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Background

 

From January through March 1993, 
there were 54 cases of meningococcal disease in Los 
Angeles County, California, of which 9 occurred 
among men incarcerated in the county’s jail system, 
which was 40 percent above capacity at the time. Sev-
eral of the 45 patients from the community had had 
contact with men recently released from a county jail.

 

Methods

 

We interviewed patients from the com-
munity (n

 

�

 

42) and neighborhood controls matched 
with the patients for age, race, and ethnic group 
(n

 

�

 

84) about potential exposures. We collected and 
cultured pharyngeal swabs for 

 

Neisseria meningitidis

 

 
from men entering the central jail (n

 

�

 

162), men leav-
ing the central jail (n

 

�

 

379), members of the jail staff 
(n

 

�

 

121), and patients at a community health center 
(n

 

�

 

214). Meningococcal isolates were identified by 
serogrouping and multilocus enzyme electrophoresis.

 

Results

 

The presence of community-acquired 
meningococcal disease was strongly associated with 
exposure to a person who had been in or worked at 
one of the county jails (multivariate matched odds 
ratio, 18.5; 95 percent confidence interval, 3.8 to 
90.8; P

 

�

 

0.001). Pharyngeal carriage of meningococ-
cus was significantly more frequent among men re-
leased from jail (19 percent) or entering jail (17 per-
cent) than among workers at the jails (3 percent) or 
community residents seen at the clinic (1 percent). 
Among men entering jail, those who had previously 
been incarcerated were more often carriers than 
those who had not (21 percent vs. 7 percent, 
P

 

�

 

0.03). Of the isolates from nine community resi-
dents with serogroup C meningococcal disease, 
eight were the same strain as that isolated from the 
eight inmates with serogroup C disease.

 

Conclusions

 

In this outbreak of meningococcal 
disease in Los Angeles County, nearly half of com-
munity residents with the disease had contact with 
persons who had been in a county jail. The high 
rates of carriage among recidivists and released in-
mates suggest that the men became meningococcal 
carriers while in jail. (N Engl J Med 1996;335:833-40.)
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NSTITUTIONALIZED populations may be
affected disproportionately by outbreaks of
certain respiratory infections.
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 Transmission
to surrounding communities is frequently a

matter of concern, although quantitative assess-
ments of the risk in the community are rarely avail-
able. In 1986, 10 cases of meningococcal disease
due to serogroup C organisms occurred among in-
mates of the Los Angeles County, California, Men’s
Jail System.
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 The outbreak in the jails preceded a
sharp increase in the incidence of meningococcal
disease among county residents, which returned to
normal levels over a three-year period.

 

11

 

Between January 1 and March 31, 1993, menin-
gococcal disease developed in 54 persons living in
Los Angeles County; 45 patients (83 percent) were
community residents, 8 (15 percent) were inmates
of the county jails, and 1 (2 percent) was a resident
of a juvenile-detention facility when the illness be-
gan (Fig. 1). On follow-up of 12 community resi-
dents with disease, 8 reported that the illness began
shortly after they had contact with a person recently
released from jail. We conducted a case–control
study among community residents and a study of
pharyngeal carriage of 

 

Neisseria meningitidis

 

 among
inmates, workers at the jail, and patients at a com-
munity health center in order to explore possible
links between cases of community-acquired disease
and the jail system.

I
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METHODS

 

Meningococcal Disease in Los Angeles County

 

We reviewed the medical records of all patients in the county
who were reported to have meningococcal disease. A case of men-
ingococcal disease was defined by isolation of 

 

N. meningitidis

 

from a normally sterile site, by a positive latex-agglutination test
for meningococcus in cerebrospinal fluid, or by hospitalization
for an acute febrile illness with a purpuric rash. Cases were con-
sidered jail-associated if the illness began while the patient was in-
carcerated and community-associated if the patient was a resident
of the community at the time of onset. The investigation was lim-
ited to cases occurring from January 1 through March 31, 1993.

 

Case–Control Study of Community-Acquired Disease

 

Of the 45 patients with meningococcal disease who were living
in the community, 2 (4 percent) with serogroup C disease were
excluded because they shared a household with another patient
with disease; 1 additional subject declined to participate. Two
neighborhood controls were identified for each remaining pa-
tient, matched according to age, race, and ethnic group.

