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Abstract

It was still not well determined that whether healthcare workers (HCWs) in
developing countries—where background TB prevalence ingeneral population was high—
prone higher TB risk than other occupations. The objective of present 15-year retrospective
study was to examine the TB risk among HCWs in high TB prevalence area. A cohort of
3,959 HCWs in Chulalongkorn Memorial Hospital, Thailand, were observed from 1988 to
2002, during which 78 TB cases were ascertained. The incidence rates of all TB, pulmonary
TB, TB lymph node, and other TB were 188, 152, 27, and 10 per 100,000 person-
years(PYs) respectively. Overall TB incidence rates rose from 102 to 155 and 261 per
100,000 PYs respectively in 1988-1992, 1993-1997, and 1998-2002. The two highest risk
occupations were clinical laboratory technician and nurse, while the 3 highest-risk worksites
were emergency room, medical ICU, and medical OPD. When using clerical worker as the
reference occupation, the relative risks(RRs)[95%confidence interval(Cl)] for clinical
laboratory technician and nurse were 8.1 [0.2-81.3] and 2.2[0.8-8.3] respectively. Using
office as the reference worksite, the RRs for emergency room, medical ICU and medical
OPD were 10.4[3.0-44.7], 3.0[0.6-16.1] and 2.7[0.7-12.7] respectively. Sub-cohort analysis
showed that the TB risk increased over working duration, particularly among those HCWs
who were employed after 1983. In conclusion, present study results support the premise

that HCWs in developing countries are also at occupationally increased risk to tuberculosis.
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Introduction

A recently marked global resurgence of tuberculosis (TB), in accompanying with the
human immunodeficiency virus(HIV) pandemic, has heighten worldwide concern about the
risk of TB infection in healthcare providers’. With the increase in multidrug-resistant TB, the
risk was more serious. In developed countries, where TB incidence is low(less than 5 per
100,000 population per ye&lr)2 and TB patients are principal sources of infection, majority of
current evidences indicated the increased TB risk among healthcare workers comparing to
workers in other occupations or general populationM. Groups with the highest risk were
nurses, pathologists, laboratory workers, specialists in pulmonary medicine, and healthcare
workers infected with HIV",

In developing countries, the extent of TB risk for healthcare workers relative to other
non-exposed occupations or general population is still not well determined’. Background TB
prevalence is high in these areas(100-200 and 800 per 100,000 population per year
respectively for Asia and /!\frica)2 and potential sources of TB exposure are not confined
only in healthcare settings. However, accumulating evidence during the past few years was
as well suggestive about higher TB risk among HCWs in these countries. Tuberculin skin
testing(TST) studies in Cote d'Ivoires. Mexicoe. PeruT. Brazils, Thailand’ and Malaysiam
showed higher positive TST results, thus higher TB infection rates, among TB exposed
HCWs comparing non-exposed workers, although validity of tubercuiin skin test result as an
indicator of TB infection in these area of high BCG vaccination rates is questionable. A
number of TB morbidity studies in Malawi'"'>"", and Turkey ' during 1986-2001 had
demonstrated that TB illness rates in HCWs were higher than those in general population. A
study in a South African hospital during 1991-1996, however, reported lower TB incidence
among health workers comparing to the 20-59 years old people in the communitym.

The objective of present study was to estimate the extent of TB risk among
healthcare workers(HCWs) in the area where background prevalence of TB in general
population is high. Ti\is was accomplished by conducting a 15-year retrospective cohort

study in King Chulalongkorn Memorial Hospital, Bangkok, Thailand, during 1988-2002.

Materials and Methods
Study Population
King Chulalongkorn Memorial Hospital is a 1200-bed teaching hospital operated by

the Thai Red Cross. However, only a number of HCWs working in the hospital were the
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Thai Red Cross employees (nurses, administrators and clerical workers, social workers,
housekeepers and mechanists, etc.), while the remaining HCWs were Chulalongkorn
University Faculty of Medicine employees (almost all physicians, clinical laboratory
technicians, and radiological technicians, etc.). Due to limited availability of personal data
for cohort enumeration and other technical limitation, only HCWs who were active
employees of the Thai Red Cross in Year 2002 were included. These actively employed
HCWs were identified from the computerized database of the hospital's Computer Unit.
Information available in the database were each HCW's unique identification data, personal
demographics, professional/ occupation, and date of employment. Data about HCW's job
history within and outside the hospital as well as his/her previous and present TB
illnesses—among the other information--were further collected by an occupational health
data collection form which was sent to each currently employed HCW during January-
December 2002 as an activity of the hospital's occupational health database establishment.

