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Background: Nosocomial transmission has been described in exten-
sively drug-resistant tuberculosis (XDR-TB) and HIV co-infected pa-
tients in South Africa. However, little is known about the rates of
drug-resistant tuberculosis among health care workers in countries
with high tuberculosis and HIV burden.

Objective: To estimate rates of multidrug-resistant tuberculosis
(MDR-TB) and XDR-TB hospitalizations among health care workers
in KwaZulu-Natal, South Africa.

Design: Retrospective study of patients with drug-resistant tuber-
culosis who were admitted from 2003 to 2008 for the initiation of
drug-resistant tuberculosis therapy.

Setting: A public tuberculosis referral hospital in KwaZulu-Natal,
South Africa.

Participants: 231 health care workers and 4151 non-health care
workers admitted for initiation of MDR-TB or XDR-TB treatment.

Measurements: Hospital admission rates and hospital admission
incidence rate ratios.

Results: Estimated incidence of MDR-TB hospitalization was 64.8
per 100 000 health care workers versus 11.9 per 100 000 non-
health care workers (incidence rate ratio, 5.46 [95% Cl, 4.75 to

6.28]). Estimated incidence of XDR-TB hospitalizations was 7.2 per
100 000 health care workers versus 1.1 per 100 000 non-health
care workers (incidence rate ratio, 6.69 [Cl, 438 to 10.20]). A
higher percentage of health care workers than non-health care
workers with MDR-TB or XDR-TB were women (78% Vvs. 47%;
P < 0.001), and health care workers were less likely to report
previous tuberculosis treatment (41% vs. 92%; P < 0.001). HIV
infection did not differ between health care workers and non-
health care workers (55% vs. 57%); however, among HIV-infected
patients, a higher percentage of health care workers were receiving
antiretroviral medications (63% vs. 47%; P < 0.001).

Limitation: The study had an observational retrospective design, is
subject to referral bias, and had no information on type of health
care work or duration of occupational exposure to tuberculosis.

Conclusion: Health care workers in this HIV-endemic area were
substantially more likely to be hospitalized with either MDR-TB or
XDR-TB than were non-health care workers. The increased risk
may be explained by occupational exposure, underlining the urgent
need for tuberculosis infection—control programs.

Primary Funding Source: None.

Ann Intern Med. 2010;153:516-522.
For author affiliations, see end of text.

www.annals.org

yeobacterium tuberculosis (MTB) is among the lead-

ing causes of global mortality by an infectious agent
(1). Health care workers, including those in developing
countries, are at increased risk for occupational exposure to
tuberculosis (2-4). In developed countries, outbreaks of
drug-resistant tuberculosis among health care workers have
been described in hospitals and settings in which patients
with HIV/AIDS receive treatment (5, 6). These multidrug-
resistant tuberculosis (MDR-TB) outbreaks in industrial-
ized countries were controlled after the implementation of
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comprehensive infection-control policies. In South Africa,
however, drug-resistant tuberculosis among health care
workers has not been well characterized, even as endemic
HIV has contributed to the nosocomial spread of drug-
resistant tuberculosis (3, 7).

KwaZulu-Natal province, the epicenter of the South
African HIV/AIDS epidemic (8), has high rates of
MDR-TB and extensively drug-resistant tuberculosis
(XDR-TB) (9). Recent studies indicate that nosocomial
transmission is a potentially important factor in the spread
of both MDR-TB and XDR-TB in KwaZulu-Natal (7,
10). A systematic review of occupational risk for drug-
susceptible tuberculous infection and disease among health
care workers in low- and middle-income countries found
that tuberculosis rates among health care workers were sub-
stantially higher than that among the general population
(4). Reports of an XDR-TB outbreak (9) and an XDR-TB
treatment cohort in KwaZulu-Natal (11) included rela-
tively high percentages of health care workers (5%). In
KwaZulu-Natal, those who work in health care settings
face occupational risks because of the high incidence of
tuberculosis (3); the increased susceptibility to tuberculosis
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due to HIV infection (12); and more recently, the emer-
gence of drug-resistant strains of MTB (13).

