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Abstract
Mycobacterium tuberculosis (Mtb) isolates with identical genotypes, found in different patients,
are most likely the result of recent transmission. Mtb strains with closely related genotypes, called
clonal complexes, are most likely derived from one another. We examined Mtb genotypes from
southern California TB patients from 2005 through 2008 to complete the first comprehensive
molecular epidemiology analysis of this complicated and ethnically diverse region. Mtb genotypes
were characterized with spoligo-type and MIRU-12 typing. MIRU-VNTRplus was utilized to
assign genotypes to global lineages and complete cluster analyses. Associations between patient
characteristics and genotype clustering and clonal complexes were evaluated using logistic
regression and frequency analysis. Of 832 Mtb isolates analyzed, 480 (58%) fell into 94 strain
clusters. The majority of isolates were identified as being in the EA1 (31%), LAM (17%) and
Haarlem (15%) lineages, but 13 different lineages were found in this region. TB patients with
clustered isolates were more likely to be homeless (AOR 3.44, 95% CI 1.65, 7.18) and male (AOR
1.57, 95% CI 1.17, 2.10). Of the 480 clustered strains, 388 aggregated into six clonal complexes.

Over 45% of reported TB cases were clustered and likely resulted from recent transmission events.
Patients with clustered Mtb isolates that were grouped into clonal complexes had unique socio-
demographic characteristics. These data suggest that TB is being transmitted in relatively insular
community networks defined by race/ethnicity and country of origin. The addition of clonal
complex analysis to simple cluster analysis provides important public health insights into the local
transmission of TB in ethnically diverse regions with diverse Mtb genotypes.
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1. Introduction
Molecular epidemiology has revolutionized the study of tuberculosis (TB) transmission and
the management of TB disease (Allix-Beguec et al., 2008; Bezanahary et al., 2008; David,
2008; Fica et al., 2008; Mathema et al., 2008). The fundamental principal behind the
molecular epidemiology of TB is that, unlike other bacteria, Mtb replicates clonally and
almost never transfers genes horizontally. This together with the fact that Mtb underwent a
genetic bottleneck recently, makes it relatively monomorphic (Gibson et al., 2008).
Detectable genetic variation between different Mtb bacilli does evolve over time, however,
which means Mtb strains with identical genotypes found in different patients are most likely
the result of recent transmission (Allix-Beguec et al., 2008; Bezanahary et al., 2008; David,
2008; Fica et al., 2008; Mathema et al., 2008). Furthermore, Mtb strains with genotypes
shown to be closely related by phylogenetic analysis (defined as differing by only one
MIRU locus in this study) were probably derived from one another, giving rise to the notion
of a clonal complex of Mtb strains that may, but not necessarily do, share a recent
transmission event as well (Allix-Beguec et al., 2008; Weniger et al., 2010).

From a TB management perspective, characterizing Mtb strains at the genomic level enables
TB programs to track the transmission of specific Mtb strains, follow epidemics, and
identify new outbreaks. Evaluating molecular epidemiology from a population genetics
perspective also enables public health researchers to determine which patient factors might
be associated with clusters of related strains and how interventions might be formulated to
prevent those strains from being transmitted in the future (Behr and Mostowy, 2007;
Garzelli and Rindi, 2012).

In the US, the national genotyping program determines Mtb genotypes primarily on the
basis of spacer oligonucleotide typing (spoligotyping) (Kamerbeek et al., 1997) and
mycobacterial interspersed repetitive unit (MIRU) typing (Mazars et al., 2001). In this study,
we examined Mtb spoligotype and MIRU genotypes from San Diego County from 2005
through 2008, in order to complete the first comprehensive molecular epidemiology analysis
of TB of this region.

