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Wayne’s assay: a screening method for indirect
detection of pyrazinamide resistance in
Mycobacterium tuberculosis clinical isolates

Abstract

Pyrazinamide (PZA) is often used for treatment of tuberculosis (TB) and PZA in
combination with isoniazid (INH) is rapidly bactericidal for replicating and non-
replicating forms of Mycobacterium tuberculosis (MTB) strains. MTB produces a
pyrazinamidase (PZase) enzyme and most PZA resistant strains lack this enzyme. The
lack of PZase activity and it’s correlation with PZA resistance has been associated with
mutations in the pncA gene which encodes the PZase. The enzymatic pyrazinamidase
assay by Wayne’s method for determining PZase activity can be used as a screening
method for PZA drug susceptibility testing (DST), since resistant strains are PZase
negative. The gold standard for detection of PZA resistance is PCR mediated direct
DNA sequencing using Sanger method. In this study, 343 strains of MTB were
tested by both Wayne’s method and Sanger method. The sensitivity and specificity
of Wayne’s was 28.37% and 37.78%, respectively, with PPV of 41.26% and NPV of
25.50%. Our findings suggest that Wayne’s method can be used as a screening test for
the detection of PZA resistance..
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Introduction

Tuberculosis (TB) caused by members of Mycobacterium
tuberculosis (MTB) complex is one of the common lung diseases,
causing 3,000,000 deaths per year worldwide.! This global epidemic
has become more dangerous due to the presence of HIV/AIDS
especially in developing countries, the emergence of multidrug-
resistant (MDR)TB and recently described extensively drug-resistant
TB.! Timely detection of drug resistance in patients with TB is a
priority and reliable methods for rapid drug susceptibility testing
(DST) are needed for better control of the disease.”? The increasing
number of drug-resistant MTB strains has made the rapid identification
of susceptibility clinically important because patients suffering from
infections due to these strains require specialized antibiotic treatment.!
Anti-mycobacterial drug susceptibility testing (DST) is necessary for
the proper treatment of patients with TB. Pyrazinamide (PZA) is an
important first-line anti-TB drug used in combination with rifampicin,
isoniazid and ethambutol forms the cornerstone of modern TB therapy.
MDR-TB has recently become a serious public health problem.>* It is
recommended by the World Health Organization (WHO) for treatment
of every TB patient. It is also used to treat MDR-TB patients.?

The PZA is an analogue of nicotinamide, which is a vitamin B3
(nicotinic acid; also called niacin) precursor. The discovery of PZA
in the late 1940s as a powerful drug against TB was based on the
serendipitous observation that nicotinamide, curiously, had activity
against tubercle bacilli in animal models. Subsequent synthesis of
analogues of nicotinamide led to the identification of PZA as the

most active derivative against Mycobacterium tuberculosis (MTB)
strains.>> Although PZA was synthesized before 1940s its anti-TB
activity was not recognized until the early 1950’s.* Despite many
studies since its discovery 50years ago, the mechanism of action of
PZA is the least understood of all TB drugs, because of its unusual
properties.®

PZA plays a unique role in shortening the therapy from a period of
9-12months to 6months, because it kills a population of semi-dormant
tubercle bacilli, residing in an acidic environment (occurring during
active inflammation), which are not killed by other TB drugs. Unlike
other TB drugs, PZA, despites its remarkable activity in vivo, has no
activity against tubercle bacilli in vitro in normal culture medium
except under acidic-pH conditions (e.g. pH 5.5).> Hence, PZA DST is
technically difficult because it is active only at acid pH,” however, the
reasons why PZA requires an acidic environment to show activity is
unknown.’ Unfortunately, the low pH (5.5) required itself prevents up
to 50% of strains from growing in 7H10 Middle brook agar medium.
Even with recent improvements in the use of this medium, about 10%
of clinical isolates do not grow at pH 5.5.7

