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Obijectives: To assess the nosocomial TB risk and recommend appropriate risk management procedure for the
trauma ward of the emergency department at a university hospital in Bangkok.

Material and Method: The risk assessment procedure includes: (1) estimating the number of healthcare visits
of the TB patients at the trauma ward of emergency department in 2004; (2) determining the TB incidence rate
among the healthcare workers (HCWSs) of the trauma ward during 2004-2005; and (3) surveying the indoor
environment (particularly concerning the ventilation condition) of the targeting ward. Appropriate risk
management procedures were then recommended based on the guidelines provided by The World Health
Organization (WHOQ) and The Centers for Disease Control and Prevention (CDC) of the United States.
Results: The estimated number of healthcare visits of the TB patient at the trauma ward in 2004 was 20. During
2004-2005, there were 4 out of 57 HCWs at the trauma ward who developed tuberculosis; among these were
two registered nurses and two nursing auxiliaries. The TB incidence rates among these HCWs were 3,509 per
100,000 person-year overall (or 2,632 per 100,000 person-year for confirmed TB cases only) and 3,333 (or
1,667 for confirmed TB cases only) and 4,761 per 100,000 person-year for registered nurse and nursing
auxiliary. The ventilation in the trauma inpatient ward had 1.43 air changes per hour, which was below the
recommended standard value. Turbulence pattern of airflow, which promotes airborne TB spreading in this
area, was also detected.

Conclusion: The risk assessment results showed that the trauma ward of the emergency department at this
university hospital has a high risk for nosocomial tuberculosis. Appropriate risk management procedures,
which are in accord with the standard guidelines, should be urgently implemented.
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The emergency department (ED) is an area
with high nosocomial TB risk in the hospital. It is the
point of entry into the medical system for many high
risk patients (such as the homeless, the indigent
patients, the drug abusers, and the patients with HIV),
some of which before their TB statuses are unrecog-
nized and appropriate treatments are administered®.
Emergency procedures such as intubation and suc-
tioning, which promote droplet nuclei formation, pose
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particular risk to ED staff serving high-risk popula-
tions@. In addition, significant numbers of HIV-posi-
tive and HIV-negative patients may present with atypi-
cal clinical findings, and these patients tend to be
identified late in their hospital course.

A recent study reported a very high TB risk
among the ED personnel at a university hospital in
Bangkok between 1988 and 2002®. The TB incidence
rate among the ER personnel was 1,610 per 100,000
person-years(PYs), which were 17.2 times higher than
the non-occupationally exposed workers (clerks, whose
TB incidence rate during the same period was 94 per
100,000 PY’s). Furthermore, an additional four TB cases
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were detected between October 2004 and August 2005
among 57 personnel in the trauma inpatient ward, which
is a section of the hospital emergency department.

This article reported the nosocomial TB risk
assessment result for the trauma inpatient ward at this
university hospital. Relevant risk management was also
recommended.

Material and Method

The risk assessment was conducted in
August 2005. It followed the procedures suggested by
the US. Centers for Disease Control and Prevention
(CDC) and included: (a) estimation of the number of
potential TB infectious patients who had visited the
study site during the past years (source identification);
(b) examination of the indoor environment particularly
the ventilation condition of the study site (path evalu-
ation), and; (c) calculation of the TB incidence rate
among the healthcare worker (HCW) of the study site
(receiver evaluation)®@. The details are as follows:

(a) Source identification

The total number of TB-diagnosed inpatients
of the study ward during 2004 was enumerated. For
those inpatients without overt TB-diagnosis, the
probable number of undetected TB cases was also es-
timated. This was conducted separately for the AIDS/
HIV-infected inpatients and those without such a
condition. For the AIDS/HIV-infected inpatients, their
probable number of undetected TB cases was calcu-
lated by multiplying the total number of AIDS/HIV-
infected inpatients during January-December 2004 with
the prevalence rate of TB among AIDS/HIV-infected
persons in Thailand (or the probability of having
TB among those with AIDS/HIV infection, which was
0.34)@. For those without AIDS/HIV-infection, the
estimation procedure was more complicated, as there
was no information about TB prevalence among the
ER patients in Thailand. Their probability of having
undetected TB, which was 2.7 x 10, was estimated
from the TB prevalence data for the ER patients in New
York City (which was 2.7 x 10-®), arbitrarily assuming 10
times higher TB risk among the ER patients in Bangkok
than in New York City®. The possible number of un-
detected TB cases among the inpatients without
AIDS/HIV-infection was calculated by multiplying the
total number of inpatients without AIDS/HIV infection
during 2004 with this estimated probability. The possi-
ble number of overall TB cases admitted into the study
ward was then calculated by summing the number of
TB diagnosed inpatients and the estimated probable
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numbers of TB cases among patients with and without
AIDS/HIV-infection. The data is presented in Table 1.

