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THE general observation that hemo-
lytic streptococcus infections be-

come less prevalent as one approaches
the tropics is supported by the available
scarlet fever morbidity data for various
countries as compiled by Schwentker,
Janney, and Gordon.1 Even within the
United States, the incidence of scarlet
fever shows an association with lati-
tude.2 The combined morbidity rate
in 1944 for the states of Washington,
Wisconsin; and New York was 177 per
100,000 population while that of Loui-
siana, Alabama, and Florida was 24.
The rate for Texas was 58. On the
other hand, there is evidence to show
that scarlet fever3, 4 and rheumatic
fever a mortality is as high in Texas
as in some of the northern states.
The carrier rate for group A hemo-

lytic streptococci has been found to be
related to the incidence of scarlet
fever,1 68 rheumatic fever,8' 9 and cer-
tain upper respiratory infections.8' 10, 11
Although marked differences in the
geographic distribution of hemolytic
streptococci have been found in Army
installations,8 it is not clear how closely
the carrier rate is associated with lati-
tude. In view of these facts it appears
that knowledge concerning the incidence
of hemolytic streptococci, particularly
serological group A, in the throats of
well children in the southwestern part
of the United States would be a useful

addition to the general picture of the
distribution of these organisms and their
relation to disease.

METHODS
The subjects chosen for the study

were children appearing at the venereal
disease and dental clinics of the Free-
man Memorial Clinic, Dallas. All were
well at the time specimens from the
throat were obtained, and particular
care was taken to avoid individuals with
even minor upper respiratory infections.
The group included white, colored, and
Mexican children in the proportion of
47, 44, and 9 per cent, respectively. A
total of 900 swabbings from 756 children
under the age of 15 were examined over
a period of 13 months.

All throats were swabbed by one of
us. Swabs were applied to the posterior
nasopharynx as well as to the tonsillar
area, and specimens were cultured within
one hour by the methods summarized
in Table 1. The details of methods 1
to 6 have previously been described.1215
Beef heart infusion agar and broth were
used throughout the entire study. All
except the first 166 specimens were ex-
amined by preliminary incubation of
swabs in sodium azide-crystal violet
blood broth, followed by plating on beef
heart infusion agar containing 5 per
cent human blood (method 3), thereby
providing a basis for observing anv pos-
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TABLE 1

Summary of Results Obtained in Culturing 900 Throat Swabbings from Normal Children
by Various Methods

Per cent of Cultures Positive for Hemotytic Streptococci by Various Methods *
A

Number 1 2 3 4 5 6 7 8 Combined
of - A- >

Swabbings Gross A Gross A Gross A Gross A Gross A Gross A Gross A Gross A Gross A

166 13.3 4.5 31.9 16.3. .. ... . . ... .33.1 18.1
18 16.7 5.6 38.9 22.2 38.9 22.2...........38.9 22.2
40 .. 37.5 17.5 47.5 25.0...........50.0 25.0

159 .. 32.1 11.9 39.0 17.0 41.5 16.4...... ...42.8 17.6
9.....55.6 55.6...........55.6 55.6

85.....45.9 2S.9 45.9 27.1.......50.6 30.6
90.....54.4 31.1 40.0 24.4 14.4 10.0.....54.4 31.1

178.....39.3 25.8...........39.3 25.8
81 .. .... .. 42.0 29.6.....12.3 8.6 19.8 12.3 13.6 8.6 43.2 30.9
74.....37.8 25.7.....17.6 13.5 14.9 10.8 .. 37.8 25.7

Total -
900 13.6 4.9 32.9 20.1 42.6 25.2 41.5 16.4 41.9 25.7 14.7 10.6 17.4 11.6 13.6 8.6 42.2 24.6

* 1. Plated directly on rabbit blood agar
2. Plated on rabbit blood agar after incubation

in sodium azide-crystal violet broth
3. Plated on human blood agar after incubation

as in 2
4. Plated on human blood streaked-poured plates

after incubation as in 2

sible seasonal variation in the carrier
rate.
The last 155 throat swabs were also

cultured anaerobically (method 7).
Each swab was placed in 2 mi. of sodium
azide-crystal violet broth and agitated
to suspend the bacteria. Immediately,
each of two human blood agar plates
was streaked with a large loopful of
the suspension. One plate was incu-
bated anaerobically and one aerobically
(method 6). The swab was then in-
cubated in the broth for about 24 hours
and a third plate streaked (method 3).
The results shown in Table 1 are essen-

5. Plated on human blood agar after incubation in
potassium tellurite-crystal violet broth

6. Suspended in broth and plated directly on human
blood agar

7. As in 6 but incubated anaerobically
8. Plated directly on hunan blood -streaked-poured

plates containing sodium azide and crystal violet

tially the same for aerobic and anaerobic
direct platings.