Pyrazinamidase (PZase) (186 amino acid) enzyme is encoded by
pncA (561bp) gene produced by MTB strains. Loss of PZase activity
causes PZA resistance in MTB. PZA has no apparent activity against
tubercle bacilli under normal conditions. Although its mechanism of
action is least understood. It has been shown that acidic pH enhances
the accumulation of Pyrazinoic acid (POA). Action of PZA depends
on the pH as it is active only in acidic medium.’ Acquired resistance
to PZA occurs concomitantly with loss of PZase activity. Due to
mutation in pncA, the PZase activity is lost and bacteria become
incapable of converting prodrug PZA to its bactericidal form, POA.
Loss of PZase activity correlates with the development of PZA
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resistance in MTB strains. Research done on several sequenced pncA
gene of PZA-resistant and sensitive isolates showed that 70-97% of
the resistant isolates have mutations in the pncA gene or the upstream
region. Hence, pncA gene encoding the PZase is the major mechanism
of resistance as PZA- resistant clinical isolates of MTB are usually
defective in PZase activity.’

PZA itself has no discernable activity against tubercle bacilli. PZA
susceptible strains of MTB deaminate PZA to POA, the metabolite
with anti-TB activity. PZA is converted to POA by mediation of PZase
in MTB and it inhibits fatty acid synthesis. Reduced PZase activity
correlates well with resistance to PZA.' Therefore, determination of
the activity of a given strain of MTB to elaborate PZase has been
suggested as a rapid method for PZA susceptibility testing and for
screening PZA-susceptible strains. Unfortunately, this method fails to
give information regarding the proportion of a test population that is
PZA resistant, and it is also independent of PZA concentration.”

MTB is uniquely susceptible to PZA, whose MIC for this bacterium
is about 16-50pg/ml. In contrast, other mycobacteria, and all non-
tuberculous mycobacteria (NTM), are completely insensitive to PZA.
In MTB, the susceptibility to PZA correlates with the presence of a
single enzyme with nicotinamidase and PZase activities. Strains of
MTB that are resistant to PZA are often defective in PZase activity.
The mutations that confer PZA resistance have been investigated on
the PZase gene (pncA). Thus, finding mutations on the pncA gene
makes the rapid detection of PZA-resistant MTB possible.! The
identification of mutations within the pncA gene has been proposed
as a surrogate marker for PZA resistance in MTB.® Unfortunately,
susceptibility testing for PZA is still not sufficiently standardized to
help guide therapy. Accordingly, there is a major need for more rapid
and reliable tests. One approach is to detect mutations in the pncA
gene. It has been reported that these mutations correlate well with
a MIC of PZA of >100pg/ml, with the frequency of pncA mutation
among resistant strains (depending on the geographic area) ranging
from 66.7 to 96.8%.°

A variety of techniques can be used for testing anti-TB drugs
other than PZA, including the agar proportion method in its direct
and indirect versions. The only PZA test approved by Food and Drug
administration in the United States is the radiometric method using the
special PZA liquid medium at pH 6.0 in the BACTEC-460 system.'”
This reference method, used to detect resistance of clinical isolates of
MTB to PZA is difficult to perform due to requirement of an acid pH
in the medium where the growth of MTB is often inhibited. For this
reason many laboratories do not perform DST for PZA.? This method
is quite expensive and may not be affordable for many laboratories,
especially in developing countries.'

Resistance to any of the primary drugs, including PZA, makes the
disease more difficult and expensive to treat. The rapid detection of
these resistant isolates is critical to the effective patient management.
Hence, the rapid as well as reliable DST for PZA is vital as it is
administered in the early intensive phase of TB. PZA is a part of
Directly Observed Therapy, short course (DOTS) recommended by
WHO, reduces the length of a course from previous 9 to 12months
to 6months; thus, aiding compliance and decreasing the risk of
development of MDR-TB. The drug has capability of killing non-
replicating cell populations in an acidic pH environments that are
not killed by other TB drugs.®!" It is paradoxical and unconventional
drug."? Despite its remarkable sterilizing activity in vivo,'>' it is not
active against M. tuberculosis under ‘normal’ culture conditions near
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neutral pH." It is only active against MTB at acid pH'® an environment
that is produced during active inflammation, and its activity is closely
related to the acidity of the medium.”'” Even at acid pH 5.6, PZA
kills MTB slowly and incompletely with no more than 76% of the
bacterial population being killed by 1000mg/L PZA,'® which is 10-12
times higher than the already high minimum inhibitory concentration
(MIC) of 50-100mg/L."> Unlike conventional antibiotics, which are
more effective against the actively growing bacteria than non-growing
bacteria, PZA is exactly the opposite, that is, it is less active against
young growing tubercle bacilli but is more active against old non-
growing bacilli.'” However, reliable testing of the susceptibility to
MTB to PZA in vitro is challenging."" The Bactec 460 TB radiometric
system [Becton Dickinson (BD), Sparks MD,USA] and BactecmgIT
960 are the only two methods are recommended by the Clinical and
Laboratory Standards Institute (CLSI)"” and WHO for susceptibility
testing to PZA, due to the difficulty in standardizing its susceptibility
on solid media."" Most laboratories have now replaced the 460 TB
system with no radiometric BactecmgIT 960 system. Both methods
utilize an acidified Middle brook broth and a critical concentration
of 100pg/ml."”” DST in such liquid media is costly, especially in some
regions that do not have enough economic capabilities.’ Several other
DST methods have been developed, including the molecular drug
susceptibility test (mDST) based on the detection of a pncA mutation,
the PZase activity assay, and colorimetric methods based on a MIC or
redox indicator.*!-%¢