San Diego County is unique in the US. Over 70% of TB cases in San Diego County occur in
foreign-born patients of multiple nationalities, and TB incidence is almost double the US
national average (San Diego Health and Human Service Agency (HHSA), 2011). In order to
better understand the factors associated with transmission of TB in this complicated and
ethnically diverse region, we completed, (i) an analysis of Mtb strain lineages to determine
the diversity of strains present; (ii) an analysis of clustered vs. non-clustered strains to
determine the proportion of recent transmission vs. reactivated TB cases (Small et al., 1994);
and (iii) an analysis of clonal complexes within the clustered cases to determine how the
recent transmission cases might be related to one another genetically and epidemiologically
(Allix-Beguec et al., 2008; Weniger et al., 2010).

2. Materials and methods
2.1. Study population

San Diego is the second largest county in California with a diverse population of over three
million people (United States Census Bureau, 2011) and one of the highest TB case rates in
the US (6.0/ 100,000 population) (Centers for Disease Control and Prevention (CDC),
2011). Located in the southernmost portion of the state, it shares one of the world’s busiest
land border-crossings with Mexico (Lange et al., 1999), and has a high rate of immigration
from countries such as Vietnam and Philippines, where TB is endemic (International
Community Foundation (ICF), 2010). California law (Health and Safety Code Title 17
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§2505) requires that all verified cases of TB be documented and reported to the US National
TB Control Program. Approximately 200–300 incident TB cases are reported in San Diego
County annually (San Diego Health and Human Service Agency (HHSA), 2011).

2.2. Data source
Socio-demographic and clinical data, as well as pathogen genotypes for TB patients,
included in this study were obtained from the San Diego Report of a Verified Case of
Tuberculosis (RVCT) database supplemented with locally collected variables. RVCT data
were collected based on US national TB surveillance guidelines and all TB cases evaluated
in the study met the national surveillance TB case definition (laboratory or clinical evidence
of disease caused by Mycobacterium tuberculosis complex) (Centers for Disease Control
and Prevention (CDC), 1997). Pathogen genotypes and TB surveillance variables from all
culture-positive cases of TB reported to the San Diego County TB program from 2005
through 2008 were included in this study. The study protocol was approved by an
Institutional Review Board at the University of California, San Diego.

2.3. TB culture and species identification
Since the early 1990s, the San Diego County Public Health Laboratory obtained an Mtb
isolate from over 80% of all TB patients for pathogen species identification and drug
susceptibility testing (DST) (Rodwell et al., 2008). All TB isolates from patient specimens
were initially identified as Mtb complex on the basis of the AccuP-robe hybridization
protection assay (GenProbe, San Diego, CA, USA). Due to the fact that TB from
Mycobacterium bovis is also prevalent in Southern California (Rodwell et al., 2010b;
Rodwell et al., 2008), cultured isolates were further identified as either Mtb or M. bovis on
the basis of culture morphologic findings, the results of the niacin strip test, the nitrate
reduction test (Grange et al., 1996) or their spoligotype (Streicher et al., 2007). TB cases
identified as M. bovis strains were excluded from further analysis.

2.4. Strain genotyping
Mtb genotypes were characterized using spoligotyping (Kamerbeek et al., 1997) and
MIRU-12 typing (Mazars et al., 2001). Spoligotyping and MIRU were performed and
reported by the Microbial Diseases Laboratory at the California Department of Public
Health according to Centers for Disease Control and Prevention (CDC) guidelines (Centers
for Disease Control and Prevention (CDC), 2004). Spoligotyping was completed with
Luminex-based methods which detect 43 specific spacer sequences in the direct repeat locus
(Cowan et al., 2004). Each spoligotype was converted from the 43-digit binary sequence to
the octal format for analysis (Dale et al., 2001). MIRU-12 was completed using procedures
described by Cowan et al. (2002) to determine the number of repeat sequences at the 12
MIRU loci: 02, 04, 10, 16, 20, 23, 24, 26, 27, 31, 39, and 40 (Mazars et al., 2001). We
acknowledge that MIRU-15 or MIRU-24 typing has recently been adopted by most nations
(including the US) to replace MIRU-12 genotyping as MIRU-12 typing plus spoligotyping
has been shown to overestimate isolate clustering due to insufficient variation at the
MIRU-12 loci (Supply et al., 2006). As this analysis spans the years 2005 through 2008,
MIRU-24 data was not available. We discuss the potential effect of MIRU-12 genotyping on
our estimates in the discussion section.

