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Abstract

Objective: Based on our recent studies the prevalence of polyclonal infection in tuberculosis clinical specimens is
more than 50% in Tehran, Iran. With this background, Spoligotyping was performed on clinical specimens and their
respective cultures, and we examined whether mixed infections interfere with the results or not.

Results: Based on the Spoligotyping pattern, among the fourteen patients, 57.1% had different genotypes in clinical
samples and their respective cultures. These discrepant patterns were suggestive of polyclonal infections in clinical
samples with possible overlapping Spoligotype patterns. We propose that in societies with high mixed infections (e.g.
Iran), direct Spoligotyping on clinical samples can be controversial.
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Introduction

Tuberculosis (TB) is still a major health problem all
over the world. An essential tool in clinical microbiol-
ogy and molecular epidemiology is genotyping of bacte-
rial pathogens [1]. In many studies the researchers have
used cultures for genotyping of Mycobacterium strains.
But because of the slow growth of the bacteria in the
culture medium, genotyping of samples from M. tuber-
culosis culture is also slowly [2]. Mycobacterium cultures
can also be false negative, because some strains require
more time to grow in culture [3]. Also, the growth of the
various Mycobacterium lineages in the culture medium
can be influenced by the expression of different genes in
the pathways of metabolism of these lineages [4]. There-
fore using a quicker method and using clinical samples
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directly for genotyping can be very crucial [5]. Several
PCR-based methods have been used to study Myco-
bacterium genetic variation. The techniques include
Spoligotyping and MIRU-VNTR typing [6]. In very few
studies direct Spoligotyping on clinical specimens was
performed [3].

One of the major issues with TB is mixed (polyclonal)
infections, which is a person’s infection with several dif-
ferent genotypes of Mycobacterium [7]. MIRU-VNTR
is the best and most widely used method for identify-
ing mixed infections in TB [8]. Several studies have used
MIRU-VNTR to diagnose mixed infections in clini-
cal specimens and this method has been successful in
detecting the mixed infections [9-11]. But a recent arti-
cle suggests that mixed infections in clinical specimens
can disrupt direct genotyping and challenge the Spoligo-
typing technique [3]. Multiple strain infections may cause
false Spoligotypes that have been reported previously [5,
12].

The aim of the present study was comparing the direct
and indirect Spoligotyping on clinical specimens and
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their respective cultures, respectively. We also examined
whether mixed infections interfere with the results or
not.

Main text

Methods

Sample collection and microscopy

This study was conducted between October 2017 and
January 2018. Samples were from patients with definite
diagnosis of pulmonary TB. Ethical reviews and informed
consent approval were granted by the Ethical Commit-
tee of the Pasteur Institute of Iran. The written informed
consent was obtained from all patients enrolled in the
study. Study samples were included 14 clinical samples
(11 smear positive and 3 smear negative). In our study,
12 clinical specimens including sputa and 2 samples were
gastric juices. Clinical samples were classified by micros-
copy according to CDC guidelines [13].

Culture

Fourteen clinical specimens were decontaminated by
N-acetyl-L-cysteine method and inoculated in Lowen-
stein—Jensen (L]) medium.

DNA extraction from clinical samples and their respective
cultures

For DNA extraction, the volume of clinical sample was
1.5 mL; after centrifugation, 500 puL of pellet was used.
For their respective cultures single colony was selected
and diluted in 500 pL TE buffer. After that, genomic DNA
was extracted from clinical samples and their cultures
with Proba-NK DNA extraction kit (DNA-Technology
Company, Moscow, Russia) according to the manufac-
turer’s instructions. The DNA was stored at — 20 °C until
used for molecular studies.

Spoligotyping on clinical samples and their respective
cultures

Spoligotyping was performed in duplicate with a com-
mercially available kit (Mapmygenome Genomics com-
pany, India) [14]. The PCR was performed on 10 ng
purified chromosomal Mycobacterial DNA and 20 ng
DNA extracts from clinical samples. M. tuberculosis
H37Rv and M. bovis BCG (Pasteur strain) were used as
control strains. Data analysis was performed by MIRU-
VNTR plus [15, 16].

Results

Based on the Spoligotyping pattern, among the fourteen
patients, 57.1% (8/14) had different genotypes on clinical
samples and their respective cultures. Direct and indirect
Spoligotyping yielded the patterns in 100% (14/14) of the
specimens and their respective cultures. Microscopy was
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negative in 3 sediments after decontamination. Of these,
all of them was successful in direct Spoligotyping. In our
study, 42.86% at Spoligotype had similarity between clini-
cal samples and culture. According to SpolDB4 Lineage,
among the 14 clinical samples, five (35.7%) belonged to
MANU2 genotype which had the highest proportion in
the genotype of clinical specimens. In clinical samples,
other strains were classified into families included three
strains (21.42%) from the H4 family, two (14.29%) from
the CAS1-DELHI, one (7.14%) from the T1 family and
three (3/14; 21.4%) strains were Unique.