We conducted a retrospective chart review at a public
tuberculosis referral hospital in KwaZulu-Natal, South Af-
rica, to identify cases of MDR-TB and XDR-TB among
health care workers. We sought to address the following
questions: Was the incidence of hospitalization for
MDR-TB and XDR-TB higher among health care workers
than among non—health care workers in KwaZulu-Natal?
Was increased risk for MDR-TB and XDR-TB among
health care workers associated with HIV infection? Were
health care workers more likely than non—health care
workers to have been previously treated for tuberculosis?

METHODS
Design

Our study was a retrospective chart review of patients
hospitalized for initiation of treatment of MDR-TB or
XDR-TB at King George V Hospital, a public tuberculosis
referral hospital in KwaZulu-Natal. During the study,
King George V Hospital was the only public hospital in
the province that was authorized to initiate therapy for
MDR-TB or XDR-TB, and all therapy for MDR-TB and
XDR-TB was initiated on an inpatient basis. All patients
hospitalized at King George V Hospital with either
MDR-TB or XDR-TB from 1 January 2003 to 31 Decem-
ber 2008 for initial therapy for drug-resistant tuberculosis
were included in this study.

All participants had culture-confirmed tuberculosis
with MTB drug-susceptibility testing. Drug susceptibility
to isoniazid, rifampin, ethambutol, streptomycin, ethio-
namide, ofloxacin, and kanamycin or amikacin was deter-
mined by using the modified proportional growth method
on 7H11 agar according to standard techniques (14, 15).
Multidrug-resistant tuberculosis was defined as resistance
to isoniazid and rifampicin. Extensively drug-resistant tu-
berculosis was defined as resistance to isoniazid; rifampicin;
any fluoroquinolone; and 1 of 3 injectable second-line
antituberculosis agents: capreomycin, kanamycin, and
amikacin (16).

All MDR-TB and XDR-TB admissions during the
time period were identified by using a hospital-based data-
base. This database has been maintained by the MDR-TB
service at King George V Hospital since 1998. We re-
viewed the charts on all MDR-TB and XDR-TB health
care workers in detail. Data were cleaned by removing pa-
tients who did not meet the case definition for MDR-TB
or XDR-TB based on drug-susceptibility test results. For
patients with repeated admissions to King George V Hos-
pital, subsequent admissions were excluded. The admitting
physician asked participants to self-identify as health care
workers at the time of hospitalization as part of an occu-
pational history. On the basis of this self-reported health
care worker status, patients with MDR-TB and XDR-TB
were classified as health care workers or non—health care
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Context

The risks for multidrug-resistant tuberculosis (MDR-TB)
and extensively drug-resistant tuberculosis (XDR-TB)
among health care workers are unknown in South Africa,
where the rates of MDR-TB and XDR-TB in the general
population are high.

Contribution

This retrospective study estimated the rate of hospital
admissions for the initiation of treatment of MDR-TB and
XDR-TB in a single South African province during a period
when all treatments occurred at a single referral hospital.
Health care workers had 5 and 6 times the rates of admis-
sion for MDR-TB and XDR-TB treatment, respectively, as
non-health care workers

Implication

Nosocomial transmission of MDR-TB and XDR-TB may be
a major problem for health care workers in South Africa.

—The Editors

workers. These participants served as the numerators for
incident hospitalization rate calculations.

To estimate denominators for incident hospitalization
rates, we assumed that the population base for health care
workers was all health care workers in KwaZulu-Natal and
the general adult population in KwaZulu-Natal (excluding
health care workers) was non—health care workers during
the study period. We obtained data on the annual
KwaZulu-Natal provincial adult population from the 2001
South African national census and 2007 population esti-
mates from a national community survey (17, 18). Num-
ber of health care workers in the province was estimated by
using enrollment in registering bodies for professional
health care workers and number of filled posts in the pro-
vincial public health system for nonprofessional health care
workers for each study year (19). We restricted analysis to
participants’ age (=20 years) because a health care worker
position is an adult occupation and comparison with non-
adults may have skewed estimated rate ratios. The estimate
of the proportion of the population 20 years or older was
from the KwaZulu-Natal 2001 census data. We calculated
incidence rates by dividing the number of cases of tuber-
culosis in the group of interest by the population of that
group. Further information on these estimates is included
in Appendix Tables 1 and 2 (available at www.annals.org).