2.5. Determination of lineage and lineage evaluation
Genotype information was uploaded to the MIRU-VNTRplus web application (http://
www.miru-vntrplus.org) for lineage assignment and cluster analysis (Allix-Beguec et al.,
2008; Weniger et al., 2010). A strain lineage was identified for each isolate using the
“similarity search” module, which compared the combined spoligotype and MIRU
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genotypes against a collection of 186 reference strains representing major global Mtb
complex lineages (Allix-Beguec et al., 2008). A 4-step progressive approach was employed
for phylogenetic lineage assignment. First, the lineage matches were based on categorical
distance measures using MIRU and spoligotype sequences. In the “tree-based identification”
module set to the neighbor-joining (NJ) algorithm (Saitou and Nei, 1987), any isolates still
missing lineages were then analyzed for categorical distance matches to the nearest subtree
using MIRU sequence alone, then MIRU and spoligotype sequences for further remaining
isolates, and finally, spoligotype sequences alone for the last unassigned isolates.
Characterized lineages were matched with the global repository of TB lineages (spolDB4)
and strains with no match in spolDB4 were considered “orphan” strains (Brudey et al.,
2006).

2.6. Cluster definition
TB cases were defined as “clustered” when ⩾2 Mtb isolates from different patients
evaluated during the study period had identical spoligotype and MIRU-12 genotypes. Strains
not found to have matching genotypes with any other isolates in the study period were
classified as “singletons.” Clustered cases were assumed to have resulted from recently
acquired, person-to-person infections while singleton cases were assumed to most likely
have originated from reactivated latent tuberculosis infections acquired distantly in time and
space (Mathema et al., 2008; Small et al., 1994). Patients with the earliest report date within
a cluster were assumed to be the index cases, making the number of assumed transmission
events in each cluster N−1 (where N is the cluster size) (Metcalfe et al., 2010; Small et al.,
1994).

2.7. Characterization of clonal complexes
The genetic relatedness of strains from clustered cases, was further analyzed by calculating
the frequency of locus variants using the “minimum spanning tree” (MST) module of the
online bioinformatics tool, MIRU-VNTRplus. The MST analysis organized the Mtb strains
of related MIRU genotypes, into “clonal complexes” as described in detail in previous
studies (Allix-Beguec et al., 2008; Weniger et al., 2010). A clonal complex in this analysis
was defined as a group of strains with no more than a single locus variation (SLV) (i.e.,
maximum threshold of one MIRU locus variation from a central strain or any another strain
in the complex).

2.8. Statistical analyses
We examined the associations between clustered TB cases, and potential socio-demographic
and clinical risk factors with logistic regression modeling. The outcome was clustered vs.
singleton (reference) cases. Univariate logistic regression was used to describe the
associations between the outcome variable and each independent variable. All variables that
were statistically significant (p < 0.05) in the univariate analyses were considered for
inclusion in multivariate analysis. The final model was derived by removing each variable
with the highest p-value in turn until only those variables with p-values <0.05 remained.

