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extreme immunosuppression
with very low CD + cell counts.

What we believe, on the
basis of these data, is that a possi-
b l e  phenomenon  o f  h ighe r
infectiousness of HIV-infected
patients with tuberculosis proba-
bly is limited to the minority of
such patients who develop active
disease at an advanced stage of
HIV infection, so that on a large
scale this should not be consid-
ered as a constant feature of tuber-
culosis/HIV association. In any
case, we agree with Drs. Castro
and Dooley that those involved in
the care of these patients should
be aware of such possibility and
adequate infection control prac-
tices must be ensured in the care
centers hosting these patients.
Future investigational efforts
probably will provide definitive
answers to this question.
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The authors reply:

We appreciate the comments
of Dr. Di Petri  and colleagues, and
we would like to respond to some
of the points they raise. First, we
would like to correct a typographi-
cal error that appeared in our edi-
toria1.l The editorial reads, “When
the rate of active tuberculosis is
calculated based on the total num-
ber of healthcare workers among

those caring for HIV-infected
patients (7/135) versus non-HIV
infected patients (2/186),  the dif-
ference is not statistically signifi-
cant (relative risk, 2.75; 95% conti-
dence interval, 0.58 to 12.96).”  This
should read “‘..versus  non-HIV
infected patients (2/106)...”  The
relative risk and confidence inter-
val are correct.

Dr. Di Perri raises questions
about the appropriate denomina-
tor to use in calculating the risk to
healthcare workers. In our edito-
rial, we suggested that it would be
appropriate to use the number of
exposed healthcare workers as the
denominator. Dr. Di Perri notes
that this approach ignores the dif-
ference in the cumulative number
of human immunodeficiency virus
(HIV)-seropositive and HIV-sero-
negative tuberculosis patients to
which the healthcare workers
potentially were exposed. In fact, it
would be preferable to use a denom-
inator that takes into account both
of these factors. However, in calcu-
lating the number of potential
source cases to be used in the
denominator, it is important to
recognize that the infectiousness
of patients with tuberculosis is
quite variable. It depends on a
number of factors, including the
site of disease, the presence of
cough, the presence of pulmonary
cavitation, the presence and the
number of acid-fast bacilli on a
sputum smear, and the effective-
ness and the duration of therapy.
Even among patients with similar
clinical characteristics, there can
be considerable variation in the
proportion of contacts who
become infected following expo-
sure. This indicates that other fac-
tors related to the source patient,
the environment, and the person
being exposed play an important
role in modulating the risk of trans-
mission.

In the nosocomial tuberculo-
sis outbreaks reported during the
past two decades, transmission gen-
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erally has been associated with
patients who had unrecognized
tuberculosis and who were not yet
receiving effective therapy.2-g  Ti-ans-
mission also has been associated
with procedures that induce the
aerosolization of respiratory secre-
tions, such as bronchoscopy,
endotracheal intubation, sputum
induction, and the administration
of aerosolized medications. This
experience has been borne out in
recent nosocomial outbreaks of
multidrug-resistant tuberculosis,
in which factors contributing to
the  outbreaks  included the
delayed diagnosis of tuberculosis,
the delayed recognition of drug
resistance, the delayed initiation of
effective therapy, and prolonged
infectiousness among patients with
multidrug-resistant disease.‘“16

For these reasons, it is diffi-
cult to evaluate the risk of tubercu-
losis transmission from patients to
healthcare workers as a simple
function of the number of patients
to which the workers are exposed
or as a function of the number of
days of exposure. Other critical
factors must be considered:
whether the patient was known to
have or suspected of having tuber-
culosis at the time of admission,
how long the diagnosis was
delayed, how long the patient was
hospitalized before treatment was
initiated, whether any cough-
inducing procedures (eg, diag-
nostic bronchoscopy or sputum
induction) were performed on the
patient before treatment was initi-
ated and whether workers were
exposed during these procedures,
whether the treatment prescribed
was adequate to eliminate infec-
tiousness, and how long the inter-
val was between the initiation of
therapy and the clinical and
bacteriologic response.

