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The persistence of the group A streptococcus in
the upper respiratory tract after pharyngitis has
been termed the streptococcal carrier state. Pa-
tients with acute pharyngitis and individuals who
continue to harbor the organism serve as the prin-
cipal sources of the infectious agent in the spread
to susceptible hosts (1). There is considerable
variation in the number of streptococci found,
however, and in the length of time that strepto-
coocci can be isolated from the throat after infec-
tion. In the presence of suppurative complications
patients may discharge large numbers of organ-
isms for many weeks. In the absence of such sup-
purative complications, only 40 to 70 per cent of
patients continues to harbor the organism after 3
to 7 weeks in sufficient numbers for detection by a
routine culture of the pharynx (2-4). Because
the characteristics of the streptococcal carrier
state have not been clearly defined, studies were
undertaken of convalescent carriers after respira-
tory infections with epidemic strains of group A
streptococci. As a part of this study the effect of
climate on the carrier state was investigated, and
the results form the basis for this report.

METHODS

Population studied. All airmen with respiratory symp-
toms entering the hospital between 11 and 27 March,
1951, at Warren Air Force Base at Cheyenne, Wyoming,
received no specific antibacterial therapy. On admission
a history and physical examination were recorded and a
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eral, Departments of the Army and the Air Force, Wash-
ington, D. C.
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culture of the oropharynx was obtained. Those indi-
viduals who showed 10 or more colonies of j-hemolytic
streptococci on the blood agar plate and whose illness was
characteristic of a streptococcal infection were eligible
for the study group. Of the patients meeting these
criteria, 65 were available for study for at least 12
weeks. Selection of patients to be sent to a semitropical
climate was limited to those individuals who had recently
arrived and were awaiting assignment to the various
schools at the air base. Twenty-nine patients met this
qualification and were assigned to the group to be trans-
ferred to Florida; the remaining men were studied in
Wyoming. The patients who remained in Wyoming for
study had enrolled recently in the training schools. Thus,
the patients who were transferred to Florida had been
at Warren Air Force Base for a somewhat shorter time
than those who remained at Warren. It should be em-
phasized, however, that both groups of men had been in
the service several months for basic training prior to
their assignment at Warren and were not new recruits.

Of the 36 patients remaining in Wyoming, 11 were
dropped from the study. Six patients developed a strep-
tococcal infection caused by a new streptococcal type; two
developed acute rheumatic fever and received therapy with
penicillin; two received antibiotics for a urinary tract
infection and a perirectal abscess, respectively; one pa-
tient was transferred to another installation early in the
study.

No patient assigned to Florida was dropped from the
study; Patient 492 was transferred after 12 weeks of ob-
servation. Two definite cross infections occurred (Pa-
tients 507, 513) before transfer to Florida, but since they
occurred in the first 2 weeks of illness and subsequent
cultures failed to show the type causing the original in-
fection, they are included in the analysis. Two patients
developed mild symptoms of rheumatic fever but no anti-
bacterial therapy was administered.

Routine procedures. Prior to 5 April when 29 patients
were transferred by air transport 1 to Tyndall Air Force
Base at Panama City, Fla., cultures of the oropharynx
and nose were taken at irregular intervals. Beginning
on 8 April both nose and oropharyngeal cultures were

1 The authors express their sincere appreciation to
General Edward J. Kendricks, MC, USAF, and his staff
for making the necessary administrative arrangements
for this study.
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obtained twice weekly from all patients. Oropharyngeal
cultures were taken by rubbing both tonsils or tonsillar
fossae twice and the posterior oropharynx at least three
times. Nasal cultures were obtained by introducing one

sterile swab into both nares for a distance of 3 cm fol-
lowed by gentle rotation. Both the oropharyngeal and
nasal swabs were immediately rubbed on sheep blood-
agar plates. If either of the two cultures from the pre-

ceding period exhibited less than 10 8-hemolytic colonies,
a second culture was obtained and placed in Pike's selec-
tive medium (5). With few exceptions all cultures were

taken by the authors, two of whom rotated between the
study groups in Florida and Wyoming.

