A multi-institutional outbreak of highly drug-resistant tuberculosis: Epidem...

Frieden, Thomas R; Sherman, Lisa Fine; Maw, Khin Lay; Fujiwara, Paulal; et a
JAMA,; Oct 16, 1996; 276, 15; Research Library
pg. 1229

A Multi-institutional Outbreak
of Highly Drug-Resistant Tuberculosis

Epidemiology and Clinical Outcomes

Thomas R. Frieden, MD, MPH; Lisa Fine Sherman, MPH; Khin Lay Maw, MBBS, MPH,;
Paula |. Fujiwara, MD, MPH; Jack T. Crawford, PhD; Beth Nivin, MPH; Victoria Sharp, MD;
Dial Hewlett, Jr, MD; Karen Brudney, MD; David Alland, MD; Barry N. Kreiswirth, PhD

Objective.—To investigate a multi-institutional outbreak of highly resistant
tuberculosis and evaluate patient outcome.

Design.—Epidemiologic investigation of every tuberculosis case reported in
New York City.

Setting.—Patients cared for at all public and nonpublic institutions from January
1, 1990, to August 1, 1993 (43 months).

Patients.—We reviewed medical and public health records and conducted clini-
cal, epidemiologic, drug susceptibility, and restriction fragment length polymor-
phism (RFLP) analyses. A case was defined as tuberculosis in a patient with an
isolate resistant to isoniazid, rifampin, ethambutol hydrochloride, and streptomycin
(and rifabutin, if sensitivity testing included it), and, if RFLP testing was done, a pat-
tern identical to or closely related to strain W.

Main Outcome Measures.—Patient survival and the conversion of sputum cul-
tures from positive to negative.

Results.—Of the 357 patients who met the case definition, 267 had identical or
nearly identical RFLP patterns; isolates from the other 90 patients were not avail-
able for RFLP testing. Among these 267 patients, 86% were human immunodefi-
ciency virus (HIV)-infected, 7% were HIV-negative, and 7% had unknown HIV sta-
tus. All-cause mortality was 83%. Epidemiologic linkages were identified for 70%
of patients, of whom 96% likely had nosocomially acquired disease at 11 hospitals.
Survival was prolonged among patients who recieved medications to which their
isolate was susceptible, especially capreomycin sulfate, and among patients with a
CD4* T-lymphocyte count greater than 0.200x10%L (200/p.L). Treatment with iso-
niazid and a fluoroquinolone antibiotic was also independently associated with
longer survival.

Conclusions.—This outbreak accounted for nearly one fourth of the cases of
multidrug-resistant tuberculosis in the United States during a 43-month period. Most
patients had nosocomially acquired disease, were infected with HIV, and unless
promptly and appropriately treated, died rapidly. With appropriate directly observed
treatment, especially combinations including an injectable medication, even se-
verely immunocompromised patients had culture conversion and prolonged,

tuberculosis-free survival.
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THE RESURGENCE of tuberculosis
in the United States has been compli-
cated by an increase in the proportion of
patients with strains resistant to anti-
tuberculosis medications.'® Qutbreaks of
multidrug-resistant tuberculosis have
been documented in hospitals®® and pris-
ons.” Drug-resistant tuberculosis, par-
ticularly disease caused by strains re-
sistant to isoniazid and rifampin (the 2
most active antituberculosis drugs) is
much harder to treat and is often fatal.*®

See also pp 1223 and 1259.

Many outbreaks of drug-resistant
strains of Mycobacterium tuberculosis oc-
curred in New York, and several have
involved 1 strain (referred to as strain W)
predictably resistant to at least 6 and
usually 7 antituberculosis agents: isonia-
zid, rifampin, ethambutol hydrochloride,
streptomycin sulfate, kanamycin sulfate,
rifabutin, and usually ethionamide.>" Sus-
ceptibility to pyrazinamide, which may
be difficult to test,! has been variable.®
Reported outbreaks have largely, al-
though not exclusively, involved human
immunodeficiency virus (HIV)-infected
patients and health care workers. Mor-
tality was 80% to 90% in the reported
outbreaks, with death occurring a me-
dian of 1 to 4 months after disease onset.?
A molecular analysis of strain W has re-
cently been published.”