Statistical Analysis

We compared health care workers with MDR-TB and
XDR-TB with non—health care workers by using a chi-
square test for categorical variables, and medians were
compared for continuous variables by using the Mann—
Whitney U test. We calculated incidence rate ratios and
95% Cls by using Poisson regression analysis. Statistical
analysis was done with SAS software, version 9.1 (SAS
Institute, Cary, North Carolina). The Biomedical Research
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Ethics Committee of the University of KwaZulu-Natal, the
Research Ethics Committee of the University of Cape
Town, and the Institutional Review Board at Boston Uni-
versity Medical Center approved the study protocol.

Role of the Funding Source
No funding was received for this study.

RESULTS

From 2003 to 2008, 4941 persons were hospitalized
for MDR-TB or XDR-TB at King George V Hospital.
Approximately 5% of these self-identified as a health care
worker. When patients younger than 20 years (n = 448)
and repeated hospitalizations were excluded (» = 111),
there were 231 health care workers and 4151 adult mem-
bers of the general population (non—health care workers)
hospitalized at King George V Hospital for initiation of
treatment of MDR-TB (z = 4015) or XDR-TB (» =
367). A total of 261 of 4382 (6%) patients with MDR-TB
or XDR-TB were missing data on health care worker sta-
tus. We categorized these 261 patients as non—health care
workers for the purpose of analysis. Dates of treatment
initiation for MDR-TB or XDR-TB were available for
67% (2771 of 4151) of non—health care workers and 98%
(227 of 231) of health care workers. These dates confirmed
that treatment was initiated for all patients with available
data during their King George V Hospital admission
(Figure).

During the study, 231 patients who self-identified as
health care workers were hospitalized at King George V
Hospital with either MDR-TB (z = 208) or XDR-TB
(n = 23). Health care workers with MDR-TB or XDR-TB
were mostly women (78%) and were young (median age,
35 years), with a high percentage of HIV infection among
those tested (67%) (Table 1).

Figure. Study flow diagram.

Drug-resistant patients with
TB hospitalized at KGV from
2003 to 2008 (n = 4941)
MDR-TB: 4519
XDR-TB: 422

Excluded from analysis (n = 559)
Patients aged <19 y: 448
Repeated hospitalizations: 111

MDR-TB: 87
XDR-TB: 24

v v

HCWs (n = 231) Non-HCWs (n = 4151)*
MDR-TB: 208 MDR-TB: 3807
XDR-TB: 23 XDR-TB: 344

HCW = health care worker; KGW = King George V Hospital;
MDR-TB = multidrug-resistant tuberculosis; TB = tuberculosis;
XDR-TB = extensively drug-resistant tuberculosis.

* Includes 261 patients in whom HCW status was missing.
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Health care workers were referred from a mix of public
(138 of 231 [60%]), private (31 of 231 [13%]), and public
hospitals specializing in tuberculosis (56 of 231 [24%]). In
some cases, this facility was the workplace of the health
care worker; in other cases, it was a facility in which the
health care worker was seen before referral to King George
V Hospital. Specific health care worker occupation was not
recorded in the medical record.

Health care workers hospitalized with drug-resistant
tuberculosis were significantly less likely to report previous
treatment of tuberculosis (95 of 231 [38%]) than were
non—health care workers (3806 of 4151 [92%]; P <
0.001). However, a substantial number of health care
workers were missing data on previous treatment (116 of
231 [50%]). Among health care workers, those hospital-
ized with MDR-TB were significantly less likely to report
previous treatment of tuberculosis (80 of 208 [38%)]) than
were health care workers hospitalized with XDR-TB (15 of
23 [65%]; P = 0.02). Data were not available regarding
the previous tuberculosis diagnoses, drug-susceptibility
patterns, or treatment courses. During the current treat-
ment course, tuberculosis cultures converted to negative in
65% of health care workers with MDR-TB compared with
13% of health care workers with XDR-TB (£ < 0.001).
Hospital mortality was similar among health care workers
infected with MDR-TB and XDR-TB (32% vs. 30%);
sufficient follow-up data are not available to characterize
overall survival or cure rates.

