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An outbreak of meningococcal disease occurred among basic combat trainees
at Fort Lewis, Wash., in the first 3 months of 1971. After five recruits developed
meningitis within a 2-week period, 8,721 recruits were given 100 mg of minocycline
every 12 hr for 5 days. No new cases of nreningococcal disease occurred for almost

5 weeks. Then six additional cases occurred among recruits who had entered training
after the initial course of minocycline and who had not received the drug. Mino-
cycline was given to all 6,130 of these men, and again occurrence of new cases was

halted abruptly. One week later, group C polysaccharide vaccine was administered to
all recruits in the first 6 weeks of training and subsequently to all new entering
trainees. No new cases of meningitis occurred in the next 3 months. Surveys showed
that minocycline significantly lowered the meningococcal carrier rate for 4 to 5
weeks. No strains of Neisseria meningitidis, among 341 isolated after minocycline
treatment, were resistant to the drug. Prophylaxis with minocycline clearly inter-
rupted the course of this outbreak due to sulfa-resistant meningococci. Although
immunization is the preferred method of prophylaxis, minocycline may be useful
until a suitable polyvalent vaccine is available.

Between 1943 and 1963, sulfadiazine was used
successfully to abort outbreaks of meningococcal
disease among military recruits. However, for the
past several years, chemoprophylaxis with sulfa-
diazine has been ineffective because a high propor-
tion of meningococci isolated now are resistant
to the drug. It was logical, therefore, to search for
another suitable agent for prophylaxis. Among
the antibiotics used in the treatment of meningo-
coccal disease, notably penicillin G, chloramphen-
icol, and tetracycline, all are uniformly ineffective
in preventing infection. Several recent studies have
shown that two new antimicrobial agents, rifam-
pin and minocycline, have an effect on the
nasopharyngeal carriage of meningococci which
is similar to that of the sulfonamides (2, 3, 5).
However, it remains to be proved whether either
of these agents can halt an established outbreak of
meningococcal disease in a closed population.

Because the potential of rifampin for mass
prophylaxis is limited by the rapid development of
resistance by strains of Neisseria meningitidis (5),
minocycline was selected for further study. This
report describes its use as a prophylactic agent
during an outbreak of meningococcal disease at
Fort Lewis, Wash., in the winter of 1971.

MATERIALS AND METHODS
Background. The United States Army Infantry

Training Center at Fort Lewis has a daily complement
of between 8,000 and 12,000 basic combat trainees.
Upon their arrival at the training center, inductees are
formed into companies of 150 to 250 men, and they
remain in these units during their week of orientation
and 8 weeks of training. Each company is rigidly
segregated from all other training units, and during
the first 4 weeks of training a recruit's only contact
outside his company is through his training cadre,
i.e., the 20 to 30 officers and men responsible for the
training of each company.

Outbreaks of meningococcal disease have occurred
among basic combat trainees during 4 of the 6 years
the Training Center has been in operation. There were
14 cases in 1968, 70 in 1969, 47 in 1970, and, as will be
discussed in detail below, 12 in the first 4 months of
1971. Virtually all of these 143 cases and all of those
encountered in 1971 were caused by group C meningo-
cocci which were resistant to sulfadiazine; 83% of all
cases occurred in the months of January through
June. Routine surveillance of carriage of meningococci
is conducted monthly by obtaining nasopharyngeal
cultures from 10% of the recruits in their sixth week of
training. During the summer months, about 25% of
trainees harbor the organisms, but the rate of carriage
usually increases to the range of 70% during out-
breaks of meningococcal disease.
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Description of the outbreak and study design. On
14 December 1970, a recruit in his fourth week of
training died of meningitis caused by a group C
meningococcus resistant to sulfadiazine. Because of
previous experience in the Training Center and the
fact that the routine meningococcal surveillance in
November had shown an increase in the rate of car-
riage from 27% to 70%, an outbreak of meningococcal
disease was anticipated. Routine surveillance was in-
creased, and it was decided that, if two or more addi-
tional recruits developed meningococcal disease within
1 week, prophylaxis with minocycline would be at-
tempted. (These decisions were made conjointly by
medical officers of Madigan General Hospital, the
Preventive Medicine Department of Madigan General
Hospital, and a Civilian Advisory Committee on
Meningococcal Disease whose members were R. G.
Petersdorf, W. M. M. Kirby, and H. N. Beaty, De-
partment of Medicine, University ofWashington; B. J.
Francis, State Department of Health; H. P. McNutt,
County Health Department; and E. B. Cooper, De-
partment of Medicine, Madigan General Hospital.
The protocol for the study was approved by the Office
of the Surgeon General, U.S. Army.) On 12 January,
two men from separate units in their seventh and third
weeks of training developed meningitis. Final prepara-
tions for the administration of minocycline had not
been completed, and, before chemoprophylaxis was
begun on 23 January, meningitis developed in three
more recruits and was fatal in two. After informed
consent was obtained from all but 28 basic combat
trainees in accordance with Army Regulation 40-7,
8,721 recruits received 100 mg of minocycline (sup-
plied free of charge by Lederle Laboratories) every 12
hr for 5 days. Each dose of antibiotic was administered
under the supervision of one of the authors (R.G.)
and his staff. The men were questioned repeatedly
regarding untoward reactions to the drug, and when
necessary antibiotic was discontinued. The more
troublesome reactions were evaluated by medical
officers assigned to the Training Center. The training
cadre also received antibiotic, but for one reason or
another, 233 recruits were not treated; one of these
men developed meningitis on 26 January. Recruits
entering training after 23 January did not receive
chemoprophylaxis and constituted an untreated group.
To assess the effect of this effort at prophylaxis on