In method 8, Table 1, the inhibiting
substances were added to the plating
medium. Although alpha and beta
hemolysis by surface growth is not typi-
cal on blood agar containing sodium
azide,13 preliminary experiments sug-
gested that deep colonies could be recog-
nized more readily than surface colonies.
Therefore streaked-poured plates were
prepared as previously described 14 ex-
cept that agar containing sodium azide
1 in 15,000 and crystal violet 1 in
500,000 was used. Although Gram-

BLE 2

Increase in Carrier Rates with Repeated Swabbings

Swabbings
1st
1st and 2nd
1st, 2nd, and 3rd
1st, 2nd, 3rd, and 4th
1st, 2nd, 3rd, 4th, and 5th

Number of
Individuals

756
110
22
11
1

Carrier Rates Based
on All Swabbings

r - K
Gross Group A

Per cent Per cent
47.4 26.3
61.8 35.5
72.7 45.S
81.8 45.5

100.0 0

June, 1946612



HEMOLYTIC STREPTOCOCCI

negative organisms and staphylococci
were satisfactorily inhibited,.fewer hemo-
lytic streptococci were isolated from
these plates than from ordinary streaked
blood agar plates.

Colonies suspected of being beta
hemolytic streptococci were fished to
sections of blood agar plates. One
colony was fished from each plate un-
less the appearance suggested more than
one kind of hemolytic streptococcus.
Those subcultures which were confirmed
as hemolytic streptococci were trans-
ferred to glucose infusion broth for sero-
logic grouping, using antigens prepared
by the formamide extraction method.
Both hemolytic and nonhemolytic group
D streptococci were found, but only the
beta hemolytic strains are recorded in
the protocols.

RESULTS
The percentage of specimens from

which hemolytic streptococci were iso-
lated by all methods combined is shown
in the last column of Table 1. The gross
carrier rate for the 900 throat speci-
mens was 42.2 per cent and the rate
for group A alone was 24.6 per cent.
There was very- little difference between
the rates obtained by combined methods
and those obtained by using enrich-
ment broth alone (method 3).

Throats of 110 of the 756 children
examined were cultured more than once.
Table 2 shows the increase in the pro-
portion of individuals found to harbor
hemolytic streptococci as the number
of examinations increased. Both the
gross and group A rates as obtained by
one swabbing were nearly doubled by
three additional examinations.

For the purpose of observing any
possible seasonal variation in the inci-
dence of hemolytic streptococci, carrier
rates were determined for each fifty
consecutive swabbings (Table 3). These
rates are based on sodium azide-crystal
violet enrichment broth cultures all of
which were plated on human blood agar

except the first sixteen which were plated
on rabbit blood agar. According to
previous experience the use of rabbit
blood would tend to lower the rate
slightly.14 In Figure 1 the rates are
plotted against time and are shown
in relation to the number of cases of
scarlet fever reported each week in
Dallas County. Except for three low
group A rates in July and August, the
seasonal variation is not marked.* When
the lowest (14 per cent) and the high-
est (36 per cent) group A rates are
compared, however, the difference ap-
pears to be significant (P=0.01). The
abrupt rise in the carrier rates in Sep-
tember following the low points in July
and August suggests that the change
was not due to any seasonal factor be-
cause there was no comparable meteoro-
logical change in September. The
carrier rates for hemolytic streptococci
of groups other than A varied from
month to month without any suggestion
of a seasonal trend. In contrast to the
streptococcus carrier rates, the distribu-
tion of reported scarlet fever cases in
Dallas County16 showed a marked in-
crease in January and February, as
would be expected. Meteorological data
for the 13 months of the study were
examined and no correlation was found
between carrier rates and precipitation,
per cent of possible sunshine or relative
humidity. The only possible association
between the group A carrier rate and
temperature occurred in July and August
when the period with the lowest carrier
rate corresponded to the months with
the highest mean temperature.
The distribution of streptococcus car-

riers between the sexes was similar
(Table 4). This is in contrast to the
higher carrier rates found in males than
in females by Frisch 17 and by Hartley
and others.s8 Bourn, Carpenter, and
McComb,19 however, observed compar-