Non-—health care workers with MDR-TB or XDR-TB
and health care workers with MDR-TB or XDR-TB were
similar in median age, HIV prevalence, tuberculosis type
(pulmonary vs. extrapulmonary), and proportions of
XDR-TB cases. A higher percentage of health care workers
were women (78% vs. 47%; P << 0.001). HIV status was
more likely to be known for health care workers (83%)
than for non—health care workers (79%); similar propor-
tions were known to have HIV infection (55% vs. 57%),
but health care workers were more likely to be HIV-
negative than non—health care workers (28% vs. 22%; P =
0.04). Among patients known to be HIV-positive, a higher
proportion of health care workers than non—health care
workers were receiving antiretroviral medications at the
time of hospital admission (63% vs. 47%; P < 0.001).

By using cases of health care workers and non—health
care workers hospitalized at King George V Hospital as the
numerator and age-adjusted total numbers of health care
workers and provincial population as the denominator, we
found an annual estimated incidence of hospital admis-
sions for MDR-TB of 64.8 per 100 000 health care work-
ers compared with an annual incidence of MDR-TB hos-
pital admissions of 11.9 per 100 000 persons in the adult
general population (incidence rate ratio, 5.46 [95% CI,
4.75 to 6.28]). Average annual incidence of XDR-TB hos-
pital admissions was 7.2 per 100 000 health care workers
and 1.1 per 100 000 persons in the adult general population
(incidence rate ratio, 6.69 [CI, 4.38 to 10.20]) (Table 2).
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Table 1. Demographic and Treatment Characteristics of Health Care Workers and Non-Health Care Workers With MDR-TB and

XDR-TB Hospitalized at King George V Hospital, 2003 to 2008*

Characteristic

Health Care Workers

Non-Health Care Workers

MDR-TB (n = 208)

Admission year, n (%)

2003 24 (11.5)
2004 19 (9.1)
2005 22 (10.6)
2006 33 (15.9)
2007 67 (32.2)
2008 43 (20.7)
Women, n (%) 162 (77.9)
Men, n (%) 46 (22.1)
Median age (IQR), y 35 (31-42)
HIV status, n (%)
Positive 113 (54.3)
Negative 58 (27.9)
Unknown 37 (17.8)
HIV-positive and receiving antiretroviral drugs, n (%)
Yes 69 (61.1)
No 44 (38.9)
Previous treatment of tuberculosis, n (%)
Yes 80 (38.5)
No 20 (9.6)
Unknown 108 (51.9)
Median drugs resistant to tuberculosis at baseline (IQR), n 3(2-7)
Median drugs in initial treatment regimen (IQR), n 6 (3-7)
Type of health care facility, n (%)
Private 30 (14.4)
Public 125 (60.1)
Tuberculosis specialist 53 (25.5)
Unknown -
Type of tuberculosis, n (%)t
Pulmonary 97 (58.8)
Extrapulmonary 62 (37.6)
Missing 6 (3.6)

XDR-TB (n = 23) MDR-TB (n = 3807) XDR-TB (n = 344)

14.4) 416 (10.9) 5(1.5)
0(0.0) 388 (10.2) 5 (1.5)
2(8.7) 482 (12.7) 34(9.9)
3(13.0) 578 (15.2) 72 (20.9)
5(21.7) 958 (25.2) 126 (36.6)
12 (52.2) 985 (25.9) 102 (29.7)
18 (78.3) 1754 (46.1) 196 (57.0)
5(21.7) 2053 (53.9) 148 (43.0)
38 (28-43) 34 (28-42) 35 (30-42)
15 (65.2) 2112 (55.5) 240 (69.8)
6(26.1) 845 (22.2) 66 (19.2)
2(8.7) 850 (22.3) 38 (11.1)
12 (80.0) 971 (46.0) 135 (56.3)
3(20.0) 1141 (54.0) 105 (43.8)
15 (65.2) 3565 (93.6) 336 (97.7)
0(0.0) 185 (4.9) 7 (2.0)
8 (34.8) 57 (1.5) 1(0.3)
6 (5-8) NAT NAt
6 (4-7) NAT NAt
1(4.3) NAt NAt
13 (56.5) - -
3(13.0) - -
6(26.1) - -
7 (63.6) 1494 (52.9) 141 (58.3)
4 (36.4) 1265 (43.8) 101 (41.7)
0(0.0) 123 (4.4) 0 (0.0)