(b) Path evaluation

The direction of air flow was predicted from
the relative locations of doors, windows, air condi-
tioners, exhaust fans, and physical structure of the
ward. Air exchanges per hour were estimated by re-
leasing pure CO, while a fan was operating to ensure
thorough mixing®. The resultant CO, concentrations
were measured every minute for the next 20 minutes by
an infrared direct reading instrument. Air exchanges
per hour were calculated by using the following for-
mula®;
Air exchanges per hour = [(LnCPEAK)-(LnCT)]/[T/60]

Where LnCPEAK is the natural log of the
peak concentration of CO,, LnCT is the natural log of
the concentration of CO, attime T, and T is the time in
minutes from when the CO, concentration was at its
peak until the end of the measurement period or the
CO, concentration returned to the baseline value.

(c) Receiver evaluation

The TB incidence rate between 2004 and 2005
among the personnel of the study ward was calculated
by person-time analysis, assuming each personnel con-
tributed 2 years of observation during this period. The
overall and occupation-specific incidence rates were
then reported as number of TB cases per 100,000 per-
son-years (PYs)®.

Due to the small number of personnel in the
study ward, the standardized morbidity ratio (SMR)
was then used in the determination of their TB risk.
The TB incidence rate of the 15-64 years age group of
Bangkok population in 2002 (36.7 per 100,000) was used
as the standard rate. The expected number of TB cases
among the personnel was calculated by multiplying
the number of personnel with the standard rate and
the duration of observation (which was 2 years). The
overall and occupation-specific SMRs were then
estimated by the following: SMR = (observed TB cases/
expected TB cases)®.The 95 percent confidence inter-
vals of the SMRs were calculated according to the
method proposed by Rothman and Boice®.

Relevant risk management was lastly recom-
mended according to the standard guidelines of the
CDC and the World Health Organization (WHO)@19,

Results

Source identification
The study ward was the inpatient ward for
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trauma patients. It contained 23 beds, and had an oc-
cupancy rate of 100 percent all year. Totally 535 trauma
patients were admitted in the ward during January-
December 2004. Only one female patient had overt TB
diagnosis. Her diagnosis was based on the compatible
signs and symptoms, although the sputum examina-
tion and chest x-ray results were negative. The estimated
numbers of probable TB cases among the inpatients
with and without AIDS or HIV infection were 4.76 and
14.04. These accounted for the overall confirmed and
probable TB cases of 20 (Table 1).

The TB prevalence among the Thai popu-
lation was almost 69 times higher than among the
American population (206 and 3 cases per 100,000 popu-
lation respectively in 2003)™. As we assumed the TB
prevalence among the ER patients in Bangkok to be
only 10 times higher than among those in New York
City, we may have underestimated the probable
number of undetected TB cases among the inpatients
without AIDS or HIV infection in this ward.

Path evaluation

The trauma ward occupied an area of 306 (18 x
17) square meters on the third floor of a three-storey
building. It was 13 years old (Table 2). The layout of
the ward is shown in Fig. 1(a). There were four air con-
ditioners and four exhaust fans. All air conditioners
were split-type. They worked by sucking-in the room
air, cooling it, and then recirculating it back to the room.
Only a small amount of indoor air is extracted to the
outside by the exhaust fan, and replenished with fresh
outside air. Measuring the result showed that the
amount of ventilation was only about 1.4 air exchanges
per hour, which was much below the recommended
standard level of no less than 6 air exchange per hour
for an inpatient ward®*®). This might have been due to
the inadequate efficiency of the existing exhaust fans.

When taking into account the relative loca-
tion of the air conditioners and exhaust fans, the in-

door airflow of the area was predicted to be turbulent
rather than laminar pattern. This was due to the airflow
from the air conditioners being multidirectional, often
from opposite sides of the room. This type of airflow
pattern was considered inappropriate because it pro-
motes the spread of airborne infectious organisms
including TB. However, the nurse’s office was sepa-
rated from the rest of the room by glass walls. So
HCWs - who worked inside the office most of the time -
were exposed to the contaminated air only when they
did patient care activities in the patient care area.