The inoculated blood agar plates were returned to the
laboratory, and the inoculum was spread in a standard
manner with a sterile bacteriological loop. Cuts were

made in the agar plate with the loop in the region of
heaviest inoculum to facilitate recognition of subsurface
hemolysis. The blood-agar plates were incubated for 24
hours at 370 C and examined for 8-hemolytic colonies,
and the number of colonies on each plate was recorded.
Swabs placed in Pike's medium were incubated for 24
hours and one loopful was inoculated on a sheep blood-
agar plate as described above. After incubation the plate
was examined for p-hemolytic colonies, but the number
present was not recorded. From each plate a single rep-

resentative colony was subcultured on a sheep blood-agar
plate for confirmation. In Florida, a subculture from
the confirmation plate was made on a blood-agar slant
and sent to Wyoming by air mail for serological group-

ing and typing. In Wyoming, serological identification
was performed on organisms obtained from the con-

firmation plate. Thus, on each day that cultures were

taken, a maximum of four colonies was identified com-

pletely from the cultures of each individual.
One colony obtained from the oropharyngeal cul-

ture each week was rapidly frozen and stored at - 20° or

TABLE I

Comparability of the two study groups

Location of patients

Wyoming Florida
(25 men) (29 men)

Average days since onset of
illness to 5 April

Per cent with:
Tonsillectomy
Total leukocyte count

over 10,000
Antistreptolysin response

Exudative tonsillitis or
pharyngitis

Number infected by:
Type 1

5

6
14
41

17 15

16 55

83 89

71 85

96 97

5 4
6 3
1 4

13 17
0 1

- 70° C and served as a source of organisms for mouse
inoculation.

The media employed were supplied by the laboratories
in Wyoming and the sheep blood was obtained from a
common source. Tryptose blood-agar base (Difco) with
6 per cent sterile sheep blood was employed for the origi-
nal plates. Confirmation plates utilized beef heart infu-
sion broth with added agar and sheep blood. Standard
procedures were employed for serological identification
of the isolated streptococcal strains (6).

A serum specimen was taken on admission to the hos-
pital, every 2 weeks for 6 weeks, and every month until
the study was terminated. Antistreptolysin 0 titers were
performed by standard techniques (7).

TABLE II

Weather conditions at Panama City, Florida and Cheyenne, Wyoming during period of study *

Month

Location April May June July

Mean temperature (0F) Panama City 65.9 74.2 80.4 83.0
Cheyenne 44.2 50.9 51.3 67.1

Mean max. temper- Panama City 72.6 81.5 85.7 88.8
ature (OF) Cheyenne 48.7 62.9 66.4 80.5

Mean min. temper- Panama City 58.8 66.7 74.5 77.0
ature (OF) Cheyenne 25.9 39.4 42.8 53.1
Mean relative humidity Panama City 75.6 70.6 77.6 75.9

Cheyenne 65.5 62.4 68.9 59.2
Precipitation (inches) Panama City 4.01 2.72 7.16 10.41

Cheyenne 1.94 2.77 1.76 2.74
Mean wind speed Panama City 8.6 8.1 6.7 5.1

(mph) Cheyenne 15.4 13.6 11.5 9.9

* Data supplied by Air Weather Service, Data Control Unit, New Orleans, La.
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FIG. 1. PERSISTENCE OF GROUPA STREPTOCOCCIIN

NASAL CULTURES AFTER INFECTION.

Records of all symptoms and abnormal physical signs
were maintained throughout the study. Special studies,
including roentgenograms of the sinuses, electrocardio-
grams, and sedimentation rates were obtained as indicated.

