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Abstract 
 

EXTENSIVELY DRUG-RESISTANT TUBERCULOSIS: THE ROLE OF PRIMARY 

TRANSMISSION IN KWAZULU NATAL, SOUTH AFRICA 

 

By Amanda Feldpausch 

 

 

Background 

Extensively drug-resistant tuberculosis (XDR TB) remains a major health concern in 

KwaZulu Natal, South Africa. With high rates of HIV co-infection and poor clinical 

outcomes, prevention of XDR TB cases is imperative. Current prevention programs 

assume drug resistance is most often acquired as a result of incomplete or improper 

therapy; however, little is known of the impact of primary transmission on the epidemic. 

In order to inform effective intervention programs, we examined genotypic and 

epidemiologic data to determine the mechanism of development of XDR TB in the 

province. 

Methods 

We investigated culture-confirmed XDR TB cases diagnosed in KwaZulu-Natal province 

between August 2011 and April 2012. Data were collected from each enrolled case 

through a patient interview, medical record review, home visit, and genotyping of the 

XDR TB isolate. XDR TB cases were considered to be due to acquired resistance if there 

was evidence of previous treatment for MDR TB.  Data from genotyping and 

epidemiologic investigation were used to transmission links between enrolled patients. 

Results 

A total of 140 XDR TB patients were screened for inclusion in the study from August 

2011 to April 2012, of which. 107 patients were enrolled.  XDR TB isolates were 

available were transported to our lab for 73 of these patients and 66 patients had 

genotyping data available to be included in the analysis. The median age was 35 years 

(IQR 28-45) and 36 (55%) were female; 50 (76%) patients were HIV-infected. Only 23 

(35%) had history of prior MDR TB treatment. Additionally, XDR TB isolates from 58 

(88%) of the 66 patients studied were genetically similar and determined to be clustered. 

Epidemiologic links were found between 20 (34%) of patients and other patients within 

their own cluster through residential information and places of social congregation. After 

review of all data, 62 (94%) of patients were considered to have resistance as a result of 

primary transmission. 

Conclusions 

Primary transmission appears to be the mechanism by which the majority of individuals 

develop XDR TB in KwaZulu-Natal. Further characterization of the transmission 

networks in the province may help define the focus of effective intervention programs.  
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CHAPTER I: BACKGROUND 

Epidemiology of tuberculosis 

In 2011, an estimated 8.7 million incident cases of Tuberculosis (TB) occurred 

worldwide.  TB is often thought to be an archaic disease because of the perceived low-

impact in developed nations, however, it remains among the leading causes of death in 

women and HIV infected individuals in low- and middle- income countries worldwide 

with more than 95% of TB deaths occurring in these nations.  TB can be a debilitating 

disease, and with an estimated 1.4 million deaths per year, it can have a major effect on 

the health and economy of areas where TB incidence is high(1, 2). Africa is second only 

to Asia in the share of TB disease with 26% of all infections occurring in the region. 

South Africa has been included in the 22 High Burden Countries (HBC) targeted by the 

WHO; these countries, together, account for an estimated 82% of incident cases 

worldwide. Additionally, South Africa, is listed among the five countries with the largest 

number of incident cases with an estimated 500,000 incident cases of tuberculosis in 

2011, 330,000 of which are in HIV infected individuals. This translates to a rate of 993 

cases per 100,000 population with 65% of incident cases being among HIV infected 

individuals(2). 

Epidemiology of Multidrug-Resistant and Extensively Drug-Resistant TB 

There were an estimated 500,000 incident cases of multi drug-resistant 

tuberculosis (MDR TB) globally in 2011 accounting for approximately 3.7% of all new 

TB cases and 20% of previously-treated TB cases(2, 3). In 2008, WHO received reports 

from 33 countries citing confirmed extensively drug-resistant tuberculosis (XDR TB) 
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cases. Together, these countries reported 963 incident infections representing 5.4% of the 

MDR TB cases that year(1). In 2011, the proportion of XDR TB cases among MDR TB 

diagnoses was estimated to be much higher at 9.0%(2). Since 1994, 134 countries have 

performed surveillance and provided data on drug-resistant tuberculosis(1, 2). It is 

estimated that 60% of the MDR TB cases worldwide are in India, China, the Russian 

Federation, and South Africa(2).  

MDR TB is defined by resistance to Isoniazid and Rifampicin, two of the most 

potent first line anti-TB therapy drugs. Those with MDR TB may also be resistant to 

other first line drugs, but it is not necessary for diagnosis. Those who are resistant to 

Isoniazid and Rifampicin, any flouroquinolone, and to a second line injectable are 

considered to have extensively drug-resistant tuberculosis (XDR TB)(4). In South Africa, 

80% of TB cases with a drug-susceptibility test result were found to have at least MDR 

TB(2). 

Drug resistance adds complication to an already complex and time intensive 

treatment schedule. Drug susceptible TB requires 6-9 months of treatment with first line 

medications. Drug resistance requires the use of second-line medications, which are less 

potent and require a longer duration of treatment. Drug-resistant TB treatment can be 

more than 2 years with the ultimate temporality dictated by several biologic and 

behavioral factors.  Degree of resistance of the patient’s strain of TB, patient adherence to 

drug regimen, and response of the patient’s particular strain of drug-resistant TB to the 

anti-TB therapy all play a role in dictating length of treatment. In addition to treatment 

duration and number of drugs, second line treatment includes an injectable drug. This 
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adds a health systems and logistics complication; a health professional must be present to 

administer the injection and the patient must be able to make the trip to the facility(4). 

Tuberculosis and HIV co-infection 

TB is the leading cause of mortality in those infected with HIV, accounting for 

over 25% of deaths(1, 2).  Worldwide, an estimated 34 million people were living with 

HIV in 2010 with 67% of them in sub-Saharan Africa(5). TB/HIV co-infection is a major 

cause of morbidity and mortality in South Africa, with a disproportionate effect in the 

country due to the co-epidemics of the two diseases(6).    

Of the 8.7 million estimated TB infections worldwide in 2011, 13% or 1.13 

million were estimated to be co-infected with HIV. Within the African Region, a startling 

39% of cases are estimated to be co-infected with HIV, and within South Africa that 

estimate rises to 65% or more(2). This can be partially attributed to the HIV epidemic in 

South Africa, the largest in the world with more than 5.6 million people estimated to be 

living with HIV in the country(5). When comparing 9 high burden African countries, an 

association of an increase of 13 TB cases per 100,000 population with every 1% increase 

in HIV prevalence was identified indicating a synergy between the two epidemics(7). 

Persons with HIV are at increased susceptibility of developing active TB disease 

more quickly than those who are HIV negative, with some HIV-positive patients 

progressing to active disease in as little as 4 weeks from exposure(8, 9). This may be 

attributed to reduced immune function in those patients with HIV, allowing M. 

tuberculosis bacilli to proliferate without the mediation of a healthy immune response. 

Additionally, HIV-positive persons are 20 times more likely to develop active TB disease 
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from latent tuberculosis infection (LTBI) than those who are not HIV-positive. HIV-

negative persons with LTBI have a 5-10% lifetime risk of transitioning to active TB if 

they are not treated; in contrast, HIV-positive persons with LTBI have a 5-10% yearly 

risk of transitioning from LTBI to active TB(10). This has been demonstrated in 

prospective studies on HIV-positive individuals where a statistically significant 

association was found between being HIV infected and progressing to active disease from 

latent infection, with CD4 count and being anergic increasing that risk(7-10).  

The HIV epidemic has likely also contributed to the increase in prevalence of 

MDR TB. A systematic review of studies and surveillance data show that outbreaks of 

MDR TB have primarily occurred in HIV-infected individuals(11). Additional links are 

shown by studies done in the US and other industrialized countries among persons with 

MDR and XDR TB. One such study in the US concluded that HIV infection was 3.76 

times higher in XDR TB cases than in drug-susceptible TB cases (95% CI 2.25-6.30)(12). 

