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2 EPIDEMIOLOGY OF HEMOLYTIC STREPTOCOCCUS

mide Tesistance of hemolytic streptococcus n vitro (4). Fortuitously,
this roughly quantitative technique seems to make possible the differ-
entiation of certain strains of hemolytic streptococcus within types 19, 17
and 3, which were most prevalent during World War II in The U. 8.
Navy.

Prior to World War II the mild of st ! infections had
tended to lull general interest in this bacterium, in spite of its well known
cychic trends of pathogenicity. Furthermore, the recent introduction of
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chemotherapeutic agents had brought a false sense of security, even though
hemolytic streptococe: continued to cause high morbidity among the
crvilian population  That the full fi of this mrcro ism had
not been appreciated became apparent in three ways during World War
TI- First came s tremendous loss m man days owmg to streptococcal
1nfections of the upper respiratory tract. Second, almost every outbreak of
these 1nfections was followed by such a igh merdence of rheumatic fever
that by 1944 the importance of this disease exceeded that of malana
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Thurd, by 1945 the three most prevalent types of Group A hemolyte strep-
tococeus were found to nclude strains which had the capacity to resist the
action of sulfonamides, both in vivo and m vitro.

These experiences imtiated & renaissance of interest in hemolytic strep-
tococcus  As a result, more extensive and more mtensive field work was
done on streptococeal infections than had been possible previously. The
regulations of hie in the Navy facilitated the making of controlled observa-
108 on the spread of hemolytic strep , which had not previ
been possible in populations with um-estncted travel The colleczed
observations made during the war years are the basis of the present report.

This report mght readily be hmuted to an historical description or to &
series of statistical summarjes, however, this hmutation would defeat
its purpose. Instead 1t has seemed profitable, even though perhaps not
discreet, to attempt to indicate the interrelation of the observed diverse

y e¢hmesa! pk and to an ordered view of
their sequential relations On the success of such attempts will depend
comprehension of the natural history of Streplococcus hemolyticus and
subsequently the development of methods for the control of this bacterium
However, control requires more than anmg and mtcrpretmg observations

m the field  The control of requzres } ledge of
those 3! les and of the bioch i} i withm the
bactenal cell which determine 1ts adaptability to the humar host

The i! finds that excep intwtive powers are required

to grasp interrelationships as they oceur “in the field” and soon his serious
intent drives him to seek a tracing from phenomena back to first princi-
ples But, 1 such an attempt, he 13 often thwarted, first by his own
lack of diserphine in orgamizing research 1n the laboratory and second,
by the lack of methods for collecting the pertinent facts on critical prob-
lems. The epidemologist “in the field” does observe, record, check,
analyze, evaluate, reevaluate, mterpret and emerge with a problem, only
to learn 1n many mstances that the solution of s problem must await
advances mn the fund. 1 d For the eprd the
horizons are broad, he finds much surface gold, but he 1s rarely prepared
to dig deep and strihe the underlying vemn. In contrast, his scientific
collengues working 1n the laboratory may not be aware of the surface
and the all- g vems It 1s essential that
the problems of the man in the field be called to the attention of the man
i the laboratory before one can hope for the development of methods
needed for the control of hemolytic streptococcus. At present, 0o prob-
Yem m epdemology preseats a greater challenge than the control of the
ubiqustous epread of hemolyte streptococcus,
The authors were intunately associated with the findings to be reported
m this monograph  However, these obscrvations represent the work of
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which are not included in the scarlet fever statistics. Likewise, there were
more eases of rheumatic fever than were recorded under this diagnosis.
Altogether 21,209 illnesses were classified as rheumatic fever (Table 3).

TABLE 1
The Occurrence of Valvular Heart Diseases
Navy and Marine Corps, 1042-1045

Disgnoss and | Aenusons | S
yar RN | mTE | A | A [ ap mo | P
Aortic and Mitral Insufficiency
Total 524 215 314 72 72 68,101

1942 1 79 13 2 - 1 3,476
1043 24 218 34 huid - 16 16,330

1044 31 151 88 €9 - 26 23,720
1945 89 75 80 144 2 29 21,575
Mitral Stencsis

Total 922 304 213 85 149 83,620
1042 10 15¢ 24 19 - 4 7,640
1943 49 387 57 48 - 14 18,975
1944 51 204 144 68 - 59 32,814
1945 102 87 139 78 85 72 24,191

Mitral Insufficiency

Total 1,788 746 1,207 130 365 210,691
1042 29 321 22 141 - 7 20,087
1943 53 597 137 413 —_ 39 49,848
1944 153 585 276 181 —~ 15 65,906
1045 211 285 3n 562 130 204 74,850

Source N: d-Fr-card, * Report of Patient *

Legend for abbreviations

REM. ACD—Admitted C y
EPTE—Existed prior to Disability
enlistment AD—Additronal Diagnosis
A—New A RA

However, in the Navy, only one diagnosis 13 assigned at one time to each
illness. At least 8,089 patients with rheumatic fever who developed
cardise stigmata were classified under valvular heart disease. These
data are shown in Table 1. In addition, there were 14,150 cases
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classified as acute arthnitis* These data are shown in Table 2. Most of
the patients with these diagnoses probably had rheumatic fever but were
given on disch the di is which was idered most sij

In scarlet fever, the diagnosis was usually made on the station where the
infection was contracted. However, this was pot true for rheumatic
fever whuch commonly developed two weeks or more after infection. For
example, a follow-up study was made of a sample of 500 men of & group of
1,598 who contracted scarlet fever in the winter of 1935 at the San Diego
Naval Trammg Center This study showed that 106 of these 500 men
developed rheumatie fever. However, in most instances this disease did
not become mamfest until their recruit training was completed, For this

TABLE 2
The Oceurrence of Acute Arthnitss
Navy and Marine Corps, 1943-1945

! Admissions Sck
Your e
Rem | EPTE X ACD AD rA

Total 639 11,340 214 189 ™3 431,818
1942 32 23 75| 19 - 77 30,513
1943 95 142 2,08 | 44 - 29 94,603
1944 322 326 40| 70 — 316 | 156,946
1945 355 143 3,351 01 189 26 | 149,666

Source Navied-Fa-card, “Individual Statistical Report of Patrent
Legend for abbreviations
REM.

ACD—Ad 4 C

y
LPTE~Cxisted priot to Disability
enhstment, AD—Additional Diagnosis
A—New Admissions RA—Resdmusaions

reason only 43 cases of rheumatic fever were assigned to the San Diego
Naval Traning Center (see Table 5). The statistieal records on rheumatic

1 Chromic erthritis, histed 1n Navy nomenclature as distinet from arthritis defor-
mans, became s disense of great importance during the four war years Detween
January 1942 and 1946 there were 25,478 eases  The rate per 100,000 rose progres-
#wvely each year from 63.2 1n 1938 to over 300 10 1944 and the first eight months of
1945 As & cause of man days lost and as a csuse for imvaliding from service, It rose

from wnaignificance to seventh place and fifth place successrvely Leas than half of
these patients had anv hiatary af arthet o nmonm bn antan —o - "

.. ‘- ..

under 2 and the highest 1n the age group of 45~4  The rates per 100,000 for these
0 groups were 47.5 and 2,263 3 respectively  The morbudity rates per 100,000 for
enbisted men was 263 9 aud for officers 146 1
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which are not included in the scarlet fever statistics. Likewise, there were
more cases of theumatic fever than were recorded under this diagnosis,
Altogether 21,209 illnesses were classified as rhetmatic fever (Table 3).

TABLE 1
The Qceurrence of Valoular Heart Diseases
Navy and Marine Corps, 142~1045

| Admissnons l
Disgnosis and Sick.
o {wew [ e | A [aw [ a0 [ m | P
Aortic and Mitral Tosufficiency
Total . s | 215 | 3u 72 72 | eslo
1942 1 wn ]| 1 2| - 1 3,47
1943 24 a9 [ a 0| — 1 | 1630
1044 31 B[ 8 6] — 2% | 2370
1045 5 5] s e o | 2085
Mitral Btenosis
Total 922 | 364 23 | 85 J 19 _J 83,620
1042 10 R ]| - B 7,600
1913 9 37 | &7 8| — u | s
198 5 208 | 18 68 — B | 3284
1045 102 87 | 139 8| 8 7 | 201
Mitral Tnsufficiency
Total 1788 | me | 1,207 | 10 | 3es | 210,60
1042 29 a2t | = | 7 | 20,087
1913 & 57 | 1w e - 39 | 49,88
194 153 55 | 6 s — | us | e506
195 a1 285 | au s62 | 180 | 204 | 74,8%
Source Navmed-Fr-card, istical Report of Patient
Legend for abbreviations
REM ind! ACD—Admitted C 5
EPTE—Exsted prior to Disability
enlistment AD—Additronal Diagnoms
A—New Ad RA

However, in the Navy, only one diagnosis is assigned at one tune to each
illness. At least 8,089 patients with rl tic fever who developed
cardiac stigmate were classified under valvular heart disease. These
data are shown m Table 1. In addition, there were 14,150 cases
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classified as acute arthritis* These data are shown in Table 2. Most of
the patients with these diagnoses probably had rheumatic fever but were
given on disch the d is which was idered most ifi
In scarlet fever, the diagnosis was usually made on the station where the
infection was contracted However, this was not true for rheumatic
fever which commonly developed two weeks or more after infection. For
example, a follow-up study was made of a sample of 500 men of & group of
1,598 who contracted scarlet fever mn the winter of 1945 at the San Diego
Naval Traming Center  This study showed that 106 of these 500 men
developed rheumatic fever However, 1n most instances this disease did
not become manifest until therr recruit tramung was completed  For this
TABLE 2
The Occurrence of Acute Arthritrs
Navy and Manne Corps, 1943-1945

Admissions Sk
Yar | Days
Rem EPTE A ACD AD RA

Total 60 | 11,30] 2 189 o3 | 431,818
1942 32 28 o5 10 - kel 30,513
1013 93 142 2,08 | 44 - | 2 94,603
1041 a2z | 3% 40| — 316 | 156,946
1045 255 143 3,351 o 189 06 | 149,666

Source Navmed-Fa-card, “Individual Statistical Report of Patient ™
Legend for abbreviations

REM—Remaunder ACD—Admtted Contributory
EPTE—Existed prior to Dissbility
enlistment AD—Additional Disgnosis
A—New Admsaions RA—Readmissions

reason only 43 cases of rheumatic fever were assigned to the San Diego
Naval Trammg Center (see Table 5)  The statistical records on rheumatic

1 Chrome arthrius, histed 1z Navy nomenelature as distinet from arthrius defor-
mans, became & disease of great portance duriog the four war years  Betacen
January 1942 aod 1946 there were 25,478 cases  The rate per 100,000 rese progres-
suvely cach year from 632 in 1933 to ever 300 in 1944 and the first exght months of
1315 As s cause of man davs lost and as a esuse for imvahding from service, 1t rose
from insigmificance to seventh place and fifth place successively  Less than half of
these patients had any history of arthritis prior to entering the Navy  In more than
half of the Navy paticats the disease followed ncute arthritis and 1n 4 257 1t followed
rheumnatic fever  Less than 155 of eases followed gonocoteus fection  The age
distribution waa striking  Tho lowest morbidity rates occurred 1n the age group
under 20 and the huighest 10 the age group of 4549, The rates per 100,000 for these
w0 groupe were 47.5 and 2,263.3 respectively  The morbudity rates per 100,000 for
ealisted men was 208 9 snd for officers 146 1
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fever understate the extent of the rheumatic process in the U. 8.
]\'avy.

St 1| i y tract infections in young adults of the United
States are accompanied by scarlet fever in not more than 5% of cases and
are followed by rheumatic fever i m not more than 2% of cases. If one

i all of the P fections in the Navy by multiplymg
the cases of scarlet fever by twenty or the number of cases of rheumatic
fever by 50 (Naval 1 were d on enlist to rule out
members with a rheumatic history or rh i ) the Tust

TABLE 3

Scarlet Fever and Rheumatic Fever (Incidence and Rates, by Location)
Navy and Marine Corps, 1042-1945
Computed on Annusl Basis per 100,000

Total Contental Naval  Non Coptnentsl Amll Ships

Year

Tocideace | Rate |hddencll Rate |lncidence | Rate | Incdeace| Rate

Scarlet Fever

Total 59,458i69657 56,917 | 1,00 61| sss| 4552 1,653 | s020

1042 1,343 | 161 51 | 1,180 22024 103 | 9353 65 309
1043 14,040 | 665 91 ; 13,588 | 1,033 62 177 5395 275 [ 56.05
1944 16,953 | 506 09 | 15,978 975 T4 274 | 4051 701¢{ 6768
1945 27,117 } 738 11 | 26,171 | 1,468 88 334 89.95 812 | 57 94

Rkeumatic Fever

Total | 21,200 | 2280 | 17600 | sss 7| Lao1] eros| zam| ms

1042 868 | 104 0O 833 122 97 73| 6620 162 | 77 60
1943 5,807 | 275 42 | 5,005 395 07 288 | 8778 421 | 8642
1044 7,867 | 228 79 | 6,251 38173 505 | 7465 911} 87 95
1945 6,867 1 186 92 | 5,717 320 88 325 | 38 83 825 78 11

is reached that during the four war years at least 1,000,000 personnel con-
tracted a streptococeal infection in the U 8 Navy. The relative ineidence
of these diseases as they oceurred in the Navy i3 summanzed 1 Table 3.
This table prepared from statistical reports of The Burean of Medicine
and Surgery shons the morbidity rates per 100,000 for scarlet fever and
rheumatic fever m the continental districts were several times in excess of
those in non-contmental arezs and aboard ships. The rates aboard ships
exceeded those 1n non-contmental arcas  However, the rates aboard ships
reflected to n degree infections contracted ashore within the continental
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limits The highest rates within the continental limits occurred each year
m recruit training czmps. These carops were located in states where the
civilian searlet fever rates per 100,000 remained at the relatively low levels
of 104 1 1043, of 163 in 1914, and 125 in 1945.

SIGNIFICANCE OF THE NAVY'S STREPTOCOCCAL FROBLEM DURING WORLD
WAR If TO THE ECONOMY OF THE UNITED STATES

Streptococeal diseases were costly to the Navy i the loss of man days
Excluding nearly one million man days lost through heart disease and
polyarthntis, theumatic fever vanked third m the loss of man days to
disease, Each sick man required the attendance of two medical personnel.

TABLE 4
Average Number of Days Spent on the Sick Liat in 1342-1343 for Discases Commonly
Instrated by Streplococcus Hemolyticus

Dixgnosls Mun-Days Loss

Catarrhal fever acute
Rhimtss, acute .
Pharyngitis, acate
Tonailhtis, acute
Laryngits, acute
Tracheitis, acute
Bronchitis, ncute
Tracheo-bronchitis, seute
Otitts medsa, acute
Bivusitis, acute

Bearlet fever .
Preumonta, bronchral
Mastorditis, acute
Rheumatic fever
Empyema (estimated)

NFOMCRBANR DTN O

BRBBRESBwoanman

In many mstances, be was required to repeat s traming  The time that
cach man spent on the Sick List was determuined by the character of his
disease  Tn 1942 and 1943, days lost varied from 4 910 the muld upper re-
spiratory tract infections, classified in many instances as “eatarrhal fever,”
1o an estimated 100 for prmary 1 7 with
The average time lost 1n various streptococeal diseases 1s shown in Table 4.
The Traming Center at Farragut, reported during ifs first year that with
an average strength of 43,000 there were at least 50,000 mmor streptococeal
infections of the naso-pharynx, 4,973 cases of scarlet fever, and 1,375 cases

* This disgnoms mas not i the Navy claseification and the time lost 15 estumated
from suppurative pulmonary 1afections due to respiratory tract pathogens
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with rheumatic fever, heart disease and suppurative infections) will amount
to hundreds of mllions of dollars,

THE INFLUENCE OF GEOGRAPEICAL LOCATION ON THE MAGNITUDE OF THE
BTREPTOCOCCAL PROBLEM

Table 5 shows the morbidity rates for scarlet fever and rheumatic fever
at large Naval activities during the last three years of World War IT when
rheumatic fever as well 28 scarlet fever was reported. The seasonal dis-
tribution of respiratory tract diseases is shown 1n Figure 1 and of four
streptocoeeal diseases 1 Figures 2a and 2b.

In New England high morbidity rates for scarlet fever and rheumatic
fever were reported from the Newport Traming Center. In New York
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Btate high morbidity rates for scarlet fever and rheumatic fever were
reported from the Sampson Naval Traming Center. On the south Atlantic
seaboard hugh morbidity rates for scarlet fever and rheumatic fever were
reported from Baiwbrnidge Naval Tramning Center. In the South, high
morbadity rates for scarlet fever and rheumatic fever were reported from
the Naval Air Technieal Traing Centers at Memphis and Norman, In
the Southwest Ingh morbidity rates for scarlet fever were reported from the
San Diego Naval Trammng Center in 1944 and 1945 In the Northwest
tugh morbidity rates for scarlet fever and rheumatic fever were reported
from the Farragut Naval Tranmg Center.  In the Midwest high morbidity
tates for searlet fever and rheumatic fever were reported from the Great
Lahes Naval Traming Center and the Chicago pre-radio traming schools
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lassified as rh tic fever or th tic heart disease, The estimated
man days lost to minor atrep 1 infoctions of the -pharynx wag
285,000, to sheumatic fever 126,637, and to scarlet fever 108,903, The
loss in man days from these three manifestations of streptococeal infections
in the first year at Farragut was §20,615. The care of these patients re-
quired 1,641,200 days o the medieat staff.  Altogether over s milhon and s
half days were consumed at a cost in salaries estimated at sbout §5,000,000
and a potential cost in pensions for 1,375 eases of rheumatie fever of (510,
000 per case} $13,750,000. These estimates are for one station, for only

SEASONAL TRENDS-SELECTED RESPIRATORY DISEASES
CONTINENTAL, ACTIVITIES DMLY
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1D i NavalActivities
1o the Umited States (1~ Tom Stulahta i N-vy Medicine)
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one year, and for only three streptococeal manifestations which do not
include the diseases.  Furth these do not
indicate the cost of convalescence, For esampie, two large convalescent
hospitals were b\n\t by the Navy to care for rheumatie fever patients.
‘These were X to and mai There can be httle
doubt that the total cost to the Unuted States for o million Navy strepto-
caceal mfections throughout the war years, including more than §9,000
cases of scarlet fever and over 40,000 eases of rheumatic fever, theumatic
heast disease 2nd acute arthritis (with pension possihilities for patients
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with theumatic fever, heart disease and suppurative infections) will amount
to hundreds of millions of dollars.

THE INFLUENCE OF GEOGRAPHICAL LOCATION ON THE MAGNITUDE OF THE
STREPTOCOCCAL PROBLEM

Table 5 shows the morbidity rates for scarlet fever and rheumatic fever
atlarge Naval activities durmg the last three years of World War II when
rheumatic fever as well as scarlet fever was reported. The seasonal dis-
tribution of respiratory tract diseases is shown in Figure 1 and of four
streptococeal diseases m Figures 2a and 2b.

In New England high morbidity rates for scarlet fever and rheumatic
fever were reported from the Newport Training Center In New York
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State high morbidity rates for scarlet fever and rheumatic fever were
reported from the Sampson Naval Traning Center. On the south Atlantic
seaboard hugh morbidity rates for scarlet fever and rheumatic fever were
reported from Bammbridge Naval Trammng Center In the South, high
morbidity rates for scarlet fever and rheumatic fever were reported from
the Naval Air Techmeal Tramning Centers at Memphns and Norman, In
the Southwest high morbidity rates for scarlet fever were reported from the
San Diego Naval Traming Center n 1914 and 1945 In the Northwest
high morbidity rates for scarlet fever and rheumatic fever were reported
frata the Farragut Newak Tramng Center.  Inthe Myde est ogh merviddy
Tates for searlet fever and rheumatic fever were reported from the Great
Lakes Naval Trammg Center and the Chicago pre-radso trammg schools
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at Herzl, Manley, Wright, and Navy Pier. These observations show
that high morbidity rates for these diseases occurred at Recruit Training
Centers irrespective of location. The rates at centers located in the North
were higher than those located in the South. The highest incidence of
streptococeal diseases among recruits occurred at the Navy’snorthernmost
training centerin Farragut, Idaho. In northern states the “streptococeal
season” began months earlier and ended months later than in southern
states. Scarlet fever occurred in high incid throughout the summer
months only at the Farragut Training Center. This unusual seasonal
trend is shown in Figure 3.

SCARLET FEVER RHEUMATIC FEVER

ML ICOERGE RATE FER 1000

s L i AN
SAZeROITRAN L TN uR 3TA2oN0ITFNAGsiTTonE il
vl

¥1e 2b The Scasonal Dlstnbulmn of Scarlet Fever and Rbheumatic Fever
(From Statisties of Navy Medieine )
THE INFLUENCE OF FACTORS OTHER THAN LOCATION ON THE MAGNITUDE OF
THE STREPTOCOCCAL PROBLEM

Conditions inherent 1n the traiming of recrmts appeared primarily respon-
sible for the Navy’s streptococeal problem during World War II.  The
cessation of recruit traming at Newport in 1944, at Farragut early in 1945,
and at Sampson Iate m 1945 was followed 1n each instance by a sharp fall
1n the scarlet fever morbidity rate At this tune, morbidity rates rose at
those centers which continued recruit traiming

Another factor that appeared to predispose to high morbidity rates
was the transfer of members of the Qutgoing Unit of a training center to
distant Naval activities This dissemmnation of nfections by drafts of
transfers was by no means hmited to hemolytic streptococeus A severe
outbreak of memngococeus infection 1n Davisville, Rhode Istand followed
the arnival of construction battabon men from Wilbamsburg, Virginia
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(11). Diphtheria, mumps, meastes and other commumicable diseases were
spread by transfers from one station to another. However, the magnitude
of the 1 problem t ded other problems in and
seemed to be determined to a large degree by the transfer of communicable
strains of hemolytic streptococcus which were highly pathogenic to man.
Naval stations that recelved o transfers from traming camps escaped
severe 1 outt ive of location and season. For
example, at Quonset, Rhode Islsnd where young aviators were barracked
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Fi1a 3 The Unusual Seasonal Trend of Stregtncocul Infections Recorded
at Fareagut, I

in quarters smilar to those at Davisville, the average three year morbidity
Tate for scarlet fever was 166. Ten miles away at Davisville, Rhode
Island, where an older group of men were trained for construction bat-
talons, the average rate was 54 In 19451t was 112  Quonset recerved
its men from civihan hie. At Dawvisville, the ncoming drafts mcluded
taen from traiming centers where were epids

Sporadic small of st ! 1nf! otcurred at the Quon-
set Arr station among persons who, in most wnstances, bad come durectly
from civihan hfe However, 1n the absence of transfers from recruit
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training camps there was no epidemic at Quonset. This was true also at
the Armed Guard Center, Brooklyn, New York. There, although the
environmental conditions appeared predisposing to the spread of contagion,
the average scarlet fever rate was only 1.1, Other Naval activities that
received no transfers from recruit training also eseaped streptococeal
outbreaks. Scarlet fever was no problem at any of the Camps of the U, S.
Marine Corps. For example, the average morbidity rate at Camp Lejeune
in North Carolina was 1.1 and at Parris Jsland, South Carolina was 0.3,
Likexwise, scarlet fever was no problem at the Air Stations. For example,

b <,
bR

il

[ 1944 MORBIDITY RATES. |

Malana

Fio & AG of Rates for
and Poliomyelitia

the average morbidity rate at Jacksonville, Florida was 0 1, at Pensacola,
Flonda 02 and at Corpus Christi, Texas, 0.1. These three air stations
were located in the deep South, where enviranmental conditions may have
been unfavorable to the spread of hemolytic streptococeus, however, the
northern air station at Quonset, Rhode Island had hitle scarlet fever
when streptococeal outbreaks oceurred a few miles away at Newport and
Davisville Likewige, when scarlet fever epidemics occurred in trainmng
centers of the South at Memphis, Tennessee and San Diego, California,
the air stations situnted less than ten miles away escaped this disease,

The highest scarlet fever rates among seasoned personnel oceurred m
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the pre-radio schools of Chicago The average annual rates per 1000
were 129 6 at Wright, 91.1 at Manley, 181 0 at Herz! which was in opera-
tion only during the last year of the war. These three schools had a
turnover of personnel every month. All trainees came from the Out-
gong Units of Naval Training Centers  In contrast,a comparable school
at Anthony Avenue, Chicago had the low scarlet fever morbidity rate of
0.6 in 1944-45. The personne] of this school did not come from recrust
tralning camps. At Treasure Island where seasoned men were trained,
scarlet fever morbidity rates were low except in the Radio Materiel School
This school received men from the radio school at Del Monte which
turn recewved transfers from the Chicagoe pre-radio schools* Wnght,
Manley and Herzl
SUMMARY

Streptococcal infections durmg World War II caused a great loss in man
days among Naval personnel and a great expense to the American publie.
The meidence of these infections was highest m the recruit traimng camps
smmed in northern scates The relative mgnificance of streptococeal

melaria and p litis 1s shown in Figure 4.
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THE MECHANISMS OF SPREAD OF STREPTOCOCCUS
HEMOLYTICUS WITHIN A NAVAL
TRAINING STATION

Air-borne epidemics of streptocoeeal infections of the upper respiratory
tract are ordinarily gradual in onset even though they periodically cause
il in civilian lations of A ican cities. This was not true,
however, of infections presumably nir-borne at Naval Training Activities.
TIrrespective of size and location, streptocaceal outbreaks had precipitous
onsets and \nthm a few days or few weeks strcptucoccal 1nfettlons beeame
widely d d among what app d to be well segregated camps of
Naval Traiming Centers. A satisfactory explanation for the rapid spread
of hemolytic streptococeus at Naval Activities has not been fortheoming.
‘The present report deals with some of the determining factors at seven
large trammng Activities. These Activities situated in widely separated
parts of the United States, are:

(1) Naval Air Technical Traming Ci d—Memphis, T

(2) Naval Air Techmeal Training C {—Norman, Oklah

(3) Naval Training Center—San Diego, California.

(4) Naval Traning Center—Great Lakes, 1linois,

(5) Naval Trammg Center—Sampson, New York.

(6) Naval Training Center—Bainbridge, Maryland.

(7) Naval Traiming Center—Farragut, Idaho.

The Traming Centers at Great Lakes and San Diego were permanent
installations which were enlarged during World War II. The remaining
Achvmes were constructed m World War II along similar lines and with

There was iderable vanation from station to
station in the utilization of space, cleaning techniques, handling of person-
nel, traming programs and other points of possible significance  Neverthe-
less, the general policies and principles for handling both well and sick
personnel were similar

Irrespective of size, the general plan of each installation was sumilar.
The plan of Farragut Naval Traming Center 1s lustrative (Figure 1).
This figure shows seven wndividual recrmit camps, the areas for Service
Schools, Ship’s Company and ervihan personnel, and the near-by Naval
Hospital. At each Activity the Naval Hospital served the station but
was under o separate medical command  The relatively permanent sta-
tion personnel lived near, but not 1. recrust areas. Eachrecrnt camp wasa

18
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distmet umt sharmg only the Naval Hospital, auditortums, chapels and
certain highly specialized facilities for traming Each had its own drill
hall, mess hall, Ship’s Service (recreation building}, one or two dispensaries
with wards for mmor scute mfections and about twenty, two-story bar-
racks. Thesc barracks had wooden floors, were stezm heated, and con-
tained open dormitories with double-decked bunks,

The Naval Hospital was usually a group of one-story steam heated
butldings with open wards. The basic bed capacity was in most instances
over 1,000 and this was iderably by the use of double-decked

SITUATION OF CAMPS AT FARRAGUT NAVAL TRAINING CENTER

Fig 1 The plan of a Traunng Center typical of those built duriag World War II

bunks The floors were planked and were ordinarily not covered with
asphalt tile or lmoleum With rare exceptions there were no cubicled
beds for solation, however, each hospital ward had one or more “quiet
rooms” for critieally ill patients At Great Lakes Naval Traimng Center
the McIntyre Dispensary was designed along these hnes to serve as a
hospatal for the recruits of this Training Center

The appearanee of a sulfonamide resistant (Re)! stramn of hemolytic

* Sulfonamide resstant straws will be referred to as Re strains  The degree of 1n

witro resistance to sulfadiazine will be sufived  For example Re 25 means resistant
10 vitro to 23 mg S5 of sulfaciaine



20 EPIDCMIOLOGY OF HEMOLYTIC STREPTOCOCCUS

streptococeus on 2 station was in most instances followed by a rapid spread
not only throughout a camp but also throughout all camps where men were
receiving trammng. Therc were, however, striking exceptions. For
example, two sulfonamide resistant strains of type 10 did not spread at
Memphis NATTC 1n the fall months of 1944, Furthermore, at each
station the Negro trainces cither escaped infections with Re strains which
were epidemic on the station or expenienced relatively few infections when
the epidemic process was waning, At Memphis an epidemic Type 17 Re
strain spread rapidly from barrack to barrack but was practically limited
to one training group, the radio men. At San Diego, an epidemic type
17 Re stram caused high morbidity rates in one recruit eamp but for months
was not recovered in contignous camps on the station. So far as can be
determined, this difference was not attributable to the capacity of the
bacterium to spread. It scems more likely that the differences in the
handling of personnel and in a number of techniques used on these stations
were the significant factors These can be best envisaged by examining
the mode of spread of hemolytic streptococcus at several Activities.

A THE SEQUENTIAL SPREAD OF HEMOLYTIC STREPTOCOCCUS
IN RECRUIT COMPANIES

At Training Centers the ineid of p ] infections in com-
panies of new recruits was characteristically low during the first two weeks
of trainng and then rose to a pesk during the latter half of a traiming
period It was pot known, however, whether these streptococcal infec-
tions were caused by strains introduced by recruits on arrival or by strains
already present on the station To collect information on this point,
throat cultures were made of men of two recruit companies during their
period of training and following their two weeks’ leave at the end of train-
ing. Cultures of Group A hemolytic streptococcus were typed and tested
for sulfonamide resistance. This study was made at two camps of Far-
ragut Naval Trammg Center during the fall months of 1944, when sul-
fonamzde resistant strans of type 19, 17 and 3 were prevalent. A similar
study was later made at Great Lakes Naval Training Center (See Chapter
XVII),

The complement of the two Farragut compames selected for study
fluctuated es sck men were withdrawn and convalescents from other
companies were added. The data on complement are:

Company  Company

K365 #3068

Total recruits 1n original company 100 100

Total recruits at various times 108 108

Total men dropped from onginal company . &7 ;;
. B

Total men graduated who were cultured
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A qummary of the findings is:

1. First week, 9-12-44: Group A hemolytic streptococeus was recovered
from sic throat cultures. Two were sulfonamide sensitive type 2 and 3
straing. Another wes a type 19 Re 5. This stzain was prevalent at
Farragut in September, 1944, The culture was obtained from a man who
arrived at Farragut with a “cold” and spent mine days in the Receiving
Unit prior to enterng the recruit camp, No throat culture had been
made on arrival  Group A hemolytic streptococcus was recovered from
three additionat throat cultures. All were sulfonsmide seouitive strains
but the type was not reported.

2. Second week, 9-19-44: Six additional cultures of group A hemolytic
streptococcus were obtained  These were type 19 Re 5, type 17 Re 23,
sensitive type 19 and three group A orgamisms, the type and resistaoce of
which were not reported

3. Sxth week, 10-24-44: Fighteen additional cultures of group A
hemolytic streptococcus were obtamed. Seven cultures were types 19 Re
25 {two), 19 Re 1 {two), 17 Re 125, 17 Re 25 and 3 Re 1. Six coltures
were sulfonamide sensmtive types3,6,1and 36 There were five additional
cultures contaimng sensitive group A organisms, the types of which were
wot reported

4. Eighth week, 11-6—44> Thirty-two additional cultures of group A
hemolytic streptocaceus were obtained. Twelve cultures were types 3 Re
1 (two), 19 Re 1 (four), 19 Re 5 (three), 19 Re 25 (two) and 17 Re 25
Erght cultures were sulfonamide sensitive types NCT, 3, 1, 17 and 19
‘Ten cultures were types 3 (five), 19 (three), 36 and 6 with resistance not
reported  There were two cultures contaming group A orgamisms, the
type and resistance of which were not reported.

5 Tenth week, 11-20-44. Twenty-one additional cultures of group A
hemolytic streptococcus were obtamed  Nine eultures were sulfonamuide
senstive typea NCT, 1,3, 17 and 36 Five cultures were types 3 Re 5,
17Re5, 17Re25,19Re land 18 Re 5 Four cultures were types 3 (two),
17 and 19 with resistance not reported.  Three cultures contamned group A
organisms, of which the type and resistance were not reported.

6 Final week of traming, 11-27—44: Nineteen additional cultures of
group A hemolytic streptococcus were obtained. Eleven cultures were
types 3 (four), NCT (three), 17 (two), 19 and 36 mith resistance nat re-
ported  Eight cultures contamed group A orgamsts, the type and resist-
ance of which were not reported,

7. Final eultures 1 ongpnal companies were made m the Qutgomg

Unit after two neeks’ teave: One hundred and six men of these two com-
pamies were cultured again prior to transfer  Twenty cultures (18 9%)

contamed group A hemolytic streptococcus  ‘The type and resstance of
these organisms were not reported
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These two companies entered training with & Group A streptocoecal
throat carrier rate of 19, or less.  One of the six original carriers had been
assigned to a recerving barrack for nine days. He developed pharyngitis
four days aiter arrival at Farragut, Idaho and on entering a recruit train-
ing company carried type 19 Re 5. This organism was then prevalent at
Farragut. It appeared that he had probably acquired this infection
shortly after arrival. By the second week, type 17 Re 125 was present
and durmg thc next month Re stratns of types 19, 17 and 3 were widely

ghout these tw i The peak of new implanta-
tions occurred in the eighth weelk. At least GS of the original 200 men
acquired the strains of hemolytic streptococcus prevalent at Farragut and
88 (42%) of these men were dropped from the companies chiefly because of
etreptococeal infections. A large percentsge of these men vere carriers of
strains of Group A hemolytic streptococcus both when they returned hame
on leave and when they were transferred to other Naval Activities

L. CONDITIONS OF RECRUIT TRAINING CONSIDERED PREDISIOSING TO THE
TRANSFER OF STREPTOCOCCAL UPPER RESPIRATORY TRACT INFECTIONS

The degree to which each recruit company became infected while in
training was determned ot least in part by location and season.  Howerver,
irrespective of these two vanables, the stmptucoccul morhldxty rates at
several stations were and on These exces-
sive rates were confined almost entirely to men in training. They were
caused by pathogens already present on the station and pot by bacteria
mtroduced by mew arnvals, New arrivals were exposed to unusual
hazards and n many ways to contact with contagion during a training
period which varted from six weeks to three months. The hfe history of a
recrurt 1llustrates this point:

The recrust usually arrived at a Naval Traming Center after a long trip
in an overheated troop train  He was first given a physical examination
and housed m a Receiving Barrack which was commonly overcrowded
and probably seeded with epidemic strains of hemolytic streptococcus.
When his company was formed he was assigned to a barrack in a recruit
camp This barrack had been vacated for only a few hours prior to his

The former of the barrack had probably experienced
a high incid of i and had bad s high carrier
rate on departure The bzm-ack was not cleaned or was just recently
cleaned, and its dust was heavily cunum:mawd with the prevalent strams
of hemolytic strep The t of this recruit’s company
was not confined to new arrvals from civihan hie but usually included
men of earhier companies who were convalescent and were still carriers of
hemolytic streptococcus. This resulted 1n exposure of the recruit to hemo-
Iytic streptococeus within hig barrack, bath by direct contact with human
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carners and through the imhalation of contammated floor dust. This
exposure to contarmmnated floor dust was increased by the Naval cleaning
techmque for the polishing of floors  Rubbimng with “steel wool” and then
dry sweeping was done during the day and frequently just before bed time
when the barrack was crowded and the windows were all closed  Crowd-
g of the barrack to 509 above the planned eapacity was common, owing
m part to sudden rapid expansion of training programs and in part to
fallure to use all avarlable barracks. The mir temperature within the
barracks was generally higher and the humidity lower than those to which
the recrust had been accustomed in ervilian Ife.

Other physical adaptations had to be made during the early weeks of
traming  The recruit had to learn to swim 1 an indoor pool of warm,
chlonnated water and then stand “outdoor watches” m fog, rain, snow or
fr.zing temperatures  Some of these “watches” ocourred dunng the night
whenhe was accustomed to sleep The hours of sleep were usually less and
the nang hour eather than those to which the average recruit was accus-
tomed  While becommg adjusted to these strains, he undersent physical
reactions followmg immunizations agamst small pox, typhoud fever, tetanus
and yellow fever

Exposure by direct contact to hemolytic streptococcus soon oceurred
withie his barrack.  Older recruits from other companies were discharged

1 1nf

from the hospital and while \! from
were assigned to the barrack of the new recrmit. Furthermore, company
mates n the early stages of vi had visited thed s

Y
had been seen by a hospital corpsman and, because of the low degree of fever
and absence of rash, had returned to the barrack only to develop scarlet
fevfﬂ' the following day  Other company mates with streptotoceal pharyn-
eitis and hittle fever were dizgnosed as having “catarrhal fever” by hospital
corpsmen and had also been returned to the barrack  Withw the barrack
the new recrmt became exposed to an mereasmgly large number of men with
streptococeal diseases

Outside of the barrack the new recrmt mived with men In various stages
of recrust, trammg  These men occupied other barracks but shared the
same recreation building, drill hall and diming hall  Furthermore, they
used the same gas masks at drills and occupled the same class rooms as the
new recrit  If the new recrwit eseaped streptococcal mfection m the
barrack, he probably contracted & “bad cold” and reported to the dis-
Pensary at Sick Call  There he came nto contact with s large number of
men 1n the exrly stages of streptococeal discases

€. LINKS IN THE CHIAIN OF GPREAD OF RE STRAINS ON A NAVAL STATION

The U 8, NXavy grew during World War II to more than twice the size
ongmally planned This expansion required a comparable 1nerease 1
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medical officers.  Howev cr, physncmns W ere not readily available; the
Medieal Corps was k Is for assign-
ment reccived priority. Thc result was o chronic shortage of medical
officers at Naval Training Centers.  This shortage v as felt most during the
seasons when icable diseases were p fent, For example, at
Farragut in the fall months of 1913 the station population was about 60,000
and there were only 15 medical officers to handle the administrative and
clinical problems In the fall months of 1944 there was a sumilar acute
shortage which required the immediate transfer of 28 physicians to Farra-
gut, This situation obtained also at other training centers Since there
were not cnough medical officers to man the dispensaries of each recruit
camp several training centers closed one of the two dispensaries in each
camp. Sick Call for about 5,000 recruits was then held in & smgle dis-
pensary.  With only half of the di in operation d of
streptococeal infections oceurred not only at Farragut but also at Sampson
and Bainbridge.

1. The Camp Dispensary: Data were not available on the number of
men who attended Sick Call because of a “cold” and returned with searlet
fever a few days later, However, this was recognized to be & common
experience. Furthermore, on at least one occasion, an outbreak of diph-
theria d m three ding Sick Call with a man who
had diphtheria. Patients from these compsnies were confined in the
dispensary ward with men later found to have diphthema. Exposure
occurred at Sick Call and later in the ward (12).

The camp dispensary was adequate in design to care for a moderate
number of men at Sick Call and for the bed care of men with non-com-
municable diseascs. The eflective functioning of a dispensary ceased
when minor y )] became prevalent. At these times,
men were crowded together m line within a narrow corridor for hours where
they waited to be examimed. The recruit with a munor surgical complaint
or a reaction to typhoid 1noculation was brought into close contact with
scarlet fever patients at Sick Call. Furthermore, febrile recruits were
packed clase together in the double decked bunks of the dnspensary \\ards
jrrespective of whether they had p
studies showed that the floor dust of wards and corridors in the dispensary
became heavily seeded with Group A hemolytic streptococeus.

1t was not uncommon during the winter months for the daily dispensary
sick call to exceed 500 men. All of these men were seen by hospital corps-
men but only those ot ly 11l were ined by the di ry medical
officer. The corp took oral of all men with a few
thermometers which were either wiped off with an alcohol sponge or dipped
into a bottle of aleohol and then passed from mouth to mouth as rapidly as
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possible  In most instances, the corpsmen decided on the basis of the
febrile reaction whether a man should return to duty, rest i his barrack or
soe the dispensary physician who admatted the patient with a frank strepto-
coceal throat mfection to s dispensary wards unless there was a searla-
timform eash  In this case, the patient waited and was transferred to the
Naval Hospital. Sick Call provided direct contact between sick men from
many barracks Furthermore, mdirect exposure to the organisms already
seeded in the floor dust occurred when dispensary floors were dry swept
just prior to or during Sick Call

The reeruit who came to the dispensary with “a cold” was exposed to
inoculation with hemolytic streptococcus when he was treated by the
corpsman  The corpsman, wishing to reheve the patient’s symptoms,
wsually apphed a nasal spray to shrink the mucous membranes A mist
way supplied i some mstances from nebulizers, the tips of which often
went from one man’s nostrils to another’s without being sterihzed  Fur-
thermore, most d were d with ts for forcng
mists into the nares under positive pressure  The stock instruments used
from the Navy supply were number 86-220 {Cabimnet Specialists Treat-
ment 110 volt 60 cycle AC) or number 6-090 (Compressor, air, electnic
tankless 110 volt AC-DC). The jets and adapters were rarely stenilized
during periods of heavy Sick Calls Most of the solutions used for the
relief of symptoms were in bottles with jets attached. Many of these
solutions were bacteriostatic  However, this was not true of a solution of
Neosynephrin sprayed mto the naso-pbarynx of large numbers of men,
which contained 2 pure eulture of type 17 Re 25. This strain had given
nise to an epidemic of scarlet fever at Great Lakes  Rapid mass mocula-
tion of men from all barracks of & camp with a highly pathogemie organism
was made possible by this widely used techmque of injecting solutions
mtranasally through pressure sprays Crowding, the mhalation of con-
taminated dust and nasal sprays made Sick Call an effective muxing
bowl for all respiratory pathogens within the camp.

1f the recrwit appearing at Sick Call was found to have an erythematous
rash i addition to an inflamed pharynx, he was transferred to the Naval
Hospital by ambulance. Because of the shortage of ambulances, he shared
this transportation with men having measles and other commumicable
diseases  The eamp dispensary appeared to be probably the most -
portant link 1n the rapid spread of streptococeal infecttons from a barrack
throughout a camp

2 The Station Hosprial - A Naval Hospital served each traming station,
it cared for men with surgical disorders, major medical problems and com-
munteable diseascs, Streptococeal nasopharynmtis was treated m the
wards of camp dispensanies, however, scarlet fever was treated 1n the
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hospital's contagious disease wards which with few exceptions were open
and without cubicles, In hospitals with eubneles, the number of isolation
beds was adequate for only a small proportion of the cases that occurred
during an outbreak of scarlet fever. Furthermore, during the winter
months these wards frequently had double-decked bunks and erowded with
single beds in the center aisles, On one day each week (Field Day) sl
beds were moved around so that the ward eould be polished for inspection,
This cleaning process placed paticnts with different diseases in close provtm-
ity to each other. There were no facihties for the handhng of contagion
and no consideration could be given to prevent cross-infections, Serial
studies made of the bacterial throat flora of recruits on entering and Jeaving
the contagious disease wards of four Nuval Hospitals, showed that at
Jeast 25% were cross-infected and that they carried back to their camps
streptacoceal strains different from those with which they had been in-
fected prior to admission to the hospital.

Ob secovery from scarlet fever, the patient was nob returned to his
original ecompany. He entered & new company of reeruits whe were in
the same stage of training that he had been when scarlet fever was con-
tracted. The effect of seeding convalescent streptococeal patients in &
new company nas determuned m the following way:

A free of the p fent types of hemolytic strepto-
caceus happcncd to be seeded with twe clve men discharged from the scarlet
fever wards of the hospital  Six of these 12 scarlet fever convalescents
were carmers of Group A sulfonamide resistant straing of types 3 and 17,
Approximately one week later ¢hree men barracked in close proximity to
one of the carriers of type 3 developed scarlet fever, The throat Re
strain was n each mstance indistingwishable from that of the convalescent
carner, A sulfonamide resistant type 3 strain of hemolytic streptococcus
had been wntroduced mto this barrack. Men contracting this infection
with o rash were transterred to the Naval Hosprtal, however, those who
failed to develop a rash were treated in the camp dwispensary or in the
barrack  Sulfonamude resistant type 3 hemolytic streptococeus, which was
introduced 1nto this barrack from the Nava! Hospital, subsequently spread
throughout this eamp, Qur findings are s accord with those of Lemon
and Hamburger (7)

SUMMARY

Observations indicate the pamts within a training center at which a new
recruit may be exposed to hemolytie streptococrus,

Sulfonamide resistant strams of hemalytic streptococcus were intro-
daced by Quigowng Unit personnel from several Naval Activities into
Service Schools  When Service School men sith scarlet fever came into
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close contact with recruits in the hospital wards, the contacts earried
Service School strams of hemolytic streptococcus back to recruib camps
barracks. These strains were spread rapidly throughout a camp by men
attending Sick Call at the camp dispensary and throughout the station
by convalescents returning from the scarlet fever wards of the hospital

In brief, the dispensary appeared to be an ntra-camp “mixing bowl”
which gave nise to the rapid passage of mfections to all barracks of the
camp and the Naval Hospital appeared to be an intra-station “mixing
bow ” which made poss:hle the spread of highly communicable strains of

lytic strep h all camps of the training statron.




CHAPTER IV

THE DEVELOPMENT OF FOCAL POINTS OF
STREPTOCOCCAL INFECTIONS EARLY
IN WORLD WAR II

The dangers of devastating fires are widely recognized and much atten-
tion is given to protection against their spread  Furthermore, it is the
rule for ervilian, government and military groups to spend generously on
insurance agmnst damage by flames Fires still occur; however, their
spread is now usually limited by effective control measures. The estab-
lishment of these control measures did not develop by accident. They
were effected through evaluation of the problems, planming in advance,
institution of sound controls and adequate expenditures for combative
equipment and personnel. Expenditures made for the prevention of and
insurance against destructive fires have proved their survival value in the
national economy. The damage to man caused by fire is now small in
comparison with the results of eprdemic diseases.

Prior to the nineteenth century, the menace of a devastating disease
was not widely appreciated unti! an epideme had occurred. However, in

recent years and ially since the demic of 1918, intense
research has been directed to the development of measures to prevent
outbreaks of respiratory tract Yet 1

have continued to occur and have proved devastatmg to the economy,
health and hfe of man  The genesis of these outbreaks has been unpred:ct-
able Durnng recent decades hemolytie streptococeus manifested only
mild activity  General concern became lulled; time-consuming and ex-
pensive control seemed y  Conditions 1 from
military tramng brought an increase of streptococeal activity i the war
years By that time, the spread of hemolytic streptococcus had already
been facil d by lack of ot 1solation facilities and combative
man power In final analysss, the measures mstituted to check the epi-
demic process were *‘too hittle and too late

That this need not be the case has been demonstrated 1n recent years
in hospital obstetrical wards The survival of an mstitutior for the care
of obstetrical patients has depended on eternal vigilance against puerperal
sepsis. Exercising control measures aganst streptococcal 1nfections in
obstetrical wards has been expensive and for years outlays may have
seemed uneconomical. Nevertheless, these control measures have sur-
vived because they proved effective and were well worth the cost.