The study cohort included those HCWs with at least 1 year of employment in the
hospital. HCW who was employed before 1988 was followed-up from January 1, 1988(2531
Buddhist Era; BE) through the date of his/her first TB diagnosis for HCW with TB or through
December 31, 2002 (2545 BE) for HCW without any TB diagnosis. For HCW who was
employed later the followed-up time started from his/her date of employment. HCWs who
had TB illness before January 1988 were excluded from the study. Furthermore, to
minimize the likelihood of non-work related TB to the extent possible, those HCWs who had

TB illness during their first year of employment in the hospital were also exciuded.

TB Status Ascertainment

Tuberculosis of the lungs, lymph nodes, and other organs were of interest in this
study. Each HCW's TB status, as well as the date of first TB illness for those who had got
TB, was ascertained by using relevant information in the occupational health data collection
form mentioned previously. Furthermore, data about TB diagnosis and treatment of the
HCWs from the hoépital's Pulmonary Diseases Unit were also utilized in the TB status
ascertainment. The TB diagnoses for those HCWs with TB history were further verified by

the abstraction of their medical records.

Statistical Analysis
Person-years at risk were accumulated for each HCW beginning January 1, 1988 or

the date of employment (whichever was later) and ending at the closing date of study
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(December 31, 2002), or the date of first TB diagnosis (whichever was earlier). The number
of years contributed by each HCW was classified by age(S-year age-group from 20 to 59),
by calendar year(1988-1992,1993-1997, 1998-2002), by work duration(5-year interval from Q
to 44), by standardized occupations and by standardized worksites. These standardized
occupations and worksites were modified from those used in the US. Centers for Disease
Control and Prevention(COC)'s staff TRAK-TB systemw. The most recent occupation and
worksite were used in the allocation of each HCW into appropriate standardized
occupations and worksites.

Overall and specific incidence rates per 100,000 person-years were then calculated
for all and organ-specific TB ilinesses. Relative risk(RR) and its 95% confidence interval(Ct)
was estimated in the comparison of TB risk among different occupations and worksitesw.
However, due to relatively small number of cases, only RRs for all TB were calculated.

Stata statistical software reiease 8 was utilized in these statistical analyses19.

Results

Of all 3,959 HCWs whose names were listed in the computerized database, 3.894
were eligible and participated in the occupational health data collection activity during
January-December 2002 (98.4 percent enroliment rate). These 3,894 HCWs contributed
totally 41,462.3 person-years of observation during the 15 years follow-up period from 1988
to 2002 (Table 1). Nurses contributed more than half the number of subjects and person-
years of observation. Numbers of clinical laboratory and radiological technicians were

minimal due to the technical limitation mentioned previously in “Study Population™ section.
(Please insert Table 1)

Totally 78 first TB iliness cases were identified during the follow-up period (Table 2).
These included 63 pulmonary TB (~80 percent), 11 TB lymph node (~15 percent), and 4 TB
of other organs(skin-and spine, etc.) cases (~5 percent). Approximately 41 percent (32/78)
of TB cases were diagnosed basing on positive results of sputum or pathological
examinations, 25.3 percent(20/78) were diagnosed basing positive chest x-ray or signs and

symptoms only, while the remaining 33 percent (26/78) no medical records or no evidence

in the medical records existed.