* A chi square test on the entire series of observa-
tions gives a probability of 0.3 that the observed
differences might have occurred by chance.
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FIGURE 1-Seasonal Incidence of Streptococcus Carriers as Compared with the Seasonal
Distribution of Scarlet Fever Reported in Dallas County

able rates in both sexes. The boys and
girls in the present study were found
to be comparable with respect to age
and absence of tonsils, two factors which
are shown below to affect the carrier
rate. Tonsils had been removed in 24
per cent of the males and in 23 per cent
of the females. In the three age groups,
0-4, 5-9, and 10-14, the males num-

bered 58, 234, and 168 and the females,
59, 240 and 141, respectively.
The importance of the presence of

tonsils as a factor influencing the strep-
tococcus carrier rate is shown by the
high incidence of group A streptococci
in excised tonsils 20-23 and by the higher
carrier rates observed in individuals
with tonsils than in those from whom

TABLE 3

Hemolytic Streptococcus Carrier Rates for Each 50 Consecutive Throat Swabbings Cultured

Carrier Rates

Groups
Date Gross Group A B, C, D, F, G
1944 Per cent Per cent Per cent

June 28-July 12 34 24 10
July 13-Aug. 9 42 14 28
Aug. 9-Aug. 17 36 16 20
Aug. 18-Sept. 1 46 16 30
Sept. 4-Sept. 26 46 36 10
Sept. 26-Oct. 9 50 24 26
Oct. 10-Oct. 31 46 28 18
Nov. 1-Nov. 30 58 30 28
Dec. 7-Dec. 29 48 26 22

1945
Jan. 4-Jan. 31 40 26 14
Feb. 6-Mar. 16 44 34 10
Mar. 20-Mar. 27 32 28 4
Mar. 27-May 8 32 20 12
May 8-June 14 48 34 14
June 18-July 3 36 24 12
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TABLE 4

Carrier Rates According to Sex

Male
_-A

Specimnens
Pos4jive, all groups
Positive, group A
IPositive, group C
Negative

Total

Number
196
125
46
264

460

tonsils had been removed.17 24 The
results of cultures in children with and
without tonsils are shown in Table 5
and Figure 2. Tonsils had been removed
from 24 per cent of the subjects. Gross
and group A carriers were about twice
as frequent in the group with tonsils
as in those without. Since the pro-

portion of tonsillectomies increased with
age and since carrrier rates were also
affected by age, an adjustment of these
rates for age seemed indicated. The
difference between age adjusted carrier
rates in children with and without toin-
sils was even greater than the difference
in crude rates because the 0-4 year

group which had the highest proportion
of tonsils showed the lowest carrier
rates. It was surDrising to find that
removal of tonsils also lowered the
carrier rate for group C organisms, a

finding which would not be expected
from the relatively low incidence of
groups other than A reported in excised
tonsils 21-231

Carrier rates for the three racial

Per cent
42.6
27.1
10.0
57.4

Female

Nuimber Per cent
183 41.6
99 22.5
56 12.7

257 58.4

p
>0.5
0.11
0.23
....

440

groups are shown in Table 6 and Fig-
ure 3. Since tonsils were absent in 29
per cent of white, 17 per cent of the
colored, and 33 per cent of the Mlexi-
can children, the rates were adjusted
for this factor. There was no significant
difference in the incidence of group A
carriers in the three racial groups. The
differences in the frequency of group C

z 50 .

u 40

41
30

10l

UI

TONSILS PQcStNT, 687 CHILDQfN

TONS5LS ABSfNT 213 CHILOQEN

55 C,SOUP A GO2UP C

C OUDS WATS 5

FIG;URE 2-Streptococcus Carrier Rates in
Children with and without Tonsils

TABLE 5

Crude and Age Adjuisted Carrier Rates in Childrent With and WVithouit Tonsils

Tonsils

Specimens
Positive, all groups
Positive, group A
Positive, group C
Neegative

Total

Present Absent

Crude Age Adjusted Crude Age Adjusted
Rate Rate Rate Rate (Crude and

Nuniber Per cent Per cent Number Per cent Per cent Adjusted)
329 47.9 48.5 50 23.5 20.9 <0.0001
194 28.2 28.5 30 14.1 12.1 <0.0001
91 13.2 13.5 11 5.2 4.6 <0.0001

358 52.1 51.5 163 76.5 79.1 ......