28
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I3 1 activaty was in the U. 8. Navy during
tramieg programs instituted just prior to the onset of World War II.
Wheeler and Jones (13) studied an outbreak at the U S. Naval Traming
Station at Newport, R. L. in the winter and spnng of 1940 and 1941,
They observed that hemolytic streptococeus type 6 gave rise to s high
incidence of scarlet fever, that the meidence of nfections was much higher
in recrints than in permenent personnel, that the highest ineidence oc-
curred among men occupyng & barrack wluch had the highest bacterial
counts 1n the air mcluding type 6 hemolytic streptocaceus  Thrs outbreak,
occurring 1n the wake of a wave of mild mnfluenza, reached a degree of
ntensity that required suspending the admission of recruits for six weeks
1n March and Aprid

Early n World War IT streptocoeeal activity became mtense at another
permanent tranmg station of the U. § Navy Scarlet fever and rheumatic
fever caused high morbidity rates at the Great Lakes Naval Traming
Center duning the winter and spring months of 1942

Later 1n 1042 several large centers were opened for the traming of Navy
recruts  Like Newport and Great Lakes, they were located 1n the northern
part of the United States. Each soon experienced severe outbreaks of

disease. At Bambridge, Maryland, Hodes, Schwentker and

their collaborators (14) showed that the first Group A streptococer to
become predominant nere types 6 and 1. In contrast to the findings at
Newport, this type 6 produced throat infections without a high incidence
of scarlet fever At Sampson, New York the first spring menths of tram-
ing were accompanied by a high ineidence of scarlet fever At each of
these stations streptococcal activity was seasonal. The inerdence of
scarlet fever reached a peak m the spring months and the disease disap-
peared during the summer months. However, there was one station at
which hemolytic streptococcus mamtamed a high degree of activity
throughout the year This was the Naval Tramng Center at Farragut,
Idaho, situated 1n the Rocky Mountams a few miles south of the Canadian
border Within its first year this station became & tremendous reservoir
of hemolytic st 1 diseases. b events shoned that this
center developed mto perhaps the most important focsl point from which
streptococeal infections were spread throughout the Navy The hstory
of this development at Farragut 15 dvided into three phases-

Phase 1 Reeruit traiming began at Farragut in the fall of 1942 For three months
the inesdence of acute streptococeal infections remained within moderate lumits
Tiow ever, streptacoceal morbidity rates soon rose slowly and progressivels At th

. - -
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Phase 2 An outbreak of measles occurred early in 1943 This was followed by a
rapid rise sn morbidity rates for streptococeal diseases in all recruit cxmps at Farra-
gut. By Apnl, the inesd of washigher thanat any
other U 8. Naval Traiming Station This wes the ‘“dissemination”” phase  Epie
demic strains were spread throughout the station

This was the begiomng of an eprdemic process that was perpetuated through
December, 1944 In addition to factors previously moted {(Chpter III) other
conditions which may well have facilitated the spread of hemolytic streptococcus
throughont this long period were briefly

(a) With acceleration of the traiming program n 1343 fresh recruits were added
weekly 1n Jarger numnbers to each camp  The turnover of men was increased as the
training period was shortened and the i of respiratory from
man to man was constantly accelerated

(b) 8trains of hemolytic streptococcus appeared to acquire progressively greater
infectivity.  In one month during the winter of 1043, 77 of all personnc] were on the
Bick List and on oceastons dufing 1913 there were 4,000 men it in bed  Thu high
morbidity was due chiefly to streptococeal infections  The ratio of these 1nfections
wmong groups of personnel was Recruits’ camps 26, Bervice School, 7, Ship's
Company, 2 The highest incidence of 1nfections at thia time occurred between the
third and seventh week of recruit training

{¢) Hospital and dispensary facihitics, which became available for approvimately
1300 bed patients 1p the inter of 1943, were xoan overtaxed Medical personnel
became more and more taved in their effort 1o handle the tremendous nymbers of men
atSick Call  The application of aseptie precautions was not possible in dispensaries.
As noted, barracks i the recrust eamps were needed for incoming trainees on the day
that they beeame empty, and 1t was not possible to air or clean them between the
departure of old and the arrival of now recruits

(d) A vicious cyele 1mtiated late in 1942 and accelerated 1n the winter of 1943
could have been experted to progress until June  If hemolytic streptococcus bad
lost 1ts pathogenicity 1n the summer months, the eprdemic cycle would have been
braken spontaneously Hosever, this did not octur 1a northern Idaho duning the
summer of 1941, and the epidemic state was intensified

(e} Barrack space for the Outgoing Ut was limted to 2,000 men  In 1933 the
roster for this Unit rose to over 10,000 Larger groups of men & ere quartered 1 drill
balls and 1n drained swimming pools  Morbadity rates were high, large numbers of
outgoing men became ill in transit to other stations, the arrival at distant pownts
of transfers trom Farragut Outgoing Unit was fallowed by outbreaks of searlet fever.
Hemolytic streptococcus #8810 this nay disseounated from Farragut to other Naval
Activities

Phase 3 Streptococcal morbidity rates, which had fallen moderately during May

and Juse, 1943, began to rise early 1o August This rud-summer streptococeai out-
break appeared to be “contra-scasonal’’ and was particularly couspicuous since
streptococeal activity at all other Naval recruit traiping centers %as tupmal  This
35 shown 1 Table 1 The streptococeal epidemic eurve chimbed progressively from
July to December 1913 During the first neek of December, 1943, the morbidity rate
per 1,000 per 3 ear for scarlet fever reached the extraordinary peak of 313, the hughest
ever recorded at Farragut
The total morhdity from ! during 1943 at Farragut was
alarmung  In one year thiy traming center with an average strength of 43,000 had
4,973 cases of searlet fever, 1,275 cases of rheumatic fever and a tremendous number of
“vses classfied as tonsilhtis, pharyngitis and “eatarrbal fever * Io December and
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Jauary this bacterium caused approximately 200 cases of primary streptococeal
‘poeumoma sith empyema, pericarditys of lung abscess This syndrome only rarely
observed 1 the Umted States since the pandemzc of 1919 begsn to spread to other
activities The sgents responsible for these infections were 1dentified as hemolytic
streptacoceus types 17, 10, 1 and 3 In one year these strains bad become widely
disseminated throughout the station; they were both highly coramunteable and
highly pathogenie, they were transmutted mithin two weeks to incomng recruits,
they appeared to give rise to streptococcal outbreaks at distant Naval Activities
{hat recerved transfers from Farragut.

FARRAGUT® THE ONLY DANGERQUS FOCAL POINT THROUGHOUT ALL MONTHS
oF 1943

Hemolytie streptococcus caused more than 47,000 mfections among

Naval personnel during 1943 and the morbuwdity rate for scarlet feverreached

a Jevel higher than previcusly recorded m the history of the U. 8. Navy

Focal outbreaks appeared at many points during the spring months in the

northern states Type 19 was the causative agent 1 an outbreak of

TABLE 1
The Incidence of Scarlet Fever during Summer Months at Naval Tratntng Centers
Annual Rate per 1,000 for Six Months of 1943 and 1044

1943

194
NTC —_— e
Juze | Tuly Sept. f Oct | Jone | July | Ave f sept [ oct
Farragut, Idaho 85 169 83 126 {150 |50 64 (94 4‘ 250 %2
Great Lakes, Minows {35 |36 (015 045 41]72/37]213 9ls
Sampeon, New York 111 13510 [0 | 13)0860 10 | 0,83
Basmbridge, Maryland | 29/11{0 | 0 | 0803 [036035 0 16

scarlet fever at The New York Receving Ship on Pier 92 (15)  Great
Lakes Naval Training Center experienced a scarlet fever eprdemic caused
principally by type 17 and to a lesser degree by types 1 and 30 At Navy
Pier, Chicago, type 8 was predonunant 1 a wide variety of streptococeal
infections  Types 19, 18, 14 and 27 were also recovered  Irrespective of
the intenuty and extensieness of these infections, streptococeal activity
subsided durmng the summer months at all Navy stations but one  As
previously noted at Farragut, Idaho, in August 1943, the morbidity rate
for scarlet fever began a sharp nise which was progressive throughout the
year 1013

High rootbulity rates at Tarragut were, bowever, not confined to strep-
torocend infections  Other bactenal and virus infections of the respiratory
tract occurred m large numbers  The 1943 morbidity dsta for several

Tesprratory tract infections at Farragut and at il other traming centers
are presented 1m Table 2.
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It is seen in Table 2 that:

(a) Scarlet fever rates reached a peak at Farragut n May 1943 and then
fell unt:l August. Throughout the remainder of the year the rate varied
between 400% and 40,000% higher than the combined rates for other
traning centers.

(b) Rheumatic fever was first reported from Farragut in Apnl, 1943,
when it was 2709 higher than the combmed rates for other training centers.
By November 1t was 3500% higher,

(e) P reached high bhidity levels during November and
December, 1943, when the morbidity rates were 80% higher then those of
other training centers

(d) “Catarrhal fever” rates were excessive at Farragut every month of
1943. In February, this rate was only 6% higher, but by July 1t was 95%
higher than the rates for other tramning centers

{¢) Mumps rates at Farragut were comparable to other traiming centers
inJanuary, 1043,  After January the morhidity rates v ere between 500 and
£00% higher than the combined rates for other tramng centers

These morbidity data suggested that conditions at Farragut favored the

of ar-borne y tract pathogens, especially some of
the gram positive bacteria and certain viruses.

The ccology of Streplococcus hemolylicus i the Rocky Mountams s
unknown Conditions created in World War I mdicate that the bionomrcs
of this bacterum in Northern Idaho may be unusual In other environ-
ments where Naval Activities were located, epidemtc strams of hemolytic
streptococcus tended to lose their pathogenseity with the onset of summer
weather However, the chnical and bacterologic obsersations made
throughout two summers at Farragut showed that the mcidence of strepto-
coccal mfections remained relatively high  Hemolytic streptococeus maimn-
tamedats pathogemiesty  Infact, 1t appeared that the “epidemic capacity”
of this bacterum was 1ncrensed 1 August 1943 and agam 1n July 1944
These “contra-seasonal” changes are shown 1n Figure 3, Chapter II,

SUMMARY
Whatever may be the relation of cosmic forces to the epidemicity of
Group A st and to the bility of the human host, 1t seems

elear that <ome factor or factors m environment msy Inerease streptococeal
aetiaty

This was stnking at Farrsgut, Idaho, where the commummbxht\- and
pathogenierty of hemolytic were hroughout all
seasons of the year

Larly n World War II the Farragut Naval Training Center became the

focal pownt most likely to disseminate highly communicable and highly
pathogeme stramns of hemolytic streptococeus throughout the Navy




CHAPTER V

PRELIMINARY OBSERVATIONS ON THE SPREAD
OF CONTAGION FROM FOCAL POINTS
TO DISTANT STATIONS

A. EARLY FINDINGS

Approximately 5,000 cultures of hemolytic streptococcus were identified
serologically during the winter and spring months of 1944, The results are
presented in Table 1. These cultures were obtained from 16 Naval
Activities situated in all sections of the United States. The most prevalent
types were 19 and 17 The bactenologic picture differed at each of the
large traning centers and individual variations oceurred at smaller sta-
tions. One outbreak in Pennsylvania was caused by type 30; another near
the District of Columbia by types 14 and 3. At Bainbridge, Maryland,
type 19 was predominant, and type 18, which had been rarely observed
elsewhere, was second in predomizance, Naval Activitiesin New York and
Rhode Island had no predominant type In Illinots, at the Great Lakes
Neval Traming Center, there was also no predominant type; the types
prevalent were 5, 17, 19, 3and ! Type 5 was prevalent only at Great
Lakes. Epidemics at Farragut, Idabo were caused by types 17, 19, 1
and 3.

As early ns 1943 reports were recerved from Naval stations which indi-
cated that drafts of men from Farragut, Idaho were spreading streptococcal
infections following their arnval at dlstune points. These reports indicated
that Farragut transfers had develop i in transit
and on arrival, that the streptococcal carrier rate was high among these
men, that outbreaks of streptococcal infections occurred in the barracks of
the station to which these transfers were admitted. The suggestion that
Farragut infections were being dissemnated to other Naval Activities was
investigated by typing the streptococer of Farragut men and men on the
stations to which they were transferred. In the winter of 1944, nine sta-
tions received most of the Farragut Qutgoing Unit drafts Cultures of
hemolytic streptococcus were obtained from acutely ill men on these
stations and 1dentified at the Typing Laboratory in Bethesda. Types 17
and 19 were found to be prevalent mn all nine of these Naval Activities, type

1)n seven Achvxtles and type 3 mthrec Activitzes. Thetypes of hemolytic

Tomeim b mnmn 4k on nTan munirglant ab thagfateang
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TABLE 1
Serologie Types of Hemolytsc Streptococeus at Naval Traning Stations—1944
Type Busbndge | Famgut | Grestlakes [ Swmpson | LOther | Toul
1 87 103 54 1 31 204
2 4 ] 2 3 3 12
2 o0 &1 72 4% 2% 25
4 [ 2 1 2 0 5
5 28 4 94 29 [ 161
6 2 22 23 £y 18 121
8 [ 1 ° 1 3 5
9 0 3 1 1 0 5
1 [ [ 0 2 0 2
12 27 7 12 3 10 0
13 1 0 1 3 1 [
u 5 22 [ 4 23 54
15 0 0 0 o [} 0
17 6 305 95 2 5] 588
18 8 10 1 + 4 04
19 302 342 78 15 128 935
2 [ [ [ 0 0 0
23 0 0 0 0 [ 0
24 36 2 6 12 6 85
2 [ [ 7 7 4 18
2 4 4 [ 2 2 12
29 6 0 0 2 0 8
30 30 1 3 21 12 67
a1 [} 0 o 0 0 0
2 0 [ 3 2 0 5
3 2 2 1 2 0 7
6 1 20 ) 2 16 45
3 0 0 0 0 o [
38 0 0 0 0 o 0
2 0 0 3 2 0 5
10 0 ° 0 0 0 0
11 3 2 2 9 1 17
12 0 0 0 0 o 0
IS 2 D) 1 2 o 3
44 2 2 1 3 1 9
4 1 0 1 0 2 4
> 134 11 61 168 & 564

Not Group

A 258 135 104 91 178 1,009
Tatat 1,231 1,189 €36 s 660 4,560

Subsequent reports ealled attention to the fact that many men 1 tranut
from recrurt traming centers were exther in the acute stage or 1n the meu-
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bation period of streptococeal infections, It was observed repeatedly that
men from Great Lakes had scarlet fever and tonsillitis 6n arrival st the
Radio Bchools in Chieago and st the Navy Armory in Indianapolis, These
Naval Activities were located between 59 and 200 miles from Great Lakes

Thrce Hustrative examples of these reports are as follaws:

(s} From Portland, Oregon: “An unusual number of admissions not
shown 1 our statstics eame from Farragut, Idaho, persannel on feave or
passing through Fortlard. These men were mostly cases of searlet fever,
many of whom were faken off trains &t the station by our ambulance.”
Portland 15 sbout ten hours by raifroad transportation from Farragat.

(1) From the Radio School in Madison, Wisconsin: “It is noted that
five of the fifteen enses of searlet fever reporting to Sick Bay at this activity
since } January, 1845, developed thew diseases within five days after report-
ing at this station from Great Lakes,” Madison 18 about 100 miles from
Great Lakes

{e) From Gulfport, Missisappr  “Of the two hundred and sixty siz-cases
of scariet fever, exghty-two cases broke out within one week of arrival at
Gulfport, twenty -tight being diagnosed on the day ofarrival”  Forty-pive
of these eases eame from Great Lokes the remainder came from other traia-
ing stations Al of these statians were distant

These observations suggested that raen in the OQutgaing Units of teain-
1ng eenters were being mfected and were spreading infections.

AT NAVY TRAINING STATIONS

Descrsptions of the conditions in Qutgong Units of tw o training stations
serve to mdicate the posstbilities for the epread of contagion amony mea
being transferred to other Naval Actrvities,

{s) Great Lakes: As late as the spring months of 1915 the Ouigowng
Unt of Great Liskes was handicapped by the shortage of medient personnel,
fack of barracking space and madeguate dispensary facilities  The Unit
was housed 1n congested, tnple-bunked quarters. One “barrack’” whick
lleted 2,500 men was a poorly lighted hangar with a concrete Roor.  Per-
sonnel of the Ouvtgong Unit shared with Marines and Service School men
a onp-stoxy dsspensary which was planned to handle the inesses of about
2,000 recrnits but under war time eonditions had to care for 15,000 men.,
During February and Mareh, 1935, over 2,000 men were admitted to the
Sick List from thss dispensary  Transportation faetlities were good and
shout 5,000 men were detached each week from the Outgoing Unit.
However, nerther the medical personnel nor the dispensary faeshties were
udequate for the proper exammation of these men prior to departure

() Farragus: Radroad trasspartation for large drafts of men leaving
Farrazut, Jdalia was inadequaten 1943and 1344, The problem of promgt
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disposition of personnel who had finished recruit traming was unsolved in
the first exghteen months of this station’s service. In 1943 buildings were
erected to billet the Outgoing Unit. However, when crowded, they bil-
leted only 2,000 men, As previously noted, mn Qctober 1943, thera were
between 11,000 and 13,000 men in the Qutgomng Umt. The majority of
these men were of necessity billeted m drill halls, and even in drained swim-~
ming pools. Frequently these men waited weeks or months for transfer

No medical facilitres were available for this large umt and it was physically
mpossible to screen these men for streptococcal throat infections just prior
to detachment.

€. BACTERIOLOGIC OBSERVATION ON STREPTOCOCCAL BRESCRVOIRS
IN OUTGOING DRAFTS

Studies were made on the contamination of Outgoing Unit men and their
gear to determme the mode of spread of streptococcal diseases  Fmndings
2t two stations were illustrative of the observations collected.

(1) Sampson, New York: The contamination of blankets among mem-
bers of the Outgoing Unit was checked at this Activity The culturing
technique used at Farragut {(described on page 124) wasfollowed  Cultures
were made from a random sample of 50 blankets just as Sampson men
were leaving the station, For companson cultures were also made on a
random sample of 50 blankets belonging to armivals from the Great Lakes
Outgomng Unit just as these blankets were taken out of the sca bags In
brief, 1t was found* (a) that nmeteen of 50 Sampson blankets (389%) were
contaramated with Group A hemolytic streptocoecus when the men left
Sampson, and (b) that twenty of 50 Great Lakes blankets (409%) were
contammated with Group A hemolytic streptococcus when these men
arnived at Sampson

(2) Farragut, Idaho: It was not until Jate in the war that congestion of
members of the Outgomg Unit was relieved  Screenng of men for throat
mfections and investigation of their gear became practicable and mn Febru-
ary, 1945, just prior to detachment, nose, throat and blanket cultures were
taken from an unselected sample of 100 men m the Qutgomg Umit to
determine (a) whether these men carred strains of hemolytic streptococeus
m the upper respiratory tract, (b) whether their personal effects, especally
their blankets,! were & reservowr of resprratory pathogens, or {c) whether
both men znd gear were contammated Twenty-two of these men had
had upper respiratory tract mfections withwm the previous month and 16 of
these still had evidence of mfectron None of the other 78 men had a

! Blankets sre issued to enlisted personnel on the day of arrival and carried by

them throughout thewr hfe 1n the Navy More bacteriologo studies of personak
effects are presented on page 127
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bation period of streptococcal infections. It was observed repeatedly that
men from Great Lakes had scarlet fever and tonsillitis on arrival at the
Radio Schools in Chicago and at the Navy Armory in Indianapolis. These
Naval Activities were located between 50 and 200 mules from Great Lakes.
‘Three illustrative examples of these reports are as follows-

(a) From Portland, Oregon: “An unusual number of admissions not
shown in our statistics came from Farragut, Idaho, personnel on leave or
passing through Portland. These men were mostly cases of scarlet fever,
many of whom were taken off trains at the station by our ambulance.”
Portland js about ten hours by railroad transportation from Farragut.

{b) From the Radio School in Madison, Wisconsin: “It is noted that
five of the fifteen cases of scarlet fever reporting to Sick Bay at this activity
since I January, 1945, developed their discases within five days after report-
ing at this station from Great Lakes.” Madison is about 100 miles from
Great Lakes.

{c} From Gulfport, Mississipp: “Of the two hundred and sixty six-cases
of searlet fever, eighty-two cases broke out within one week of arrival at
Gulfport, twenty-eight being diagnosed on the day of arrival.”  Forty-nine
of these cases came from Great Lakes: the remainder came from other train-
ing stations.  All of these stations were distant.

These observations suggested that men in the Outgoing Units of train-
ing centers were being infected and were spreading infections.

AT NAVY TRAINING STATIONS

Descriptions of the conditions in Outgoing Units of two traming stations
serve to indicate the possibilities for the spread of contagion among men
being transferred to other Naval Activities

(2) Great Lakes As late as the spring months of 1945 the Outgoing
Unit of Great Lakes was handicapped by the shortage of medical personnel,
lack of barracking space and inadequate dispensary faclities The Unit
was housed n congested, tnple-bunked quarters. One “barrack’ which
bulleted 2,500 men was a poorly lighted hangar with a concrete floor. Per-
sonnel of the Outgoing Umt shared with Marmes and Service School men
a one-story dispensary which was planned to handle the illnesses of about
2,000 recrnts but under war time conditions had to care for 15,000 men.
During February and March, 1945, over 2,000 men were admitted to the
Sick List from this dispensary  Transportation facilities were good and
about 5,000 men were detached each week from the Outgomng Unit.
However, neither the medical personnel nor the dispensary facilities were
adequate for the proper exammation of these men prior to departure,

(b) Farragut: Railroad transportation for large drafts of men leaving
Farragut, Idaho wasnadequate1n 1943and 1944,  The problem of prompt
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Jevel since the opening of the station. Living conditions for the Outgoing
Unit were excellent at the time of this study. Nevertheless, there was a
high degree of contamination with Group A hemolytic streptococcus. In
another Farragut study 1t was shown that the throat cultures of men leaving
this station contained sulforamide resistant strains of hemolytic strepto-
coceus and that type 17 Re 125 strains and type 19 Re 25 strams had been
present each week in the throat flora of these men for over two months

In summary, 1t appeared that either men or their equipment may have
served as a means of g Group A hemolyt from
one Naval station to another.

D. APPLICATION OF THE SULFONAMIDE RISISTANCE TEST 4S8 AN ADJUNCT
TO SEROLOGIC TYPING IN DETECTING THE SPREAD OF
HEMOLYTIC STREPTOCOCCUS

Opportumty to make convineing observations on the spread of hemolytic
streptococcus from traimng stations to adistant point came as a by-product
of the use of mass chemoprophylaxis m the U 8. Navy. Observations on
the use of sulfadiazine prophylaxis were summarized m June 1944 at the
end of a six months’ trial (16) At that time 1t was pointed out that since
‘prophylats was not 1009 effective there was a possibiity that some hemo-
Iytic streptococer were resistant to a sulfadiazine blood level of about 1
mg % Thus possibiity was strengthered by the finding that type 19 had
become prevalent during the spring months of 1944 at Farragut, Idahu
However, definite nf on to
had to await the development of & medmm whieh would not only support
the growth of Group A hemolytic streptococcus but also be free of sulfona-
mide mhibstors A satisfactory medium? for testing the sulfonamide re-
sistance of hemolytic streptococcus m vitro was made avalable by Com-

mander Armme T leson dunng the summer months of 1944
R -1

that types 17, 19 and 3 included not only sulfonamide sensitive stramns but
also resistant stramns  Some of the latter were resistant to 1 mg %, others
to5mg %, others to 25 mg %, others to 125 mg % or stronger concentra-
tions of sulfadiazme, Furthermore, so far as could be determined, the
resistance to sulfadiazine appeared to be a charactenstic of the bacterum
that did not thange 1n the human host, m ammal passage, m serial trans-
fer, or in stovage at e box temperature

Culmres which had been collected from a large number of traming Activi-

* Based on the medium of Adams and Roe
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history of recent respiratory tract discase and appeared in good health.
The results of the cultures of men and blankets are shown in Tables 2and 3.

The data cited in Table 3 nwere analyzed statistically (by application of
the formula for significant differences between the observed percentages of
positive and negative results in the two categories) and it was found that
the dhifference in the resultsbetween those men 1)l or recently ill with respira-

TABLE 2
Results of Note, Throal, and Blanket Cultures of 100 Men 1n Outgoing Unst
Blankets + Blankets — Totals
Throat -+, Nose — 18 16 34
Nose 4, Throat — 1 1 2
Throat —, Nose — 29 27 56
‘Throat -, Nese + 7 1 8
Totals 55 45 100
TABLE 2
Resulls of Nose, Throat, and Blanket Cultures of 100 Men in Quigoing Unit
Men with Recent
Rents RO Ty Ffecons | No History of Tiiness T | Pt
Number | Percent No Percent
N-,T-, B~ 5 27 22 28 2- 27 27
N+, T+, B— 0 ] 1 13 1 1
N+, T-, B+ 0 0 1 13 1 1
N—, T+, B+ 4 182 14 179 18 18
N, T—, B+ 10 455 19 214 29 29
N—-, T+, B— 2 91 1 179 16 16
N+, T+, B+ 1 45 [ 77 7 7
N+, T—, B— 0 0 1 13 1 1
Totals 22 100 78 100 100 100

tory disease and those who had had and were 1 good health could easily
have occurred by chance. Therefore, all men were considered members of
the same umverse in Table 3

1t is scen from Table 2 that Group A hemolytic streptococcus contami-
nated 559 of the blankets The mcidence of positive throat cultures was
42% and of positive nose cultures 10%. Further observations on this
point were reported m Clznptei XVI, page 12(‘}‘
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made at Farragut suggest that these strains may have been present and
unrecognized at this station, until they became prevalent. Whether they
were present in 1943 will not be known because only four eultures were
evalable for testing These four strains were sulfonamide sensitive.
Smce a large number of Naval personnel were transferred from Farragut
to Treasure Island and since virtually no personnel were sent from Treasure
Island to Farragut, 1t seems reasonable to assume that the Re strains made
therr appearance first at Farragut, Idaho

1 Observations at Farragut* The streptococcal morbidity data for 1943
indicated that Farragut was the Naval Activity most heavily contaminated
with hemolytic streptococcus The typing results of 1,189 cultures ob-
tamed durmg the first five months of 1944 at Farragut showed that types
19,17, and 1 predommated. Types 3,24, 6,36, 18, 12,5, 4, 25, 41,44,9,8
and 30 were also present in the camps of this station  The 1n vitro resist-
ance or sensitivity of these types of hemolytie streptococeus to sulfonamide
could not be determined because a method for testing resistance had pot
yet been developed. Unlike all other stations, Farragut continued to have
scarlet fever throughout the summer months of 1943 and 1844  With con-
tinuous passage of strains from man to man throughout all months of the
year, three types acquired & great degree of pathogenieity and communica-
bibty. Of all the U § Navy stations none was theoretically more favor-
able for the selecton of resistant mutants of types 19, 17 and 3.

Five hundred and sixty Farragut cultures were typed iz October and
N ber 1944  The pred i were classified as types
19,17and3. Most of these organtsms were sulforamide resistant  Other
types recovered were 1, 6, 12, 4and 36. At least three sulfonamide resist-
ant strams of type 19, 1n addition to the sulfonam:de sensitive type 19, were
identified  They were 1 order of prevalence strans Re 25, Re5and Re 1.
There were also at least three Re strains of type 17 m addition to the rela-
tively rare sulfonamide sensitive type 17 They were 1n order of preva-
lence Re125,Re25and Re5 There were also at least three Re strams of
type 3 m addition to the sensitive type 3 They were mn order of preva-
lence* Re 5, Re 1 and Re 25,

As a result of the high incid of st 1n S ¢
1944, and the 1 vitro evidence that the prevalent organisms were sulfona-
mude resistant, the number of incoming recrurts was lessened  The transfer
of Farragut men to other Naval Activities was, however, not discontinued.
The possibility that these men mght dissemmate sulfonamide resistant
stramns of highly communtcable organisms caused deep concern

2 Observations at Treasure Island Naval Hosputal The m vitro studies
made durmg the fall of 1944 showed that types 19 and 17 sulfonamide re-

sistant orgamisms were present during the summer months 1o the San
Francisco area
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1, ) . 1

ties were tested for between S and Decem-
ber 1044, There were two significant findings: Those obtained from
stations east of the Rocky Mountains were sulfonamide sensitive. How-
ever, & few cultures obtained during the summer of 1944 from Treasure
Is]n.nd Cnhl'omm und a lnrgc number from Farragut, Idaho were in most
All but three of 37 cultures obtained
betw een August and October at Treasure Island were found to be sulfon-
amide resistant strains of types 19 and 17. Tests of Farragut cultures
which had been obtamned in June were made in September. Tt was found
that all but two of 42 type 19 (the predominant type) cultures were sulfon-
amide resistant; 12 type 17 cultures were sulfonamide resistant; all but two
(type 3) of 18 cultures of other types were sulfonamide sensitive. Most
of the Farragut cultures obtaned in August and September were also
sulfonamide resistant; all 32 type 19 cultures were resistant; all 13 type 17
cultures were resistant, five type 3 cultures were resistant; 14 cultures of
various other types were sulfonamide sensitive  These laboratory studies
supplied convincing evidence that some of the streptococeal infections at
Treasure Island, where the streptococeal morbidity rate was ow m the Jate
summer of 1944, had been caused by sulfonamide resistant organisms of
two serologic types, and that sull le resistant i of three
types caused most of the streptococeal infections that reached epidemic
proportions at Farragut in the summer of 1944
The fact that the large recrust training center at Farragut continued to
send large drafts of men to many areas of the United States and the fact
that Farragut transfers in the past had apparently spread streptococeal
infections to other Naval .Activities made itscem hkely thatsulfonamidere-
sistant strams would be transferred to Naval installations throughout the
Umted States
Streptococcal morbidity rates were low at all Naval Activities, except
Farragut, mn the fall months of 1944  The streptococeal infections which
did oceur at the other Activities were caused by many serologic types
including 19, 17 and 3 However, all of these organisms were found to be
sulfonamide sensitive 1n vitro.  Since no Re strains appeared to be present
at the Naval Activities east of the Rocky Mountzins and since sulfonamide
cotild be 1 mn the lat ry, 1t scemed that the resiste
snee test would prove an adjunct to serologte typing in tracing the spread
of Re strains,

L OBSERVATIONS ON TIE FIRST APPEARANCE OF RE STRAINS OF HEMOLYTIC
STREPTOCOCCUS IN THE U. § NAVY
The origin of the sulfonamide resistant strams of herolytic streptococeus
which were prevalent both at Farragut and Treasure Island m the summer
of 1944 has not been deterr
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Tt was found that a large percentage of men who had recently completed
recruit traming were carriers of hemolytic streptococeus and that their
equipment was heavily contaminated with this bactetium.

Prior to the use of mass chemoprophylaxis, sulfonamide sensitive strepto-
cocei were spread by Farragut transfers. Following the use of mass chemo-
prophylaxis, Farragut Naval Traimng Center became the first focal point
from which sulfonammde resistant strains of hemolytic streptococeus were
disserminated.
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There had been an outbreak of scarlet fever in January and February
1944, in the Eye, Ear, Nose and Throat w: m‘d of tl\e Treasure Island Naval
Hospm\l Two corpsmen who were Ity “d:
carriers” had tonsillectomies and coincident with this the outbreak sub-
sided The incidence of scarlet fever at this Activity remamed moderately
high duning the winter months, subsided in the spring, and almost no cases
oceurred in the summer,

Serologic identification of 245 cultures of hemolytic streptococcus iso-
lated from patients with scarlet fever, acute tonsillitis, pharyngitis and
rheumatic fever showed that type 19 was the predominant type during the
first seven months of the year 1914, Of 60 cases of searlet fever 46% were
caused by type 19 and 40% by type 17. Scarlet fever did not oceur follow-
ing a relatively small group of infections caused by types 1, 6, 12, 13, 26
and 36.

Durmg the winter and spring months of 1944, an investigation was made
to d ine whether fections were bemng i duced
Treasure Island from Fnrrngut, Idaho. The serologic types of hemolytic
streptococcus found in the throats of patients at Treasure Island were the
same ns the types prevalent at Farragut. Furthermore, in one study of
18 Farragut men who had scarlet fever or tonsillitis on or shortly after ar-
riving 1n San Francisco, 1t was found that type 19 caused 619 and type 17,
22% of these infections. Whereas, 1n 68 comparable patients arrival from
other stations, more than half were due to nine other serologic types of
orgamisms A statistical analysis between these two groups of men indt-
cated that there was a significant relation between a positive culture for
type 19 and recent residence in Farragut, Idaho It appeared that Farragut
men were mtroducing type 19 and perhaps type 17 strains into Treasure
Island

The origin of the Re strains at Treasure Island has not been determined.
There are at least two possible explanations: (1) They may well have been
among the nfections introduced by Farragut men, (2) they may possibly
have ansen at Treasure Island and preceded the appearance of resistant
strains at Farragut. Concl 15 not ilable because the
testing of sulfonamide resistance was not done until the fall of 1944, How-
ever, 1t seems probable that Re strams appeared first at Farragut and were

spread to Treasure Island by incoming draits of men who had completed
recruit tramming at Farragut.

SUMMARY
1 inf were tr d from one Naval Activity to
nnother by drafts of men from the Outgomng Units of Recruit Training

Centers.
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resistant  The patients infected with these Re strains were born in the
sulfon:umde era and hxd had contacts with many persons who had received

Iy. Their i were caused by Re strams
of types 17, 19 and 3 It was not possible in this study to determine
whether Re vanants of these types occur spontaneously. This information
can be obtained only in isolated communities where sulfonamides have not
‘been used

2. Do all types of Group A hemolylic streplococcus have Re strains?  Obser-
vations were made in vivo and 1n vitro on several thousand cultures, Prior
to the spring months of 1945 all Re strains were of types 19,17 and 3. A
few Re strains of type 6 were identified in 1945 Severe streptococeal
epidemics during the war years were caused also by types1, 5,12, 24 and 30.
Nevertheless, all strains of all types, except types 19, 17, 3 and in one camp
G, remained sulfonamide sensitive.,

3. Is sulfonamude resistance a fized characteristic of Group A hemolytic
streptococcus? This capacity of the microorganism was tested in the in-
fected host, the human carner, the person recerving prophylactic or thera-
peutie doses of sulfonamide, 1n ammal passage and m laboratory handlmg
over a. period of several months ~ The sutfonammde resistance of each strain
tested remmned constant.

4 Is Group A 1 resi common {o all sulfs ides? Re
strams were resistant toall sulfonamides whose action was reversed by para-
amine benzoic acxd  Re strains were not resistant to “Marfaml” and other
bacteriostat:e drugs whose action was not reversed by para-ammo benzoie
acd,

5. Is resstance related to any other ch tert of Group A h Tyti
streptococcus?  The Re strams which were observed at Farragut were of
types 19, 17 and 8 Trrespective of resistance, these types showed great
communicability at Farragut  Types 19 and 17 produced strong erythro-
gemie toxins  The Re strams of type 6 at Bambndge were not hwhly com-~

mnniaahle N 4has brmmn @ Dos svmmms s oo o

6 Docs hemoprophylazis induce to sulj d

LN .

with the exception of strams from the Trainng Centers at Farragut and
Treasure Island  Ck had been ad d to

at Farragut but not to personnel ab Trensure Island. The first mdreatron
that sulfonarmde resistance may have been induced by chemoprophylaxis
was at Farragut  However, there were also chinical indications that Re




CHAPTER VI

THE INTRODUCTION OF MASS
CHEMOPROPHYLAXIS

Irs ReraTION TO TiE EPIDEMIOLOGY OF
Srreprococcus Hemoryricus

Published reports (16) have indicated the effectiveness of mass chemopro-
phylads in the Navy dunng the winter and spring months of 194344, and
the loss of effectiveness at Farragut dunng the summer months of 1944 (17)
and at the Pre-Radio Schools in Chieago during the winter months of 1945
(18). ‘This loss of effectiveness! resulted from the appearance and spread
of sulfonamide resistant strains of types 19,17, and 3 Re strains, indis-
tinguishable from those observed first at Farragut, appeared at many Naval
Activities during the winter months of 1915,  In their absence, chemopro-
phylaxis was effective. As soon as they became prevalent at a station,
chemoprophylaxis lost its effectiveness. There was a fair correlation
between the climeal eﬁecuveness of prophylmus and the in vitro sensitivity
of prevalent st ! strains to sulfad

A. PRODLEMS IN CHEMOPROPHYLAXIS

Prior to World War IT lxttle was known about the resistance of Group A
hemnlytlc 1 ds The ides were highly
tive th ngcnts m i fecti of man, The
bacteriostatic action of these drugs was inhibited by para-amino benzoic
acid, by certsin amino neids and by unidentafied constituents of gelatin and
casein hydrol ‘The d tration 1n the summer of 1944 that some
strains of hemolytic were sulf d i both in vive
and in vitto emphasized the lack of pertinent information and introduced &
number of questions. The following observations have been made on some
these questions*

1. Do Re strains of Group A oceur
Forty-five cultures collected 1n the pre- sulfon:umde era were supplied by
Dr. Rebecen Lancefield. In this collection there were 15 straing of types 19,
17and 8  Irrespective of type, all cultures i this small group were sulfon~
amide senmtive. In 1945, 33 cultures from a civilian group with scarlet
fever were tested. Forty-five per cent of these strams were sulionamide

utic 17

1 The scarlet fever morbidity rate which rose from 1.6in 1942 0 6 7 1u 1943 fell in

1943 o 5.1 but rose again in 194580 74
44
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(2) Memphis—Cultures were made prior to, duning and following the
admimstration of sulfadiazine, Nme of twenty patients studied were in-
fected with type 17 Re 123, the remainder were infected with sulfonamide
sensitive strams of types 19, 6, 1 and 12 There were five cross-infections
1n these twenty patients. The m vitro resistance or sensitivity of these
strains to sulfadiazine remamed unchanged

(b} Norman—A group of 21 patients was handled i the same manner
asat Memphis  Eleven of these patients had mfections with type 17 Re
125, type 17 Re 25, type 19 Re 1 and type 19 Re 5 The remsinder
were mfected with sulfonamide sensitive strans of types 19, 6, 24 and un-
common types. ‘There were seven crossinfections m this group The
resistance and sensitity of these strang to sulfadiazine remamned un-
changed with the possible exception of one stram  This organism was
classified on the first culture as type 17 Re 25 and on the final culture as
type 17 Re 125 This may well have been due to an error 1n testing

{c) Scarlet Fever Wards of a civilian hospital—A group of 30 patients
was studied in the same manner as at Norman and Memphis Twelve
of these patients had infectrons with type 19 Re 23, type 17 Re 25 and
type 17 Re 125 The remamder were infected with sensitive strasms of
types 1, 3, 17, 19 and uncommon types There were six cross-infections
m this group  The resistance or sensitivity of these straing to sulfadiazine
remamed unchanged with two possible exceptions A type 19 stram was
classified as Re 25 on the admission culture and type 19 sensitive on the
final culture These may have been two distmet orgamsms A type 17
strain was classified as Re 25 on the first culture and Re 125 on the final
culture  This difference may well have been due to the hmitations of the
method used for testmng sulfonamde resistance

In summary, both the sensitive and resistant stramns of the types of
hemolytic streptococeus which infeeted these three groups of patients ap-
peared to be unaltered by sulfadiazine therapy. The few exceptions noted
were within the range of experimental error

8 Does prolonged contact with a blood level of I mg. Y, of sulfadiazine

man wnerease the resustance of Re strains showsng a low resuslance level?  Ob-
servations on this pont were hmited At most Naval Activities more than
one Re stram was prevalent There were, however, several nstances
whach th of the f a.stram to sulfad was observed
over a period of months  For example, type 19 at Sampson and type 3 at
some of the Great Lakes camps remamned of low resistance during three
months of chemoprophylaxis B0 far a3 could be determmed the resistance
of these strams was not mereased by themoprophylats

9 Does low an vatro resustance indscate en vivo resistance?  The findings at
Sampson and other Centers showed that st mvitroto1mg %
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strains may have been present at Farragut when chemoprophylaxis was
introduced. The most suggcsme mdncz\hon thnt sulfonamide resistance
may have been induced by ch hyl! ag at Bainbrid, The per-
sonnel at this Center had received chcmoprophyl:ms throughout two winter
and spring scasons. Late in the second season a few cultures of type 6 Re
125 were obtained from healthy carriers and patients with acute throat
infections. The first of these organisms was cultured from a reeruit shortly
after his arrival at Bainbridge from civil ife. Its appearance was observed
among a group of men receiving chemoprophylaxis and at a Center where
sulfonamide sensitive strains of type 6 had been prevalent. It was not
possible to determine whether this strain was introduced from without or
oceurred by mutation

In January 1945, n severe streptococcal epidemic was caused by type 17
Re 25 at the San Diego Naval Training Center.  No chemoprophylaxis had
been used at this Center prior to the onset of thisepidemic. Chemoprophy-
laxis had been used at Norman NATTC during the spring months of 19H
and six months later ail throat strans of hemolytic streptococcus were
shown to be sulfonamide sensitive.  Nevertheless, a streptococeal epidemic
in the winter of 1945 was imtiated and sustained by Re strains of types 19,
17 and 3. No personnel at Norman were recesving chemoprophylaxis A
streptococeal eprdemic also occurred in the winter of 1945 at Memphis
NATTC. Thisoutbreak of type 17 Re 125 infections oceurred among radio
men but dnd not mvolve the reernts. At this time half of the recrusts were

t . Strept 1 epid of Re infections at
other Centers beg:m m the Service Schonls where none of the men received
chemoprophylaxis. The occurrence of infections with Re strains of types
19, 17 and 3 at these Naval Activattes 1n 1945 scemed to be associated with
the introduction of these strans by carriers and to be independent of
chemoprophylaxis

In summary, 1t was not possible to d from the
whether streptococeal resistance to sulfonamide can be nduced m man by
chemoprophylavis  Attempts ta induce sulfonamide resistance in strains
of hemolytic streptococcus 1 vitro were unsuccessful.

7. Does chematherapy induce resistance to sulfonamides? 'Three studies
were made to collect mnformation on this pomnt  Groups of scarlet fever
patients were selected from hosmtal wards prior to the admimstration of
any sulfonamude  An mbal throat culture was typed and tested for
sulfonamide resistance  The patients were then given therapeutic doses
of sulfadiazine for a period of five to ten days. Serial cultures were taken
from the naso~pharynx durlng three weeks of honpltahzanon and cultures

if ve loped The

1able evid

were made
findngs were.
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throughout the station, the underlyiog conditions which had made possible the
eprdemic process had not been materially modified, there was good resson to belteve
that the continuous passage of Farragut strains from man to man was making these
pathogens progressively more miecuve the posslbllny that some strains of Group A
hemolytie seemed real

In June, Commander Anmne T \Vllsnn was ordercd from Bethesda to Farragut to

TABLE 1
Increase wn Percentage of Type 19 Hemalytic Streplocaccus

Trpe ] Dec 24 | Feb 15 | Feb 24 Mar 15 Mar 29 Apr 27 Series D* | Senes DY
1116 283 | 181 | 22| 205 | 322 | 28| sso
* Specsal Study Camp Hill only st and 2nd weebs Apnl
1 Special Study random sample all Camps  Last 2 weeks April
TABLE 2
Comparsson of Total Treated and Untreated Groups tn All Areas
No Sulfa 05Gm Sulfa
7854 39969
Man Exposure Weeky T o
Cases Rate Caser Rate | Beducton
Catarrhal Fever 231 614 | 207 518 [ —15
Otker URL 13 3 9 22 | -85
Sinumtig 13 3¢ 9 22 -35
Otitis Media 46 122 34 85 =15
Other Suppurative 6 15 5 12 —25
Pharyngitr 62 164 53 133 -19
Tonallitie 41 108 37 92 —15
Searlet Fever 9 208 80 200 —1
Preumonia, 2 61 20 50 | -18
Rhbeumatic Fever 25 66 16 40 -32
Total 59 | 142 | 40 | 107 -25

* o Red

Absolute Reduction 10 Rates X 100
Rate m Control

1 Rate equals

determine whether he could 1dentfy any sulfonamde resistant strains with the
method which he swas then perfecting
Three sets of dlta cnllected dunn

Resde g this period were luminating (1) Cultures
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of sulfadiazine were also resistant in vivo to a blood level of 1 mg. €5, It
was not possible to colleet reliable observations on whether these straing
were sensitive to therapeutic blood levels.

B. OBSERVATIONS ON EPIDEMIOLOGIC CONDITIONS UNDERLYING THE FIRST
APPEARANCE OF BULFONAMIDE RESISTANT STRAINS OF
HEMOLYTIC STREPTOCOCCUS

The cumulative evidence collected at Naval Activities throughout the
United States did not show whether chemoprophylaxis or chemotherapy
induced the appearance of Re strains of hemolytic streptococcus Tt was
shown, however, that these strains were first recognized at Farragut Naval
Training Center after the introduction of chemoprophylaxis. How long
they had been present at Farragut; whether they were introduced originally
by civilians entering recruit training; whether they were streptococcal
variants occurring spontaneously or induced by faetors yet undiscovered—
the answer to these questions remains unknown. That unusual conditions,
which may have facilitated the development of streptococeal variants, did
exist at Farragut was pointed out 1n Chapter IV.

€. ORSERVATIONS MADE BETWEEN 1913 axp 1944
ON THE RELATION OF CHEMOPROPHYLAXIS TO MORBIDITY RATES FOR
STREPTOCOCCAL THROAT INFECTIONS AT FARRAGUT, IDAHO

Observations on the development of Farragut as a focal point of strepto-
coceal mfectmns were described in Chnpler IV. These phases of the epi-

demic d prior to chemop is, phases were:

Phase §* In December 1943, a study of the effectiveness of chemoprophylaxis was
mnmed among 10,000 recruits 1n two Farragut camps DBy Iebruary 1944, the
of th cpldemlc that the study be terminated and

that sulfad: ded to all recruit eamps, In March continuous
prophylaus was ndmmutered to all enlisted personnel  Overcrowding at Farragut
was most severe The turnover of recruits at this time was most rapid, Virus
jofestions were prevalent during the first half of 1944 Nevertheless, following the
institution ot chemoprophylaxis to all hlnds the dangerous outbreak o{ prumary

was of

to other Traimng Centers was temporu.n!y checked, the ineidenco of streptococeal
diseases declined but not to 8o low a level as was reached at other Centers using mass

chemoprophylaxis
In April there occurred a moderate exacerbation of respiratory tract infections
mainly due to type 5 and to type1s Both

of these an(cnn were subsequeutl lo\md to be resistant to sulfadiazine in vitro

Ivtiivue v g s
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1 Strawns obtained by Commander Wilson during his visit to Farragut i June
01
a Type 10—40 of 42 strains examined were sulfadiazine resistant,
b Type 17—12 of 12 strains examined were sulfadiazine resistant

2

few excepiions

These findings explamed the chaical observations that chemoprophslaxs was
1neffectrve durmg Jure sud July  Furthermore, since more than 90% of the August
infections 1n Camps Waldron and Peterson were caused by types 19 and 17 and since
nesrly all strains of these types were resistant 1n vitro to maximal concentrations of
sulfadiazine (125 mg %) there was good reason to believe that no pruphylaetic
dosage of sulfadiazine would have proved effective These m vitro observations
were confirmed 1n the three weeks’ chnical study made between September 17 and
October &

Phaseg N between October 8 and Noverber
12,1944 It had become evident m late September that chemoprophylaus was no
longer appheable to the Farragut problem and this fact was firmly

established by October 8 It had long been recognized that the most important
factor 1n hmiting the effectiveness of chemoprophylatis might be the resistance of
the respiratory pathogens to 1 mg per cent of sulfadiazine 1n the secretions of the
upper respiratory tract At Fartagut, this possibiity had become & reality The
potential value of chemoprophylaxis had been overtaxed Epidenmc stramns of
hemolytie resistant to had become widely dissem.
nated and they persisted at Farragut throughout the remainder of World War IT

Briefly, the resistance of Farragut strains of hemolytic streptococeus to sulfa-
diazine 1m 1943 and during the winter of 1944 was not determined because the tech-
miques necessary to make these determinations had not yet been developed For
1hus reason 1t remains umpossible to trace the stages in the development of sulfon-
amide resistant streptococe at Farragut It can be stated, honever, that

{a) The passage of hemolytic streptococcus through more than one hundred
thousand men within a period of eighteen months could be expected to produce
vanants of the bacterium

(b} The application of chemoprophylaws tended to eliminate susceptible etrains
of hemolytic streptococeus

(c) The of favorsble to the spread of
streptococcal nfections facilitated the passage of surviving strains of hemolytic
streptococcus

(d) The presence of highly ifectsve, sulfonamde resistant straing uader condi-
tions favorable to progressive dissemination of the bacterium and 1n an environment
where 5o loss of pathogenicity occurred during the summer months permutted the
development of a streptococcal epidemic not amenable to chemoprophylaxis

{e) This possibality envisaged preor to the tststution of chemoprophy latis became
an actuality at Farragut and its &5 a messure for
the of hemolytic m the respiratory tract
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A hemolytic streptococcus. One of these was type 17; the other 28 cultures were
type 18 The barracks that quartered recruits who had been on the station for over
four weeks were the most heavily seeded  This is shown in Table 3. Throughout
thia period of six weeks the morbidity rate for streptococeal infecttons was main.
tained at the plateau level of June 1, 1911 Chemopraphylaxis was discontinued
in all recruit camps on July 23

In summary, the findinga indicated that type 19 hemolytic streptococens was at
this time responsible for most infections, that the prevalent strains of type 19 were
resistant to & daily half gram dosage of sulfadiazine, and finally, that perhaps con-
taminated floor dust in the barracks was a factor in the spread of streptococeal
infections at Farragut.