We conducted an in-depth investiga-
tion of every tuberculosis patient re-
ported in New York City from January
1, 1990, to August 1, 1993, to determine
the number who had disease caused by
the W strain of M tuberculosis, the prob-
able location of transmission, and the
clinical outcome. Since all patients were
documented to have genetically related
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Figure 1.—Southern blot hybridization analysis of
highly drug-resistant Mycobacterium tuberculosis
isolates, New York City. The 17-band hybridization
pattern (lanes 2-5) was documented for 237 pa-
tients and the 18-band related pattern (lanes 1 and
6) was documented for 22 patients.

strains of M tuberculosis with similar
susceptibility patterns, analysis of sur-
vival as it relates to disease presenta-
tion and antituberculosis treatment was
also possible.

METHODS
Patients

To meet the case definition, patients
had to have isolates of M tuberculosis
resistant to at least isoniazid, rifampin,
ethambutol, and streptomyein, and rif-
abutin if sensitivity testing included it.
If restriction fragment length polymor-
phism (RFLP) testing was done, patients
had to have an identical or closely re-
lated pattern. This strain of M tubercu-
losis is characteristically resistant toiso-
niazid at low (0.2 mg/dL and 1.0 mg/dL)
concentrations, but it is susceptible at
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high (5.0 mg/dL) concentrations. Pa-
tients were considered to have RFLP
confirmation of relatedness if RFLP re-
vealed the 17-band pattern illustrated
in Figure 1 or a pattern differing by 1 to
2 bands. Patients with distinet RFLP
patterns were excluded. In 1992, the
tuberculosis registry was estimated to
be at least 99% complete for patients
with culture-proven tuberculosis.’® Drug
susceptibility test results were avail-
able for more than 90% of cases reported
after 1992; laboratory records were re-
viewed for drug susceptibility test re-
sults on cases reported in 1989 to 1991.
Records of all outbreak investigations
conducted in New York City and re-
lated areas were reviewed. Patients
were included in the investigation if their
clinical specimen was submitted prior to
August 1, 1993. Follow-up was deter-
mined through December 31, 1994. Pa-
tients who may have become infected
with this strain in New York City but
who were diagnosed elsewhere as hav-
ing active tuberculosis were not included
in the analysis. Seven of the patients in
our series were described in the inves-
tigation of Friedman et al.'*

Forty patients who were determined
to have falsely positive cultures attrib-
utable to laboratory cross-contamination
were excluded. Patients were consid-
ered to have falsely positive cultures if
all of the following occurred: (1) they
had only 1 positive culture with this
strain, (2) the specimen from which this
positive culture was obtained did not
have a positive smear stained for de-
tection of acid-fast bacilli, (3) this cul-
ture was processed in the same labora-
tory on the same date as a specimen
from a patient ill with this strain, and
(4) clinical course was not consistent
with active multidrug-resistant tuber-
culosis on medical record review. Six
patients who met case definition but
whose medical records and/or RFLP re-
sults were not available at the time of
this investigation were not included in
this analysis.

Demographie, clinical, bacteriologie,
and treatment information was estab-
lished as accurately as possible with re-
views of inpatient and outpatient medi-
calrecords, New York City Department
of Health records, inpatient and outpa-
tient pharmacy records, and private phy-

sicians’ records. In New York City, phy-

sicians and laboratories are required by
law to report this information. The pri-
mary end points were death among
all patients and culture conversion to
negative without subsequent positive
cultures in patients with pulmonary tu-
bereulosis. Both observed and self-ad-
ministered treatment was included in
our analysis, except where indicated oth-

erwise. Patients were considered HIV-
infected if there was documentation of a
positive HIV antibody test result in the
medical record. The CD4* T-lympho-
cyte counts were recorded for the date
closest to time of tuberculosis diagnosis.
Homelessness was ascertained from
medical record reviews, New York City
Department of Health records, and a
computer-assisted match with the reg-
istry of the New York City Department
of Homeless Services. Computer-as-
sisted matches were also done with the
New York City jail and the New York
State prison databases. Cause of death
was determined by medical record re-
view, death certificates, and autopsy re-
ports. In cases where there was a ques-
tion of cause of death, one of the authors
(T.R.F.) reviewed the records.