In this study we enrolled 343 clinical MTB isolates to evaluate the
two methods for determination of the PZA DST i.e. mDST for pncA
whole gene sequencing by Sanger method?’* and PZase enzyme
activity assay by Wayne’s method.”

Having this background in mind, we planned a study with aims
and objectives as:-

I. To perform PZA drug susceptibility testing (DST) by Enzymatic
Pyrazinamidase Assay using Wayne’s method.

II. To detect pncA gene mutations in MTB isolates by the PCR
mediated Direct DNA sequencing technique using Sanger
method.

III. Compare and analyse both the techniques to find out sensitivity
and specificity in accordance with PPV and NPV.

IV. To know the most suitable method in the resource constrained
laboratories for detection of PZA resistance in MTB clinical
isolates.

Inclusion criteria: Phenotypically identified pulmonary MTB
isolates.

Exclusion criteria: Non-tuberculous

isolates.

Mycobacterial (NTM)

Material and methods

The study was conducted over a period of two and half years from
January 2014 to June 2016 in the department of Microbiology, Grant
Government Medical College and Sir J. J. Group of Hospitals in
Mumbai and mDST was done in Intermediate Reference Laboratory,
Govt. Hospital for Chest Diseases, Gorimedu, Puducherry.

All the 343 isolates of MTB fulfilling the inclusion criteria and
recovered during the study period were taken.
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These isolates were grown on conventional solid culture medium
Lowenstein-Jensen medium (LJ) were selected based on their growth
characteristics such as rough, tough and buft (cauliflower type of
colonies), crumbly, waxy and cream colored colonies. From all,
colony smear were prepared, air-dried, heat-fixed and then stained by
Ziehl-Neelsen (Z-N) method.*

Phenotypic and Genotypic identification of MTB and MTB
complex isolates were done as follows:

Phenotypic identification:**** was carried out using following
criteria.

A. Rate of growth, pigment production, nitrate, niacin & catalase
tests.

B. Inability to grow on LJ containing P-nitrobenzoate (500pg/ml)

PZA DST by Enzymatic Pyrazinamidase Assay using Wayne’s
method.”!

PZase is an enzyme that deaminates PZA to form POA, which
produces pink-red band in the culture medium.*!

Wayne’s Method:*!

Principle: The deamination of PZA to POA and ammonia in 4days
is a useful phenotypic characteristic by which weakly niacin positive
strains of M. bovis (negative) can be distinguished from MTB
complex (positive).

Quality control:
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PZA Susceptible Control: M. tuberculosis type strain H37Rv
(ATCC 27294).

PZA Resistant Control: M. bovis type strain (ATCC 19210).
Procured from National Tuberculosis Reference Laboratory (Beijing,
China)."

PZase substrate medium:-

a. 6.5g of Dubos broth base (Difco Laboratories, Detroit, MI)"!
dissolved in 1L distilled water.

b. Following ingredients were added to above
1. Pyrazinamide 0.1g
2. Sodium pyruvate 2.0g
3. Agar 15g

c. Heated to dissolve. Then dispensed in 50.0ml amounts in to
screw-cap tubes.

d. Then autoclaved for 15minutes at 121°C.
e. Then agar allowed to harden with tubes in upright position.