TABLL 3
Bacterial Counts sn Dust 1n Barracks

y Mean Bets Hemor
Number of Mesn Towl
P ean To e Streptococcs

Length of Time Company 1n Bareacks Bartornt Count

First four weeks 1 camp 20 2,720,000 2,604
Second four weeks in camp 18 5,143,070 108,631

TABLE 4
Streptococeal Throat Infections—1944
(Scarlet Fever, Tonsilitis Acute and Pharyngitis Acute)
Morbidity Rates {(Anaual Admisston Rates per 1,000 Strength)

June | July | Aug | Sept | o | Avecre

All Navy Contrnental 08 07 07 0.8 08 08
NTC All Others 34 4.0 30 5.1 6.8 43
Farragut N'T C 09 M| 177 465 524 288
Farragut Servico Schoola 14 8.6 50 56 6.5 52
Farragut Station Peraonnel 01 05 04 13 27 12

Phase 6 During the latter half of July 1944 the streptococcal eprdemice process
began to change from an endemic to an epidemic state  This became manifeat 1n the
week ending August 6 when the morbidity rate for searlet fever rose to 67 The
upward trend was confirmed the followtng weck when the rate rose to %0 For the
pext three months the epidemte curve rose progressively  Asin 1943, this “coatra-
seasonal”’ change began in the middle of the summer The onset appeared a few
weeks earlier and the rise was steeper Lut otherwise the change in the epidemic
process was comparable to 1043 This change, while most striking tn recruit camps,
vl M1t 4 en ales Ahenend an $ho Qanveaa Qohanle af Farrgont bt ngesol

"
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» NS ON THE RELATION OF AXIS TO
STREPTOCOCCAL MORBIDITY CURVES AT OTHER NAVAL
ACTIVITIES DURING 1944-45

Strep ] X d at several Naval Activitiesfolloswing the
introduction of Re straing durmg the winter months. The morbidity

oaup PrTeRson CANP waLDRON

2o00] cavp miL came pENNION. 2

Lty
Fetybn
bl b

CaMP ciLMoRE

ANNUAL MORBIDITY RATE PER FHOUSAND
SIXVIAHJONJONIHD ONIAIZOIY INIDYId

i Mo s ot Wy
G 1 Morbidity Curves for Scarlet Fever, Acute Pharyngitis and Acute Ton-

sillitis with and without Chemoprophylaxis The epidemic infections were caused
by Re strans

eurves for streptococeal infections appeared to be independent of the use of
chemoprophylaxs, The following examples are illustrative-

(1) Great Lakes Naval Traming Center- Chemoprophylaxis was 1asti-
tuted on October 19m some camps and on Noveraber 21 1 other camps It
was discontinued on February 1. The pattern of streptococeal outbreaks
in the camps of this Genter varred a great deals

(a) Tn Camps Moffett and MecDonough there was a sharp rise in strepto-
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The observations on chemoprophylaxis made during the summer and fall
months of 1911 showed that:

1. Between June 12 and July 23 there were spproximately 40,000 man-
exposure weeks to sulfadazine in four reeruit eamps (Seott, Waldror, Hill
and Ward). Chemoprophylaxis was strikingly ineffective in preventing
streptococeal infections. This was explained by the demonstration that
the prevalent strains of this bacterium were sulfadiazine resistant in vitro.

2. During the middle of July the Center’s respiratory Sick Call rate be-
gan to climb. This was striking by August 6 in all camps except Ward.
Most of these infections were mild and presumably of viral causation.

3. During the last week of July or the first week of August a streptococeal
cpidemic process manifested itsell in three reeruit camps (Peterson, Wal-
dron and Hill),

4. Dunng the third week of Avgust and the second week of Septermber
2n epidemie process mapifested itself in tno other recruit camps (Bennion
znd Ward),

5. The institution of chemoprophylaxis at Peterson and Waldron during
August, and at Ward during September, occurred after the upward swing
of the epidemic process was in progress.

6. Irrespective of chemoprophylaxis both eamps with seasoned personnel
had relatively low morbidity rates in October—OQutgoing Unit, 200; Service
School, 300 The lowest rates on the station oceurred in Qutgoing Unit
during the four months of chemoprophylaxis.

7.1 of chemoprophylaxss, all recruit camps had morbidity
rates below 250 in June and July, above 230 esther in August (Peterson,
Waldron, Il and Bennion) or 1n September (Ward).

8. I e of cl bylasis, all recruit camps had morbidity
rates over 1000 in October
9. ive of prophylaxis, idity levels reached a peak during

November in recruit camps Ward, Bennion and Hull,

10. Irrespective of prophylaxis the epidemic eurve for cach recruit camp
climbed to a peak mn approsimately exght to fourteen weeks (Peterson 8,
Ward 9, Waldron 10, Bennon 13, Hill 14).

11. Irrespective of prophylaxis the peak morbidity rate for each recruit
eamp v as between 1500 and 2400 (Hall, 1500; Ward, 1700; Waldron, 1000;
Bennion, 2100, Peterson, 2100).

12. The most striking 1ncrease m morbidity rates oceurred in Camp
Peterson following the transfer of recruits from Camp Scott, and in Camp
‘Bennion following the transfer of recruits from Camp Peterson

13. These findings are jllustrated in Figure [
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appeared to be iated with the § dh of epid strains, Some
of these streptococeal strains were sensitive and others were resistant to
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coceal morbidity rates during ch prophylaxis. When ¢h hyl.
was discontinued the rate fell precipitously in Camp Moffett and slowly in
Camp MeDonough.

{b) In Camps Dahlgren and Hull, the streptococeal rates fell precipi-
tously durmg the last two weeks of chemoprophylaxis,

(c) In Camps Decatur, Mshan, Downes, Dewey and Maury, the rates
began to rise during the last two weeks of chemoprophylm(xs and conhnued
upward for sic weeks or longer after ch phylaxis was di

(d) In Camp Robert Smalls the rates remained Jow throughout chemo-
prophylaxis.

These findings are illustrated in figure 2.

(2) Sampson Naval Traming Center: The variations in the morbidity
curves at three recruit camps which received chemoprophylaxis from Janu-
ary to May were comparable to those at Great Lakes  This is illustrated
in figure 3.

(3) Bainbridge Naval Training Center: The Service School men received
no chemoprophylaxis but all recruits were given chemoprophylaxis from
January 1 to April 1 at this Center. Streptococcal epidemics oceurred
both groups of men  They began in the Service Schools and extended to
Reeruit Regiments. The morbidity rates reached a peak early in February
and then fell precipitously  The sumilanty of the morbidity curves for the
two groups 1s seen 1n Figure 4  Comparable epidemies occurred tn both
the Service School group and the Recruit group of this Training Center.
The percentage of Re strains in the throat flora was higher in the recruit

where ch was ad ed than in the Service
School regiment which did not receive chemoprophyluns
(4) Memphis NATTC: Ch f was administered for ten

weeks of January, February, and March because of an outbreak of scarlet
fever among the recruits  Chemoprophylaxis was given to all personnel in
the recrust } ks and to al barracks d by d person-
nel. The of ¢h hylaxis was lost in the latter group
when type 17 Re 125 appeared among theradiomen.  This loss of effective-
ness did not occur among the recruits, all of whom received chemoprophy-
Jaxis and all of whom escaped nfections with the epidemic Re stramns.

(5) San Diego Naval Training Center: A type 17 Re 25 eprdemic began
1n one camp of this Center among recruits who had not received chemopro-
phylaxis. During the second week chemoprophylaxis was tested for ten

A h e A Lo am Alin o Ao b -
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streptococeal infections recorded was higher m the group recetving chemo-
prophylaxis than n the control group.
Ch 1ol

is Was not admumnistered to men of a barrack
1 the Farragut study. However, at the Pre-Radio Schools of Chicago (18),
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MORBIOITY RATES FOR SCARLET FEVER
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1944 1945

Epidemic mfections were caused by Re strains

y Curves at Bainbridge N T C for Searlet Fever with and without

alternate compames of men received chemoprophylaxis before and during
a period when Re strawns became prevalent at these schools m Chicago. At
each school, these men entered on the same day, attended the same classes
and were barracked together in one gymnasium. ‘The exposure to strepto-
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curves of epidemics caused by Re strains.  The transmission of Re strains
appeared to be the determining factor in these outbresks.
eco
7004 GILMORE .
600

100§ EDWARDS

1004 FARRAGUT

ANNUAL MORBIDITY RATE PER 1,000
w
g

100

I SN A S St Y S N SO A N A A N S N )
WEEK EXDIHS— & (5 0 T3 10 (7 24r3 10 A7 B¢ Mr? 14 B 2648 U (6
JAN T f T AR T APR. W AY
Fia 3 Morbidity Curves for Scarlet Fever duting Chemopropbylams
“The epidemic infections were caused by fe strains
. OBSERVATIONS AT FAXRAGUT ON A POSSIBLE AGGRAVATING EFFECT OF
YLAXIS TN CAUSED BY RE BTRAINS

This posability was suggested (17) by & three weeks' study made at
Farragut, Idaho. Under the conditions of this study, the incidence of
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chemoprophylaxis had eserted an untoward effect during the period of
study. Allof the data were subjected to statistical analysis by Lt Comdr.
F. E Linder of the Statistical Division of the Burcau of Medicine and
Burgery. His analysis follows:

“'The problem considered 13 to determune if available data from Farragut Traimng
Center show sigmficantly higher morbidity rates from streptocoeeal disease (scarlet
fever, pharyngitss, and tonsillitis) for groups recerving sulfadiazine prophylactically
than for those Dot recexving 1t.  In other words, does sulfadiazine bave an untoward
actien?

“The statistical anslyss 1s imited to reported data for Camps Peterson, Waldron
2nd Ward for the period August 13 to October 8, 1944 At these camps during this
period observations were made on odd and even numbered groups of companies and
these data can be anslyzed statistically  Data comparing different camps cannot be
analyzed since no controls eisted

TABLE 7
Incudence of Group A Bete Hemolytac Streptococcus Infectsons af, Herel n Sulfadiazine
Treated and wn Control Groups—1944

Controt Group Trested Group.

Number of | Number of | Weekly | Number of | Number of [ Weekly
Rateper { Group A | Benin 3

Men ! Rate
Tnfections Group ‘Thoussnd | Infections Group ‘Thousand
Firet Period
Nov 15 to Nov 21 8 420 190 2 390 51
Nov 22 to Nov 28 12 a7 28 8 0 338 00
Nov 20 to Dec § s | sz | 19 3 | om0 | 81
Second Period
Dec 120Dsc 20 | 1 | a2 | mo | u | aw | we

“Compartsons of morbidity rates for companies receiving 05 grams and those
receing 10 grams do not show that companies receiving 10 grams have a sigmifi-
cantly higher tate

““Coraparsons of morbidity Tates for companies rece1ving 00 grams and those
recerving 1 § grams give shght, but meonelusive support to the possibility that the

rates are Iugher for recerving propl Data at hand do
not permut & conclusive test  Unfortunately, no analysis can be made to determme
fsomeb factor b dthe rates of the even and odd

Replications of the expersment would be necessary to establish a definite conclusion
“Comparysons of changes sn morbidity rates when the prophylactic dose wss

changed fror 5 0 to 0 010 one group and from 10 to 1 512 another group show contra-

dictory results, and give no support to the possibality of an untowsrd action *

S}atxsucal analyses failed to support the opmion that sulfadiazine prophy-
Iaxis merensed the incidence of streptococeal diseases  Nevertheless, 1t did
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cocenl infections was the same.  The only recognized variable was individ-
usl susceptibilsty of the host, Sulfadiari istant straing were pi 4
in these three schools during December, Nevertheless, in these three con-
trolled studies the morbidity rates nmong the men recelving chemoprophy-

TABLE §
Incidence of Group A Beta Hemol P fona ol Wright tn S
Treated and in Control Groups—-1944
Control Group Treated Group
Humber of [ Nymberot { Weelly | Number of { Number of | Weelly
Toloclos | ‘Gooup | Tooutiod | totecom | Cioop | Towniad
First Period
Nov. 14 to Nov. 20 . 2 451 2.6 2 476 42
Nav 2} to Nav. 27, 12 453 234 2 455 13
Nov. 28 to Dec. 4 . 1% 458 30.6 1 458 22
8econd Period
Dee 12 ta Dee, 18 15 530 83 4 45 8.8
Dee. 19 to Dec, 25 15 530 383 n 448 46
Dee. 28 to Jan, 2 22 30 34 13 452 252

TABLE 6§
Inerdence of Group A Beta Hemolytic Strepiococcus Infections at Manley
Sulfadsazine Treated and m Control Groups—1944

Coptrol Group Teested Group
{Rempe ] ey | Semtop e Sty
RS R R e
First Period
Nov. 7 ta Nav 13 « ] as | s9] o e ] oo
Nov 14 to Nov 0 ¢ | s | 55| o | a | 0%
Fovond Period
Nov.2StoDec 4. | 15 | oem | ms| 1t} sm } a7
Dec 5taDec 1 7 £03 28,2 3 B35 54
Dec. 12 to Dee 20 1w | me | mo| w | | wr

laxis remamed Jower than those not receiving chemoprophylaxis, These
findmgs ste preseated in Table 5, 6 and 7, taken from the report by Dam-

asch (18} .
i A fu(rth)er analyss was made of the Farragut study to determine whether
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chemoprophylaxis had exerted an untoward effect durmg the period of
study. All of the data were subjected to statistical analysis by Lt Comdr.
F. E. Linder of the Statistieal Division of the Bureau of Medicine and
Surgery His analysis follows:

“The problem considered ts to determine 1f available data from Farragut Tramng
Center show sigmficently higher morbjdity rates from streptococceal disease (searlet
fever, pharyngitis, and tonsillitis) for groups recerving sulfadiazine prophylactically
thau for those not receiving 1t Ia other words, does sulfadiazine have sn untoward
action?

“The statistcat analysis 15 mited to reported data for Camps Peterson, Waldron
and Ward for the period August 13 to October 8, 194 At these camps during this
period observations were made on odd and even numbered groups of companies and
these data can be anslyzed Data different camps cannot be
analyzed statistically siee no experimental controls eusted

TABLE 7
Inerdence of Group A Beta Hemolytic Streptococcus Infections at Herzl in Sulfadiazine
Treated and 1n Control Groups—1944

‘ Contrat Group Treated Group
Number of | Number of W!!“Y ‘Number of { Number of Weeily
Group A Mes Rate Group A Menm per
Infections Group Thvllslnﬂ Infections Group Thcu:and
Furst Period
Nov 15 to Nov 21 s | #0 | 10 2 | a0 51
Nov 22 to Nov 23 2 | a7 | s o | 3m 0o
Nov 20 to Dec 5 6 | 42 | 1o 3 | s 51
Second Persod
Dec 12toDec 20 | 14 ‘ m | 0| n | s | we

“Comparisons of morbidity rates for compantes receiving 05 grams and those
recesving 10 grams do not show that companies receiving 10 grams have a sigmfi-
cantly hugher rate

““Comparisons of morbidity rates for companies receiving 00 grams and those
recerving 15 grams give slight, but meonclusive support to the possibility that the
rates are higher for Tecerving propl Data at hand do
not permit a conclusive test  Unfortunately, no analysis can be made to determine
if some biasing extraneous factor has affected the rates of the even and odd companses
TRephieations of the experiment would be necessary to establish a definite conclusion

“Comaparisons of changes 1o morbidity rates when the prophylactic dose was
changed from 50 10 0-01n one group and from 1 0 to 1§ 1n another group show contra-
dictory results, and give no suppart to the possibihity of an untoward action

Statistical analyses fauled to support the opinion that sulfadiazine prophy-
lavis mereased the incidence of streptococeal diseases  Nevertheless, 1t did
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appear at Farragut N'TC and at Memphis NATTC that for a period of sev-
eral neeks the incidence of searlet fever was higher among the men receiving
chemoprophylaxis than among the controls. In each instance these infee-
tions were caused by Re strains of t) pe 17. IIo“ cvcr, at the Chlcugo

Pre-Radio Schools, where ch ylaxis was
men slecping in the same quarters, type 17 Re strains spread through the
entire population. Under these conditions the incidence of infections with

Re strains was moderately higher among the controls than among those
receiving chemoprophylaxis, Furthermore, at San Diego N.T.C. a type
17 Re 23 epidemic began among recruits none of whom had received chemo-
prophylaxis. In contrast, at Bainbridge N.T.C. where all recruits received
chemoprophylaxis, type 6 Re 125 infections occurred during the spring
months without causing a streptococeal outbreak, These findings indicate
that the eritical factor in determining whether an outbreak eccurred was
the capacity of certain strains of hemolytic streptococcus to spread rapidly.
Once introduced, these resistant strains gave rise to explosive outbreaks
jrrespective of whether the subjects were recewving prophylaxis.

SUMMARY

Prior to September 1944, streptococeal outbreaks among Navy personnel
were caused by sulfonamide sensitive organisms of many types. Subse-
quently they were caused chiefly by sulfonamide resistant strains of types
17,19 and 3. This change oceurred during the use of mass chemoprophy-
laxis. At some stations it appeared that the use of this preventive medicine
measure may have exerted a selective action on the prevalent strains of
hemolytic streptacoccus. Certamly, the passage of sulfonamide resistant
strams was not inhibited by el ‘The application of chemo-
prophylaxis has been evaluated in a recent review by Wilson (19).

At Farragut Naval Traming Center, these strains were both highly com-
municable and pathogenic for man. At other Centers, they either had not
been present or were of such low infectivity that they failed to be of practical
importance. However, in 1945 1 outbreaks ing through-
out the Navy were caused chiefly by strams indistinguishable from those
which had been 1dentified at Farragut. The intreduction of highly commu-
meable, pathogenie, Re strains of types 17, 19 and 3 into Naval Activities
counteracted the effectivencss of chemoprophylaxis as a streptococeal con-
trol measure. This occurred irrespective of whether chemoprophylaxis
was administered continuously or only for a ten day period or was not ad-
mimistered. It was evident that the appheation of a bacteriostatic agent
as a control measure 18 hmited to the extent that sulfonamide sensitive

organisms prevail,
The genesis of suMonamide resistance in Group A hemolytic streptococcus




INTRODUCTION OF MASS CHEMOPROPHYLAXIS 61

remajned undetermined, In the U.S. Navy, this charactenstic was mited
to types 17, 19 and 3, with the exceptions of type 6 at Bainbridge and several
sporadie infeetions caused by RetorRe 5 stmms of types 5, 1 and 24,

Tt seemed to be a fixed 10 L to other charac-
teristics of the bactenal cell. All attempts to induce or modify sulfonam:de
resistance of Group A b were ne

study at Farragut suggested that the use of sulfonamide prophylaxs i the
presence of Re strains exerted an untoward effect  However, & statistical
sanalysis of this study was not in accord with this observation and the
findings st other Naval Activities were not confirmatory.

Thése experiences 1n the use of mass chemoprophylaxis indicate the great
need for knowledge of the mech of bacterial resi to baeterio-
static agents but supply no information on this pomnt  The solution of this
key problem must await more fundamental work on the genetics and the
metabolism of the streptococeal cell.




CHAPTER VI

THE SPREAD OF SULFONAMIDE RESISTANT
STRAINS OF STREPTOCOCCUS IIEMOLYTICUS
TO NAVAL ACTIVITIES IN THE MIDWEST

Streptococcal morbidity rates rose sharply in October, 1914 among
Naval personnel receiving training in or near Chicago. In November,
outbreaks of scarlet fever, pharyngitis and tonsillitis occurred at several
Activities which had been almost free of these infections during the summer
months, It was believed that the causative agents were sulfonamide sen-
sitive. This opinion was confirmed in the lak y at Bethesda where
the strains of hemolytic streptococcus cultured from the throats of Naval
personnel in Chicago were all found to be sulfonamide sensitive in vitro
irrespective of serologic type. In December, 1944, the of
strains of hemolytic strep in vivo to sul ide pro-
phylaxis was recognized at Naval Radio Schools in Chicago. This elinical
observation was confirmed by in vitro tests, and these sulfonarude resist-
ant organisms were shown to be strains of types 19, 17 and 3

Observations were made between October, 1944 and July, 1945 at
seven Naval Activities and one civilian group in Chicago. Three of these
Activities, the Pre-Radto Schools, were similar in that: (1) there was a turm-
over of their trainees every 25 days, {2) their men came directly [rom
Recruit Training Centers, (3) their 1 lived under bl
tions, and (4) their traming echedules were alike. It was in these three
schools that Re strains of hemolytie streptococcus were first observed 1n
the Midwest

A. EARLY OBSERVATIONS

Descraption of Pre-Radio Sehiools A published Navy report bas described 1n detail
the exvironmental conditions present at the three Pre-Radio Schools 1n Chicago (18).
In that report, Wright Junior College was called School Red; Hugh Manley School
was called School White, Theodore Herzl School was called School Blue  The three
school buildings before occupation by the Navy had been parts of the school system
of Chicago  Architecturally, they were quite sumilar, all being three-storied brick
or stone bwildings  They contamed classrooms for 40 or 48 students each, an audi-
torium, a gymnasium, offices and a cafeteria  School Blue bad & single gymaasium

~A TN 4o had o prrmnecivmae sad § au smenng
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mumimal structural changes The gymnasiums and some of the classrooms were
used as berthing facilities ‘The remaiing classrooms retained their original fune-
tion  Additionsl toilet facilities were installed A dispensary and one or two wards
were also wstalled in each These were staffed by a medical officer and hospital
corpsmen  The wards were used for the care of throat iafections, minor :llnesses
and mjuries  Patients with scarlet fever and more serious or prolonged illnesses
were transferred to the Great Lakes Naval Hospital
The pressmg demands of the war-time Navy Traiming Program made necessary a.
certan amount of with accepted hygieni ds 8t & number of Navy
Activities This was especially true at the Pre-Radio Schools 1n Chicago The
urgent need for radiomen and the hmited space available for berthing led to crowded
sleeping arrangements 1n eachschool  Triple decked bunks were employed through-
out At School Red 400 men were housed in each of the two gymnasiums, ahich
contamed 1n each mstance 6,000 square feet of floor ares and 168,000 cubic feet of
volume  The smaller bunk rooms housed from 51 to 69 men and contaned 720 £o 960
square feet, of floor area and 10,030 to 13,440 cubie feet of volume respectively At
School Winte the two gymnasiums berthed 420 men each and the measurements of
each were 5,975 square feet and 155,350 cubic feet The smaller bunk rooms berthed
3010 75 men, and thei measurements ranged from 735 to 1,705 square feet and 9,552 to
23,335 eubne feet respectively At School Blue 240 men slept 1n the gymnasium which
contamed 4,500 square feet, and 90,000 eubic feet, 36 4o 60 men slept 1a the smaller
bunk rooms which contaned 750 to 1,500 square feet and 11,250 to 22,500 cubie feet
The space between bunks varied somewhat but was rarely 1n excess of 4 feet
I many rooms the bunks w ere arranged in blocks of s1x 1 e two triple deched bunk
sections) with no space between sections  The men were required to sleep head to
foot throughout
During the trainng period of three and one-half weeks the men received mtensive
didactie work which necessitated much study and relatively little time nutdoors
Liberty was granted one evenung each week and from Saturday noon unt:! Sunday
night At these times the tramees were free to engage in whatever recreational
activities in Chicago they desired At the end of the traming period, gradustes nere
transferred to other Naval Activities aud new groups uf men nerereceived Daring
these transition periods of one week there was some miving of outgoing and 1ncoming
groups  However, the majority of outgoing men had usually departed before any
substantial number of new trsinees errived  There was Little or no traffic bets een
Schools Red, White, and Blue  In each period a small group wss held over to repeat
the course  These repeaters had been 1l or deficient during their assigned training
period  Alarge proportion of th had been 1l with 1nfeetons

1 Observations ot Wright Jumor College This Pre-Radio School with
an average complement of about 1,100 men had hving conditions compa-
roble to, but perhaps better than, those at Manley and Herzl, Dunng
early November an outbresk of scarlet fever occurred among these men,

e tive agents were id d 23 hemoly types 17
and 3 sulforamide sensitive A new class entered during the second week
of November  Four days later & tramnee who had come from Great Lakes
developed scarlet fever The causative agent was 1dentified as type 17
Re 25 This man was removed to o hospital and the orgamsm did not
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spread.  During the inder of N ber the strept 1 infecti
were associated ehiefly with types 17, and 19, but also with types 3, 6 and
44—all sulfonamide eensitive. However, during the final tr.\uung \\ceL of
this class there were three other infections caused by

Twowere due to type 3 Re 5 and one to type 19 Re 5.

A new class was admitted early in December.  Four days later resistant
organisms began to appear in the throat flora of many patients with
streptococcal infections; first, type 3 Re 5, then type 17 Re 25 and later
type 3 Re 25. During the last two weeks of training the most prevalent
organisms were type 17 Re 25 and type 3 Re 25. On the last day of train-
ing type 3 Re 5 was again recovered from one man with pharyngitis and
another with scarlet fever,

A new class entered on January 2nd. The throat flora of the school
changed. Types 24 and 12 appeared the next day They were sulfon-
amide sensitive. Four days later type 19 Re 25 was cultured. This type
19 Re organism became predominant during the last two weeks of this
training period. The most prevalent organisms during the remainder of
the winter months were type 3 Re 5 and type 17 Re 25.

In summary, these findings indicated that with each incoming class
there were changes in the bacterial flora: (a) October class—almost all
infections were due to sensitive organisms of type 17, (b) November class—
most i were due to ptit of type 17 and type 19;
(¢} December class—most nfections were due to type 17 Re 25; (d) Jan-
uary class—most infections were due to type 19 Re 25.

It appeared in many that new i y tract
were introduced by the incommng drafts  In some instances they failed to
spread. In others they scemed to be disseminated and to reach a peak
incidence dunng the final week of the twenty-five-day training period It
also appeared that some organisms were seeded at this Activity and gave
nse to sporadic infections  These findings suggested that there were two
bacterial reservors, (2) the arnving reeruit who mtroduced new strams,
and (b) the envi seeded with by an ing class.

The first Re orgamsm type 17 Re 25 was recovered from a man who had
been at the school only a few days. He came from Great Lakes at a
time when this station appeared to have only sulfonamide sensitive organ-
jsms On arnval he came mto close contact with Farragut men who had
been infected with type 17 Re 25.

2. Observations at Hugh Manley School. This Pre-Radio School had
sbout 1,400 men in traming The incidence of streptococcal infections
was low in October and early November; the causative strains were types
19, 17 and 8. All of the stramns tested were sulfonamide sensitive in vitro.

h
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A pew class entered on N ber 4th The inad of “ hal
fever” increased but there was only one case of scarlet fever. The causative
stram was type 19 During this twenty-five day period, 20 cultures
of b yti p Group A were id d, seven were type 19,
sx type 17, six type 3, one type 6 All were sulfonamide sensttive in
witro

Another class was admitted at the end of November. Cultures taken
four days Iater showed that the throat flora of the personnel had changed:
type 30 sensitive to sulfonamide and type 3 Re 5 appeared Infections
by these organisms were followed by type 19 Re 1 and type 17 Re 25 nfec-
tions  Before this class was graduated, strains of type 3, either Re 1 or
Re 5 became the predominant organisms Re strams of types 19 and 17
did not spread

A new class was admitted 1n December During the second week type
17 Re 125 appeared Type 3 Re stramns became progressively less com-
mon. Later type 17 Re 125 became prevalent and with subsequent
classes 1t remained the predominant orgamsm 1n the Pre-Radio School,

In summary, the origin of these type 3 Re 5 or Re 1 infections 1s unknown.
They appeared to follow the arrival of men from Recruit Trammng Centers
The men who first contracted these mfections about five days after arnval
came from Great Lakes. At this time no sulfonarde resistant orgamsms
had been recovered from Great Lakes and type 3 Re 5 and Re 1 stramns
were known to ewst only at Farragut, Idaho Later 1t appeared that
other types were mtroduced by classes arriving i Chicago from Farragut.
Type 17 Re 125 persisted

3. Observations at Theodore Herzl School This Pre-Radio School had a
complement of about 800 men in training The meidence of streptococeal
infections was low 1 October  There were six patients with scarlet fever,
pharyngitis and “catarrhal fever ” The infecting strams of hemolytic
streptococeus were 1dentified as types 19 and 17  All were sulfonarmide
gensitive m vitro

The madence of streptoeoceal mfections mereased during the first two
weeks of November. Thirty-eight cultures were exammed Sixteen
were type 19, fifteen were type 17, three were type 3, four were unidentified
All of these orgamsms were sulfonsmide sensitive 1 vitro

A new class of transfers arnved i the puddle of December  Five days
later the first sulfonamide resistant orgamsms were cultured from two
patients, both type 19 Re 23 One nfection was mild, it was diagnosed as
“catarrhal fever” The patient was treated n the school's dispensary
and returned to duty  This new arrval had eome from Farragut, Idaho,
where type 19 Re 25 was prevalent, The other infection was diagnosed as
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scarlet fever, This patient had come from Great Lakes. He was trans-
ferred to the Naval hospital, The sulfonamide sensitive organisms of 19,
17 and 3 maintained their preponderance unt!l a new class entered.

A few days after the arrival of a class in January there was a striking
change in the throat culture findings. Most of the streptococcal infections
were caused by type 19 Re 23, a few infections by type 3 Re 5 and none by
type 17, Throughout the remainder of the winter months over 90% of
the streptococeal infections which were identified serologically were shown
to be caused by type 19 Re 25.

In summary, type 17 disappeared when type 19 Re 25 organisms were
introduced into this school. The Re orgamsms were recovered first from
two men who had been at Herzl only six days. One man with searlet
fever was transferred promptly to the Great Lakes Naval Hospital. The
other man with a mild upper respiratory tract infection was kept in a
dispensary room at Herz! for 10 days and then returned to duty. This
man may well have spread contagion. Ile came from Farragut, Idaho,
where type 19 Re 25 orgamsms had been prevalent and had caused clmieal
manifestations similar to those which later appeared at Herzl. It seemed
that the introduction of type 19 Re 25 infections into this school may have
restlted from the fact that a man with a muld upper respiratory tract infec-
tion eaused by hemolytic streptococeus type 19 Re 25 did not have a
scarlatiniform rash and was not solated,

4 Summary of Obserrations on Three Pre-Radio Schools:

(a) Re strains of hemolytic were not d at these
Pre-Radio Schools prior to November 15, 1941,

(b) Re stramns appeared early in the winter following the arrival of new
classes from traning centers

(2) These Re strains were mdistingushable from those which had been
prevalent at Farragut, Idoho, at this tume. They had not been recovered
at other traming centers which sent men to these Pre-Radio Schools.

(d) Each of the incoming classes included Farragut drafts, These
drafts of men were divided approimately equally between the three Pre-
Radio Schools Throat culture studics on one draft of Farragut men
shoned that on arrval in Chicago 34% were carriers of hemolytic strep-
tococeus including Re strains of types 19, 17 and 3.

{e) Throat cultures were not made routwnely on all arnvals The
possibility that Re strams were introduced from pomnts other than Farragut
cannot be excluded

B. LATER OBSERVATIONS IN CHICAGO

Sulfonamide resistant stramns of hemolytic streptocaccus were recovered
in Chicago from other Naval Activitres and from one civilian group during
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the winter and spring months of 1945. These Naval Activities differed
from the Pre-Radio Schools in many respects. Some of the differences
were: the rate of turnover was slower, the barracks were less over-
crowded; the hfe was less confining; and perhaps of most importance, the
personnel was not imuted £o transfers from Reerwt Traming Centers

1. Observations at Redio Chicage (65 West Lake Street): This Activity
supplied three months of advanced mstruction to 600 graduates from train-
ing centers, principally Great Lakes and Farragut  Men hved under con-
gested conditions  Even though “seasoned” by training 1n recrwt camps

and m radio schools they ibility to 1 diseases
On Januvary 6, 1945, throat cultures were taken to determme what types
of hemalytic were hemg introduced into this Actvity In

fifteen cultures the following types were recovered. 1, 6, 12, 17, 19, 24,
36, as well as, type 3 Re 5, type 19 Re 25 and type 17 Re 125. This small
sample reflected most of the types prevalent m the Navy at that time.
During January, February and March the Re strains of types 19, 17 and 3
mantared predommance

It appeared that slthough many serologic types of hemolytic strep-
tococeus were introduced tnto this Activity, three Re strams of types 17,
19 and 3 showed the greatest capacity to spread and persist.

2 Observations at Navy Prer. Thus station with a complement of 6,500
men gave several types of graduate traming to men from many Naval
Actities  In November and December there was a moderate number of
respiratory tract infections but no scarlet fever Identification of hemo-
Iytic streptococer m the throat flora showed that many serologic types
were present  In order of prevalence they were types 19, 17 and 6, with
a few of type 5, 36, 1, 12, 44, 3 and uncommon types The first case of
searlet fever occurred on January 9Oth, the causative agent was type 17
Re 125 On January 19th, type 19 Re 25 and type 3 Re 1 were recovered
from patients with pharyngitis and searlet fever  During the last week of
January type 17 Re 125 began to spread rapdly. During February the
meidence of streptococeal disease wereased markedly These indections
were caused almost entirely by type 17 Re 125

The streptococcal morbidity rates at Navy Fier in 1945 were lower than
those of the Pre-Rado Schools and also much lower than 1ts own rates for
the preceding wmter There had been a change 1 the type of training at
Navy Prer The complement was reduced by about 30%, the tramng
course was lengthened and the turnover of personnel slowed, drafts of
Tnen from recrutt camps were no longer recerved  The Navy Pier personnel
in 1945 were men who had completed trammg in the Pre-Radio Schools.
They were arranged m compantes of 150 men. The older group of trainees
were barracked together at considerable distance from the newer companies.
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The incidence of upper respiratory tract infections was relatively low in
the older companies and highest in the newly formed companies This is
shown in Figure 1.

Prior to January, 1045 all 1 strains were de sensi-
tive. The first three Re strains were cultured in three Great Lakes recruits
who had become 1ll 1n Chicago and were admitted to the Navy Pier Sick
List for treatment. Navy Pier personnel were hospitalized in open wards
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chiefly men from overseas. There was no overcrowdng in 1945. No
severe streptococcal outbresks occurred.  During November and December
type 17 predormnated Late in February orgamsms of type 17 Re 125
and type 19 Re 25 appeared. These orgamsms and type 3 Re 5 were
obtained in March None of these strains spread. Ther origin was not
determmed.

4. Observations at NATTC, 87th and Anthony. This Naval Aviation
Technical Training School had a complement of 2,800 men. Its personnel
were men with lengthy Naval Service. Housing conditions were excellent.
The inexd: of ] 1nfe which had been high i previous
years, remamed low throughout the wmter and spring months  Type 3
Re 25 was cuttured on January 3rd, type 17 Re 25 on March 27th, type 17
Re 125 on April 12th, type 19 Re 25 on April 18th. None of these organ-
isms spread  Therr ongin Was not determmed

5 QObservations at Midshipmen School The men were quartered in
the rooms of Abbot and Tower Halls In March four men had scarlet
fever., The causative agent was type 17 Re 125, This organism was also
found to be predomimnant among a small group of carriers, The excellent
Tiving eonditions were probably a factor m its faalure tospread  The ongin
of type 17 Re 125 was undetermuned. However, contact with Pre-Radio
School students occurred n Wesley Hospital

6. Observations at the Chicago Mumaeipal Contagious Disease Hosputal:
Throat cultures were taken of 33 civilian patients with scarlet fever upon
armval  Nine mfechons were caused by type 19 Re 25, ﬁve by Qype 17
Re 25 and the
and uncommor

Re 25 and 17
durmg March 145 8o far as could be determined, these mrlet fever
patients, with possibly two , had had no sulf prior to

their hospital admission and only three of them bad had any contact with
Naval personnel The finding that 42 percent of this group of infections
1n exihans of Chicago were ¢aused by Re strains of hemolytic streptococcus
was unexpected  Possible explanations for this finding were. (1) These Re
strains had been present m Chicago but unrecognized because in the past
they had not been tested for sulfonamide resnsta_nce (2) Re strains of types
19 and 17 had been d d by Naval hout the widely
scattered population of Chicago just prior to thig study,

C. OBSERVATIONS ON THE SPREAD OF HEMOLYTIC STREPTOCOCCUS TO THE
GREAT LAKES NAVAL TRAINING CENTER

Thig was the largest Naval Traming Center in the world. Situated

50 mules north of Chicago, 1t reached a census of over 100,000 personnel
and included the following more or less independent areas:
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1, Green Bay ares, recruit camps
2. Downey sres, recruit camps
3. Bervice Schools
4. Outgoing Unit
5. Melntyre Dispensary
§. Great Lakes Naval Hospital
1. The following camps were Jocated in the Green Bay area:
Dahlgren—21st regiment
Decatur—23rd regiment
Hull—23th regiment
MeDonough—27th regiment
Mahan—20th regiment
Maury-—3lst regiment
2. The following camps were Iocated in the Downey ares:
Dewey—12th regiment
Downes—10th regiment
Lawrence—16th regzment
Moffatt—14th regiment
Porter—S8th regiment
Smalla—18th regyment
Streptocaccal morindity rates began to cimb progressively in Sep-
tember, 1944 at Great Lakes Dunng the second week of October there
were 44 cases of scarlet fever among recrusts m the Green Bay area, 14
cases among reeruts i the Downey ares and three cases in the Service
schools  The largest number of these came from camp Decstur in the
Green Bay area and most of these cases eame from four barracks, These
streptocaceal infections were caused by type 17 organtsms which appeared
to be salfonamde sensitive m vive  Between September 1 and October
31, 1944, 326 cultures from Great Lakes patients were tested i vitro. Ne
Re stramns were detected  The fintings are summarized briefly i Table 1.
Table 1 shows that dunng the early fall months the predomnant organ-
1553 1n these camps were types 17 and 39 The sulfonarmde resistance of &
large percentage of these orgamsms was tested. All stramg were sulfon-
smide senative until October 31st when cultures from one patient i the
Service School and one m Cawp Porter (Prison Carap) were found to be
type 19 Re 25 At this time, so far as could be determined, 1t was only
1n the Service Schools and Camp Porter that direct contact with transfera
from Farragut Naval Trammg Center may have occurred
Durng this penod all recrnts with tonstlisy and pharyngitis were
¢reated m their camp dispensares  Those with scarlet fever were trans-
ferred to the MeIntyre Dispensary for treatment. All cases of scarlet
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fever from the Naval Activities in the Chicago area were transferred to the
Great Lakes Naval Hospital prior to November 18, 1944 On this date it
became necessary to accommodate war casualties For this reason, men
with communpicable diseases mcluding scarlet fever patients from the
Chicago Pre-Radio Schools, were transferred from the Great Lakes Naval
Hospital to the McIntyre Dispensary. By Detember 12th all patienis
with communicable diseases in the Chicago area were admitted directly
to the McIntyre Dispensary. There they were assigned to wards according
to therr diseases. The scarlet fever patients from the Pre-Radio Schools

TABLE 1

The Disirsbution of Hemolytic Streptococcs at the Great Lakes Naval Tratning Center
1 September and October 1944

Comp b e Otber Types Sylomamde
Dshlgren 17 6,3,1,19,12 0
Decstur 7 63 q
Dewey - 17,19, 5 0
Downes 18 6,3,33,4 -
Hull 17 19, 44, 26 0
Lawrence — 19, 17 —
Mahan 19 3,6,4 0
Maury — 19, 28, 3, 17 [
MeDonough - Not common types 0
Mofett, 17 19,3, 24,28 o
Porter — 19,24, 6 -
Smalls 19 None 0
Service 8chools 19 17,30, 3 .
Out Going Umit. 17 19, 3, 26, 41, 28 ]

* One culture obtained on October 3lst was type 19 Re 25.

of Chicago were placed 1 double-decked scarlet fever wards with the
recruwits from the camps of the Great Lakes Naval Traming Center At
this time, these wards had scatlet fever patients from the Green Bay eamps,
Downey camps and the Service Schools.

Sulfonamide resistant strams of hemoly d
among persopnel of seven Great Lakes camps during November and
December, 1944, In the Service Schools, hemolytic streptococcus type
17 Re 125 was active during November In most of the recrurt camps
type 19 Re 25 and type 3 Re 5 were first recovered 1n December after
sititar Re stramns had been 1dentified among men of the Pre-Radio Schools
of Chicago  The order of appearance of Re strains was as follows:
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Camp Date of Cultore Strains
Service Behools . ... . .. .. ...... November3 17 Re 125
Mahan ... ... L. e « .. . November 26 3Re5
Decatur . . December 4 17 Re 25
Dahlgren . . « December 6 17 Re 125
Maury e e el December 7 3Res
Hull . . December 12 17 Re 25
Downes . . December 22 3 Re 25
McDonough N . December 26 17 Re 125

The initial eultures of Re strains were obtained in seven recruit camps of
the Green Bay and Downey areas shortly after the MecIntyre Dispensary

TABLE 2
A Comparison between Types of Caustng Infe Prior to
and After November Firat
Recovered {a Pre-
vious & Weeks
Camp Ares Date of Culture L T —
Pm’:i' Present
Service Schools November3 | 17 Re 25 | Nove | 19,30
Mahan Green Bay | November 26 3Re 5 19 6,17
Decatur Green Bay | November 27| 17 Re 25 | None | 6,17
Dablgren Green Bay | December 6 | 17 Re 125 | None | 6,17,5
Maury Green Bay | December 7 | 3Re3 | None | 6,17,12
Hull Green Bsy | December 12 17Re25 | 17 | 19,12,1
Downes Downey | December 22| 3Re5 | None | 17,18
MeDonough Green Bay | December 26 | 17 Re 25 | None | 19,30

scarlet fever wards were seeded with searlet fever patients from the Pre-
Radio Schools of Chucago  During the early weeks of 1945, Re strains
appeared 1 all other camps evcept Camp Smalls. (See Chapter VI,
Figure 2) This camp was situated on the northern border of the Center
and had only Negro recruts Between October, 1944 and April, 1945
scarlet fever was not diagnosed in this camp For this reason, no Negro
recrits were treated m the scarlet fever wards of the McIntyre Dis-
pensary and none had contact with men from the Pre-Radio Schools of
Chieago.
Discusston: Them were at least three possible explanations for the
of {e resistant within a few weeks mn the
Wldely separated camps of the Green Bay and Downey areas.

t“h-e Re strains are given m Table 2
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Table 2 shows that with the exception of Camp Hull and possibly Camps
Dshlgren and Decatur the serologic types of the sulfonamide resistant
organisms were different from the sulfonamde sensitive types of hemolytic
streptococei which had been causing acute infections in these camps.
In Camps Mahan, Maury and Downes, where type 3 Re 5 suddenly became
predominant, type 3 had been conspicuously absent among men with
acute infections  In Camp McDonough, where type 17 Re 25 became pre-
dominant, type 17 had been conspicuously absent among men with acute
infections  Although it is possible that there were healthy, undetected
carriers who harbored these Re strams, it would seem more reasonable to
conclude that these Re strains did not onginate from the serologie types
of hemolytic streptococel prevalent m these camps

Becond, 1t seemed possible that the introduction of some of the Re strains
mto Great Lakes may have been due to contact with carriers of Re or-
ganisms  The early appearance of type 17 Re 25 1o the Service Schools,
where men from Farragut and other training centers were gathered, and
where there was ample opportumty for contact with cvihans off the
station, makes this a possiblity which cannot be excluded

Thard, 1t seemed probable that highly communicable Re strams were
dissemmated 1o the camps of Great Lakes by recruits returming from the
scatlet fever wards of the McIntyre Dispensary  These wards were double-
decked, without solation facilities, and after November 18, 1944, they
received Chicago Pre-Redio School patients infected with Re strams of
hemolytic streptoeocel indistingmshable from those which subsequently
appeared in the recrmit camps of Great Lakes

The incidence of cross infections m the wards of the Melntyre Dis-
pensary was not determined That cross infections did eccur 1s inferred
from the fact that four ward medical officers, seven internes, approumately
80 nurses and & large number of hospital corpsmen contracted streptococcal
diseases while working 1 these wards during the winter months of 1945.
Furthermore, 1t was later shown that patients from these wards carrying
Re strams m their throat flora gave nse to return cases wmn their barracks
after resuming trammng

In summary, the findings indicate that, although some type 17 Re 25
mfections 1n the Service Schools may have ongnated from contact with

d carrers, the Iink m the spread of Re stramns of
hemolytic streptococcus to the recruit camps was contact between Great
Lakes recruits and Pre-Radio School men of the Searlet Fever Wards of
MelIntyre Dispensary

SUMMARY
Sulf‘?nnmfde resistant strams of hemolytic streptococcus were first
recognized in the Midwest at the Pre-Radio Schools of Chicago. Each



74 0GY OF STREPT

of these schools received monthly drafts of men from the Outgoing Unit
of Farragut Naval Training Center. In October, 1014 this was the only
Training Center in which Re strains were prevalent. Throat cultures of
Farragut drafts made on arrival in Chicago showed that 31% were carriers
of Group A hemolytic streptococcus Other Midwest Naval Activities
which received no transfers from Farragut cscaped infections with Re
strains dunng December, 1944 and the early months of 1945

Environmental conditions at the Pre-Radio School: d to facil
the rapid passage of hemolytic streptococcus, Ho“'cw er, streptococeal
outbreaks did not occur until the fall months when climatie conditions
beeame favorable to the spread of respiratory tract infections. At that
time, some of the streptococeal outbreaks in the Pre-Radio School classes
appeared to be initiated by carriers in arriving drafts, aud other outbreaks
appeared to be due to contamnation left by graduating groups,

The Naval Training Center at Great Lnlxcs, situated 50 miles from
Chicago, escaped an outbreak of st ions with Re strains
until & minghng of Great Lakes reeruits and Pre-Radio School men oe-
curred 1 the scarlet fever wards of McIntyre Dispensary. Following
this, there was a striking change in the throat flora of Great Lakes patients
with streptococcal infections Re strams mdistinguishable from those
originally prevalent at Farragut and later prevalent at the Pre-Radio
Schools became prevalent in all camps at Great Lakes except the Negro
camp In this camp, scarlet fever had not been recogmzed; men with
streptococeal throat infections had been treated in the camp dispensary,
there had been no contact between men of this camp with Pre-Radio
School men and other Great Lakes reerurts m the scarlet fever wards of
MeIntyre Dispensary

These observations sndreated that Re strains of hemolytic streptococcus
were spread from Farragut, Idabo, to Chicago and from Chicago to Great
Lakes Later these stramns were spread by drafts of men from the Great
Lakes Qutgomg Umit to other Naval Activittes in the Midwest.




