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Abstract 

 

Drug-resistant Tuberculosis and its spread continue to threaten the global surveillance 

tuberculosis programs in its control efforts in many countries including the United States. Drug 

resistant tuberculosis can be defined as a form of Tuberculosis (TB) that is resistant to one or 

more drugs. Drug-resistant TB have evolved into “super-bugs” known as MDR-TB and XDR-

TB. Drug resistance is due to multiple factors including the mycolic acid cell wall composition 

of the bacilli, slow division rate and latency, inadequate drug therapy, non-adherence to therapy 

regimens, lack of laboratory capacity for timely diagnosis, and limited access to appropriate 

treatment. The purpose of this research was to elucidate the need for interventions to be placed 

into practice to counteract the XDR-TB global health emergency from reaching a devastating 

proportion in the Los Angeles County. In this review, factors contributing to development of 

multi-drug resistant TB were examined. A total 5,322 confirmed cases of tuberculosis were 

reported by LAC during a four year period from 2004 to 2008.  Race/ Ethnicity and age groups 

analysis showed that the Asian Pacific Islander Non-Hispanic community had the largest number 

of cases reported 2,342 representing 44% of the total number of cases. There were only 6 cases 

of MDR-TB all of which were from the Asian or Pacific Islander Non-Hispanic racial group.  

Hispanic/Latinos had total of 2, 200 TB cases, White Non-Hispanic 419 cases, Black or African 

American Non –Hispanic reported 361 cases. Directly Observed Therapy (48.5%) was the 

therapy of choice and 84.6% of the reported TB cases were tested for Isoniazid and Rifampin 

susceptibility.  
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Introduction 

The incidence curve of tuberculosis (TB) nearly approached zero by the early 1970’s due 

to global vigilance reaching confidence among scientists, clinicians, and public health 

practitioners in the belief that this devastating bacterial infection was finally conquered.  

Complacency replaced vigilance in the 1980’s as the number of reported cases of tuberculosis 

increased rapidly from 1985 to 1992 in the United States (Koneman, et al.2006). The reasons for 

this rapid change included complacency, reduction of federal findings for TB control, the 

HIV/AIDS epidemic, immigration from endemic countries, overcrowding, poverty, and the 

emerging of antibiotic resistant strains (Koneman et al., 2006). Establishment of the public health 

strategy “direct observed therapy” (DOT) in the United States lowered the increase of reported 

new TB cases, however the increase in cases throughout the world is worse than ever especially 

in high HIV infected areas where the World Health Organization (WHO) has declared TB a 

global emergency (TB Control PH-LAC, 2009).  

In the Los Angeles County Department of Public Health Epidemiology Fact Sheet (2009) 

states that according to the WHO in 2009 there were 9.4 million new TB cases worldwide out of 

which 3.3 million were women, 1.1 million occurred in people with HIV, and that 1.7 million 

died from TB. It was also estimated that in 2009, 3.3% of the reported new TB cases were 

Multidrug Resistant TB (MDR-TB). In the United States a total of 11,545 TB cases were 

reported for the same year.  

These numbers indicate that approximately one third of the world is infected with TB. 

The TB epidemic is growing and HIV significantly contributes to the spread of TB due to the 

fact that TB and HIV are synergistic diseases from the epidemiological to the molecular level; 

HIV promotes the intracellular replication of the TB bacteria and therefore the effective 
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transmission to others. It is projected that by the year 2020 newly acquired TB infections will be 

1 billion persons, killing 36 million (Koneman et al., 2006). 

Multi-drug resistant tuberculosis (MDR-TB) is a specific form of drug-resistant TB 

defined as resistant to at least Isoniazid (INH) and Rifampin (RIF). Extensively drug-resistant 

TB (XDR-TB) are defined as resistant to any fluoroquinolone, and at least one of three injectable 

second-line drugs (capreomycin, kanamycin, and amikacin), in addition to MDR-TB. TB can be 

treated by a six month course of antibiotics, but when TB drugs are not taken as directed, with 

the patient adhering to treatment, MDR-TB can develop requiring longer treatment to up to two 

years. MDR-TB is defined as TB resistant to at least two primary drugs of treatment isoniazid 

(INH) and rifampin (RIF). If that therapy is not strictly followed it gives plenty of time for 

Extensively Drug Resistant Tuberculosis (XDR-TB) to emerge which is resistant to both first 

and some second-line ( Streptomycin, Capreomycin, Kanamycin, Ethaionamide, Cycloserine, 

Rifabutin, PAS, Clafoximine, and Levofloxacin) of TB drugs, making it very difficult to treat 

(LAC-TB Control Program, 2005).  

In California, one third of MDR-TB cases reside in Los Angeles (Patel, 2008). XDR-TB was 

first reported by the Centers for Disease Control and Prevention (CDC) in 2006. The survival 

rate of those infected with XDR-TB is very low, all but one of 53 XDR-TB infected patients in 

South Africa died from the disease, and all were HIV co-infected. The mortality rate is 84 

percent (LAC-TB Control Program, 2007). The increasing number of resistant strains MDR-TB 

cases has been reported in the former Soviet Union, China, and India. Due to its high mortality 

and morbidity the progression from MDR-TB to XDR-TB is a global concern, WHO estimates 

that approximately 27,000 people are infected with XDR-TB annually out of which 16,000 

patients die.  Prompt laboratory diagnosis of TB, drug susceptibility testing and reporting 
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followed by immediate intervention of the clinicians and public health practitioners is critical in 

the proper disease management and treatment. The purpose of this study is to attempt to answer 

to the following questions 1) Will the numbers of MDR-TB cases existing in the Los Angeles 

County increase or progress to XDR? 2) Are there enough rapid diagnostic testing and public 

health measures in place in areas of the county where MDR-TB and XDR-TB can occur? 3)  

What populations are more at risk? 4) Do we have the ability to diagnose TB, MDR-TB or XDR-