In the late 1980’s and early 1990’s, several outbreaks of MDR TB were identified in 

industrialized countries and all were associated with HIV-infection. In these cases, 

mortality was >70% and occurred quickly (4-8 weeks) after onset of TB disease 

symptoms(11). High rates of drug-resistant tuberculosis in a community with a high HIV 

prevalence may indicate concern for increased morbidity and mortality in the area. 

Although MDR TB does not cause disease more often than drug susceptible TB in 

HIV-infected persons, HIV infection has been shown to be associated with malabsorbtion 

of anti-TB drugs which has implications for acquired resistance. Low CD4 count is 

associated with acquired resistance; in a study done on HIV-positive patients with drug-
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susceptible TB disease, researchers saw acquired monoresistance to rifamycin occur 

more often in patients with a median CD4 of 16 versus the median CD4 count of 144.  

Levels of pyrazinamide and rifampin were measured in individuals within the study, 

absorption of the two drugs was found to be significantly lower in patients with a low 

CD4 count when compared with absorption in those with a high CD4 count (p = .03 and 

p = .01 respectively). Low absorption indicates that the person may not be receiving an 

adequate amount of the drug to effectively kill the bacterium, which may select for 

additional resistance as evidenced by the observed acquired resistance to rif. (13, 14).  

In addition to implications for increased risk of acquired resistance, HIV-infection 

and low CD4 count is also associated with poor outcomes in TB patients. In a study 

focusing on this relationship, 27% of patients with low CD4 count (<200 cells/µL) 

experienced death or failure as opposed to only 11% of HIV-positive patients with higher 

CD4(13, 14). Outcomes for TB also vary by access to quality care and treatment, with 

effective management of a specific patient being an integral part of achieving completion 

of treatment and cure. 

 

Drug-resistant Tuberculosis management 

In a middle-income country like South Africa, management of drug-resistant TB 

is a difficult task. In South Africa, in 2007, the average time between sputum collection 

and start of treatment was 16 weeks. The delay is attributed to the time it took for sputum 

results to be produced (4-6 weeks) followed by significant lag in receipt of the results by 

the facility due to poor communication means. Facilities need to then locate the patient 

who may have moved or given an inaccurate address when the sample was taken(15).  



6 
 

During the interim between DST testing and results, those infected with resistant strains 

are often receiving inadequate treatment, or they may be receiving no treatment at all. TB 

patients receiving inadequate treatment may remain infectious until effective treatment is 

prescribed. Delays in DST results, therefore, may have implication for spread of DR TB 

through primary transmission.  

In addition to delays in DST results, WHO reports that there were over 10,000 

notified cases of MDR TB, but only 5,600 enrolled in MDR TB treatment(2). Though 

some of these patients may be deceased at the time of DST result, many are alive and not 

treated for other reasons (not located, refuse treatment, default, etc.) and remain 

infectious in the community. The populations that are most effected are also a reason for 

concern; studies show that homelessness, imprisonment, alcohol consumption, and 

unemployment are associated with acquisition of MDR TB. Additionally, persons of low 

socio-economic status (SES) are more likely to experience death, failure, or default of 

treatment(12, 16). As previously discussed, MDR and XDR TB are associated with high 

mortality, especially in populations where HIV is highly prevalent. In a studies done to 

assess the cause of death in HIV infected individuals, autopsies showed TB present in up 

to 79% of the deceased(17, 18). WHO estimates that 13,000 incident cases of MDR TB 

occur each year in South Africa, however, additional studies also suggest that MDR TB is 

more widespread in rural areas than previously thought(1, 19-21). These associations 

raise concerns in a province like KwaZulu Natal where HIV prevalence is high and 

general SES is low. 
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Outcomes for tuberculosis treatment 

Outcomes for treatment of MDR and XDR TB are different from that of 

susceptible TB.  Studies show that the risk of poor outcomes in MDR and XDR TB 

patients is significantly higher than that of drug-susceptible TB patients. In an example of 

83 cases of XDR TB in the US between 1993 and 2007, 53% of which were HIV 

positive, 35% (26 cases) died during treatment of which 81% (n=21) were HIV positive. 

XDR TB cases were found to be 1.82 times more likely to die during treatment than 

MDR TB cases (95% CI 1.10 – 3.02), and 6.1 times more likely to die during treatment 

than drug susceptible cases (95% CI 3.65-10.20)(12). Additional studies show similar 

results, with XDR TB patients exhibiting a two-fold risk of death above MDR TB 

patients and a six-fold risk above drug-susceptible TB patients(19, 22). In HIV negative 

individuals, treatment success in XDR TB patients with aggressive treatment schedules 

and strict drug adherence is shown to be 60%(23). In the study from the US previously 

mentioned, 40 XDR TB cases (66%) converted to sputum culture negative while in 

treatment. Median time to culture conversion was 183 days (IQR 104-344). This was 

significantly less likely than culture conversion in MDR TB cases (PR, 0.57; 95% CI 

0.34-0.99) and drug susceptible cases (PR, 0.55; 95% CI 0.33-0.94)(12). Although these 

patients reached culture conversion, this does not indicate successful treatment, or cure, 

of XDR TB. In the same study, only 44% of XDR TB cases were documented to have 

completed treatment, in other studies, percentages of successful treatment are closer to 

30% in XDR TB patients(12, 22). HIV status is also a factor in MDR and XDR TB 

treatment outcome. HIV-infected individuals are more likely to experience death as an 

outcome than non-infected individuals(12).  
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Treatment of drug-susceptible TB is an arduous task, and, as previously 

discussed, MDR and XDR TB treatment is even more complicated. Second-line drugs are 

less potent against tuberculosis than first-line which necessitates use for a longer duration 

of time(24). Length of treatment will vary given a patient’s response to treatment and can 

last for over 2 years. Knowledge of complex treatment, early diagnosis, and regular 

testing through culture and Drug-Susceptibility Testing (DST) to monitor success of 

treatment regimen is necessary(4, 25).  

Adverse treatment events 

Second-line drugs are also linked with toxic side effects and morbidity, some of 

which cause permanent or irreversible disability. Although second-line drugs are less 

potent, the adverse events associated with them are often severe. Studies have shown that 

some of the most common and mild adverse events include gastrointestinal disturbances 

in up to 100% of cases as well as dermatological issues in 4.5 – 43.3% of patients. More 

serious events include ototoxicity (damage to the ear which may result in permanent loss 

of hearing) which has been observed in up to 42% of patients, psychiatric disorders were 

commonly seen in 18 – 21.3% of patients, arthralgia (joint pain), epileptic seizures, and 

hepatitis(12, 26, 27). These adverse events have also been shown to be more common in 

HIV infected individuals(28). Despite the occurrence of adverse events, no patients 

discontinued anti-TB therapy in totality; instead, a certain drug was replaced or 

suspended in cases when possible (12, 26, 27). As resistance increases, fewer drug 

options are available for use in the place of a drug which produces negative side-effects 

in a patient. This serves to illustrate the importance of proper diagnosis and treatment 

early in the course of the disease. 
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Keeping these adverse events and outcomes in mind, it is clear that the 

development of an effective treatment regimen for a case of XDR TB is imperative. 

WHO provides guidelines on this process which they outline in groups. Group 1 drugs, or 

first-line oral agents, which include isoniazid, rifampicin, ethambutol, pyrazinamide, and 

refabutin are the most potent drugs with the fewest and least severe adverse events. These 

therapies should be used if DST results indicate that a particular first-line drug may be 

effective against the patient’s strain of XDR TB. Previous failure with this group of drugs 

should be considered in conjunction with DST results. For a patient with any resistance 

shown through DST, at least one of the group 2 drugs, the injectable drugs, should be 

used. These drugs include kanamycin, amikacin, capreomycin, and streptomycin. 