CHAPTER VIII

THE SPREAD OF SULFONAMIDE RESISTANT
STRAINS OF STREPTOCOCCUS HEMOLYTICUS
TO NAVAL ACTIVITIES IN THE SOUTHWEST

Attention has been drawn to the fact that Re strains of types 19 and 17
were present I the summer of 1944 at Treasure Island, Cahfornia (Chapter
V, page 42). The source of these strains was unknown, although it ap-
peared that they may have been introduced by earriers from Farragut.
In January, 1945, Re strams were introduced into a Naval Activity at Det
Monte, Cahfornta In this mstance 1t was possible to trace the transfer
of these respiratory tract pathogens from Illnoms to Calforma At that
time a more severe streptococcal outbreak oceurred in the San Dhego Naval
Tramng Center The onigm of this epidemic was not determmed The
findings at these two stations are presented:

A, OBSERVATIONS AT THE NAVAL TRAINING SCHOOL, DEL MONTE, CALIFORNIA

This deseription deals with the observations made durmg the week
endmng January 13, 1945, It deals primarnily with streptococeal infections
oceurrmg among 2 draft of men arrving from the Pre-Radio Schools of
Chlucago It also includes observations on the pre-epidemie conditions
and on the ifections present in drafts of men armving at Del Monte in
December, 1944

1 ILwnng Conditions and Personnel The students were comfortably
quartered, six to eight 1 a room at the Del Monte Hotel. They slept m
double-decked bunks The quarters were large, well ventilated, earpeted
tooms There were ample toilet and washing facthties The school
messed m a lIarge hall Each class entered the mess hall as a unit and
oceupied a speaific part of the room  The food was prepared and served
under contract with the Del Monte Hotel  The school day began at 0600
and the greater part was spent i classrooms and shops Liberty was
granted to 900 students once weekly from Saturday at 1300 to Monday at
0600 Recreational facihtzes on the station meluded an outdoor salt water
swimmung pool, a large athletic field, a library, a motion preture theatre
and a Ship’s Service ncluding a soda fountain,

The Ship’s Company hived off the station for the most part and had 1ts
own mess hall bug shared the food prepared for the students Maost of the

75
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officers lived off the station and bad & separate mess, About 100 women
ian employces, waitresses, galley and laundry workers lived in dormi-
tories provided by the hotel.

In brief, condmons in the living quarters, classrooms, shops, galley,

and facil were highly satisf: y h this school.
Thc personnel at this Actmty consisted of 1300 enlisted men under
ion as radio technici 150 enlisted Ship’s Company, 21 officers

and 200 civilian employees. The streptococeal discases under investigation
occurred chiefly in men under instruction, These students spent a three-
month period on the station. Most of them had been in the Naval Service
about six months and had completed basic training at the U. 8. Naval
Training Station, Great Lakes, Illinois during the summer or fall of 1944,
Following this they had completed & three and & half weeks’ course of in-
struction at the Chicago Pre-Radio schools, Hugh Manley, Wright Junior
College or Herzl Junior College A few students came from the Radio
School, Michigan City, Indiana. Every two weeks a class of 200 new stu-
dents from these schools arrived at Del Monte to take the places of a sim-
ilar number of graduating students who went on to advanced radio schools.

2. Qutbreak of German Measles: Prior to November 11, 1944 the
incidence of scarlet fever and acute tonsillitis or pharyngitis was low at
this station. Only four cases of scarlet fever were diagnosed during the
four-month period from May through August, 1944.

A sharp rise in the incidence of German measles began on November 6.
The first four cases occurred in Class 16, which had been in residence six
weeks. The outbreak continued during the next three months and affected
chiefly the older classes Ninety-five cases were diagnosed in the period
from November 6, 1944 to January 11, 1945 These were mild and of
short duration  The discase was characterized by a fleeting, morbilliform
eruption, post-cervical adenopathy 2nd a normal or low white blood count
with a tendency to lymphocytosis.

3. Outbreak of Streptococcal Infections On November 11, 1944, five
days after the onset of the German measles outbreak, a new class of 200
men, designated Class 19, arnved at Del Monte from Wright Junior College
and Herzl Junior College 1n Chicago Two men with scarlet fever from
this class were admitted direetly from the train to the station hospital.
Within 24 hours, six more men were admitted and in the week of November
11-18, 14 cases of scarlet fever occurred in this class Duning the same
period, nine other members of this class were admitted for “acute catarrhal
fever” and three for German measles

On December 23, 1944, Class 22 arrived from Chicago. ‘Three members
of this class had scarlet fever on arrival at Del Monte. These men stated
that they had had sore throats on the train. Two other men who had been
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1 close contact with them developed scarlet fever shortly after arrival.
About one week after the arrival of this class, 19 cases of scarlet fever oc-
curred 1 other classes at Del Monte. The incidence of streptococeal
infections increased steadily duriog the three following months.

4. Observations on Class 23: Observations at Del Monte showed that the
incid of 1 1nf rose sharply after the arrival of classes
19, 22 and 23. The members of these classes came from the Pre-Radie
Schools of the Chicago area as is shown in Table 1.

The opportunity to study an entire draft of 196 men, was afforded on
January 6, 1945, when Class 23 arnved at Del Monte. About 41 mem-
bers of this draft had clnical evidence of acute tonsillitis or pharyngitis
on armval. Four were mmediately hospitalized for scarlet fever and eight

TABLE 1
Compasition of Chicago Drafts—Naval Trasning School, Del Monte
(Classes 18 through 23)

Numbers of Men fsom Pre-racbo Schools
Class Date of Arnval
Hera) Wrght Manly Mich City
18 10-23 155 45
10 11-1t 85 115
20 11-25 20 136 44
21 12-9 kil 120
22 12-23 10 165 25
28 1-6 9 119

more cases of scarlet fever were dingnosed within 48 hours  Moreover, it
was learned that two other members of this class beceme 11l with scarlet
fe'ver w:thm 18 hours after the tram left Chucago on January 2, and were
i d at Hastings, Ni

This draft left from two of the Pre-Radio Schools m Chicago, Herzl
and Wright, on the mght of January 2, 1945 The men were berthed
eight Pullman cars and messed m 2 dicer. The tram carned only mil-
atary personnel and members of the draft waited on tables in the diner A
Sick Bay, with a Pharmacist’s Mate m charge, was established in one car.

Within 12 hours after departure two men became il with scarlet
fever  One man had been complamnmg of a sore throat at Theodore Herzl
Jumor College for two days prior to departure Durmg the next three
days, six of this man’s mates (n Car 3) deve eloped sore throats and
searlatmiform rashes  Cases of scarlet fever and acute tonsillitss or pharyn-
gitss also occurred m the other cars

1t was possible to locate 156 men accordmg to the cars oceupied dunng
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the journey. In every car, at least 10% of the personnel had evidence of
acute tonsilhitis or pharyngitis. The highest ineidence occurred in Csrs
3 and 4 in which 35% and 309 of the had acute strep
infections.

It was also learned that three porters who attended this draft became ill
during the latter part of the journey. They were admitted to the Alameds
County Hospital, Oakland, California, on January 6, 1045. Two were
treated for ncute tonsillitis or pharyngitis and one for acute meningitis
due to hemolytic streptococcus. These porters had played cards mghtly
with the Navy draft during the journey.

In brief, this epidemic of scarlet fever and acute nasopharyngitis in
Class 23 began in two men who were recognized to have scarlet fever
shortly after departure from Chicago. There was close contact within
each car and free movement of personnel and porters from car to car.
Comparable conditions existed on the trains which brought Classes 19
and 22 to Del Monte

5 Bacterologic Observations: Throat cultures were made of 389
personnel between January 6 and 11. Hemolytic streptococcus was
recovered from 76% of the sick and 26% of the well personnel. The lowest
throat carrier rate of 11% was in civilian personnel. The highest rates
occurred in Class 23, each member of which was cultured, Hemolytic
streptococcus was culiured from 85% of the sick, 429 of the well members
and 519 of the entire class. Examnation of these cultures showed that
the predominant organisms were Re strains of type 19 and that Re strams
of type 3 were also present. These strains were indistinguishable from
those prevalent at the Pre-Radio Schools of Chicago

In summary, this outbreak of streptococcal diseases at Del Monte fol-
lowed and appeared to be a direct result of the introduction of acutely il
men and streptococeal carriers from the Pre-Radio Schools of Chicago
In spite of the fact that these men were barracked mn small groups under
satisfactory environmental conditions at Del Monte, their mfections spread
rapidly. It appeared that these mnfections were air-borne and coineiden-
tally with the mstitutron of customary measures to mmimize the spread of
air-borne pathogens there was a rapid fall in the streptococeal morbidity
rates. However, while this was occurning, tramees were transferred from
Del Monte to the Navy Radio Material School m San Francisco. The
arrival of these men was followed by a streptococcal outbreak m the Radio
Materiel School. The collected observations indicated that erther acutely
ill men or carriers spread Re strains of hemolytic streptococcus types 19
and 3 from Farragut, Idabo, to Chicago, Ilhnots, from Chicago to Del
Monte, California, and from Del Monte to San Francisco, Califorma
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B OBSERVATIONS AT THE NAVAL TRAINING CENTER,
SAN DIEGO, CALIFORNIA

It was possible in most mstances to trace the spread of Re strains of
types 19, 17 and 3 from points where epidemic conditions prevaded to
stations which were free of streptococcal infections caused by Re strains.
There was, however, one striking exception. A severe epidemic of scarlet
fever oceurred at the San Diego Naval Training Center and all attempts
to determune 1ts origin falled. Some characteristics of this eprderuc were
unique in the expenences of the U 8 Navy durmmg World War II.

1. Condations at the U. 8 Naval Trarning Center, San Diego This Tramn-
ing Center, with a complement of over 35,000 men, had three large camp
areas, which, though distinct, were continuous All incommg recruits
were admitted to Camp Decatur where they sere m detention for a period
of three to four weeks During this period they received all of their
ymmunizations except the second dose of tetanus toxoid They had no
contact with the outside world durmng these early weeks of traming  From
Camp Decatur they moved a few hundred yards to Camp Farragut! where
most of the recruit trammg was done.

There were about 10,000 recruits m trammng at Camp Farragut (San
Diego) mn Januery 1945 None of these men had had hberty since their
arnval on the station, their activities had been confined to Camp Decatur
and Camp Farragut, where they recerved a second dose of tetanus toxoid
at the Camp Disp: y.  Foll g the letion of four to six weeks’
traming 1n Camp Farragut, these men were either transferred to Camp
Laurence (the Service Schools) or were detached to duty elsewhere

The Living conditions i these traming camps at San Diego Naval
Trammg Center were excellent There was no overcrowding  Barracks
were clean, airy and full of sunhight. December and January were warm
and clear months. There was a mummum of dust Most of the classes
were held out of doors in the sunlight I\Iorbxdxty rates for respiratory

diseases and were Iy low at this Center as
well as 1 nearby mlitary and cxvxh:m popuhtmns‘
2 Descripl of Tract Infe Health

conditions were excellent at the San Dlego Naval Tranmg Center m
November, 1944  During the latter part of the month there was an 1n-
crease i the number of colds and mmor respiratory complamnts. There
was no scarlet fever until a few cases appeared dunng the second week of
December One week later the of

¥

! Tins was g camp at San Diego Naval Training Center and 1s not to be confused
with the Farrsgut Naval Training Center in Idaho
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discase showed a moarked increase and the following week searlet fever
reached an epidemic level. The majority of these streptococeal infections
were accompanied by a typical searlatiniform rash. All cases of scarlet
fever and nearly all of the throat infections without rash occurred in
Camp Farragut among recruits who had been confined to the San Diego
Naval Training Center for a period of four to eight weeks.
Over 400 of the 10,000 recruits in Camp Farraput contracted frank
. streptococeal infections in the first three weeks of the epidemic. The
scarlet fever morbidity rate for the entire Center rose by the middle of
January to 000. In Camp Farragut, where all of .the scarlet fever cases
occurred, the morbidity rate exceeded 2,500 duting the second week of
January. The morbidity rate curves were characteristic of a severe
idemic of air-b + ) infections following an outbreak of
colds. These observations are shown in Figure 1. For months these
infections remained confined to this camp; there were no cases among the
new arrivals in Camp Decatur or in Camp Laurence.

3. Possible Pornts of Entry: Since all men in Camp Farragut had been
in training at the Center for at least four wecks they must have been
infected in the camp The early infecfions were not clustered in one
bartack but were widely distnbuted throughout Camp Farragut. These
recruits shared only three buildings: (a) they patronized the same Ships
Service (recreational building); however, the Ship’s Service building was
clean, free of dust, not overcrowded and, so far as could be determined,
was not the source of these infections; (b) they ate in the same dining room;
however, all of the enidence ind: d that this epidemic was not d
with mfected milk or other food served 1n the dining hall or Ship’s Service;
(c) they attended the same dispensary where it was noted that during
November a large number of men with minor respiratory complaints
had attended Sick Call. At the Camp Farragut dispensary a large pro-
portion of these men received an ephedrin nose spray and a small number
had been placed in bed 1n the dispensary ward. Several of the corpsmen
of the dispensary who cared for these men at Sick Call and in the dispensary
ward had come from the Training Center in Farragut, Idaho. The possi-
bility that one of these corpsmen may have been a “dangercus carrier”
of hemolytic strep Wwas not idered until after these men had
been detached, and for this reason was not excluded.

4, Four Qutbreaks of Surgrcal Scarlet Fever- Attention was focused on
Camp Farragut dispensary when 85 men developed cellulitis of the arm
and surgieal searlet fever. The events in this outbreak were as follows:
On January 5, 1945, three recruit companies, about 250 men, were immu-
nized with o preparation of alum precipitated tetanus toxod.  All of these
men had reccived their first immuniziog dose about one month prior to
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this while m Camp Decatur. The second dose was grven 1 the manner
customanly used m Camp Farragut, Tables were placed outside the
dispensary in the sunlght and sterile towels were spread on them Six
sterile syringes holding 5 cc. each and sterile necdles were used. Under
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the supervision of the dispensary medical officer, who had been in charge
of this dispensary for some months, three hospital corpsmen admin-
istered the tovod. This medical officer had had considerable exper-
ence with immunization and had taught the three corpsmen the technique
of immunizing » large pumber of men The corpsmen were responsible
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for cleansing an area of skin in the deltoid region which was ta be injected,
the filling of syringes and the administration of 0.5 cc. tetanus totoid to
each man, A ling to the lation of the disy 'y, only full bottles
of toveid were used. ‘These bottles were kept on the lowest shelf of 8
small, unlocked icchax in o room of the dispensary where Sick Call wag
beld. The needle was changed after each injeetion. Six syringes were
used throughout the immunization without being resteriized, In the
past, thxs tcchmquc foc lmmumz:u,mn had proved practicable; there had
been po i

On January Gth, severe “reactions”” began in two of the three companies
imraunized. IHaess was imtiated by symptoms of an acute infection and
signs of a severe inflammatory process at the site of injection. It was soon
apparent that these reactions were not those commanly sssociated with
immunization and that they had been induced by contamination with s
highly pathogenic agent. The appeamacc af celfulitis at the site of injec-
tion and the d iniform rash indicated that the
causative agent was hemolyug streptococess, Within 48 hours of the
inoculation tvo men became entieally I with cellulitis and severe scarlet
fever., Onc of these men died of overshelmng streptococeal tovemis.
The gross findings at autopsy were consistent with the clinical dragnosis
of fulminating searlet fever.

Within a period of five days 85 members of Companies 611 and 612
developed signa of celiulitis at the aite of inoculation and surgiesl scarlet
fever. Sulfonamide proved meffective 1 the trentment of these men but
the administration of large doses of penicilhn was followed in most instances
by a subsidence of the mfectius process, However, in some cases ab-
scesses developed and progressed to a pownt that requred surgical infer-
vention Incision and dranage were followed by the evacuation of pus
which on culture yiclded i each instance a pure growth of hemolytie strep-
tococeus,

Since all men in one of the three ized escaped
it seemed that tins outbresk could nat be attributed to moculation of the
men during the meubation period of searlet fever.  Cultures of the tovoid
bottles were not obtamuable because the residual toxoid and the bottles
which were used on January &th had been discarded.  However, unopened
bottles of toxaid which were to be used for subsequent immumzations
were cultured and proved to be stemfe. To test the pmsxbxhzy of con-
tammnation of toxod with hemolyti from an
abseess stram was moculated 1wto one of “the 50 ce. boﬂles of toxoid. At
jeebox temperature about 90 percent of the organisms died in 18 hours.
At room tempernture the death rate was greater. Multiphestion of this
organtsm in tetanus toxoid did not cccur.
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Bacteriologie examnation of seven cultures of pus obtained on incision
of abscesses showed that 1n each case the microorganism was type 17 and
resistant to sulfadiazine 25 mg %  The clinieal and baeteniologie findings
ndicated that the microorganisms causmg these abscesses were of a smgle
strain and that this stram was identical with the strair which for three
weeks had given rise to the epidemic of scarlet fever in Camp Farragut.

One month later a similar outbreak of streptococcal cellulitis and surgical
scarlet fever occurred. These mfections followed tetanus tovoid mnjections
m the Camp Farragut dispensary. All cultures recovered from these
patients were 1d d as hemolytic Group A type 17 Re

On March 2, 1945, app ly 900 men of C 62, 63, 64,
65, 66 and 67 received yellow fever moculations and of this group 51
men of Company 63, 26 men of Company 64, four men of Company 66,
and one man of Company 67 developed acute infections i the arm at
the site of the mnjection. These mjections were all given 1n Camp Decatur
to new recruits in the detentton umt where there was no scarlet fever.
Thirty of these men developed scarlatinal rashes The orgamsms re-
covered from these wnfections were also type 17 Re 25

On March 6, 1945, 900 men of C 68, 69, 70,
71, 72 and 73 recewed yellow fever moculations 1 Camp Decatur and of
this group there were app! ly 25 acute
at the site of injection These cases occurred mostly 10 Company 68.
‘The i d from these 1nf were also type 17 Re 25

Altogether 21,597 mjections of yellow fever vaceine and 43,596 mjections
of tetanus toxo:d were made i the first four months of this epidemic
All were given under smilar conditions No break m techmque was
detected The ongm of these four outbreaks with more than 200 cases
of surgscal scarlet fever was not established.

A search was made by the Epidermology Umit for the empty tetanus
tovoud bottles  After the first of these outbreaks the three missing bottles
were located and identified by therr serial numbers These bottles were
found charred 1n an unburned dump of trash  Each contained about. 1 ce
of tetanus tovoid which was heavily contammated with chans of strep-
tococes  The orgamsms were not viable It appeared that these bottles
may have been contammated purposefully Just prior to the admimistration
of tetanus toxord

5 PcnnL: of Clinical Interest Tlns Re stramn of hemolytic streptocoecus

f and for more than one year at
San Dicgo Na\ml Trammng Center Four months after onset of the epi-
demuc, high streptococcal morbidity rates persisted  Nev ertheless, these
infections were practieally lumited to Camp Farragut None occurred m
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for cleansing an area of skin in the deltoid region which was to be injected.
the Glling of syringes and the administration of 0§ cc. tetanus tovoid to
eachman. According to the regulation of the dispensary, only full bottles
of toxoid were used. These bottles were kept on the lowest shelf of a
small, unlocked icebox in o room of the dispensary where Sick Call was
held. The needle was changed after each injection. Six syringes were
used throughout the immunization without being resterlized. In the
past, thls technique for \mmumzntlon had proved practicable; there had
been no inf following i izations

On January Gth, severe “reactions” began in two of the three companies
immunized. Iflness was initiated by symptoms of an acute infection and
signs of a severe inflammatory proeess at the site of injection. It was soon
appatent that these reactions were not those commonly associated with
immunization and that they had been induced by contamination with a
highly pathogenic agent. The appearance of cellulitis at the site of injec-
tion and the development of a scarlatiniform rash indicated that the
causative agent was hemolytic streptococcus. Within 48 hours of the
inoculation two men became critically ill with celfulitis and severe scarlet
fever. One of these men died of overnhelming streptococeal toxemia.
‘The gross findings at sutopsy were consistent with the clinical diagnosis
of fulminating scarlet, fever.

Within o period of five days 85 members of Companies 611 and 612
developed signs of cellulitis at the site of tnoculation and surgical scarlet
fever. Sulfonamide proved effective in the treatment of these men but
the admimstration of large doses of penicillin was followed in most instances
by = subsidence of the infectious process However, in some cases ab-
scesses developed and progressed to n pont that required surgical inter-
vention. Inaision and dramnage were followed by the evacnation of pus
which on culture yiclded mn each instance a pure growth of hemolytic strep-
tococeus.

Since all men 10 one of the threc companies immumzed escaped infections,
it sectmed that this outbreak could not be attnibuted to inoculation of the
men during the imcubation period of scarlet fever. Cultures of the tovoid
bottles were not obtamable because the residual tovoid and the bottles
which were used on January 5th had been discarded  However, unopened
bottles of toxoid which were to be used for subsequent immunizations
were cultured and proved to be sterle. To test the possibility of con-
tammation of toxoid with hemolytic streptococeus, & subculture from an
abscess strain was moculated 1mto one of the 50 ce. bottles of toxoid At
jeebox temperature about 90 percent of the orgamsms died in 18 hours.
At room temperature the death rate was greater. Multiplication of this
orgamsm 1 tetanus tovoid did not occur.
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In brief, it appeared that a single stramn of Group A hemolytic strep-
tococeus type 17 Re 25 caused over 6,000 upper respiratory tract infections,
including 1,556 cases of scarlet fever, within four months These strep-
tococeal diseases ocewrred among recrunts who had been restricted to one
camp on the station for at least one month. Furthermore, this stram of

lyti caused outbreaks of severe cellulms and surgreal
seatlet fever on four following i The capacity
of the strain to induce scarlet fever was great; approximately 20% of men
mfected by mjections developed scarlatimform rashes  In many instances
there was marked exfoliation.

SUMMARY
Convmcmg evxdence showed that at Del Monte, Re strans of Group A
1 were duced mnto a Naval Actiity from the

Pre-] Rad\o Schools of Chicago

In contrast, at San Dxego all efforts to determine the source of a severe
streptococeal eprdemic in the Naval Traimng Center were unsuccessful
This epidemic had the following dxstmctwe clmracterlstxcs (l) It begau
and persisted under ens d un-
favorable to the spread of air-borne nfections and at a time when strep-
tococeal morbidity rates were minmnal at pear-by Naval Activities (2)
It was caused by Whnt appeared to be 2 single sulfonamxde resistant stramn
of type 17 hemoly @It d to ongmate 1n men
who had anended Snck Call at the camp dispensary with minor respiratory
complaints, (4) It origmated m and was imited for several months to one
canp of men, all of whom had been on the station without outside contact
for over three weeks. (5) It was accompanted by four outbreaks of sur-
gical gearlet fever following mmumzations. (6) It seemed that these
four outbreaks may have occurred as a result of purposeful contammation
of biologic materials just prior to mmunizations
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Camp Decatur and only a few in Camp Laurence (Service Schools) which
received men on graduation from recruit trafning. The sporadic throat
infections which occurred among men of the other camps and among
station personnel were caused by sulfonamide sensitive strains of sero-
legic types other than 17.
There were 1556 frank cases of searlet fever during the first four months
in Comp Farragut. Since only 20% of the men who wero infected by
developed a scarlatinal rash,it can be estimated that over
6,000 men contracted streptococcal diseases without & rash  This large
number of cases of scarlet fever and streptococeal nasopharyngitis without
a rash was cared for by 25 medical officers, 18 nurses, 239 medical hospital
corpsmen, 165 dental officers, 63 Hospital Corps WAVES and 209 dental
hospital corpsmen.  Among this professional group of 744 persons having
intimate contact with these patients, I medical officer, 8 medical corpsmen
and 1 dental corpsman developed scarlet fever. The dental officers handled
about 950 patients a day and escaped searlet fever without exception.

TABLE 2
o ions on Types and Sul) of Cultures of
Streptococeus Obtatned During the First Monthas of the Epidemic
g " 1T, No of Cultores Resstant to Sulfaduazae, Mg %
c’.‘,?m?'u !};p:' % nrw ;; _;"l! o of Cultures Renstant azae,
o |z g8 fom | @
200 188 93 P 25 o , 1 ’ 8 |‘ 85 , 3

6. Pounts of Bacteriologic Interest: A large number of throat cultures
were taken from patients with scatlet fever, tonsillitis and pheryngitis. A
small number of cultures were taken from tbe dmmnge of patients who
developed cellulitis and ab followi ti ‘The pus from
these abscesses contained m each msttmce a pure culture of hemolytic
streptococeus type 17 Re 25. The throat cultures from streptococcal
patients i Camp Farragut were also identified as type 17 Re 25 except
for o small number which were classified as type 17 Re 125 The bac-
teriologic findings during the first four weeks’ period of the epidemic are
surnmanized 1n Table 2.

About 909, of these were type 17. Only a relatively few of these were
tested for resistance. ‘They were classified as ejther Re 25 or Re 125.
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Camp I' Sporadic cases of tonsillitis and pbaryngitis oceurred during
October and reached a high incidence in November. There was only one
case of scarlet fever in October. Fifty Group A cultures were 1dentsfied.
Types 19, 6 and 3 were the p lent types Thirty isms were tested
for sulfonamide resistance, all proved to be sulfonamide sensitive m vitro

Camp II. There was a high moidence of tonsilitis and pharyngitis in
this Negro regiment durmg October and November  Scarlet fever was not
diagnosed. Of 323 Group A cultures obtamned during October and No-
vember, 234 were of type 6 Type 19 was also prevalent and other types
were found m small numbers  Fifty cultures were tested for sulfonamide
resistance. Al were found to be sulfonamide sensitive except four cultures
of type 17 Re 5 1n November, The first of these was cultured on No-
vember 10, during the last week of November three cultures of type 17
Re 5 were obtamed

Camp IIT There was 2 high mcdence of tonsilhitis and pharyngitis
and sporadie cases of scarlet fever among these recrints  Types 6 and 19
were predommant among the 434 organisms identified serologrcally.
Type 17 was recovered only once mn October and six times during the latter
part of November. All but two of 63 organisms tested were sulfonzmide
sensitive strams  These two strams were type 17 Re 125. 'The first of
these was obtamed on November 17 from a man with nasopharyngitis,
who had come from his home 1n South Carolina eight days prior to this
infection. The second culture was obtamed on November 30 from a recrurt,
who had been on the station for 19 days.

Camp IV. This regment had few cases of tonsidlitis and pharyngutis,
with a single case of scarlet fever  Types 19 and 6 were predominant i the
70 Group A orgamsms exammed 'I‘ype 17 was not recovered All of
the nine tested for sull were sensitive stramns.

NAPS Regrment Throat carsier studies were made each month on
this group of 690 men  The majonty of strains of hemolytie streptococcus
recovered from the throat flora were not of Group A Among the Group
A strams there was no predommant type The types present were 1,

19, 17, 3, 18, 24, 6 and 44 Sulfonamide resistant strans were not re-
covered n the 17 cultures tested.

B OBSERVATIONS ON THE ACTIVITY OF SULFONAMIDE RESISTANT STRAINS

Streptococeal morbidity rates showed a marked rise at Bambndge during
the winter months  In the Service Schools the meidence of seatlet fever
rose eharply 1 November and reached a peak rate of over 400 per 1000
per year during the last week of January In the recruit camps the
weidence of searlet fever rose sharply 1 January and reached a peak rate of
over 300 per 1000 per year durmng February. (See Chapter VI, Figure 4)



CHAPTER 1X

THE SPREAD OF SULFONAMIDE RESISTANT
STRAINS OF STREPTOCOCCUS HEMOLYTICUS TO
NAVAL ACTIVITIES ON THE ATLANTIC SEABOARD

The largest Training Center for Navy recruits on the Atlantw seaboard
was at Bainbridge, Maryland. Adjoining was the B dge Naval
Hospital. 'This Training Center with a population of over 30,000 personnel
had a large Service School of about 7,000 men, four recruit camps and a
group of about 700 apprentice midshipmen known as “NAPS.” The
latter trained for nearly one year, the recruits for gix weeks and the Service
School men for uppro“mntcly three months.

rose to epid levels at Bainbridge Naval
Tr:numg Center during January 1945, The morbidity rate for scarlet
fever, which had been low in October and November, reached a peak of
over 400 per 1000 per annum in February and then declined sharply.
Most of the streptocoeeal infections of the winter and spring months nere
caused by Re strams of type 17. These strains were detected at Bain-
bridge for the first time duting November, 1944,

A. INITIAL OBSERVATIONS ON THE APPEARANCE OF SULFONAMIDE
RESISTANT ORGANISMS

In October and November streptococcal infections were prevalent at
Bainbridge only n the Service Schools Many serologic types of hemo-
Iytic streptococcus were present. The clinical and bactenologic observa-
tions made during the fall months were:

Servtce Schools Tonsilitis and pharynpitis were prevalent during
October. In November, the high incidence of these discases increased and
scarlet fever began  One hundred and eighty-nine cultures of Group A
hemolytic streptococcus from patients with throat infections were ex-
ammed The predommant types were 19 and 17 Other types were; 6,
3, 30, 12, 29, 18, 44, 1, 5 and uncommon types Fifty-one cultures “ere
tested for their m vitro to ide, all were sulf
gensitive with the exception of five cultures which were type 17 Re 1.
This Re strain-was first detected on November 21 In bnef, these men
with a large number of throat infections had most of the streptococeal
types which had been prevalent at Naval Traming Centers However,
jt was not until the last week of November that Re organisms made their

appearance.
86
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NAPS Regiment: ‘There were 54 cases of scarlet fever among these 700
men during the winter and spring months ~ All of these infections were
caused by type 17 i The first sulf ide resistant i
were obtaned during the latter half of December. They were Re 1 and
125 Dunng the winter, 21 cultures were identified as type 17 Re 1, Re
25 and Re 125. All of these orgamisms came from the throat flora of
searlet fever patients.

Throat eultures were made of each man monthly. The carrier rates for
Group A hemolytic streptococcus were: October 61, November 108,
December 11 8, January 8 3, February 19 4, March 31.0, Apnl 30.1. The
marked rise in these carmer rates was due to the prevalence of Re strains
of type 17 in February, type 3 in March and type 19 m April. The type
17 Re strams were mdrstingwishable from those which caused scarlet fever
smong these men The type 3 was Re 5 and type 19 Re 25 In April
there was a new finding. six cultures of type 6 were found to be resistant
to 125 mg % of sulfadiazine in vitro  Prior to this type 6 had been
recovered only rarely in the cultures from the NAPS and these organtsms
had been sulfonanmde sensmitive strams

c oN TYPE §

Sulfonamide sensitive strains of type 6 hemolytic streptococeus had been
prevalent at Bamnbridge for two years Durmg the fall months of 1944,
type 6 caused most of the streptococcal infections in Camp IT At thus
time seven cultures showed an in vitro remstance of ! mg %. Four of
these cultures were from the Ship’s Company and Service Schools, two
from Camp III and one from the NAPS It appeared that this finding
may have been an error in testing because during November, December
and January, all type 6 orgamsms were sulfonamde sensitive. Type 6
Re 125 and Re 25 were first obtained dunng the third week of February
from two acutely ill men who had been 1n Camps III and IV for several
weeks This orgamsm showed little capaaity to spread. It was recovered
during March, Apnil and May in thirty one instances Most of these
orgamsms were classified as Re 125, some Re 25 and a few Re 5 The
findng of type 6 Re 125 m the throat flora of healthy NAPS suggested that
this strain may have been widely disseminated but of relatively Iow patho-
gemaity

SUMMARY
‘The 1945 scarlet fever epidemic at Banbridge NTC began 1 the Service
Schools  About four to erc weeks later the meidence of scarlet, fever rose
rapudly m all recrast eamps exeept the Negrocamp  The available 1nforma-
tion, though not conclusive, suggests that Re strains of type 17 became
active first in the Service Schools and later among white men in the recrust
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These outbreaks of rearlet fever were accompanied by the appearance of
sulfonamide resistant strains of hemolytic streptacocei in the throat flora of
acutely ill patients and healthy earriers.

Serice Schools: These 7,000 men were transfers from several Training
Centers. They oceupied Camp V and half of Camp I, and attended Sick
Call at the dispensaries of these two camps.  Types 17 and 19 caused most
of the streptococcal infections in these men. Early in December, type 17
Re I became prevalent. In January, the coramon strains were types 17
Re 1, Re 5, Re 25 and Re 125. In February, these straing persisted and
type 19 Re 25 appeared.  Re strains of type 3 were rare in over 200 cul
tures examined.

Camp I: Tonsilitis and pharyngitis were prevalent in this camp during
November, The morbidity rates for scarlet fever rose sharply during the
first half of December among these 1600 men. Sulfonamide resistant
organisms appeared also during the last half of December.  These resistant
strains were all of typﬁ 17, Ro 25 nnd Re 125. They appearcd st the same
time and i hout the spring months. Resistant
strains of types 19 nnd 3 were conspicuously absent.

Camp Il: This camp with about 4500 Negro recruits had a high in-
cidence of tonsillitis and pharyngitis in November apd December but
escaped the epidemie of scarlet fever which spread throughout all other
camps on the station. Only three cases of scarlet fever were recognized.
Types 6, 19, and 17 were prevalent in the throat flora of men with tonsil-
Iitis and pharyngitis  Resistance tests were made between December and
April of only 18 cultures  Type 17 Re 25 was recovercd on December 30
and two culture'; of type 17 Re d\mng January, In April most of 17
cultures ined were sulfg isms of type 17 Re 125
and Re 5, type 3 Re 25 and type 6 Re 125

Camp III. The incidence of tonsmihtis and pharyngitis was high among
these $,000 recrwits in December  Morbidity rates for scarlet fever began
to rise early m January. During December only a few cultures were
typed and tested for sulfonamide resstance. Strains of type 17 with a
resistance of § mg. 95 were present in early December, Between January
and Apr), the predommant organism was type 17 Re 5. In April, nearly
all of the orgamsms tested were sulfonamude resistant strains of type 17
Re 25, type 19 Re 25 and type 6 Re 25.

Camp IV The morbidity rates for streptococeal infections among these
4,000 recrints ran & parallel course to those of Carp LI Only a few cul-
tures were tested for sulfonamide resistance  The first resistant strain
+was obtained durig the last week of Deceraber from & patient with scarlet
fever It was type I7 Re 5. Thus organism was predominant in January

and February. Type 17 Re 25 and Re 125 were slso prevalent and m April
4o cultures were identified as type 6 Re 25.




CHAPTER X

THE SPREAD OF SULFONAMIDE RESISTANT
STRAINS OF STREPTOCOCCUS HEMOLYTICUS
TO NAVAL ACTIVITIES IN THE NORTHEAST

1 were pi at Naval Activitzes in the North-
eastern states during the spring months of 1043 end 1944.  High marbudity
rates occurred at Sampson Naval Trainmng Center situated m the Finger
Lake region of Northern New York State  This Center, with a population
of over 30,000 men, contaned five recrwt camps, a Service School eamp
and was contiguous to & large Naval Hospital ~ Studies were initiated at
thig Center m Oectober, 1944 to determune whether Re strains of hemolytic
streptococcus were present or whether they would appear in the throat
flora of the personnel at Sampson

A PRELIMINARY OBSLCRVATIONS

The clineal and bacterclogic observations made m October and Nover-
ber, 1944 were briefly as follows:

1. Camp Scott (Service Schools). Sporadie cases of tonsillitis and pharyn
@itis occurred among these men who came to Sampson from several tran-
ing stations However, there were no cases of scarlet fever. The types
of hemolytic streptococcus cultured from fifteen patients with acute
throat winfections were 3, 30, 17, 24, and 44  Nume cultures were tested for
sulfonamide resistance. No strains were resistant m vitro  Type 19 was
not recovered

2 Camp Callahan S 1 throat 1nf i d searlet
fever appeared and increased rapidly dunng October The morbidity
rates for streptocoecal diseases reached an epidemic level duning the early
part of November. Type 30 was predommant, other prevalent types
were 41 and 3 Type 19 was present 1n three cultures, type 17 was not
recovered  Nimnty-three cultures were tested for sulfonamide resistance
All were sulfonamide susceptible in vitro with the possible exception of
one eulture of type 36

3 Camp Dewey There was s mod d of str
throat mfections but no scarlet fever untd the last week of November.
One hundred and fifty-five cultures nwere exarmned. The predominant
orgamism was type 3 Other prevalent types were 6, 5, 12 and 1 Type
19 was recovered only twice; no cultures were identified as type 17. No
sulfonamide resistanee tests were made
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camps The Service Schools were composed of men who had completed
recruit training at several Training Centers. Throat culture studies
made in November and December, 1034, of healthy men arriving in the
Service Schools from Farragut, Idaho showed that a high percentage of
each draft carried Group A hemolytic streptococcus. At that time most
of the Farragut streptocoecal carriers had sulfonamide resistant organisms.

Most searlet fever at Bainbridge in the winter months of 194445 was
caused by sulfonamide resistant strains of type 17. However, duning the
spting months type 19 Re 23 and type 3 Re 5 also became prevalent in
some of the recruit camps and among the NAPS, The early Re strains
appeared not onlyin the Service Schools but also among & few men who
had arrived recently from civilian life and were assigned to Recruit Camps
11 and III. The organisms appeared to spread rapidly in the Service
School.

A new finding was made during the winter and spriog months of 1945.
Type 6 Re 125 was cultured from recruits with acute throat infections and
healthy carriers among the NAPS. It appeared that this Re organista may
have had sts orign at Bainbridge during the winter months of 1845,
Whether it was introduced by a healthy carrier entering recruit training or
represented a change in type 6 which had long been sulfonamide seusitive
at Bainbridge could not be determined,



CHAPTER X

THE SPREAD OF SULFONAMIDE RESISTANT
STRAINS OF STREPTOCOCCUS HEMOLYTICUS
TO NAVAL ACTIVITIES IN THE NORTHEAST

8 1 1nfe were p st Naval Activitres in the North-
eastern states during the spring months of 1943 and 1944  High morbidity
rates occurred at Sampson Naval Traming Center sttuated mn the Finger
Lake region of Northern New York State  This Center, with a population
of over 30,000 men, contaned five recrwt camps, a Service School camp
and was contiguous to a large Naval Hospital ~ Studies were imitiated at
this Center mn October, 1844 to determme whether Re strains of hemalytic
streptocaceus were present or whether they would appear 1n the throat
flora of the personne] at Sampson

A, PRELIMINARY OBSERVATIONS

The clmieal and bacteriologic observations made 1n October and Novem-
ber, 1944 were briefly as follows

1. Camp Scott (Service Schools): Sporadic cases of tonsillitis and pharyn-
gitis oceurred among these men who came to Sampson from several tran-
ing stations. However, there were no cases of scatlet fever The types
of bemolytic streptococens cultured from fifteen patients with acute
throat infections were 3, 30, 17, 24, and 44 Nine cultures were tested for
sulfonamide resistance  No strams were resistant m vitro Type 19 was
not recovered

2 Camp Collahan 1 throat nf luding searlet
fever appeared and mereased rapidly durng October The morbidity
rates for streptococeal diseases reached an epidemic level during the early
part of November Type 30 was predommant, other prevalent types
were 44 and 3 Type 19 was present w three cultures, type 17 was not
recovered, Ninty-three cultures were tested for sulfonamide resistance,
All were sulfonamide susceptible in vitro with the possible exception of
one culture of type 36

3 Camp Dewey There was a moderate medence of streptococeal
throat. infections but no scarlet fever until the last week of November
One hundred and fifty-five cultures were evamined The predominant
orgamism was type 3 Other prevalent types were 6, 5, 12 and 1. Type
19 was recovered only twice, no cultures were 1dentified as type 17 No
sulfonamide resistance tests were made.
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4. Camp Gilmore: Strep 1 throat infecti d dieall
There were no cases of searlet fever. Typc 3 was the predommnnt organ-
ism among 23 cultures examined. A number of other types were recovered;
however, types 19 and 17 were not identified. All of the 11 organisms
tested were sulfonamide sensitive in vitro.

5. Camp Farragut? Streptococeal throat infections occurred spo-
radically. There were no cases of scarlet fever. There wes no pre-
dominant type in 30 cultures examined. All of the 18 organisms tested
were sulfonamide sensitive.

G. Camp Edwards: Strep ! throat &
and during the latter part of November there were three cascs of scnrlet
fever. Type 44 was predominant. Types 19 and 17 were not recovered.
Fourteen organisms were tested for sulfonamide resistance. All were
sulfonamide sensitive in vitro.

B OBSERVATIONS ON THE APPEARANCE OF SULFONAMIDE
RESISTANT ORGANISMS

Activity of hemolytic streptococcus had become apparent early in the
fall months of 194¢ at Sampson Naval Training Center. Several sero-
logic types were identified as the causative agents. Types 19 and 17
were, however, either rare or absent. Among 141 organisms tested for
sulionnmlde resistance, none (with the puss:blc exception of one type 36

noted) was to sulf de in vitro

The bacteriologic findings began to change at Sampson during De-
cember, 1944, (See Chapter VI, Figure 3.) The first change was noted
in the Service Schools where recruits from other Training Centers were
given special instruction  Scarlet fever and type 19 organisms had not
been observed 1n this camp until December 10. On December 10 the first
ease of scarlet fever occurred, The causative agent was type 19, During
the remainder of December type 19 was identified in seven cultures.
Five of these patients had scarlet fever No sulfonamide resistance
tests were made of these seven cultures. Type 19 became the predominant
organism 1n the Service Schools during January  This type was identified
in 25 cultures and 2 of these were tested for sulfonamide resistance.
Sitteen were resistant in vitro to 5 mg %%; six to 1 mg %; two appeared
sulfonamide sensitive. Twenty of these 23 cultures were from patients
with searlet fever. In summary, scarlet fever made its appearance i the
Service Schools (Camp Scott) on December 10 and spread progressively.
The causative agent was type 19, cither Re 5 or Re 1 1n the majonty of
cases

+ This was one of the recruit camps at Sampson aad 13 00t to be confused with the
Naval Traiuing Center at Farragut, [dabo.
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Type 17 made 1t3 appearance in the Service Schools on or about February
12 This organism was recovered first from a patient with a mild upper
respiratory tract infection diagnosed as “eatarrhal fever® This type 17
organism was Re 125 Five other cultures of type 17 were recovered in
February All of these pattents had scarlet fever and all of these type 17
orgumsmswere either Re 125 or Re 25.

1 1nfections ch d by a high ineid of scarlet
fever spread through the recruit camps during the last week of January.
Morhbudity rates reached a peak in March and continued elevated through-
out the spring months  Observations made in the recruit camps were
briefly as follows.

Camp Callahan: Type 19 Re 5 appeared during the second week of
February and type 17 Re 125 on March 13

Camp Dewey: Type 19 Re 1 and Re 5 appeared during the second and
thord weeks of January and became the predominant orgamsms Re
strams of type 17 were recovered during the winter months

Camp Gilmore: Type 19 Re 1 and Re 5 appeared during the third week
of January and became the predominant orgamsms Type 17 Re 125
was recovered on March 16

Camp Farragut Type 19 Re 5 and Re 1 appeared durmng the last week
of January and second week of February. These organisms became pre-
dommant  Type 17 Re 125 was recovered on March 23

Camp Edwards: Type 19 Re 1 appeared durmg the thu-d week of Jan-
uary  No type 17 were The il strans
were type 19 Re 1 and Re 5 There were relatively few streptococeal
infections 1n this camp dunng the winter and spring months

The first Re strans at Sampson were detected 1 the Service Schools
composed of men transferred from several traming stations  Almost no
bacteriologic information was avalable on the throat flora of these
transfers mto the Service Schools. Attention was called, however, by the
Epidemiology Unit stationed at Farragut, Idzho to the fact that s carner
of type 19 Re 5 (an orgamsm which was prevalent at Farragut) was bemg
transferred to Sampson  This man (J ML) went on duty in the Service
Schools at Sampson, December 5, 1944 Attention was also called by the”
Epidemiclogy Unit at Sampson to the fact that on February 1, 1945, a
new arnval m the Service Schools carmed 1n his throat flora hemolytie
streptocoecus type 17 Re 125  This man came from the Great Lakes
Naval Traming Center, where this organism was prevalent. Type 19 Re
strans became predominant, type 17 did not spread at Sempson

SUMMARY

Hemolytic streptococcus type 19 Re 1 and Re 5 caused an epidemic at
Sampson NTC m 1015
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The initial infections occurred in the Service Schools, and began with the
appearance of scarlet fever five dnys after the arnval of a known carrier of
type 19 Re 5 from Farragut, Idaho, which at that time was the only Train-
ing Center where Re strains of type 19 were prevalent.

The arrival Iater of & man from the Great Lakes Naval Training Center
with type 17 Re 125 was followed by several cascs of type 17 Re 125 mfec-
tions in the Service Schools during February. Sporadic infections caused
by type 17 Re 125 were observed in several recruit camps during March,
however, this organism did not become widely disseminated.

Type 19 Re 1 and Re 5 strains appeared in recruit camps between the
middle of January and the middle of February.

These observations indicated that at least one Re strain of type 19 was
introduced into the Service School camp of Sampson and spread throughout
recrwit camps, and that later one Re strain of type 17 was introduced into
the Service School camp but failed to spread. It appeared that type 19
Re 5 was introduced by a Farragut transfer and type 17 Re 125 by a Great
Lakes transfer,



CHAPTER XI

THE SPREAD OF SULFONAMIDE RESISTANT
STRAINS OF STREPTOCOCCUS HEMOLYTICUS
TO NAVAL ACTIVITIES IN THE SOUTH

Early in 1944 there were severe outbreaks of 1 at
the Naval Air Technical Training Centers (NATTC) in Norman, Oklahoma
and Memphis, Tennessee. Each was d by an merease in the

madence of scarlet fever to epidemic proportions These outbreaks oc-
curred when scarlet fever was either absent or mmnimal m the near-by
Naval installations and m the cxvihan population  Clinical and bacterio-
logic observations indicated that they were caused by the mtroduction
of highly infectious bacteral agents prevalent among drafts of men arriving
from Recruit Traming Centers Studies were mutiated at both of these
Axr Centers during the fall months of 1944 to determine whether the events
of the previous winter would recur m 1945 and whether Re stramns of
hemolytic streptococeus would 2ppear.

A OBSERVATIONS ON THE APPEARANCE OF SULFONAMIDE RESISTANT STRAINS
OF HEMOLYTIC STRCPTOCOCCUS AT NORMAN NATTC

Norman had a strength of about 15,000 men. At the time of this study,
recruit traming had been discontinued on this station Incoming drafts
were either from Reerutt Traming Centers or from overseas  In addition
to the Ship’s Company there were three camps of enhsted men recerving
tramming comparable to that given at the Service Schools of Traming
Centers

e meid of st 1 was low at Norman during the
summer ond fall months of 1934 Sporadic nasopharyngeal infections
were caused chiefly by hemolytic streptococcus types 19 and 17 and to a
lesser degree by types 5, 6 and 24 Nine surveys of the throat flora of
incoming drafts were made during these months The carmer rate for
hemolytic st Group A f! d httle from a median of 5%
All strams of hemolytie streptococeus from patients and carners were sul-
fonamde sensitive 1n vitro. The earhiest cases of scarlet fever occurred m
each of the three truning camps during the last week of November  Mor-
budity rates for all streptococeal mfections Temamed low untd the last
week of December, 1941

A sudden climeal change began at Norman during the third week of
December, 1944,
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(1) In Camp III the morbidity rates for streptococeal infections rose
rapidly, reaching a peak rate of 1,500 per 1000 per annum on February
2. Scarlet fever, which had been absent during the middle of Dccember
rose to a peak rate of 491 in the middle of Februmry.

(2) In Camp If the morbidity rates for st infections rose to 2
comparable degree one week later than in Camp III,  Scarlet fever, which
had been ahsent during the middle of December, rose abruptly two weeks
Iater and reached o peak of 272 during the middle of March.

{3) In Camp I the morbidity rates for streptococcal infections slso
rose abruptly during the last week of December and reached a peak rate of
over 1,100 on February 2. Searlet fever which had been nbsent during
the middle of December appeared {wo weeks later and reached a peak of
346 during the middle of March.