We also examined the associations between potential socio-demographic and clinical risk
factors and clonal complexes using frequency analysis (Stokes et al., 2000). Clustered cases
that could not be grouped into a clonal complex (i.e., they had more than one MIRU loci
different from other clonal complexes) were excluded. Frequencies of categorical variables
were compared by Chi-square test, unless there were too few expected values in one or more
cells, in which case Fisher’s exact test was used (Stokes et al., 2000). If one of the cells
contained zero strains, then no statistical test could applied for that variable. Continuous
variables were compared by the Kruskal–Wallis one-way analysis of variance (Zar, 1999).
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3. Results
From 2005 through 2008, 1164 incident cases of TB were reported in San Diego County.
Eighty four percent (977/1164) of the cases had isolates that were cultured successfully and
were genotyped with spoligotype and MIRU typing. Of the 977 isolates genotyped, 102
were identified as M.bovis and were excluded from further analysis. A further 43 isolates
were excluded because their MIRU or spoligotype data were incomplete or missing; leaving
832 patients and their Mtb isolates with completed surveillance and genotyping data in the
analysis. Median age of the 832 TB patients included in the analysis was 47 years (IRQ
29,64) and 35% were female.

Of the 832 Mtb isolates examined, 480 (58%) matched the genotype of at least one other
isolate, and were collated into 94 clusters. Cluster sizes ranged from 2 to 93 isolates. The
remaining 352 isolates were singletons that did not match any of the other strains in the
sample. The proportion of clustered TB cases did not differ substantially by year (Table 1).
After accounting for one index case in each cluster, we estimated that 386/832 (46%) of
reported cases likely resulted from recent transmission events.

3.1. Lineage analysis
The spoligotypes of most of the isolates examined matched those previously described and
reported in the SpolDB4 global spoligotype database. Only 91/832 (11%) isolates did not
have a shared spoligotype from SpolDB4 (and were therefore designated “orphans”). Most
of the orphan genotypes (N = 74) were from the 352 singleton strains. Among the 94
clustered strains, only 8 strain types were defined as orphans; representing 17/480 (4%) of
the total clustered isolates.

The majority of isolates were identified as belonging to the EA1 (31%), LAM (17%) and
Haarlem (15%) lineages, but overall 13 different lineages were found (Table 2). It was
notable that most of the clustered and singleton isolates were found in similar proportions
among the top three most prevalent lineages. Beijing strains, however, were twice as
common among clustered cases compared to singleton cases and the X strains were more
than twice as frequent among singleton cases compared to clustered cases (see Supplemental
Table 1 for complete dataset).

3.2. Variables associated with clustered vs. singleton tb cases
In our evaluation of socio-demographic and clinical variables associated with clustered vs.
singleton TB cases, univariate analyses demonstrated that many variables were significantly
associated with clustering (Table 3). After removing variables that were not significant in
the multivariate logistic regression model, however, the final model included only four
significant variables. Table 3 indicates that TB patients with clustered isolates were more
likely to be homeless (AOR 3.44, 95% CI 1.65, 7.18), male (AOR 1.57, 95% CI 1.17, 2.10),
and less likely to be older (AOR 0.90, 95% CI 0.84, 0.96). TB patients born in the
Philippines were also twice as likely to have clustered Mtb isolates compared to patients
born in the US (AOR 1.86, 95% CI 1.17, 2.95).

3.3. Clonal complexes
Of the 480 clustered isolates (as determined by exact matching spoligotype and MIRU
genotypes – i.e., recently transmitted cases), 388 aggregated into six clonal complexes, with
each complex consisting of genetically related strains with no more than one MIRU locus
different between them (Fig. 1). Clonal complex group size ranged from 6 isolates (clonal
complex 6 [CC6]) to 154 isolates (CC2) (Table 4). There were 92 clustered isolates,
representing 25 different MIRU genotypes, that did not sort into a clonal complex because
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they had more than one MIRU locus different from all other strains analyzed. While CC2
was the largest clonal complex (N = 154 isolates), CC1 was the most diverse, with 21
different genotypes (none differing by more than a single locus).