the rate of carriage of meningococci, nasopharyngeal
cultures were obtained from 350 men in their sixth
week of training 2.5 and 4.5 weeks after the course of
minocycine had been completed. In addition, the rate
of meningococcal carriage among 217 trainees in a
separate company (B-2-2) was determined before and
at weekly intervals for 7 weeks after minocycline was
given.
On 21 February, four weeks after the regimen of

prophylaxis had been completed, an individual in his
second week of training developed meningitis. Within
the next 10 days, five additional cases of meningo-
coccal disease occurred among the untreated recruits,
which by this time consisted of 6,121 individuals and
constituted 61% of all of the basic combat trainees.
Beginning on 3 March, minocycline was administered
to these men in a dosage of 100 mg every 12 hr. At the

same time, a second course of minocycline, 200 mg in
one daily dose for 3 days, was administered to recruits
of company B-2-2 which was in its seventh week of
training, to determine whether this regimen effectively
reduced the rate of meningococcal carriage. This is
the only company which received this simplified
regimen and the only group to receive minocycline
twice. On 8 March, the Surgeon General of the Army
ordered the administration of the group C polysac-
charide vaccine to all recruits in the first 6 weeks of
basic training and to all inductees entering Fort Lewis
through May 1971. Consequently, about 6,800 men
received both minocycline and vaccine, and 2,100 men,
who were in their seventh and eighth weeks of training
on 8 March, were given neither vaccine nor additional
minocycline for prophylaxis. Two of these men de-
veloped meningococcal meningitis 7 and 13 weeks after
receiving the first course of minocycline. Both had
graduated from basic combat training to advanced
infantry training by the time they became ill. No sub-
sequent cases of meningococcal disease were en-
countered at Fort Lewis through June 1971.

Laboratory procedures. All the cases of meningo-
coccal disease described in this report were confirmed
in the Department of Pathology of Madigan General
Hospital, Fort Lewis, by isolation of group C menin-
gococci from blood or cerebrospinal fluid. Naso-
pharyngeal cultures taken to determine rates of
meningococcal carriage were obtained in the field
according to procedures described previously (5).
Those acquired for routine surveillance were incubated
locally for 24 hr in 5% CO2 at 37 C before being sent
to the Sixth U.S. Army Area Laboratory where
meningococci were identified and grouped serolog-
ically by standard techniques. Cultures obtained from
company B-2-2 were processed in the laboratory of
one of the authors (H.B.). All of the meningococci
isolated from these cultures and 28% of those re-
covered in the Sixth Army Laboratory in January,
February, and March were tested for susceptibility to
minocycline and sulfadiazine by the agar-dilution
method described previously (5).

RESULTS
Effect of minocycline on the affack rate of

meningococcal disease. In the 2 weeks prior to the
first course of minocycline, five basic combat
trainees developed meningococcal disease (Table
1). Following prophylaxis, the number of men
and the proportion of the total population of
recruits who had received minocycline decreased
progressively, because at the end of each week a
battalion of recruits was graduated and was re-
placed by an untreated group entering training.
New occurrences of meningitis were not en-
countered until almost 5 weeks after the first dose
of minocycline was given and at a time when 50%
of the recruits were untreated. After the second
course of minocydline and institution of the vac-
cine program, no additional outbreaks of menin-
gococcal disease occurred among basic combat
trainees. The two men who developed meningitis
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7 and 13 weeks after the first course of mino-
cycline are not included in Table 1 because they
had graduated from basic training by the time
they became ill.

Statistical analysis of these results was accom-

plished with calculations based on man-weeks
and the assumption that the probability of menin-
gococcal disease occurring was small and rela-
tively constant for each man-week. The first of
these assumptions is justified by the fact that, in
the 15,030 man-weeks before prophylaxis, the
epidemic incidence per 1,000 man-weeks was
0.333. The second assumption is difficult to prove,
but is supported by the fact that the 12 recruits
who developed meningococcal disease were in
their first, second, third, sixth, seventh, and eighth
week of training at the time they became ill.