These three parallel outbreaks of strey 1 mfections in the training
camps at Norman accompanied striking changes in the character of the
throat florn of incoming drafts, patients and healthy personpel. The
Group A streptococeal carrier rates among men on the station inereased
progressively from §% dunng the last week of December to 27.5% late
in March The tighest carmer rate recorded was 34 3% in a Farragut
draft of 35 men. Whereas all strains of Group A hemolytic streptococcus
tested prior to December 15, 1944 had been sulfonamide sensitive, the
epidemic rise was associated with hemolytic streptococei of type 17 Re
125 and type 3 Re 5 and was followed by the appearance of type 19 Re 1
and Re 25.  Prior to the epidemic outbreak, no Re strains of type 17 had
been recovered on this Center, following the onset of the epidemic, type 17
became predominant with all orgamsms resistant in vitro to 125 mg %
except one culture which had a reuistance of 25 mg. 5.

It appeared that this epidemic outbreak was initiated by type 17 Re 125
and type 3 Re 5 and maintained by thesc organisms and type 19 Re 1.
Tt seerned that these organisms had become widely spread over the station
Throat cultures were taken at random from men oceupying 18 barracks in
CampsIXand III  Fifty of 204 men had Group A hcmolytxc streptococcus
in their throat flora. Sulfs de resistant were
from men 1n all barracks but four from which only one culture each was
available for testing ~ Sixty percent of 48 cultures tested were sulfonamide

resistant.  These orgamsms were of type 17 (11 cultures, 1009, resistant),
type 3 (15 cultures, 80% resistant), type 19 (18 cultures, 33% resistant).

This epidemic outbreak occurred at a txmc when the carrier rate for
hemolytic st was bemng data low level of

5%. It accompamed the appearance of strains of streptococei which
had not been detected on the station prior to the outbreak. It appeared
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that Re strains may have been introduced by incoming drafts. The
complement and point of orign of drafts which reached Norman 1 De-
cember and January are shown in Table 1  In December, 1944, the only
Recruit Training Center Qutgoing Unit which was known to carry sul-
fonamide resistant strains of hemolytie streptococcus was Farragut, Idsho
In January, Re strams of types 3, 17 and 19 were also prevalent at Great
Lakes, Hlinois

In summary, streptococcal outbreaks occurred almost simultaneously
durmg the last half of December, 1944, in the three camps of Norman
NATTC. These outbreak d the of sulft id
resistant strams of hemolytic streptococcus which had not been detected
previously on this station. It appeared that they might have been intro-
duced by mcomng draits ‘The only drafts of men known to carry these

TABLE 1
The Poant of Orsgen and Strength of Drafis Recessed at Norman Before and During
the Streptococeal Outdreak

Sumpson| §558% | Fare | $38, | DA (femphis| Otbers | Toul
December 1944 179 | 38t 89 100 58 | 579 17 1404
January 1945 370 | 675 | 158 | 203 | 122 | 75 | B | 2283

stramns prior to the onset of this epidemic were those from Farragut,
Tdaho

B OBSERVATIONS AT MEMPHIS NATTC ON THE APPEARANCE OF BEMOLYTIC
STREPTOCOCCUS TYPE 17 RE 125

Thus station was & Naval Awr Techmeal Trammng Center stmular to the
Actity at Norman  The average strength 1 the fall of 1941 was about
12,000 In additton to Ship’s Company there were four camps One
was used for reerwt tramng.  The others were used for trammg machinist
mates, radio men, radar men, ordinance men and mess coochs In one
camp Marines were barracked together 1n one section and Negro personnel
were 1n another part Except for the recrits, the traming was sumilar
to that at Norman and comparable to that at Service Schools of Tramng
Centers

The incidence of streptococcal infecttons nas Iow durmg the fall months
of 1944 Twomen (L A N and W. B V) on arnval n October from
Farragut, Idaho, were shown to be carriers of hemolytic streptococeus,
type 19 Re 5 These organisms did not spread and there were no more
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arrivals from Farragut after November. The sporadie streptococeal
infections of the fall months at Memphis were caused by a number of
serologic types, principally, types 19 and 6 All of the organisms tested
were sulfonamide sensitive in vitro

A sharp rise in the streptococeal morbidity rates occurred throughout
the station during the last half of December. ‘These infections were due
chiefly totypes 19and 6  Two type 17 cultures were obtained at this time
in a group of men who had arrived from Great Lakes. All organisms
tested in December were sulfonamide sensitive in vitro.

On January 9, 1945, 8 draft of 234 men arrived from the Outgoing Unit
of Great Lakes, Fourteen radio men from this draft were placed in bar-
racks %54 and 240 Ship’s Cooks in barracks #15. The first sulfonamide
resistant strains cultured were from two radio men with acute tonsilhtis
The organism was type 17 Re 125. The date was January 31. Both of
these cultures were from new arnivals in the Great Lakes draft on January
9, Living with other Great Lakes men in barracks #51.  Another type 17
Re 123 infection occurred a few days later. This was in a Mess Cook who
had come from Great Lakes and lived with Great Lakes men in barracks
¥15

Memphus had been almost free of scarlet fever prior to January. Those
cases which oceurred prior to January 31 were caused by sulfonamide sen-
sitive type 19.  In February and March there was a striking change in the
throat flora. This was accompanied by an mncrease m scarlet fever due to
type 17 Re 123 among radio men and in the barracks where radio men
were placed

‘The Ship’s Cooks remained in barracks #15. Only two more type 17
Re 125 infections occurred 1n this barrack. These nere in men who had
been recently ferred from t k d by radio men. One
type 17 Re 125 mfection occurred among the \VAVES a WAVE hospital
corpsman who worked 1n dispensary B, used exclusively by sick radio men.
No type 17 infections oceurred during the next twelve wecks in the recruits,
Mannes, Negro battalion, Ship’s Company, machimst mates or radar
students. The type 17 Re 125 infections were limited, with the exceptions
noted, to radio men and spread as the radio men were moved from barrack

%54 to other barracks  These observations are illustrated in Figure 1.

In summary, & severe outbreak of streptococeal infections with a high
incidence of searlet fever accurred at Memphis dunng the winter of 1945.
The predominant orgamsm was type 17 Re 125 The outbreak was himited
o radio men and their contacts It did not spread to the Reeruit Camp.
The findings ind d that thos bacterium was duced from Great
Lakes Naval Tramung Center by carrters or their contaminated gear
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SUMMARY

Streptococeal outbreaks occurred during the winter months of 1945 at
Norman NATTC and Memphis NATTC. These two Centers were similar
in plan, in personnel, in training and in the latitude of their location

At Norman, the streptococeal outbreak was caused by a number of Re
strains apparently introduced by drafts of men from Farragut and Great
Lakes  These strains spread throughout the Center.

At Memphis, the st k was caused by type 17 Re 125
introduced from Great Lakes. This strain was passed from barrack to
barrack by radio men but did not spread to other camps on the Center.
Possible reasons for this difference in spread at these two Centers are
dealt with in Chapter XII.

Attention is drawn to the fact that in October, 1944 type 19 Re organ-
isms were introduced into Memphis NATTC from Farragut, Idsho, that
they had appeared highly communicable at Farragut, and that they failed
to cause a single infection at Memphis




CHAPTER XII

A COMPARISON OF CONDITIONS AND OCCUR-
RENCES AT SIX NAVAL ACTIVITIES WHERE SUL-
FONAMIDE RESISTANT STRAINS OF STREPTO-
COCCUS HEMOLYTICUS SPREAD RAPIDLY IN

THE WINTER MONTHS OF 1945

There was a sharp rise In the streptococcal morbidity rates during the
last week of 1944 at each of the Navy’s large traming stattons, except
Farragut where recruit training had been discontmued  Each outbreak of
streptococcal disease resulted from the spread of sulfonamide resistant
organisims to stattons located m Illinaws, California, New York, Maryland,
Oklahoma and Tennessee Chemoprophylaxis was bemg admimistered
at some of these Activities and not at others  This vanable was discussed
in Chapter VI  In most instances, Re strains of hemolytic streptococcus
were disseminated rapidly through an entire station There were excep-
tions, however, and 1t 18 of particular interest to determune why these
exceptions oceurred,

A. THE EPIDEMIC SPREAD OF RE STRAINS OF HEMOLYTIC STREPTOCOCCUS AT
THE GREAT LAKES NAVAL TRAINING CENTER

1 Sequence of Spread

Weekly morbidity rates for scarlet fever rose precipitously during the Jast
week of December, 1944 1n Camps Dahlgren and Hull.  One week later there
was & simular precipitous nise 1 Camp MeDanough and less intense nises
in Camps Porter and Decatur.  The followving week precrptous nises oceur-
red m Camps Moffett, Mahan, and Maury ~ Rises m the scarlet fever mor-
bidity rates m Camps Downes and Dewey occurred durning the last week
of January  Camp Robert Smalls, the Negro recruit regiment, escaped an
outbreak of streptococcal mfections  The curve of scarlet fever morbidity
rates for the individusl recruit camps 15 shown mn Chapter VI, Figure 2.

These figures illustrate the rapidity with which strains of hemolytic
streptococcus spread over widely separated areas of the Great Lakes Naval

Traming Center  Within six weehs all but Camp Smalls had high scarlet
fever morbidity rates

2 Predisposing Conditons®
(a) Techmque for cleaning floors: A great effort was made at Great
Lakes to have a high polish on floors n the barracks and in the wards,
The floors were scraped wath steel wool and dry swept before bed time
101
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when the barracks were filled with men. In the wards of the Melntyre
Dispensary, the floors were dry-swept and once & week on “Field Day”
beds were moved about so that the floors might be polished for Captain'a
Inspection.

(b) Training Program: The training schedules were so arranged that
new companies, composed mostly of personnel under 19 years, were
seeded each week in the various camps. These new arrivals were placed in
contaminated barracks and brought into close contact with men in the in-
cubation and recovery stages of streptococes) infections.  In this way each
camp was an open colony replenished weehly with fresh susceptibles

(c) Sick Call: Large groups of men were brought into close contact
in the corridors of a eamp dispensary several times each day during the
cold months. There they not only were exposed to cases of acute upper
respiratory tract infections but also received thermometers and nasal sprays
which, in some instances, were i d with hemolytic strep

(d) Hospital Care: Facilities for aseptic precautions were not available.
Men from all camps were crowded together in open wards filled to more
than twice their planned capacity,

There was only one exception in the rapid epread of hemolytic strep-
tococcus at Great Lakes Camp Smalls cscaped the epidemic outbreak.
Scarlet fever was difficult to diagnose m the Negro  Undoubtedly, Negro
recruits with this discase were treated for acute pharyngtis in the camp
dispensary  Beeause of this they did not come mnto contact with other
scarlet fever patients in the wards of the McIntyre Dispensary.

B THT EPIDEMIC SPREAD OF TYPE 17 ME 25 AT THE S8AN DIEGO NAVAL
TRAINING CENTER

A streptococeal epidemic began in Camp Farragut. of this station durning
the third weck of December, 1044  All barracks were involved. So far
as could be determmned, this epidemic was due to a single type 17 Re 23
stram.  Scarlet fever was absent in neighboring Naval Activities and for
several months this disease was limited to Camp Farragut.

The personne! of the San Diego Naval Troining Center lived under
excellent environmental conditions  Most classes were held outdoors and
blankets were aired mn the warm sunshine. These recruits had the usual
meeting pomts of Ship’s Service, class rooms, diming hall and dispensary.
Just prior to this outbreak there had been a high incidence of “colds.”
The Sick Call had been heavy and a large proportion of the men received
nasal sprays The camp dispensary ward had been filled with patients
who had minor upper respiratory traet infections.

No Naval traimng group was so carefully segregated as these men mm
Camp Farragut. All new personnel were admitted to the adjoining Camp
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Decatur and “quarantined” there for four weeks prior to entering Camp
Farragut. The only recognized potenttonal hazard was the dry sweeping
of barracks whach became dusty in this warm, sunny climate. Neverthe-
Jess, this strain of type 17 Re 25 hemolytic streptococcus became widely
disseminated. Sick men in this camp did not come in contact with men
of the other camps at San Diego and for a period of several months scarlet
fever was lmited to Camp Farragut

¢, THE EPIDEMIC SPREAD QF RE STRAING OF HEMOLYTIC STREPTGCQCCUS AT
THE S8AMPSON NAVAL TRAINING CENTER

Epidemic condstions at Sampson m the fall months of 1944 differed from
those of other Naval Trammg Centers m that there was 2 high merdence of
scarlet fever 1n one camp (Callaban). By December the annual morbidity
rate per 1000 in this camp exceeded 400, These infections were caused by
sulfonamide sensitive stramns, chiefly of type 30 There seemed to be httle
tendency to spread from this camp at this season

A slow progressive nse m the searlet {fever morbidity rates began dunog
the last week of December 1n the Service Schools (Camp Scott). A peak
of about 350 was reached during the middle of February It was mn thee
Service School men that sulfonamide resistant strams, first type 19 and later
type 17, made their appearance. Service School men with streptococcal
throat infections were treated 10 a group of “Bethesda type” wards in the
H and S areas at Sampson

‘Three recruit camps at Sampson were handled along similar lines
They were Camps Gilmore, Farragut and Ednards  In each of these camps
one of the two dispensarres had been closed 1n the fall months of 1944
because of shortage of medical personnel During January and early
Tebruary 1945, recruits were confined to xm ndoor lfe, outside activittes
were prevented by heavy 1 i were
comparable to those at Great Lakes

At the beginning of the year 1945, Camps Gilmore and Farragut ex-
perienced outbreaks of severe “colds” and German measles  Men with
these mfections were treated in the Bethesds type wards shared by sick
personnel from the Service Schools Camp Edwards escaped German

measles and the personnel were treated mamly i therr camp dispensaries

Explosive outbreaks of searlet fever began during the middle of January
n both Carnps Gilmore and Farragut  In each camp the morbidity rate

rose to & peak of over 700 duning the sccond week of March  The causative
agent for each of these outbreaks was type 10 Re 1 This organism spread
early m February to Camp Edwards.  Dunng the latter half of February
the scarlet fever morbidity rate for Camp Edwards rose slonly to a peak of
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250 in the middle of March, The morbidity rate curves for scarlet fever
in these three camps are shown in Chapter VI, Figure 3.

So far as could be determined, there were only two differences between
the conditions existing in these threc recruit camps. Gilmore and Farragut
had had outbreaks of German measles and upper respiratory tract infec-
tions. While ward patients, these recruits had close contact with patients
from the Service Schools where infections cuuscd by type 19 Re 1 first

pr 1, the epidemie rise of 1 infections in Camps Gilmore
and Fm-rugut were caused by type 19 Re 1.

D, THE EPIDEMIC SPREAD OF RE STRAINS OF HEMOLYTIC STREPTOCOCCTS AT
THE BAINBRIDGE NAVAL TRAINING CENTER

The spread of streptococeal infections in the recruit camps at this
station was comparable to the spread at Great Lakes High scarlet fever
morbidity rates in the Service Schools preceded by one month similar rises
inrecruit camps  Dunng January 1945, each recrult camp had an epidemic
outbreak of scarlet fever which was caused first by Re strains of type 17
and later by Re strains of types 19and 3 The pesk rate for scarlet feverin
the recruit camps occurred in February, following the peak rate for measles
and comeident with that for mumps and all respiratory tract infections

The Negro camp of recruits escaped the winter epidemic rise of strep-
tococeal infections and it was not until the spring months that Re strains
became prevnlent in thls camp. That these men were susceptible to

as evid d by the fact that during the fall
months of 1944 the hnghesc incidence of tonsillitis and pharyngitis occurred
in this camp The causative sgents were sulfonamxde sensitive strains
of type 6 hemolytic fections were treated
in the camp dispensary ward and there was little contact between the Negro
patients and scarlet fever patients from other camps of the station

The only occurrence at Bambridge which was different from that ob-
served at other stations was the appearance of type 6 hemolytic streplococ-
cus resi: to 125 mg 9, sulfad when the inead of st
infections was subsiding on the Center  Although type 6 Re 125 appeared
sporadically m several camps there was little tendency to spread even
though conditions had favored the rapid passage of hemolytic strepto-
coceus

E. THE SPREAD OF RE STRAINS OF HEMOLYTIC STREPTOCOCCUS AT NORMAN
AND MEMPHIS NAVAL AIR TECHNICAL TRAINING CENTERS
These two training centers were sunilar. The pomts in common were
size of drafts received, latitude, chimate, size, type of trammg, and pro-
cedures for cleaning of barracks
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The obvious differences were: Memphis had a regiment of recruits from
civiian lfe, Norman had none. The tranees at Memphis came from
within the contmental Limits; about half of the trainees at Norman were
seasoned men who had served overseas At Memphis there was a large
group of radio men, at Norman there were no radio men. At Memphis
there was segregation of groups, such as reeruits, Marines, Negro personnel,
radio men and WAVES. Each group was treated at Sick Call in its own
camp dispensary. Radio men used only dispensary B. Mannes used
dispensary C. WAVES used dispensary A Negroes used restricted
portions of dispensanes D and C. At Norman, the enlisted personnel
were barracked 1n three camps; there was no segregation; the men sbared
common class rooms.  Furth all men with ints of
tract diseases were treated at one dispensary. The other two dispensaries
were used for special eummahons, surgical and venereal diseases.

At Memphis the d of W d dust particles was
reduced to a minimum Barrack floors were treated with steel wool
only on Tuesday at a time that they were vacant and the windows nere
open. The floors were then given & heavy coat of wax. The dispensary
foors, includmg wards, were all covered with green battleship linoleum
(Navy Bupply number 27-L-514) and not with asphalt squares containing
dust mn the cracks between squares. Furthermore, the linoleum ecovered
floors were cleaned frequently with a green sweeping compound {Navy
Supply number L51-C-1621) and there was hitle dust m the arr of dis-
pensaries At the Norman dispensary, floors were covered with asphalt
tile squares which permutted the mfiltration of dust into the eracks,

There was a striking difference 1n the spread of hemolytic streptococeus
at these h\u Centers. Re strams became widely distnbuted throughout
alt 1 at Norman and lent at least untd June, In-
fections with type 17 Re 125 at Memphxs were linuted, with two exceptions,
to the radio men  They did not penetrate the recruits’ regiment and dis-
appeared dunng the spring months

A e study of breaks at these two stations
led to the fellowing conclusions:

1 The onset of cold weather was accompamed by cutbreaks of mild
upper respiratory tract infectrons at both stations

2 This was followed by the appearance of sulfonamde resistant strams;
at Mﬁphxs, type 17, and nt Norman u-pes 17 3 and 19

s

g phansmn am

when the hemolytic streptococeal carrier rate was 20 and at Norman when
the carner rate on the station was over 59 in most groups.
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5. The spread of Re strains at Memphis waslimited, with two exceptions,
to the barracks of radio men. At Norman, the spread was stationwide.

6, Recruits at Memphis escaped infections with Re strains  Seasoned
personnel at Norman contracted infections with these strains

7. At Memphis each group ded its own di: y; other p
had hittle eontact with sick radio men. At Norman, all groups of personnel
were exposed to Re infections; all patients with respiratory tract diseases
were treated together in one dispensary.

SUMMARY

Basic conditions at Naval Training Centers dunng the ninter months
of 1941-45 permitted the rapid dissemination of Re strains of hemolytic
streptococcus.

Barrack-to-barrack spread oceurred within a fortnight in most eamps,
and camp-to-camp spread occurred within ex wecks at most stations.
There were, however, four exceptions:

1. Negro regiments at three stations either escaped infections with Re
strains or had sporadic infections after the epidemic had subsided.

2 A recruit camp at Sampson Naval Training Center expenienced only
2 mild outbreak of streptococeal diseases late in the epdemic wave

3 Two of the three camps at San Diego Naval Trainng Center escaped
Re infections during the cpidemic.

4 The spread of a Re strain at Memphis was limited to barracks in
which radio men were quartered.

Freedom from exposure to acutely 11l or convalescent patients in the
dispensary or in the scarlet fever wards of the Naval Hospital appeared to
be a sigmificant differential point

The findings indicated that the camp dispensary may have facilitated
the barrack-to-barmck spread and the searlet fever wards of the Naval
Hospital meay have facit d the p-t p spread throughout Naval
Traming Centers.




CHAPTER XIII

OBSERVATIONS ON THE INFECTING AGENTS IN
RELATION TO THE INITIATION OF STREPTO-
COCCAL OUTBREAKS DURING THE LAST YEAR

OF WORLD WAR II

Observations on epidemics of scarlet fever are made in most instances
after the seriousness of an outbreak is recognized On these occasions,

wfections are widely d d and the st I carrier rate is
frequently high It 15 then difficult to trace the spread of contagion and
usually impossible to get 1 on the ongin of the epi-

demic  To the student of streptococeal diseases, no task seems more chal-
lenging than defining the sigmificant factors i the genesis of streptococeal
epidemics
1t 13 well recogmized that factors assaciated with the genesis of strepto-
coceal outbreaks vary from one epldemlc to another. In 1918 hemolytic
were d with the pand of influenza,
Less severe outbreaks have occurred 1n the wake of measles, the commeon
cold and other viral infeetions of the respiratory tract. Clinical observa-
ti0s indeate that respirstory tract viruses may be a {sctor in the genesis
of 1 outbreaks and experi 1 evidence has shown that nflu-
enza nrus nfecttons 1n the ferret may permit secondary infections with
hemolytic streptococcus and the spread of this bactenum (20). In the
United States streptocoecal eprdemucs usually occur during the winter or
early spring months when chmatic conditions seem to favor the genesis of
outbreaks of respiratory tract infections However, streptococcal out-
breahs da aceur when carner and morbidity rates are miuumal, when virug
diseases of the upper resplmtory tract are not evident and when Group &
hemolytic st 13 d by a single “d; carner” (21)
Under these conditions, the communicability of the epdemic strain of
hemolytie streptococeus appears to be the eritical factor mmtiating the
epidemie
During World War II, the Navy Epidemiology Umits made observations
prior to, at the onset of and during streptococesl outbreaks at stattons
situated m every Naval Distriet of the United States, The fact that cer-
tam types of hemolytic stroptococeus were causing the majonity of 1afec-
tions at Naval Training Stations was soon recogmzed At Newport, type
6 predominated and i the Chicago ares, types 17 and 3 were most preva-
lent  The fimst single type epidemic (15) recorded i the Navy began in
107
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Scptember, 1942, on Receiving Ship, New York (Pier 92). The earliest
cases of searlet fever in this outbreak occurred eparadically aud it was not
until the onset of cold weather in November tlmt scarlet fever morbndnty
rates increased so rapidly that epidemi i were d, One
of the earliest as well as the majority of cases occurred in the mdm gchoot.
The causative agent was Group A hemolytic streptococcus type 19.
Throughout the epidemic this ism shoned & eapacity to induce a
scarlatiniform rash and produced in vitro a high concentration of erythro-
genic toxin (40,000 S.T.D. per 1 cc. of filtrate). This cpidemic nas con-
sidered to be air-bome; its origin was not determined.

Ci ble single type epidemics of air-b infections occurred in the
various camps at Naval stations throughout the United States in 1943 and
in 1944, The serologic typing of throat strains of hemolytic streptococeus
cultured before, at the onset of and duting an epidemic clearly showed that
in many instances an outbreak was caused by a single type. However, it
was not until the fall months of 1041 that it beeame possible to determine
whether an epidemic was caused by multiple or perhaps a single stram of
one eerologic type of hemolytic streptococcus. For this reason, deduc-
tions will be Limited chiefly to observations made during the last year of
World War II.

A. CONTRIBUTING FACTORS IN STR L OU KS
Dudley (22} h.'Ls called attention to o number of conditions which pre-
dispose to outh of -y tract infecti Fmdmgs in the U. 8.

Navy during World War II are in aecord with his opinion. The contrib-
uting factors appeared to be:

1. Chimate, Scason and Location: The epidemics in the Navy of strepto-
coccal infections d with the outbreaks of other respiratory traet dis-
eases of known cause  Wath rare exceptions these outbreaks were limited to
the winter and early spring months. lee\\'we they occurred mostly in (he
Northern states where marked daly fl in
between November and May However, there were striking e‘ccptmns

One of these exceptions proved to be of incaleulable cost to the health of
the Navy. Each summer m. Farragut, Idaho there occurred an epidemic

break of So far as could be determuned, these
epidemics were mitiated m July by the strains of hemolytic streptococcus
which had been prevalent on the station during the spring months. (See
Chapter II, Figure 3) The month of July, in the mountains of Northern
Idaho, bmught cool mghts and warm, dry days with much wind and dust,
Hemolytic streptococcus suddenly became highly infective and spread
rapidly from man to man in this environment However, men carrying
Farragut strains of hemalytie streptococcus from Northern Idaho to other
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points did not imtiate streptococcal outbreaks during the summer or fall
months, For example, two Farragut carners of type 19 Re 5 were received
at Memphis NATTC in October, 1944. No precautions were taken and
yet this orgamism was not recovered from any other person on the Training
Center. Furthermore, other Re strains which may have been carmned by
Farragut transfers to other stations failed to infect prior to the onset of
cold weather 1n December, 1944,

Small outbreaks of 1 infections did oceur, however, at two
other Traming Centers prior to the onset of winter weather, InOctober,a
sulfonamde sensitive type 30 organism gave risc to barrack infections
within Camp Callaghan at Bampson Naval Traming Center ‘This lo-
calized outbreak wag induced by a type which had been seeded at this
Center for at least one year. At this same time barrack outbreaks occurred
1n Camps Dahlgren and Decatur of the Great Lakes Naval Trainmg Center
These infections were caused by sulfonamide sensitive organsms of type 17
which had been prevalent on this Center during the previous spring months.
A few weeks later an outbreak of sulfonamide sensitive type 6 infections
occurred 1 the Negro camp at Bambridge Naval Traming Center  This
type had likewse heen prevalent at this center during the preceding winter.

A strilung change 1 the activity of hemolytic streptococcus oceurred
throughout the U. 8. Navy during the fourth week of December, 1944, At
thia time, streptococeal outbreaks began in oll Naval Trawmning Centers co-
incident with a rapid spread of respiratory tract diseases from camp to
eamp within these centers In some mnstances, the causative agents were
sulfonamide sensitive strains of hemolytic streptococeus which had been
present but relatavely inactive, i other instances, the outbreaks were
caused by Re strams of hemelytic streptococcus introduced probably by
wncoming drafts from Farragut, Idaho,

1t was noted that most Naval Activities having a warm, equable chimate
escaped streptococeal outbreaks at this time  However, there were two
exceptions® A severe epidemic of type 17 Re 23 infections began during
the third weck of December i one camp of San Diego Naval Training
Center when summer-like neather prevailed  The origin of this epidemic
could not be d d  Comad , another st 1 outbreak
occurred at a Naval Activity in Gulfport, Mississippr  Thas station, with
astrength of about 10,000 men, had 266 cases of scarlet fever in afew weehs.
Forty-six of these cases occurred among men from Great Lakes within one
week after thewr arnval, and a total of 178 eases occurred in these men and
their jramediate contacts. This outbreak was caused by the arrival of

drafts of Great Lahes men cather m the meubation stage of searlet fever
or with acute symptoms

2 Association of a Filterable Agent- The possibility of a symbiotic re-
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lation between viral and streptococeal activity was recognized, However,
it was not practicable to determine the presence or absence of respiratory
tract viruses in these large groups of men except by their clinical effects.
Most of the st al outbreaks 1 among groups of men having
high morbidity rates for measles or for minor, poorly defined, respiratory
tract infections. Nevertheless, outbreaks at some of the stations did oceur
when viral diseases were either absent or unrecognized clinically.

3. Age of Subjeets* Personnel in recruit training were esseutially young
men, The age factor in the incidence of streptococeal infections was not
subject to analysis under comparable conditions of exposure to hemolytic
streptococeus  Training groups in which the average age was thirty years
showed a greater tendency to eseape streptococeal outbreaks than did train-
ing groups with an average age of 21 or Iess, The highest streptococeal
morbidity rates occurred among the youngest recruits.

4. Time on Slation It was generally observed that the highest incidence
of streptococcal discases occurred in the training groups and that the mor-
bidity rates for streptococeal infections was usually low smong the rela-
tively permanent Ship’s Company of a station even when epidemic
conditions existed.  However, there were striking exceptions in which physi-
c1ans and nurees had a high meidence of streptococeal infections with the
epidemic strams

5. “Scasomng™ of Personnel Explocive outbreaks of streptococeal in-
feetions oecurred most commonly 1n the recruit camps where unseasoned
men entered trainmg from crvilian hfe. At first, st appeared that lack of
“seasoning” was an important factor in the genesis of streptococeal out-
breaks However, more prolonged study showed that in several Training
Centers streptocoecal epidemics had their ongin among men in the Service
Schools  Streptococeal morbudity rates in these schools, nhich were com-
posed of men who had completed reerwt training and were presumably
“seasoncd,” reached peaks as high as, or hagher than, in the recruit camps.
Furthermore, the highest streptococeal morbidity rates ever recorded in the
Navy were at the Pre-Radio Schoals of Chicago among men who had re-
cently completed recruit traming  Moreover, at Norman NATTC, the
tramees who had return from overseas had morbidity mates for streptococeal
diseases as gh as the men who were transferred to Norman from recruit
camps  Fimally, at Memphss 8 scarlet fever outbreak oceurred among sea-
soned men who arnved from Great, Lakes but did not involve unseasoned
reeruits commng from civilan hfe

6. Overcrowding It was not possible to make controlled observations on
this pomt. Owing to the necessity of training large numbers of men
rapidly, barracks were usually overcrowded on most stations. The highest

streptococcal morbidity rates occurred mn the Pre-Radto Schools of Chicago
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and in the Naval Armory at Indianapolis, where overcrowding was marked.
However, epidemics of scarlet fever occurred at Madison, Wisconsin, at
Del Monte, Cahfornia, and at San Diego Naval Training Center, where
overcrowding did not ewist. Furthermore, many overcrowded Activities
escnped streptococeal outbreaks

Lings The highest rates for 1 diseases oc-
curred where large numbers of men were barracked together in a gym-
naswum or armory, However, at Del Monte and at Madicon, streptococeal
epidemics occurred among men who were barracked in small groups.  Con-
trolled stud:es at Newport (23) suggested that the partitiomng of barracks
lowered the streptococcal morbidity rates, however, at Farragut the par-
titionung of barracks proved to be meffective (24).

8 Type of Service It has been shown in Chapter II, Table 3 that per-
sonnel aboard ships had low streptocoecal morbidity rates m comparison
with those at Naval Activities within the continental hmits  This daffer-
ence would be even more striking »f 1t were possible to estimate the number
of men attached to ships who contracted streptococeal mfections ashore.
Attention has also been ealled to the fact that the majonty of streptocaccal
fections ashore were in Tramng Centers  Of the vanous types of traning
given in the Navy, radio work seemed to be consistently conducive to the
devel of IIlustratwe ples are:

1 The 1912 epid of st i ing Ship New
York (Pier 92) probably ongmated in and nvolved chleﬂy radio men

2 The 1945 outbreak of streptocoecal mfections at Treasure Island ong-
mated m and mvolved chiefly men 1n the Radio School

3. The men i the Radio School at Del Monte lived underideal condstions,
nevertheless, there was a streptococeal epidemic m 1945

4. The Navy had Iour compamhle tmmmg sclmuls in Chlcago durmg

e Mmool m

was almost hmited to radio men.

6 A small streptococcal epidenic oceurred 1n January 1943, at the Naval
Trunmng School in Madison, Wisconsin  During December 1914, there
were 20 cascs of scarlet fever among 2,213 personnel  All but one occur-
red i men attached to the Radio School At this tume the scarlet
fever morbadity rate per 1000 per year was over 300 among radio men and
was only 52 m the aivihan population of Madion Furthermore, the
morbudity rates for all respiratory diseases meluding searlet fever was only
26 among Navy V12 men and 0 among Navy men of Armed Forees In-
stitute during December in Madison,

Radio School persornet of Madison were quartered 1n the Umiversity of
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Wisconsin dormitories, three or four in a room, and in the University Sta-
dium, eight to twenty-four in & room. The radio men who eontracted
searlet fever had been b ked in six buildi They all came
from the Great Lakes Naval Training Center, but from nine different
camps  As all radio men, they had long hours of indoor class room work
and close contact outside of their sleeping quarters

In contrast to the high incidence of streptococeal infections among men
receiving training in radio, there appeared to be a strikingly low incidence
of streptococeal infeetions among dental personnel warking in dispensanes
during periods of streptococcal epidemies when both the morbidity and
carrier rates for hemolytic streptococcus were high. One example will il-
lustrate this point. During the 1945 epidemic of scarlet fever at San Diego
Naval Training Station, there were 744 medical and dental personnel at-
tached to the Medical Department. There were no cases of scarlet fever
in a small group of 18 nurses and 68 WAVES, One of 25 medical officers
and cight of 239 medical hospital corpsmen contracted scarlet fever. Only
one of 209 enlisted dental personnel and none of the 165 dental officers,
who treated an average of 950 men per day during the severe 1945 epidemic
at San Diego, contracted scarlet fever,

9. Rate of Change of Population So far as could be determined, no air-
borne streptococeal epidemic originated in the fixed personnel of a Naval
Activity. At Training Centers the Ship’s Company contracted strepto-
coecal nfections, however, morbidity rates among these personnel were
consistently lower than the rates prevalent among trainces. Furthermore,
the highest morbidity rates in the Navy occurred in training Activities
with the shortest tramming persod and the most rapid turnover of men.
These observations are m nccord with the opmion of Dudley (22).

10. Carricr Rates Tt is commonly believed that streptococeal outbreaks
oceur only when the throat carrier rate 13 high However, this concept
stems in most instances from the fact that carrier rates for hemolytic strep-

have been d ined after an epid has been initiated. The
observations made at Naval Activities are in accord with the finding that
streptococeal carrier rates are ordinarily high during az epidemic. How-
ever, the initiation of eprdemics has been observed frequently when carrier
rates and morbidity rates were low  For example, 1t has been pointed out
that at Norman an cprdemic oceurred when the carrier rate swas consistently
low (6%). Furthermore, at Memphis an epidemie was confined to 2 group
of radio men when the carrier rate was moderately high (259) m other
groups on the station  Fnally, the majonty of streptococcal eprdemics in
the Navy followed the mtroduction of an epidemic strain which had not
been detected in either high or low carner rate groups.
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B THE CRITICAL FACTOR—EXPOSURE T0 A HIGHLY COMMUNICABLE STRAIN
OF HEMOLYTIC 5TREPTOCOCCUS

The mti: of 1 ics was not lmited to any lo-
cation, to seasonal conditions, to stations havmng virus diseases of the
respiratory tract, to younger age groups, to “unseasoned” men, to over-
erowded Naval Activities where large numbers of men were barracked
together, to any onc type of training nor to the presence of high strep-
tococeal carrier rates Some of these influences conditioned the out-
break of streptococcal diseases. The most important of these conditzoning
factors scemed to be the rapidity with which classes of trainees turned
over. It was the movement of men that appeared to be, with perhaps a
single exception, essential to the genesis of a streptococcal epidemic.
This observation was in aceord with the concept of Dudley, who pointed
out:“Therefore, other things being equal, 1n those commumities where the
number of ichabitants remams practically constant, the relative incidence
of diseaso (respiratory) will be inversely proportional to the average dura-
tion of residence, or some function of it

The number of inhabitants of many Naval Activities remained almost
constant, during the last year of World War II. However, other things were
not equal and there were marked diffe m the d of
discases  For example, stations where men received traimmng for the Marine
Corps or for Naval Avxauon escaped strepwcoccal epidemics and had rela-
tively low rates i of their duration of
residence  Naval Centers which tramed recruits and Naval Activitics
which received drafts of trained recrunts had streptococeal epidemics-irre-
spective of whether the duration of residence was less than one month er
greater than three months. Two factors which varied frequently were the
degree of exposure to i y tract and the ch: of the
infectious agents  The mmportance of these two factors was indicated by
the observations recorded: (a) Men arnving from avilian Lfe became in-
fected after armval at a station with strams of hemolytic streptococcus
which nere prevalent on the station, (b) there wasa high degree of exposure
1n the dispensaries and scarlet fever wards, (¢) when exposure to certain
strans occurred on a station the morbidity rates rose rapidly, (d) when
these strains were carmied dunng the winter months to other Naval Ac-
(IVI;IES epidemics occurred among the men 1 contact with newly arnved

rafts,

Exposure to highly communicable strains of hemolytic streptococeus ap-
peared to be the cntical factor 1 the ongn of most streptococeal epi-
domics 1 the Navy oceurring during the last year of World War I These
traing, which were not detected prior to the onset of an epidemie, were re-
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sponsible for 80 to 10097 of infections during each outbreak of streptocoeeal
disensrs, The following nre illustrative examples:

1. WrghtJuntor College had had sporndie ifections with sensitive straing
of type 17, The induction of n new elass from o Traming Center was fol-
lowed by a streptocaceal authresk cansed by strainy type 17 Re 25, One
month later, the induction of another class was folloned by an outbrenk
of type 19 Re 25

2. Monley Sehool had had sporadic infections with sensitive straing of
types 19, 17 and 3. The induetion of a new elaas from Training Centers
was followed by an outhireak caused by type 3 Re 5. One month later,
the induction of another ctass was {ollowed by an outbreak of type 17 Re
125,

3. Herzl School hiad had sporsdic infeetions with sensitive strains of type
19,17 and 3 The anduetion of & new class from Training Centers was
followed by nn outbreak eaused by type 19 Re 25

4, Great Lakrs Naval Training Center had had sporadic infections with
sulfonsmide sensitive organisms, particularly types 17 and 19, The onset
of an eprdemi break followed the ¢ of Re strains, In camps
Maban, Mavry and Downes, streptocoeeal outbreaks were caused by type
3Red. Prortothis, notype 3 organiams had been recovered in this carap.
Likewize in camp McDonough, an outbreak was cavsed by type 17 Re 23.
Prior to this no type 1T had been recovered in ting camp

5 Sampson Naval Training Center had had sporadic infeetions caused
by sulonamide rensitive types 30 and many other Group A hemolytic
streptococes  An epidemic began in the Service School camp and spread
toothercamps  This epidemie was caused by type 19 RetorRed  Prior
to this, type 19 had been conspicuously rare and these few organisms nere
sulfonamide sensitive,

6 Banbrdge Noval Traming Center had had sporadie infections with
sulfonamide sensitive type 6 and many other types. Streptococeal out-
bresks began m the Serviee Schouls and spread to reeruit eamps.  These
outbreaks were imtiated by Re strams of types 17, 19 and 3 which had not
been detected prior to the eprdemic

7. San Diego Naval Trawning Center had been frec of chinically recognized
streptococeal wnfections when & eavere epidemic occurred m one comp.
This was caused by type 17 Re 25,

$. Norman NATTC had had sporadic infections caused by several sulfon-
amide sensiuve types.  An epidemic was suttiated by types 17 Re 125 and
type 3 Re 5 and mamtaned by type 19 Rel

0. Memphes NATTC had had sporache mfections eaused by several sul-
fonamde sensitive types when an epidenue oceurred among the radio men.
This outbreak was causced by type 17 Re 125,
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€. CHARACTERISTICS OF THE EPIDEMIC ORGANISMS

o -

Arel ly few epi d to cause the large majority
of war time streptococcal infections in the U. 8. Navy. Dunng the last
two years of the World War II more than 50% of the organisms identified
were of types 19 and 17. The typieg results for the winter of 1944 were
presented n Chapter V, Table 1. The findings between October 1944 and
June, 1945 are shown here in Table 1. In both the 1944 scries of 4,560
cultures and 1 the 194445 series of 16,771 cultures, between 959 and 97%
of the organisms identified were of ten types The distribution of sero-
logic typesm the Continental Navy for these two years is shown in Tables
2a and 2b

1t 13 seen in these tables that alf but one of the prevalent types main-
tained their prominence throughout this period of study  Type 18 in the
1914 serics was replaced by type 44 in the 1945 series  Towever, the dis-
tnbutton of types changed at many Tramning Centers For example, at
Bainbridge, types 19 and 18 were predommant 1n 1944 and types 17 and 6
in 1045; type 21 which was inconspicuous i 1944 became prevalent in 1945
At Farragut, types 19, 17, 1 and 3 were the most prevalent organisms during
both years At Great Lakes, types 19, 17 and 3 were prevalent both i
1941 nnd 1945, however, type 5, which had been prevalent in 1944 became
mconspicuous m 1045, At Sampson, type 19, which had been inconspic-
uous 1 1944, became the predommant type in 1945 Similar observations
were made at other Training Activities where 1t seemed that the nse of o
type to predominance was assoctated with the mtroduction of one or more
epidemic strams

These strains had two common characteristics: communieability, the ca-
paoity to grow readily when )} d to the upper 'y tract of
man, and patkogenicily, the capacity to produce discase i man  These
two charactenstics were independent of the serologie type, of sensitivity
to sulfonamides and of the production of erythrogenic toxin  They all
formed matt colonses on blood agar plates and probably produced Lance-
field's “M substance” and perhaps other important products which have
not yet been defined  Some of these strams of types 19 and 17 caused a
Ingh merdence of scarfet fever  These strawns alzo appeared to induce rheu-
natic fever  Other strains of these two types and many other prevalent
types caused streptococeal throat mfections with relatively hittle searlatina
or theurnatic fever  In one instance a strain of type 17 showed extra-
ardinary capacity to epread rapidly i the warm, equable chmate of San
Dicgo, Califorma  Studies were made at Farragut to determne whether
prevalent strams differed 10 their ability to re<ist solar radiation and heat
The findings were,

1 Obscrrations on Solar Sterilization of Mattressess Two expeniments -
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volving the exposure of Group A beta hemolytic streptococei to the direct
r2y8 of the summer sun were made In each experiment, three strains of
streptococei were used; i.e., type 3, no sulfonamide resistance, type 17, no

TABLE 22
Dustrsbution of Ten BMost Prevalent Types of Hemolytic Streptococcur Identified tn
Throat Cultures, January-July 194§

Serctogicsl Type Namber of Cultures % Cultares

19 955 33
17 588 22
1 204 un
3 25 9
5 181 6

6 121 48
18 104 4
12 90 3
24 85 3

30 87 25
Total 2700 100

TABLE 2b

Dratribution of Ten Most Prevalent Typer of Hemolytic Streptococeus Identsfied tn
Throat Cultures, October 1944-June 1845

Serologae Type Number of Cultures ; Cultures

17 3,765 2
19 3,259 25
3 1,99 155
[ 1,338 05
21 812 85
1 69t 55
30 a2 3
12 253 2
5 193 15
" 170 15

Totat 12,992 100

eulfonamide resistance and type 17 with a sulfonamide resistance of 125
mg G. Suspensions of each of these strains were sprayed lightly over the
eurface of glass Petrt dishes arranged in three senes, one series for each of
the strams. The sprayed, uncovered dishes were placed immediately on
the surface of mattresses exposed to dicect sunlight. Temperature readings
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were taken from thermometers lying on the surface of the mattresses.
These readings were d to be approxi ly the temp s of the
Petri dishes. Temperature readings were also taken from thermometers
hung in the shade and in the direct rays of the sun.  Dishes were removed
from the mattresses from time to time and pour plates made. The shortest
exposure was 15 minutes and the longest was 3 hours  In all cases, strep-
tococei of the three strains used in these experiments survived in numbers

TABLE 3a
Growth of Two Strains of Group A Beta Hemolytic Streptocoeei after Sprayitg onto ¢
CGlass Surface, Drying Thereon for a Pertod of Tuwenty-four Hours and Then
Exposing to Varous Experimental Temperatures tn a Hot dur Ocen

Type 4 Red \ Type1h Re 2t
Tims Expned Experimeatal Temperatares (Degrees Ceat )
3 ) 5 s ] 1]
Control TNTC* TNTC TNTC TNTC | TNTC TNTC
25 TXTC TNTC ++ TNTC { TNTC TNTC
50 TNTC TNTC ++ TNTC | TNTC TNTC
5 TNTC TNTC ++ TNTC | TNTC | ++++
100 TNTC TNTC 0 TXTC | TNTC +++
15 TNTC TNTC + TNTC | TXTC -+
200 TNTC TNTC 0 TNTC | TNTC ++
250 TNTC TNTC 0 TNTC | TNTC +
300 TNTC TNTC o TXTC | TNTC +
400 TNTC TNTC [ TNTC | TNTC 0
*TNTC Colones of beta 1y P too to count

too numerous to count The average mean temperatures (degrees cen-
tigrade) prevailing during the expenment were:

Exp 10445 Exp 10845
Surface of Mattresses 301 327
Air 1n the Shade 180 200
Air i Direct Sunlight . 31 06

‘Under these conditions hemolytie streptococcus appeared to be unaffec-
ted. Further expeniments in which the exposure was more severe shoned
that only type 17 Re 125 was unaffected by eolar radiation, Thesc ob-
servations are reported 1 Chapter XVI, page 153.

2. Relalionshtp of Temperature o Survival of Beta Hemolytic Streplococei:
Five dried cuitures of Group A beta hemolytic streptococei (A-3 Re 0, A-17
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incubation at 37°C., were able to produce colonies too numerous to count,
In addition, strains A-24 Re 0 and A-19 Re 25 were able to produce similar
results at a temperature of 63°C. At 85°C. all strains tested were affected,
after varying periods of exposure, except the sulfonamide resistant strain
A-17 Re 125. This stramn, type 17 with = sulfonamide resistance of 125,
was able to withstand the temperature of 85°C. and after incubation, to
produce colonies of beta hemolytic streptococei too numerous to count.
These findings are shown in Tables 3a and 8b

TABLE 3b
Grouth of Three Stratns of Group A Beta Hemolytsc Streplococcs after Spraywng
onto a Glass Surface, Drying Thereon for @ Pertod of Exther Twenty-Four or Forty-
Eght Hours and Then Ezposing to Vartous Ezperimental Temperatures 1n o Hot
Atr Oven

Steam Stran Strain
e TypedReo Type 17 Red Trpe 17 Re 125
Eaporod
talours) Experumeatal Temperatures (Degrees Ceat )
NN 56 5

Controt | TXTC* | TNTC| TNTC | TRTC] '1‘!‘2'1‘0l TNTC | TNTC, INTC} TNTC
25 | TNTC [TNTC| TNTC | TNTC| TNTC| TNTC | TNTC| TNTC| TNTC
5 [TNTC [TNTC| TNTC | TNTC| TNTC| TNTC | TNTC TNTC| TNTC
75 |TNTC | TNTC| TNTC | TNTC| TNTC| TNTC | TNTC| TNTC TNTC
0 [TNTC | TNTC| TNTC | TNTC| TNTC| +++ |TNTC|TNTCITNTC
& | TNTC |TNTC! TNTC |TNTC|TNTC| ++ |TNTC{TNTC|TNTC
L)
50

TNTC | TNTC| TNTC | TNTC| TNTC|+++-+| TNTC| TNTC TNTC
TNTC | TNTC|++++|TNTC| TNTC] ++ jTNTC|TNTC|TNTC
300 |TNTC |TNTC| 4 |TNTC|TNTC| 44+ | TNTC| TNTC| TNTC
40¢ |TNTC (TNTC| @ TNTC|TNTC] ++ |TNTC TNTC|TNTC

*TNTC Colonies of beta hemolytic streptococe: too numerons to count

In bref, there was chnical evidence of important strain differences ta the
prevalent types of hemolytic streptococeus. Most of these differences
capacity to cause disease were not subject to analysis in the laboratory,
One difference, the capacity to withstand solar raciation and heat was
shown expenimentally It appeared that one or more strams of type 17
were unusual 1 resistance to sunhght and high temperatures.  This may
have been a mgmificant contnbuting factor m the streptococcal outbreak
which oceurred at the San Diego Naval Trammg Center

SUMMARY

Navy statistics showed that hemolytic streptococcus was usually mactive
m locations and seasons having a warm, equable climate There were
exceptions, however  For example, strains of hemolytic streptococcus sud-
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were taken from thermometers lying on the surface of the motiresses.
These reatdings were assumed o be spprovimately the temperatures of the
Petri dishes  Temperature readings were also tahen from thermometers
hung in the shade and in the direet rays of the sun,  Dishes were removed
from the matiresses from time to time and pour plates made.  The shortest
exposure wis 15 munutes and the longest was3 hours.  In all cases, strepr
tacocei of the three strains used in these experiments susvived in numbers

TABLE 33
Grouth of Tun Strains of Group A Betn femolytic Streplococe after Spraging onta ¢
Glass Surface, Drying Pherean far & Perrod of Twenty-four Hours and Then
Ezposing lo Yarsous Experimental Temperotuses 1n a Hot Arr Deen

Trpe HReO | Type 19 Rets
Tiens Beponed Erpermtotad Temperstares (Degrees Ceot )
36 a8 » j 6 ) s &
Contra} TNTC* | TNTC TNTC | TXTC | TNTC TNTC
25 TNTC TNTC ++ TNTC | INTC TNTC
50 TNTC TNTC A+ TXNTC | TNTC TNTC
75 TNTC TNTC ++ TRTC | TNTC | +++4+
1 TNTC TNTC Qe TNTC | TNTC +4++
150 TNTC TNTC + TNTC | TNTC +4+
200 ¢ TNTC | TNTC 0 TNTC | TNTC +4
250 [ TNTC TNTC [} TNTC { TNTC +
306 f TNTC TATC o TINTC { TNTC -+
400 , TNTC INTC | 4 TNTC | TXNTC o
*TNTC Colanies of beta hemolyts 100 1o count

t00 numerous to count The average mean temperatures {degrecs cen-
tigrade) prevasling durng the expenment were.