Reagents (1% ferrous ammonium sulfate):-It was prepared
immediately before use.

1. Ferrous ammonium sulfate - 0.1gm was placed in sterile screw-
capped test tubes.

2. 10ml of sterile deionized water added immediately before use
& crystals allowed to dissolve.

Surface inoculation of 2 set of medium with heavy loopful growth, incubate at 37°C for 4 days

d

Add 1 ml freshly prepared 1% Ferrous Ammeonium Sulphate reagent

After 30 mins at Room Temperature (RT) pink band in agar medium, if negative refrigerate for

hrs.

If first tube negative on 4% day, repeat test for second tube on 7% day

d

If4® day tube positive, 2™ tube discarded without further confirmation

Interpretation (N=343):

After 4hours, tubes were examined for pink band in reagent
layer on the surface of agar (positive reaction), using incident room
light against a white background. The procedure was repeated with
remaining tubes after 7days of incubation. All tests were performed
under a biologic safety hood.

Positive (200/343 i.e. 58.33%)=Pink band in reagent layer on agar

surface i.e., PZA Sensitive/wild.

Negative (143/343 i.e. 41.69%)=No pink band (defective PZase
activity) i.e. PZA Resistant/mutant.

Detection of pncA gene mutations by PCR mediated Direct DNA
sequencing technique using Sanger method. This was carried out to
detect pncA gene mutations in all 343 MTB clinical isolates as shown
in following Figure.®?83
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M. Tuberculosis isolates

Isolation of DNA

M. Tuberculosis species confirmation
)
PCR reaction: using primer for Mycobacterium 156110 amplification

F5 GTGAGGGCATCGAGGTGGT3 and 5'CGTAGGCGTCGGTCACAAATY

DNA sequencing for gned gene: template DNA amplification with gned primers
(Pi5 GTCGGTCATGTTCGCGATCG and P:5'GCTTTGLGGCGAGCGCTCCA)

1

BLAST analysis (BLASTn and BLASTx)
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Data analysis

Observation and results

Wayne’s and resistant by Sanger pncA sequencing with maximum in
8 strains as shown in Table 1.

51/110 (46.36%) strains showed discordance as sensitivitePZA by

Table | Analysis of pncA mutations by Sanger sequencing vis a vis PZase activity by Wayne’s assay (N=51)

Sr. StrainPZase activity mDST method based on detection of

no. No. assay pncA mutations Frequency % Frequency
I 2016 S Ql4IpP Fl 3.1
2 1734 S GI32A Fl 3.1
3 179 S V44D Fl 3.1
4 2385 S $84C Fl 3.1
5 2423 S D86B Fl 3.1
6 2182 S R2G,EI8IR,L182V FI,FIFI 3.1,3.1,3.1
7 3478 S SI91A,SI192A FI,FI 3.1,3.1
8 2715 S DI2A Fl 3.1
9 3560 S 158 Fl 3.1
10 3083 S VI44A Fl 3.1
NII1K,DI2N,EI5K,A20W,G23R,
ﬁi;'}:\\slig\'l,'vvlfst)sv'\I{?I?KGSZHééR FLELFLELFLFLFLELELFLFL,  301,3.1,3.1,3.1,3.1,3.1,3.1, 3.1, 3.1, 3.1, 3.1, 3.1,
Il 3274 S ' i . ’ ’ FILLELELELFLFLFLFLFL, 3.1,3.1,3.1,3.1,3.1,3.1,3.1,3.1,3.1,3.1, 3.1, 3.1,
3.1,3.1L,3.1,3.1,3.1,3.1,3.1