TB within days or hours instead of weeks which is essential to receive effective treatment? 
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Literature Review  

The World Health Organization estimates that one billion people will be newly infected 

and 35 million people will die of tuberculosis between 2000-2020. There are intrinsic and 

extrinsic factors involved in the restricted chemotherapeutic options available in the fight of this 

global health emergency. Morris et al. (2005) described the ancestral antibiotic resistance in 

Mycobacterial tuberculosis due to the low permeability of the unique cell wall envelope 

composed of impermeable mycolic acid possessed by this organism allowing the organism to 

tolerate different classes of antibiotics, and to a complementary system that coordinates 

resistance to drugs that penetrate the envelope.  In order to have a general understanding on the 

development of antibiotic resistance of tuberculosis let me start by defining the types of drug 

resistance. Drug resistance may be of two types, primary and acquired. Primary drug resistance 

is defined as drug resistance in a patient who has not received any anti- tubercular treatment in 

the past, and acquired drug resistance is the resistance to drugs that develops in a patient who has 

received prior chemotherapy (Prasad, 2005).  

Morris et al. (2005) experimental research used gene expression profiling analysis to 

demonstrate the mechanism for drug resistance by activating expression of genes involved in 

ribosomal protection  and antibiotic efflux, as well as genetic systems that provide for specific 

adaptations to DNA damage, which in turn is the cause of drug treatment failure and 

physiological adaptations in the host. Extrinsic factors involved in the further drug resistance 

development are also discussed by Morris et al. (2005) to include patient noncompliance or 

inadequate drug dosage which favors the sequential acquisition of mutations providing resistance 

and the emergence of multi-drug resistant Mycobacterium tuberculosis strains. Prevalence of 

MDR-TB is a direct measure of the state and efficacy if tuberculosis control programs and 
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realistic attitudes of the various communities toward implementation of the strategies in place by 

those programs (Prasad, 2005). They concluded that knowledge of the intrinsic mechanisms and 

resistance pathways of the bacilli to the antibiotics could generate clinical antibiotics that may 

inactivate or bypass detection genes for the treatment of tuberculosis and even shorten the 6 – 12 

months duration of the therapy. 

The reality is that the prevalence of multi-drug acquired resistance is a man compounded 

problem where the sources are many including the government not providing the needed 

infrastructure;  the pharmaceutical industry lack of appropriate guidance in drug combinations, 

proper storage, name changes; doctors poor knowledge on dosage, duration of treatment, side 

effects, prescription errors, and poor patient instructions and training ; patients non-compliant 

due to lack of financial resources, insurance, social myths, misconceptions, and existing co-

morbid conditions such as diabetes, HIV, psychiatric conditions, and habits such as smoking and 

alcoholism (Prasad, 2005).  

Regarding the global emerging tuberculosis drug resistance, Otto, Agid, Suzan and 

Mushtata (2009) noted a rapid increase in the number of patients in Abu-Anja, South Sudan, who 

having completed the first- line of tuberculosis antibiotic therapy still presented sputum positive 

for the bacilli in high numbers, and the same occurrence for some patients who were under the 

second -line treatment was observed. They conducted an exploratory, descriptive, and analytical 

retrospective and prospective study based on 24 MDR-TB patients answers to 24 open-end 

questions, 10 multiple choice, and 2 comments questionnaire. The study was small in the number 

of cases studied, but nevertheless provided serious indicators on the rapidly rising of MDR-TB 

reflecting poor therapy management. They found that compliance to the TB drug treatment was 

faulty by interruptions adhering to the therapy due to no money, unavailability of the drugs, or 
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the patient just feeling well. Otto, Agid, Suzan and Mushtata (2009) provided recommendations 

on preventing the evolution of existing TB to MDR-TB and eventually XDR-TB by revisiting 

the direct observed therapy (DOT) package strategy, reaching to those in remote areas with no 

access to medical facilities, early monitoring of MDR-TB, free of charge laboratory testing and 

therapy, training of the health care providers for the management of MDR-TB, and continuous 

surveillance for an accurate assessment of the problem in South Sudan.  

The recommendations provided by Otto, Agid, Suzan and Mushtata (2009) are valid and 

of far reaching benefits which can be used as implementation tools to the strategies already in 

place to limit the transmission of MDR-TB and the progression to XDR-TB in the Los Angeles 

County. 

Adding to the efforts to find a global understanding and a possible future solution to this 

global health emergency Zager & McNerney (2008) in the article titled “Multi-Drug Resistance 

tuberculosis” discuss the re-appraisal of global MDR-TB to include population based statistics to 

evaluate the global problem of drug resistant tuberculosis and in global surveillance data. Global 

surveillance has identified countries in Eastern Europe, the former Soviet Union and provinces of 

China as having a high proportion of MDR-TB, while other regions such as sub-Sahara Africa as 

having low proportions of drug resistant cases. They studied the MDR-TB situation in sub-

Sahara Africa which, while considered a low risk setting by traditional reporting methods the 

prevalence is low (therefore methods to control high resistance is not considered a high priority), 

but the incidence is high as statistically  demonstrated to have amongst the highest levels of 

transmitted MDR-TB in the world. The discussion illustrates how drug resistance develops and 

flourishes in areas where dealing with tuberculosis control is least able to deal with it, such as in 

the recent case of the XDR-TB outbreak in KwaZulu Natal Province in South Africa where rapid 
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progression to death was observed in 98% of the cases. Zager & McNerney (2208) concluded 

that when assessing the impact of drug resistance in a geographical area the incidence in terms of 

the population must be considered. The high death rates caused by XDR-TB outbreaks such as 

the one in South Africa demands increased resources in the global prevention of XDR-TB and 

calls for international funds to manage the burden of TB drug resistance on high incidence 

communities to provide the intervention required to interrupt transmission.  