On the other hand, among their respective cultures,
T1 was the largest lineage (5/14; 35.7%) and other
strains were classified into families included four strains
(28.57%) from the CAS1-DELHI family, three (21.4%)
from the H4 family, one (7.14%) from the CAS2 family
and one (7.14%) strain was Unique. Interestingly, 62.5%
(5/8) and 37.5% (3/8) of the samples with different gen-
otypes in clinical samples and their respective cultures
showed a genotype of MANU2 and Unique strains in
their clinical sample, respectively. Additionally, 50% (4/8)
and 37.5% (3/8) of the samples with different genotypes
in clinical samples and their respective cultures showed
Lineage 4 (SpolDB4 lineage T1) and Lineage 3 (SpolDB4
lineages CAS1-DELHI and CAS2) in their culture,
respectively. All the Spoligotype patterns in clinical sam-
ples and their respective cultures from the 14 TB patients
is summarized in Table 1.

Discussion

Our recent studies have shown that the rate of polyclonal
infections in clinical specimens is more than 50 percent
in our region [9-11]. With this background, Spoligo-
typing was performed on clinical specimens and their
respective cultures, and interesting results were obtained.

The availability of all Spoligotype profiles in our study
(100%) is higher than the 98.5% (196/199) found by
Sanoussi et al., 90.9% (159/175) by Goyal et al., 49.1%
(28/57) by Heyderman et al. on sputa and also higher
than Suresh et al. and Zanden et al. on smears [3, 17-20].
These difference may due to DNA extraction methods
from sputum [3]. Spoligotyping directly on clinical sam-
ples is very effective and time-saving as compared to
indirect Spoligotyping on culture. It can also be used for
samples that have been cultured negatively or contami-
nated [21, 22].

Of the 14 studied patients, 57.1% (8/14) had different
genotypes on clinical samples and their respective cul-
tures. These 8 samples with discrepant patterns were
suggestive of mixed infections in clinical samples with
possible overlapping Spoligotype patterns. Similar to
our previous results, approximately 50% of mixed infec-
tions were observed in clinical specimens [9-11]. In the
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Table 1 Results of Spoligotyping of the clinical samples and their respective cultures from the 14 TB patients

D . Sample .
number Microscopy type SpolDB4 lineage
Gastric Unique Spoligo EEsEEEEESm SR s S EESEEs s 00s00eseesesnnsn
Jjuice 2l pattern
1 2+
. Spoligo
Culture CAS1_DELHI pattern sss0000m Ssssss s 0000000O00O0O0O0OsE e e eSS
Gastric CASI_DELHT | Spolieo ssspOOOOw ssssssssssss000000C00O00COSEsEEeennas
Jjuice - pattern
2 3+
Spoligo
Culture CAS1_DELHI pattern sse0000m sssssss s s 000000000000 EEE eSS
Clinical Uniqu Spoligo S S EEEEEEEEEEEESEESEEEEEEEEEEEsEE000ssessnnnnsn
specimen que pattern
3 1+
Spoligo
Culture CAS2 pattern sss0000000sss s 000000000000 EEEEERSS
Clinical Tl Spoligo O0OOOsEmmm E N RS EEEEEEEEEEEEEREEREEs0000sseesnnn
specimen pattern
4 3+
. Spoligo
Culture Tl pattern O000Os == ®w S e EEEESEEESEEEEESEEEEEEss0000eeesnnan
Clinical H4 Spoligo o coosoooo
specimen pattern s0sssmnsnm EEEESEEEEEEEEEEEERESR [] ssssmnsn
5 3+
. Spoligo
Culture H4 pattern sO0ssssns S s sssssssssssssses00s 0000 eemnsm
Clinical Spoligo
o MANU2 EEEEEEESR S EEEE S S EEEEEEEESESE( s s eesnnnSn
specimen pattern
6 NEG
Culture Tl ?::tl;f;) [N NN NN EEEEEESEEESEEEEESEEEEEEEs000seenmnnm
Cln?lcal MANU2 Spoligo [ I ] IS E S EEEEESEESEEEEEEEEEE0ssessessnnn
specimen pattern
7 3+
Spoligo
Culture T1 pattern sss0000= IS S E S S ESEEEEEEEEEses0000seennnnm

current study, 62.5% (5/8) of the samples with different
genotypes in clinical samples and their respective cul-
tures showed a genotype of MANU2 in their clinical
samples. This could be another indication of the pres-
ence of mixed infections in these clinical specimens. In
this regard, there are several studies that indicate that
MANU?2 genotype is rare in M.tb cultures in Iran. In
none of these studies, the genotype MANU2 has been
reported [23-30]. In addition, indirect Spoligotyping
was performed by our group on 172 M.tb isolates, and

in none of the strains, genotype MANU2 was observed
(Unpublished data). Although two studies have suggested
the presence of MANU2 in M.th cultures in Iranian
patients, but the percentage of this genotype in these two
articles is very small in compare to our study (4.2 and
7.9% versus 35.7%) [31, 32].