3.4. Variables associated with clonal complexes
Table 5 shows a frequency analysis of the patient sociodemo-graphic and clinical variables
associated with the Mtb strains from CC1 through CC5. CC6 was excluded from the
analysis as it had too few (N = 6) isolates. Male patients were more prevalent than females
in all clonal complexes, but the proportions differed significantly among the clonal
complexes (p = 0.0012). The median age of patients was also significantly different among
clonal complexes (p < 0.0001) with patients with CC5 strains having the youngest median
age (32.0 years) and patients from CC2 having the oldest median age (54.5 years). While
isolates in CC2 came from a few patients of different race/ethnic groups, 85% originated in
the Philippines. Furthermore, almost 119/122 (98%) of all the strains that came from TB
patients originating in the Philippines were found in CC2. The patients with Mtb strains in
CC2 also had low frequencies of non-injection drug use, alcohol abuse, homeless-ness,
imprisonments and HIV. CC3 included 16/17 (94%) of the TB patients originating from
Vietnam.

All clonal complexes included some strains that came from Hispanic patients, but almost
94% (37/40) of the isolates in CC4 were from Hispanic patients. Both CC4 and CC5
included a high percentage of Hispanics patients from Mexico (93% and 86%, respectively)
relative to the other clonal complexes, but CC4 strains came mostly from female patients
with a higher median age and CC5 patients had significantly higher proportions of non-
injection drug use (33% vs. 17%) and prison admissions compared to CC4 patients (24% vs.
17%).

The proportion of patients with HIV differed significantly among clonal complexes (p <
0.0001). Among the patients tested for HIV, those with Mtb strains from CC4 had the
highest prevalence of HIV (27%). The median length of TB treatment of patients in CC3
and CC4 (245 and 272 days, respectively) was one to two months longer than for the other
clonal complexes.

4. Discussion
In this study, we examined patient socio-demographic and clinical factors associated with
clusters of genotypically related Mtb strains that likely resulted from recent person-to-person
transmission events. We examined factors related to clusters of identical genotypes as well
as factors related to clonal clusters of closely related strains.

Of the 832 San Diego TB cases evaluated from 2005 through 2008, the majority of patients
(58%) had Mtb isolates that had identical spoligotype and MIRU-12 genotypes to at least
one other isolate. These results indicate that almost 50% of TB cases in this region likely
resulted from recent transmission while the other half were probably the result of
reactivation events, suggesting that enhanced local and international TB control will be
needed to manage TB in binational regions such as San Diego. It is important to note,
however, that we used a combination of MIRU-12 genotyping plus spoligotyping to
determine if two TB isolates had identical genotypes. While this was the genotyping
standard in the US until recently, it has now been demonstrated that genotyping by
MIRU-12 plus spoligotyping could overestimate the cluster proportion in a cosmopolitan set
of isolates by between 20% and 30% (Maes et al., 2008; Supply et al., 2006). Considering
this likely over-estimation of clustering based on MIRU-12 genotyping, we estimate that the
true cluster proportion in this region is probably closer to 40–46%. Either way, the cluster
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proportion (40–58%) found in San Diego, is well within the range of cluster proportions
described in a recent systematic review of global TB genotyping studies (global cluster
proportion range: 7–72.3%). However, even a conservative estimate of the San Diego cluster
proportion is above the global mean (38.7% clustering), suggesting a higher than average
recent transmission of TB in this region. The San Diego case cluster proportion is also
higher than most of the other studies of TB case clustering in the US that used the same
definition of identical genotypes as a standard (Bishai et al., 1998; Burman et al., 1997; de
Bruyn et al., 2001; Ellis et al., 2002; Geng et al., 2002; Kempf et al., 2005; Rhee et al.,
2000). It is notable that the only US study in the above mentioned systematic review that
demonstrated a higher cluster proportion than San Diego, was conducted in Houston, Texas
(60.5%) (de Bruyn et al., 2001), another region with high immigration. Improved strategies
for screening non-immigrant entrants such as students and temporary workers, and assuring
resources remain in place for helping high incidence countries perform adequate contact
screening and treatment, will be critical to long-term prevention of TB in high immigration
regions of the US.