Resistance to streptomycin is common, so kanamycin or amikacin are recommended as 

the first choice of these drugs. Group 3 drugs should also be used if there is any drug-

resistance. This group is made up of the flouroquinolones: moxifloxacin, levofloxacin, 

and ofloxacin. Group 4 drugs are the oral bacteriostatic second-line agents, ethionamide, 

protionamide, cycloserine, terizidone, and p-aminosalicyclic acid. These agents tend to 

have high association with adverse events, but are necessary in the treatment of XDR TB. 

Group 5 drugs are agents with unclear efficacy and are not recommended for routine use 

in treatment. However, it may be necessary to incorporate these therapies when other 

treatments fail. Standard procedure exists for developing a treatment regimen for DR TB 

based on these 5 groups; these regimens are two-phased, the first phase including an 

injectable drug and the second phase excluding it. The actual drugs used within the 

regimen should be individually based on the patient’s specific DST results and 

subsequent reaction to the drug regimen prescribed(29).  
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Some of the drugs within each group are more effective than others, 

unfortunately, cost is often the determining factor for which drug will be used as opposed 

to the efficacy. WHO recommends that later-generation flouroquinolones rather than 

early generation should be used, however, later-generation drugs are often more costly 

and unavailable to patients in developing countries(29).  

After the drug regimen has been chosen, an intensive phase of greater than or 

equal to 8 months is recommended with a total duration of treatment greater than or equal 

to 20 months. The peak for cure in patients who have never been previously treated for 

MDR TB is between 18.6 and 21.5 months as opposed to a peak of 27.6 to 30.5 months 

for those who have been previously treated for MDR TB. Culture conversion is an 

important factor in determining the appropriate end to treatment; patients should have 

three consecutive negative cultures before being considered cured(4).  

In addition to anti-TB therapy regimens, ART is recommended for all patients 

with HIV and drug resistant TB requiring second-line drug treatment. This is a blanket 

recommendation regardless of CD4 cell count. Despite recommendations, WHO reports 

that evidence is lacking on the best drug regimens for XDR TB(4, 29). 

Mechanisms for development of drug-resistance 

Development of drug resistance in M. tuberculosis evolves primarily through 

spontaneous mutational events, selection of these mutations is a result of human activity 

and did not exist before anti-TB drugs were introduced(30). For resistance to form, a 

subpopulation of resistant bacteria must survive initial treatment. Spontaneous mutations 

will occur in the patient’s strain of TB regardless of treatment regimen. If the patient is 
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treated with a regimen which does not contain a drug to which the mutated bacilli is 

susceptible, then that particular bacteria will survive and proliferate. This occurs when 

patients are treated with inappropriate or inadequate treatment regimens or when patients 

are selectively non-compliant in drug adherence(31).  

Development of MDR TB based on this drug pressure is a stepwise process (30). 

Drug pressure most often occurs when a patient is being treated with drugs to which their 

strain of TB is already resistant. This lowers the effectiveness of the overall treatment and 

can cause resistance to the drugs in the regimen that the patient was not originally 

resistant to. For example, if INH mono-resistant TB is treated with INH and RIF, the 

insufficient treatment will select for the development of RIF resistance(32). Although 

single drug treatment is not recommended, risk of drug resistance with this type of 

therapy is extremely high(30). WHO treatment guidance prescribes for empiric treatment 

of MDR TB when first line drugs fail as opposed to the addition of streptomycin only 

which may lead to more resistance depending on the patient’s initial resistance pattern(4). 

Systematic deficiencies in treatment regimens can lead to resistant strains that 

persist in a community. Specifically in the province of KwaZulu Natal, South Africa, 

over the course of slightly more than a decade, a local strain of M. tuberculosis evolved 

to develop resistance to 7 anti-TB drugs. Genotyping commenced in 1994, after which 

the strain was compared over time. Ethambutol resistance was first observed in 1995 

followed by resistance to second-line drugs observed in 1997. Resistance to ethionamide 

was first seen in 1997, then capreomycin in 1998, kanamycin in 1999, and 

flouroquinolones in 2000. This fingerprint was found in a large number of patients in 

Tugela Ferry in 2005 and continues to persist in the province(31). 
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Though drug resistance originated from drug pressure, once resistance is present 

within a strain that resistance will be passed on to secondary contacts who develop active 

TB disease. Resistance as a result of this primary transmission is a cause for concern. 

Determining mechanism of cause for drug-resistant tuberculosis 

An important step in determining whether a case of tuberculosis is the result of 

acquired resistance or transmitted resistance is genotyping of the isolate. The genotyping 

results will allow the researcher to compare one patient’s strain with another patient and 

look for strains that are genetically related. Those strains which are likely to be a result of 

primary transmission may be closely related in their genotyping pattern. However, strains 

may continue to mutate once they have been passed to a new patient, therefore, not all 

primary transmission cases will have strains that are very closely related. There are three 

main types of genotyping, restriction-fragment length polymorphism (RFLP), 

mycobacterium interspersed repeat units (MIRU), and spacer oligonucleotide typing 

(spoligotyping).  

The historical approach to genotyping Mycobacterium tuberculosis is RFLP. This 

method is used to analyze the distribution of insertion sequence IS6110 within the 

isolates. Strains that are epidemiologically linked will have identical RFLP patterns while 

those that are not linked will have different patterns. RFLP typing requires sub-culturing 

of isolates for several weeks to obtain sufficient amounts of DNA and requires 

supplementary genotyping methods to increase discrimination by mapping specific 

mutation sites(33).  
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The mycobacterium interspersed repeat units (MIRU) are abundant in the M. 

tuberculosis genome. The use of MIRU genotyping identifies the number and size of 

repeats in each of 12 units. MIRU testing is performed through PCR (polymerase-chain-

reaction) assay and gel electrophoresis. The mapped repeats will vary in length and 

structure but, like RFLP, may be identical in isolates that are linked or transmitted instead 

of acquired. MIRU is typically less complicated and time consuming than the IS6110-

based RFLP testing and may be automated to evaluate large numbers of strains. 

Additionally, it does not require the time-intensive DNA purification previously noted in 

RFLP testing(33). 

Finally, spoligotyping, allows the researcher to look at the direct-repeat locus in 

M. tuberculosis and evaluate spacers between the 36-bp direct repeats. The spacers will 

have different patterns in strains that are not epidemiologically linked. Only a small 

amount of DNA is required for this method. Spoligotyping is less discriminatory than 

RFLP and therefore should be combined with other methods to increase the probability of 

proper identification of epidemiologic links(33). 

Although all three techniques are employed in studies today, RFLP was the 

method used in major studies of tuberculosis outbreaks and drug-resistance in the US in 

the early 1990’s and continues to be used (8, 34, 35). RFLP is also the technique 

employed in this study. Genotyping is just one step in the process of identifying 

transmitted cases of TB. We should consider the information from genotyping tests in 

conjunction with epidemiological and social network data to determine if physical links 

exist between patients with identical isolates(33). 
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Epidemiologic investigation and Social Network Analysis 

Links between cases may be made through the genotyping procedures described 

above, however, the next step in determining if a case of TB is likely to be the result of 

transmission will include attempts to establish physical or epidemiological links between 

cases. Genotyping of M. tuberculosis strains has been conducted in several studies with 

the use of epidemiologic investigation to establish these links(36-38)..  