Application of the epidemic attack rate of 0.333
per 1,000 man-weeks to the 18,886 man-weeks in
the untreated group for weeks 0 through 5 (Table
1) leads to an expected number of cases of 6.3.
There were in fact seven cases in this group during
this period (Table 2). In the treated group, 38,063
man-weeks were observed in weeks 0 through 5
with an expected number of cases of 12.7. How-
ever, no meningococcal disease occurred in this
group, and the difference between the expected
and observed occurrence was highly significant
(P < 0.001). Data from weeks 6 through 8 were
not used in these calculations because, shortly
after the second course of minocycline, another
prophylactic agent, the vaccine, was used.
When the same data are analyzed with the

binomial test of the hypothesis that the treated
and untreated group are different with respect to
the occurrence of meningococcal disease, the re-

sults are similar. For the weeks 0 through 5, the
proportion of cases in the treated group, 0/7 =

0%, differs significantly from the proportion of
man weeks of exposure for the treated group,
38,063/56,949 = 66.8%.

Effect of minocycline on the rate of carriage of
meningococci. In the months of August through
October 1970, the rate of nasopharyngeal carriage
of meningococci among recruits in the sixth week
of basic training averaged 26% (Fig. 1). Of
meningococci isolated in this period, 27% were

group C. During November, December, and
January, the mean rate of carriage was 68%, and
30% of the isolates were group C organisms. For
the 3 months following the initial course of
minocycline, the mean rate of carriage was 35%,'
with 21 % group C strains. The surveys in Febru-
ary and March were performed before the second
course of minocycline, and the cultures done in
April were 5 weeks after the second course of
minocycline and vaccination with group C poly-
saccharide. This may account for the apparent
discrepancy between the effect of the two courses

TABLE 1. Effect of niinocyclinie prophylaxis onl the
occlurrenice of meeningococcal disease

Week

-2
-1
Oh
1
2
3
4
5

6b
7
8

No. of recruits

Treated Untr-eated

0

0

8,721
7,625
6,736

5,933
5,058
3,990
9,066
8,362
7,356

7,534
7,496

233
1,303
2,672
3, 584

4,973
6,121

945c
2,309c
3,342c

WN ith disease5

3
1
0

0

0

3
3
0

0

0

aNone of the treated recruits developed menin-
gococcal disease.

b Denotes timing of the two courses of mino-
cycline.

c Received vaccine but not minocycline.

TABLE 2. Effect of mtinlocyclie/in proplhylaxis ol the occlurrenice of n inisgococcacll dlisecase cldurintg weeks
0 throuigh S

Treated group Untreated group
Determination -

Observed, 0 Expected, E Observed, 0 Expected, E

Man-weeks without cases 38,063 38,050.3 18,879 18,879.7
Man-weeks with cases 0 12.7a 7 6.3
Total 38,063 38,063.0 18,886 18,886.0

Xi2 X= (O - E)2, E = 12.7 (P < 0.001) = 2(O - E)2 £ = 0.08 (not sig-
nificant)

Expected values calculated tinder the binomial assumption that the probability of a case in any man-
week is 0.000333, probability for no case is I - 0.000333, and the probabilities are independent for any
two man-weeks (4).
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FIG. 1. Rate of carriage of meninigococci amonig recruits in their sixth week of traininlg. Vertical bars denote

timinzg of attempts at prophylaxis with 100 mg of minocycline every 12 hr for 5 days. The distribution of cases

ofmeningococcal disease is shown along the abscissa; a short vertical bar is one case and a lonig vertical bar is two
cases.
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FIG. 2. Effect of miniocyclinie ont the rate of carriage
of meiingococci amonig recruits of companiy B-2-2.
Vertical bars denote timinlg antd durationt of two courses
of miniocycline treatment; the first was 100 mg every
12 hr for S days and the second was 200 mg a day in a

single dose for 3 days.

on the carrier rate, because previous studies have
shown that minocycline influences the carrier rate
for only 4 to 5 weeks (5).
The rate of carriage of meningococci in the

single company followed weekly after the first
course of minocycline is shown in Fig. 2. Treat-
ment with antibiotics reduced the rate of carriage
to about 4%, and by the fifth week of training it
had risen only to 12%. Two weeks later, however,
the rate of carriage had climbed to 556% and
remained high despite the fact that these men

received a second course of minocycline in a

different dosage.

TABLE 3. Sutsceptibility of meningococci to
miniocycline before antd after treatmenta

Minimal inhibitory
N

concn (pg/ml)
Time No. of,strains

Mlean SE. ofmean

Before treatment ...... 62 0.192 0.08
After treatment ....... 341 0.220 0.04

a p = 0.10, determined from the ratio of the
difference of the means to the standard error of the
difference.