In this study, we observed that patients whose Mtb isolates clustered by genotype were
significantly more likely to be young, male and homeless than those with singleton
genotypes, which supports the hypothesis that these infections were recent. Home-lessness is
well known to be associated with TB case clustering in regions of low TB incidence
globally, but not in high incidence countries (Fok et al., 2008). While substantial effort
already goes into preventing TB in homeless shelters in San Diego, these data suggest that
more aggressive prevention efforts and more active case finding focused on this cohort
might help reduce the incidence of recent transmission TB in San Diego. Our data also
indicates that patients born in the Philippines were 1.86 times as likely to have clustered Mtb
isolates compared to those born in the US, which suggests that recent transmission may play
a larger role in this patient population than others in San Diego.

While almost half of the cases analyzed likely originated from recent transmission events,
the Mtb strains in San Diego represent many diverse and globally prevalent lineages
(Brudey et al., 2006). Further study would be needed to determine whether these strains
came into the region via immigration and then were propagated locally, or whether they
merely reflect the prevalence of these strains in the countries from which the patients
immigrated. It is notable that the Beijing and S lineages were more than twice as prevalent
in the clustered cases compared to the singleton cases, and X lineage strains were more
common in singleton cases, suggesting possible associations between Beijing and S lineages
and recent transmission. Recent studies have suggested that these strains are more virulent,
and associated with worse clinical disease (Feng et al., 2009), high treatment failure rates
(Parwati et al., 2010) and drug resistance (Drobniewski et al., 2005), which might explain
the prevalence of this lineage in recent transmission cases. However, it is also important to
note that Beijing strains can be poorly differentiated by MIRU-15 genotyping (Luo et al.,
2012), which is more discriminatory than the MIRU-12 typing we used. Clustering of strains
in this lineage in our study may therefore have been overestimated and should be interpreted
with caution.

Clonal complexes in this analysis were conservatively defined as groups of clustered Mtb
strains with up to one MIRU loci difference between them, thereby presumably representing
a group of genetically related strains (Allix-Beguec et al., 2008; Weniger et al., 2010). While
the TB patients with strains in the same clonal complex had some overlapping
sociodemographic and clinical features, they tended to have unique racial/ethnic
characteristics. Specifically, CC1 was made up of strains from mostly Hispanic and white
patients born in the US, while CC2 included almost all the Philippines patients and CC3 was
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made up mostly of patients originating in Vietnam. CC4 and CC5 were made up mostly of
Hispanics born in Mexico.

There is overlap, however. CC2 for example, while mostly made up of strains derived from
Asian patients from the Philippines, also includes Mtb strains collected from Hispanic,
White and Black patients from the US and Mexico. The most parsimonious explanation for
this socio-demographic distribution of isolates would be that the strains from Filipino
patients for example, (which make up 85% of CC2) were originally brought into San Diego
by immigration and then transmitted to White, Black and Hispanic sub-populations in San
Diego. While the reverse could also be true, it is less likely as all isolates in this CC are of
the EAI lineage, which is found predominantly in patients from East Asia. What this
demonstrates is that among the most recently transmitted strains, clonal complexes of related
Mtb strains are staying largely confined within the sub-populations of patients in which the
strains likely originated. One possible explanation for this is that local transmission of TB in
San Diego is occurring largely within social networks defined by ethnicity. However, a
detailed temporal and epidemiological study of the isolates in the clonal complexes, which is
beyond the scope of this study, is needed to examine this question in more detail.

There were significantly different proportions of HIV positive patients in the different clonal
complexes, with patients harboring CC4 and CC5 strains having the highest prevalence of
HIV (27% and 23% of those tested). A recent multivariate analysis of HIV-TB cases in San
Diego, which found HIV-TB significantly associated with Hispanic ethnicity (Rodwell et
al., 2010a), suggests the observed association between CC4 and CC5, and HIV prevalence,
is likely confounded by the high proportion of Hispanics in CC4 and CC5 (93% and 86%
respectively), rather than anything to do with the Mtb strains in CC4. Other significant
socio-demographic factors associated with clonal complexes, for example, homelessness and
non-injection drug use are likely similarly confounded by the high proportions of specific
ethnicities in each clonal complex.