For example, in an outbreak
previously reported by Di Perri et
al, the presumed source patient
was hospitalized for 28 days before
tuberculosis was recognized and

treatment initiated.17  A case of
active tuberculosis in a healthcare
worker who was exposed to tuber-
culosis in this outbreak is included
among the healthcare worker
cases described in the current
report of Di Perri et a1.18 However,
any transmission that resulted
from the source patient in this
outbreak should not be ascribed to
the patient being more infectious,
but rather simply to the fact that
while in the hospital for 28 days,
the patient had tuberculosis that
was undiagnosed, untreated, and
presumably infectious. Further-
more, the three healthcare work-
ers who developed tuberculosis at
the Mantova General Hospital
were all apparently infected by one
patient.18 This does not suggest a
higher level of infectiousness
among HIV-infected tuberculosis
patients in general. Rather, it sug-
gests that there was something
about this individual patient that
resulted in a high level of infec-
tiousness. It would be very in-
structive to know more about this
particular patient and the circum-
stances under which transmission
occurred.

The sort of information
described above can be used to
identify specific factors that con-
tribute to transmission, as well as
to estimate the number of infec-
tious person-days (rather than the
number of total person-days) of
exposure for use in calculating
risk. The importance of this
approach is demonstrated in a
recent nosocomial outbreak of
multidrug-resistant tuberculosis,
in which 25 patients with multi-
drug-resistant disease were hos-
pitalized for a total of 860 person-
days and were sputum-smear-
positive on 375 (44%) of those
person-days. l4 During the same
time interval, 62 patients with drug-
susceptible disease were hospital-
ized a total of 1445 person-days but
were sputum-smear-positive on
only 197 (14%) of those person-

days (P<O.OOl).  There were fewer
patients with drug-resistant tuber-
culosis, and these patients had
fewer total person-days of hospital-
ization; yet they actually exposed
healthcare workers to a signifi-
cantly greater number of infec-
tious person-days than did the
patients with drug-susceptible dis-
ease.

In their letter, Dr. Di Perri
and colleagues cite three refer-
ences as providing evidence for
the increased infectiousness of
tuberculosis patients who are coin-
fected with HIV We have not
reviewed the abstract by Brodt.
The paper by Standaert does note
that more new cases of tuberculo-
sis were found among household
members of HIV-seropositive
patients with tuberculosis than
among HIV-seronegative patients
with tuberculosis; however, this
difference was not statistically sig-
nificant.lg The abstract by Franch-
ini does not provide enough
information to determine what the
causes of transmission might have
been; thus, it cannot be used as
evidence of the increased infec-
tiousness of HIV-seropositive
patients with tuberculosis.20

Finally, issues related to the
environment must be considered
in trying to understand factors
involved in tuberculosis transmis-
sion. For example, the outbreak
reported previously by Di Perri et
all7  occurred in a setting where
most of the beds are grouped in
rooms of four, a bathroom is
shared by two rooms, and the
recirculated air is not filtered. This
type of setting is highly conducive
to the transmission of airborne
pathogens. The multidrug-resis-
tant outbreaks recently investi-
gated by the Centers for Disease
Control and Prevention (CDC)
also have been characterized by
significant problems with ventila-
tion. These problems contributed
to transmission, but often they
were not evident until detailed
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evaluations of the air-handling sys-
tems were conducted.

In conclusion, as we noted in
our editorial, a number of factors
related to the source patient, the
environment, and the exposed host
can lead to markedly variable rates
of transmission. All of these factors
must be examined carefully before
an apparent increased risk of trans-
mission can be ascribed to a
patient’s HIV serostatus. We would
like to reemphasize that tuberculo-
sis transmission in healthcare facili-
ties is a significant risk, both to
healthcare workers and to patients,
regardless of whether the patients
with tuberculosis are coinfected
with HIV The challenge remains
for healthcare providers to identify
rapidly infectious tuberculosis, initi-
ate effective acid-fast bacillus isola-
tion precautions promptly, and
initiate effective antituberculosis ther-
apy rapidly.

Samuel W Dooley, MD
Kenneth G. Castro, MD

Division of Tuberculosis Elimination
National Center for
Prevention Services

Centers for Disease Control
and Prevention

Atlanta, Georgia
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