IQR = interquartile range; MDR-TB = multidrug-resistant tuberculosis; NA = not available; XDR-TB = extensively drug-resistant tuberculosis.

* Percentage totals may sum to greater than 100% because of rounding.
1 These data were not available for non—health care workers.
¥ Data from 2003 to 2007.

DiscussioN

The most striking finding in our study is the high
incidence of hospital admission for drug-resistant tubercu-
losis among health care workers in KwaZulu-Natal, South
Africa. Health care workers were found to have a 5- to
6-fold increased rate of hospital admission with MDR-TB
or XDR-TB compared with non—health care workers. This
burden of disease is particularly concerning because health
care workers are also front-line care providers for patients
with tuberculosis and HIV in the province.

The higher rate of hospitalization for drug-resistant
tuberculosis among health care workers in our study most
likely represents increased exposure to resistant MTB due
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to transmission within health care settings (20). The high
rate of hospital admission for drug-resistant tuberculosis
among health care workers is not likely explained by HIV
infection because we did not find a difference in the per-
centage of health care workers and non—health care work-
ers known to be HIV-positive. Health care workers did not
report higher proportions of previous treatment of tuber-
culosis compared with non-health care workers. There-
fore, previous treatment of tuberculosis does explain in-
creased drug-resistant tuberculosis hospitalization rates for
health care workers. Most health care workers in our study
with MDR-TB or XDR-TB were young and female and
had significant burden of HIV infection, which reflects the
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Table 2. Average Annual Incidence of Hospitalization for
Treatment of Drug-Resistant Tuberculosis Among Health
Care Workers and General Population Patients Hospitalized
at King George V Hospital for Drug-Resistant Tuberculosis,
2003 to 2008*

Variable Incidence in Incidence in Hospital
Health Care General Admission
Workers Population Incidence Rate
(per 100 000)  Patients Ratio (95% CI)t

(per 100 000)
MDR or XDR-TB 71.9 12.9 5.56 (4.87-6.35)
incidence
MDR-TB incidence ~ 64.8 11.9 5.46 (4.75-6.28)
XDR-TB incidence 7.2 1.1 6.69 (4.38-10.20)

MDR-TB = multidrug-resistant tuberculosis; XDR-TB = extensively drug-
resistant tuberculosis.

* Restricted to persons aged =20 y.

1t P < 0.001 for all.

epidemiology of the HIV epidemic in KwaZulu-Natal
(21). Female nurses are known to be a high-risk group for
nosocomial tuberculosis (4) because of their close and pro-
longed risk of contact with patients with tuberculosis, and
it is plausible that many young women in our cohort of
health care workers were nurses or nursing trainees.

In South Africa, mortality associated with XDR-TB
and HIV co-infection was highlighted by the well-
publicized 2006 outbreak at Tugela Ferry, KwaZulu-Natal
(10). The authors suggested that because the XDR-TB
outbreak was nosocomial, South African health care work-
ers could be at high risk for primary acquisition of
XDR-TB (20). Although we lack molecular epidemiologic
data on tuberculosis isolates, we assume that many of the
drug-resistant tuberculosis cases among health care workers
reported in our study represent primary drug-resistant tu-
berculosis. This assumption is supported by the fact that
health care workers in our study were less likely to report
previous tuberculosis treatment than were non—health care
workers and is consistent with other studies of risk for
drug-susceptible tuberculosis among health care workers in
Africa (3, 4, 22).