At a population level, our findings suggest that categorizing Mtb genotypes into clonal
complexes could have public health implications that go beyond the evaluation of cluster
proportions and person-to-person contact tracing. Given the dominance of specific races and
ethnicities of patients within related Mtb clonal complexes, it would seem that race/ethnicity
appropriate and targeted prevention strategies – prioritized by dominance of the clonal
complex in the region – could be utilized to attempt eradication of TB in the region, one
clonal complex at a time.

5. Limitations
Only MIRU-12 typing data was available for this study, and it is known to be less
discriminatory than MIRU-24 typing. It is therefore possible that we overestimated
clustering proportions in this study by as much as 20–30% as explained in the Discussion
section. It is possible for epidemiologically unrelated Mtb strains to evolve the same
genotype independently, a phenomenon known as homoplasy. If homoplasy were occurring
in the Mtb strains in San Diego, then we could have misclassified some strains as related
when they were in fact not. If this occurred, it would have most likely decreased the strength
of our reported associations. In clonal organisms such as Mtb, however, homoplasy is
extremely rare. As most Mtb genotyping methods are based on observing only a small
fraction of the total genome, it is also possible that two unrelated strains could appear related
due to homology in the section of the genome observed (many genes are conserved in Mtb).
The likelihood of this is limited by characterizing multiple regions of the pathogen genome,
which we did by using both spoligotyping and MIRU data to define the genotype of each
isolate. As most of the Mtb strains examined in this study were isolated from patients born
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outside the US, we compared all strains to the globally representative SpolDB4 database to
determine lineage and “orphan” status of the strains. It is possible that strains designated as
orphans in this study may have matched to other existing lineages if they were compared to
additional existing strain databases from the US and elsewhere.

6. Conclusion
Patients with clustered Mtb isolates that were stratified into clonal complexes of related
strains had distinctive and largely unique socio-demographic and clinical characteristics.
These data suggest TB in this region is being transmitted in relatively insular community
networks defined by race/ethnicity and country of origin. The addition of clonal complex
analysis to simple cluster analysis provides important public health insights into the
transmission of TB in multinational regions with diverse Mtb genotypes.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Minimum spanning tree (MST) showing the relationships of MIRU genotypes among 480
clustered Mycobacterium tuberculosis cases in San Diego County (2005–2008). The six
clonal complexes (CCs) are demarcated by dark gray shading around circles and represent
388 isolates. The circle nearest to the CC label represents the cluster with the ancestor
genotype for that complex. Insert boxes show the number of isolates from different lineages,
and proportion of total isolates in each CC.
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Table 1

Number of Mycobacterium tuberculosis isolates in San Diego County with singleton and clustered genotypesa

by year of diagnosis.

Year All cases
(% all years)

Singleton cases
(% patients)

Clustered cases
(% patients)

2005–2008 832 (100) 352 (42.3) 480 (57.7)

2005 203 (23.4) 93 (45.8) 110 (54.2)

2006 215 (25.8) 102 (47.4) 113 (52.6)

2007 216 (26.0) 75 (34.7) 141 (65.3)

2008 198 (23.8) 82 (41.4) 116 (58.6)

a
Genotypes defined spoligotype and mycobacterial interspersed repetitive units (MIRU) typing.
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Table 4

Characterization of Mycobacterium tuberculosis (Mtb) clonal complexes (CC) found in San Diego County,
2005–2008.

CC ID # Mtb strains in CC # Unique genotypesa in CC Cluster size (min–max) Cluster size median

CC1 83 21 2–16 2

CC2 154 19 2–93 2

CC3 56 12 2–24 3

CC4 40 9 2–15 3

CC5 49 6 2–49 3

CC6 6 2 2–4 3

a
Genotypes defined by spoligotype and mycobacterial interspersed repetitive units (MIRU) typing.
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