Besides demographic and clinical characteristics affecting MDR-TB transmission and 

pathogenesis, case clustering studies estimate the effect of specific INH resistance-conferring 

mutations and strain lineage on genotyping clustering. In Determinants of Multidrug-Resistance 

Tuberculosis Clusters, California, USA, 2004- 2007; Metcalfe, Kim, Lin, Cattamanchi, Oh, 

Flood, Hopewell, and Kato-Maeda, M. (2010) examined laboratory data and epidemiological 

evidence of the specific factors that affect the transmission and pathogenesis of MDR-TB to 

evaluate the resistance conferring mutations of INH on genotypic clustering cases by conducting 

a population-based cohort study of all MDR-TB cases reported in a four year period. They found 

from the analysis of culture positive cases of MDR-TB by genomic DNA studies 

characterization of mutations associated with INH and RIF resistance and statistical analysis that 

during the study period 14% of all cases have resulted from recent transmission and rapid 

progression of the disease, 92% occurred among foreign born patients, with 56% occurring 

among immigrants from Mexico, Philippines, China, and Vietnam and recent refugees from 

Thailand, Lao, or India. They also found that the younger population was more likely to harbor 

strains involved in MDR-TB clusters than older ones, and that HIV co- infection was unusual in 

this patient population. Metcalfe et al. (2010) findings reinforce the need for active screening, 

prevention activities, and the United States investment in international TB control. 
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Banerjee et al. (2008) conducted a study exclusively on XDR-TB in California 1993- 

2006 in which they investigated extensively the characteristics and extent of XDR-TB in 

California with the purpose to make recommendations and inform public health on the adequate 

interventions necessary to implement strategies to identify and cure patients with pre XDR-TB 

before the condition evolves to XDR-TB and the number of infected persons increases 

exponentially. Banerjee et al. (2008) define pre XDR-TB as TB with resistance to INH and RIF 

and either a fluoroquinolone or second line injectable agent but not both. They analyzed TB case 

reports submitted to the state TB registry and queried local and state health departments’ drug 

susceptibility reports. In their study of 424 MDR-TB cases with complete susceptibility reports 

of second-line drugs susceptibility testing collected by the California Department of Public 

Health Microbial Diseases Laboratory and the Centers for Disease Control and Prevention 

(CDC) from local public health laboratories, Banerjee et al. (2008) found 18 cases of XDR-TB 

and 77 cases were pre-XDR. They found some interesting facts from the XDR-TB cases; most 

involved foreign born mainly Mexico, some were diagnosed within 6 months after arrival in the 

United States, and a few acquired XDR-TB during therapy in California. Banerjee et al. (2008) 

concluded in their article of the need for interventions that improve surveillance, directly 

observed therapy (DOT) and rapid drug susceptibility and testing. Recommendations similar to 

those which abroad studies discussed in this review have concluded as well.  

As previously mentioned, the factors associated with the generation of MDR-TB and the 

transmissions to the community under epidemic conditions are multiple, and the combinations of 

those factors have been implicated as the cause of epidemics and outbreaks in various 

geographical areas and countries. Caminero (2008) examined the likelihood of generating MDR-

TB and XDR-TB under adequate National Tuberculosis Control Programme implementation as 
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another perspective to view the emergence of TB drug resistance as possible explanation for 

when in some countries there is no decline in MDR-TB rates even after appropriate control 

measures have been implemented. According to Caminero (2008), the most frequent causes 

associated with selection of resistance in the community and with the generation of MDR-TB 

under epidemic conditions are lack of, or poor: implementation to the DOTS strategy, adherence 

and supervision of treatment, standardized treatments, quality control of anti-tuberculosis drugs, 

and hospital infection control as well as history of frequent shortages of drug supplies in the 

country, high prevalence of highly virulent strains of Mycobacterium tuberculosis, and human 

immunodeficiency virus (HIV) in some regions. Caminero (2008) explores questions such as 

could WHO categories indicating anti-tuberculosis treatment recommended  for all new TB cases 

result in MDR-TB? Generate MDR-TB, or amplify resistance? After a complete analysis and 

review of Category I and Category II treatment guidelines the author offers strategies to 

minimize the risks of amplifying resistance with the WHO Category I and II antibiotic regimen 

and strategies to minimize the risks of generating XDR-TB. It was concluded that under the 

special circumstances analyzed in this article, the WHO Category I regimen cam amplify 

resistance to RIF (in initial INH resistant cases) or ethambutol (EMB)+ pyrazinamide (in initial 

MDR-TB cases) and that Category II regimen can also amplify resistance to EMB and 

streptomycin. The recommendations Caminero (2008) offers to minimize the risks of generating 

XDR-TB include in the case of suspected MDR-TB that no treatment should be started unless 

there is enough drugs to cover the full therapy consisting of 18 – 24 months and that at least four 

drugs should be included in the therapy that have not previously been given to the patient or to 

which susceptibility has been demonstrated.   
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 The thesis question for this literature review and research paper “Progression of Multi 

Drug Resistant Tuberculosis (MDR-TB) to Extensively Drug Resistant (XDR- TB) in the Los 

Angeles County: Are There Reasons To Be Concerned?” , as well as others questions such as 

will the numbers of MDR-TB cases existing in the Los Angeles County increase or progress to 

XDR? Are there enough rapid diagnostic testing and public health measures in place in areas of 

the county where MDR-TB and XDR-TB can occur? What populations are more at risk? Do we 

have the ability to diagnose TB, MDR-TB or XDR-TB within days or hours instead of weeks 

which is essential to receive effective treatment, can only be answered by predicting the future of 

XDR-TB with an accurate collection of data, theoretical models, more research, new rapid and 

inexpensive diagnostic testing methods and molecular techniques available where MDR-TB and 

XDR-TB might occur. According to Blower & Supervie (2007) WHO targets to reducing the 

global tuberculosis epidemic by detecting and treating new sputum positive cases with the goal 

to attain a high cure rate, therefore minimizing the MDR-TB strains which emerge due to 

imperfect treatment and eventually causing XDR-TB strains to evolve through acquired 

resistance.  Public Health efforts must be geared to the effective control of MDR-TB epidemics 

which if not attained will escalate to uncontrollable XDR-TB. Wide availability and use of 

innovative technology such as New Rapid Microscopic Observation (MODS), Drug 

Susceptibility assays, and molecular techniques (Patel et al. 2008) are of urgent priority in TB 

control and to stop its evolution into MDR-TB and XDR- TB resistant strains.  