(Please insert Table 2)



Manuscript |

These 78 TB cases accounted for the overall incidence rate of 188 cases per
100,000 person-years during the 15 years follow-up period from 1988-2002 (Table 3).
Detailed analyses showed that the incidence rates of pulmonary TB, TB lymph node, and
other TB were 152, 27, and 10 cases per 100,000 person-years respectively (Table 3).
Standardized occupations with the highest TB risk were laboratory technician, nurse, and
administrator, with the overall incidence rates of 869, 236, and 214 cases per 100,000
person-years respectively. When using clerical worker as the reference occupation, the
overall relative risks(RRs)[95% confidence interval(Cl)] for these high risk occupations were
8.1[0.2-81.3], 2.2[0.8-8.3], and 2.0[0.4-10.7] respectively. None of these increased risks
were statistically significant. However, the incidence rate for clinical laboratory technician
was estimated basing on very small number of subjects (9 persons) and person-years of
observation (115.1 person-years). All of 4 TB cases in the administrator occupation were
nurse administrators. They were the supervisors of operating/recovery room and inpatient
surgical ward(1 person each), and the heads of outpatient medical unit and radiotherapy

ward(1 person each).
(Please insert Table 3}

Analyses of TB risk by standardized worksite showed that the 4 highest risk
worksites were emergency room, medical intensive care unit (ICU), medical outpatient care
department (OPD) and medical inpatient care department (IPD), with the incidence rates of
1,610, 466, 404 and 284 cases per 100,000 person-years respectively (Table 4). When
using office as the reference worksite, the relative risks(RRs)[95% confidence interval(Cl)]
for these worksites were 10.4 [3.0-44.7], 3.0 [0.6-16.1], 2.7 [0.7-12.7] and 1.8 [0.6-7.5]

respectively. However, only the increased RR of emergency room was statistically

significant.

(Please insert Table 4)

Comparison of TB risk over time period showed the progressive increase of TB
incidence rates from 102 case per 100,000 person-years during1988-1992 to 261 cases per
100,000 person-years during 1997-2002 calendar periods (Table 5). Sub-cohort analysis

over working/employment duration also showed progressive increase in TB risk, particularly
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among those HCWs cohorts who were first employed after 1983 (the diagonal rows of
numbers which were enclosed by dotted rectangles in Table 6). These increased TB risk
were obvious in the 5-9 years category of working duration for those HCWs who were first
employed in 1988-1997 and in the 10-14 years category of working duration for those
HCWSs who were first employed in 1983-1987. For HCWs who were first employed in 1998-
2002, their TB risk had already been very high in their first 5 years of work duration. Sub-

cohort analysis over age showed similar but less obvious pattern (results not shown).
(Please insert Table 5)

Discussion

A number of TB morbidity studies in less developed countries demonstrated
increased TB illness among HCWs comparing to non-exposed workers or general
population. Harries et al conducted study among 3,042 HCWSs in 40 hospitals in Malawi
during 1996 period and reported the overall TB prevalence of 3.6 percent‘z. When
comparing with the adult general population aged 15 years or older, the relative risk [95%
confidence interval (Cl)] in HCWs of all types of TB was 11.9 [9.8-14.4], of smear-positive
pulmonary TB was 5.9 [3.9-9.0], of smear-negative pulmonary TB was13.0 [9.5-17.7] and of
extrapulmonary TB was 18.4 [13.8-24.6]. Another study in Malawi among 571 HCWs in one
hospital during 2001 reported the TB prevalence rate of 5,780 per 100,000 person-yearsm.
A retrospective study by Kilinc et al among HCWs in 4 hospitals in a city in Turkey during
1986-1998 reported the TB incidence rates of 16-139 per 100,000 person-years, which
were 3 times higher than those in general population“. The workers in departments of
chest diseases were found to have a higher risk than those of other departments (OR: 6.37,
95%CI: 3.69-11.00). Similarly, the nurses were also at a higher risk than the doctors (OR:
2.63, 95%Cl: 1.12-6.36). Another retrospective study in Turkey was carried out by
Cuhadaroglu et al among 3,392 HCWs during 1991-200015. The authors reported that the
mean incidence of TB was 96 per 100,000 for all HCWs comparing to 35.4 per 100,000 for
general population (relative risk: 2.71), 79 per 100,000 for doctors (relative risk: 2.2}, 14 per
100,000 for nurses and 121 per 100,000 (relative risk: 3.4) for other professionals.
However, Wilkinson and Gilks conducted a study among staff in a South African hospital
during 1992-1996 and reported that the TB incidence amongst health care workers and

ancillary staff were 558 and 445 per 100,000 person-years of observation respectively,
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which were lower than the incidence rate among 20-59 years oid people in the community
(1,543 per 100,000 person-years of observation)1s.