Participants were asked about demographic characteristics, so-
cial activities, and environmental exposures. Study participants
were also asked about “indirect exposure to the jail population,”
defined as contact with a person released from or employed by
the Men’s Jail System within three months before the onset of ill-
ness (for those with disease) or the date of the interview (for the
controls). Adult household members answered questions about
patients who were children or who had died.

After interviewing each patient in his or her home, the inter-
view teams visited every third house in the same neighborhood
until two appropriate controls were identified. Of 905 house-
holds visited, there was no answer at 400 (44 percent). Of the
505 remaining households, 364 (72 percent) had no eligible con-
trol. In the 141 remaining households, the eligible person was
not available for interview in 26 (18 percent), and 31 (22 per-
cent) declined to participate. Interviews were conducted with 42
patients with meningococcal disease and 84 controls from March
29 through April 2, 1993.

 

Characteristics of the Men’s Jail System

 

In 1993, the Men’s Jail System comprised nine facilities, and
the California Board of Corrections rated the total capacity of the
jails at 15,858 inmates. The average daily census during 1993 was
22,246, or 40 percent above capacity; the average duration of in-
carceration during the first 3 months of 1993 (32.1 days) was
similar to that for the preceding 5-year period (31.2 days) (Clark
JH, Los Angeles County Sheriff ’s Department: personal commu-
nication). Approximately 750 inmates entered or were released
from one of the nine jails daily, all of whom passed through the
Men’s Central Jail (capacity, 6800 inmates).

 

Study of Pharyngeal Carriage

 

The point prevalence of meningococcal carriage was deter-
mined in consecutive, unrelated samples of newly incarcerated in-
mates (n

 

�

 

162) and men being released from the jail (n

 

�

 

379)
and samples of workers at the jails (n

 

�

 

121) and community res-
idents more than 17 years of age who came to the County Health
Center closest to the Men’s Central Jail (n

 

�

 

214). Subjects who
agreed to participate were interviewed by means of structured
questionnaires. Pharyngeal swabs were plated on Mueller–Hinton
agar medium containing vancomycin, colistin, and nalidixic acid,
placed immediately in lighted candle jars, and transferred to a car-
bon dioxide incubator. The survey was carried out at the Men’s
Central Jail on April 5 through 9, 1993, and at the health center
on April 12 through 16, 1993.

 

Laboratory Characterization of Isolates

 

The serogroups and serotypes of 

 

N. meningitidis

 

 isolates were
determined by multilocus enzyme electrophoresis with 24 en-
zymes.

 

12-14

 

 Electrophoretic types were determined by the mobility
of constitutive enzymes; an index of genetic relatedness between
strains was determined by weighting the degree of diversity at
each of the 24 enzyme loci.

 

12,15

 

 

 

Statistical Analysis

 

In the case–control study, the Wilcoxon rank-sum test was used
to compare the distributions of continuous variables. Multivari-

 

Figure 1.

 

 Meningococcal Disease in Los Angeles County, California, in January through March 1993.
The solid sections of the bars indicate cases in community residents; the gray sections, cases in in-
mates of the Los Angeles County Men’s Jail System; and the open section, a case in an inmate of the
Los Angeles County Juvenile Hall Detention System. There were a total of 54 cases.
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ate, stepwise, conditional logistic regression was performed with
SAS software

 

16

 

 to assess confounding by variables that were sta-
tistically significant (alpha level

 

�

 

0.05) in the univariate analysis.
In the study of pharyngeal carriage in the county jails, uncondi-
tional logistic regression was performed with SAS software.

 

16

 

P values were calculated with the two-tailed Fisher’s exact test for
analyses with small numbers of observations.

 

RESULTS

 

Epidemiologic Characteristics of the Outbreak
in the County Jails

 

Between January 1 and March 31, 1993, menin-
gococcal disease developed in eight persons who
were incarcerated in the Los Angeles County Men’s
Jail System. All five with available isolates had sero-
group C disease. One of the three with culture-neg-
ative disease had serogroup B meningococcus detect-
ed by latex-agglutination testing. Three additional
jail-associated cases occurred in 1993; all isolates were
determined to belong to serogroup C. The 11 in-
mates had been incarcerated a median of 24 days
(range, 8 to 583) before the onset of illness.