Epidemiologic investigation involves contact tracing; examining persons which 

the TB patient has been in contact with and looking for links between TB patients as well 

as contacts who may have active TB and may have passed TB to the original patient of 

interest. Social Network Analysis takes that a step further; including places of social 

congregation, home location, travel means to form an entire network of persons and 

locations that may be associated with transmission. Social Network Analysis can be a 

powerful tool in linking cases of TB to one another in determining likelihood of 

transmission versus acquisition. This is especially important in cases of drug-resistant 

tuberculosis due to the severity of the disease and the urgency in determining effective 

prevention programs. In the past, social network analysis has been primarily used in the 

study of sexually transmitted infections with the analysis being done on sexual networks, 

however, the concept can be applied to TB networks as well(39). Though not common, 

social network analysis has been used in the investigation of tuberculosis networks and 

genome sequencing in the past. One example includes an outbreak of TB in British 

Columbia, Canada in 2006. Researchers were able to link cases through Social Network 

Questionnaires which identified common social settings between infected 

individuals(40). Social network analysis has an advantage over traditional epidemiologic 
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investigation as it considers not only persons that the diseased individual may have come 

into contact with, but also places of social congregation within a network. 

Networks are generally conceptualized visually in the use of graphs and 

diagraphs, this allows researchers to determine centralized persons or locations associated 

with cases of genetically linked TB. Performing a social network analysis with 

tuberculosis patients can be complicated as the disease does not require direct contact to 

be spread and may have long periods of latent infection before active disease is apparent. 

Due to the potential for extended time between exposure and development of active 

disease, often TB social network analysis will require patients to recall persons and 

places they have been in contact with for 5 years in the past. However, once that 

information is obtained, the researcher can use identified clusters of patients with 

identical strains of TB to look for common physical links between the persons and the 

places they have used for social congregation(39, 41). Social network analysis is ideal in 

the case of TB transmission as there may be instances where personal relationships 

between two diseased individuals  are not identifiable but a common place of 

congregation may be discovered(39).  

If social network analysis and genotyping results indicate that transmission of the 

TB is occurring at high rates, changes in approaches to treatment and prevention would 

be prudent.  

Primary transmission 

Using a combination of genotyping and epidemiologic investigation has often 

been used in the past to determine the mechanism for occurrence of drug-resistant TB in 
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a community. Although most intervention programs are designed with the assumption 

that acquired resistance is the primary mechanism behind drug-resistant TB occurrence, 

many studies have shown that primary transmission is likely to be an important 

mechanism as well. In Puerto Rico, a study was done on 14 patients in two health-care 

facilities; all 14 had TB with identical DNA fingerprints of which half were 

epidemiologically linked, indicating transmission among those patients. In the previously 

mentioned outbreak among US-bound immigrants from Thailand, 17 of the 24 MDR TB 

cases were interviewed, 13 of which were found to be linked through epidemiologic 

investigation. Isolates were genotyped in this case as well, out of 23 total isolates, 20 

were found to be genetically similar(42). A study done in Tugela Ferry, KwaZulu Natal, 

South Africa investigated the incidence of transmission of MDR and XDR TB in 

household settings. It was concluded that incidence of transmission among household 

members of those with MDR or XDR TB was high; indicating that transmission of the 

disease is an important pathway for spread of tuberculosis. This fact has particularly 

alarming implications when considering the high prevalence of HIV in the region(43).  

A study done in rural South Africa investigated transmission in patients with 

MDR or XDR TB who had been treated for drug-susceptible TB prior to presentation of 

resistant tuberculosis. In this case, acquired resistance would likely be assumed given the 

patients previous TB treatment history. Samples for 17 participants were spoligotyped 

from both their original, drug-susceptible isolates and their MDR or XDR isolate.  

Results showed that all had experienced reinfection by a different strain than their initial 

isolates, further supporting the hypothesis that primary transmission an important 

pathway in the current TB epidemic(36). 
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Prevention of drug-resistant tuberculosis 

Prevention of drug-resistant tuberculosis will require attention to prevention of 

both acquired resistance and transmission, though the approach to each is different. For 

acquired resistance, the most effective prevention is ensuring drug adherence. Directly 

observed therapy (DOTS) is a method used to confirm that patients are taking and 

completing therapy. It involves a healthcare provider distributing and observing the 

patient taking their medication at every dose. Though it is labor intensive, it has been 

shown to reduce acquisition of resistance as well as transmission of TB disease(44).  

 Another approach to preventing acquired resistance is the improvement of rapid 

point-of-care diagnostics and drug susceptibility testing on TB isolates for those patients 

who have risk factors for drug-resistant tuberculosis. The South African Department of 

Health does not currently recommend culture and DST on all incident cases of TB, 

specifically excluding those who do not have a history of prior TB treatment. Patients 

who have some level of resistance as the result of primary transmission are sometimes 

treated with inadequate regimens as a result of this policy. By diagnosing TB and 

identifying low-level resistance more quickly and efficiently, patients may be given an 

effective drug regimen from the beginning of treatment. This reduces the potential for 

further acquired resistance due to drug pressure as well as reducing the time the patient is 

infectious and improves expected outcomes for treatment (45).  

Testing for HIV in all patients with TB is also an important step in reducing the 

incidence of acquired drug-resistant TB. As discussed previously, HIV infection is 

associated with malabsorption of ant-TB drugs, rapid progression to active TB disease, 
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and poor outcomes for treatment. Knowledge of HIV status can assist medical personnel 

in developing the most effective treatment plan for managing both the patient’s TB and 

HIV infections and reducing the chance for acquired resistance due to malabsorption of 

therapy.  

Reducing transmission related drug-resistant TB cases has many of the same 

factors. Better rapid point-of-care diagnostics would also be important. If MDR TB or 

XDR TB cases are identified early, they may receive appropriate treatment which will 

reduce their period of infectiousness and likelihood of transmission of the disease to 

others. Additionally, patients may be isolated to reduce the chance of transmission of 

drug-resistant strains of TB to other community members. Programmatic decisions 

related to where drug-resistant TB patients should be treated are important in the 

reduction of nosocomial transmission of drug-resistant strains within hospital settings. 

Hospitals handling drug-resistant TB cases should have staff that is trained and familiar 

with treatment regimens, isolation protocols, and management of complications inherent 

in drug-resistant TB treatment. Technical and monetary support will be needed for these 

facilities as well including strong infection control programs. Finally, effective outpatient 

follow-up is needed for the more than 18 months of treatment required after the intensive 

phase. As previously discussed, patients need to receive injectable treatments and will 

need to have a health professional administer the injection. Adverse events and longevity 

of treatment can contribute to discontinuation of treatment by patients, increasing the 

chance for reactivation of their active TB disease(46). Community-based treatment 

programs have been proven to be cost-effective through reduction of transmission and 

reduction of hospital costs(46, 47). 
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Implications 

Incidence of drug-resistant tuberculosis continues to hold at high rates within 

middle- and low-income countries. Management of TB is difficult in these areas due to 

lack of resources and training of healthcare personnel in the treatment of TB. Although 

treatment of drug-susceptible TB is often successful, poor outcomes are expected for 

those with MDR TB, and especially for those with XDR TB. Increased mortality is 

expected for those with co-infection with HIV. The most effective way to reduce 

mortality from XDR TB will be prevention of drug-resistant TB from the outset. 

Effective prevention will depend on the mechanism for development of drug-resistant TB 

cases within a given community.  

The purpose of this study is to analyze an initial group of 66 XDR TB patients 

identified in the province of KwaZulu Natal, South Africa to determine if genotypic and 

epidemiologic links can be made between diseased persons indicating that primary 

transmission of XDR TB may be an important mechanism in the area. Given this 

transmission is occurring, we will be able to use the data to identify risk factors 

associated with transmission within the province through social network analysis. This 

analysis will include identification of persons or locations of social congregation 

associated with transmission of the disease, information that can be used to inform 

intervention strategies. If primary transmission is identified as an important pathway to 

XDR TB incidence in the province, this will have major implications in the focus of 

treatment and prevention programs and will help to inform future research.  
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CHAPTER II: MANUSCRIPT 

EXTENSIVELY DRUG-RESISTANT TUBERCULOSIS: THE ROLE OF PRIMARY 

TRANSMISSION IN KWAZULU NATAL, SOUTH AFRICA 

 

By Amanda Feldpausch 

 

 

Background 

Extensively drug-resistant tuberculosis (XDR TB) remains a major health concern in 

KwaZulu Natal, South Africa. With high rates of HIV co-infection and poor clinical 

outcomes, prevention of XDR TB cases is imperative. Current prevention programs 

assume drug resistance is most often acquired as a result of incomplete or improper 

therapy; however, little is known of the impact of primary transmission on the epidemic. 