Drug-resistant tuberculosis among health care workers
in the developing world has been underreported to date.
To our knowledge, 1 case report has been published of
a single health care worker infected with nosocomial
XDR-TB in India (23). In the 1990s, case series from the
United States reported nosocomial MDR-TB transmission
to health care workers in a hospital (5), a dental clinic (24),
and HIV/AIDS hospital wards (6). The increased risk for
XDR-TB and MDR-TB hospitalization that we report is
similar in magnitude to the estimated increased risk for
drug-susceptible tuberculosis among health care workers in
a hospital-based study (25) and in a systematic review of
tuberculosis risk among health care workers in low-income
countries (26). The elevated risk for XDR-TB among
health care workers is a critical public health concern be-
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cause of low cure rates, increased mortality, and potential
nosocomial transmission to patients and other health care
workers (25-28). The high proportion of HIV co-infection
that we observed in health care workers admitted for initi-
ation of tuberculosis therapy is particularly alarming, be-
cause in 2 recent studies, approximately 40% of patients
co-infected with HIV and XDR-TB died within 12
months of therapy, and only 18% to 20% achieved culture
conversion (11, 29).

Our study has several limitations owing to the chal-
lenges of collecting retrospective data in resource-
constrained settings. First, stigma may have prevented per-
sons from seeking or accepting HIV testing (30); therefore,
some HIV status may be misclassified, may be under-
reported, or both. Second, we lacked specific details about
health care workers’ occupational classifications, so we
could not identify degree or duration of occupational ex-
posures to MDR-TB and XDR-TB. Third, health care
workers with drug-resistant tuberculosis may have been
more likely to obtain microbiologic diagnosis, seek special-
ized referral, or access treatment at King George V Hospi-
tal compared with non—health care workers, leading to
referral bias and an overestimate of MDR-TB or XDR-TB
hospitalization incidence. For example, health care workers
(who were more likely to be receiving antiretroviral drugs)
may have been more likely to develop symptomatic tuber-
culosis (or immune reconstitution inflammatory syn-
drome) leading to increased tuberculosis diagnosis. On the
other hand, health care workers are potentially less likely to
seek care in a public health facility or self-identify as health
care workers, leading to an underestimate of MDR-TB or
XDR-TB hospitalization incidence. Fourth, the number of
health care workers in KwaZulu-Natal was estimated by
using professional registering bodies for professional work-
ers and filled posts in the public health sector for nonpro-
fessional workers (19). This undercounted the private sec-
tor of nonprofessional health care workers and could lead
to an overestimate of hospitalization rates for drug-resistant
tuberculosis among health care workers. On the other
hand, the estimate may inflate the numbers of professional
health care workers because registering bodies include
health care workers who have retired, emigrated, or died or
who no longer work in the health care sector, thus leading
to an underestimate of rates (19). Fifth, patients may have
come to King George V Hospital from other South African
provinces or countries (for example, Leostho or Swaziland)
resulting in an overestimation of our population-based rate
estimates. The large distances between treatment centers
and known health-seeking patterns in the region, however,
make this an unlikely source of substantial error. Finally,
our estimates of the incidence of drug-resistant tuberculosis
are based on admission to a tuberculosis referral hospital
rather than all diagnosed cases of MDR-TB and XDR-TB
in KwaZulu-Natal. A recently published community-based
study of MDR-TB and XDR-TB in KwaZulu-Natal re-
ported nearly 50% 30-day mortality after collection of
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sputum and before admission for appropriate second-line
tuberculosis treatment. This suggests that our study of hos-
pital admissions underestimates the incidence of MDR-TB
and XDR-TB in KwaZulu-Natal (31) in both health care
workers and non—health care workers.