Erp 10443 Eap 1098
Syrface of Mattresses 301 327
Airia the Shade 3¢ N4
At 10 Darect Sushghe 331 306

Under these conditions hemolytic streptococeus appeared to be unaffec-
ted Furtber experiments ;m which the exposure was more severe shawed
that only type 17 Re 125 was unaffected by solar radiation These ob-
servations ave reported a Chapter XVI, page 153

2, Relationshp of Temperature to Sureaval of Beta Hemolytc Streplocoect:
Fave dred cultures of Graup A beta hemolytic streptocosst (A3 Re @, A-17
Re0, A-17 Re 125, A-21 Re0 and A-29 Re 25) were exposed tosevetal exper-
smental temperatures for varymng periods of time.  All strains tested were
able towsthstand s temperature of 56°C for four hours and sfter subsequent



CHAPTER XIV

OBSERVATIONS ON STREPTOCOCCUS HEMOLYTI-
CUS AS A DUST CONTAMINANT AT FARRAGUT
NAVAL TRAINING CENTER

These studies were made between February and August, 1945, At thus
time recruit training had been discontinued at Farragot, Jdaho  Most of
the barracks had been “secured” (cleaned and locked) between November,
1944 and February, 1945. Cultures from vanous buldings were classified
8 either *not secured” or “secured” (closed). The cultures classified as
“not secured” were taken at regular mtervals dunng the eight-month period
of this study. The cultures from barracks “secured” for more than four
months were taken during a season of the year considered relatively un-
favorable to the activity of hemolytic streptococeus. Two methods nere
used for collectmg dust saroples during this study By the first method 1t
was possible to make quantitative determmations but only from a com-
posite sample of dust. By the second method it was possible to collect
samples from many parts of an area and to identify more than one type
of hemolytic streptococcus in a single ares. The second method was
adopted for most of this study because it saved time and was effective
A deseription and analysis of these two methods 1s given in Chapter XIX.

A. THE SURVIVAL TIME OF HEMOLYTIC STREPTOCOCCUS IN DUST

‘This study was made to determine whether contarmation of fioor dust
persisted in bulldings which had been cleaned and secured A totsl of
1,406 cultures were made There were 139 cultures (11 355) positive for
Group A, 66 cultures (4.7%) positive for other groups of beta hemolytic
utmploc?ccus and 1,181 cultures (84%) were negative. Among the Group
A organisms, type 17 was recovered in 41 cultures (2 995) type 19 m 33

Dumber of cultures the percentage of positive cultures obtained from month
0 month was generally constant.  This Table also shows that the degree
'it contamination in the “secared™ areas was slmost as great 43 10 areas not

secured” and that Group A hemolytic etreptocaceus survived i foor dust
for eight months at. Farragut, Idaho.

phi%
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denly ncquired tremendous activity during the mid-summer in the North
at Farragut, Idaho. Furthermore, epidemics occutred during mild winter
months in the sunny cities of San Dicgo and Gulfport. Whatever may be
the effect of climate on the activity of hemolytic streptococcus, this did not
appear to be the only important factor in the initiation or in the prevention
of streptococeal epidemics.

The presence of viral, respi y tract infections may have predisp
cither directly or indirectly, to streptococesl infeetions. However, this did
not scem to be a eritical factor in the initiation of streptococcal epidemics.

‘The highest incidence of streptococca! infections occurred in the youngest
age groups, However, it was not possible to evaluate the factor of the
age of the host under controlled conditions.

Fixed personnel were susceptible to streptococeal infections but in general
conditions among these groups were unfavorable to the genesis of an
cpidemic.

A raajority of the Navy’ o Linfectt d dunn\; recruit
training. However, many P ! epidemi ! d and were
most severe at training Activities where the pclsotmcl had recently com-
pleted training. ‘There was no indication that the degree of "scasoning”
was an important factor in the pathogenesis of streptococeal diseases.

Overcrowding may well have been contributing factor but did not sp-
pear to be a eritical factor in the genesis of streptocoecal epidemics.

The barracking of large numbers of men together may well have beena
contributing factor but not a entical factor in initiating streptococeal
epidemics.

The type of service performed 1n the Navy sppeared to influence the
risk of streptococeal infections  Dental officers and their assistants, for
reasons unknown, scemed to escape the prevalent infections. In contrast
some condition assocmted with radio tmmmg appeared to be a contri-
buting factor in initi This may well have
been due to the fact that equipment was used by many men without being
disinfected

The throat carrier rate prior to the ensot, of a streptotoceal epidemic did
not appear to be a sigmficant factor in its gencsis.

1

The rate of change of popul:nmn pp d to be int 1 isted
with the genesis of breaks and the of high
morbidity rates.

At Naval Activities with rapidly ch g T 1 the jmtjation of

streptococcal outbreaks scemed to be determined by exposure to hughly
commumcable, pathogcmc stmms of hemolytic smptococuus.
IAPIDNS tnr.

m cmamt and
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B, THE DEGREE OF DUST CONTAMINATION IN FIVE AREAS

Dust cultures were made in five areas of Farragut. At this time the
recruit arca had been closed and most of the buildings were secured, The
findings are shown in Table 2.

TABLE 1
Dust C Effect of Es and Time
Percentage of Cultares Positive
Status of Activity Type 17 Type 19 Other A NotA
e lara| Mo fure] N9 [ree| Bo fnre
Not Becured (in use) 22 | 35] 19 [ 30 46 | 7.4) 4 |71
ecured 1-30 dsys -l =t =1 =1 4a]35f 544
Secured 1-2 months — | =] =l =}~=]—=1 250
Secured 2-3 months 2 1 18| 4| 35| 16 109) 9}7T8
Secured 3-4 months 5| 43| 2] 17 7| 59}] 3|25
Secured 4-5 months . 419! 3| rs| 3f15] 1|08
Secured 5-6 months 2 [ 21| 2f21f 8 |63| 110
Secured 6-7 months 4 {250l 2 {wsl 2 lwst tiaz
Becured 7-8 months 129 1]20f 1])29)]—|—
Secured 8-9 months 1 20) — — -] -] =-1-
Total a1 | 29| 33 | 23] 85 | 6.1] 68 |47

Table 2 shows the distribution of streptococeal contamination in the
following areas:

1. The Station Personnel Arca: The greatest degree of contamination of
floor dust occurred in the Central Adminsstration Building swhere recruits,
members of the Service Schools and Outgoing Units had gathered each
day. Floor dust in the dispensary was not heavily contaminated. The
use of this dispensary was limited to fixed station personnel among whom
the incidence of streptococcal infections was low.

2. Reerut Area. Dust samples were collected only from buildings which,
though used in the past by recruits, had been secured for several months.
Nevertheless, the floor dust in all of these buildings Wwas contaminated with
hemolytic streptococeus  The highest degree of contamination oceurred
in the disp: i Hemolytic were also d from oné
pillow and mattresses which had been used in the dispensaries and then
aired and stored in & secured recruit dispensary,

3 Naval Hosprtal Samples of floor dust were taken from a searlet fever
ward and the school used for traming corpsmen, At this time the number
of cases of scarlet fever had reached the lowest level in the history of Farra-
gut. Men from the Hospital Corps School worked on all of the wards at




123

STREPTOCOCCUS AS DUST CONTAMINANT

pouwap w00l o

o |wuler [ oo (19 | % ge | e o | w oL,
sor |o |oe | |ex | v [ae [ v |s5e | ¢ tooyog sdiog [upduoy] uatN
ves jer (g% |1 [sv |1 Jser|e |ve | Progy 10401 19103 [uiidso]] [VAON
20 (28 |ve ¢ jest |6 |89 v |su |2 Kavsuadany (ootpory FUTIIELL, PAUTAPY
sz f{w |rnte jtnje | — | -] —|= JSTUIP[IE B31ALIY FUTUL, PONTAPY
ze (o (et | L feor | ¢ |e0 ¢ lzs |1 ayor1Ivg Burnesy, pasuapy
o | lee Lz lee | v ler |1 fse |2 +(pacunn) Sovaing Butrs, paduvapy
v fo | = | =lem |1 | = | === pa10IB— sHOII
8¥6 {19e (s |2 [s1 j¢ fso [g |11 | [or S ——
eo jeer |6€ | & |68 [ ot |99 |or [ges | m \sausaadaiqr [EpoRy T
zo8 {0 |ve |2 |28 |9 (21 |1 | = | = sButpimyg oatadag pnaaay
e |t |~ —] = | =Jea 1 | —]— \Staping otaty 1N
e |oor oo Lovdze | onloo |1 jez | % syovIng miony
1z 101 |09 |2 oo |z | ~ | — |60 |1 Rasp—
zeg (g | ~ [~ |tm]e | — |~ |ze |1 Srvsaadsicy [UOpOLY 4uAL Jo dauoRTE]

wrls | — |~ =1=1=|=-|=1]- PRI 4 J0 sUosUT
ves |oz (69 fg |~ — e [T | — |~ JsaLvsuadsi(y [9IMPaTY [PUUORZY UONNIY

ot | = | = |~ -|=]|-1|-= SYPULIBY [uuosia TOUTIS
sw e jsot v J2z |1 | — 1 —] ~ |- RO -

oot | o -1 ===~ =1= S3UIPJIg QIUAIOF [DUU0RIS] LM
zo |19 6 jss |z lsz [z [z1 |1 Surpling uONEISIIUPY (812D

| By x| ot | Ter | e | wa | | e

% OoN *ON % ON % oN % oN

Ay
] vion vimo Ty e

034 9014 U3 UOYDUTUDIUOY 19N

¢ ATV



124 EPIDEMIOLOGY OF HEMOLYTIC STREPTOCOCCTS

the Naval Hospital. The floor dust of this school was heavily contami-
nated with Group A hemolytic streptococeus.  The highest degree of con~
tamination occurred in the scarlet fever ward even though there were few
scarlet fever patients when these samples were taken,

4. The Advanced Training and Orerflow Area: This area was used both
by men receiving advanced training at Farragut and by men who had
completed training at severa] Centers and were sent to Farragut to await
transfer to another Naval Activity. Barrack floor dust was contaminated.
The highest degree of streptococeal contamination of floor dust occurred
in the dispensary.

5. Prisoner of War Areas Only a few cultures were taken from this iso-
lated area. 'There was streptococeal contamination of the floor dust in the
dispensary.

C. CONTAMINATION OF BEDDING AMONG NAVY PRISONERS

A draft of prisoners was transferred to Farragut from Bremerton, Wash-
ington. At Bremerton there had been ov ding and & high inch
of streptococeal diseases among these men. On arrival at Farmgut the
prisoners were divided into two groups.  Group 1 was placed in the “Brig”
where crowding evisted. Group 2 was confined to two barracks in Camp
Scott where there was no crowding. Cultures were made of the throats,
mattress covers and blankets of these two groups of prisoners.

Group 1: There nere 167 men in this group; 42 of them had had strep-
toeoceal infections within the previous month. 'The occurrence of positive
Group A cultures was:

Throat, mattress cover, blanket 10
Throat, mattress cover 19
Throat, blanket . 13
Mattresa cover, blanket 4
No correlation . 69

Group 2: There were 22 men in this group. Thirteen of them bad fmff
streptococeal diseases within the previous month. The occurrence of posi-
tive Group A cultures was:

Throat, mattress cover, blanket
Throat, mattress cover

Throat, blanket

Mattress cover, blanket

No correlation

Throat carrier rates in both of these groups was high. The cause for
the greater degree of contamination of bedding in Group 1 remained un-

explamed.

gromo



STRERTOCOCCYS AS DUBT CONTAMINANT 123

D CONTAMINATION OF BEDDING AMONG PRISONERS OF WAR

A group of 700 German prisoners was quartered under 1solation condi-
tions yust outside of the Training Center. These men had many upper re-
spiratory tract diseases  Two men had scarlet fever within one week after
arrival  However, the d of 1 infecti ined at
s low level Cultures of their throats and bedding were made when
respiratory diseases were prevalent. Although these men lived in crowded

duti the throat 1 carner rate ined low. Among
249 men only 28 carried Group A hemolytic streptococcus 1 their throat
flora Among 249 mattress covers and 247 blankets, only six of each gave
cultures positive for Group A hemolytic streptococeus. No type 17
i and no sulf le resistant ¥ were d emong
these German prisoners,

E CONTAMINATION OF BEDDING AMONG MEN IN AN OVERFLOW UNIT

The men had returned from overseas and were awaiting discharge.
They hived leisurely 1n quarters free of overerowding and had httle contact
with other personnel on the station A streptococcal survey was made of
90 menn thisumt. Group A hemolytic streptococcus was recovered from
23 throats, from eight of 90 mattress covers and four of 90 blankets.
Although the throat carrier rate was moderately high there was little con-
tammation of bedding

Throat, mattress cover, blanket No positive cultures
Throat, mattress cover
Throat, blanket 1
Blanket, mattress cover 2
No correlation 6
These findings were sumilar to the findings among the prisoners of war
However, the mfectious agents were different. Type 17 Re 125 was re-
covered from ten men and type 19 Re 25 from three men m this Umt.
Nevertheless, the mneidence of streptococcal diseases and the contammation
of bedding was neghgible,

¥, CONTAMINATION OF BEDDING AMONG MEN IN OUTGOING UNITS OF SERVICE
BCHOOLS AND RECRUIT CAMPS

Burveys were made o these two groups when both recruit and advanced
traung were being discontinued at Farragut  There was no overcrowding
and the meidence of respiratory diseases had fallen to a mmmum  Nose,
throat and blanket cultures were made 1n 50 men 1n the Service School Out- *
gning Unit and in 100 men m Recruit Camp Outgomg Unit  The find-
ings are shown in Tables 3a and 3b
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Contamination of blankety in these two groups oceursed only t0 8 mod-
erate degree irrespective of recent streptococeal infections. Thers were
negative blanket cultures for 11 nasal carricrs of Group A hemolytic strep-
tocoeeus.

Pasitive~—Noee, throat, Mankst FAPEPIRPIN &

Positive—Nose, throat v e PRI 8

Positive—~Noas, blanket ce e e @

Positive—~Throat, blanket o PRSP . 8
TABLE 3a

Cullures from Servvee School—~0Outgoing Unit

Note. Throat Bleaket
N Ne Not
KRk el A K e i e R A A e

Streptococeal Daease During the I'ast Month

[ LD dwf o fafefe] [ 1 Jofs
No Streptococest Dssease During Past Month
[ 1] lsfsfefelsfn]z]] Ja]=
TABLE 3b
Cultures from Reerust Camp—Ouigosng Unst
Nowe 1 Throgt } Buaket
ley:fT{r{Olztr’l‘I:t‘Nn ir{ﬂ : I‘Oz:u! Nt l’”" f'f?‘"??‘[“%"‘"i‘ {N,,

Streptococeal Dhsease During Past Month

[ 1o f 4m) Jzfefsjsja]sjul |s
No Streptococeal Disense Dunpg Past Month

1ij7f Is?jzjs]mjs’mj&jslmjsj:n

G, CONTAMINATION OF BLANKETS IN SEVERAL LOCATIONS

Cultures were made of blanket dust during the summer montbs of 1945,
‘There were uo recruits, no ding and few st I i at
this time; nevertheless, positive cultures for Group A hemolytic e'tmp(,g-
coceus were obtamed 1n 189 of respiratory disease ward blankets, in 10%
of general ward blankets and in 4% of the barrack blankets. o the bar-
racks some of the blankets had been in se for less than ene week avd others
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{or over one year. The inecid of ination was i dent of
the time of use These observations are shown in Table 4

H CONTAMINATION OF COATS

Cultures were taken from the throats and coats of the last group of
recrmts to leave Farragut. These men were trained at Farragut when the
Center’s complement was small, There was no overcrowding Three of
these men had hemolytic streptococcus in therr throat flora and on their

TABLE 4
Blanket Dust Survey—June fo October, 1835
In Barracks In Dispensary Ward
Length of Time West C"t?..ﬂ?' erlowe Respissory Disesse Genesal Ward
Since Cleaned
slaiel siale) o she fel
e l218|2|3] g 2133 .
é é § 2| 2 éﬁ' AR é SEEIE
1-7 days ~—1f 1| sfa|nfs; 6f103]|8] ~ |3} 7| 81
8-30 days 2f—jz| 5|81 1{ 4] 303 4| 6] 82
3160 days RN 0P (T [P (P A pSg i DN u S S
61-90 days z|{rjelm| -]~ =-1~—}—
Sldays-tmes (12| 3}106) |~ —| — |~ —{——]~
7 mos -1 yr 2 ol | A=~ |4 ==} =
Over 1 year e R e T e e I L e ) I (P [
Total 7]2{7]19]{475)|5|136]10|133 |6 |none[ 7| 14| 133
TABLE 5
Pea Coat Survey
Throat Pea Coat

Trpet? [ Typess | Otber & | Not | New tm‘n [ Tspe1s | Other A | NotA | Neg
1|4]13]3|w| s | 2 | | 2

coats  In two instances the serclogic type of hemolytic streptococcus was

the same as the type recovered from the throat The findings are shown
m Table 5
1. CONTAMINATION IN A DISPENSARY WARD
hTh:s survey was made of 68 pments in a ward dispensary at a time when
e of

had fallen to a low level The
patients i this dispensary had either streptococeal mfections or other
medical or surgical disesses Each man was given a freshly laundered
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blanket on admission. Sinre the weather was warm, this blanket remained
at the foot of the bed in most instances. Throat cultures were made
when the patients were admitted, Cultures of bed clothing were made
48 bours Iater to d ine the extent of inati

TABLE ¢
Contarmnationt of Bedding among Personnel sn Sik Bay with Streplococeal and
Non-Streptococcal Diseaser

Namber Forseny

Throat, sheet, mattress cover, mattress, blanket

{complate correlation) 4 PR
Throat, sheet, tattress corer, matiress 2 50
Throat, sheet , mattreas cover 1 2.5
Throat, sheet. 4 w0
Throat, sheet, blanket 1 25
‘Throst, matiress 1 25
Throst, sheet, mattress, bianlet 2 590
‘Throst, bianket 5 128
Throat, mattress cover, mattreas 1 25
‘Throat, matiress vover, blanhet 2 50
Throst, sheet, mattresy eover, blanket 1 25
No Correlation 16 400

Totat 4 100
TABLE Y
The Distnbution of Types among Men and Thesr Bedding
Cutrures Taken from Serlomen e Totad
i 1 1 Other A | NotA {Netive

Throat % 7 28 L 0 68
Sheet 16 [ 1 3 25 8
Magtress Cover pi 4 8 o 42 81
Mattress g 3 8 3 44 a1
Dlanhet 1 8 8 & Y 46

Group A hemalytic streptacoce: were recovered fram 87 1% of the throat
cultures, 56 5% of the hlankets, 56.29 of the sheets, 31 4% of raattress
covers and 20 9% of the mattresses, Among the men admutted for non-
streptococcal discases pasitive cultures sere oltamed in the following order:
throats 80, sheets 80%, mattress covers 0%, blankets 0%, mattresses
40%. Cultures of a group of 35 men with streptocogcu! diseases and thewr
bedding showed that contarmmation was complete in 114% and partial
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in486% The degree of contamination among 40 men and their bedding,
with I and l diseases, is shown in Table 6
The typmg results of cultures from 68 ward patients and bedding are
shown in Table 7. No cultures were made of 22 blankets, 4 sheets, 4
mattress covers and 1 mattress

Tables 6 and 7 show that even in the warm months when the ncidence
of streptococeal infections was low following cessation of recruit training
at Farragut, there was nevertheless a high degree of contammation of
bedding m the d)spensary wards, including the blankets whlch were seldom
used. The ng fell mto app ly the same
clasaification as the stramms cultured from the throat flora

SUMMARY

Studes were made to collect factual information on the presence and
degree of streptococeal contamination 2t a Naval Activity The obser-
vations reported were made at a time when only sporadic streptococcal
infections occurred. Some of the findings appeared conclusive:

Hemolytic streptococeus survived in floor dust for at least eight months
1n buildmgs which had been cleaned and locked

The ighest degree of contamination of floor dust oceurred n the dis-
pensanes and scarlet fever ward of the Naval Hospital  In addition, 1t was
found that floor dust 1n the cornidors of the central administration bwildmgs
and in the corpsmen’s school was also heavily contammnated

A high degree of contammation of bedding was observed throughout the
station  This ineluded bedding which had been aired and stored away for
future use The highest degree of contamination of bedding occurred 1
wards where patients with streptococeal infections were treated.

The contamination of bedding of imcommng and outgomng drafts was
independent of a positive throat culture and independent of a positive nose
culture

The facts collected at Farragut showed that even when the cidence of
streptococcal infections was mmmimal, when the turnover of personnel was
slow and when overcrowding did not exist, there was nevertheless a large
reservorr of hemolytic streptococci i the floor dust and bedding



CHAPTER XV

OBSERVATIONS ON THE RELATION OF GEOGRAPI-
ICAL ENVIRONMENT TO THE VIABILITY OF
STREPTOCOCCUS HEMOLYTICUS IN DUST

It has been shown by a number of workers that floor dust, blankets and
clothing may serve as reservoirs of hemolytic streptococeus (5, 25). Con-
firmation of these observations was mado at U. 8. Navy Activities during
the winter and spring months of 1915. Iowever, the degree of strepto-
coceal contamination differed in several geographical locations.

At Farragut, o preliminary survey in Camp Bennion during January, 1945
showed that nina of eleven samples of floor dust were positive for Group
A hemolytic streptococei in the dispensary wards and ship’s service. Forty-
four percent of 43 cultures of dust from various other buildings at Camp
Bennion were positive. In this hmited study the number of Group A
streptococcal cultures and the concentrations of bacteria appeared to
increase with the length of time that recruits occupied the barracks exarn-
ined.

During the month of March a survey was made of the prevalence of
hemolytic 1in les of dust obtained from “secured” buildings.
Sixty samples 'of dust obtawmed from the decks of the barracks and service
buildings at Camp Scott werc cultured for hemolytic streptococei.
Twenty-two of these had presumably been thoroughly cleaned with -
1000 grade A caleium hypochlorite solution. Thirty-six were not cleaned
with hypochlotite  Thirty percent of cultures from cleaned barracks were
positive for Group A hemolytie streptococe: and 23.4% of eultures from
barracks not cleaned with caleium hypochlorite were positive.

Ten samples of dust from floors and ten from rugs in the administrative
buildings were processed mn April 1945, Seven of the ten floor samples
were positive for hemolytic streptocoeei. The cultures from the rug dust
were all negative

Cultures were made from one hundred blankets in the Outgoing Unis.
Ffty-five contained Group A hemalytic streptococcus.

At Sampson, dust cultures from barracks, dispensaries, Ship’s Service
and classrooms were positive 1n 20 of 38 tests  Six of these samples were
collected 1n the dispensary and four were positive for Group A hemolytic
streptococci.

One hundred blankets were cultured. Fifty of these belonged to men

arriving from Great Loakes.  Group A hemolytic srteptococes were obtained
130
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in 40% The other 50 blankets belonged to men in the Qutgoing Unit;
389, yielded cultures of Group A hemolytic streptococeus.

At Treasure Island, 1t was found that the floor dust was more heavily
contsminated in the wards than in the barracks ~ The scarlet fever wards
were particularly heavily seeded The number of hemolytic streptococci
from all samples collected was:

Colomes per 1 Milligram of Dust Total
Caultures
o 310 | 30100 | Over 100
Barrack cultures 90 88 80 18 276
Hosprial Ward cultures 4 3 2 6 15

These observations confirmed the findings of other investigators. How-
ever, they did not supply zny information on the length of time that the
floor dust or blanket int may have been contammated To eollect 1n-

on this pomt, preli y observations were made at Farragut,

Idsho

A. THE DURATION OF VIABLE HEMOLYTIC STREPTOCOCCI IN DUST
AT FARRAGUT, IDAHO

Mtenuon has been called to the fact ﬂmt hemolyhc streptococeus

ined 1ts i all months of the

year at Farragut, Idaho In fact, as pomted out, there was a sharp rise
1n streptococeal morbidity during each summer that this Naval Center
traned recrnts  These eprdemic conditions developed at a time when
streptococeal activity was absent or mmmal at all other Naval installa-
tions  The mechanism of this reactivation of hemolytic streptocoecus 1n
August of 1944 and 1945 was unknown Other than Man, no animals
were found which harbored Group A hemolytic streptococeus  However,
dust was shown to serve as a potential Teservorr of this respiratory tract
pathogen It appeared that hemolytic streptococeus might survive in this
reservorr and be widely disseminated when dust storms occurred at Farra-
gut n the warm, dry months of summer To collect mformation on this

the following prel; y study was made*

Camp Ward at Farragut was closed and sealed between November 25
and December 6, 1944 At this time the floors of the dispensary were
swabbed with soap and warm wnater, waved and buffed Then the floors,
baseboards, overheads, pipes, upnghts 2nd unfimshed walls of the barracks
were dry wiped and sprayed with a 1~1000 solution of grade A calowum
hypochlorite  Beguning in February, 1945, ten samples of floor dust were
cultured each month from these dispensancs by the station’s epidenuolo-
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gist. Appropriaste precautions were taken to avoid the introduction of
organisms from without. As late as six months after the dispensaries were
secured, eight of ten dust cultures were positive for hemaolytic etreptococeus
One month Jater two of ten remained positive for types 19,17 and 1. Dur-
ing August, 1045, eight months after these dispensaries were eleaned and
scaled, the floor dust beeame free of hemolytic streptococeus for the first
time. This observation was not confined to Camp Ward, TFifty-one dust
saraples from closed dispensaties of open camps at Farragut were also pro-
cessed. Twenty-five of these samples contained Group A hemolytic strep-
tococcus, These findings made in 1945 at Farragut demonstrated that
several types of Group A hemolytic streptococeus survived in floor dust
approximately cight months of winter, spring and summer under conditions
where nothing was done to shorten or prolong their survival time.

B. THE 8URVIVAL OF HEMOLYTIC STREPTOCOCCUS IN DUST DURING SUMMER
MONTRS~—A COMPARISON BETWEEN FARRAGUT, IDAHO AND
OTHER POINTS OF THE UNITED BTATES

The same types of hemolytic streptococeus and probably some of the
same strans which survived in the dust of Farragut were prevalent at
other Navaf statfons 1 the spring months of 1945. Iowever, with the on-
set of summer, strep 1 infections di: d at all Naval Centers
except Farragut It was suggested that the striking difference in strep-
tococcal morbidity rates at Farragut and other Centers might be attributed
to the fact that hemolytic streptococeus survived in floor dust at Farragut
duning the warm months Ta determine whether this oceurred at other
Centers identical studies were initiated in parallel at Naval Activities i
five other areas of the United States: New York, Ilhnois, Tennessee, Ohla«
homa and Maryland  These studies on dust contamination were made by
the Epidemiology Units which had investigated the streptocoecal problems
of their stations for at least two years. Observations were recorded in
uniform manner between June and October, 1945. Each of these Epide-
miotogy Units received the following directions:

“Plan of Study Beginning Monday, 4 June 1945, obtain fifty (50) eultures of
floar dust weekly from areas used by recruits as follows ten culturea from hospital
searlet fever wards, ten cultures from dispensary wards, five cultures from Ship’s

2 B . e mmm o

amgetrn

“an =’ d
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1-1000 and 1-10,000 dilutions  After 21 hours’ incubation evamune the pour plates for
bemolytic Btreptococcus colonies Make counts of these colonies and record s
number per gram of dust Isolate hemolytic streptococcus n pure culture, group
and send Group A organisms to the National Nava) Medical Center Laboratory for
typing and sulfonamide resistance studies

“Method of Culturing Blankets+ The blood sgar plate 13 to be used for collecting
micro-orgamsms from blankets  Firat, the deck must be swabbed to elinunate dust,
The blanket to be tested 18 held by two men, tenthike, folded 1n the center with both
gides closely approximated, The blanket 15 not to be beaten or shaken but shall be
moved vertically about 5ix mehes above the open blood agar plate for two minutes
Plates are to be examined sfter 10 and 18 hours’ ineubation a4 37°C A rough quanti-
tative deternunation of streptococcal growth shall be recorded as 1+ to 44-. Hemo-
Iytic streptococcal colomes shall be identified, grouped and sent for typing and
resistance studies *’

1. Observations at Farragut, Idaho 'This station had recetved no recruits
for over six months, most of 1ts buildings were closed; its population which
had been over 50,000 n 1944 was reduced to 5,000 men; the incidence of
streptococeal infections had fallen to 1ts lowest level since the station was
commissioned

‘The four months’ survey to determine the survival of hemolytic strepto-
cocei in the dust of blankets and the dust from Boors of barracks and hos-
pital wards was completed by October 1, 1945 A total of 816 samples
was taken from floors and a total of 840 samples was taken from blankets
using the method of sampling descnbed m Chapter XX Samples of beta
hemolytic d and sent to the Naval
Streptococeal Typing Lnbommry w Bethesda. Three groups were identi-
fied, 1e, “A,” “C,” and “G* The remainder of the samples was desig-
nated erther “Not A or C” or “Not A, C or G All group A streptococei
were typed Tables 1 and 2 show that Group A streptococci were re-
covered every week of the summer months from the dust at Farragut.

In summary, Group A hemoly was d from floor
and blanket dust, or either, every week of the summer months  Thus ob-
servation was made when the station had been closed to recruit trainmg
for six months, when the population was small and when the ncidence of
streptococeal mfections had reached the lowest endemic level. More tha.u
twelve serologic types were id d  Of those 1
types 17 and 19 were predominant  As was shown 1n Chapter XIII, some
of the type 17 organisms appeared to be peculiatly resistant to direct
summer sunhght and igh temperatures

2. Observation ot Sampson, New York Streptococeal mfections persisted
at the Sampson Naval Training Center dunng the summer of 1945 There
were 314 cases of scarlet fever in June, 187 i m July, a smaller number 1n
August and an increase 1n all in S b For
the first time in the history of thus Center, scatlet fever persisted through-
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gist. Appropriate precautions were taken to avoid the introduction of
organisms from without. As late a3 six months after the dispensaries were
secured, eight of ten dust cultures were positive for hemolytic streptococcus,
One month later two of ten remained positive for types 19,17 and 1, Dur-
ing August, 1945, cight months after these dispensaries were ¢leaned and
sealed, the floor dust became free of hemolytic streptococeus for the first
time. "This observation was not confined to Camp Ward. Fifty-one dust
samples from closed dispensaries of open camps at Farragut nere also pro-
cessed.  Twenty-five of these samples contained Group A hemolytic strep-
tococcus.  These findings made in 1915 at Farragut demonstrated that
several types of Group A hemolytic streptococcus survived in floor dust
approximately eight months of winter, spring and summer under conditions
where nothing was done to shorten or prolong their survival time.

B. THE SURVIVAL OF HEMOLYTIC STREPTOCOCCUS IN DUST DURING BUMMER
MONTHS—A COMPARISON BETWEEN FARRAQUT, IDAMO AND
OTHER POINTS OF THE UNITED STATES

The eame types of hemolytic streptococeus and probably some of the
same strains which survived in the dust of Farragut were prevalent at
other Naval stations in the spring months of 1945.  However, with the on-
set of summer, ! infections disap d at all Naval Centers
except Farragut. It was suggested that the striking difference in strep-
tococeal morbidity rates at Farragut and other Centers might be attributed
to the fact that hemolytic streptococcus survived in floor dust at Farmagut
dunng the warm months. To determine whether this occurred at other
Centers identical studies were 1nitiated in parallel at Naval Activities in
five other arcas of the United States. New York, Illinois, Tennessee, Okla-
homa and Maryland. These studies on dust contamination were mnde by
the Epidermology Units which had investi d the strep
of their stations for at least two ycars. Observations were rccorded in
uniform manner between June and Qctober, 1945, Each of these Epide-
miology Units received the following directions:

“Plan of Study Beginmng Monday, 4 Jupe 1945, obtain Kfty (50) cultures of
foor dust weekly from areas used by recrusts as follows* ten cultures from hospital
gearlet fever wards, ten cultures from dispensary wards, five cultures from Ship’s
Bervice, five cultures {from classrooms, and twenty cultures from barracks

“Beginning Monday, 4 June 1943, test ten blankets from hospital wards, ten from
dispensary respiratory disease wsrds, and thirty from the Out Going Umt

“Method of Culturing Floor Dust Obtain samples of dust by sweepiog the deck and
collecting dust samples in sterile Petrs dishes The broom during sweeping opera-
tions 16 to be covered by a clean flannel cloth  Each strip is used onee and then dis-
cu’dcd Suspend one gram of dust 1n Ringer solution and agitate, Make suitable

that 1 ce of th jon when added to blood agar pour plates will give
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out the summer months ot Samp The predomi were
Re strains of type 19.  Other types pmmlent wereo 17,1, 30, 6 and 3,
Floor Dust: The smount, of ion roughly Heled the strep-

tococeal morbidity rates of the summer months. The types of organisms
recovered were those which caused most of the streptococeal discases on
the station. The heaviest contamination was in the scarlet fever wardsin

‘TADLE 1
Number of Samplea of Viable Beta-Aemolytic Sireplococei Recovered from Deck Durt
or Blanket Dust of Barracks, Hospital Wards, cic., from 10 June, 1845, to
1 October, 1945

Samples Deck Dust | Samples Blanket Dust
Nuriber Positive (Groupe)
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* Positive Samplesextub hemolytic 1 growth and identified
by groups
June. Over the four-month period 21.99 of 801 dust samples contained
hemolytic streptococeus.  These findings are shown in Table 3.
Blanket Dust The amount of contammation of 819 blankets also roughly
lleled the morkndity rates for 1diseases. The heaviest con-
;ammnhon occurred 1n the dispensary and scarlet fever wards during June.
By August, streptococeal contammation had almost disappenared; however,
the percentage of positive cultures increased in September, ‘These findings
are shown 1n Table 4.

Towi |86 |15 7| 5] 18|10
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from classtooms, twenty from barracks, ten from dispensaries and five
from Ship’s Service Canteens.

Fifty blanket samples were collected each week for 18 weeks as follows:
ten from U. S, Naval Hospital wards, 40 from Great Lakes Traming Center,
including 30 from the blankets of men 1n the Qutgoing Uit and 10 from
dispensary beds,

One gram of dust was collected lly in a sterile water-proofed
paper bag. The dust was suspended in Ringer's solution to diutioms of
1-1000 and 1-10,000 Isolated colonies were picked and grouped m the
laboratory of Epidemiology Unit #13. Group A streptoeocc: were sent
for typing to the Streptococcal Typing Laboratory, U 8, Naval Medical

TABLE 5
Studies on the Viabshity of Hemolytse Sireptococes 1n Dust USN.TC,
Great Lakes, fllsnors

Hosptal | Smp'sService | Bareacks | Clagsrooms | Dispensanes

115
PR pon o] N | 7 | Pos [ | g |Pon | e ,,'é,’h. m.’y’:{v, Pos |Neg | %
8/4-6/16 7|13|35| 010 0| 93123 3| 7[30|13| 7|65
6/186/30 | 5[15(25| 1| 9lt0| 6[31]15| 2| 8l20| ¢16[20
1211¢ | 2(18 (10| o|0f of 2138) 6} 2§ 8{20( 5}17{25
11692 | 1ligl 8| 1] alrel siasial 3| zla0) 6fi1e]a0
7/30-8/11 2118|10| 010 0| 6|34}15) 1| 9f10| 4{16]|20
813825 | 4116 (20| 1| 9f10( 3{37| 8| 1| 9f10| 2|18]10
8/27-9/8 3117115 0f10| 0| 1|3 3; 0|10| 0 4|16|20
enog/22 | slus(25| ofw| o) 3)37| 8 1] 9jw0| 3|17|15
9/2410/6 | 1{10| 5| 0|10| of 4|236|10| 1| 9/10] 7|13][35

* “Pomtive”—Group A hemolytic streptococer
Total of all samples Pos —132

Neg 768
ZePos —15

School, Bethesda, Maryland The findings 12 each of the five sources
(Hospital Wards, barracks, etc ) arranged 1n two week intervals are shown
in Table 5

‘Two methods were used for collecting 900 samples of dust from blankets:

(1) A blood agar plate wes placed on a freshly swabbed floor and the
horizontally folded blanket was moved vertically over the plate for tvo
minutes

(2) The blanket was spread out on & bunk or table and a blood agar
Plate was patted gently over both surfaces,

‘The second method appeared at this Center to be the more satisfactory
of the two  The findings sre presented in Table G.
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d ah 1

In summary, scarlet fever had disapp ptly at S: during
June of 1943 and 1943, However, in 1815, scarlet fever was present during
the summer months. An appropriate sample of cultures was grouped and
typed. Jofections were caused by Re type 19 strains and other types of
Group A hemolytic streptococcus. Since these infections persisted
throughout the summer of 1845 it was not possible to make an accurate
appraisal of the survival time of Group A streptococei in dust. The in-
cidence of positive cultures in floor dust and blanket dust appeared to

TABLE 3
Dustribution of Hemolylie Streptococeal Cultures wn Dust of Busldings at Sampson

Saget frec | Dupeoury } Barracks Classrooms | Shup's Servier
Month - - I
‘;‘1;"3','.1»[';- ’;:‘.‘"%"‘.- ol eng | (Tout e {1
June 78| n] 2lslel sl uj7jm
July aja el snln sy 18] ]er
August % a8 18 | 82 ] 105 13 2n{1{s
September | 40 2|05 4211 | 60 ] 100 20 {158
|
Total e | s ) (e | n| |
TABLE 4

The Dhatribution of Cullures of Hemolytic Streplococcus from Blankels at Sampson

Scarlet Fever Wards Dispensary Werds Barracks

Monts
R Rl s Rl I R B
!

June w2 || )8 | @] 0
July 20f 14 | 86| a2 16| st 10| 3| o
August s 8 | 22| ol w0f o of 0
September )16 8| 48] 4] o6f 100] 6|

Total Jwo| | Tl | [sr| |

reflect the prevalence of streptococeal diseases The sharp drop in the
ineidence of positive dust cultures during August is interpreted as an indi-
cation that the survival time of Group A streptococei in Sampson dust was
not more than two months

3. Observations at Great Lakes, Illinois. Viability studies of hemolytic
streptococer were started June 4, 1945 and terminated October 6, 1945.

Fifty samples of dust were collected each week for 18 weeks as follows:
ten from hospital wards and forty from the Training Center, including five
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Weekly cultures of floor dust and blankets were made from June 4 to
Aungust 1 and again on S 1 and Ne ber 30 Several techni
in addition to the one directed were used and all hemolytic colonies were
processed  Hemolytic streptococci of Group G were frequently isolated.
However, not one colony of Group A hemolyta was d
from blanket or floor dust 1n dispensaries, classrooms, barracks, Ship’s Ser-
vice or searlet fever wards of the Naval Hospatal.

In summary, during the winter months this station had a streptococcal
outbreak caused by type 17 Re 125. After June 1, 1945, all attempts to
recover Group A hemolytlc streptococeus from floor dust and blankets were

of this b ium from these reservoirs
preceded the dlsappearance of scarlet fever. Under conditions existing at
Memphis 1n the late spring and summer of 1945, the survival tume of he-
molytic streptococeus m floor dust and blankets must have been extremely
bref.

5 Observations at Norman, Oklahoma. The Naval Air Techmcal Tram-
mg Center at Norman had a high inaid of
during the spring months of 1945  Streptococcal infections were caused
chiefly by types 19, 17, 3 and 6. Scarlet fever persisted until the nuddle
of June Only sporadic cases of acute tonsillitis and pharyngstis oecurred
throughout the summer months

L . .

from these ficors before the first morning sweeping

The Ship’s Service stores had rough concrete floors, the hbraries, audi-
toriums, chapel, and game rooms had wooden floors. All concrete floors
were mopped with a cleaning cornpound each mght and swept about twice
during the day  Samples of dust were taken from these floors at about
10 AM  The wooden floors were swept dmly and some of them were
waxed oceasionally  Depending on location, some of the classroom floors
were concrete and some wooden These were cleaned by sweepmg and«
moppmg All samples were taken from classrooms 1n use,

The bartacks had wooden floors except 1n the toilets and lavatories which
were of concrete. Al floors 1 the barracks were rubbed down with steel
wool once a week before 1nspection and were swept daly  Antiseptic and
deodonzing compounds were used m the todets A great quantity of dust
was found 1n the barracks and tlus may be attnibuted to the fact that floors
were stecl-wooled and swept dry without eleaning compound None of
the floors 1n this Center had ever been oiled

Floor Dust Cultures Fifty samples of dust were collected each week from
June 1 to October 1, 1945 These samples were obtawned from five sources:
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The results of culturing floor dust show that there was least streptococeal
contamination in the Ship's Service and most in the dispensaries where
streptococeal infections were trcatcd. Cultures positive for Group A he-

molytic st were ob 1 as follows: Di: ies 269, hospital
wards 17%, cla%rooms 16%, barracks 11%, Shrp '8 Service canteens 3%.
In August, ion was rarely d { in the dust from barracks,

classrooms or Ship’s Service.

The results of cultunng blankets were similar. The dispensaries where
streptococeal nfections were treated had the largest percentago of con-
taminated blankets. During August, hemolytic streptococci were not re-
covered in the blankets of recruits in the Outgomng Unit and only rarely
in the wards.

TABLE 6
Studies on the Viability of Hemolytie Streptocoecs tn Blankets US N.T C.,
Great Lakes, Illsnots

1948 USN Howpiual Dispenmaries oGu “Totad

Due Pos. | Ney [ Por| Por | Neg [6y Fon | Pos [ Neg (7 Pou] For | Neg [7Pon
6/4-6/16 o| 2| of wl s 2] 312 s
6/18-6/30 0 20 0 2 18{ 10 2( 88 3 41 9% 4
7/2-1/14 o) 2| of o 2| o of e ol ojto] o
7167728 | 2 | 18] 10| 4] 16) 0] 12] s3] 0] 16] 8] 18
7305/t | o | 20| of of 20] of ol e of ofwof 0
8138/25 | o | 20/ ol o 2| o] o| | of 00| o
8/21-9/8 1 10) 5[ 2/ 18 10 ofe| of 2| o7| 3
o/10-9/2 | 0| 20| of 2| 18| 10} of e0] o] 2] 93| 2
o/2¢-106 | o | 20| o] of 2] o 2| s8] 3| 2] o3] 2
Total 3 || 2] wfw]| o 18‘522] 3| at]e0] 5

In summary, during the winter and spring months of 1945, this Training
Center had experienced a scvere epidemic of scarlet fever from Re strains
of types 19,17 and 3 The morbidity rates declined rapidly but remained
moderately elevated mn the early summer months, Hemolytic streptococei
failed to survive after July esther in floor dust or mn blankets  The positive
cultures earlier in June are interpreted as a reflection of the clevated strep-
tococeal morbidity rates present dunng the early suramer months,

4 Observations at Memphis, Tennessee A moderately severe epidemic of
scarlet fever oceurred on this Naval Air Technical Training Center during
the winter and early spring months of 1945  This subsided ;n Apnl.  The
morbidity rates for scarlet fever were 20 for May, 73 for June, 45 for
July, 0 for August, September, October and N
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Weekly cultures of ﬂoor dust and blankets were made from June 4 to
August 1 and again on S ber 1 and N ber30 Several tech
in addmon to the one direeted were used and all hemolytic eolonies were
of Group C were frequently xsolxted
However, no& one colouy of Group A hemoly was
from blanket or floor dust in dispensaries, classrooms, barracks, Ship's Ser-
vice or searlet fever wards of the Naval Hospital,

In summary, during the winter months this station had a streptococcal
outbreak caused by type 17 Re 125. After June 1, 1945, all attempts to
recover Group A hemolyt\c streptococcus from floor dust and blankets were

of this b ium from these reservous
preceded the d.\sappeamnce of scarlet fever. Under conditions exsting at
Memphis in the late spring and summer of 1945, the survival time of he-
molytie streptococcus 1n floor dust and blankets must have been extremely
brief

5. Observatons at Norman, Ollahoma- The Naval At Techmcal Train-
ing Center at Norman had a high mcide of
during the spring months of 1945  Streptococcal infections were caused
chiefly by types 19, 17, 3 and 6. Scarlet fever persisted until the mddle
of June Only sporadic cases of acute tonsilitis and pharyngitis occurred
throughout the summer months.

‘The floors 1n all the dispensaries and searlet fever wards were wet mopped
at least once a day, waxed at least once a week, and dry swept several times
a day No sweeping compound was used  Samples of dust were taken
from these floors before the first mormng sweepmg

The Ship’s Service stores had rough concrete floors, the hibrares, audi-
toriums, chapel, and game rooms had wooden floors ~ All concrete floors
were mopped with a cleaning compound each mght and swept about twice
during the day  Samples of dust were taken from these floors at about
10 AM  The wooden floors were swept daly and some of them were
waxed occasionally  Depending on location, some of the classroom floors
were concrete and some wooden These were cleaned by sweeping and.
mopping  All samples were taken from classrooms 1n use

"The barracks had wooden floors except 11 the tollets and lavatories which
were of concrete  All floors 1n the barracks were rubbed down with steel
wool once a week before inspection and were swept duly  Antiseptic and
deodonzing compounds were used 1n the tollets A great quantity of dust
was found in the barracks and this may be attributed to the fact that floors
were steel-wooled and swept dry without eleaning compound  None of
the floors 1n this Center had ever been avled

Floor Dust Cultures Fifty samples of dust were collected each week from
June 1 to October 1,1945  These samples were obtamned from five sources:
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The results of culturing floor dust show that there was least streptococeal
contamination jn the Ship’s Service and most in the dispensaries where
streptococeal infections were treated. Cultures positive for Group A he-

molytic strep were obtained as follows: Di ies 26%, hospital
wards 17%, cla.simoms 16%, barracks 11%, Slnp ’s Service canteens 3%.
In August, ion was rarely d d in the dust from barracks,

classrooms or Ship’s Service.