Laboratory Investigation

In the course of patient care and out-
break investigation, specimens were sent
to 1 of 4 national reference laboratories
(New York City Department of Health,
Centers for Disease Control and Pre-
vention, West Haven Veterans Affairs
Hospital, and National Jewish Center
for Immunology and Respiratory Medi-
cine) for susceptibility testing. Patients
were considered to have primary drug
resistance if their isolate was resistant
prior to treatment. Patients were con-
sidered to have acquired resistance when
initial testing showed susceptibility and
susceptibility testing following treat-
ment demonstrated resistance. For all
patients in whom disease with this strain
was suspected, isolates were sought for
testing by RFLP analysis,'*'® which was
performed by techniques described pre-
viously.'®

Epidemiologic Investigation

Detailed epidemiologic investigation
was conducted for the subset of patients
who had RFLP performed. This included
review of medical records, review of all
New York City Department of Health
records, review of admission rosters of
hospitals with known outbreaks of this
strain of tuberculosis, and review of the
shelter and correctional system regis-
tries. Patients were considered to be
epidemiologically linked if their RFLP
fingerprints were identical or if they
differed by 1 or 2 bands and they were
in the same part of the same institution
(eg, hospital ward, jail unit, or homeless
shelter) during a time when 1 patient
had a positive culture and at least 14
days prior to disease onset in a second
patient. Some epidemiologic linkages had
been confirmed in prior investigations
of nosocomial transmission of tubercu-
losis, other patients were linked to these
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known outbreaks during the current in-
vestigation, and in other cases previ-
ously unrecognized transmission was
documented as a result of this inves-
tigation. Records of New York City
Department of Health contact investi-
gations were reviewed. Ninety-five
patients had multiple exposures. For
these patients, the exposure closest to 3
months before disease onset (the me-
dian incubation time in several out-
breaks?®) was considered to be the source.
For the 43 patients in whom such mul-
tiple exposures occurred, the longest ex-
posure was considered the source. Date
of exposure was considered to be the
date a patient was admitted to an out-
break institution at the time of expo-
sure.

Statistical Analysis

Categorical data were compared with
the Pearson x? test. Univariate and
stratified analyses were performed with
the Epi Info computer program, Ver-
sion 6.03."7 Analysis of survival and of
time to culture conversion was per-
formed using a proportional hazards
model; the assumption of proportional-
ity was met.”® Multivariate survival
analysis was conducted by backward
elimination of factors potentially asso-
ciated with survival and culture conver-
sion, using administration of antituber-
culosis agents for more or less than 12
weeks. The model was tested using treat-
ment as a continuous variable and also
using different cutoff points. Various cut-
off points for treatment duration were
analyzed; the ¥? for testing the global
null hypothesis had the maximum sig-
nificance level for the 12-week cutoff
point and, thus, was used for further
analyses. A model that used duration of
treatment as a polychotomous variable
0, 1, 2, 3, 4, and =5 months of treat-
ment) gave similar results. To control
for survivor bias, stratified multivari-
ate analysis was also conducted with
patients grouped into those who received
at least 3 drugs to which their isolate
was susceptible early (ie, within 60 days
of presentation), late (60 days or more
after presentation), or never. Survival
curves were developed using Kaplan-
Meier survival analysis.

RESULTS
Patients

BetweenJanuary 1, 1990, and August
1, 1993, there were 8021 cases reported
in New York City with positive cultures
for M tuberculosis, including 1006 (13%)
with multidrug-resistant tuberculosis.
There were 649 patients with multidrug-
resistant tuberculosis who did not meet
case definition (632 with variant drug
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Table 1.—Clinical and Epidemiologic Characteris-
tics of 267 Patients With a Single Strain of Highly
Drug-Resistant Tuberculosis in New York City

ST L e A R S

Table 2.—Clinical Characteristics of 267 Tubercu-
losis Patients With a Simple Strain of Highly Drug-
Resistant Tuberculosis in New York City

R AT S S S K SRR R I

Characteristic No. (%) Characteristic No. (%)

Age, y Psychosocial factors (N=267)

0-14 1(0.4) History of injection drug use

15-24 9(3.4) Yes 146 (54.7)
25-34 80 (30.0) No 92 (34.5)
35-44 118 (44.2) Unknown 29 (10.9)
45-54 31 (11.6) History of alcohol abuse

55-64 14 (5.2) Yes 103 (38.6)
=65 14 (5.2) No 107 (40.1)
Median (range) y 38 (<1-90) Unknown 57 (21.8)

Racef/ethnicity History of incarceration
Hispanic 120 (44.9) Yes 78 (29.2)
Non-Hispanic black 91 (34.1) No 189 (70.8)
Non-Hispanic white 48 (18.0) History of cocaine use
Asian 8 (3.0) Yes 82 (30.7)