In Thailand, there were 8 cross-sectional studies about TB illness among HCWs in
generalfregional hospitais during 1990-200020'21'22'23'24'25'26. Puimonary TB prevalence rates
(diagnosed by chest x-ray evidence) ranged from 0 to 2.4 percent with an average rate of
1.1 percent(or 1,083 per 100,000) over one year period. Another survey among 4,050
HCWs in 11 general/regional hospitals reported the 35 years prevalence rate of 2.5 percent
during 1965-2000°". However, this 35-year prevalence is difficult to interpret in term of risk.

In this study we utilized a longitudinal design to demonstrate the increased TB
ilness among HCWs in a teaching hospital in Bangkok, Thailand. The overall pulmonary TB
incidence in the HCWs was 152 per 100,000 person-years during 1988-2002 comparing to
the incidence rates of 70-92 person-years for Thai general population during 1988-2001°°.
This was consistent with other studies in Thailand during the same calendar period
mentioned above. We also found a trend of increased pulmonary TB rate over 1988-2002,
which seemed to correspond with the AIDS epidemics in Thailand during the same periodza.
The incidence rates of AIDS in Thailand rose rapidly during 1993-1996, reached plateau
during 1997-2000, and then declined in 2001. However, some alternative explanations must
also be considered. Annual health examinations, including chest x-ray, for all hospital
employees were provided by the hospital authority during the last few years according to
the hospital accreditation(HA) activity. These might have had resuited--to a certain degree--
in higher detection rate of pulmonary TB cases among the HCWs during later calendar
period. In addition, the inability of our study to include retired or resigned HCWs in the
analyses also might also have had resulted in inadequate ascertainment of TB cases during
earlier calendar period.

Increased TB risk in emergency room(ER), clinical laboratory and medical patient
care areas (medical OPD, ICU and IPD) were consistent with previous knowledgezg'm. B8
risk for ER personnel was the most obvious. Emergency room, as the entry point of many
patients into the medical service system, is one area where patients with TB are provided
care before diagnosis and initiation of TB treatment and isolation precaution. Furthermore,
emergency procedures such as intubation and suctioning, which promote droplet formation,
pose a particular risk to the staff surving high TB risk populationsa1. High TB risk among
clinical laboratory technician might have had resulted from TB contact during patients’

. 30
sputum collection or preparation of liquid suspensions of M. tuberculosis . However, the

-10 -
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rsk estimate was based on relatively small number of subjects and person-years of
observation, so further investigation is needed.

Nurses in medical patient care areas usually had high possibility of close contact
with persons who have infectious TB. Immunocompromised persons such as HIV-infected
patients who receive care here are another serious sources of TB trr:msmisasaion?'z'33
Furthermore, diagnostic or treatment procedures that stimulate coughing--such as
endotracheal intubation, suctioning, bronchoscopy, sputum induction and aerosol treatment
are usually performed in these areas, particularly in the Icu>%,

Of particularly note is that even TB rates in low risk occupations were higher than
TB rate in general population. Whether this was due to actual increased risk or the
distortion effect of surveillance bias(that is higher frequency and coverage of TB detection
rate among HCWs than general population) needed further investigation.

Although present study was prospective in nature with relatively large number of
subjects and long follow-up period, some limitations need to be mentioned. Firstly, due to
technical obstacle, a number of professionals such as physician and respiratory therapist
were not included, while very small numbers of clinical laboratory technician, nurse
anesthetist and radiological technician were included in the study. TB risks among these
professionals were not then investigated adequately. Secondly, those who worked during
study period but had retired/resigned previously were not included in the study. This
resulted in reduced statistical power to estimate TB risk for higher age-groups workers,
particularly during earlier period. And lastly, we used present job history in the assignment
of each HCW to the standardized worksite, which might have had resulted in the inaccurate

estimate of TB risk by standardized worksite. These limitations needed to be taken in

consideration in future studies of similar topic.