RESULTS

The characteristics of the carrier state were

studied in 54 young adult males who developed
symptoms of a streptococcal respiratory infection
between 11 and 25 March, 1951, at Cheyenne,
Wyoming. The study assessed the possible effects
of changes in climate on the carrier state by di-
viding the patients into two groups and following
the convalescence of one group in Wyoming and
that of the other after transfer to Florida. On 5
April one group of 29 airmen was transported to
Panama City, Florida, and the second group of 25
men remained in Wyoming. The two groups ap-
peared to be relatively comparable, except that 55
per cent of those transferred to Florida had had
tonsillectomy, whereas only 16 per cent of the
those remaining in Wyoming had had this opera-

tion (Table I). At the time the men were trans-
ferred to Florida, the average interval since the
onset of illness in the two groups was 2 weeks.
The clinical, bacteriological, and serological evi-
dence established the streptococcal etiology of
these respiratory illnesses. The majority of the
infections xvas due to the three epidemic strains-
types 14, 1, and 5 (4).

The differences in climate during convalescence
in Florida and Wyoming are presented in Table
II. The men in Wyoming were at an altitude of
6,000 feet, and for 6 to 8 weeks the temperature
was low and snow frequently covered the ground.

The men were housed in multiple two-floor army
barracks. They attended regular classes and were
in contact with many individuals harboring group
A streptococci, since epidemic conditions continued
through June.

The group in Florida was housed in a single
one-floor hospital ward situated a few hundred
yards from the Gulf of Mexico. Initially the
weather was mild and later quite warm so that the
windows in the ward were usually open. The men
were assigned duties outdoors on the hospital
grounds, and were, in general, indoors only when
sleeping.

Figures 1 and 2 summarize the quantitation of
oropharyngeal and nasal cultures, respectively.
For this analysis the maximum number of strep-
tococci isolated on the blood-agar plates for each
week of observation is presented. At the third
week, when nasal cultures were instituted, 70 per
cent of both groups in Wyoming and Florida
showed positive nose cultures, and approximately
45 per cent of the cultures in each group ex-
hibited more than 10 colonies. Both groups
showed a decline in positive cultures during the
study, so that by week 11 only 10 per cent was
positive, and from these only a few organisms were
isolated. At week 4, however, a difference in the
percentage of cultures showing more than 10 col-
onies became apparent, the rate being higher in
the Wyoming than in the Florida group. Further-
more, during the sixth week the total rate of all
positive nasal cultures decreased more rapidly in
the Florida subjects. Additional analysis indi-
cated that this difference in the nasal carrier rate
between the two groups was not due to the fact
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FIG. 2. PERSISTENCE OF GROUP A STREPTOCOCCI IN
THROAT CULTURES AFTER INFECTION. See Figure 1 for
key to symbols.
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that a greater proportion of those patients in
Florida ha(l had tonsillectomy. A comparison was
made of the persistence of group A streptococci in
the nasal cultures for all patients in the study with
and without tonsillectomy-. The results as tabu-
lated in Figure 3 indicate that the nasal carrier
rate was somewhat higher for a longer period for
those patients who had had tonsillectomy than for
those who had not. For instance, during week 6,
60 per cent of all patients in both groups with ton-
sillectomy were nasal carriers, while only 28 per
cent of the nontonsillectomv l)atients continued to
harbor the organism in the nose. Because there

vere so few patients in \\'voming wvith tonsillec-
tomiv it xas impossible to compare thenm- with a
similar group in Florida. An additional analysis
was therefore made of the l)ersistance of the nasal
carrier in only those patients without tonsillectomy
in Florida and \Wyoming. As can be seen in Fig-
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FIG. 4. PERSISTENCE OF GROUP A STREPTOCOCCI IN
NASAL CULTURES AFTER INFECTION IN THOSE PATIENTS
WITHOUT TONSILLECTO-MY. See Figure 1 for key to
svmbols.
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FIG. 5. BIWEEKLY CULTURESOF PATIENTS WITH TYPE 14
STREPTOCOCCALINFECTIONS.

tire 4, beginning with week 4 and continuing
throughout the period of observation, the rate of
positive nasal cultures was higher for the lpatients
in \Nvoming than for the Florida group. These
data strengthen the view that the nasal carrier is
more likely to persist in a north temperate climate
than in a semitropical region.