687 213
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TABLE 6

Crude Carrier Rates and Carrier Rates Adjusted for Presence or Absence of
Tonsils in Different Races

White Colored Mexican
f-- A -r

A 5# - 5
Rate Rate Rate

Adjusted Adjusted Adjusted
Crude for Crude for Crude for
Rate Tonsils Rate Tonsils Rate Tonsils

Specimens Number Per cent Per cent Number Per cent Per cent Number Per cent Per cent
Positive,
all groups
Positive,
group A
Positive,
group C

Negative

167 39.2 40.3 170 43.0 40.8 42

110 25.8 26.6 97 24.6 23.6 17

29 6.8 7.0 56 14.2 13.0 17

259 60.8 59.7 225 57.0 59.2

Total 426 395

streptococci, however, are not likely to
have resulted from chance. These dif-
ferences. are reflected in the gross carrier
rates. No explanation is apparent. The
three racial groups belonged to families
of similar economic status since all quali-
fied for clinic care. The colored and
Mexican children represented more or
less distinct social groups, each residing
in a separate section of the city and
attending its own schools.
One of the most important factors

affecting the carrier rates is age (Table
7, Figure 4). As has been shown by
Schwentker and others,' gross and group
A rates in preschool children were lower
than in the 5-9 and 10-14 year groups.

Z 50

dj 40'

0

a 10
ai

4 0.

37

79

Q o0 ss

p
Cr-
Crude Adjusted

53.2 54.7 0.2 0.2

21.5 22.5 0.8 0.7

21.5 21.7 <0.01 <0.01

46.8 45.3 ....

r , WHIT, 416

~ COLOgro , 50
____ MEKICAN, 79

; GiQOUP A

CR UDD RA.Tf-S

FIGURE 3-Streptococcus Carrier Rates in
Different Races

GROUP C

TABLE 7

Crude Carrier Rates and Carrier Rates Adjusted for Presence or Absence of
Tonsils in Different Age Groups

Specimens
Positive,
all groups

Positive,
group A
Positive,
group C

0-4 Years 5-9 Years 10-14 Years

Rate Rate Rate
Adjusted Adjsted Adjusted

Crude for Crude for Crude for
Rate Tonsils Rate Tonsils Rate Tonsils

Number Per cent Per cent Number Per cent Per cent Number Per cent Per cent

35 29.9 23.8 214 45.1 45.9 130 42.1 37.8

24 20.5 16.3 132 30.0 3S.0 67 21.7 22.2

8 6.8 5.4 51 10.8 11.7 43 13.9 14.1

Negative 82 70.1 76.2 260 54.9 54.1 179 57.9 62 .2

Total 117 474 309

p

Crude Adjusted

0.1 <0.01

0.2 <0.01

0.1 0.05

L.&
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FIGUJRE 4-Streptococcus Carrier Rates in Different Age Groups

The age group with the highest rates,
5-9 years, corresponds to the group in
which streptococcus upper respiratory
infections are most often seen and in
which first attacks of rheumatic fever
are most likely to occur. In contrast
to the group A carrier rate, that for
,group C continued to increase with age.
The variation of carrier rates with age
is even more apparent when the presence
or absence of tonsils is taken into ac-
count. Tonsils had been removed from
4, 26, and 27 per cent of the respective
age groups.

DISCUSSION
Reviewing the hemolytic streptococ-

cus carrier studies which had been done
prior to 1939, Hare 25 concluded that
the normal group A carrier rate was

about 7 per cent. Since that time several
studies based on large numbers of ex-

aminations have recorded rates two or

three times this figure. In Table 8 we

have summarized carrier studies per-

formed in various parts of the world in
which serological grouping, at least to
the extent of separating the members
of group A, was done. A number of
reports on closed populations and mili-
tary groups have been omitted because
they did not appear to represent normal
situations. The conditions under which
the summarized results were carried out
included too many variables to permit
an analysis with respect to factors which
may affect the carrier rate. It is of
interest to note, however that the high-
est group A carrier rate was obtained
in Dallas which is nearer the equator
than any other locality recorded with
the exception of Hong Kong. The latter
showed the lowest rate of all. The high
gross and group A rates found in Dallas
are due to a large extent to the method
of making cultures. This is the only
study in which enrichment broth was

used. Gross and group A rates based
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on the 429 throat specimens which were
cultured directly on blood agar plates
were 14 and 8 per cent respectively.
These figures are below the averages of
the rates obtained in other studies.