In order to inform effective intervention programs, we examined genotypic and 

epidemiologic data to determine the mechanism of development of XDR TB in the 

province. 

Methods 

We investigated culture-confirmed XDR TB cases diagnosed in KwaZulu-Natal province 

between August 2011 and April 2012. Data were collected from each enrolled case 

through a patient interview, medical record review, home visit, and genotyping of the 

XDR TB isolate. XDR TB cases were considered to be due to acquired resistance if there 

was evidence of previous treatment for MDR TB.  Data from genotyping and 

epidemiologic investigation were used to transmission links between enrolled patients. 

Results 

A total of 140 XDR TB patients were screened for inclusion in the study from August 

2011 to April 2012, of which. 107 patients were enrolled.  XDR TB isolates were 

available were transported to our lab for 73 of these patients and 66 patients had 

genotyping data available to be included in the analysis. The median age was 35 years 

(IQR 28-45) and 36 (55%) were female; 50 (76%) patients were HIV-infected. Only 23 

(35%) had history of prior MDR TB treatment. Additionally, XDR TB isolates from 58 

(88%) of the 66 patients studied were genetically similar and determined to be clustered. 

Epidemiologic links were found between 20 (34%) of patients and other patients within 

their own cluster through residential information and places of social congregation. After 

review of all data, 62 (94%) of patients were considered to have resistance as a result of 

primary transmission. 

Conclusions 

Primary transmission appears to be the mechanism by which the majority of individuals 

develop XDR TB in KwaZulu-Natal. Further characterization of the transmission 

networks in the province may help define the focus of effective intervention programs. 
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Introduction 

 

Of the 8.7 million incident cases of tuberculosis (TB) which occurred worldwide in 2011, 

an estimated 500,000 were cases of multi-drug resistant tuberculosis (MDR TB) or 

extensively-drug resistant tuberculosis (XDR TB). In South Africa, there were 500,000 

incident cases of TB with 300,000 co-infected with HIV and over 10,000 notified as 

MDR TB(3, 48, 49).  MDR TB is defined as resistance to at least isoniazid and 

rifampicin, the two most important first-line anti-TB therapy drugs; patients with MDR 

TB may have resistance to other anti-TB therapy. XDR TB is defined as resistance to 

isoniazid and rifampicin, any fluoroquinolone, and to a second-line injectable drug(4). 

Drug -resistance calls for the addition of treatment and health systems complications not 

required in the treatment of drug-susceptible TB. The need for additional drugs, 

injectable therapy, prolonged treatment time and drug-susceptibility testing (DST) to 

monitor patient response to treatment regimens is expensive and difficult to manage in a 

developing nation(4, 49). The management of XDR TB is even more difficult; extensive 

resistance to available anti-TB therapies leave few effective drugs for use in treatment 

regimens. Duration of treatment for XDR TB may exceed 2 years, while patients face 

lower probability of treatment success with high rates of mortality in those co-infected 

with HIV(4, 12, 19, 22).  

 

The development of drug-resistant tuberculosis occurs by one of two pathways: acquired 

resistance or primary transmission. Acquired resistance forms when spontaneous 

mutations in the bacillary population which confer resistance are selected for by 

inadequate drug therapy. This may occur as a result of poor adherence, treatment with an 
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inappropriate regimen by the clinician, or through malabsorption of the drugs(30, 31).  

Primary transmission occurs once resistance proliferates in the patient. This patient may 

transmit TB to another person; should that person develop active TB disease, he or she 

will likely have drug-resistance, even if not previously treated for TB. The current focus 

of intervention programs is on acquired resistance, though the proportion of DR TB cases 

to be attributed to each of these pathways is unknown. Quantifying this information is 

important in developing effective prevention programs for DR TB.  

 

Currently, the South African Department of Health does not recommend performing 

culture and DST on all incident cases of TB, particularly those patients with no prior TB 

treatment history (50). Patients with transmitted resistance are unlikely to have DST at 

the outset and thus, will likely receive inadequate treatment regimens, creating conditions 

for the development of further drug resistance. Prompt identification of DR TB cases is 

important to prevent further transmission to other individuals. Those with XDR TB who 

are receiving inadequate treatment will typically remain infectious, increasing risk of 

transmission to others in the community. It is, therefore, important to identify if primary 

transmission is occurring within the community so that prevention programs may be 

modified to increase effectiveness. 

 

To determine the proportion of cases to be attributed to each of these mechanisms in a 

community, two methods are often employed: genotyping of isolates and epidemiologic 

investigation. The three leading methods of genotyping are restriction-fragment length 

polymorphism (RFLP), mycobacterium interspersed repeat units (MIRU), and spacer 
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oligonucleotide typing (spoligotyping)(33). Social networking analysis is a more robust 

version of epidemiologic investigation and requires the researcher to trace not only 

contacts of patients, as would be done in an epidemiologic investigation, but to build a 

network of persons and places frequented by the individual in the hopes of identifying 

epidemiologic links between patients whose isolates are linked through genotyping(39).  

 

 In this study, we will use these methods to determine the mechanism of development of 

XDR TB in patients living in the province of KwaZulu-Natal (KZN), South Africa. This 

knowledge will help to inform intervention programs within the province and reduce the 

spread of drug-resistant TB among its population. 

 

Methods 

 

Study design and population 

This is a prospective, cross-sectional study to determine the proportion of XDR TB cases 

which arise due to transmission in KwaZulu Natal (KZN) Province, South Africa. We 

conducted patient interviews, as well as medical record review, to determine whether 

XDR TB cases had previously been treated with second-line TB medications.  

Additionally, we used genotyping and social networking analysis to identify potential 

links between study participants. XDR TB subjects were identified by culture and DST 

results from the provincial TB reference laboratory. Individuals were eligible for the 

study if they had culture confirmed XDR TB disease and resided in KwaZulu Natal 

province. Men and women as well as children were eligible. Patients were excluded if the 

primary spoken language was not English or Zulu, they had prior XDR TB results more 
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than three months before the current episode, if they began XDR TB treatment before 

May 1, 2011, or if they were under 18 without a parent or guardian who could converse 

in English or Zulu. The target enrollment was 400 XDR TB patients; here, we present a 

preliminary analysis for the first 77 patients with genotyping data available. 

 

Setting 

Recruitment was performed in KwaZulu Natal, a province located in the southeastern 

portion of South Africa sharing borders with Swaziland, Mozambique, and the Indian 

Ocean. HIV prevalence is high in province with estimates at 41-46% infection among 

those attending antenatal clinics (51, 52). MDR TB accounts for close to 2.3% of incident 

TB cases or close to 30 cases per 100,000 population. XDR TB accounts for 

approximately 10% of MDR TB cases within the province with approximately 300 cases 

of XDR TB diagnosed each year(15). All suspected DR TB patients in the area have 

isolates submitted to the provincial TB reference laboratory which are tested for 

resistance to isoniazid, rifampin, streptomycin, oflaxacin, and kanamycin. A single TB 

reference laboratory performs all cultures and DST for patients in the province.  

 

Patient Enrollment and Interview 

 XDR TB cases identified by the provincial TB reference laboratory were referred to the 

study staff for potential enrollment. Attempts were then made to locate the patient by 

calling the health facility which submitted the specimen. Once a patient was located, the 

field team arranged to meet the patient if he or she was still living; if the patient was 

deceased, a meeting with immediate family members was arranged. Upon meeting the 
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patient (or family member), the study was introduced and informed consent was sought. 

Patients who were not located within three attempts were excluded from the study. 