Receiver evaluation

There were 57 HCWs in the ward: among
these were 30 registered nurses, 21 Nursing auxiliaries,
and six custodians (Table 3). During the past 2 years,
one registered nurse and one nursing auxiliary had both
pulmonary and lymph node TB, one nursing auxiliary
had confirmed pulmonary TB, and one nurse had
suspected pulmonary TB (Table 4). Among these, one
case was multi-drug resistant TB. These accounted
for the overall confirmed TB incidence rate of 2,632
per 100,000 person-years, and the occupation-specific
incidence rates of 1,667 and 4,761 per 100,000 person-
years respectively for a registered nurse and nurse
auxiliary (Table 3). This magnitude of TB risk is con-
sidered very high when compared to those rates in
the general population, which were 36.67 per 100,000
person-years for the adult population (15-64 years age
group) in Bangkok in 2003%. The SMR calculation
revealed that TB risk of the trauma ward personnel
was more than 70 times that of the adult population in
Bangkok (the overall SMR[95%CI]= 71.7[14.36-208.70],
Table 5).

Discussion

Although there was no evidence of DNA
fingerprint patterns to link the transmission of M.
tuberculosis from patient(s) to the diseased HCWs,

Table 1. Estimated annual number of TB patients admitting in the trauma ward between January-December 2004

Type of Patient Number Probability of TB Estimated Number
(cases) of TB cases

Known TB cases 1 1.0 1

Known HIV-infected patients 14 0.34 4.76

Patients without overt TB or HIV infection 520 0.027* 14.04

Total 535 ~ 20 (19.8)

* Calculated from (the prevalence of TB among ER patient in a hospital in New York City, which was 2.7 x 10-%) x10®
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Table 2. Physical characteristics of trauma ward

Characteristics Description
Volume (Cubic meter) 1139.25 (21 x 15.5 x 3.5)
Space (Square meter) 325.5 (21 x 15.5)

Type of place Inpatient ward

Year built 1992

Air conditioning system Split-type (recirculating ventilation system)
Air exchange per hour* 1.43

Air flow pattern Turbulent

Direction of air flow** Inappropriate

Isolation room? No

HEPA filtration? No

UV light? No

* Standard air change rate per hour according to the ANSI/ASHRAE 62.1-2004 for the inpatient ward was no less than 6

complete air change per hour®

** The appropriate direction of air flow is from personnel office to the contaminated area and then to the outside®

Table 3. TB incidence rates (IRs) among the personnel in trauma ward during 2004-2005

Occupation
Registered nurse Auxillary nurse Custodian Total
Number of personnel (persons) 30 21 6 57
Confirmed TB (cases) 1 2 3
Confirm + suspected TB (cases) 2 2 - 4
IR per 100000 person-years* 1,667 4,761 - 2,632
IR per 100000 person-years** 3,333 4,761 - 3,509
IR = incidence rate
* Confirmed TB cases only
** Confirmed and suspected TB cases
Table 4. Detailed information of the healthcare personnel in trauma ward with TB diagnosis during 2004-2005
Characteristics Case #1 Case #2 Case #3 Case #4
Age (years) 34 32 30 23
Gender Female Female Female Female
Occupation Nursing auxiliary Registered nurse Nursing auxiliary Registered nurse
Work duration (years)
At the hospital 13 11 10 2
At trauma ward 13 10 10 2
Date of TB diagnosis* 10/05/2004 11/23/2004 12/28/2004 8/02/2005
Type of TB Pulmonary Pulmonary/ Pulmonary/ Pulmonary
lymph node lymph node (suspected)
Multi-drug resistant? Yes No No No
Evidence for diagnosis Sputum culture, pathologic exam pathologic exam Chest X-ray
pathologic exam
Previous chest X-ray normal normal normal normal
Household TB contact? no no no no

* Month/day/year
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Table 5. TB standardized morbidity ratios (SMRs) for the personnel in trauma ward during 2004-2005

Occupation Number Obs Exp SMR (95%ClI)*

TB1 TB2 TB1 TB2
Registered nurse 30 1 2 0.022 45.42 (0.59-252.90) 90.88 (10.21-328.23)
Auxillary nurse 21 2 2 0.016 129.75 (14.04-451.31) 129.75 (14.04-451.31)
Custodian 6 - - 0.004 0 0
Total 57 3 4 0.042 71.70 (14.36-208.70) 95.60 (25.62-243.83)

Obs = observed number of TB cases, Exp = expected number of TB cases
TB1 = confirmed TB cases, TB2 = confirmed and suspected TB cases
* The standard rate was the TB incidence rate of the 15-64 years age-group of Bangkok population in 2002, which was 36.7

per 100,000¢

the epidemiological evidence described above
strongly supports the likelihood that TB occurrence
among the cases was occupationally acquired or at
least work related. Previous investigation, which was
mentioned previously in the Introduction, reported
that HCWs at this work area also had a high TB risk
during 15 years of observation between 1988 and 2002.
Furthermore, the environmental survey result also
showed the indoor condition of the area promoted TB
spread.