A complete Literature Review Matrix used in this study is presented in Appendix 1. 
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Materials and Methods 

An extensive article review on the subject as well as data available on TB from 2004 – 

2008 was reviewed and analyzed. The Online Tuberculosis Information System (OTIS) Data was 

analyzed using Epi Info™ public domain software package (CDC, 2011). OTIS is part of the 

CDC Wide-ranging Online Data for Epidemiologic Research (WONDER) system which makes 

information available to public health professionals (CDC, 2010).  

The tuberculosis data used in this study was obtained from the Tuberculosis Information 

System (OTIS) database which is part of CDC Wide-ranging Online Data for Epidemiologic 

Research (WONDER). This system makes tuberculosis surveillance data information available 

to public health professionals and the public in general. The data from OTIS contain information 

abstracted from the national tuberculosis (TB) case report form called the Report of Verified 

Case of Tuberculosis (CDC, 2010). Consequently, TB surveillance data consist of verified cases 

of TB. A verified case consist of a case of TB which was confirmed by laboratory methods 

which include isolation of the causative agent Mycobacterium tuberculosis from a clinical 

specimen, examined microscopically for the presence of acid fast bacilli followed by nucleic acid 

amplification tests (Koneman et al., 2006), or by meeting the clinical case definition which is 

based on a positive tuberculin skin test, abnormal chest x-ray and clinical evidence and diagnosis 

of current disease (CDC, 2011). Local public health law mandates to all states in the United 

States that all verified cases of TB be reported to keep an active TB surveillance system to 

collect information of existing active TB cases. Therefore, in 1998 a software package, the 

Tuberculosis Information Management System (TIMS), a windows-based information system 

which implemented the existing surveillance system was designed to provide rapid, ease, and 
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effective transmission of case reports data to the Centers for Disease Control and Prevention 

(CDC, 2011).  

Study variables and measures data sets chosen  for this study comprise as the population; 

the reported TB verified cases from Los Angeles, CA, Long Beach, CA, and Santa Ana, CA for 

4 years (2004- 2008); classified into six broad age groups ages 0 -4, 5-14, 15-24, 25- 44, 45-64, 

and 65 and over, race/ethnicity; White Non-Hispanic, Black Non-Hispanic, Hispanic All Races, 

American Indian or Alaska Native, Asian or Pacific Islander, and Unknown, if Direst Observed 

Therapy (DOT) or supervised therapy was received which involves the direct visual observation 

by a health care provider or other reliable person of a patient's ingestion of medication daily, 

twice, or three times a week (CDC, 2011), if  tested for Isoniazid (INH) and Rifampin (RIF) 

susceptibility, and whether or not those cases were Multiple Drug Resistant (MDR); patient has 

an initial M. tuberculosis isolate resistant to at least INH  and RIF. Data on patient status of co-

infection with the Human Immunodeficiency Virus (HIV) was not available. 

Confidentiality procedures such as aggregation, grouping of continuous variables into 

specific intervals, and information suppression to count values less than five were applied to 

make sure that the individuals cannot be traced for identification (CDC, 2011) were strictly 

applied by the CDC to the public accessible data used for this study. The information on HIV 

was not available and the TB verified cases may not be accurate or complete due to concerns on 

patient confidentiality (CDC, 2011). 
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Results 

The data obtained from OTIS which consisted of 105 entries (Table 1) and based on six 

variables designated as Q1 Age, Q2 DOT, Q3INHRIF, Q4 MDR, Q5 Race, and Q6Count were 

manually entered on the Epi Info™ Make a View program and analyzed to provide total number 

of cases, age and race/ethnicity distribution, mean, standard deviation, frequency and linear 

regression. A correlation coefficient of 0.05 and a p value <0.05 for Q5Race (White, non-

Hispanic/Asian or Pacific Islander NH) of statistical significance was obtained from this study. 

Once it was established that the Asian or Pacific Islander Non-Hispanic group showed the most 

number of TB cases in the LAC, the study concentrated on analyzing the other variables on this 

racial ethnic group which have the highest risk on the progression of Multi Drug Resistant 

Tuberculosis (MDR-TB) to Extensively Drug Resistant (XDR- TB) which was actually 

confirmed by being the only group to have six cases of reported MDR. Information on place of 

origin such foreign born and HIV status would affect the progression of TB to resistant forms, 

which can be researched in future studies.  

Results from the statistical analysis indicated  that a total of 5,322 confirmed cases of 

tuberculosis were reported by LAC during a four year period from 2004 to 2008 (Table 1) of 

which the Asian or Pacific Islander Non-Hispanic represented 44% (Table 2). Race/ Ethnicity 

and age groups analysis (Table 2 and Figure B) showed that the Asian Pacific Islander Non-

Hispanic community had the largest number of cases reported 2,342 with 32.3% (759) of those 

cases occurring in the age range 45-64 years of age, 31.1% (728) in the 65+years, 28% (661) 

occurring in the 25-44 years old group, 7.0% (163) in the 15-24 age group and 1% (23) in the 0-4 

year old group. Hispanic/Latinos had total of 2, 200 cases with the majority of cases occurring in 

the age groups 25-44 (39.3% or 864 cases). The numbers of TB cases reported drops from the 
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thousands to the hundreds for White Non-Hispanic with 419 cases with 38.2% occurring in the 