Sex No 77 (28.8)
Male 206 (77.2) Unknown 108 (40.4)
Female 61 (22.8) History of homelessness

Place of birth Yes 68 (25.5)
United States/Puerto Rico 239 (89.5) No 199 (74.5)
Outside United States 27 (10.1) History of “crack” cocaine use
Unknown 1(0.4) Yes 40 (15.0)

HIV serostatus at diagnosis No 93 (34.8)
Infected 230 (86.1) Unknown 134 (50.2)
Not infected 19 (7.1) Extrapulmonary sites
Unknown 18 (6.7) of disease (n=95)

Site of disease at time of diagnosis Blood 38 (40.0)
Pulmonary 172 (64.4) Urine 24 (25.3)
Extrapulmonary 13 (4.9) Lymph node 17 (17.8)
Both 82 (30.7) Cerebrospinal fluid 14 (14.7)

Chest radiograph at time of diagnosis Stool 13 (13.6)
Abnormal 248 (92.9) Pleura 7(7.3)
Cavitary 31 (11.6) Bone marrow 7(7.3)

Died within 12 mo of diagnosis 190 (71.2) Soft tissue T(7.8)

T e ST - S RO S ST T ST TR W) Other 12 (12.6)

HIV-infected patients (n=230)
CD4* T-lymphocyte count
. i is. X109/L*

susceptibility patterns, of whom 178 also iy 104 (45.2)

had unrelated RFLP patterns, and 17 0.050-0.099 41 (17.8)

with consistent drug susceptibility pat- 0.100-0.149 18(7.8)

terns but unrelated RFLP patterns). e . gig

There were 357 patients (4% of all cases, =0.500 3(1.3)

35% of multidrug-resistant tuberculosis Sl SEis g,

s Mean 0.073

cases) who met case definition, of whom Madian 0033

267 (75%) had available isolates that  History of opportunistic infection 191 (83.0)

were closely related by RFLP testing. ~ ©pportunistic infection antedated

. tuberculosis 133 (57.8)
Isolates from the other 90 patients who  preumocystis carinii pneumonia
met case definition were not available obef?{e ?Utberufﬂo?is Akl 81(352)
. pportunistic infection (n=

for RFLP testmg because,they had not Mucocutaneous candidiasis 136 (59.1)

been stored by local hospital laborato- P carinii pneumonia 85 (37.0)

ries. The RFLP pattern of this M tu- Mycobacterium avium

berculosis strain is characteristic with e e /08 by

Toxoplasma meningitis 30 (13.0)

17 bands and has been designated
0212072 by the Centers for Disease Con-
trol and Prevention and strain W by the
Public Health Research Institute.®!
Clinical and epidemiologic information
on these 267 patients is presented in
Tables 1 and 2. Median age was 38 years,
45% were Hispanic, 77% were male, 12%
had cavitary disease on chest radiograph,
and 78% had pulmonary specimens that
were smear positive for acid-fast bacilli
during theirillness. HIV-serostatus was
documented for 249 patients (93%), of
whom 230 (92%) were HIV-infected. Of
the 18 patients with unknown HIV se-
rostatus, 6 (33%) had 1 or more risk
factor, clinical, or laboratory features
suggestive of HIV infection (a history of
injection drug use [n=6]; an opportu-
nistic infection [n=2]; and a CD4~ T-
lymphocyte count <0.200x10%L [200
cells/pL][n=1]). Nineteen patients (7%)

Highly Drug-Resistant Tuberculosis—Frieden et al

Cryptococcal meningitis

(

(
Cytomegalovirus retinitis 27 (11.7)

(
Kaposi sarcoma (

*0.200x 10%/L=200/p.L.

had diabetes. Thirty-one patients (12%)
had a reported prior history of tuber-
culosis and may have been reinfected
with this strain. Patients resided in all
boroughs and most ZIP codes in the
city, were cared for at 41 different hos-
pitals, and were hospitalized for a cu-
mulative total of 19740 days in the time
reviewed. Patients with this strain were
far more likely to have documented HIV
infection than other patients with posi-
tive cultures for tuberculosis in New
York City (86% vs 37%; P<.001), al-
though data collection was more com-
plete for case patients. All-cause mor-
tality was 83%.