The results of culturing blankets were similar, The dispensaries where
streptococeal infections were treated had the largest percentage of con-
taminated blankets. During August, hemolytic streptococci were not re-
covered in the blankets of recruits in the Outgoing Unit and only rarely
in the wards,

TABLE 6
Studies on the Viabaluty of Hemolytic Streptococes sn Blankets US.N.TC.,
Great Lakes, Illinose

1948 USN Hospital Dispensaries oGy “Total

e Por, | Neg [ Por| Pos | Neg [% Pou| Pos | Nex [% Pon Po. | Nee [1 78
63616 | o | 2| of 10} 10| s0] 2] ssf 3| 12] s8] 12
6186/30 [ 0 | 201 of 2| 18| 0] 2| s8] 3| 4] %] 4
211 [ o 2| of of 0] of of eof of ofwof o
67728 | 3 | 18] 10] 4f 16| 20| 12| 48] 20 16] 84 16
77308m | o | 20{ o ol 20| of of 60| of ofwo| o
8/138/26 | o | 20| o] o] 20| o] o] e| o] olwo| ©
82198 |1 |19 5 2|18/ 10 of e of 3[ 9| 3
o100/22 {0 | 20| o] 2/ 1s{ 10| of 60| of 2] 98 2
920106 | 0| 2] o} of =) of 2| s8] 3| 2] ) 2
Total 3 || 2| o|wo| n] s|s2] 3| aso| s
. . . PN PP

failed to survive sfter July either m floor dust or m blankets  The posttive
cultures earlier 1n June are interpreted as a reflection of the elevated strep-
tococcal morbidity rates present during the early summer months

4 Observations at Memphus, Tennessce A moderately severe epidemic of
scarlet fever occurred on this Naval Air Technieal Tramnmg Center during
the wimnter and eatly spring months of 1945. This subsided in April The
morbidity rates for scarlet fever were 20 for May, 73 for June, 45 for

July, 0 for August, Sep October and N
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TABLE 7
Concentration and Dustribution of Group A Hemolytic Streplococcus at Norman
Date Cultute Number | COI27 Count oer | Grouptype
6-8-45 D42 4,000 A7
6-0-45 D45 1,000,000 A7
6-845 D-40 10,000 A7
6-8-45 D41 180,000 A7
6-13-45 D-84 16,000 A-19
81645 D-107 60,000 A9
61845 D-168 120,000 AT
6-19-45 D-12¢ 20,000 A9
6-20-45 D-136 70,000 A9
Searlet Fever 6-21-45 D144 450,000 A9
Wards 6-21-45 D-145 200,000 A9
6-20-45 D-148 50,000 A9
6-28-15 D-188 8,000 A-19
7-2-45 D203 190,000 A9
7-9-45 D225 350,000 A7
7-12-45 D-288 30,000 A7
8245 D437 200,000 A9
8-2-45 D-433 40,000 A-19
8-7-15 D465 2,500,000 A9
8745 D-466 3,000,000 A9
8845 D475 60,000 A9
6-945 D5t 30,000 A7
Dispensaries 6-18-15 D-115 25,000 A-12
61945 D17 14,000 A9
62545 D-195 5,000 Ay
6-7+45 D1 10,000 NCT
6-11-45 D66 5,000 A9
6-2045 Da27 40,000 A7
7345 D225 1,000
7-0-45 D-259 1,000
Classrooms 7-20-45 D341 3,000
6745 D38 200,000
61845 D112 30,000
6-19-45 D120 20,000
6-28-45 D-190 1,000
8745 D472 1,000
8045 D492 60,000
6845 D-110 10,0m Az
Ship's Bervice 6-22-45 D149 20,000 NCT
8245 D433 20,000 NCT
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thirty barracks, ten dispensaries, ten searlet fever words, five classrooms,
five Ship’s Services. A total of 900 samples was processed,  The bacterio-
fogic findings wera:

(@) Forty cultures of Group A streptococeus were obiained from dust in
the summer months Twenty-six of these were obtained in June when
acatlet fever nay still present,  Then & sharp full in the number of positive
Group A cultures oceurred with ei< in July, eight in August, and none in
September,  Sixly additional cultures were made in October; only one of
these was pasitive.

(b) The heaviest contaminalion was found in the scarlet fever ward
nhere 11.79% of cultures eontained Group A hemolytie streptocoecus of
types 19 and 17

(c) Gmup A orgnnmms were also grown from the dust of other buildings:

ks, six of 360, five of 90, di ies, four of 150;8hip's
Sen'rce, three of 90 The types identified were 19, 17, 12 Gand 1.

{d) The degree and distribution of ccntnmimnon with straine of hems-
Irtie streptococens wdentafied as Group A are shown in Table 7.

Blanket Cullurcs Fifty blanket cultures were made each week; thirty
from men in the Outgomg Unt, ten from the searlet fever ward and ten
from the dispensaries The blankets from the scarlet fever ward and the
dispensaries had been used by many persons between Jaunderings, Al
together 800 samples from biankets were cultured. Group A hemolytic
streptococcus was recovered from seven of these blsakets; six i June and
one m July  The types sdentified were 12, 18, 17 and 3.

In summary, the types of hemolytie streptococcus active on this station
were grown from dust cultures dunag the ent)_v part of the summer when
scarlet fever d  These d from fleor and blan-
ket dust durning the middle of the summer, The presence of hemolytic
streptococeus in dust from the floors and blankets scemed to be associated
with aeute infections It appenred that survival of Group A streptococcus
at Norman, Ohishoma, was of short duration in the dust of foars aad
blankets durng the sutemer months of 1945,

6 Observabons at Bainbridge, Maryland  The incidence of streptococeat
infections reached 4 peak at Bambndge Naval Trainmng Center during the
wanter months of 1945 and high morbidity rates persisted during the spring
months. The predomnant orgamsms were Ro strans of types 17 and 19,
Other prevalent types were §, 24, 3 and 1 Between 30% and 609 of
men returmog from the Naval Hospital carned Group A hemolytic strepto-
coceus 1 their throat flora  Dunng the latler half of May and Juse, all

convalescents whio were carrers of hemolytic streptococcus and had ele-
vated blood sedementation rates were wsolated for two weeks. The fasti-
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In summary, Group A hemolytic streptococcus was not recovered in the
floor dust or dust from the blankets after June 26th at Bainbridge Naval
Tramming Center  The orgamsms identified in June were of the types pre-
valent during the spring months  Most of the blankets from which cultures
were made during June and July had been exposed to men with strepto-
coceal infections  Most of the locations with contaminated floor dust were
exposed to heavy seeding with Group A streptococe: during the months of
Apnil and May, The findings show that the survival time of Group A
hemolytic streptococeus in dust from floors and blankets was short during
the summer of 1945 at Bainbridge, Maryland

SUMMARY

either or reached low morbidity
levels at all Naval Activities in the summers of 1942, 1943, and 1944, except
at Farragut, Idaho

The conditions at Farragut in the summer of 1945 were unfavorable to
the spread of streptococcal infections. No recruits were tramed, the sta-
tion complement was small and relatively fixed, crowdmg did not exist.
Streptococcal morbidity rates reached therr lowest level with only sporadic
cases of tonsillitis. In spite of these conditions, contamination of floor dust
and beddng persisted throughout the summer months Furthermore, 1t
‘was shown that the survaval time of hemolytic streptococcus i dust at
this location was at least eight months and that one strain, type 17 Re 123,
had an unusual eapacity to withstand solar radiation amd heat

In the summer of 1945, the incid reached
low endemuc levels at all stations except Sumpsnn where moderately ele-
vated rates persisted  Cultures from the dust of floors and blankets at
Sampson showed that was closely d with the -
eidence of infections. However, the survival time of Group A hemolytic
streptococcus appeared to be not more than two months m the summer of
1945

At Great Lakes, Bamnbridge, Memphis and Norman the survival time
appeared to be much shorter  No Group A organisms were recovered from
floor dust or blanket hint at Memphis during the summer of 1945

These observations showed that contamination of floor dust and blanket
hnt pereisted for over six months &t the northernmost Naval Activity
(Farragut) and perhaps for two months at another Northern Activity
{Sampson) and disappeared rapidly at the most Southern Naval Activity
(Memphs),

There appeared to be a close relation between the geographical location
of a Trammg Center and the viability of hemolytic streptococcus in reser-
voirs of dust and blanket lint
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tution of this precaution was followed by a procipitous fall in the incidence
of streptococen! discases and “the ndmission rates were istently the
jowest of ol training centers” during the sammer months,

Floor Duat Culturcs: A total of 811 samples of floor dust was collected
between June 1 and October 1, 1945  These samples nere taken from
many locations in most of the buildings in each of the camps and in the
Naval Hospital, In the training camps the buildings were well ventilated;
the floors were cleaned with “steel wool,” treated with a mixture of erecsote
and wax once & week and swept doily.  Likewise, in the hospital the wards
were well ventilated; the fioors were treated at Jenst once s week with a
solution of greosote, soap and water, and were swept st least twicea day.

The bacteriotogic findings wern:

Camp I+ 30 samples of dust were examined. The only Group A he-
molytic streptococeus recovered was on June 8. It was type 17 Re 25,

Camp I: 178 samples of dust were examined. No Group A organs
fsms were recovered

Coamp 111: 216 samples of dust were examined. The only Group A
organisms recovered were from samples of June 7. Two were type 24;
the others were 17 Re 25, 19 Re 25 and type 190,

Crmp IV: 210 samples of dust were examined, The cnly Group &
orgumsms recovered were from samples of June 26, They were 17 Re 125
and 19 Re 23

Naval Hospital: 177 samples of dust were exammed. There were five
positive cultures m June wiuch were not wdentified by Group or type. No
Group A organismos were recovered after June 26,

Dust from Blarnkets A total of 836 samples of blanket, dust was collected
between June 3 and October 1, 1945 Mozt of them had been in use for
several months without laundering  The results of these studies were:

Outgomg Umt. 402 eultures were made from blankets of men Jeavisg
Bainbrnidge  These men had been at Bambridge for two months or fonger.
The blankets were 1ssued to them on first reporting to duty and had not
been washed  The only two Group A organisms, type 19 Re 25 and Re
5, were wsolated m June

Waval Hospital, 184 eultures were made from blankets which had been
unlaundered from one week to thuteen weeks  No Group A organisms
were recovered

Dispensenes 160 cultures were made from the blankets of the four camp
digpensames Al of these blankets had bees n use without laundenng
from one to mineteen weeks mowt of them had been wm use for two
months Four Group A orgamsms were recovered on June 4th from blan-
Lets in the dispensary of Camp IV. These organisms were all He straws

of type 17
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In brief, the findings were:

1. Indianapolis- Over 300 men were barracked fogether on the con-
crete flooring of this Naval Armory. There were many large cracks
in the floormg and a great deal of dust collected 1n these crevices. All
samples of this dust processed duning the spring months of 1945 were heavily
contaminated with types 17 and 19 organisms indistinguishable from those
causing an epidemic at this Naval Activity.

2. Great Lakes Ore hundred and eight floor dust samples were collected
from buildings of six recruit camps, the Receiving Unit (Camp Barry) and
the Meclntyre Dispensaties, during the spring months of 1945 after an
epidemic of scarlet fever had subsided Positive cultures were obtamed
in 579 of samples and 18% of samples were shown to be Group A The
heaviest jon with Group A isms was in the wards of camp
dispensaries and the scarlet fever and pharyngitis wards of the Melntyre
Dispensary. The passageway of the Recerving Umt was heavily contam-
inated with type 3 Re 1. No Group A organisms were obtained from the
dust in the Negro camp, Robert Smalls, where the incidence of streptococeal
infections had semained low and gearlet fever had not been observed during
the epidemec.

3. Sampson’ Thirty-eight floor dust samples were colleeted from duffer-
ent locations m the camps of this station dunng the subsidence of an epi-
demic in the spring months of 1945  Half of these samples were positive
for Group A hemolytic streptococeus  The hughest degree of contamina-
tion was m the scarlet fever Convalescent Barracks

4. Farragut+ Floor dust studies were made over a period of several winter
Toonths in 1945 0 determme factors which might influence the degree of
contamination in the buwldings on this station after epidermic conditions
had subsided  The findings were reported previously 1n detail. Several
thousand cultures were made and contamination was found 1n almost every
location. In the dxspcnsnnes \\h;ch had been used by recruits, 25 of 51
samples d Group A hemolytic st m used
by other personnel, only 2 of 18 samples were positive

Three exceptions of interest were noted during this study  First, none
oi 40 dust s:unp\es Obtmned from the steam radators in contaminated loca-
Second, only 4 of 117 cultures from
Cn.mp Bennion were posmve ‘Thts ebservation in Camp Benmon was re-
peated and all cultures of floor dust were found to be negative. This camp
had been closed for two reonths  The only dafference detected was that all
Boors in Camp Benuion had been cleancd with a 1 to 10 dilution of caleium
hypochlorite 1nstead of & 1 to 1,000 dilution which was used elsewhere
throughout the station  Between 45% and 80% of samples of dust from




CHAPTLR XVI

OBSERVATIONS ON THE ASSOCIATION BETWEEN
INANIMATE AND ANIMATE RESERVOIRS OF
STREPTOCOCCUS HEMOLYTICUS AT NAVAL

TRAINING ACTIVITIES

Evidence was presented early in World War 11 that certain persons who
had reeovered from acute strep 1 infeeti ined d tar-
riers and spread streptococcal diseases in hospital wards (26).  These early
observations were made of mea who were readmitted to s Naval Hospital,
Their bedding and elothing were not brought to the hospital ward with
them. Later it was repeatedly shown that drafts of men, and in some
mstances single individuals, imtiated streptococeal outbreaks. These out-
breaks were caused by strams of hemolytic streptococcus which were carried
in the nasopharynx from one etation £o another. Men in these drafts did
bring thew blankets and other wtems 1ssued by the Navy with them.  Cul-
tures from these artscles showed that they were heavsly contaminated with
hemalytic streptococens,  In addition, it was also shown that the foor
dust of buddings which housad infected persons or carmers of hemo-
Iytic streptococeus was heavily contaminsted with the strains present in
the nasopharyax  However, saformation swas Jacking on the relative Yepi-
demmgemc" mnportance of the humm carrier of Group A hemolytie strep-

and s Thie stody deals with
observations on several reservors of hemoly p cus and their in-
terrelation.

A THE RELATION OF THE PREVALENCE OF BTREPTOCOCCAL INFECTIONS TGO
FLOOR DUST CONTAMINATION

Some of the bactenologe findiogs on foor dust eultures made during
the spring months of 1945 at the Indianspolis Armory and at the Training
Centers of Great Lakes, S: and Farragut have been descnbed

Drarng these months epidemic condhittonsy ensted at all of these astivities
except Farragut nhich had been closed to recrnt training. In these
studics, one gram of dust was used for esch amalyms The number of
hemolytic streptocoee per gram of dust duluted to 1 to 10,000 way deter-
mined. Ore or two colonies of hemolytic streptococer from each culture
were grouped and typed  Sulfomamude resistance fosts were made of 2
large sample of the stramns

142
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{¢) Of the 85 men whose throat cultures were positive for hemolytic
streptococeus, the bedding of 66 (78%) was also positive.

(d) Thurty-two men had negative throat cultures. Thirteen (41%) had
bedding contaminated with hemolytic streptococei

This group of men with a high carrier rate for hemolytic streptococcus
aleo had a high degree of contamination of bedding The degree of asso-
ciation between positive throat cultures and positive bedding cultures was
determined by application of the Chi square and “X over Sigma” formulae
with the following results.

TABLE 1

Results of Throat (T), Mattress Cover (MC), and Blanket (B) Cultures
on 117 Prysoners from Bremerton

Results Number Peccent
T=, MC—, B— 1 162
T—, MC+, B— 4 34
T—, MC+, B+ 3 28
T—, MC—, B+ 6 52
T4, MC+, B+ 27 231
T4, MC+, B— ] 22
T4, MC—, B+ 18 1mi
T4, MC—, B~ 19 182
Total n7 100 0
Throat cultares positive 8  726%
Rlanket cultures positive 19 419
Mattress cover cultures positive 60 513%
Throat cultures and bedding cultures positive 8 7126%

(a) The high rate of contamination of bedding among men with positive
throat cultures could not have oceurred by chance (probabihity equals 1
in 10,000; level of sigmficance used throughout 13 5 in 100),1f the entenon
for was only hemoly

{b) The high degree of association between positive throat cultures and
positive bedding cultures could only be attnbuted to the contamination
of the mattress covers, not the blankets The number of contaminated
blankets used by the 85 men with pomitive throat cultures was 40, this
result could occur by chance 11 or more times in every 100 The number
of contaminated mattress covers belonging to the same group of 86 men was
53. According to the Chi square formula, this could have occurred by
chance only once in G000 trials.
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other camp barracks and dispensaties, whick had been clesned with 8 di-
Iution of 1 to 1,000 and closed, were positive.  Thind, dust {rom the searlet
fever wards of the hospital, which had been heavily contaminated prior to
the cavering of the floor with battleship linoleum, was found to be free of
hemolytie sireptococeys after these wooden floors were covered,

in summary, the degree of streptococeal contamination of floor dust,
which vnned in the buildings nnd | camps of mch station, appeared to be

d with the incid of st i pmeng the ocen-
pants of buifdings at Naval Tmmmv, Actwmes The orgamsmv pmnlent
in the throat flora were indist ble from the p in

dust.

T THE RELATION OF POSITIVE NABOPHARYNGEAL CULTURES
TQ CONTAMINATION OF BEDDING

Studies at Great Lakes, Sampson and Farragut showed that blanketa
and other bedding were heavily tontaminated with Group A hemolytic
streptococess  In brief, throat enltures were made of 50 men in the Qute
going Unit of Great Lakes just prior to their departure, Seventeen were
carniers of Group A hemolytic streptoconcus. Three men bad blankets
contaminated with hemolytic streptococcus jdentical with the ftype
retovered from the throat of the owner  Further eultures were made of
blankets of 50 Grent Lakes men on arrival at Sampson; 40% were positive.
At this time cultures were alse made of blankets of 50 Sampson men in
the Outgoing Uit as they were lesving Sampson; 35% of these blankets
were poswve for hemalytie streptococcus.

1 Findings 1n Three Drafis of Seasoned Personnel on Arrweal af Farragul:
“Thua study was made to determine whether there was any relation betwees
the contarmnation of bedding snd the inerdence of carners of hemolytie
streptococcus  One hundred and seventy-six tmen and their bedding were
cuftured.

Of these 176 men, 117 reported from Bremerton, 34 from La Mesa and
25 from Termmal Istand, After preluninary statisticeal analysms, it was
observed that the resuits in personuel from La Mesa and Teroamal Island
were not significant  The results on the men from Bremerton are given m
Toble 1

Table 1 shows that-

(3} Esghty-five (73%) of 117 healthy men bad hemolytic streptococeus
in ther throat Rora

() Culturcs of dust samples taken from their bedding showed that 79
men {68%) of & possible 117 carned beta hemolytic streptococeus in their
blankets and mattress covers or both
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streptococei, the dust from the blankets of that person usually yielded
positive cultures for hemolytie streptococei.

(¢) The most significant streptococcal carriers, from the point of view of
spread of contagion, appeared to be men with positive cultures both in the
nose and throat. However, the apparent sigmificance of positive nose and
throat cultures was not confirmed by the cultural findings. The typing
results showed that only three of seven had the same type of hemolytic

TABLE 2
Results of Nose, Throat, and Blanket Cultures on 100 Men sn Ouigorng Unst
Ien with Recent No Hustory of
Resats Respiratory Infections  Hiness T | Byt
Number Percent Number Percent

N-,T-,B— 5 @7 22 282 7 27

N, T+, B— 0 [ 1 13 1 1

N+, T-, B+ [ [ 1 13 1 1

N=, T+, B+ 4 182 14 179 18 18

N—,T—, B+ 10 55 18 244 20 29

N-, T+, B— 2 91 14 179 16 16

N+, T+, B+ 1 45 6 77 7 7

N+, T-, B~ 0 [ 1 13 1 1
Totals 2 | 10 75 | 100 100 100

TABLE 3
Results of Nose, Throat, and Blankst Cultures on 100 Men 1n Outgoing Unst
Blanketa 3 Blankets — Totals

Throat-, Nose— 20 2 56

Throat+, Nose+ 7 1 8

Throat+-, Nosa— 18 16 31

Nose+, Throat— 1 1 2

Totala 55 4 100

streptococcus on the blankets as that identified 1n their nose and throat
cultures. In the other four, the type of hemolytic streptococcus cultured
from the blanket differed from that of the nose and throat cultures These
findings showed that the orgamisms from the blankets of the four men n
whom the findmgs did not correlate came from some source other than the
nose and throat of the man uswng the blanket  Furthermore, only four of
the exghteen men who yrelded two positive results (either nose and blanket
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The typiog results in 53 matireas cover cultures showed that 30 were
Group A hemolytic streptococei of varous types. Ilowever, only 18 of
these 30 had the eame type of organism on the pharynges! mucosa and mat-
tress cover.  The type of Group A hemolytic sireptococci on the mattress
cover of 12 raen was different from that in the throat flora.  In this series,
transfer from thront to mattress cover oecurred no more often than a chance
phenomenon {12 times in 100).

1. Findings in Men Learing Farvagut> Dust studies made at Farmagut
in several groups of men after the termination of recruit tmining were re-
ported m detail previously,  Onesurve vey wis made todetermine v.bether tbe
bedding of patients with y disease was
with Group A hemolytic streptococcus of the same £ype ss earried in the
throat A total of 55 cases waa studied. The results were:

85 Throat cultures - . . 58 Positive
52 Culturea of dust from shesta . w42 Positive
338 Cultures of dust trom blankets < 31 Positive
51 Cultures of dust from mattress covers seo 22 Posttive
53 Cultures of duat from mattrenses 23 Positive

A sceond survey was made to determine whether, on detachment,
Farragut men carmed Group A bemolytic streptococeus to other stations
only 1n the upper respiratery tracis or whether they also carried the
same type of Group A hemolytic streptococeus oo their bedding  Culs
tures were teken from the nose and throat of 100 smen ready for transfer.
Their blankets were ehaken and the dust obtained was cuftured. Of the
100 men, 22 had had upper resprratery wfections within oue month of the
date the dust apeeimens weft obtamed. Sixteen of these 22 men still had
upper y The ing 78 men had escaped upper
respiratory tract mfections The results obtamned are recorded in Tables
2and3  The date ated in Table 2 were snalyzed statistically {by appli-
catson of the formula for mgnificant dilferences between the observed per-
centeges of positive and negative results 1 the two eategorses) and it wag
found that the differences in the results, betneen those men wll or recently
i1t with respiratory infections and those who were not ill could essily have
oceurred by chance  Thercfore, all of these men were conmdered members
of the same umverse m Tnble 3.

The foll ‘ were guned from these data:

{0} When erther the nose ar the throat culture of a man was posttive for
hemolytic streptocoees, there did not appear to be any correlation, statiy-
tically, between the results of the upper respiratosy tract eultures and the
tesults of eultures from the blankets.

(b) When both the nose aud throat cultures were positive for hemolytic
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D PACTORS INFLUENCING THE SURVIVAL Of GROUP A HEMOLYTIC
STREPTOCOCCUS IN INANIMATE RESERVOIRS

The reservoirs of Group A hemolytic streptococei which may give rise
to outbreaks of mfection each winter seem to be the human host and dust
Hemolytic streptocoeci commonly disappear from the pharyngeal mucosa
of the infected person within one month and from tonsils and accessory
sinuses during the summer months However, & few persons remam
healthy, chronic carriers for years For example, prior to World War II
one of the authors (A F. C) observed that durmg the summer months in
New York City some persons remained carriers but their throat strains lost
“mattness” on blood agar plates and were no longer typable by serologic
methods How long these orgarisms survived outside of the human host
was not known prior to World War II Buchbmnder (27) found 1n his simu-
lated room that hemoly i died 2t a constant per-
centage rate with few orgamsms surviving after several weeks Daylight
and sunshine accelerated the death rate of hemolytic streptococei. The
Navy studies previously described showed that there was great vanatton in
the survival time of hemolytic streptococcus outside of the human host
Two determining factors appeared to be the chmate and some character of
the streptococeal strain.,  Further observations made on these factors are:

1. Observattons on Humuduty tn Barrack Dormstories. No explanation has
been made for the prolonged survival of hemelytic streptococei 1n the floor
dust at Farragut, Idaho Windows were ordmanly kept closed during
the winter months, the room temperature was usually high, the humdity
mside was low, the hours of annus! sunlight were less than in most of the
States, Observations were made to determme whether inside humidity
might be readily modified by the opening of windows, wet swabbing of
floors or by placing water pans over the entwre length of the 12 radiators
m the dorrtonies of barracks The collected data on temperature and
humidity for typseal barracks i two camps are given in Table 4

These observations were made at different times of the day in empty
barracks and 1 occupied barracks under normal routine conditions At
this time the outdoor relative hurdity was 100% and the temperature was
2°C (35°F) The water pans had no sigmficant effect and the opening of
windows only a moderate effect on the inside humidity which averaged be-
tneen 2155 and 25% 1n the sleeping quarters at Farragut Naval Traning
Center  Whether low humdity mcmaws the survival time of hemolytic

st remanns to be d

2 Obscreations on the Effect of Solar Heat on Two Farrogut Strains of He-
molytic Streptococeus Two strans of hemolytic streptococeus which had
been prevalent at Farragut were used for this test. They were a sulfon-
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or throat and blankel positive) had the same type of organism i both the
rcspmxtory tract and the blanket. It appeared from these observations
that ftured from the blank fected the types of hemolytic
streptococes prevalent at Farmgut NJT.C. in Apnl 1045,

T summary, the mattress covers as sell as blankets were reservoirs of
Group A hemolytic The degree of ination of bedding
was reatively Jow in the two groups of men with modemte carrier rates
and high in one group with 2 high streptocoeeal carrier rate,  The source
of contammation was not necessanly the man using the bedding  Con-
tamination may have come from other men shanng the same quarters.

C. OBSERVATIONS OX QTHER POSSIBLE RESERVOIRS OF CONTAGION

1. Eating Utensls Bacteriologic studiea were made of spoons, forks,
knives, cups and trays which had come out of nashing machines of three
campa. In each camp 20 of each kind of utensil were cultured on three oc-
casions  The bactenal counts were feas than one hundred per utensi ex-
cept for a slight efevation on the counts from spoons which becsuse of their
shape may have packed together Hemolytsc streptococeus was nob res
covered  The temperature of the water was 120°F for the washing, 160°F.
for the first nnsing and 180°F for the final rinsing.  Three ounces of deter-
gent had been added to each washing machine cvery fifteen minutes.

2 Coats A survey was made of the throat flora and coats of 39 men in
the Outgoing U'nit.  In this group 23 had & pomitive throat culture, six had
positive coat duat cultures, four of these were from men with positive
throat culturez  Only two had the same type of bemolytic streptococcus
on thetr coats as 1n thewr throat flora.

3 Arr Analyses Thisstudy was made to determme whether the positive
cultures obtaned from blankets and other objects may have come from
nir contamunaats.  The apparatus for collecting air samples consisted of 2
receiving tube contasning 10 ce of peptone water into which a glass bulb
perced with 16 small holes was inserted A second tube acted as a trap
for overflow of the redium. Suction was ereated by 8 § horsepower motor.
The neg: Pressure was i by & water It was mam-
tamed at & level which permitted 20 cubne feet of air to bubble through
the medmm 18 30 minutes  After collection, 1 cc. of exch sample was
immedhiately plated on blood agar

A totaf of 3G air earnples was taken at the same Jocstions from wiuck
posttive samples of dust were obtamed None contaned hemolybie
streptacoccus

This observation strengthened the opimon that streptococer eultured
from ﬁoor dust apnd bed clotlung were m dust and lint and were not air

d with faulty tech m making the cultures.
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amide sensitive type 3 and a strain which had been classified as type 17
Re 125,

Procedures Eight mattresses with dust cultures negative for hemolytic
streptococeus were placed outdoors in summer sunlight for four hours. The
surface of each was divided into 18 areas 1 foot square and scparated
with adhesive tape. Bach area of four mattresses was seeded with type
3 and each area of the other four mattresses was seeded with type 17
Re 125, ‘This was done by spraying a culture with a hand atomizer. The
four corner areas of each mattress were covered and served as a control.
Cultures were made at half hour intervals on the test areas. The mattress
teraperatures were recorded durmng the four hour period of these tests.
The average surface temperature for the four mattresses seeded with type
3 was 95°F. and with type 17 Re 125 was 125°F.

Results The type 3 orgamisms disappeared rapidly.  After one-half hour
of exposure one third of the mattress areas seeded were sterle, after one
hour, two-thirds were stenle; after 1} and 2 hours, only 1 to 3 colonies
were recovered from 2 of 12 areas.  In contrast, type 17 Re 125 organisms
survived in all areas of the four mattresses seeded. A heavy growth of
hemolytic streptococcus was cultured at the end of the experiment from
the 16 control areas seeded with type 3 as well as the 16 control areas
seeded with type 17 Re 125

The type 3 organisms remsited sulfonamude sensitive, but in most in-
stances, the type of the organisms recovered could not be identified after
exposure to solar radiation.  All cultures of type 17 submitted to & higher
teroperature than type 3 were readily identified and all cultures were classs-
fied erther as Re 125 or Re 25

These observations suggested that the Re stram of type 17 was more
resistant to solar radiztion than the sulfonamide sensitive type 3 strain.

4. Observations on the Effect of Heat on Fure Farragut Strains of Hemolytic
Streptococcus  Five Group A culiures (twenty-four-hour growth in tryptose
phosphate broth) were sprayed on the surface of glass Petr: dishes, dried
for twenty-four hours and then exposed to three experimental temperatures
innhot mroven The strams used were type 17 Re 125 (described), type
19 Re 25, and sulfonamide sensitive strams of type 17, 24 and of type 3
(desenibed)  Cultures were made at half hour mtervals.

A stnking difference m viability was observed between these stratas on
exposure t0 85°C  The type 24 stran began to die 1n 15 minutes and was
Dot vusble after 90 mmutes. The type 17 Re 25 strain began to dic in one
hour and was not viable at four hours  The type 3 stramn began to die at
2 hours and was not viable at four hours. ' The sulfonamide sensitive type
17 strain began to die at one hour but still was alive at four hours  The
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amide sensitive type 3 and a strain which had been classified a3 type 17
Re 125

Procedure: Fight mattresses with dust cultures negative for hemolytic
streptococcus were placed outdoors in summer sunlight for four hours. The
surface of each was divided into 18 areas 1 foot square and separated
with adhesive tape. Fach area of four mattresses was seeded with type
3 and each area of the other four mattresses was seeded with type 17
Re 125. This was done by spraying a culture with a hand atomizer. The
four corner areas of each mattress were covered and served as 2 control.
Cultures were made at half hour intervals on the test areas. The mattress
temperatures were recorded during the four hour period of these tests.
The average surface temperature for the four mattresses seeded with type

hour, two-tlmds were sterile; after 11 and 2 houxs, on]y 1 to 3 colonies
were recovered from 2 of 12 areas.  In contrast, type 17 Re 125 organisms
survived in all areas of the four mattresses seeded. A heavy growth of
hemolytic streptococcus was cultured at the end of the experiment from
the 16 control areas seeded with type 3 as well as the 16 control areas
seeded with type 17 Re 125.

‘The type 3 organisms remained sulfonamide sensitive, but in most in-
stances, the type of the organisms recovered could not be identified after
exposure to solar mdiation. All cultures of type 17 submitted to a higher
{emperature than type 3 were readily identified and all cultures were classi-
fied either as Re 125 or Re 25

These observations suggested that the Re strain of type 17 was more
resistant to solar radiation than the sulfonamide seusitive type 3 strain.

4. Obserrations on the Effect of Heat on Five Farrogut Strains of Hemolytic
Streptocoecus* Five Group A cultures (twenty-four-hour growth 1 tryptese
phosphate broth) were sprayed on the surface of glass Petri dishes, dried
for twenty-four hours and then exposed to three experimental lempemtum

,1,331;..« i Avan b b s e e 17 TS 10" S ) e
. - . type 3
(des -

A stniking difference m viability was observed between these strsins on
exposure to 85°C. The type 21 strain began to die in 15 minutes and was
ot vizble after 90 minutes. The type L7 Re 23 strain began to die in one
bour and was not viable at four hours The type 3 strain began to die at.
2} hours and was not vable at four hours. The sulfonamide sensitive type
17 stean began to die at one hour but still was ahive at four hours. The
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gerous carrier gave rise to infections on transfer from the hospital to a
barrack. There can be llttle doubz that the apparently healthy host may
imitrate 1t was shown at Farragut
that streptococei sprayed into the air for experimental purposes infected
the sprayer in spite of strict preeautions  The collected observations inds-
cate that hemolytic streptococcus can cause infections of the upper resprra-
tory tract when released from either an amimate or an ;manimate reservoir,
The accumulated evidence of other observers would seem to ndicate that
among the ammate reservorrs, the nasal carner of hemolytic streptococeus
disperses the largest number of these orgamisms (28). Other things bemng
equal, the actuarial risk of infection mught well be determined by the
quantsty of bacteria mhaled  Howev er, other thmgs are not equal. There
18 great variation in the and
straing  In the present studies 1t has been shown that the mtroduction of
& single highly pathogeme and communicable stramn caused an epidemic
among men who had escaped infection while hiving m an environment
seeded with many orgamsims of Group A hemolytrc streptococeus.

SUMMARY
These findings showed that the degree of streptococcal eontamination
of an reservorr lleled the med of carners or infected

persons.

‘When the throat cornier rate was high at Farragut, floor dust and bedding
were found to be heavily contarmmnated However, when this Tramnmg
Center of 50,000 men was converted to an Activity with 5,000 relatively
fixed personnel, the throat carrer rate fell to 8% and the meidence of he-
molytic streptococcal cultures fell to 4% 1n mattresses, and 0% 1n blankets
and floor dust

Furthermore, at other Naval Traing Centers Wlth a rapid turnover of
personnel, the sharp fall in d of and carner
rates during the summer months was accompanied by the disappearance of
Group A hemolytie streptococeus from the foor dust

Tt appeared that the manimate reservoirs were, with one exception, de-
pendent upon the ammate reservoms for resceding At Farragut, the de-
gree of contammatron of floor dust remamed unchanged for at least six
months without reseeding

An attempt to detect the persons most likely to contammate their blan-
kets showed that the most sigmificant carriers were men with posttive cul-
tures both 1 the nose and throat However, 1t was shown that the sero-
logic types of organisms recovered from blankets and mattress covers re-
flected the strams prevalent 1n the group rather than the strains earried by
the owner  Streptococeal contammation of beddmg was assoctated with
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type 17 Re 125 strain was unaffected by four hours® exposure to 85°C. in
this hot air oven.

The thermal death point of this type 17 Re 123 strain was higher than
the other Farragut strains tested,  Furthermore, it showed survival char-
acteristics at atmospheric temperatures.  Of the many sulfonamide resist-
ant straing of hemolytic strep d in N ber, 1944, this
was the only Re strain still present one year later in the throat flora of
Farragut personnel.

E. DISCUSSION

The lack of & suitable experimental animal precludes cstimation of in-
fectivity of hemolytic streptococcus as a pathogen of the upper respiratory
tract. This makes it impossible to determine whether Group A hemolytic
streptococei recovered from the throat flora are more or less communicable
than the contaminants of the air, floor dust or bedding. Furthermore, 12-
formation is lacking on the important point, the relative susceptibility of
man to direct infection from a human contact, compared with indirect in-
feetion from inhalation of contaminated particulate matter. The present
report indicates that there is a close association between animate and in-
animate reservorrs of Group A hemolytic streptocoecus, but does not indi-
cate which is more important in the initiation of streptococeal infections.

Seral observations on the throat flora of Naval personnel showed that Re
strains of hemolytic streptococeus were earried for at least three months at
Farragut, Idaho. No changes were detected 1n these organisms during this
pentod.  Prior to World War II 1t was observed that persons in New York
City carned Group A hemolytic streptococeus 1n their throat flora over a
period of years These organisms lost their “mattness” and typeability
during the summer months, hawever, with the return of cold weather the
orgamsms’ onginal type nas readily :dentified.  In most instances, these
chronic earriers gave nse to po sceondary infections. However, in some
mstances, after the carrier contracted a “common cold,” he changed from
2 harmless to a “dangerous carrer ”  Whether thc dangerous carrier or
objects contammated by him itiated 1 was unk

Observations made 1n the Navy during \Vo:ld War 1I have shown that
a single streptococcal carrier, upon transfer to another station, may initiate
a streptococeal outbreak coused by the strain carmed in the throat flora.
In these instances, the new environment recerved not only a carrier but
also contaminated bedding and clothmg  When, however, Naval personnel
were transferred from a barmck toa hospnal, or from a hospital to a bar-

rack, the man aad his were d, Under
these conditions 1t was shown that the dangerous eatrier gave rise to cross-
infections on arnval 1 the hospital wards and that the convalescent dan-




CHAPTER XVII

THE REMOVAL OF CONTAMINATED
DUST RESERVOIRS

ErFEcT ON THE SPREAD OF StrREPTOCOCCUS HEMOLYTICUS

1t had appeared that there were at least two sources from which the
streptococcal infections at Trammg Centers probably stemmed. These
were: first, older recruits nfected with or carrying hemolytic streptococcus
in the pharynx, second, i d particles of floor dust and blan-
ket nt A prehimmary study i which these two factors were largely
ehmmated was made at Farragut Naval Tramng Center. Exiensive
studies were made at Great Lakes to determine what effect the elimination
of these reservoirs of contammation might have on the epidemuc spread of
hemolytic streptococcus  The findings at these two stations were:

A, OBSERVATIONS AT FARRAGUT

An epidemie eaused by sulfonamide resistant type 17 organisms occurred
during the summer of 1944 m Camp Peterson. Two weeks after the epi-
demic had reached 1ts peak the camp wasclosed  For one week m October
the camp was unoccupied, the builldings were ared and cleaned  The camp
wes then filled with fresh recruits, new bedding was issued. These men
‘were not exposed to contaminated lint from blankets which had been ie use
nor were they exposed to other recrmits. However, they were exposed to
the station’s medical personnel 1n the dispensares and to the Ship's Com-
pany in the dimng hall  The changes which were observed in the epdemic
pattern of streptococeal infections at Camp Peterson are shown 1 Figure 1

It 13 seen 1n Figure 1 that. Streptococcal mfections occurred, the mes-

gence, though lower than 1t had been during the epidemic, was abrormally
igh fom st o e
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a resistant type 19 organism during the last four weeks of traming The
prevalence of this Re stran was increasing progressively when traming
ended and the camp was closed This type 19 resistant strain was prev-
alent 1 other camps of the Center and had been prevalent among the
station personnel The probable source of this organism 1n Camp Peterson.
was station personnel The floor dust of the dispensary which, though
cleaned, had not been decontaminated, may have harbored type 19 as well
157
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the incidence of earriers or infected persons in the group but did not reflect
the infection of the owner.

Maintenance of animate and insnimate reservoirs of hemolytic strepto-
coceus appeared to be determined, in part at least, by the capacity of the
microorganism to survive, In November, 1015, the only Re strain of hemo-
Iytic streptococcus still present at Farragut was type 17 Re 125 This
organism showed unusual capacity to withstand prolonged solar radiation
at a temperature of 125°F. and to withstand four hours’ exposure to 85°C.
in 2 hot air oven after having dried for twenty-four hours at about 37°C.

In brief, it appeared that both animate and inanimate reservoirs of hemo-
Iytic streptococci were sources of contagion, that they were as closely asso-
ciated as the “chicken and the egg"” and that the relative importance of
each may be d ined by survival ch istics of the prevalent strep-
tococeal straing under varying climatic conditions.
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D OBSERVATION AT GREAT LAKES NAVAL TRAINING CENTER

Studies were made in the spring months of 1945 at Great Lakes to de-
termine the effect of removing contaminated dust reservoirs on the mei-
dence of streptococeal diseases At this time a streptacoccal epidemic was
at 1ts height, the majonty of Great Lakes infections were being caused by
Re strains of types 17, 19 and 3.

1. A Comparison of Companes Admatied to “*Clean™ and “Unclean”
Camps Two compames were selected in March, 1945 from one group of men
upon their arnval for recruit trainmg, Neither carried the epidemic strains
in the throat flora  One company was placed in Camp Moffett where the
nteriors of buildings had been aired, washed and treated with oil This
was classified as a “clean” camp. The other company was placed in Camp
Dewey where the routine techmques for sweeping and polishing floors were
contmued This was classified as an “unclean” camp. Each company
under observation mecluded 140 men with the same streptococcal carrier
rate The “clean” company was 1ssued oiled blankets Men 1n the com-
any with positive throat eultures were segregated m one part of the barrack
unts! a subsequent culture proved negstive for hemolytic streptococeus.
‘Throat cultures and chmical observations were made weekly of each man
of these two compames The Group A streptococcl cultured were tested
for type and sul The d in the incid of
streptococeal diseases between these two companjes was striking. The
“clean’ company had three streptococeal illnesses The carmer rate re-
mmned less than 3% throughout traiming  Two of the three infections were
caused by the epidernic type 17 Re 125 stram  The “unclean” company
was handled in routine manner  As 1ts members became sick, its comple-
mept was filled with recruits who had been discharged from the scarlet
fever wards  81x of twelve men added to this company were carriers of
Re epidemic strains of types 17 and 3. Streptococeal illnesses began in
the second week with three 1nf and the meid rose
Beventeen of these 140 men were admitted to the wards with streptococcal
nfections due to Re straums of types 17 and 3 Three of them had scarlet
fever During this short penod the streptococeal carrier rate rose each
week 8%, 10%, 11%, 17%, and 24% This company was transferred to
another Naval Activity 1 the seventh week at a time when 1ts personnel
were most likely to d hemolytic The “clean”
company remaimned at Great Lakes during this seventh week, had no strep-
tococeal nfections and a throat carrier rate of less than 1%

In summary, these observations showed. (a) that the stramns which caused
nfections 1n these two companies were acquired at Great Lakes and not
introduced by the new recruits, (b) that the methods used during epiderme
penods did not eliminate mfection with a0 epidemic strain, (¢} that by

the exp to d dust and carriers,
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CLINICAL 8 BACTERIQLOGICAL OBSERVATIONS
AFTER RE-OPENING CAMP PLYERSON FARRAGUT NTC
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as the epidemic type 17. This type 18 Re strain spread rapidly among
Camp Peterson recrits.



REMOVAL OF CONTAMINATED DUST RESERVOIRS 161

Camp Dahlgren (Regiment 21)

Respratory Duscase Admission Rate: 'The rate rose to 500 in the first week
and then chmbed progressively to 1400 during the seventh week.

Scarlet Fever Rate The first case occurred on the tenth day. It was
caused by hemolytic streptococcus type 17 Re 125, and all subsequent
streptococeal infections were caused by this epidemic strain, The mor-
bidity rate rose slowly and progressively to 300 in the seventh week For
the seven weeks prior to this study the scarlet fever morbidity rates had
been: 1800, 1300, 1100, 700, 800, 700 and 700.

Camp Decalur (Regiment 23)

Respn y Disease Ads Rate: The dity rate rose to 500 in
the first week and 1500 at the end of the fifth week.

Scarlet Fever Rate: The first streptococeal infection occurred on the fourth
day, however, the epidemmc stram, type 17 Re 125, did not appear until
the third week. Subsequently this strain was responsible for all strepto-
coceal infections  The scarlet fever rate climbed to a level of 200 where it
remamed stationary. Scarlet fever morbiduty rates for the seven weeks
prior to this study had been: 200, 400, 600, 700, 500, 500 and 500.

Camp Hull (Regiment 25)
7 -y Drsease Ady Rate The bidity rate rose to 500 i
the first week and to a peak of 1600 in the third sweek

Scarlet Fever Rate: The first streptococeal infection which occurred one
week after the camp was opened was caused by the epidenue stram type
17 Re 125  Subsequent infections were due to this orgamsm, to another
epidemic strain, type 3 Re 5, and to several sulfonamde sensitive organisms
‘The morbidity rate rose progressively to 300 1n the seventh week  Scarlet
fever morbidity rates for the seven weeks prior to this study had been ap-
proumately: 1300, 1100, 1300, 700, 1000, 800 and 600
Camp McDonough (Regiment 27)

Resp Disease Ad: Rate The morbidity rate reached 250 at
the end of the first week and rose progressively to 1850 1n the seventh week

Scarlet Fever Rate Btreptococcal mfections began it the first week
They were caused by two epidemic stramns, type 17 Re 125 and type 3 Re
5. The rate remained below 100 until the seventh week when 1t chimbed
to 300 Searlet fever morbidity rates for the seven weeks prior to this
study had been 1400, 1100, 1200, S00, 1000, 800 and 500
Camp Maehan (Regiment 29)

R y Disease Ad) Rale: The morbsdity rate rose from 100
in the first week to 2900 in the seventh week,

Scarlet Fever Rate Searlet fever occurred on the tenth day and was
caused by an epidemic stramn, type 3 Re 5, which subsequently became prev-
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it was possible to maintain a normal cartier rate and los incidence of strep.
tovoceal diseases; {d) that failure to modify exposure to contaminated dust
end convalescent carriers resulted in the loss of 1297 of men from strepto-
coceal infections in five weeks and o high throat earrier mte at the time
that these recruits wore eeeded into other Naval Activitios.

2. Clinieal ond Buctersologic Findings in Eight Camps “Cleaned” ond
Refilled in Succession; Exght camps at the Grest Lakes Naval Training
Center were emptied between the last week of February and the second
week of Apnl, 1945 All buildings were nired and eleaned; the walls and
floors were otled; blankets were oiled prior to being jssued to men arriving
From civilian fife; about 5,000 men, on arrival each week, were assembled
m the Receiving Barracks (Camp Barry) and then admitted to the clean
camp. Patients wha contracted tonmihtis, scarlet fever or other strepto-
cocenl disesses requining hospitalization were sent upon recovery to the un-
cleaned Camp Maury ! Station personnel, including physicians, dentists,
corpsmen, Ship's Cooks and Ship’s Company working in the Recreation
Building, were not changed,  The order of emptying and refilling one camp
exch neek was,

Maflett (Regiment 14}, Dahigren (R 21), Decatur (Regiment 23),
Hull (Regiment 25), McDonough (Regi 27}, Mahan (Regi 29),
Downes (Regement 10), Dewey (Regiment 12).  This operation was exes
cuted durmng & severs epadernit of st 1 snfections ot a time when a

continuance of high morbidity rates wns to be expected. The chnical ob-
servations made after these camps were cleaned and refilled were:
Camp Moffetr (Regiment 14)

Resprratory Dusease Admeesion Rate The morbidity rate rose to slmost
500 duning the first week and then climbed progressively to 1400 at the ead
of the seventh week

Searley Fever Rate Scarlet fever oceurred on the day the eamp was
opened  The rnte rose slowly but progressively to approximately 300 dur-
mg the final seek  These nfeetions were cavsed by the epidemic steain,
type 17 Re 125 The onigin of these mfretions was n Company 208 shich
had been i the Recers ing Barracks (Camp Barry) for five days  One man
i this company had scarlet fever {type 17 Re 123) on arrival at Camp
Moffett Thia organism spread to men 1 the company and wn other com-
pames of the tamp, however, epidermic conditions did not develop

Scarlet fever morbidity rates for the seven weeks prior to the institution
of these p d had been app: ly. 200, 450, 1250, 1500, 1250,
850, and 600. Following cleaning the rates vaned from 100 to 300.

«This procedure way earsied through whea tbe first four camps were cleancd.
After that searlet fever convalescents were returned to companes in which acarlet

Sover bad oceurred -
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searlet fever in the eight camps which had been cleaned. Figure 3, upper,
shows the relative morbidity rates for upper respiratory tract mfecttons
and for searlet fever by week of tramng; and Figure 3, lower, gives the
weekly morbidity rates for upper respiratory tract infections and for scarlet
fever 1 each of the cleaned camps

It 15 seen that the morbidity rates were highest in Camp Mahan doring
the period of study. Thas was the only camp which was not segregated.
Intermingling of men occurred with the recruits of Camp Maury which
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was not cleaned and which had average scarlet fever morbidity rates of
over 1000 thraughout February, of over 1200 throughout March and of
over 800 throughout April  There was opportunity for eross-infections to
occur between men of these two cataps  The lowest rates occurred m the
last two camps to be emptied  These camps were not cleaned untyl April
when the meidence of y tract i to wane,

It 18 clear that the cleaming of these camps, the oiling of floors, walls
and blankets, the filing of a camp on one day and the isolation of recruns
at Sick Call did not prevent the d of epidemic
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alent in this eamp. The rate tose from 100 in the secoud week & 807 in
the sixth weck. Scarlet fever morbidity rates for the seven weeks prior to
this study had beea: 1200, 700, 700, 500, 00, 500 and 300. This bigh
morbidity rate in Camp Mshan is discussed below.
Camp Dawnes (Regiment 10)

Reepriratory Discose Admission Rate: The monthly rate rose from 300 in
the first sweek to 1000 in the sixth week.