On the other hand, Mozafari et al. worked on 1242
clinical samples in Iranian patients and MANU2 geno-
types was detected in 25 cases [33]. This may indicate
that in direct Spoligotyping, MANUZ2 is a result of mixed
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Table 1 (continued)
D Sample .
number Microscopy type SpolDB4 lineage
Clinical Spoligo
. MANU2 S S S E S S EEEE SN EEEEE S NS S EEEEs s s s s En
specimen pattern
8 NEG
Culture T1 Sp0hg0 " S EEEE NSNS NSNS S SRS SRR R R GERE R R 000 e
pattern
Clinical Spoligo
. MANU2 I S EEEEEEEEEEEEEEEEEEEEEEEEEE RS s esEmEmSm
specimen pattern
9 NEG
. Spoligo
Culture Unique pattern OO000DO0D0O00OO00OO0O0OO0Osssssssseee 0000000000 e e eeEESES®
Clinical Spoligo
i MANU2 EEEEEEE®R S I E N RS EESEEEESEESEEEESEESEE s e eEeEEES
specimen pattern
10 1+
. Spoligo
Culture Tl pattern sss0000= SRS EESEEESEESEEEEEESREERERe0000ennnnsn
Clinical Unique Spoligo
specimen q pattern EEEEEEESN S B EEEEEEEEESEESREE 0000 s sesuEng®
11 2+
Spoligo
Culture CAS1_DELHI pattern sss0d000m s s s s s 0000000O0COCO0O0O0OEE e EeEEmSm
Clinical CAS1 DELHI Spoligo
specimen - pattern sss0000mw S sssssssse0000000O0O0O00OeE e eSS
12 3+
Spoligo
Culture CAS1_DELHI pattern ss 0000w s s s s 00000000000 E e e eSS
Clinical H4 Spoligo s0sssmsnan SR s s sEsEEEEE s s 0000000 eennSm
specimen pattern
13 3+
Spoligo
Culture H4 pattern s0sssmmgnm S EEEEsEsEsEEEEEEREER 000000 enensw
Clinical H4 Spoligo s0ssesmnn S s s EsEsEEssEEEEsses00s0000eeunnan
specimen pattern
14 3+
Spoligo
Culture H4 pattern s0sssmsns SR sEsss s s 00s0000EeeEnSm

infections in clinical specimens in Iran. Albeit, it was
not specific to this region; Lazzarini et al. suggested that
MANU2 could be one of the five genotypes derived from
mixed infections [34]. Also, the first evidence of the pres-
ence of the MANU lineages in Mozambique is the study
of Viegas et al. who concluded that some of the MANU2
genotypes could be derived from a mixed infections of
Beijing and T1 (or Beijing and T2) [35]. Additionally, in
our study 37.5% (3/8) of the samples with different gen-
otypes in clinical samples and their respective cultures
showed a genotype of Unique strains in their clinical

sample. This may indicate that the mixed infections can
also occur in direct Spoligotyping as unique strains.

Our results showed that of 14 TB patients, direct and
indirect Spoligotyping were fully successful even for
negative smear specimens. These contradict the results
of Sanoussi et al. who failed for direct Spoligotyping for
their negative smear specimens [3]. Additionally, in a
same study 94.4% (135/143) of the Spoligotype levels and
96.5% (138/143) of the lineage level were similar between
sputum samples and cultures. They had only two sam-
ples containing mixed infections in the sputum samples
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[3]. On the other hand, in our study, 42.86% at Spoligo-
type level and 42.86% at the lineage level had similarity
between clinical samples and culture. This is due to the
large number of mixed infections in sputum samples in
our study.

In the current study, 100% of samples that had a differ-
ent pattern in Spoligotyping between sputum specimens
and their culture, contained inter-lineage discrepan-
cies. This may indicate the presence of completely dif-
ferent strains in samples containing mixed infections. In
another study, it was shown that MANU?2 contains inter-
lineage discrepancy of the Beijing and Euro-American
strains (T1 and T2 sublineages) [35]. Similarly, in the
study of Sanoussi et al. patterns of simultaneous presence
of ancestral and modern lineages were observed in the
sputum and culture [3].

Additionally, 50% and 37.5% of the samples with dif-
ferent genotypes in clinical samples and their respective
cultures showed Lineage 4 (SpolDB4 lineage T1) and
Lineage 3 (SpolDB4 lineages CAS1-DELHI and CAS2) in
their culture, respectively. In this regard, it has previously
been established that the lineage 4 has grown faster (in
liquid medium) than the lineage 1 and the ancestral line-
age [36]. Also, according to a study by Viegas et al. who
considered MANU2 as a mixture of T1 and Beijing, in
our study, T1 seems to have more chance of rising in cul-
tures derived from clinical specimens with mixed infec-
tions [35].

In conclusion, direct Spoligotyping is very efficient in
regions where mixed infections are low in their clinical
specimens. On the other hand, in societies with high
mixed infections (e.g. Iran) in clinical specimens, we rec-
ommend to rule out mixed infection by the MIRU-VNTR
method in the first step and after that direct Spoligotyp-
ing can be performed more accurately.

Limitations
The present study must be confirmed by investigation on
more clinal samples from TB patients.
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