D53Y,156FED57G,H6 1 G,F62V,
G64R, T65A,P66FY68L,S70T,
S7ITH75Y,V77S,G79FH86S,D90N

Fl

JFLELFLELFLELFLELFLEI

) )
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Table Continued....
Sr. StrainPZase activity mDST method based on detection of Frequenc % Frequenc
no. No. assay pncA mutations q Y ° q 4
12 3410 S H75Y,GI12R FI,FI 3.1,3.1
13 2905 S D53G Fl 3.1
14 4016 S D53G,LI61IM FI,FI 3.1,3.1
I5 3658 S VI144A Fl 3.1
16 2831 S VI144A Fl 3.1
17 2420 S S192v Fl 3.1
18 3851 S R2G,EI87R,L188V FI,FIFI 3.1
19 3739 S LI6IP Fl 3.1
20 3855 S VI44A Fl 3.1
21 2776 S Al106S,SI08Q,EI1Q,GI12R,VII3I FI,FLLFLFLFI 3.1,3.1,3.1,3.1,3.1
A96G,VI7G,FI8V,YIIL,K100Q,A102W,
22 3887 S Y103RGI05PAI06E,Y107R,S108T, FILFLFLELEL FLEL FLFLEL 301,3.1,3.1,3.1, 3.1, 3.1,
RITOAEITIS,GII2RVII3S,DI14R, FILFI,FI,FI,FI,FI,FI 3.1,3.1,3.1,3.1,3.1,3.1,3.1,3.1,3.1,3.1, 3.1
GII7R
A96G,F98S,YI9T,KI00R,A102PT104R,
23 2531 S A106D,DI14S,EII5RNIT6D,LI22I, FI.FLFLFLFLFLFLFLFLFL 3.1,3.1,3.1,3.1,3.1,3.1,3.1,3.1,3.1,3.1,3.1, 3.1
FI,Fl
N123G
24 3705 S 194S,E95R,A96R,K100Q FI,FI,FI,FI 3.1,3.1,3.1,3.1
25 3856 S 194S,E95R,A96R,K100Q FI,FI,FI,FI 3.1,3.1,3.1,3.1
DISOTAI5SIRVI52Y,NI54M,AI57G,
26 2672 S T158H,R159Q,S170G,Al7IR,DI172Y, FI,FLELFLELELFLELFLFL 3.1,3.0,3.1,3.1,3.1,3.1,3.1,3.1,3.1, 3.1, 3.1, 3.1,
TI73H,TI74R,A176R,LI78G,EI79R, FI,FI,FI,FI,FI,FI,FI 3.1,3.1,3.1,3.1,3.1
MI8ILRI82A
27 2837 S H75Y Fl 3.1
28 3323 S W72L,P74Q,H75Q,A106E,YI07N,LI12IM FI,FI,FI,FI,FI,FI 3.1,3.1,3.1,3.1,3.1,3.1
29 2862 S Al76V,EI87R,LI88V FI,FI,FI 3.1,3.1,3.1
MI11,S36R,L39W,A40PE4 1 K,A42R,
30 3279 S A43G,A50Q,T5IPD531,F54PS57R, FI,FI,FI,FI,FI,FI,FI,FI,FI,FI, 3.1,3.1,3.1,3.1,3.1,3.1,3.1, 3.1, 3.1, 3.1, 3.1, 3.1,
T65H,P66T,D67G,Y68L,S69FS70L, FI,FLLFIFLFILFLFLFIFLFL 3.1,3.1,3.1,3.1,3.1,3.1,3.1, 3.1
S7IVWT72G
31 2678 S G17D,G24S,Ml, FI,FI,Fl 3.1,3.1L, 3.1
32 3264 S TI47A Fl 3.1
33 3333 S S170L Fl 3.1
34 3931 S VI44A Fl 3.1
35 3268 S VI44A Fl 3.1
36 3035 S Pé6L Fl 3.1
37 3009 S Y68H,S71L FI,Fl 3.1,3.1
38 2860 S L27PD53B,T174S,A177T,L188F FI,FI,FI,FI,Fl 3.1,3.1,3.1,3.1,3.1
39 483 S DI4IG Fl 3.1
D60H,H61Q,F62G,S63A,T65G,T80C,
P81V,A83R,F84Y,P86R,Q146R,T 147G, FLFL,FIFI,FI,FLLFI,FI,FI, FI,
3.1,3.1,3.1,3.1,3.1,3.1,3.1,3.1,3.1,3.1,3.1, 3.1,
40 1104 S A148G,EI49G,VI52H,N154Q,TI83R, FLFL,FIFI,FI,FLLFI,FI,FI, FI, 30303.03.0.3.0.3.0.3.03.03.0.3.1.3.1.3.1.3.1