65+year’s group, and the lower number of reported TB cases occurred in Black or African 

American Non –Hispanic with 361 cases, 53.2% (192) reported in the 45-64 age groups. Only 6 

cases of MDR-TB were reported, all of which were from the Asian or Pacific Islander Non-

Hispanic racial group (Table 3). From the 5,322 confirmed TB cases the age groups 24 – 44 and 

45 – 64 have the highest incidence of reported cases (Figure A) Directly Observed Therapy 

(48.5%) was the therapy of choice (Table 4 and Figure C) for all age groups (Figure D) and 

84.6% of the reported TB cases were tested for Isoniazid and Rifampin susceptibility (Table 5 

and Figure D). Frequency and 95% confidence intervals by age group for each of the 

racial/ethnic groups was determined to be acceptable for the data (Tables 7-9). A correlation 

coefficient of 0.05 and a p value <0.05 for Q5Race (White, non-Hispanic/Asian or Pacific 

Islander NH) of statistical significance was obtained from this study (Table 10).  
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Table 1. Results of the descriptive, bivariate and multivariate analysis depict a summary of 

the total number of TB, observations, mean, and standard deviation based on 

race/ethnicity groups in the LAC (2004- 2008).  
 

Race/Ethnicity 

 

 

Asian or Pacific 

Islander NH 

 

Black or African 

American NH 

 

Hispanic or 

Latino 

White, Non-Hispanic 

 

Observations 36 14 37 18 
Total 2342 361 2,200 419 
Mean 65.06 25.79 59.46 23.28 
Standard 

Deviation 
93.93 24.21 85.25 18.16 

 

 

Table 2.  A summary of TB cases by age groups for four years from 2004 to 2008 in the Los 

Angeles County (LAC) by Race/ Ethnicity. Asian Pacific Islander Non-Hispanics had the 

largest number of cases reported followed by Hispanic/Latino. Asian or Pacific Islander NH 

represent 44% of the total cases in LAC from 2004-2008.  

 

 

 

Table 2 

Tuberculosis Cases in the Los Angeles County (2004-2008) 

by 

AGE GROUPS AND RACE/ETHNICITY 

Age Group, Broad 
Asian or Pacific 

Islander NH 

Black or African 

American NH 

Hispanic or 

Latino 

White, non-

Hispanic 
TOTAL 

0-4 
Row % 

Col % 

23 

24.7 

1.0 

0 

0.0 

0.0 

70 

75.3 

3.2 

0 

0.0 

0.0 

93 

100.0 

1.7 

15-24 
Row % 

Col % 

163 

31.7 

7.0 

15 

2.9 

4.2 

280 

54.5 

12.7 

56 

10.9 

13.4 

514 

100.0 

9.7 

25-44 
Row % 

Col % 

661 

39.5 

28.2 

92 

5.5 

25.5 

864 

51.6 

39.3 

57 

3.4 

13.6 

1674 

100.0 

31.5 

45-64 
Row % 

Col % 

756 

45.4 

32.3 

192 

11.5 

53.2 

573 

34.4 

26.0 

146 

8.8 

34.8 

1667 

100.0 

31.3 

5-14 
Row % 

Col % 

11 

14.3 

0.5 

0 

0.0 

0.0 

66 

85.7 

3.0 

0 

0.0 

0.0 

77 

100.0 

1.4 

65+ years 
Row % 

Col % 

728 

56.1 

31.1 

62 

4.8 

17.2 

347 

26.8 

15.8 

160 

12.3 

38.2 

1297 

100.0 

24.4 

TOTAL 
Row % 

Col % 

2342 

44.0 

100.0 

361 

6.8 

100.0 

2200 

41.3 

100.0 

419 

7.9 

100.0 

5322 

100.0 

100.0 
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Figures 1 A–E. Figure A below illustrates the total count of TB cases by age group. The age 

groups 24- 44 and 45-64  show equal numbers of cases in which age range the majority of 

TB cases were found and reported. Figure B. indicates the larger number of Asian Pacific 

TB cases in LAC for the period studied was found on the 45 -64 years old, followed by the 

65 years and older, then the 25-44 years old.  

 

                                        
Figure A.      Figure B. 

 

                                         
  

Figure C: Direct Observed Therapy vs. Total TB                           Figure D. Direct Observed Therapy vs. Total TB 

cases           taking into account age groups 

 

 
 

Figure E: Tested for susceptibility to Isoniazid and Rifampin vs. Total TB counts taking into account Racial/Ethnic 

groups. 
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Table 3. Only 6 cases of MDR-TB were reported, all of which were from the Asian or 

Pacific Islander Non-Hispanic racial group. 
 

 

 

 

 

Table 4. Directly Observed Therapy (49.1%) was the therapy of choice. 

 
 

 

 

 

 

 

 

 

 

 

  

 

 

 

RACE/ETHNICITY  

Multi-Drug Resistant 
Asian or Pacific 

Islander NH 

Black or African 

American NH 

Hispanic or 

Latino 

White, non-

Hispanic 
TOTAL 

No 
Row % 

Col % 

1969 

45.1 

84.1 

298 

6.8 

82.5 

1786 

40.9 

81.2 

315 

7.2 

75.2 

4368 

100.0 

82.1 

Not Applicable 
Row % 

Col % 

367 

38.7 

15.7 

63 

6.6 

17.5 

414 

43.7 

18.8 

104 

11.0 

24.8 

948 

100.0 

17.8 

Yes 
Row % 

Col % 

6 

100.0 

0.3 

0 

0.0 

0.0 

0 

0.0 

0.0 

0 

0.0 

0.0 

6 

100.0 

0.1 

TOTAL 
Row % 

Col % 

2342 

44.0 

100.0 

361 

6.8 

100.0 

2200 

41.3 

100.0 

419 

7.9 

100.0 

5322 

100.0 

100.0 

 