In view of the frequency of group A
streptococci in normal throats, the
question of the significance of the carrier
naturally arises. Hare 25 34 considered
carriers of prime importance as sources
of wound infection. Whether or not all
carriers are potential sources of such
infections is not apparent. Boisvert,
Darrow, Powers, and Trask 35 state that
the presence of hemolytic streptococci
in the nose or throat of a child is usually
significant. On the other hand, the
diagnostic significance of a positive
throat culture is seriously questioned by
the report of Dingle and others 36 who
found that only half the patients with
exudative pharyngitis and positive throat
cultures showed a significant rise in anti-
streptolysin. Assuming that hemolytic
streptococcus infections are usually
followed by a rise in antistreptolysin,37
the implication is that nearly half the
positive cultures were incidental. The
significance of carriers is minimized by
Coburn and Pauli 38 who believe that
carriers usually do not communicate
disease and usually may be considered
harmless. Although the serological tech-
nic by which the Lancefield groups of
streptococci are recognized is valuable
in eliminating many strains belonging to
groups not frequently associated with
disease in man, it is evident that many
more group A strains could be designated
as harmless, at least from an epidemio-
logical standpoint, if one could determine
the factor which has been termed com-
municability38, 39 or dispersability.11
Our failure to detect any significant

variation in the group A carrier rate
from September to June was contrary to
expectation. Coburn and Pauli 38' 40
stated that the gross hemolytic strepto-
coccus carrier rate in New York City
increased during the winter, reaching

a peak in early spring. A similar trend
in the group A carrier rate was observed
by Rantz in San Francisco.23 Schwent-
ker, Janney, and Gordon 1 found a defi-
nite seasonal trend over a three year
period in both gross and group A rates
in Roumania with the highest rates
occurring in the autumn months. Hodes
and others 11 noted a marked seasonal
variation in the group A carrier rate
among naval recruits. Other studies
have failed to reveal a relationship be-
tween carrier rates and season. Bourn
and others 19 found no seasonal trend in
Baltimore. Observations over a period
of several years in London by Straker,
Hill, and Lovell 41 revealed considerable
variability in rates from year to year
but no consistent seasonal distribution.
They did, however, observe some tend-
ency for the carrier rate to increase as
the amount of sunshine increased and
the relative humiditv decreased. Neither
of the last two studies separated the
group A streptococci. These and our
own results suggest that if seasonal
factors affect the carrier rate, the asso-
ciation may be obscured by other
influences.

Several investigators have demon-
strated an association between the
group A streptococcus carrier rate and
the incidence of streptococcal disease.
Schwentker, Janney, and Gordon 1 and
Schwentker 6' 7have shown very definite
increases in carrier rates, particularly
of the epidemic type, during outbreaks
of scarlet fever. The same authors 1
also found that the seasonal variations
in the normal carrier rate in communi-
ties free from scarlet fever were closely
parallel with the incidence of scarlet
fever in neighboring counties. Van Ra-
venswaay8 found a tendency for strepto-
coccal disease to occur with greater
frequency at Army Air Forces installa-
tions with high carrier rates than in
those with low rates. It is evident, how-
ever, that an increase in the incidence
of carriers is not necessarily followed
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by an increase in disease, even in closed
populations, since Hartley and others 18
observed a rate of 88 per cent among
boys in a home for crippled children
without any cases of infection.