Al184V,SI85G,VI86L,EI87Q,VI8IL,
LI90M,SI9IA,S192P

FI,FI,FI,FI,FI
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Table Continued....
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Sr. StrainPZase activity mDST metl}od based on detection of Frequency % Frequency

no. No. assay pncA mutations

41 788 S A24P1255,S191A,S192A FIFIFI,FI 3.1,3.1,3.1,3.1

42 198 S DI41G Fl 3.1

43 780 S D90H,RI54FA176D,A176G,L188V FI,FI,FI,FI,Fl 3.1,3.1,3.1,3.1,3.1

44 759 S i;gti%ggiﬁ;géﬁ?égitrﬂv’ FI,FL,FI,FLFI,FI,FI,FI,FI 3.1,3.1,3.1,3.1,3.1,3.1,3.1, 3.1, 3.1
45 1721 S MI8IR Fl 3.1

46 925 S A83V,S185Q FI,Fl 3.1,3.1

47 699 S VI144A Fl 3.1

48 530 S GI37AS170W FI,FI 3.1,3.1

49 485 S g:?XBgE?&?{GBV‘FBS'LﬂR FLLFI,FI,FI,FI,FI,FI,FI,Fl 3.1,3.1,3.1,3.1,3.1,3.1,3.1,3.1, 3.1
50 1722 S SI9IK Fl 3.1

51 296 S V144G Fl 3.1

Discussion regarding the mechanism of MTB resistance to PZA based on PZase

Patient morbidity/mortality along with treatment-associated costs
has been increased due to splurge in drug resistant TB. Hence rapid
and accurate DST methods are required in the selection of appropriate
TB drugs. However, “understanding drug resistance patterns within a
given community is also of enormous epidemiological significance,
since it provides indicators of the existence and prevalence of primary
and acquired drug resistance which can be useful in the evaluation of
the efficacy of anti-TB treatment.'" Several WHO-recommended DST
methods are available for assessing drug resistance in the commonly
used anti-TB drugs such as rifampin, isoniazid, ethambutol and
streptomycin. These include solid LJ, liquid Middlebrook 7H10/
Middlebrook 7H11 and Bactec 460/Bactec 960 methods. However,
for PZA which is one of the most important early oral anti-TB agents,
WHO recommended only Bactec 460 and Bactec 960 methods.?
The main reason for this is that many of The other methods of PZA
drug susceptibility testing have disadvantages, such as slow and poor
growth as well as difficult standardization that makes them unsuitable
for use in clinical mycobacteriology laboratories. These tests are
colorimetric methods based on redox indicators and MIC, PZase
activity assays and mDST based on the detection of pncA mutations.
Studies conducted on the performances of these methods have
been reported.?'2¢ However, studies on the use of these methods or
comparing several methods synchronously using large quantities
of clinically isolated MTB strains for PZA drug susceptibility been
reported.!

For PZA susceptibility testing Radiometric BactecmgIT 960
method that utilize an acidified Middlebrook broth with a critical
concentration of 100pg/ml' is commonly used method in developed
countries. However, PZase enzyme activity assay using Wayne’s
method can be used as an alternative to BACTEC especially in areas
where BACTEC is not available.?” PZA DST in such liquid media is
costly, especially in those regions which are economically backward.?
Both Wayne’s assay and Sanger mDST are based on the assumption
that PZA-susceptible MTB strains produces PZase enzyme that
hydrolyzes PZA drug into its active antibacterial moiety: POA.3*
pncA is a gene that encodes PZase enzyme in MTB. Previous studies
verified the fact that the mutation in pncA4 can inactivate PZase and
confer resistance to PZA.% Cui Z study' indicated that the assumption

did not explain all of the resistance mechanisms of MTB to PZA.
Authors showed that 9.5% (16/169) of the PZA-resistant strains were
determined to be positive to PZase activity testing, indicating that,
for these strains, PZA resistance was not caused by the inactivation
of PZase but by some other unknown cause(s).!! Other studies also
detected PZase activity in PZA-resistant strains.***¢¥” Cui Z study
showed only 1% (3/260) of the PZA-susceptible strains negative
according to the Wayne’s assay, probably due to the weak activity
of PZase or to the small quantity of MTB, which makes it difficult to
observe the Wayne assay color change with the naked eye at 10days."