RACE/ETHNICITY  

Directly Observed Therapy 

Asian or 

Pacific 

Islander NH 

Black or 

African 

American NH 

Hispanic or 

Latino 

White, non-

Hispanic 
TOTAL 

Both 
Row % 

Col % 

39 

67.2 

1.7 

0 

0.0 

0.0 

19 

32.8 

0.9 

0 

0.0 

0.0 

58 

100.0 

1.1 

Direct only 
Row % 

Col % 

1135 

43.4 

48.5 

162 

6.2 

44.9 

1114 

42.6 

50.6 

204 

7.8 

48.7 

2615 

100.0 

49.1 

Not Applicable 
Row % 

Col % 

939 

43.9 

40.1 

168 

7.8 

46.5 

877 

41.0 

39.9 

157 

7.3 

37.5 

2141 

100.0 

40.2 

Not reported 
Row % 

Col % 

0 

0.0 

0.0 

0 

0.0 

0.0 

5 

100.0 

0.2 

0 

0.0 

0.0 

5 

100.0 

0.1 

Self 
Row % 

Col % 

229 

45.5 

9.8 

31 

6.2 

8.6 

185 

36.8 

8.4 

58 

11.5 

13.8 

503 

100.0 

9.5 

TOTAL 
Row % 

Col % 

2342 

44.0 

100.0 

361 

6.8 

100.0 

2200 

41.3 

100.0 

419 

7.9 

100.0 

5322 

100.0 

100.0 



Progression of MDR-TB     20 
 

 

 

Table 5.  

Tested for Isoniazid and Rifampin susceptibility 79.8% of the total 5,322 TB cases reported 

for the years 2004-2008. 

 
 

 

 

 

Table 6.  Frequency by age groups for Asian or Pacific Islander with 95% confidence limits 

for each broad age group 

 

                                     

Age 

Group, 

Broad  

Frequency  Percent  Cum Percent  
 

95% Confidence Limits 

0-4  23  1.0%  1.0%  
 

0.6%  1.5%  

15-24  163  7.0%  7.9%  
 

6.0%  8.1%  

25-44  661  28.2%  36.2%  
 

26.4%  30.1%  

45-64  756  32.3%  68.4%  
 

30.4%  34.2 % 

5-14  11  0.5%  68.9%  
 

0.2%  0.9%  

65+ 

years  
728  31.1%  100.0%  

 
29.2%  33.0 % 

Total  2342  100.0%  100.0%  
 

  

 

   

   

RACE/ETHNICITY  

Tested for Isoniazid & 

Rifampin Susceptibility 

Asian or Pacific 

Islander NH 

Black or African 

American NH 

Hispanic or 

Latino 

White, non-

Hispanic 
TOTAL 

No 
Row % 

Col % 

41 

56.9 

1.8 

0 

0.0 

0.0 

31 

43.1 

1.4 

0 

0.0 

0.0 

72 

100.0 

1.4 

Not Applicable 
Row % 

Col % 

320 

31.9 

13.7 

63 

6.3 

17.5 

517 

51.5 

23.5 

104 

10.4 

24.8 

1004 

100.0 

18.9 

Yes 
Row % 

Col % 

1981 

46.7 

84.6 

298 

7.0 

82.5 

1652 

38.9 

75.1 

315 

7.4 

75.2 

4246 

100.0 

79.8 

TOTAL 
Row % 

Col % 

2342 

44.0 

100.0 

361 

6.8 

100.0 

2200 

41.3 

100.0 

419 

7.9 

100.0 

5322 

100.0 

100.0 
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Table 7. Frequency by age groups for Black or African American NH with 95% confidence 

limits for each broad age group 

Age 

Group, 

Broad  

Frequency  Percent  Cum Percent  
 

95% Confidence Limits 

0-4  0  0.0%  0.0%  
 
0.0%  1.3%  

15-24  15  4.2%  4.2%  
 

2.4%  6.9%  

25-44  92  25.5%  29.6%  
 

21.1%   30.4%  

45-64  192  53.2%  82.8%  
 

47.9%  58.4%  

5-14  0  0.0%  82.8%  
 
0.0%  1.3%  

65+ 

years  
62  17.2%  100.0%  

 
13.5%  21.6%  

Total  361  100.0%  100.0%  
 

  

 

Table 8. Frequency by age groups for Hispanic or Latino with 95% confidence limits for 

each broad age group 

 

Age Group, 

Broad 
Frequency Percent 

Cum 

Percent  
 

95% Confidence Limits 

0-4  70  3.2%  3.2%  
 

2.5%  4.0%  

15-24  280  12.7%  15.9%  
 

11.4%  14.2%  

25-44  864  39.3%  55.2%  
 

37.2%  41.4%  

45-64  573  26.0%  81.2%  
 

24.2%  27.9%  

5-14  66  3.0%  84.2%  
 

2.3%  3.8%  

65+ years  347  15.8%  100.0%  
 

14.3%  17.4%  

Total  2200  100.0%  100.0%  
 

  

 

Table 9. Frequency by age groups for White, Non-Hispanic with 95% confidence limits for 

each broad age group 

 

Age Group, Broad  
Frequency  Percent  Cum Percent  

 
 

95% Confidence Limits 

0-4  0  0.0%  0.0%  
 
0.0%  1.1%  

15-24  56  13.4%  13.4%  
 

10.3%  17.1%  

25-44  57  13.6%  27.0%  
 

10.5%  17.3%  

45-64  146  34.8%  61.8%  
 

30.3%  39.6%  

5-14  0  0.0%  61.8%  
 
0.0%  1.1%  

65+ years  160  38.2%  100.0%  
 

33.5%  43.0%  

Total  419  100.0%  100.0%  
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Table 10. 