In contrast to the relatively rapid disappearance
of streptococci from the anterior nares. cultures
of the oropharvnx were usually positive during
the first 11 weeks of observation (Figure 2).
Quantitative cultures revealed no significant dif-
ference between the two groups. By- week 11 cul-
tures from over half of the patients exhibited less
than 10 colonies. As seen in Figures 5 and 6, the
study was extended past 11 weeks. but because
of technical difficulties the 28 subjects remaining
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FIG. 6. BIWVEEKLY CULTURES OF PATIENTS WITH TYPES
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FIG. 7. CUMULATIVE FREQUENCYOF NONTYPABLEGROUP
A STREPTOCOCCI.

in Florida were not cultured regularly for a pe-

riod of 2 weeks, and after week 16 the Wyoming
group was not cultured systematically.

The results of the semiweekly cultures of the
individual subjects listed according to the infecting
type are recorded on Figures 5 and 6. That the
carrier state continued for many weeks, although
individual cultures were occasionally negative, is
emphasized by the fact that all of the 28 subjects
in Florida between weeks 16 and 19 harbored
group A streptococci.

Of considerable interest was the appearance of
nontypable variants of the infecting type as the
carrier state progressed. Figure 7 summarizes
the development of nontypable variants in the two
groups. Beginning at about week 3, non-M pro-

tein-producing organisms made their appearance,

and by week 11, cultures from 40 per cent of the
patients showed such organisms. There appeared
to be a difference in the rate of development of
such variants during subsequent weeks with the
suggestion that the cumulative frequency of non-

typable group A streptococci in Florida was

greater than that in Wyoming. Because the num-

bers of cultures obtained in Wyoming and Florida
between weeks 11 and 21 are not comparable, it
is difficult to interpret the difference between the
two groups. Infections with types 1 and 5 were

followed by the appearance of nontypable variants
more frequently in the Florida than in the Wyo-
ming group (Figure 6). Thus, 6 of 7 subjects in
Florida, and 2 of 11 in Wyoming showed these
strains. Sixteen selected strains of the nontypable
variants were serially passed in the peritoneal
cavities of mice, and in each instance the nontypa-
ble strains reverted to the original infecting type.

DISCUSSION

A particular feature of streptococcal diseases is
that they are more prevalent in colder climates
than in tropical or semitropical areas (8, 9). Al-
though the opportunities for effective intimate
contact between the carrier and the susceptible
host may be greater in population groups con-
fined to buildings because of inclement weather, it
is possible that climate might exert an effect on
the host which would indirectly modify the metab-
olism of the bacteria residing in the upper respira-
tory tract. It is possible that the respiratory tract
of the host in colder areas might maintain the in-
fectious properties of the streptococcus for more
prolonged periods. Likewise, the spread of in-
fection might be enhanced in northern areas be-
cause the climatic conditions render the upper
respiratory passages more susceptible to infec-
tions. The present study was originally designed
to test the hypothesis that climate alters the mu-
cous membranes of the upper respiratory tract in
such a manner that the streptococcal carrier in
colder climates presents a more suitable environ-
ment for the maintenance of the organisms than
does the carrier who lives in a semitropical area.
If such were the case, this might be evidenced by
a prolonged carrier state and by a more prolific
growth of organisms in the respiratory tract of
those patients who reside in north temperate zones.

Using the duration of the carrier state as the
primary criterion for evaluating the effect of cli-
mate, it is clear that there was no demonstrable
influence of climatic conditions on the length of
time that the oropharyngeal cultures remained
positive for hemolytic streptococci. These studies
do emphasize, however, that almost all individuals
who acquire an infection with an epidemic strain
of streptococci continue to harbor the organism
for at least 3 or 4 months. This is in contrast to
the studies of Kuttner and Krumwiede (10), who
showed that 61 of 118 patients harbored the in-
fecting organisms for only 3 months or less; most
of the remaining 57 patients continued to harbor
the organisms for many months, and in a few in-
stances for a year and a half. In other 'studies
from our laboratory (4), in which the protocol
for follow-up cultures was much less rigorous
than that employed here, the infecting organism
was isolated from only 53 per cent of the patients
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during the fourth or fifth week of convalescence.
The fact that the streptococci remain in small
numbers for extended periods has important im-
plications concerning the interpretation of culture
surveys of various population groups. The isola-
tion of a few colonies of group A streptococci may

indicate infection many months previously. If the
organism is not typable, it is unlikely that infec-
tion was acquired in the recent past.2

The present study emphasizes the persistence
of group A streptococci in the oropharynx after
infection with epidemic strains. The persistence
of organisms after infection by strains not associ-
ated with streptococcal epidemics has not been
thoroughly studied, but there is some information
to suggest that after infection with nonepidemic
strains the carrier state is of shorter duration ( 11 ).