Overall, 89% of patients had at least
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Table 3.—Drug Susceptibility of 267 Tuberculosis Patients With a Simple Strain of Highly Drug-Resistant

Tuberculosis in New York City

Follow-up
Initial Primary Testing Acquired
Testing, Resistance, Performed, Resistance,

Drug No. No. (%) No. No. (%)
Pyrazinamide 188 104 (55.3) 19 6 (31.6)
Ethionamide 204 110 (53.9) 40 6 (15.0)
Capreomycin sulfate 204 10 (4.9) 65 13* (20.0)
Ciprofloxacin/ofloxacin 195 0(0.0) 61 14%* (23.0)

Cycloserine 200 2(1.0) 63t 1(1.6)
Kanamycin sulfate 208 191 (91.8) 8 1:(12.5)

Aminosalicylic acid 120 1(0.8) 48 0 (0.0)

*Among patients whose isolates acquired resistance to capreomycin or a fluoroquinolone, a median of 228 and
173 days, respectively, elapsed between the last susceptible culture and the first drug-resistant culture; patients
received a median of 153 and 133 days of treatment with these drugs before resistance was documented.

tForty-five of 63 patients received cycloserine for a median of 151 days before repeat susceptibility testing.

Table 4.—Antituberculosis Drug Treatment for 267 Patients With Tuberculosis

Patients Who Received
Drug, No. (%)

Antituberculosis Drug

Treatment, Median d

Isoniazid 240 (90) 50
Rifampin 237 (89) 43
Pyrazinamide 236 (88) 55
Ethambutol hydrochloride 214 (80) 53
Ciprofloxacin 175 (66) 43
Cycloserine 120 (45) 155
Ethionamide 116 (44) 72
Capreomycin sulfate 109 (41) 119
Kanamycin sulfate 100 (37) 26
Ofloxacin 87 (33) 162
Clofazimine 53 (20) 43
Aminosalicylic acid 48 (18) 168
Streptomycin sulfate 30 (11) 17
Imipenem 13 (5) 15
Amoxicillin/clavulanate potassium 7 (3) 33

Table 5.—Factors Associated With Survival Among 179 HIV-Infected Patients With Highly Drug-Resistant

Tuberculosis in New York City*

Multivariate Analysis

Stratified by Early, Late,
or No Effective
Treatment Regimen

Median | g R 1
No. of Survival, Adjustedt Adjustedt
Factor Patients wk OR (95% ClI) P OR (95% CI) P
Capreomycin sulfate
treatment
=12 wk 141 6
>12 wk 38 77 7.3 (3.0-17.6) <.001 7.9 (3.0-21.0) <.001
CD4* T-lymphocyte
count, X10%Lt
<0.200 163 8
=0.200 16 39 4.2 (1.6-11.0) .004 3.8 (1.4-10.5) .009
Ciprofioxacin/ofioxacin
treatment
=12 wk 119 5
>12 wk 60 57 3.5 (2.0-6.3) <.001 2.9 (1.5-5.5) .001
Isoniazid treatment
=12 wk 124 6
>12 wk 55 32 2.3(1.5-3.7) <.001 2.1(1.3-3.9) .004

*OR indicates odds ratio; Cl, confidence interval.
tUsing backward elimination.
$0.200%10%/L=200/pL.

1 suseceptibility result performed at 1 of
4 reference institutions. Resistance to
kanamycin was found in 92% of isolates
tested. Resistance to ethionamide and
pyrazinamide was common, and resis-
tance to pyrazinamide became more com-

mon later in the outbreak (x* for linear
trend, 37.4; P<.001) (Table 3). A minor-
ity of patients had follow-up suscepti-
bility testing; of these, many acquired
resistance to additional second-line
drugs. Acquisition of resistance to cy-
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closerine was less common than to ca-
preomyecin sulfate and the fluoroquino-
lones (1/63 [2%] vs 13/65 [20%] vs 14/61
[23%], respectively; P=.001) (Table 3).
Antituberculosis drugs used to treat the
patients are shown in Table 4.

The isolates of these 267 patients re-
vealed 8 closely related RFLP patterns
(Figure 1). There were 237 isolates (89%)
with an identical RFLP pattern (strain
W). Twenty-two (8%) had another pat-
tern that differed from the predominant
pattern by a single band in an identical
location (referred to as “W1”!), and 8
others (3%) had isolates with 6 other
patterns that differed by 1 to 2 bands,
including 3 with an identical pattern.
Eight of the 22 patients and 2 of the 3
patients with strains closely related to
strain W but identical to each other were
epidemiologically linked.