 Linear Regression 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

Variable Coefficient 
Std 

Error 
F-test P-Value 

Q5Race (Black or African American NH/Asian or Pacific 

Islander NH)  
-39.270 23.943 2.6901 0.104116 

Q5Race (Hispanic or Latino/Asian or Pacific Islander NH)  -5.596 17.796 0.0989 0.753825 

Q5Race (White, non-Hispanic/Asian or Pacific Islander NH)  -41.778 21.944 3.6246 0.059806 

CONSTANT 65.056 12.669 26.3669 0.000001 

Correlation Coefficient: r^2= 0.05 

Source  df  Sum of Squares  Mean Square  F-statistic  

Regression  3 32483.582 10827.861 1.874 

Residuals  101 583625.046 5778.466 
 

Total 104 616108.629 
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Table 11.  
 

FREQ Q1Age STRATA  VAR = Q5Race WEIGHTVAR=Q6Count PSUVAR=Q2DOT 

Age Group, Broad TOTAL 

  0-4 7  

Row % 100.000 

Col %  1.747  

15-24 13  

Row % 100.000 

Col %  9.658  

25-44 28  

Row % 100.000 

Col %  31.454  

45-64 26  

Row % 100.000 

Col %  31.323  

5-14 7  

Row % 100.000 

Col %  1.447  

65+ years 24  

Row % 100.000 

Col %  24.371  

TOTAL 105 

Sample Design Included: 

Weight Variable: Count 

PSU Variable: Directly Observed Therapy 

Stratification Variable: Race/Ethnicity 
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Conclusion 

 

There are many reasons indeed to be concerned regarding the progression of MDR-TB to 

XDR-TB in the Los Angeles County as demonstrated by this literature review and the findings of 

the data analysis. Information on place of origin such as country of origin and HIV status, not 

available for this study, would have been valuable information. The lack of this available data 

limited the assessment on HIV affects on the progression of TB to resistant forms leaving the  

question will the numbers of MDR-TB cases existing in the Los Angeles County increase or 

progress to XDR to be researched for future studies. The data analysis results provided 

information on the need for rapid diagnostic testing and public health measures focused at target 

racial/ethnic groups such as the Asian or Pacific Islander and Hispanic or Latino groups in which 

progression of MDR-TB to XDR-TB is of concern in the years to come due to the constant 

immigration of workers leaving in crowded conditions and lacking appropriate health care to the 

LAC area. Rapid diagnostic tests even though do exist and are under scientific evaluation are not 

widely available to assist with prediction of accurate drug susceptibility results which can assist 

clinicians on effective anti-tuberculosis therapy. Much work and advances have taken place 

during the last decade on the battle to control TB, but there is still much work remains to be 

done. 
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Appendix 1   Progression of Multi Drug Resistance (MDR-TB) to Extensively Drug Resistant (XDR-TB) in the Los Angeles County: Are There Reasons To Be Concerned?

Research Manuscript Literature Matrix

Title Authors Journal Pub. Date Study Design Data Type Subjects Ind. Var. Dep. Var Intervention Results Conclusions

1. Determinants of 

Multidrug-Resistant 

Tuberculosis 

Clusters, California, 

USA 2004-2007

Metcale, Kim, 

Lin, 

Cattamanchi, 

Oh, Flood, 

Hopewell, and 

Kato-Maeda

Emerging 

Infectious 

Diseases, CDC 

September, 2010 Population-based 

cohort study

Primary

All incident 

MDR-TB cases 

in California 

during a 4 year- 

period (January 

2004- 

December 

2007)

Testing for 

first and 

second line 

drug 

susceptibilities, 

genotyping, 

and lineage 

determination 

Drug resistant 

Mycobacteriu

m tuberculosis 

patients 

None MDR in cluster cases resulted 

from recent transmission, 

among foreign borne patients, 

and  younger persons more 

likely to harbor  the strains  

Pathogen specific factors 

were associated with 

clustering of MDR-TB 

cases, independent of 

traditional clinical and 

demographic risk factors.

2. Extensively Drug 

-Resistant 

Tuberculosis in 

California, 1993-

2996

Benerjee, 

Allen, 

Werenhouse, 

Oh, Elms, 

Desmond, 

Nitta, Royce, 

and Flood

Infectious 

Disease Society 

of America

August, 2008 Exploratory, 

descriptive and 

analytical 

retrospective study 

Secondary TB case reports 

submitted to the 

State TB 

registry for the 

period 1993-

2006

None Among 424 MDR-TB cases 

18 were XDR-TB and 77 

were pre XDR-TB

Increased support of 

domestic and international 

TB control programs and 

drug development efforts are 

urgently needed to combat 

XDR-TB.

3. MDR-TB is in 

town; and might be 

tugging along XDR-

TB

Otto, Agid, 

Suzan and 

Mushtaha

Southern Sudan 

Medical Journal 

August, 2009 Exploratory, 

descriptive and 

analytical 

retrospective and 

prospective study 

Primary Patients with 

TB smear 

positive after  

been treated 

with 1st line anti 

TB drugs, and 

those who have 

started 2nd line 

treatment

Instructed 

questionnaire 

on treatment 

management

Poor 

management 

of TB at 

different levels

Early monitoring, 

free laboratory 

testing, revision 

of Direct 

Observed 

Therapy strategy 

of MDR-TB to 

contain disease 

spread.

MDR-TB rapidly increasing  

and will continue rising if 2nd 

line drugs not available for free

Urgent need of early 

monitoring, training of a task 

force for management, and 

TB survey of South Sudan 

recommended to discern 

magnitude of the problem.

4. Multidrug 

resistant 

tuberculosis

Zager and 

McNerney

Biomedical 

Central 

Infectious 

Diseases

January, 2008 Exploratory, 

descriptive and 

analytical

Primary Current TB 

cases incidence 

in Asia and 

Africa of TB as 

a disease of 

poverty. 

XDR-TB 

resistance to 

Isoniazid, 

rifampin, a 

fluoroquinolon

e, and a 

second line 

injectable drug  

MDR_TB and 

XDR-TB 

global 

surveillance  

Inclusion of 

population based 

statistics in 

global 

surveillance 

data.