Although cultures of the oropharynx showed
no difference in the carrier state between the
groups of men in Florida and Wyoming, cultures
of the anterior nares showed that organisms disap-
peared more rapidly from the men in Florida.
These differences in the nasal cultures could not
be attributed to clinically evident acute or chronic
sinusitis. Furthermore, additional analysis indi-
cated that removal of the tonsils, and presumably
the adenoids, was not responsible for the fewer
positive nasal cultures in the Florida carriers. In-
deed, the data suggested that the nasal carrier state
may persist longer in those patients with a tonsil-
lectomy, thus confirming the observations of
Holmes and Williams (11). Gordon (2), Ham-
burger, Green and Hamburger (12), and Wan-
namaker (1) have presented evidence indicating
that the nasal carrier is especially likely to serve

as a source of infection. It is interesting, there-
fore, that in the northern climate of Wyoming,
where streptococcal sore throats are more com-

mon, the dangerous nasal carrier state persisted
longer than in Florida. The data, however, are

insufficient to do more than suggest that this ef-
fect is due to climatic conditions.

There was a slight difference in the rate of ap-

pearance of nontypable variants of group A strep-
tococci in the cultures from the respiratory tracts
of the Wyoming and Florida patients, but this
did not become evident until the fourth month

2 In some instances the identification of an organism as

a nontypable variant means that the proper typing anti-
sera were not employed.

after the onset of infection. If these trends reflect
the effect of environment on the biological activi-
ties of the streptococcus, the organism might be
considered to be maintained in a more virulent or
infective state in the colder climate. Further stud-
ies would be required to establish such a relation-
ship.

Studies on the treatment of acute streptococcal
infection indicate that the carrier state may play
a role in the pathogenesis of acute rheumatic fever.
Treatment with antibiotics which does not elimi-
nate the infecting organism fails to decrease the
attack rate of rheumatic fever (13). More re-
cently it has been shown the rheumatic fever may
be prevented after a streptococcal sore throat if
penicillin is given as late as 9 days after the onset
of the streptococcal illness (14). These data
suggest that it is the elimination of the streptococci
from the throat and not the early treatment of the
acute pharyngitis, per se, that prevents the oc-
currence of rheumatic fever. In studies of rheu-
matic fever attack rates after streptococcal infec-
tions there is some evidence indicating that epi-
demics are associated with constant rates of about
3 per cent (15), whereas after endemic infections
the rates may be much lower (11, 16). These
differences may be due to variability in the per-
sistence of the carrier state. Additional studies
on the carrier state are needed to elucidate the
mechanisms for the maintenance of the organism
in the population and the relationship of the car-
rier state to rheumatic fever.

SUMMARY

The carrier state was studied in 54 young adult
males after streptococcal sore throat. The pa-
tients were divided into two groups: one group
remained in Wyoming for extended convalescence,
and the other was transferred to Florida. Almost
all patients continued to harbor group A hemolytic
streptococci in the oropharynx for 16 to 19 weeks,
at which time the study was terminated. In many
of the patients a nontypable variant of the infecting
type of streptococcus developed during the period
of observation. There was no evidence that the
change in climate had any effect on the length of
the carrier state or the numbers of organisms iso-
lated from the pharynx, although nontypable vari-
ants appeared slightly earlier and streptococci dis-

573



KRAUSE, RAMMELKAMP,DENNYANDWANNAMAKER

appeared from the anterior nares sooner in the
group transferred to a warmer climate.
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