity as these sometimes yielded growth on the plates. The probable
number of organisms (pno) in the array of liquid medium cultures was cal-
culated from statistical tables.*

Log-phase 7 day cultures were obtained from the sputum of seven
patients and were examined as controls for growth in liquid and on solid
media in the same way. The data were examined statistically using Stata
(College Station, TX, USA).

Table 1. Comparison of colony counts from pre-treatment sputum on
plates and pno in broth dilutions at 12 weeks with subcultivation

Log; o viable count

Broth-plate,
Duration of plate broth difference
therapy (days) (cfu/mL) (pno/mL) in counts
0 7.52 8.24 0.718
0 9.45 9.24 -0.210
0 7.51 9.93 2.427
0 7.72 9.24 1.513
0 7.64 9.24 1.594
0 8.57 9.93 1.358
0 5.94 4.24 -1.703
0 8.48 8.93 0.455
0 5.46 8.24 2.775
0 6.90 7.58 0.674
0 5.97 6.58 0.609
0 7.06 8.93 1.867
0 7.79 8.93 1.139
Mean 7.395 8.370 1.017
SD 1.158
Upper 95% CI for the mean 1.717
Lower 95% CI for the mean 0.316

Results

The colony counts on plates and the final pno counts in liquid
medium at 12 weeks with subcultivation from broth to plates are
set out for the 14 sputa collected before treatment (Table 1), for
the 6 sputa collected during the first week of treatment (Table 2)
and for the 7 control log-phase cultures (Table 3), together with
the calculated difference between broth and plate counts and
the 95% ClIs for these differences.

The means of the broth counts for all 20 sputa were higher than
the plate counts by just over 1 log unit, showing that the excess
bacterial population comprised about 90% of the total population,
with the CIs for the difference lying well above zero in Table 1. By

Table 2. Comparison of colony counts on plates and pno in broth
dilutions at 12 weeks with subcultivation from sputum collected during
the first week of treatment

Log; viable count

Broth-plate,

plate broth difference
Duration of therapy (days) (cfu/mL) (pno/mL) in counts
2 6.71 7.24 0.53
2 6.19 10.24 4.05
2 5.92 5.93 0.01
2 6.83 8.24 1.41
2 6.83 6.58 —0.26
7 4.62 5.93 1.31
Mean 6.183 7.360 1.175
SD 1.56
Upper 95% CI for the mean 2.81
Lower 95% CI for the mean —0.46

Table 3. Comparison of colony counts on plates and pno in broth dilutions
at 12 weeks with subcultivation on log-phase cultures

Log; viable count

Broth—plate,
plate broth difference
(cfu/mL) (pno/mL) in counts
8.77 9.24 0.47
8.56 8.58 0.02
8.55 7.93 -0.62
8.86 8.58 -0.29
8.92 8.58 —-0.35
9.08 9.93 0.85
8.82 7.93 —-0.89
Mean 8.796 8.681 —-0.115
SD 0.56
Upper 95% CI for the mean 0.45
Lower 95% CI for the mean —0.68



Table 4. Counts of M. tuberculosis colonies on plates as logso cfu, and as estimates of pno in broth, with readings at 4, 8 and 12 weeks and on

subculture to plates at 12 weeks

Broth cultures incubated
for 12 weeks and then

Broth, 4 weeks Broth, 8 weeks Broth, 12 weeks subcultured to plates Plate count

Sputum specimens (n=20)

mean 6.281 6.880 7.365 8.066 7.032

SEM 0.441 0.348 0.334 0.353 0.257

upper 95% CI for the mean 7.20 7.61 8.07 8.804 7.57

lower 95% CI for the mean 5.36 6.15 6.67 7.328 6.49
Log-phase cultures (n=7)

mean 6.818 7.717 8.104 8.681 8.796

SEM 0.630 0.404 0.357 0.269 0.072

upper 95% CI for the mean 8.36 8.71 8.98 9.34 8.97

lower 95% CI for the mean 5.28 6.73 7.23 8.02 8.62

contrast, the means of the broth counts for the control log-phase
cultures (Table 3) were all slightly lower than the plate counts
throughout. The full readings of the broths at all the timepoints
and the plate counts are summarized in Table 4.

The pno from sputa gradually rose over the 12 week incubation
period to 7.365 log cfu/mL at 12 weeks, higher than the plate
count of 7.032 log cfu/mL, but only significantly exceeded the
plate counts when broths were read at 12 weeks and subcultures
made to plates, showing that growth in some of the broths was
so slow as to be insufficient to produce visible turbidity but was
still capable of subcultivation to plates. The broth counts showed
a gradual increase in pno during the 12 week incubation period,
while the colony counts on solid medium (including plates with a
few or no colonies at 3-4 weeks) showed no increase following
the initial readings. Thus there seemed to be a majority bacterial
population that grew very slowly in liquid medium during pro-
longed incubation over at least a 12 week period but did not
grow on solid medium.

Control log-phase cultures also showed a gradual increase in
pno in liquid medium during the 12 week incubation period, but
the means of the broth counts, even those incubated for
12 weeks with subcultivation, were never greater than the mean
plate colony counts. Thus the bacterial population that grew in
liquid but not on solid medium was not found in the log-phase cul-
tures. Individual counts on sputa showed considerable variability in
the difference between liquid and solid medium counts, ranging
from negative differences in three sputum specimens to a
maximum of logyo 4.047 in one of the 20 results (Tables 1 and 2).
The results from the 14 pre-treatment sputum specimens and
the 6 obtained during the first week of treatment appeared
similar, though the high variability of the results from these 6 speci-
mens may have hidden a trend.