In Dallas County (Figure 1) the
reported incidence of scarlet fever
showed a gradual increase during the
autumn, reached a peak in January and
February, and declined during the
spring. Neither the gross nor group
A streptococcus carrier rates showed
such a pattern. The only similarity
between the seasonal incidence of scarlet
fever and the frequency of carriers lies
in the fact that low points were ob-
served for both during July and August.
It would appear that the sample of
the Dallas County population which
we examined should have been sufficient
to reveal an association between scarlet
fever and carrier rate had there actually
been one. In spite of the close relation-
ship between carrier rate and incidence
of disease observed in some instances,
our results together with those of others
indicate that an increase in streptococcal
disease is not necessarily accompanied
by an increase in normal carriers and
that a high carrier rate does not neces-
sarily mean a high incidence of disease.
The effect of tonsil removal on the

group A streptococcus carrier rate as
shown by our results, although signifi-
cant, is less marked than that observed
by others. MacDonald, Simmons, and
Keogh 22 found group A streptococci six
times as frequently in children with
tonsils as in those without. In college
students examined by Frisch 17 there
was a threefold difference. Wheeler and
Jones 24 found that tonsils were associ-
ated with the carrier state and also with
streptococcal disease in naval personnel,
although they imply that a similar cor-
relation has not been observed in child-
hood age groups. In the- first two of
these studies tonsillectomy produced
very little effect on the carrier rates for
groups other than A. The fact that our

group C carrier rate was also signifi-
cantly lowered by tonsillectomy suggests
that the tonsils serve as reservoirs of
these organisms as well as for the group
A streptococci. Kuttner and Krum-
wiede,10 on the other hand, found that
the length of the carrier state was not
related to the presence or absence of
tonsils. The finding of lower carrier
rates in tonsillectomized individuals is
not in itself an argument for indis-
criminate tonsillectomy. Any reduction
in the number of carriers is presumably
desirable,22 but evidence that the carrier
state is detrimental to the individual
is lacking. Wendkos,42 for example,
concluded that tonsillectomy in child-
hood was not a deterrent to subsequent
rheumatic fever.

In two respects the group C strepto-
coccus carrier rates differed from the
group A. First, there were racial differ-
ences in the incidence of group C organ-
isms. Some factor, not apparent, which
was responsible for these differences
failed to influence the group A rates.
Second, the distribution of the two
groups of streptococci with respect to
age was not the same. It- would be
necessary to make observations on
several older age groups to complete the
picture, but whatever causes the de-
crease in the group A carrier rate beyond
the age of 10 is either delayed or non-
effective in reducing the dissemination
of the group C streptococci.
Our failure to isolate significantly

more hemolytic streptococci on plates
incubated anaerobically as compared
with those incubated aerobically is con-
trary to the experience of Jones, Holmes,
and Hale.32 We did notice a marked
inhibition of the large colony forms of
Gram-positive and Gram-negative cocci
on the anaerobic plates which may in
part account for any advantage that
may be found for anaerobic plates. Also,
the increased hemolytic activity which
many group A streptococci show under
anaerobic conditions 48 44 might be ex-
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pected to lead to their more frequent
recognition under these conditions.

SUMMARY
Throat specimens from 756 children

over a period of 13 months were ex-
amined for beta hemolytic streptococci
by the use of sodium azide-crystal violet
enrichment broth. Serologically identi-
fied streptococci were isolated from 42
per cent of the 900 specimens; group A
streptococci from 25 per cent. Direct
platings of the 429 throat swabs showed
hemolytic streptococci of all groups in
14 per cent and group A in 8 per cent.
Anaerobic incubation of direct platings
from 155 specimens did not significantly
increase the number of positive cultures.
The use of streaked-poured plates con-
taining sodium azide and crystal violet
in culturing 81 throat swabs showed no
advantage over surface-streaked plates
without the inhibitors.

Repeated swabbings markedly in-
creased the proportions of individuals
found to be carriers of beta hemolytic
streptococci. The gross and group A
carrier rates for each fifty consecutive
swabbings varied between 32 and 58
per cent and 14 and 36 per cent respec-
tively. No association between carrier
rates and season or between carrier rates
and incidence of scarlet fever was found
except that the lowest group A rates
occurred during the warmest months
when scarlet fever incidence was low.

Gross and group A carrier rates were
similar for both sexes and for white,
colored, and Mexican children. A sig-
nificant racial difference was found, how-
ever, in the incidence of group C strep-
tococci. More than twice as many car-
riers of group A and group C organisms
were found among children with tonsils
as among those without tonsils. Gross
and group A carrier rates increased
with age up to 10 years and then de-
clined, but the group C rate continued
to increase.
The results are discussed in relation

to hemolytic streptococcus carrier studies
in other parts of the world.
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