Surveillance activities must be 

enhanced with the inclusion of 

population based statistics as 

part of the strengthening the 

healthcare infrastructure to 

control, monitor and effectively  

treat TB and limit the its 

spread. 

WHO and international 

donor community call to 

recognize the threat of drug 

resistant tuberculosis in Asia, 

Saharan Africa, and other 

regions to mobilize resources 

for TB control

5. Likelihood of 

generating MDR-

TB and XDR-TB 

under adequate 

National 

Tuberculosis 

Control Program 

implementation

Caminero, 

J.A.

International 

Journal of 

Tuberculosis 

and Lung 

Disease 

February, 2008 Analytical 

retrospective and 

prospective study

Primary Patients who 

are treated with 

rifampin during 

the continuation 

treatment phase 

without close 

supervision who 

entail a higher 

risk of selection 

of TB and 

generation of 

MDR-TB 

resistance. 

National TB 

Control 

Program 

(NTP) 

Poor 

adherence and 

supervision of 

therapy and 

non-

standardized 

methods 

Implementing 

inadequate NTP 

strategies to 

include access to 

TB culture and 

drug 

susceptibility 

testing (DST) in 

low income 

world areas and 

countries.

Added information and 

knowledge about the 

amplification of resistance, 

mechanisms of resistance,  and 

optimal treatment of MDR-TB 

and XDR-TB.

Strategies to minimize the 

risks of amplifying resistance 

of TB must start with 

implementation of DST for 

first line drugs of TB 

treatment.

6. Extensively drug-

resistant 

tuberculosis as a 

cause of death in 

patients co-infected 

with tuberculosis 

and HIV in a rural 

area of South 

Ghandi, Moll, 

Sturm, 

Pawinski, 

Govender, 

Lallo, Zeller, 

Andrews, and 

Friedland. 

Science Direct 

The Lancet 

Infectious 

Diseases

October, 2006 Population based 

cohort study with  

enhanced surveillance 

Primary TB patients in 

Msinga sub-

district of 

KwaZulu Natal, 

South Africa 

from January 

2005 to March 

2006 

Government 

sponsored 

tuberculosis 

treatment 

program 

National 

Directly 

Observed 

TB patients co-

infected with 

HIV

DOT free 

treatment for TB 

administered by 

volunteer health 

care workers in 

the community.

Out of 1539 patients tested by 

culture and smear for TB, 542 

were positive and 53 had XDR-

TB. Of all the cases 55% had 

not received treatment for 

tuberculosis. Two of the XDT-

TB cases were hospital health 

care workers and both died of 

The evidence provided by 

this study confirms the 

serious consequences of 

MDR and XDR TB in 

patients co-infected with 

HIV in resources limited 

areas.

7. Predicting the 

future of XDR 

tuberculosis

Blower and 

Supervie

Science Direct 

The Lancet 

Infectious 

Diseases

June, 2007 Descriptive by 

Disease Model

Secondary Theoretical 

model used to 

predict the 

evolution of drug 

resistant strains

Disease 

Model

Evolution of 

MDR-TB to 

XDR-TB

None The exponential increase of 

XDR-TB when studied by a 

model of resistance evolution 

would be a result of synergistic 

interaction of acquired 

resistance such as in MDR-TB 

and transmitted resistance as 

in the case of XDR-TB. 

8. Ancestral 

antibiotic resistance 

in Mycobacterium 

tuberculosis

Morris, 

Nguyen, L., 

Gatfield, 

Visconti, 

Nguyen, K., 

Schnappinger, 

Ehrt, Liu,... 

and 

Thompson

Departments of 

Medicine and 

of Microbiology 

and 

Immunology: 

Division of 

Infectious 

Diseases and 

Geographic 

Medicine

August, 2005 Experimental Primary Bacterial studies 

on ancestral 

systems that 

coordinate 

resistance to 

drugs 

Plasmid and 

mutant TB 

analysis

Targets for the 

identification of 

inhibitors that 

makes 

Mycobacteriu

m tuberculosis 

and MDR-TB 

more 

antibabiotic 

sensitive

Early monitoring 

and  free 

laboratory 

testing. 

Recommendations provided to 

revisit  the Direct Observed 

Therapy strategy of MDR-TB 

to contain disease spread

Novel experimental studies 

that elucidate mechanism of 

resistance gene 

regulation/inhibition can lead 

to developing on new 

antibiotic targets and reduce 

duration of TB 

chemotherapy  

9.MDR-TB Current 

Status

Prasad, R. Indian Journal 

of Tuberculosis

March, 2005 Descriptive and 

informative

Secondary Programs of 

tuberculosis 

control 

None Sources and causes of 

resistance as due to poor 

government infrastructure in 

the National  TB Control 

Program, pharmaceutical 

companies, doctors, and 

patients and their families.

10. Pre-XDR-TB 

(Extensively Drug-

Resistant 

Tuberculosis): A 

case of MDR-TB 

with one step away 

from XDR-TB

Patel, 

Schwartz, and 

Escalante

American 

College of 

CHEST 

Physicians

October, 2008 Case Report Primary 32 year old 

Asian male, 

HIV positive 

with 4+ sputum 

acid fast bacilli 

at the ER with 

right upper lobe 

opacities

Resistance to 1st 

and 2nd line anti 

TB drugs quickly 

detected.  

Aggressive 

treatment  with 

stronger 

antimicrobials 

and anti-

retroviral 

therapy. After 5 

months 

admission 

sputum smear 

negative

Rapid identification of drug 

susceptibilities is vitally 

important in cases of MDR-

TB and XDR-TB. 

New Rapid Microscopic  

Observation (MODS) Drug 

Susceptibility assay and 

molecular techniques are 

urgent priority not readily 

available even in developed 

countries

 