Discussion

The large bacterial population in sputum that can grow in liquid
media, albeit very slowly, but not on solid medium plates seems
to correspond to the component in the Hu/Coates models that is
found when static liquid medium cultures have been incubated

undisturbed for 100 days under microaerophilic conditions.”® This
persister component was characterized by an ability to grow in
liquid medium but not on solid medium, though once it started to
grow in liquid medium it rapidly recovered an ability to grow on
solid medium, as did our subcultures from broths at 12 weeks.

This component comprised anincreasing proportion of the total
population during the incubation, but at 100 days it consisted of
only about 10 bacilli/mL out of a total of ~10” bacilli/mL. By con-
trast, our persister population predominated to form some 90% of
the sputum population after incubation for 12 weeks, suggesting
that even longer periods of incubation might be necessary to
reveal the true size of a population. This bacterial population was
apparently not encountered in the work on the Rpf-requiring
stage in sputum.® Reasons for this might be the use of NaOH
(known to be bactericidal to M. tuberculosis) to decontaminate
the sputum specimens rather than our use of selective medium,
or the long period of incubation necessary to demonstrate the
population.

The long incubation period of 12 weeks found necessary for the
liquid medium cultures to attain their maximal bacillary count
shows that sputum cultures in liquid medium should also be cul-
tured for similarly lengthy periods before they are considered nega-
tive, as has been suggested previously.'? M. tuberculosis that grew
better in liquid media than on solid plates and were thought to be
persisters have also been obtained from murine infections of
10 months duration.’?

Acknowledgements

We wish to thank Dr Roxana Rustomjee, former Director of the TB Unit of the
South African Medical Research Councilin Durban, and Ms Jenny Allen of the
same unit, who enabled and oversaw the collection and preparation of
specimens in Durban for shipment to St George’s.

Funding

Sputum specimens were examined as part of the quality assurance
programme of the Oflotub clinical trial,** financially supported by a
grant (ICA4-CT2002-10057) from the European Commission and another



(OD/TS-04-00291) from the WHO special programme for research and
training in tropical diseases (TDR).

Transparency declarations
None to declare.

References

1 Dickinson JM, Aber VR, Mitchison DA. Bactericidal activity of streptomycin,
isoniazid, rifampicin, ethambutol, and pyrazinamide alone and in
combination against Mycobacterium tuberculosis. Am Rev Respir Dis 1977
116: 627-35.

2 Mitchison DA, Davies GR. The chemotherapy of tuberculosis: past, present
and future. Int J Tuberc Lung Dis 2012; 16: 724-32.

3 Garton NJ, Waddell SJ, Sherratt AL et al. Cytological and transcript
analyses reveal fat and lazy persister-like bacilli in tuberculous sputum.
PLoS Med 2008; 5: e75.

4 Wayne LG, Hayes LG. An in vitro model for sequential study of shiftdown
of Mycobacterium tuberculosis through two stages of nonreplicating
persistence. Infect Immun 1996; 64: 2062 -9.

5 HuY,Mangan JA, Dhillon J et al. Detection of mRNA transcripts and active

transcriptionin persistent Mycobacterium tuberculosis induced by exposure
to rifampin or pyrazinamide. J Bacteriol 2000; 182: 6358-65.

6 HuY, Coates ARM, Mitchison DA. Sterilizing activities of fluoroquinolones
against rifampicin-tolerant populations of Mycobacterium tuberculosis.
Antimicrob Agents Chemother 2003; 47: 653-7.

7 Mukamolova GV, Turapov OA, Young DI et al. A family of autocrine
growth factors in Mycobacterium tuberculosis. Mol Microbiol 2002; 46:
623-35.

8 Mukamolova G, Turapov O, Malkin J et al. Resuscitation-promoting factors
reveal an occult population of tubercle bacilliin sputum. AmJ Respir Crit Care
Med 2010; 181: 174-80.

9 Jindani A, Doré CJ, Mitchison DA. The bactericidal and sterilising activities
of antituberculosis drugs during the first 14 days. Am J Respir Crit Care Med
2003;167: 1348-54.

10 Mitchison DA, Allen BW, Carrol Let al. A selective oleic acid albumin agar
medium for tubercle bacilli. J Med Microbiol 1972; 5: 165-75.

11 Fisher RA, Yates F. Statistical Tables for Biological, Agricultural and
Medical Research. 6th edn. Table VIII 2. London: Oliver & Boyd, 1963.

12 Feasey NA, Pond M, Coleman D et al. Moxifloxacin and pyrazinamide
susceptibility testing in a complex case of multidrug-resistant
tuberculosis. Int J Tuberc Lung Dis 2011; 15: 417-20.

13 Dhillon J, Lowrie DB, Mitchison DA. Mycobacterium tuberculosis from
chronic murine infections that grows in liquid but not on solid medium.
BMC Infect Dis 2004; &4: 51.

14 Rustomjee R, Lienhardt C, Kanyok T et al. A Phase II study of the
sterilizing activities of ofloxacin, gatifloxacin and moxifloxacin in
pulmonary tuberculosis. Int J Tuberc Lung Dis 2008; 12: 128-38.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