Summary
Present study adds another supportive evidence that in developing countries, where
TB prevalence in general population is high and TB patients who visit hospitals are not the

sole sources of TB contact, healthcare workers are also at an occupationally increased risk

to tuberculosis.
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Table 1 . Type of occupations in the cohort and person-years of observation
Occupation Number Person-years

(person) 1988-1992  1993-1997  1998-2002 Total
Clerical worker 324 825.5 1,301.4 1,578.3 3,705.4
Administrator/manager 127 629.0 620.8 615.0 1,864.9
Clinical Lab technician 9 29.8 41.8 43.4 1151
Custodial worker 475 1,638.7 1,927.9 2,270.9 5,737.7
Mechanic 112 343.3 457.2 548.6 1,349.0
Pharmacist 49 110.1 169.9 231.0 511.0
Dentist 8 27.2 38.5 4.0 105.7
Nutritionist/cook 184 668.0 8243 904.9 2,397.3
Therapist 3 10.8 15.0 16.0 40.8
Nurse 2,508 5,399.4 7.820.6 11,3614 24,583.1
Nurse anesthetist 7 14.0 28.4 35.0 774
Radiological technician 4 0 0 13.1 13.1
Social worker 21 58.5 84.6 103.1 246.3
Health technician 3 15.0 15.0 15.0 45.0
Other 60 179.2 220.3 270.8 670.3
TOTAL 3,894 9,775.6 13,450.8 17,909.3 41,462.3

-13-



Manuscript |

Table 2 \Tuberculosis cases among the study cohort during 1988-2002
Type Level of evidence for diagnosis
AFB/ Pathologic X-ray/Physical No evidence/no Total
examination examination records

Lung 25 (39.7%) 19 (30.2%) 19 (30.2%) 63 (100%)
Lymph node 6 (54.5%) 1(9.1%) 4 (36.4%) 11 (100%)
Other' 1 (25%) 0 (0%) 3 (75%) 4 (100%)
AlTB 32 (41.0%) 20 (25.3%) 26 (33.0%) 78 (100%)
t'I'B skin and TB spine

-14 -
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Table 3 . Tuberculosis incidence rates and relative risk among the study cohort,

by organ and occupation

Occupation Incidence rate per 100,000 person-years Relative Risk'
( # person-years) ( # cases) (95%Cl)
Lung Lymph Other All
node

Clerical worker (3,705.4) 81 (3) - 27 (1) 108 (4) 1.0
Administrator (1,864.9) 161 (3) 54 (1) - 214 (4) 2.0 (0.4-10.7)
Lab technician (715.1) 868 (1) - - 869 (1) 8.1 (0.2-81.3)
Custodial worker (5,737.7) 105 (6) 17 (1) - 122 (7) 1.1 (0.3-5.3)

Mechanic (1,349.0) - - - - .
Pharmacist (571.0) - - - - .
Dentist (105.7) - - - . -

Nutritionist/cook (2,397.3) 125 (3) - - 126 (3) 1.2 (0.2-6.9)
Therapist (40.8) - - - - -
Nurse (24,583.1) 187 (46) 37 (9 12 (3) 236(58) 2.2 (0.8-8.3)

Nurse anesthetist (77.4) - - - - -
Radiologic technician (73.17) - - - - -
Social worker (246.3) - - - - -
Heaith technician (45.0) - - - - -
Other (670.3) 149 (1) - 149 (1) 25 (0.1-18.5)
TOTAL (41,462.3) 152 (63) 27 (11) 10 (4) 188 (78)

¥ for all types of tuberculosis

-15-
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. Tuberculosis incidence rates and relative risk among the study cohort,

Worksite Incidence rate per 100,000 person-years Relative Risk'
(# person-years) ( # cases) (35%C1)
Lung Lymph Other All
node