Specific risk management recommendation
Measures to effectively reduce the TB risk
among HCWs in this location are urgently needed.
Although simultaneously multi-measures implementa-
tion targeting all aspects in the transmission from an
infectious host to a susceptible receptor are highly
suggested, the following measures are specifically
recommended - in order of priority - for this trauma
ward. These included (1) source control, (2) path
modification, and (3) receiver(s) protection@19,

(1) Source control

(1.1) TB patient identification and initia-
tion of effective treatment

Every patient admitted into the trauma ward
should be assessed for tuberculosis. Two triage proce-
dures for early TB case identification were suggested
by Redd et al and Sokolove et al®9, Patients with a
high risk score from the triage procedure should be
further investigated by chest x-ray and sputum exami-
nation. Those who have confirmed active TB or
who are highly suspected to have active TB should
be started promptly on appropriate treatment in accor-
dance with current guidelines.
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(1.2) TB patient isolation

Any patient suspected of having or known
to have infectious TB should be placed in a TB isola-
tion room that possesses currently recommended ven-
tilation characteristics. There should be enough isola-
tion rooms to appropriately isolate all patients who
have suspected or confirmed active TB (Fig. 1(b)). TB
isolation rooms should be single-patient rooms with
special ventilation characteristics appropriate for the
purposes of isolation. Aminimum of six air changes per
hour (ACH) is recommended for TB isolation and treat-
ment rooms@*213_ |spolation should be discontinued
only when the patient is on effective therapy, is im-
proving clinically, and has had three consecutive nega-
tive sputum AFB smears collected on different days.

(1.3) High risk procedure

All cough-inducing procedures performed
on patients who may have infectious TB should be
performed using local exhaust ventilation devices
(e.g., booths or special enclosures) or, if this is not
feasible, in a room that meets the ventilation require-
ments for TB isolation. HCWSs should wear respiratory
protection when present in rooms or enclosures in
which cough-inducing procedures are being performed
on patients who may have infectious TB.

(2) Path modification

(2.1) Increase air exchange rate

As measures to early detection of TB cases
and proper case management are not a hundred percent
effective, undetected TB cases are still the potential
source of TB spreading in the facility. Additional mea-
sures are then necessary to be implemented simulta-
neously in the trauma ward to decrease the probability
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of TB transmission from these undetected TB cases.
Increased ventilation at very low levels can produce
substantial improvement in protection. As the ventila-
tion rate of this facility is very low (1.4 air exchange per
hour), increased air exchange per hour, up to 6-12 air
exchange per hour, is expected to reduce significantly
the risk of TB spreading®?.

(2.2) Adjust the airflow direction

The direction of airflow in this area should
be designed, constructed, and maintained so that air
flows from clean areas to less-clean areas. The multi-
directional, turbulent airflow in the room should then
be corrected into the unidirectional, laminar flow to
reduce spreading of infectious particles in the indoor
environment. This is accomplished by reinstalling the
existing air conditioners and exhaust fans at the proper
locations as suggested in Fig. 1(b). Additional installa-
tion of inward and outward exhaust fans may be needed.
Exhaust air should be disinfected before venting to
the outside.

(3) Receiver protection

(3.1) Personal protection

Personal respiratory protection should be
used by a) persons entering rooms in which patients
with known or suspected infectious TB are being
isolated, b) persons present during cough-inducing
or aerosol-generating procedures performed on such
patients. Respiratory protective devices used in these
settings should meet the recommended standard per-
formance criteria.

(3.2) Health surveillance

The risk assessment should identify which
HCWs have a potential for exposure to M. tuberculo-
sis and the frequency with which the exposure may
occur. The CDC and WHO recommended periodic PPD
testing to detect TB infection among HCWs. However,
the prevalence of positive baseline PPD tests among
these HCWs was high (up to 86.0 or 82.5 percent for
the wheal size at the cut-off points of 10 and 15 milli-
meters respectively)®®. So periodic PPD testing might
not be effective in the early detection of TB infection
among these HCWs Health surveillance to early detect
TB must then rely on the history of TB disease and
periodic chest x-ray instead, until a more effective
measure is available

(3.3) TB epidemic investigation system
Multi-drug resistant TB is the real threat for
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this area, since one HCW had already got this kind of
TB. multi-drug resistant TB. A system should be es-
tablished for detecting multi-drug resistant TB as well
as other TB epidemics among the patients and HCWs.
This requires collaboration among the ward, the micro-
biological laboratory, and the infection control com-
mittee of the hospital.

Conclusion

Although the DNA evidence was not avail-
able to link the transmission of M. tuberculosis from
patient(s) to the diseased HCWs, the risk assessment
results based on the epidemiological evidence strongly
support that the trauma ward of the emergency depart-
ment at this university hospital is at increased risk of
nosocomial tuberculosis. Appropriate risk management
procedures, which are in accord with the standard
guidelines, should be urgently implemented.
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