 

Once consent was obtained, the subjects (or family member) were interviewed to collect 

data on demographics and past medical history. This included histories of TB treatment, 

HIV status, alcohol and substance abuse. Participants were asked to provide information 

on close contacts, including: name, nicknames, age, sex, and whether or not the contact 

had TB or DR TB. Contacts were elicited from the participants’ households and 

workplaces. Additionally, participants were asked to list frequented places of social 

congregation, such as schools, hospitals, churches, etc. (see Appendix II). 

 

Blood was drawn from participants to test for HIV, CD4 count, and viral load. 

Geographic Positioning System (GPS) coordinates were taken at the participants’ homes. 

Information on the composition of the home was also recorded. 

 

Medical Record Review 

Participants were asked to report any history of hospitalization in the 5 years prior to 

enrollment. Medical records were abstracted to obtain data related to past episodes of TB 

and the illness that prompted specimen collection which yielded XDR TB. Information 

was gathered regarding admissions and discharges for all recorded hospital stays, chest x-

ray results, HIV testing, CD4, viral loads, prior TB history, the current XDR TB episode, 

co-morbidities, TB culture and DST results, and  other medication history.  
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Information gathered from medical records and patients informed classification of 

patients as ―primary transmission‖ or ―acquired resistance.‖ Our a priori definition of 

transmission is a patient who has no history of treatment of MDR TB, regardless of 

treatment outcome.  XDR TB patients with any prior MDR TB treatment were 

conservatively considered to have acquired resistance, even though the possibility of 

exogenous re-infection is well established(36, 53).  

 

Genotyping of isolates 

The original XDR TB isolates from the provincial TB reference laboratory were 

identified and stored. Isolates were shipped to the Public Health Research Institute 

(PHRI) laboratories in Newark, New Jersey, USA for genotyping. Isolates underwent 

IS6110 Restricted Fragment Length Polymorphism (RFLP) testing as well as DNA 

sequencing of resistance-conferring regions. RFLP testing was performed under standard 

protocol for 5’ and 3’ fragments within the insertion sequence IS6110. In order to 

increase the discrimination of RFLP testing, DNA sequencing was also performed. Each 

isolate underwent sequencing for 10 resistance conferring regions (katG, rpoB, inhA, 

gyrA, pncA, rpsL, rrs1, rrs2, gidB, and embB). Results of these tests were reviewed 

manually.  Isolates were assigned to a ―cluster‖ if there was no more than one difference 

found in their resistance-conferring sites or RFLP pattern.  Those isolates that did not 

meet the definition of ―clustered‖ were identified as ―non-clustered‖ (Figure 1).  
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Epidemiologic investigation 

Data collected from the patient interview were reviewed manually for the epidemiologic 

investigation. Names of contacts were examined for possible matches between 

participants. Reports of common contacts were examined for the entire group, if common 

contacts were found, it was then determined if the two enrolled patients were ―clustered‖ 

with genetically related strains. This process was repeated with locations of homes, work 

place, school, hospital admissions, and specific places of interest frequented by the 

participants. Additionally, we used information on general congregate locations to 

determine statistically significant associations between the group of ―clustered‖ 

participants and certain types of social settings when compared with ―non-clustered‖ 

participants. 

 

Statistical Analysis 

The frequency of demographic and clinical characteristics were calculated as 

percentages, while age and CD4 count were reported as a median and inter-quartile 

range. Demographics, TB treatment history, HIV history, and work history were 

compared between patients who were ―clustered‖ and those who were ―non-clustered.‖ 

Statistical associations were assessed using an Exact Wilcoxon two-sample test. HIV 

status, ARV treatment, and history of risk factors were compared using Fisher’s Exact 

Test to determine significant associations with clustering of genetically identical isolate 

groups versus the ―non-clustered‖ group. When identifying CD4 counts, results were 

pulled from blood drawn at time of enrollment when available as well as results from 

chart abstractions. CD4 counts were classified by the number of days from enrollment in 
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the study and categorized for analysis (Appendix I). The CD4 count closest to the date of 

study enrollment was used for each patient. Demographics, CD4 counts, HIV and ARV 

treatment status, and history of prison, health care work, or mine work were analyzed 

using SAS software. 

 

The study protocol was approved by the ethics committees of Emory University, Albert 

Einstein College of Medicine, University of KwaZulu-Natal and the Medical Research 

Council of South Africa, and by the KwaZulu Natal Department of Health (DOH). 

 

Results 

 

Patient Characteristics 

At the time of this analysis, 140 XDR TB patients had been identified and screened. Of 

these, 107 patients consented for participation. Reasons for non-consent were most often 

refusal, inability to locate the patient, a DST older than three months, or lack of 

appropriate family member, in the case of patient death. Of the 107 patients consented, 

isolates for 73 patients had been shipped for genotyping at the time this dataset was 

closed for analysis. Among these, 66 isolates grew and successfully underwent 

genotyping; 4 isolates had partial growth and had to be regrown, 1 did not grow, and 2 

patients were excluded from the study before their isolates were genotyped.  

 

The 66 patients analyzed came from 31 distinct locations in the province, with the two 

largest groups residing in the provincial capital of Pietermaritzburg (5 patients) and the 

large city of Durban (12 patients).  The median age was 35 years (IQR 28-45) and 36 
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(55%) were female (Table 1). HIV status was available for all patients and 50 (76%) 

patients were HIV-infected. Forty-three of these 50 had information on antiretroviral 

treatment (ART) and 42 (98%) were already receiving ART at the time of enrollment.  

 

Prior MDR TB history was available for 60 patients, of which 37 (62%) had never been 

previously treated for MDR TB, meeting our definition for XDR TB from primary 

transmission (Table 1). Of those with prior MDR TB history (n=23), the treatment 

outcome was cured or completed treatment for 5 (22%), treatment failure for 11 (61%), 

default for 1 (6%) and unknown outcome for 6 (33%). 

 

Clustering 

Fifty-eight (88%) patients were found to cluster, based on results of RFLP and 

sequencing results, comprising eight distinct clusters (Table 2). The largest cluster 

contained 34 (59%) of study participants (Cluster 1: HP81). There were 9 (16%) patients 

in cluster 2, clusters 3-5 contained 3 (5%) patients each, and clusters 6-8 each contained 2 

(3%) patients. Of the 23 patients with prior MDR TB treatment history, 19 (83%) were a 

part of clusters, suggesting that their current episode of XDR TB may be due to primary 

transmission, rather than acquired resistance. Additionally, epidemiologic links were 

found between 7 (37%) of these 19 clustered patients.  

 

We found no association between being clustered and age (p = .43), female sex (p = .72), 

receipt of previous TB treatment (p =.70), prior history of MDR TB treatment (p = >.99), 

HIV infection (p = .67), ARV treatment status (p = >.99), or median CD4 count (p = .25) 
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(table 3). A significant relationship was found between being non-clustered and ever 

working in a health care facility (p = .03). There were no associations found between 

clustering and alcohol consumption (p = .39) history of imprisonment in the last 12 

months (p = >.99), ever working in a mine (p = >.99), having a household member work 

in the mines in the past 12 months (p = >.99), or having a family member incarcerated in 

the past 12 months (p = >.99) (Table 2). 

 

Epidemiologic Investigation 

Using epidemiologic investigation, we were able to establish links between 22 (38%) of 

the 58 clustered patients through towns of residence and places of social congregation. 

When examining residential information, 7 groups of patients were identified to live in 

the same city or town as other patients within their cluster, resulting in a total of 21 (36%) 

clustered patients with a link by location of residence (table 4). Additionally, 2 patients 

(from cluster 4) were found to have attended the same church from 2001 to 2011. 

Nineteen patients had a history of previous hospitalization. Among these, 17 were 

clustered, in 4 of the 7 clusters. The temporality of hospitalizations for these 17 patients 

did not indicate that patients were hospitalized prior to sputum collection for their current 

XDR TB episode with another XDR TB patient. No patients reported the same contact, 

school, work, or place of social congregation, other than churches.  