Factors Associated With Patient
Survival and Culture Conversion

The median survival for the 230 HIV-
infected patients was 66 days. Whether
multivariate analyses were stratified for
early, late, or no effective treatment regi-
men or not, treatment with eapreomy-
c¢in and, to a lesser extent, with a fluo-
roquinolone or isoniazid (unstratified
adjusted odds ratio [OR], 7.3, 95% con-
fidence interval [CI], 3.0-17.6; unstrati-
fied adjusted OR, 3.5, 95% CI, 2.0-6.3;
and unstratified adjusted OR, 2.3, 95%
CI, 1.5-3.7, respectively) was associated
with prolonged survival on multivariate
analysis (Table 5). Patients with CD4"
T-lymphoeyte counts of at least
0.200<10%L also had longer survival (un-
stratified adjusted OR, 4.2; 95% CI, 1.6-
11.0). Treatment with capreomyein im-
proved survival of patients with low
CD4* T-lymphocyte counts to the sur-
vival level of patients with higher CD4~
T-lymphocyte counts (Figure 2). In all
models, capreomycin use was the stron-
gest predictor of survival, even stron-
ger than CD4* T-lymphocyte count. Re-
sults were unchanged when only the 237
patients with identical RFLP patterns
were included in the survival analysis.

As the outbreak progressed, physi-
cians prescribed prompt and appropri-
ate treatment more commonly. In insti-
tutions with recognized outbreaks,
patients with prior non-tuberculosis-re-
lated admissions who were readmitted
with symptoms suggestive of tubercu-
losis were given initial antituberculosis
regimens that included capreomyecin, cy-
closerine, a fluoroquinolone, and amino-
salicyclic acid when this drug became
available. Of 15 patients whose condi-
tions were diagnosed in 1990, 4 (27%)
were treated with at least 3 of these
drugs ever, and none received them
within 60 days of submitting their first

Highly Drug-Resistant Tuberculosis—Frieden et al
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positive culture; among 47 patients
whose conditions were diagnosed in 1993,
24 (51%) were treated with at least 3 of
these drugs ever, and 10 (21%) received
them within 60 days of diagnosis
(P<.001). The HIV-infected patients
who were started on a regimen of at
least 3 of the agents to which their iso-
late was susceptible within 60 days of
their first positive culture survived a
median of 262 days after the start of this
treatment. Of these 30 patients, 13 sur-
vived at least 2 weeks after starting
treatment, had at least 80% of prescribed
treatment under direct observation, and
had a sufficient number of follow-up spu-
tum cultures to determine conversion.
Of these 13, 10 (77%) had culture con-
version a median of 60 days after treat-
ment began and survived a median of
262 days after the start of treatment.
Two of the 3 patients whose sputum
remained culture-positive for M tuber-
culosis had isolates that were resistant
to ciprofloxacin, 1 of which was also re-
sistant to capreomycin.

Culture conversion could be assessed
in 221 HIV-infected patients with posi-
tive cultures from a pulmonary source.
On univariate analysis, treatment with
antituberculosis medications and CD4*
T-lymphocyte count of at least 0.200< 10%L
were associated with culture conversion.
On multivariate analysis with backward
elimination, only treatment with capreo-
myecin (adjusted OR, 2.2; 95% CI, 1.0-4.8;
P=.04) was independently associated with
culture conversion in patients with the pre-
dominant strain. Of the 43 HIV-infected
patients whose sputum cultures con-
verted to negative, 39 (91%) received ca-
preomycin (median, 250 days). Patients
who received capreomycin for at least 12
weeks and whose isolates were not re-
sistant to capreomycin were more likely
to have culture conversion to negative than
patients who received less than 12 weeks
of capreomycin (30/45 [67%] vs 13/45 [29%;
OR, 4.9; 95% CI, 1.8-13.4; P<<.001).

There were 19 patients (7%) who were
documented to be HIV-negative. Four
of these patients died; 1 patient with
underlying diabetes and another with
carcinoma of the lung died of progres-
sive tuberculosis. Neither of these pa-
tients received effective therapy, and
both died within 1 year of diagnosis. The
remaining 2 patients died of unrelated
causes (drug overdose and multiorgan
failure unrelated to tuberculosis); both
had received effective therapy with re-
sultant sputum conversion. Of the 11
HIV-negative patients whose sputum
culture was documented to convert to
negative, 7 (64%) received capreomycin
(median, 226 days).