Office (2,573.4) 155 (4) - - 155(4) 1.0
Emergency room (682.1) 1,465(10) 146 (1) - 1,610(11)  10.4* (3.044.7)
Operating/recovery (2,450.3) B2 (2) 122 (3) - 204 (5) 1.3 (0.3-6.6)
Supportive’ (7,929.8) 113 (9) 13 (1) - 126(10) 0.8 (0.2-3.5)
Other (1,939.8) 103 (2) - 52 (1) 155(3) 1.0 (0.2-5.9)
INPATIENT CARE (IPD) -
Medical (5,986.8) 217(13) 50 (3) 17 (1)  284(17) 1.8 (0.6-7.5)
Surgical (5,546.9) 108 (6) 36 (2) 18 (1) 162(9) 1.0 (0.3-4.6)
Obs-Gyn (2,872.9) 35 (1) - - 35 (1) 0.2 (0.0-2.3)
Pediatrical (3,412.8) - 29 (1) - 29 (1) 0.2 (0.0- 1.9)
Other (1,581.2)° 126 (2) - - 126 (2) 0.8 (0.1-5.7)
INTENSIVE CARE (ICU) -
Medical (857.9) 466 (4) - - 466 (4) 3.0 (0.6-16.1)
Surgical(1,312.4) 76 (1) - 76 (1) 152 (2) 1.0 (0.1-6.8)
Other (703.7)" - - - - -
OUTPATIENT CARE (OPD)

Medical (1,731.4) 404 (7) - - 404 (7) 2.7 (0.7-12.7)
Other (1,880.9)1: 106 (2) - - 106 (2) 0.7 (0.1-4.8)
TOTAL (41,462.3) 152(63)  27(11) 10(4) 188 (78)

* p<0.05
'for all types of tuberculosis

* central supply, laundry, maintenance, housekeeper, patient transfer
ophthalmologic, otolaryngologic, psychiatric, and radiotherapy inpatient departments
obstetric-gynecologic and pediatric intensive care units

¥

,departments

- 16
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Table § \ Tuberculosis incidence rates among the study cohort, by work duration
and calendar period

Work duration Incidence rate per 100,000 person-years ( # cases / # person-years)
(yrs) 1988-1992 1993-1997 1998-2002 All
0-4 100 ;| (3/2,998.4) | 79: (3/3,776.5) 1281} (13/4,622.1) 167 (19/11,397.0)

58 (38 1 (1/2,641.5) {336 (10/2,978.2) 268} (10/3,727.2) 225 (21/9,346.9)
10-14 55 (1/1,804.7) 06 (9/2,937.7) 217 (16/7,366.4)
15-19 145 (2/1,380.1) 55 (1/1,803.7) 231, (6/2,600.3) 155 (9/5784.1)
20-24 240 (2/834.5) 73 (1/1,365.7) 224 (4/1,787.8) 176 (7/3,988.0)
25-29 556 (1/180.2) O  (0/830.7) O (0/1,363.8) 42 (1/2,374.7)
30-34 0 (0/9.0) O (01177.8) 610  (5/820.4) 496 (5/1,007.2)
35-39 0 (00) © (/900 O (0/177.2) O  (0/186.2)
40-44 0 (0/0) 0 (0/9.0) 0O 00) 0 (0/9.0)
TOTAL 102 (10/9,848.4) 155 (21/13,574.6) 261 (47/18,036.5) 188 (78/41,459.5)

-17 -
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Abstract

Tuberculosis among Nursing Personnel in Chulalongkorn Memorial Hospital during
1998-2002.

Wiro] Jiamjarasrangsi, Narin Hirunsuthikul, Pirom Kamolratanakul

Department of Preventive and Social Medicine, Faculty of Medicine, Chulalongkorn
University

Journal of Heaith Science 2003;........

Present 15-year retrospective cohort study aimed at estimating TB incidence among
nursing personnel in Chulalongkorn Memorial Hospital. Totally 2,613 nursing personnel
were followed from 2531 to 2545 B.E., during which 62 TB cases were ascertained. The
overall TB incidence rate was 238 per 100,000 person-years(PYs), whereas pulmonary TB,
TB iymph node and other TB incidence rates were 188, 38 and 12 per 100,000 PYs
respectively. TB incidence was highest for nurse administrator and lowest for auxiliary nurse
(280 and 204 per 100,000 PYs respectively). The incidence rates rose from 120 to 219 and
315 per 100,000 PYs respectively in 1988-1992, 1993-1997, 1998-2002). Five worksites
with the highest TB incidence were ER, pediatric OPD, medical OPD and ICU, and
supporting units. TB risks between registered and auxiliary nurses at the same worksite
were not significantly different, except for the ER where the risk was much higher for
registered nurse. In conclusion, variation of TB risk among nursing personnel depends on

worksite rather than occupation.

Keywords:

Tuberculosis, Healthcare worker, Nosocomial transmission, Occupational disease
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