From an infection-control standpoint, it is important
to note that most health care workers with MDR-TB and
XDR-TB were referred from, and may have worked at,
non—tuberculosis specialist facilities. This implies that fo-
cusing infection-control efforts at specialist tuberculosis
hospitals in South Africa to prevent nosocomial transmis-
sion is not enough. Although interventions for infection
control and reduction of occupational risk in health care
workers are well established in the developed world, they
are not widely practiced in resource-poor settings (26).
Targeted interventions, including administrative measures,
environmental controls, and personal protection measures,
have been recently reviewed (4, 26). Although some of
these measures are out of reach in resource-poor settings,
many are inexpensive and are potentially implementable,
even in underresourced health care systems (26). Future
research directions include identifying specific practices
and occupational classifications that place health care
workers at risk for drug-resistant tuberculosis. We are de-
veloping studies to identify obstacles to the implementa-
tion of best practices in infection control in KwaZulu-
Natal health care institutions.

This study has implications for policymaking and the
organization of health services in countries with endemic
drug-resistant tuberculosis. Health care workers have a sta-
tistically significant higher risk for drug-resistant tubercu-
losis compared with the general population, and this
should be addressed in policies for occupational risk reduc-
tion and infection control. Barriers, such as stigma around
HIV status, are important to understand in order to con-
struct effective occupational health and safety policies (30).
A recently updated, evidence-based guideline on tubercu-
losis infection control for health care workers in hospitals
and congregate settings published in 2009 by the World
Health Organization (26) recommends prioritizing tuber-
culosis control on the national level. The guideline in-
cludes developing national infection-control policies in
member states, implementing administrative and environ-
mental controls, implementing ongoing surveillance for tu-
berculosis disease among health care workers, monitoring
and evaluating infection-control measures, and conducting
operational research. As our study suggests, policy measures
that prioritize health care worker protection and risk may be
critical for tuberculosis control in resource-constrained coun-
tries with endemic drug-resistant tuberculosis.
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Appendix Table 2. Estimates of Adult Non-Health Care
Worker Population in KwaZulu-Natal, South Africa*

Year Population in Population Aged Population in
KwaZulu-Natal, n =20y, %t KwaZulu-Natal
Aged =20y, n
2001% 9426 017 53.3 5024 068
2002 9 564 885 - 5 098 084
2003 9703 753 = 5172 100
2004 9842 621 - 5246 117
2005 9981 489 = 5320 134
2006 10 120 357 - 5394 150
20078 10 259 230 = 5437 392
2008 10 400 009 - 5543 205

* Data from references 17 and 18. National census data were obtained in 2001; a
national community survey was done in 2007. Population estimates for the years
in between were extrapolated. The percentage of the population aged =20 y
(adult) is based on percentages from the 2001 national census.

T The percentage of the population aged =20 y was assumed to be 53.3% from
2003 to 2008 because actual data were not available.

¥ Population numbers and age structure are from the 2001 national census data.
§ Population numbers are from the 2007 community survey data.
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Appendix Table 1. Estimates of Health Care Workers in Kwazulu-Natal, South Africa, by Year*

Occupational Classificationt Year Total
2003% 2004 2005 2006 2007 2008

Dental practitioners (includes all 803 803 803 803 803 803 4818
subclassifications)

Enrolled nurses 12 404 12 404 12 404 13 936 13 936 13 936 79 020

Professional nurses 20202 20202 20202 20202 20202 20202 121212

Student nurses 2051 2051 20518 22328§ 21758 21758 12735

Physicians (includes all subclassifications) 6265 6265 6265 6265 6265 6265 37 590

Nurses' assistants 5871 5871 58718 61168 60568 60568 35 841

Environmental therapists, occupational 1643 1643 1643 1643 1643 1643 9858
therapists, or physiotherapists

Radiographers 980 980 980 980 980 980 5880

Pharmacists 1593 1593 1593 1666 1738 1738 9921

Psychologists 697 697 697 697 697 697 4182

Total 52 509 52 509 52 509 54 540 54 495 54 495 321 057

* All values are numbers. Data from reference 19.

T Registered with appropriate health services council (except nurses’ assistants). May include health care workers who are abroad, retired, or nonpracticing; in the private

sector; or in the public sector.

¥ Estimates from years in which data were missing are based on known numbers of health care workers.
§ Filled posts in the public sector. These are positions for which registering boards do not exist and exclude private sector workers for whom data were not available.
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