Reviews of the men’s records showed no evidence
of direct contact among the jailed patients. Howev-
er, two inmates in whom illness began in January
1993 were housed in the same 70-man dormitory.
Another 2 inmates whose illness began in mid-Feb-
ruary were housed at a different facility (in separate
dormitories); on February 20, 1993, approximately
2000 inmates and workers at this facility received
ciprofloxacin (750 mg) as chemoprophylaxis.

 

Rates of Meningococcal Disease in Los Angeles County

 

The incidence of meningococcal disease in the jail
during the first three months of 1993 was 12.0 per
100,000 inmate-months (8 cases per 66,738 inmate-
months); the incidence during January through March
in earlier years was 0 per 100,000 inmate-months in
1990, 1.5 per 100,000 in 1991, and 3.0 per 100,000
in 1992.

During January through March 1993, the attack
rate of meningococcal disease among residents of
Los Angeles County was 0.61 per 100,000 popula-
tion; cases were widely dispersed. Comparable attack
rates during the same three-month period were 0.75
per 100,000 in 1990, 0.44 per 100,000 in 1991, and
0.46 per 100,000 in 1992.

 

Case–Control Study of Community-Acquired Disease

 

Among 42 community residents with meningo-
coccal disease who were enrolled in the case–control
study, 33 (79 percent) had disease confirmed by la-
tex agglutination or culture (17 serogroup B, 14
serogroup C, and 2 serogroup W-135), and in 9 (21
percent) disease was diagnosed on clinical grounds.
Three cases (7 percent) were fatal. As expected from
the matching procedure, the patients with meningo-
coccal disease were similar to the controls in age
(median, 10 and 9 years, respectively), race (79 per-

cent vs. 81 percent white), and ethnic background
(57 percent vs. 60 percent Hispanic); they were also
similar in the percentage of subjects who were male
(48 percent vs. 43 percent). The patients and con-
trols did not differ significantly in terms of parental
education level, income or type of governmental
support, social or church activities, gang member-
ship, alcohol consumption, frequency of visiting bars,
illicit-drug use, recent antibiotic use, human immu-
nodeficiency virus type 1 (HIV-1) infection, use of
public transportation, or foreign travel.

In the univariate analysis, the households of the
patients with meningococcal disease had more per-
sons sharing the same bedroom than did the house-
holds of controls (P

 

�

 

0.05), and the patients were
3.1 times as likely as the controls to be exposed to
second-hand tobacco smoke inside or outside the
home (P

 

�

 

0.006). The patients were 16.1 times as
likely as the controls to have had household contact
with someone who had recently been released from
one of the county jails or who was employed by the
Men’s Jail System (P

 

�

 

0.001). Indirect exposure to
the jail population remained a risk factor after we ex-
cluded the patients whose initial interviews had led
us to formulate the study hypothesis (matched odds
ratio, 11.8; P

 

�

 

0.001). 
Patients were more likely than controls to have

had an upper respiratory tract infection (matched
odds ratio, 3.2; 95 percent confidence interval, 1.4
to 7.1; P

 

�

 

0.006) or exposure to a household visitor
with an upper respiratory tract infection (matched
odds ratio, 2.6; 95 percent confidence interval, 1.02
to 6.6; P

 

�

 

0.05) in the two-week period preceding
the onset of meningococcal disease.

In multivariate analysis, indirect exposure to the
jail population remained strongly associated with
disease (P

 

�

 

0.001) after we controlled for other fac-
tors (Table 1). We also evaluated risk factors for dis-
ease according to serogroup. Both the patients with
serogroup B (P

 

�

 

0.02) and those with serogroup C
(P

 

�

 

0.02) were significantly more likely than con-
trols to have had indirect exposure to the jail popu-
lation (Table 1). Neither a history of an upper respi-
ratory tract infection nor exposure to a person with
a recent upper respiratory tract infection was associ-
ated with meningococcal disease in the multivariate
analysis.