There were 20 patients (7%) who were
health care workers prior to disease on-
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Figure 2.—Survival in patients with highly drug-resistant

tuberculosis in New York City from January 1, 1990,

to August 1, 1993. The asterisk indicates 1 patient who became noncompliant with antituberculosis treatment.
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Figure 3.—Cases by time of onset and location of transmission. Other sites include patients with suspected
nosocomial transmission (n=12), patients whose source of community-acquired disease was known (n=5),

and patients suspected to have contracted infection in

set (including 6 nurses’ aides, 5 physi-
cians, and 4 nurses), of whom 15 (75%)
were linked to institutions with confirmed
nosocomial transmission of this strain of
tuberculosis. Duration of symptoms from
onset to diagnosis ranged from 8 to 250
days (median, 24 days). Of the 20 health
care workers, 13 (65%) had documented
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a correctional facility (n=3).

HIV infection and 5 (26%) were docu-
mented to be HIV-negative, 2 of whom
had diabetes. Twelve health care work-
ers (60%) died, 11 of whom were HIV-
infected; the non-HIV-infected health
care worker died after taking an inten-
tional drug overdose 2 weeks after be-
ginning treatment with cycloserine.
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Epidemiologic Investigation

Cases by time of onset are depicted in
Figure 3. Overall, 186 (70%) of the 267
patients could be epidemiologically linked.
There were 128 patients who were epi-
demiologically linked through previous
outbreak investigations by multiple
authors®*1*? and the New York City
Department of Health (T.R.F., P.LF., un-
published data, 1992-1996), and an addi-
tional 58 whose linkages were identified
during the current investigation; avail-
able medical records did not allow for de-
finitive determination of exposures in 15
(8%) of the 186 patients with epidemio-
logic linkages. Of all identified epidemio-
logic linkages, 178 (96%) occurred in 11
different hospitals, 3 (2%) in the correc-
tional system, and 5 (3%) in the commu-
nity. The number of cases per hospital
ranged from 1 to 76, and outbreaks lasted
up to 38 months. Most nosocomial trans-
mission (87%) took place in 4 hospitals.
Hospitals A and B reported most of the
cases, with 76 and 48 cases diagnosed over
38 and 26 months, respectively. Hospi-
tals C and D had 18 and 13 cases diag-
nosed over 30 and 17 months (Figure 3).

Among 146 patients for whom the date
of exposure could be determined, the
median time from exposure to disease
onset was 17 weeks and was shorter in
HIV-infected patients with lower CD4*
T-lymphocyte counts: 15 weeks for those
with CD4" T-lymphocyte counts less
than 0.050x10%L, 19 weeks for those
with CD4* T-lymphocyte counts of
0.050 < 10%L to 0.099 X 10%L, and 23 weeks
for patients with CD4* T-lymphocyte
counts of at least 0.100x10°%L (P=.01).

COMMENT

This is the most extensive and most
highly resistant tuberculosis outbreak
reported to date. The 357 cases described
here were more than one third of pa-
tients with multidrug-resistant tuber-
culosis in New York City during the
time studied, a period during which New
York City had more than 60% of all mul-
tidrug-resistant tuberculosis cases in the
United States.? Thus, New York City
patients with tuberculosis due to this
strain accounted for nearly 1 in 4 pa-
tients in the United States with multi-
drug-resistant tuberculosis in this 43-
month period. Based on the number of
daysin the hospital alone, the estimated
direct cost of care for these patients
exceeded $25 million, and there were
other patients who were infected in New
York City and became ill elsewhere.!!

The remarkable size and speed of this
outbreak was related to the patients ex-
posed to and infected with this organ-
ism and the environments where trans-
mission occurred, but it may have also
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been attributable to characteristics of
the infecting organism. The strain is re-
sistant to all first-line antituberculosis
drugs, resulting in prolonged infectious-
ness (weeks to months). However, there
are many other multidrug-resistant
strains, some resistant to even more
medications, that have not propagated
as quickly in New York City or else-
where. The strain grows rapidly in the
laboratory?' and could potentially be
more virulent than other strains. Un-
like many isolates that are resistant to
isoniazid at high concentrations,? this
strain is catalase-positive. Catalase-de-
ficient strains may be less virulent be-
cause catalase production may be im-
portant for intracellular survival of
mycobacteria, at least in immunocom-
petent hosts. 22