Susceptibility of meningococci to minocycline
and sulfadiazine. The minimal inhibitory concen-
tration (MIC) of sulfadiazine for 83% of 403
strains of meningococcus isolated from naso-
pharyngeal carriers was 0.5 mg or more per 100
ml. The MIC of minocycline for 62 strains of
meningococci isolated before the first course of
treatment ranged from 0.06 to 1.0 ,ug/ml with a

mean of 0.192 ,ug/ml. The mean and range of
MIC for 341 isolates recovered after prophylaxis
with minocycline were 0.22 and 0.03 to 0.50
,g/ml, respectively, and did not differ significantly
from the values obtained before treatment (Table
3).
One hundred five isolates of meningococcus

were recovered from 188 recruits in company

B-2-2 3 days after they received their second
course of prophylaxis. All of these strains were

sensitive to 0.5 ,ug or less of minocycline per ml,

400

70-

60-

"& 50-

% 40-

OCb 30-

v-

20-

,B 10-

O-



PROPHYLAXIS OF MENINGOCOCCAL DISEASE

and the mean MIC for the group was 0.25
Ag/ml.

Side effects and toxicity. Minocycline was well
tolerated by the 14,800 recruits who received
prophylaxis. Hypersensitivity reactions, consisting
of rash or fever or both, necessitated discontinu-
ing the drug in 0.14% of the men treated. About
7%O of the recruits had minor reactions consisting
of headache, dizziness, or nausea. These were
not sufficiently bothersome to require interrup-
tion of treatment.

DISCUSSION
The prophylactic administration of minocy-

cline clearly influenced the course of this out-
break of meningococcal disease. The attack rate
of meningitis among treated recruits and those
who entered training after the first course of
minocycline was zero for almost 5 weeks. The
fact that new cases occurred when the propor-
tion of untreated recruits in training reached
50% indicates that the conditions favoring the
outbreak persisted, strengthening the argument
that prophylaxis with minocycline provided pro-
tection for the men treated. Furthermore, the
fact that no new cases occurred after the second
course of minocycine attests to its effectiveness,
because vaccination of the recruits was not com-
pleted until 13 March, and it is likely that several
days are required for protection to be conferred
by the polysaccharide vaccine.

If the results of this study are compared with
those reported by Bristow and co-workers (1),
the advantage of minocycline over other agents
used for chemoprophylaxis is apparent. They
found that, during an outbreak of meningitis due
to organisms resistant to sulfadiazine, seven
separate attempts at prophylaxis with sulfadia-
zine, penicillin V, or oxytetracycline failed. In
fact, over the 16-week period in which these
efforts at prophylaxis were made in a population
of recruits about equal to that at Fort Lewis, no
more than one calendar week passed without a
new case of meningococcal disease.
The observed effect of 100 mg of minocycline

every 12 hr for 5 days on the rate of carriage of
meningococci is consistent with results which
have been published previously (5). For about 4
weeks, the rate remains low and then increases
sharply. A single daily dose of 200 mg was not
effective in the one company which was treated a
second time. The reason for this failure is not
apparent, but the meningococci isolated from
these men were fully sensitive to minocycline.
Therefore, this simplified regimen consisting of
200 mg daily in a single dose for 3 days should
not be employed for prophylaxis without further
study

While it is likely that minocycline is less effec-
tive as a prophylactic agent than sulfadiazine,
their relative value cannot be assessed from this
study. Kuhns and co-workers concluded that the
effectiveness of sulfadiazine in prophylaxis de-
pended upon (i) treating all individuals in the
group simultaneously, (ii) treating all persons
who joined the group subsequent to initiation of
prophylaxis before they were incorporated into
the group, and (iii) keeping the treated group
closed to reinfection from outside sources (6).
Two of these criteria for effective prophylaxis
were not adhered to in this study, and, if mino-
cycline is needed for prophylaxis in the future,
each group entering training should receive drug
before they begin the training cycle. It is possible
that new cases would not have occurred within 5
weeks of the first course of minocycline if this
prodedure had been followed.

Strains of N. meningitidis resistant to minocy-
cline were not observed. However, if the drug is
used for a long time in this setting, the possibility
of resistant isolates occurring should be evalu-
ated.
The ultimate control of the outbreak of me-

ningococcal disease at Fort Lewis can probably
be attributed to the use of the polysaccharide
vaccine. This is the preferred method of prevent-
ing meningococcal disease, and, when an effec-
tive polyvalent vaccine becomes available, che-
moprophylaxis on a large scale will be unneces-
sary. If, however, it is decided to administer the
group C vaccine routinely throughout the mili-
tary before vaccines against meningococci of
groups A and B are ready for use, minocycline
may be an important interim measure for con-
trolling outbreaks due to sulfonamide-resistant
organisms.
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