 

Study of Pharyngeal Carriage

 

Men released from jail and those entering jail had
a significantly higher prevalence of pharyngeal car-
riage of meningococcus than did jail staff members
or community residents (Table 2). When analyzed
according to serogroup, only carriage of 

 

N. menin-
gitidis

 

 serogroup B was significantly more frequent
among jailed subjects than in the other groups of
subjects (P

 

�

 

0.001).
Among men entering the jail system, those with a
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history of incarceration were significantly more like-
ly to be carriers of 

 

N. meningitidis

 

 than men being
jailed for the first time (21 percent vs. 7 percent,
P

 

�

 

0.03) (Table 2). Only carriage of serogroup B me-
ningococcus was significantly more frequent among
previously jailed inmates than among men being in-
carcerated for the first time. Inmates with no previ-
ous exposure to the jail were more likely than pa-
tients at the community health center to be carriers
of meningococcus (7 percent vs. 1 percent, P

 

�

 

0.04
by the two-tailed Fisher’s exact test).

Among men entering the jail system and those re-
leased from jail, white race and exposure to tobacco
smoke (either active or passive) were significant risk
factors for meningococcal carriage (Table 3). Among
men entering jail, previous incarceration was an in-
dependent risk factor for carriage.

 

Laboratory Characterization of Isolates

 

Isolates from 14 of 17 community residents with
serogroup B disease were available for enzyme typ-
ing; 12 electrophoretic types were identified. Only
one patient who had been incarcerated had sero-
group B disease, detected by latex agglutination, but
no isolate was available in this case.

Isolates from 9 of 14 community residents with
serogroup C disease were available. Eight were iden-
tical (electrophoretic type 24; genetic-relatedness

 

*Indirect exposure to jail denotes contact with a person released from or employed by the Los
Angeles County Men’s Jail System within three months before the onset of illness (for patients) or
the date of the interview (for controls). Passive tobacco smoke includes exposure to second-hand
smoke inside or outside the home. The mean number of persons who shared the same bedroom
where the patient or control slept was analyzed as a continuous variable. The matched odds ratio
indicates the risk associated with each additional person sharing the same bedroom.

†Odds ratios were determined by multivariate conditional logistic regression. CI denotes confi-
dence interval.
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.
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 F

 

ACTOR

 

* P

 

ATIENTS

 

C

 

ONTROLS

MATCHED

ODDS RATIO

(95% CI)†
P

VALUE

All serogroups

No. of subjects 42 84
Indirect exposure to jail (%) 45 7 18.5 (3.8–90.8) �0.001
Passive tobacco smoke (%) 62 36 2.9 (1.1–6.0) 0.04
No. of persons sharing bedroom 2.6 2.1 1.5 (0.9–2.2) 0.09

Serogroup B

No. of subjects 17 34
Indirect exposure to jail (%) 41 6 19.5 (1.7–122.7) 0.02
Passive tobacco smoke (%) 71 44 3.2 (0.7–16.8) 0.14
No. of persons sharing bedroom 2.6 2.2 1.5 (0.9–2.8) 0.16

Serogroup C

No. of subjects 14 28
Indirect exposure to jail (%) 57 11 13.4 (1.5–122.0) 0.02
Passive tobacco smoke (%) 57 36 2.2 (0.5–10.8) 0.32
No. of persons sharing bedroom 2.6 2.2 1.6 (0.7–3.9) 0.26

*Men released from and entering jail were nonoverlapping groups. 

†Men released from or entering jail were significantly more likely to be
carriers than jail staff members and community health center patients
(P�0.001 by the Mantel–Haenszel chi-square test). Men with a history of
incarceration were more likely to be carriers than men entering jail for the
first time (P�0.03 by the Mantel–Haenszel chi-square test).

‡Data on whether three men entering jail had been previously incarcer-
ated were missing.

TABLE 2. PHARYNGEAL CARRIAGE OF N. MENINGITIDIS 
IN APRIL 1993 AMONG INMATES OF THE CENTRAL JAIL AT THE 

TIME OF ENTRY OR RELEASE, AMONG JAIL WORKERS, AND AMONG 
PATIENTS AT A LOS ANGELES COUNTY HEALTH CENTER.

GROUP*
NO.

TESTED

ALL

SERO-

GROUPS†
SERO-

GROUP B†
SERO-

GROUP C

no. of carriers (rate of carriage [%])

Men released from jail 379 72 (19) 28 (7) 3 (1)

Men entering jail‡
With previous 

incarceration
For the first time

162
114

45

27 (17)
24 (21)

3 (7)

21 (13)
19 (17)

2 (4)

0 
0 

0 

Jail workers 121 4 (3) 4 (3) 0 

Community health 
center patients

214 2 (1) 1 (�1) 0 
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