 

Discussion 

 

In this study, we sought to determine the role of transmission in the XDR TB epidemic in 

KwaZulu Natal Province, South Africa.  Using medical record review, we found that the 
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majority of patients had no history of prior MDR TB treatment and thus, likely developed 

XDR TB as a result of primary transmission. Even among those with history of MDR TB 

treatment, more than 80% were found to be a genotypically clustered with other study 

participants. Consequently, the true proportion of cases arising from primary transmission 

is likely to be even higher than estimates based on history of prior MDR TB treatment. 

Genotypic analysis demonstrates that nearly 90% of the enrolled patients have an XDR 

TB strain closely related to those of other study participants. Epidemiologic investigation 

was limited in this preliminary analysis.  Nonetheless, epidemiologic links were found for 

more than one-third of clustered patients. 

 

Primary transmission was defined a priori as a patient who has no history of MDR TB 

treatment prior to XDR TB diagnosis. Given this definition, we would initially classify 

43 (65 %) of patients in this study as primary transmission. However, results of the 

analysis show epidemiologic and genetic links between patients who have had prior 

MDR TB treatment as well as evidence of successful treatment in 5 of the patients. Of the 

23 patients who were determined to have prior MDR TB treatment, 19 (83%) were 

clustered genotypically. Of those patients, 7 (37%) were found to have epidemiologic 

links to other patients within their cluster. Given the clustering of previous MDR TB 

patients, we will increase the proportion of primary transmission cases from 43 to 62 

(94%). Clustered patients with prior MDR TB treatment may have failed treatment due to 

reinfection with XDR TB.  
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In this study, an effort was made to identify all confirmed XDR TB cases in the province 

as opposed to focusing on an outbreak or specific healthcare facility. Similar studies have 

found ranges of 40-56% of patients clustered which is lower than our findings of 88% 

based on genotyping information alone(54-56). This may be associated with the presence 

of a large HP81 cluster of patients which contained 34 (59%) of patients. The HP81 

RFLP type has persisted in this region for the last decade. It was the pattern seen in the 

2005 outbreak of XDR TB cases in Tugela Ferry, a town within the province, and has 

also been followed as resistance has developed within the strain over the past 10 

years(19, 31). Due to the high proportion of HP81 patients in the population, it’s likely 

that many patients involved in the transmission network for this cluster were not included 

in this study. They may not have sought medical care, staff may not have been able to 

locate them, or they may have experienced rapid death. 

 

The epidemiologic investigation in this study identified significant links between patients 

through area of residence. Given the enrolled patient’s or family member’s need to recall 

persons and places over the course of  a long period, data on contacts and places of social 

congregation may be less robust than residential information. Few links were found in 

places of social congregation. This may be due to recall bias or it may be that two people 

linked genetically are linked epidemiologically by an intermediary case that was not 

identified by the study. In a study done in San Francisco, 191 of 473 TB patients were 

found to be clustered through genotyping; however, the epidemiologic investigation was 

only able to establish links between 10% of the patients(56). Consideration of both 
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genotyping and epidemiologic data in this study indicate that primary transmission is 

happening at a high rate.  

 

In other studies, genotyping in 4 provinces (Gauteng, Western Cape, Eastern Cape, and 

KwaZulu Natal) show that increased levels of resistance are associated with less strain 

diversity, indicating that primary transmission of MDR TB strains is contributing to 

emergence of more XDR TB in the country (57). Identifying primary transmission trends 

is important in informing prevention programs for drug-resistant TB. Although some 

aspects are the same when targeting acquired resistance prevention, such as increased 

diagnostic capabilities, decreased turn-around time, better treatment and follow up, 

knowledge of primary transmission occurrence increases focus on isolation of drug-

resistant TB patients and increased coverage of DST on newly identified TB cases.  

 

Limitations 

A limitation of our study is the number of patients enrolled. Although 140 cases of XDR 

TB were screened for inclusion, only 107 were enrolled. Due to restrictions on isolate 

availability, 66 of those 107 were used in this analysis. Potential differences in those who 

were excluded should be considered. Thirty-three patients could not be located, refused 

consent, or were too ill to participate and did not have a family member to consent for 

them. These patients may have provided links between more clustered patients, or may 

have been epidemiologically different from those included in some way. Additionally, 

some patients were deceased ad the time of the study, information for the social 

network/epi investigation was given by family members and some contacts/social 
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congregate locations may have been excluded due to lack of complete knowledge of the 

patient’s social interactions on the part of family members. Survival bias was also of 

concern in this study. Patients are those with XDR TB in the province who survived long 

enough to have a DST ordered by a healthcare facility. Given the high mortality rates of 

those co-infected with HIV, it is likely that those who were most ill did not survive long 

enough to be included in the study(12, 19). 

 

Implications 

This study provides important information on the mechanism for development of XDR 

TB in KwaZulu Natal; demonstrating that primary transmission may be occurring in a 

majority of XDR TB cases. Given knowledge of the poor treatment outcomes of XDR 

TB patients who are co-infected with HIV, and the knowledge of the high prevalence of 

HIV in South Africa, it is important to develop effective intervention programs focused 

on the prevention of primary transmission of drug-resistant TB in the province, shifting 

the focus from prevention of acquired resistance. Knowledge of transmission patterns 

will help to inform those programs and shape the future of drug-resistant TB prevention.  
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TABLES 

 

 

 

n (%)

35 (28-45)

36 (55%)

5 (22%)

66 (100%)

50 (76%)

42 (98%)

16 (24%)

1 (1.5%)

3 (4.6%)

1 (1.5%)

3 (4.6%)

1 (1.5%)

Table 1. Demographic and clinical characteristics of patients with extensively drug 

resistant tuberculosis (XDR-TB) (n=66)

42 (64%)

Age, median (IQR), years*

Female sex

Receipt of previous tuberculosis treatment

Characteristic

Any alcohol consumption

23 (38%)

261 (138-434)

Prior history of multi-drug resistant tuberculosis†

Tested for HIV

      Infected with HIV

           CD4 cell count, median (IQR), cells/mm
3‡

           Reciept of antiretroviral therapy
§

†Prior history of MDR-TB data missing on 6 patients

‡CD4 count missing on 2 patients with HIV

§Data missing on 7 patients with HIV

     Prior history of multi-drug resistant tuberculosis: cured/completed tx

Household member incarcerated in past 12 months

Household member worked in mines in past 12 months

*Age missing on 5 patients

Incarcerated in the past 12 months

Ever worked in a health care facility

Ever worked in a mine
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Number of 

patients

Number of 

bands RFLP pattern(s)

Cluster 1 34 15 HP81

Cluster 2 9 15-17

 

 

Cluster 3 3 13-14 MH, MH5

Cluster 4 3 4 AH

Cluster 5 3 8-9 BW657, BW666

Cluster 6 2 11 GY20

Cluster 7 2 13 HP130, HP134

Cluster 8 2 14 HP83

Unique 1 1 12 BH70

Unique 2 1 15 HP109

Unique 3 1 14 HP72

Unique 4 1 14 HP72

Unique 5 1 15 HP 81

Unique 6 1 10 KR25

Unique 8 1 0 Mixed

Unique 9 1 18 W151

Table 2. RFLP patterns for all patients (n=66)

HP103, HP125, 

HP126, HP127, 

HP128, HP129

Clustered Patients

Non-clustered Patients
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Cluster (n=58) Non-cluster (n=8) p-value

36 (29-46) 31 (28-41) 0.43

31 (47%) 5 (63%) 0.72

4 (21%) 1 (20%) >.99

43 (67%) 7 (88%) 0.67

0.25

36 (97%) 6 (100%) >.99

13 (22%) 3 (38%) 0.39

1 (1.7%) 0 (0%) >.99

1 (1.7%) 2 (25.0%) 0.03

1 (1.7%) 0 (0%) >.99

1 (1.7%) 0 (0%) >.99

1 (1.7%) 0 (0%) >.99

522 (135-578)