Recently, Zhou et al.,® reported a new PCR-based in vitro-
synthesized PZase method. This method might exclude false
negatives from the PZase activity assay due to the small quantity
of MTB. However, this method does not solve the false susceptibility
of the PZase activity assay. False susceptibility is the major limitation
of the Wayne’s assay and should be considered seriously in clinical
settings.!!

The mDST by Sanger is an indirect method of assessing PZA
susceptibility. PZase is inferred by the assessment of changes in the
sequence of pncA. If no amino acid substitution is detected in the
coding sequence and no base substitution is detected in the promoter
sequence, PZase is considered active; otherwise, PZase is considered
inactive or absent.!! In Cui Z study, 9% of the strains with the wild-
type pncA gene (16/169) were found to be resistant to PZA, including
8 strains that tested positive for PZase activity and 8 strains that
tested negative by the PZase activity assay. Hence we supports the
results of Cui z et al that suggests that there might be other genes that
regulate the expression of PZase and/or other unknown mechanisms
for PZA resistance.!! As Cui Z reported amino acid substitutions in
the pncA genes of PZA-susceptible strains. Most of these strains were
positive for PZase activity.!! According to previous studies, mutations
at certain amino acid sites, such as codons 8, 96, 134, and 138, at active
sites, and codons 13, 49, 51, 57, and 68, coordinated to the Fe?* ion,
are closely associated with MTB resistance to PZA.3** Mutations
at these sites can cause MTB to lose PZase activity and render the
strain resistant to PZA. In the study by Cui Z, most amino acid
substitutions in PZA-susceptible strains were far from the functional
sites, and almost all of the amino acid substitutions occurred in PZA-
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susceptible strains. For this reason, Cui Z hypothesized that these
amino acid substitutions did not lead to the loss of PZase activity."
The in vitro-synthesized PZase assay can evaluate the correlation
between the amino acid substitutions and PZase activity. If the amino
acid substitutions far from the activity sites of PZase can be confirmed
to be irrelevant to MTB resistance to PZA, then the specificity of the
mDST can be improved. Additionally, Zhang and coworkers*' found
that POA binds to RpsA, subsequently inhibiting trans-translation
rather than canonical translation. They found that the deletion of
amino acid 438 in the C terminus of RpsA can cause resistance to
PZA in a clinical MTB isolate lacking pncA mutations.

Table 2 Comparison of Wayne's Assay vs. Sanger Sequencing

Copyright:
©2017Wabale etal. 238
Cui Z" did not detect the deletion of amino acid 438 in the
C terminus of RpsA and did not find any other mutation in the C
terminus of RpsA. This suggests that the mutation rate of this site in
the RpsA gene in clinical MTB isolates is too low to be a detection
target for mDST. The sensitivities of the Wayne’s assay and the Sanger
mDST test should be improved to further clarify what the mechanism
of PZA resistance is.!" We reported the sensitivity and specificity of
Wayne’s assay as 28.37% and 37.78%, respectively, with PPV of
41.26% and NPV of 25.50% when tested against gold standard mDST
Sanger method of pncA gene sequencing as shown in following Table
2.

Isolates (N=343)

Sanger method (S) 233 (67.93%)

Sanger method (R) 110 (32.06%)

Wayne’s method (S) 149
Wayne’s method ( R) 84
Sensitivity 28.37%
Specificity 37.78%
PPV 41.26%
NPV 25.50%

51
59

The Sanger mDST satisfy the rapid test requirements and functions
using smaller quantities of MTB than some other types of high-end
laboratory equipment. In addition, the Wayne’s assay requires a larger
quantity of bacteria and does not take significantly less time, so there
is no obvious advantage to using the Wayne’s assay for the assessment
of PZA susceptibility.!! There is no direct correlation between loss of
PZase activity and the level of PZA resistance.’

Our observations suggest that, Wayne’s method is rapid, technically
easy to perform, cost effective and feasible. Though, Sanger method is
an accurate, reliable, rapid gold standard; is expensive, needs specific
infrastructure, equipment’s and technical expertise. The comparative
analysis of both techniques showed a sensitivity/specificity in
accordance with worldwide literature.

Conclusion

Wayne’s Method: Enzymatic Pyrazinamidase Assay can be used
as a screening test in those laboratories those are not equipped for
molecular testing but doing solid culture for detection of resistance to
PZA in MTB isolates.
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