The environment where transmission
occurred clearly promoted rapid spread
of disease. More than two thirds of pa-
tients had likely nosocomial acquisition
of infection. Many patients remained in-
fectious from disease onset to death, did
not survive to leave the hospital, and
were located on wards where many other
patients with HIV infection received
care, allowing rapid M tuberculosis
transmission. Outbreaks among HIV-
infected persons can progress very rap-
idly because of short incubation times
between infection and disease (3-4
months) and because a high proportion
of newly infected persons progress to
active disease (perhaps 30%-50%).24%
Hospitals often did not adhere to pub-
lished recommendations for prevention
of nosocomial transmission of dis-
ease, % In particular, patients who did
not have their conditions diagnosed
promptly or who were not isolated
promptly were allowed to leave isola-
tion rooms for nonmedical reasons while
infectious, were housed in rooms that
were not at negative pressure in rela-
tion to the hallway, and were often not
placed on appropriate antituberculosis
regimens.?* Improved diagnosis, treat-
ment, and infection control have since
curtailed nosocomial transmission of dis-
ease.”™®

Prompt diagnosis and appropriate
treatment improve survival and empha-
size the need for faster diagnostic tech-
nology. Capreomycin, which was virtu-
ally always used with at least 1 to 2
other agents to which this organism was
susceptible, was the strongest predic-
tor of both survival and culture conver-
sion, even stronger than CD4* T-lym-
phocyte count. Although this finding is
most likely related to the biological ac-
tivity of capreomyein, ensured compli-
ance with injectable medications or im-
paired absorption of oral antituberculosis
medications may also play a role. For

patients with isolates that are resistant
to isoniazid and rifampin, injectable
medications should be administered for
as long as feasible, and at least 4 to 6
months after culture conversion to nega-
tive for patients with pulmonary dis-
ease or 4 to 6 months after clinical re-
sponse in patients with extrapulmonary
disease.” Fluoroquinolone and isoniazid
use also improved survival somewhat.
There may be a role for isoniazid in the
treatment of patients with resistant iso-
lates such as this one that are suscep-
tible to isoniazid at high concentrations
(6.0 mg/dL). High-dose (15 mg/kg) in-
termittent (2 or 3 times weekly) treat-
ment may be more effective than daily
therapy with isoniazid,® although we
were unable to evaluate this possibility.

Although this outbreak strain over-
whelmingly involved HIV-infected pa-
tients and health care workers, it also
affected at least 19 patients who were
HIV-seronegative. Since approximately
half of the risk of active tuberculosis
occurs in the first 2 years after infection
in immunocompetent persons,® a simi-
lar number of HIV-negative patients can
be expected to develop disease with this
organism in the future, particularly since
regimens to prevent disease in patients
infected with multidrug-resistant strains
have unproven efficacy® and may be
poorly tolerated.®

This investigation has several limita-
tions. First, treatment regimens, al-
though variable, were not randomized
or standardized, complicating the evalu-
ation of the contribution of treatment to
survival analysis and culture conversion.
Second, bacteriologic follow-up was not
standardized. Cultures were not col-
lected at the same intervals and sus-
ceptibility results were not always
available from 1 of the 4 reference labo-
ratories. Third, we conducted limited
investigations of epidemiologic linkages
inthe community and thus may not have
identified community linkages among pa-
tients who had exposure in hospital.
However, we also did not review re-
cords of outpatient and emergency de-
partment visits, during which tubercu-
losis transmission may occur.® Thus, a
larger number of patients than we iden-
tified to have possible nosocomially ac-
quired infection may have become in-
fected in health care facilities.

It is likely, given that more than 350
patients had disease due to this strain
and that many persons infected with
M tuberculosis do not become ill until
years after infection, that at least sev-
eral hundred more persons became in-
fected with this highly drug-resistant
strain of tuberculosis in New York City
in recent years. Hospitals may be im-
portant sites for M tuberculosis trans-
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mission, especially among HIV-infected
persons, but nosocomial transmission can
be effectively prevented.?’#* We found,
as have others,* that appropriate treat-
ment using directly observed therapy
with injectable and other medications to
which patients’ isolates are susceptible
can improve outcome even among pa-
tients with highly drug-resistant tuber-
culosis (from 2 to 3 months to more than
1 year among HIV-infected persons).’™
Since this investigation ended, there have
been 82 additional RFLP-confirmed pa-
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