     Reciept of antiretroviral therapy
§

Prior history of multi-drug resistant tuberculosis† 19 (37%) 5 (63%)

     CD4 cell count, median (IQR), cells/mm
3‡

255 (141-353)

Infected with HIV

Household member worked in mines in past 12 months

*Age missing on 5 clustered patients

     Prior history of multi-drug resistant tuberculosis: cured/completed tx

Characteristic

Age, median (IQR), years*

Female sex

Receipt of previous tuberculosis treatment

†Prior history of MDR-TB data missing on 6 patients

‡CD4 count missing on 2 patients with HIV

§Data missing on 7 patients with HIV

Any alcohol consumption

Table 3. Demographic and clinical characteristics of patients with extensively drug resistant tuberculosis (XDR-

TB) (n=66) by cluster status

0.70

0.23

36 (62%) 6 (75%)

Incarcerated in the past 12 months

Ever worked in a health care facility

Ever worked in a mine

Household member incarcerated in past 12 months

1 5/34 (15%) Durban

1 3/34 (9%) Greytown

1 2/34 (6%) Ngwavuma

1 3/34 (9%) Tugela Ferry

1 2/34 (9%) Verulam

1 2/34 (9%) Vryheid

2 2/9 (22%) Pietermaritzburg

6 2/2 (100%) Durban

Patients residing in same 

city or town
Name of city or townCluster

Table 4. Clustered patients by town of residence 

(n=19)
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FIGURES 

 

Figure 1. Genotyping results for RFLP type HP81 
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CHAPTER III: SUMMARY, PUBLIC HEALTH IMPLICATIONS, FUTURE 

DIRECTIONS 

 

In this study, it was concluded that nearly three quarters of cases of XDR TB in the 

participant population should be attributed to primary transmission. These findings 

contradict the current focus on acquired resistance as the primary mechanism for 

development of drug-resistant TB cases. HIV prevalence is high in our study population 

with over three quarters of participants infected. Prevalence of HIV is also high in this 

province, with more than 40% of the antenatal population estimated to be infected. 

Expected outcomes for XDR TB are generally poor regardless of HIV status, but a 

mortality of almost 100% has been recorded in XDR TB patients who are also co-

infected with HIV. This speaks to the urgency of prevention of XDR TB in communities 

like KwaZulu-Natal. 

 

Current policies in the province do not call for DST on all incident cases of TB. Those 

patients without prior history of TB are assumed to be drug-susceptible cases and treated 

empirically as such. Given that almost half of the patients in this study did not have any 

history of prior tuberculosis treatment, and only one third had any prior history of MDR 

TB treatment, there is reason to be concerned that drug resistance in the community is 

higher than indicated by current testing. Patients with active TB disease remain infectious 

until they have completed 2 months of effective treatment or have a negative smear 

result. Patients receiving partial or inadequate treatment due to lack of knowledge of their 

resistance pattern would remain infectious for prolonged periods of time. Moreover, there 

would be a risk of acquiring further resistance to the 1 or 2 remaining susceptible 
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medications.  Although DST is important in determining current levels of resistance 

among patients, there may be opposition to its use in all new TB cases due to the expense 

and availability of resources for testing. However, the cost of generating secondary cases 

of MDR and XDR TB due to delay in diagnosis of resistance utilizes much of the TB 

funding for the country. If DST cannot be done on every TB case, use of additional 

information such as HIV status, potential exposure to DR TB patients, and participation 

in high-risk activities should be considered when determining whether a patient should 

receive DST in conjunction with TB treatment history. 

 

This analysis was performed on the initial group of patients enrolled in a study that has a 

target enrollment approximately 400 XDR TB patients in the province. At the time of 

analysis, genotyping and sequencing data was available for 66 of the first 107 patients 

enrolled. There is still information being entered for the patients and more data may be 

available for them in the future. With the current data, we were unable to identify links in 

contacts between clustered individuals, as the enrollment numbers grow, we may be able 

to close those gaps with the addition of reported contacts from future participants. The 

same is true for data from areas of social congregation and hospitalizations. Despite these 

limitations, the information from this initial analysis indicates that the larger study will 

play an integral part in determining the proportion of cases of XDR TB in the province to 

be attributed each to acquisition and primary transmission. By establishing that a large 

proportion of cases are the result of primary transmission, effective intervention strategies 

can be focused on prevention of this pathway to the development of XDR TB. 
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APPENDICES 

APPENDIX I: ADDITIONAL TABLES AND FIGURES 

 

 

 

CD4 counts were compared for clustered and non-clustered patients according to length 

of time between CD4 count date and date of enrollment and date of sputum collection as 

illustrated in tables 5 and 6. 

 

Clustered Non-clustered Clustered Non-clustered

0-30 12 (32%) 1 (14%) 141 (73-273) 116 (116-116)

31-90 5 (13%) 2 (29%) 225 (76-330) 201 (135-267)

91-180 15 (40%) 3 (43%) 275 (167-413) 547 (522-632)

181-365 6 (16%) 1 (14%) 270 (233-598) 578 (578-578)

Total patients
Ɨ

41/43 (95%) 7/7 (100%)

ƗDate information missing for 2 clustered patients

Number of patientsDays from sputum 

collection*

Median CD4 (IQR)

Table 5. CD4 count data from date of sputum collection (n=50)

*Number of days represents time before or after the date of sputum collection

Clustered Non-clustered Clustered Non-clustered

Before enrollment

0-30 10 (23%) 4 (57%) 266 (233-280) 550 (329-605)

31-90 7 (16%) 2 (29%) 225 (55-291) 332 (116-547)

91-180 10 (23%) 0 (0%) 217 (83-413)  

181-365 4 (9%) 1 (14%) 71 (44-226) 267 (267-267)

After enrollment

1-30 7 (16%) 0 (0%) 282 (167-454)

Total patients*
Ɨ

38/43 (88%) 7/7 (100%)

ƗCD4 count date is more than 365 days before enrollment for 2 clustered patients

Table 6. CD4 count data from date of enrollment (n=50)

Days from enrollment

Number of patients Median CD4 (IQR)

*Date information missing for 3 clustered patients
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Cluster Number of patients Place of residence

1 5 Durban

1 3 Greytown

1 3 Tugela Ferry

1 2 Ngwavuma

1 2 Verulan

1 2 Vryheid

1 1 Bergville

1 1 Escourt

1 1 Eshowe

1 1 Glen Anvil

1 1 Harding

1 1 Highflats

1 1 Kwamashu

1 1 Ladysmith

1 1 Manguzi

1 1 Mpangeni Mningi

1 1 Mpumalanga

1 1 Msinga

1 1 Nquthu

1 1 Ozwathini Appelsbosch

1 1 Richmond

1 1 Stanger

1 1 Tongaat

2 2 Pietermaritzburg

2 1 Dundee

2 1 Durban

2 1 Empangeni

2 1 Nkoloweweni

2 1 Nongoma

2 1 Stanger

2 1 Tugela Ferry

3 1 Durban

3 1 Harding

3 1 Peitermaritzburg

4 1 KwaMashu

4 1 Durban

4 1 Vryheid

5 1 Dundee

5 1 Peitermaritzburg

5 1 Pongola

6 2 Durban

7 1 Durban

7 1 Stanger

8 1 Molweni

8 1 Peitermaritzburg

Table 8. Places of residence for all clustered 

patients (n=58)  

Table 9 includes information on 

geographical residence for all clustered 

patients. 
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Figure 2. Number of patients enrolled by month, August 2011 to August 2012   
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APPENDIX II: DATA COLLECTION FORMS 

Social Networking Questionnaire (4 pages): 
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Patient Interview Form (4 pages): 
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APPENDIX III: ETHICAL APPROVAL 

 