Searlet Ferer Role: Scarlet fever octurred during the Frst week; however,
the maximum rate reached was only 100 in the fifth week. Searst fever

2
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morbidity rates for the seven weeks pror to this study had been 700, 900,
1400, 1600, 600, 500 and 400
Camp Devey (Regument 12} )

Respiratory Discase Admession Rote The morbudity rate rose from 300
1 the first week to 1600 1n the fifth week.

Searlet Ferer Rate In the fisst weck searlet fever reached a rate of %OO
and dud not exceed ths level 1 subsequent weeks.  Searlet fever morbidity
rates for the seven weeks prior to this study had been approvmately 200,

, 500 and 400
40(,1‘ ;ﬁ;\m’ of these fudings s shown 16 Figures 2and 3. Figure 2 gives
the average mordity curves for upper respimtory traet infections and for



REMOVAL OF CONTAMINATED DUST RESERVOIRS 165

Lakes and not by strains mtroduced by men on ammval from civilian life.
‘Whether the oiling of floors, walls and blankets modified the spread of
hughly communicable strains was not proved  However, 1t was shown that
after the removal of reservoirs of contaminated dust particles, infections
were mtrated through seedmng scarlet fever convalescents mto recruit
companies

C CONTROLLED OBSERVATIONS AT TREASURE ISLAND ON THE
PRACTICAL APPLICATION OF OILING AS A PREVENTIVE
MEDICAL MEASURE

‘The effect of g Teservoirs of i d dust particles by oil-
ing floors and blankets was tested during the sprmg and summer months of
1945 This ion was und, asa ive enterprise by U,

8 Naval Medical Research Umt %1, Berkeley, Califorma and Epidemi-
ology Unit %82, U. S Naval Hospital, Treasure Istand, Califorma  The
problem was to d ine the practical effe of an cil-Roceal
emulsion in reducing the bacterial content of air, dust and bedding, and m
the p of y tract in a group of enlisted men

The group chosen oceupied the Radio Materel School, located on Treas-
ure Island, Califorma  The 1 sclected were 2, listed men who
remained for a period of six months 1n the barracks to be studied Three
barracks were chosen as expenmental barracks, and three similar bar-
racks served as controls, In the expenmental barracks the floors were
treated with an emulsion of Roccal and ol three times during the first
month of study, then twice monthly for two months snd once & month
thereafter The blankets of each man residing i or transferred to an
oiled barracks were impregnated with s Roceal o1l emulsion  The amount
of ol added per blanket was equivalent to 2 5% by weight of the blanket.
Several studies were made:

1. Air sanitation observations:

{a) Air samples by the exposed blood agar plate method

(b) Recovery of hemolytic streptococe: from dust samples.

2. Studies on the bacterial content of blankets following treatment with
oil-Roceal solution.

8 The control of respiratory diseases

(a) Morbidity rates for mmor }! based on
and hospital admissions from oiled and unoﬂed barracks

(b) Rates for more serious respiratory disease based on dispensary and
hospital admussions from oiled and unoled barracks

(e} Carner rates for hemolytie streptococe: m oiled and unoited barracks.

The results of the first s1x months of this study were.

1. Arr Samtation:

iy Y
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strains. Careful and exhaustive efforts were made to trace the origin of
these straing  Food, gas masks, swimming pools and dental examinations
were eliminated as possible sources. Some infections were shown to be
introduced by men who were i d in the Recei B: ks after
arrival at Great Lakes but prior to entry into s clean camp. Another
probable source was Ship’s Company. For example, 25% of the medical
personnel and 30% of the dining hall personnel in Camp Moffett proved
to be carriers of epidemic Re strains. The same strains were present in the
throat flora of medical personnel in other camps; e.g., Dahlgren 15%, and
Hull 15%. In striking eontrast they were not present in the throat flora
of dental personnel *

It was not practicable to make a study in which only one preventive
messure was introduced into each camp, However, it was shown that the
oiling of floors in Camp Maury, which received most of the scarlet fever
convalescent patients, had no effect on the scarlet fever morbidity rates.
‘These rates for the four weeks prior to ailing were: 1400, 1100, 800 and
1300; and for the four weeks following oiling were: 1300, 1700, 1300 and
1300.

The weekly respiratory disease rate in uncleaned camps fluctuated be-
tween 1800 and 2800 in February and March, was about 1500 in April and
1200in May. Men in the cleaned camps contracted these minor infections,
and by the seventh week the morbidity rates were of this high degree.
However, the weekly average scarlet fever rates remained at about the low
level of 100 in the clean camps, with the exception of Camp Mahan, during
a period when the weekly average scarlet fever morbidity rates in uncleaned
recruit camps was over 1,000

In summary, these observahons at Great Lakes Naval Training Center

showed that the wide d. fon of hxrvhly icable strains of he-
molytic p during an epid ilif egainst the interruption
of an epidemic process Dunng a season in which respiratory diseases were

lent and & idemic was i progress, the introduction of

cpxdemlc stramns could not be prevented by the control measures tested;
however, the epidemic process was modified.

Newly arnved civibans were infected . the Receiving Barracks. The
effectiveness of dust control measures was materially reduced when there
was close contact between personnel in clean and unclean camps ~ Recruits
were exposed to carriers of the epidemic strains when visiting medical per-
sonnel in their camp dispensares.

The large majority of 1 ing in the clean
camps was caused by the highly communicable strains epidemic at Great

+Phus observation 18 16 sccord with the findings at San Diego where dentsl officers
eseaped searlet fever during an epidemc
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‘These blankets were then treated with an ol emulsion and Roceal in the
Ship’s Service laundry. They were retested prior to reissue to their owners
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and once a month thereafter

A smmilar group of blankets, used as a con-

trol, was sampled and then washed 1n the routine laundry manner but not
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(2) Air Samples: Several methods for studying the bacterial content of
air were tested. The exposed plate method was found to be the simplest
method for analyzing eflectively the bacteriz! content of air. Blood agar
plates prepared in the usual manner were placed around barracks—four
above head level on top of lockers and six at floor level in different parts
of a room. These plates were exposed for six hours over a twenty-four
hour period. The hours of exposure were 900-1500 (morning); 1500-2100
{afternoon and evening); 2100-0300 (night); 0300-0900 (early morning
sweeping). Total colony counts on each plate were made after twenty-four
hours’ incubation and the results for each barracks were averaged. The
results are shown in Figure 4. This chart shows that the bactenal content
of air in oiled barracks was at least 509 less than in the unoiled barracks
and that this reduction was even greater in the period immediately following
the application of oil.

{b) Recovery of hemolytic streptococei from samples of floor dust: Each
Monday a samople of the morning sweeping was brought to the laboratory.
One gram of dust was placed 1n 100 cc. of sterile, physiologic salt solution,
shaken well and 1 ce. of this mixture plated in a blood-agar pour plate
containing 1:1,250,000 gentian violet. After twenty-four hours a count was
made of the number of streptococcal colonies showing beta hemolysis. Dust
samples were collected at weekly intervals over the peniod March—October
1945. Altogether 708 counts were made The frequency distribution of
these hemolytic streptococeal dust counts is shown 1z Figure 4 There was
no sigmificant difference between the number of organisms isolated from
the ailed dust and the number from the unoiled dust. However, much less
dust collected in the oiled barracks and at times it was difficult to collect
enough material for analysis from the oiled barracks It appeared that
the oil held and concentrated the dust and that the Roceal killed some of
the orgamisms with the result that the distnbution of colony counts was
about the same 1n dust from oiled and unoiled barracks.

2 Studies of the Bactersal Content of Blankets Follnong Treatment with
01l-Roccal Solution*

One hundred and fifty blankets belonging to 75 men newly admitted to
the Radio Materel School were tested for their bacterial content by means
of a Portable Field Device The portable field device sampled the number
of organisms released from an area approximately equivalent to that of &
Petri dish. The procedure for actual testing was identical for the experi-
mental and control blankets ‘The method consisted of dropping a weight
from a fived height upon a designated area of stretched blanket. The

b d were collected upon the Petri dish with blood agar
placed at & fived distance from the blanket The weight, the stretched
blanket, and the Petr1 dish were enclosed m a specially constructed cylinder




REMOVAL OF CONTAMINATED DUST RESERVOIRS 169

In summary, the oiling of floors and blankets at Treasure Island pro-
duced s 50% reduction m the number of bacteria in the air as determined
by the exposed plate method. Although there was no sigmificant reduction
in the number of hemolytic streptococci isolated from the dust of oled
barracks the amount of dust in these was markedly reduced. Streptococcal
carrier rates in oiled and unoiled barracks closely approumated one another
during the period of this study when the incidence of respiratory disease
was Jow. Studies on the bacterial content of blankets followmng treatment
with oil-Roceal solution showed that oiling resulted in a tremendous re-
duction 10 the number of hemolytic streptocoeei which were recovered from
blankets and that this effect persisted for a long period of time. There was
a moderate reduction in the number of Sick Call visits for mild respiratory
complamts from personnel in oiled barracks eompared with personnel
the unoiled barracks, The morbidity rates for more serious respiratory
disease, based on admissions to the dispensary, were about the same for
the two groups 'The streptococcal carner rates were also approximately
equal in the two groups.

SUMMARY

These three sets of observations indicate that both human and dust
reservoirs of b lyti il d to the epidermc spread of
this bacterum wx'.hm Naval barracks.

The ehmination of dust reservoiwrs by the oilmg of blankets and floors
lowered the bacterial count of blankets and of the barracks air but did not
cause a sigmificant reduction m the number of streptococcal mfections when
exposure to human reservoirs was great.

It was not possible to eliminate exposure to human carrers during an
epidemic period.  However, when ths exposure was reduced to a minimum
and dust Teservoirs were removed, streptococceal morbadity rates showed &
striking reduction

In this study, it appeared that exposure to infected men and convalescent
carriers was probably the most important factor in the geness of strepto-
coccal outbreaks,
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treated with the oil-Roccal solution. These blankets were resampled prior
to being issued to their owners and once 2 month thereafter.
The results were as follows:

Total Number of Organisma Obtained (Average of about 150 Blankets) Using PFD

Inmedi
gl . W | One Moath | Twa Moutbs | Time Moatte
TR | Tt Alter “Ateer "Alter
Experimental 490 8 36 59 58
Control 517 1 135 1000+ 645

3. The Control of Respiratory Tract Disease.

{a) Every man reporting 1o daily Sick Coll for any reason filled out &
Sick Call shp which ineluded his name, class, barracks and the nature of his
complaint. These records were analyzed weekly and those listing respi-
ratory laints were tabulated ding to k ks. The results are
shown m Figure 4

The morbidity rate was significantly higher in the unoded barracks.
During the weck of September fifth, there was a marked inerense in minor
respiratory lness, This small respiratory discase outbreak occurred
chiefly in the unoiled barracks.

(b) Morbidity rates for the more serious respiratory diseases were ob-
taied from the daily reports of the sick to the Treasure Island dispensanes.
The admussions slips were tabulated according to discase and barracks.
Figure 4 shows the total respirntory disease rates (which included
catarrhal fever, tonsilitis and pharyngutis, scarlet fever, pneumonia, rhi-
nitis and bronehtis) in the olled and unoiled barracks. Durning the peniod
from May to September the rates for respiratory diseases were low and
there was no hf between the morbidity rates in the oiled
and unoiled barracks

(c) Each week 300 throat cultures (30 per class) were taken from six
classes of men who had been m the school comparable periods of time.
Three classes were from oiled barracks and three from unotled barracks.
These men were cultured once a month  Weekly earner rates were mado
of two classes who had entered the school at approumately the same time.
One class was from oled barracks and the other from unotled barracks
The results of these studies are shown n Figure 4.

The weekly carner rate study showed that the class living in the un-
oiled barracks mamtained a persistently hugher rate for hemolytic strepto-
coceus than the class hving m the oiled barracks. However, the combined
carmer rates for the two studies in oiled and unoled barracks nere about

the same during the period of this study.
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known to be rheumatic subjects Knowledge was lacking on the relation

of b ic fever to among large numbers of
persons who had not p | d rth World
War II afforded op to collect thig infc

Approxumately 2 percent of the entire population of the United States
served in the American Navy during World War II. Nearly all of these
personnel recewved indoctrination m one of the Recruit Training Centers
Most of them were males between the ages of eighteen and twenty-one
Persons who had already ifested bility esther by
developmg stigmata of rheumatic heart disease or by a hustory of recurrent
theumatie attacks were, in most nstances, screened before enlistment
However, a large percentage of these young men came from areas where
exposure to streptococcal infections was mmimmal  Because of this, therr
susceptibiity to rheumatic fever had not been severely tested prior to
recrut tramning. On the other hand, in Naval Trainmg Centers they were
exposed to and did contract Group A streptococcal infections in high
incxdence. More than 20,000 cases of rheumatic fever followed these
infections  Observations on the relatwons of these mfections “m the herd”
to outbreaks of rheumauc fever were made durmg four penods- first, swhen

wel lent and des were used them-
peutically but not as a pmphylachc agent, second, when sulfonamide
sensitive strams of hemolytic streptococei were prevalent and when sulfon-
amides were used not only therapeutically but also as a prophylats for
Tespiratory tract mfections in several recruit traming groups, third, when
sulfonamide resistant strams of hemolytic streptococer were prevalent and
sulfonamides were used both m therapy and prophylaxs, fourth, when
sulfonamide sensitive and resistant strains were prevalent, when no prophy-
laxis was used and when pemeillin therapy had largely replaced sulfonamride
therapy  Observations made dunng these four periods serve to mdieate the
U 8 Navy experience on the relation of rheumatic fever to streptococcal
epidemics during World War I1.

A OBSERVATIONS ON THE ASSOCIATION OF RHEUMATIC FEVER
WITH STREPTOCOCCAL NASOPHARYNGITIS
1. Tume Relations Thmughout each year ¢ of the war there was a smlung
seasonal Tise 1n the neid f froma
August toa peak at the end of the wmtermonths  Each year the morbxdlty
curves for rheumatic fever followed the curves for streptococeal throat
mfection and reached peak meidence about one month after the peak of
scarlet fever  This relation for the entre Navy m 194547 1s shown
Chapter II, Figure 2b and for tustrative Tramnmg Centers w Figure 1.
2. Geographucal Relations Through each year of the war the epidemic




CHAPTER XVIII

OBSERVATIONS ON THE RELATION OF RUEUMATIC
FEVER TO THE EPIDEMIOLOGY OF
STREPTOCOCCUS HEMOLYTICUS

The collected evidence of the past two decades has indicated that hemo-
Iytic streptococeal infections of the upper respiratory tract initiate attacks
of rheumatic fever in certain persons. Studles of thesc resplratory tract
pathogens have shown that the infeeti h tenstically of
Group A, that they may be of any scrologic type, but that sll strains of &
serologic type may not induce rheumutxc fever. That the “rheumato-
genic factor” is a strain ch now seems indi: ble  Further-
more, it has been observed by one of the authors (A F. C.) that one strain of
a serologic type may cause an outbreak of throat infections among rheu-
matic subjects without imtiating rheumatic attacks and another strain of
the same serologic type of Group A hemolytic streptococeus may cause a
simifar outbreak of infections among the same subjects with a high meidence
of rheumatic attacks What the “rheumatogenic” substance may be is
unknown  Further observation has shown that bacterial strains highly
effective 1 injtiating rheumatic fever are strong erythrogenic toxin pro-
ducers, whereas the meffective strams are generally weak toxn producers
What sigmficance there may be in this parallelism remains to be defined.
Some state of the host appears to determine whether a rheumatic attack
oceurs after infection with a “‘rheumatogente” strain of hemolytc strepto-
coceus. Ths state of bility also remains unidentified. However,
sinee no laboratory animal has been found in which rheumatic fever occurs
spontaneously or mn which 1t has been induced, observations on the relations
or rheumatic attacks to hemolytic streptococcal infections have been
himuted to Man These observations—chmical, bacteriologic, immu-

nologie, broch ! and hol, have shown that the rheumatic
attack occurs after a susceptible host acquires an upper respiratory tract
with o “rh ” strain of Group A hemolytic strepto-

coccus  Furthermore, duning the last dec.‘zde it has also been shown that

when Group A hemolytic p are p d by dady
hylactic doses of sulfa de, the mitiation of the rheumnc Pprocess 13

also prevented even though the host who 1s susceptible to rheumatic fever

may acqure many other diseases of a viral or baeteriologic nature

Studies prior to World War II, though carefully controlled, were of necessity

Jumited to small groups of persons and jn most mstances Imited to groups
170
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ocenrred at Recrwit Traming Centers in Northern states It was noted,
hawever, that some Training Centers in the South had outbreaks of strepto-
coceal infections each winter, and that these outbreaks were followed by a
high incidence of rheumatic fever. Other Centers with a low incidence of
streptococeal throat infections each winter had 2 Jow incidence of rheumatic
fever throughout the war years. Furthermore, studies at Treasure Island,
San Franeisco, showed not orly that the prevalence of rheumatiec fever
paralleled the mcidence of scarlet fever but also that the acute rheumatic

ANNUSL RATE PER 1000
0
ANNUBL RATE PER 1000

~

e,

=

o3

praggprieorstseass o pemoer e
M st TR

T W e S o W e Gm e

Fre 2 Morbrdity Rates for Rheumatic Fever Withinthe U S, Afloat and at Foreign
Stations (From Statistics of Navy Medicine )

attacks were most apt to oceur m barracks where the morbidity rates for
streptococeal nasopharyngitis were highest

3 Association with Scarlet Fever The meidence of rheurnatic fever in the
Navy dunng these war years was closely associated with the meidence of
searlet fever ! The greatest meidence of scarlet fever occurred at Farragut
NTC in 1943 and agam late m 194 when Re strams of types 17 and 19
becarse predommant. The highest mcidence of rheumatic fever ever
recorded in the Navy was also at Farragut In 1943 with an average
strength of 43,710 there were 1,651 cases of rheumatic fever and an annusl
rate per 1,000 of 37.8. In 194f with an average strength of 44,822 there

*95 7% of acarlet fever cases and nearly all pnmary attacks of rheumatic fever
accurred withan contunentl U .
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rises in streptococeal morbidity rates oceurred among personnel within the
continental limits. The ineid of strep 1 throat infections among
personnel aboard ships or at non-continental stations rose only moderately

SCARLET FEVER rREUMATIC FEVER
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during the winter months. This was true also for the incidence of rheu-
matic fever as is shown in Figure 2 and in Table 3, Chapter I1.
Within the continentsl limits the distribution of rheumatic fevef was
similar to that of scarlet fever, tonsillitis and pharyngitis (16).  The highest
id of both 1 throst inf and also rh fever
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1944, at Sampson where the average strength was 41,927 there were 117
cases of rheumatic fever and a rate of 28. In 1945 with an average
strength of 31,027 there were 518 cases of rheumatic fever and a rate of 16 7.

Other large Naval Activities having no contact with the Recruit Training
Centers escaped outbreaks of scarlet fever. For example, at the Marine
Corps Training Base, Parns Island, seatlet fever occurred only sporadically.
The average strength was 17,719 1 1943, 15,732 in 1944 and 16,784 in 1945.
The number of cases of rheumatic fever was 10 in 1943, 9 in 1944 and 10 in
1945. The morbidity rate was 06 m 1943, in 1944 and in 1945. The
association between the low rates for scarlet fever and rheumatic fever at
Parns Island and high rates for scarlet fever and rheumatic fever at Naval
Trammg Centers 1s shown in Table 1.

TABLE 1
Scarlet Fever and Rheumatic Fever Rates® for Selected Novy and
HMarme Corps Actiwilies—1945

Location Average Steength | SeatletFever | Rheumstic Fever
Parris Island, 8 C 16,784 14 06
1 San Diego, Calf 92,063 277 41
Bambridge, Md 31,42t 801 188
Sampson, N Y . 31,027 urz 167
Great Lakes, Il 66,466 1436 192

* Computed on annual basis per 1,000 average strength
1 All Navy and Marme Corps Activities 18 San Diego are.

'The data 1 Table 1 show high scarlet fever and rheumatic fever rates in
1945 at the Bambndge, Sampson and Great Lakes Frammg Center and
low rates at the Marme Corps Traming Base, Parnis Island ~ Data for the
8an Diego Tramning Center 1 1945 were not available  Both scarlet fever
and rheumatic fever rates were high at the Traming Center and fow at the
Marine Corps Base and other neighboring Naval Activities. The Szn
Diego data in Table 1 mclude all Navy and Marme Corps personnel i this
aty  The composite rates for both scarlet fever and rheumatic fever fell
into an intermediate position.

The trammng of Navy and Manne Corps personnel continued m 1946 at
three Naval Training Centers (Bambridge, Great Lakes and 8an Diego) and
at two Marme Corps Tramning Bases (Parns Island and San Diego) The
hughest scarlet fever and rheumatic fever rates oceurred at San Diego Naval
Trawmung Center. At Great Lakes the scarlet fever rate was high and the
rheumatic fever rate moderate. Both scarlet fever and rheumatie fever
fates were moderate at Bainbndge There was little scarlet fever and
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were 1,375 cases and a rate of 30.7. A large percentage of both searlet
fever infections and rh ie fever attacks d at Farragut during
the summer and fall months when the incidence of these two diseases was
minimal at all other Naval Activities.

A close association between these two diseases was also observed at other
Training Centers. For example, at Bainbridge, Great Lakes and Sampson
the incidence of scarlet fever was controlled in 1944 by mass chemoprophy-
laxis but rose to epidemic heights in 1845 when Re strains became prevalent.

MEAN CURVE FOR RHEUMATIC FEVER
ALL PERSONNEL
BAINBRIDGE NT.C. 1944-45
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In 1944, at Bainbridge where the average strength was 33,460 there were
265 cases of rheumatic fever and a rate of 7.9. In 1945 with an average
strength of 81,424 there were 592 cases and a rate of 18 8. The seasonal
increase in rheumatic fever, shown m Figure 3 accompanied and followed
the winter epidemic of scarlet fever described in Chapter IX'  In 1944, at
Great Lakes where the average strength wag 82,788 there were 423 cases of
rheumatic fever and = rate of 5,1. In l£?45 with an average strength of
66,466 there were 1,277 cases of rheumatic fever and s mate of 19.2 In
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The Marine Corps Base escaped outbreaks of scarlet fever and rheumatic
fever.

Similar observations on the occurrence of rearlet fever and rheumatic
fever were made at small Naval Actwvities where the average strength was
Jess than 5,000. For example, in March 1944 there were 23 activities in
which exther the scarlet fever or theumatac fever rates were at epidemic
levels In 19 of these activities both the seatlet fever and rheumatic fever
rates were at eprdemc levels. There was only one activity which had a
high rheumatic fever rate without a high incidence of streptococcal infee-
tions Al personnel at uus Acnvxty had completed recruit fraining at

Centers where t were There were three
0
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F1a § Seasonal Trend of Scarlet Fever and Rheumatic Fever among Navy Personne

Activities which had a high scarlet fever rate without a high rheumatic
feverrate  One was a tramng school where men were graduated 1n three
weeks, probably prior to the onset of theumatic fever  The two remammng
Actlvmes were Midshipmen schools where young officers were tramed

The for a low mexd of th fever in these two groups
of college students 18 unknown
. Funally, the collected statistics for the entire U. 8 Navy indicated that
in ezch of the war years the trends of scarlet fever and rheumatic fever were
similar, with the peak mnexdence of rheumatie fever following that of scarlet
fever by not more than one month, The morbidity data by menths are
lustrated m Figure 5

In summary, these observations on more than three million personnel
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rheumatic fever at the Matine Corps Training Base, Saon Diego. At Parris
Island these too diseases orcurred only mrely. These observations are
Hlustrated in Figure 4,

At San Diego the Naval Center and the Marine Corps Base were situsted

Scarfet Fever
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Fio 4 Rates 1n 1916 for Scarlet Fever nod Rheumatsc Fever at Ban Dhego KT C.
and Four Other Truming Activitics (From Ststssties of Navy Medcine }

only s fewmies apart  The porsonnel of each Actreity were supilar At
the Naval Traamng Center hemolytic streptococcus type 17 Re 23'c39wd a
high jneudence of thront mfections which was followed by a high :nczd.efzce
of sheumatic fever. There was no contact between these two Actwvities.
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There were 196 patients with streptococcal infections due to types 3, 6 and
12 but no patients had these organisms in the throat flora at the onset of
rheumatic fever The majonty of streptococcal tnfections appeared to be
associated with type 19  The type most frequently recovered from rheu-
matie fever patients was type 17. These findings are shown in Table 2
Streptococeal outbreaks at several Naval Activities were caused by a
single type. These outbreaks of tonsilitis and pharyngitis appeared in

TABLE 2

The Distrabution of Types of Hemolytsc Streplococcs omong Diseases and the Pescent
of Cases of Indindual Diseases Caused by Fach Type

Group, alatalalalalai®oaiog
— Ea

Tyoe wloloislelnle S|P
Catarrhal Fever Cases | 318/ 109 31) 24| 9 B 44 30| 30| 603
% [527181/51/40/ 15137350 501000

Suppurative Lesions Cases | 32 34 7] 4 0 3 4 8 93
% 344366/ 754311/ 03243 86 1000

Pharyngitzs and Tonsilltis] Cases | 544 199] 39| 65 16| 20| 43 26| 20 | 1000
% [554/199/39/ 65162094326 29 1000

Searlet Fever Cases | 342/ 108 5/ 311 of 1| 11 15/ 8| 521
% (6562071059 0 2021129 15 97
Rheumatic Fever Cases 9 1 4 0 3 5 5 37
% (248297108 o o0 0/ 81135135 939

Al Other Respiratory {Cases | 10, 131 sl 2 4 2 2 11| 2 51
Infectiona % (19625508 39 783939216/ 39 999

Total All Respuatory | Cases 1205 475 01| 126 30| 40| 106 91| &2 | 2305
Infections % (54920639 5513174639 361000

some mstances to be food-borne and i others air-borne  Two outbreaks
which were eaused 1 one nstance by type 1 and mn another by type 12
failed to precipitate rheumatic fever  In contrast to this, a severe epidemic
of scarlet fever caused by type 17 Re 25 at San Diego Naval Tramng
Center was followed by an high d of 1] fever
This stram caused scarlatinal rashes m at least 2005 of the men wfected.
Follow-up observations made of a group of 500 of these scarlet fever
DPatients, showed that 106 developed classical theumatic fever
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indicated that there was a close association in time and loeation between
the ineidence of streptococeal infections of the upper respinatory tract and
the incidence of rheumatic fever, As proviously reported (16} the intre-
duetion of mass ehemoprophylaxis in 1914 at several Training Conters was
followed by =2 striking reduetion both in the incidence of streptococeal
throat infections and in the jncidence of rbeumatic fever, However, in
1943 the spread of sulforamide resistant strains of Group A hemolytic
streptococeus at these Centers made chemoprophylaxis ineffective, A
high incidence of searlet fever wath Re strams occurred, and this change way
accampanied by a high incidence of rheumatic fever. Trrespective of the
period of the war and locntion of personnel, sheumatie fever outbreaks
oceurred folloning epid of air-bome strop ! infections of the
upper respiratory tract and did not oceur in their absence,

E. OBSERYATIONS ON THE HEMOLYTIC STREPTOCOCCT
ABBOCIATED WITHE RHEUMATIC FEVER

The colleetion of necurate information on the strains of hemolytic strep-
tocacer which precipitate rheumatie fever requires that throat euttures be
made dunng acule upper respi ¥ tract infeetion which precedes the
rheumatie stinck  Cultures made during the rhenmatic attack may con-
tam the ongmal mfecting strain or a strain subsequently nequired.  During
World War X1, most of the bacteriologic ebservations on the throat flora
of rheumatic fever patients m the U § Navy were made after the onset of
rheumatie fever With this limutation, it was newertheless possible 1o
obtzam informatson which had not been avarlable and to confirm on a large
seale observations which, prior to World War IT, had been made on small
numbers of en thans.

Early m World War 11 rheumatic fever beeame conspicuous at the
Newport Naval Tramng Station following an epidemic of searlet fever,
Hemolytie streptocoecus type ¢ was the mmportant agent at this Staton,
Later, an outbreak of rheumatie fever occurred at a small Coast Guard
Actiity m Maryland (28)  The mmp bactenal agents d to
be hemolytie streptococcus types 14 and 3 The scarlet fover epidemies ot
most of the stations in 19+ and 1945 were caused by several types of organ-
1sms 1t appearcd that some stramns of types 19 and 17 were the most
“rheymatogenic” agents. At Farragut, Idaho, an analyss was made in
1944 to di the p of eases of fual diseascs inted
with eath type of hiemolytic streptococcus  This analysis included 2303
patients whose throst stran of hemolytic streptococcus was typed sero-
logieally  Types 18 and 17 were assomiated with 71% of cases diagnosed ag
aeatarrhal fover,” with 7155 of suppurative lesions, with 75% of tonsihitis

and pharyngt, with 86% of scarlet fover and with 53% of theumatic fever,




CHAPTER XIX

METHODS EMPLOYED IN THIS FOUR YEAR
NATIONWIDE STUDY OF STREPTOCOCCUS
HEMOLYTICUS

The ympact of a global war emphasized the necessity for trainmg teams
of U 8§ Navy men to do special field work on the problems of exotre and
epidemic diseases  To this end, the Navy established a new department 1
its Medical Center at Bethesds, Maryland, where medical officers, Hospital
Corps officers and enlisted men were assigned to duty for instruction in
epidemiology The first class began its trammg October 1, 1942, and the
last class was graduated December 1, 1945  During these three years 130
officers and 397 enlisted men received intensive training in epidemiology
Most of these specially trained personnel were assigned to Epidermology
Units operating within and without the continental hmts of the United
States Therr location was shifted as demands were made by the progress
of the war

Twenty of these Epid Umits were established within the
continental hmits of the Umted Sca.tes All but one conducted field
studues, work and lab with

the needs of the Naval Activity to wlnch the Unit was attached The size
of Units vared from two officers and three enlisted men to six officers and
twelve enbsted men The larger Umts were located at the Trainmg
Centers where streptococeal diseases presented the greatest problem  One
Unit, was established at the Navy Medical School 1 Bethesda, Maryland,
for the purpose of integrating all of the streptococeal laboratory work of the
Navy This Uit examined all cultures of hemolytte streptococcus shupped
in from distant Activities, tramed 1ts personnel m highly specialized tech-
wques and developed new methods required for hardling streptococeal
problems of the Navy The geographical locations of these 22 Epidemi-
ology Units is shown in Chapter I, Figure 1.

A]I of the grouping, typing and sulfonamide resistance tests were done in
- " h Unut grouped its cultures and
- A study at the Great Lakes

hs of 1945 required that these
tests be made with » mimmsl loss of tme. To sehueve this techniians
from the Bethesda laboratory were transferred to Great Lakes where they
used the Bethesds matenals and techmiques. Their results were checked
from time t0 tme 1n Bethesda.

181
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SUMMARY
Dutbreaks of rheumatie fever were nbscncd in only fhose Jocations and
times that epidenics of strept 1 inf oeen

Rheumatic fever was most prevalent in the Northern slstca but also, in
one Instance, reached a high incidence in the warm, sunny chimate of 8an
Diego, Coliforniz. 'This high Incidence was nssociated with a scarlet fever
epidemic caused by a single strain of Group A type 17 Re 23 hemolytic
streptococeus.

Throughout the Navy in World War IT the strains of bemolytic sirep~
tococeus which showed eapacity to indure rheumatic fever in high incidence
were those which also produced scarlet fever in high incidence.

It opy 3 that probably the most significant factor in the instiation of
rheumatic fever among an average population is a “rheumsiogenic” sub-
stance produced by sonte sirsing of Group A hemolytic streptococeus.

Only a smal! fraction of Navy recruits miccted thh (hcse atmptococcal
strains while hiving under the same eovi
rheumatic atincks  The reason for this difference in reactivity of the hosh
to infection way uot determined® This remaing the key problem in the
pathogenesis of rhewmatic fever.

3 Tlys matter 29 dealt with by one of fthe authors {A.}F. C) in Research fa
Medreal Betence, MacMBlan Company, m press,
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the tube, flamed and pushed into the tube untit the burning was extin-
guished and the cotton plug flush with the top of the tube. While still
warm, the open end of the tube was sealed with a wrapping of parafilm or
paraffin,

4 Shpping Spectmens® An identification shp was made out for each
culture and securely fastened to the tube with a rubber band. The tests
desired were indicated on the shp. Each culture was given a station num-
ber and later a number at Bethesda.  If a rapid report was desired this was
mdicated on the sitp and the culture was given top prionty at Bethesda.
Prior to mailing, the slants of cultures were kept at 4°C. When appro-
priate numbers of slants had been collected they were carefully packed and
shipped 1 mading contamers by air mail  In most instances eultures were
shipped to Bethesda, Maryland as soon as practicable after identification
and isolation

B. LABORATORY METHODS USED BY EPIDEMIOLOGY UNIT # 100 aT
U. 8 NAVAL HOSPITAL, BETHESDA

Some of the methods employed 1n the Bethesda Laboratory have been
described by Armine T Walson (4, 16)

1 Grouping of Hemalyte Streptococcus Group A beta hemolytic strep-
tococei are responsible for almost all hemoly 1 y
lnesses m man.  For this reason, work was restricted chiefly to this group
On the basis of presence or absence of a precipitm reaction with a potent
and specific absorbed Group A serum, 1t was possible to deternune whether
a strawn belonged m Group A Strams that were not members of Group
A were not further 1dentified except m special studies

2 The Banis of Typing Hemolytrc Streptococcus There were two methods
of typng Group A streptococer 1 current use. the shde agglutination
method and the prectpitin techmque as modified for use m capillary tubes,
From an epidemiologic point of view, 1t mattered little which method was
used to determine the type of 2 strain so long es the same method was used
for all the material to be treated in one analysis. However, the results of
the two methods are not always 1 agreement because 1n certain mstances
they measure different antigenic components of the orgamsm  For this
reason, all typing work was done by ore techmique, the precipitin method

Hemolytic streptococer of Group A have two type-specific antigens,
Ynown as M and T. In precipitin typing, oely the M antigen of M sub-
stance 13 mvolved The M antigen 1s protemn mn nature and s extractable
from the cell mto solution by aeid, When such & cell-free extract 15 neu-
trahized and placed in contact with an ant-M contamming serum prepared
from a stramn of the same type, a precipitin resction occurs  With serums
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A. METHODS UBED Y EPIDEAIOLOGY UNITS IN FIELD WORK

Each Unit way attached to the Senior Medical Officer of a Naval Activity,
The work of each Unit and the methods employed varied from station to
station. In general, the objectives were to define more clearly the local
streptococenl probiem and recommend ways for its solution.  Members of
the Units kept chinical records en patients with streptococeal infections,
checked the diagnoses, made monthly reporta of their observations, con-
ducted controlied progmms for testing chemoprophylaxs and other pre.
ventive cultures, did the prelminary
bactericlogie smd}- prior ta the shrpment of cultures ta Dethesdn, initisted
investigations and made analyses of thewr findings. The collecting and
handling of data varied with the size of the station and the ideas of medical
officers.  However, the bactenologic study was done uniformly.

1. Preparation of Media+ A simple, adequate medium waa made in uni-
form: manner by all Units  The agur base used was Difeo Bacto Blood
Agar Dehydrated prepared according to Difeo Instructions  Either defi-
brnated rabbit blood or defibrinated horse blood was added. The agar
base was kept stenle w 250 ce lots, melted and cooled to the appropriate
temperature  To this was added 7.5 ce of sterile blood.  After thorvugh
mrang tha blood agar was poured in stertle Petri dishes to a depth of about
3mm  The plates were erther used within a few hours or stored in an ice-
box at 5°C until needed

2 Collectang Specimens  Throat and nose cultures were taken with stenie
swabs made with & small amount of catton compressed tightly on the end
of ap apphicator stick  In takmng throat cultures the tip of the swab was
pressed firmly agamat the lymphosd tissue or the inflamed area at the site
of exudate tf present  The swab was then streaked on blood agar plates
at the bedside if posable. Where this was not possible swabs weze kept
moist 1 tubes of broth and stresked in the laboratory. The periphecy of
the bleod agar plate nas moculated wath the tip of the swab and then
streaked with a sterde platmum loop to msure a good field of isolated colo-
mes on the plate  After 18 to 24 hours' mcubstion the plates were exam-
med and hemolytic colonies picked.  Appropriate Gram stam and muwere-
scopre ewminations were made to make sure that the colones picked were
Gram positrve and streptacocer.

3 Handling Specimene When the organism was idenbfied as Beta
hemolytic streptocoreus sad m pure eulture, & sub-culture wag made on &
blood agar slant in a small tube. This was meubated for 18 to 24 howrs
and then mspected for absence of contamunation and adequacy of growth.
1f the slant was satasfactary, the cotton plug was cut about one inch above
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the tube, flamed and pushed mto the tube until the burning was extin-
guished and the cotton plug flush with the top of the tube. Whle still
warm, the open end of the tube was sealed with a wrapping of parafilm or
paraffin

4, Shipping Specimens: An identification shp was made out for each
culture and securely fastened to the tube with a rubber band  The tests
desired were indicated on the slip. Each culture was given a station num-
ber and later a number at Bethesda. 1f a rapid report was desired this was
indicated on the slip and the culture nas given top priority at Bethesda
Prior to mailing, the slants of cultures were kept at 4°C. When appro-
priste numbers of slants had been collected they were carefully packed and
shipped in mailing contamners by air mail. In most instances cultures were
shipped to Bethesda, Maryland as soon as practicable after :dentifieattion
and 1solation

B LABORATORY METHODS USED BY EPIDEMIOLOGY UNIT X100 AT
U. 8§ NAVAL HOSPITAL, BETHESDA

Some of the methods employed 1n the Bethesda Laboratory have been
descnbed by Armune T. Wilson (4, 16)

1. Grouping of Hemolytrc Streptococcus Group A beta hemolytic strep-
tocoeei are responsible for almost all hemolytic streptococcal respiratory
ilnesses m man  For this reason, work was restnicted chiefly to this group.
On the basis of presence or absence of a precipitn reaction with a potent
and specific absorbed Group A serum, 1t was possible to determine whether
a stram belonged in Group A. Strams that were not members of Group
A were not further identified except m special studies.

2 The Basis of Typing Hemolytrc Streplococcuss There were two methods
of typing Group A streptococer in current use: the shide agglutination
method and the precipitin techmque as modified for use m capillary tubes.
From an epidemiclogic point of view, 1t mattered little which method was
used to determune the type of a stramn s0 long as the same method was used
for all the matenal to be treated m one analysis  However, the results of
the two methods are not ahvays in agreement because 1n certamn mstances
they measure different aat p of the For this
reason, all typing work was done by one techrique, the precipitin method.

Hemolytre streptococes of Group A have two type-spectfic antigens,
known as Mand T In precipitin typing, only the M antigen of M sub-
stance 15 mvolved, The M antigen 1s protem m nature and 1s extractable
from the cell into solution by acid  When such a cell-free extract 1s neu-
tralized and placed in contact with an anti-M contamng serum prepared
from a stram of the same type, a precipitm reaction occurs,  With serums




184 EPIDEMIOLOGY OF HEMOLYTIC ETREPTOCOCCUS

prepared from other types, no such reaction occurs, provided the serums
have had their group and non-type-specific antibodies removed by absorp-
tion.

The method of precipitin typing consists of placing an acid extract of an
unknown strain in contact with the absorbed anti-M serums of all known
types. The type with which the extract reacts is the type of the strain.

In the intact cell the M substance usually, although not always, partici-
pates in an agglutination reaction when a suspension of cells is added to an
anti-M containing serum of the same type. The antibodies to the M sub-
stance also appear to be responsible for whatever type-specific immunity
an animal acquires when actively or passively immunized.

The T antigen, on the other hand, has not yet been identified chemically
nor can it be demonstrated outside of the cell. Its presence is recognized
only by agglutination of the intact cell in the correspondmg anti-T serum.
So far as is known, 1t 13 not involved in a precipitin reaction, and it does
not appear to influence the immunity of the animal to infection.

Whereas the precipitin typing method depends cmuely on the reaction of
the M sub of the ism with its corre: ibodies, the
shde agglutination typing method may involve the M substance and its
antibody, or the T  antigen and its antibody, or both. If particular M and
T antigens were invariably associated in particular types, there would be
no reason for confusion in the use of the two tests, However, this 1s not
the case (30). Some strains are without demonstrable M substance, al-
though they contain T antigen, and other strains are without T antigen,
although they contamn M substance. Some strains, which share the same
M substance and hence will be assigned to the same type on the basis of
precipitin typing, have T antigens of different types and are accordingly
assigned to different types when tested by slide agglutination. Other
straing with the same or serologically related T antigens have distinct M
antigens. One stramn has been encountered with the M antigen of one
type, a T antigen of the same type and an additional T antigen of another
type

A complete antigenic analysis requires that both precipitin and agglu-
tination techniques be employed \vxth serums of accurately known antigenic

The unusual b of antigens mentioned, though
not frequent, occur often enough to make 1t unsafe to compare epidemio-
logic data based on slide agglutination typing alone with data based on
precipitim typing alone. For most epidemiologic purposes a single method
usually suffices. The choice of method to be used in any given investiga-
tion depends on the availability of reliable serums and the experience of
the persons doing the typing

3. Method of Typing Hemolytse Streptococcus The capillary precipitin
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method of Swift, Wilson and Lancefield (2) was used exclusively throughout
this study. The details of that method were given n full in their article,
and are reviewed only briefly here  The method was devised in an attempt
to make precipitin typing practicable in large scale typmg enterprises, and
the essential advantage which 1t possesses over commonly used precipitin
tests hes in the conservation of materials made possible by the use of capil-
Jary tubes  The serums used i capillary typmg must be of ugh potency
and specificity. Ample supplies of such serums were made avalable
through the generosity of Doctors Homer F. Swift and Rebecca C Lance-
field of the Hospital of the Rockefeller Institute for Medical Research.

Precipitin testing 1 capllartes 13 accomphshed by drawmg a small
amount of serum into the capillary tube by capillary attraction, and then
drawing an approxmately equal amount of extract into the tube without
sllowing an air bubble to separate the two liqmds Depending on the
strength of the serums used, the precipitate appears immediately, or after
2 hours’ incubation at 37°C., or after having been kept overnight  the
jeebox,

Strains were sent from the field to the Bethesda laboratory as soon as
possible after 1solation  They were stored at 5°C until ready for study.
They were then tested for pure culture and were grown mn 40 cc of tryptose
phosphate broth, fortified with 0 15 percent normal horse serum or rabbit
serum  The organisms obtained from such cultures were extracted with
hydrochlonic acid. After the extract was neutrahzed, 1t was ready for
grouping and typing, the same extract was used for the two procedures

Early observations showed that most of the Navy stramns which were
examned fell mto ten common types: 1, 3, 5, 6, 12, 17, 18, 19, 24 and 30
For this reason it was decided to set up the extracts first with these ten
serums  If the strain did not belong to one of these types then common m
the Navy, it was set up with the other typmg serums  These screeming
procedures resulted 1n a significant saving of tume, serums and capillarnes

Serums were available for 36 of the 46 known types of Group A beta
hemolytic streptococer  In addition to the ten common ones histed, these
were2,4,8,9, 11, 13, 14, 15, 22, 23, 26, 28, 29, 31, 32, 33, 36, 37, 38, 39, 40,
41,42,43,44and 46

4. A Method for Testing tn Vitro Resistance of Group A Hemolytic Strep-
fococer to Sulfonamides Most culture media which support the growth of

Group A hemolytie st contain sut to the
action of sulfonamides. For this reason 1t had not been possible to detect
with aceuracy the mtrinsic duff m y of P cal strams

to sulfonamides
‘The capacity of streptococcal cells to multsply in vitro m the presence of
sulfonamides 13 determned not only by wherent d:fferences mn sensitivity
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to this drug but also by the character of the medium and the size of the
inoentum. A medum which is $o be wsedd §0r testing mifonamide sensi-
tivity of 2 microorganism should meet certain requirements: it should

ially free of sut istic to aylf ide action and it
should make provision for a uniform and measurabie inoeulum.

The semi-gynthetic medium used in this test wag developed by Adams
and Roe (3) for the growth of poeumococet.  This medum was found to
support adequate growth of hemolytic streptocgeei when supplemented
with narmal rabbit scrum or with normat horse serym and xanthine. The
inoculation technique employed in this tess wasadypted from the technique
of Ward and Rudd (31). It was used by them 1o differentiate growth
characteristics of streptococral colonies m 8 somi-solid medium. The
roedium used at Bethesda for testing sulfonamide gensitivity was prepared
23 followns:

Preparation of Stock Sofutions- Solution I: (Basa) Medium) Cascine hydrolysste
(10% solatson, SMACO *vitamine free”’) 200 ce, Cysine 150 mg , Tryptophans
Wmg , KC130 g , NasHPO, (anhydeous) 30 gm , a0d MgSO,-7 1,0,0 § gm. The
cyatine was disolved 1n 10 ce NHCL. The ingredienta worp mixed in sbout 800 ¢, of
distilled water. The pH was adjusted to 7.5, and the volyme was made up to 900 ce.
The final micture was autociay ed at 108, for 0 minutes, filtered through paper, and
re-autoctaved for aterility
Solution 11 (Vitsmtns) Biotin 0 015 mg , Nicotinic aud 150 mg , pyridonn 150
g , caleium pantothenate 60 0 mg , thiamise chiorido 15 0 mg , riboflavine 7 0 mg.,
adenine sulfate 1500 mg , and uracd $500 mg  The fogredienta were dussoived in
sbout 75 e of dastilled water and the pil adjusted 1072, the volume made up to 100
cc with distilled water and the final solution stesshized Ly Sltration.
Salutson 111, (Minerals) CuSO, 51140 800 mg , E0S0,.TH,0 50 0 g , FeS0,»
TH,0 50 0 mg , MaCl 4140 20 0 mg , and conrentrated JIC) 1 0 ce , distilled water
t0 1060 cc  This polution did not require stenlization
Solution IV (Growthfactors) Glutamne (hept1n dessicator over calcium chloride
44°C ) 200 Gmg , dextrose 20 gm , Solution [T 20 ¢¢ , CaCly-2H,0 10.0 mg , nspara-
gine 100 0 mg , Cholsne chloride 10 6 mg . and distilled Water 40G e Thia was steris
Tized by filtration,
Soluton ¥ (Growth factors, Vitamins and Mineralsy Solution IV 120 ec. and
Solution 1180 ¢e

Sotution ¥1 R NaHCO, (stenfized by sutoclaviog i dry test tubes) 02 gm ,
drstilled water (sterle) 100 ec, and thioglycollic acd (107, solution, sterihized by
porhog) 62 cc This sofution was used when the mediym was made with rabbst

gerum
Solution VI I NaIICO, (prepared aa 1n sofution VI R) 03 gm , stertle distilled

water 80 ¢ , atersde 10% thioglyeolhe and 0 2 cc , and xanthine solotion (100 mg
xanthne per 100 ce N/20 NaOH) steribized by fltration 20 e ‘This solutson was
used whep the medium was made with horse serum



METBODS EMPLOYED IN THIS STUDY 187

1t was then filtered through absorbent cotton until clear, distributed 1n convenient
amounts and autoclaved

Stock sodium suMadiazine solutions eontaimng 01 gm, 10 gm , and 50 gm of
drug per 100 ce distilled w ater were sterilized by immersion 1 s boiling water bath
for 10 minutes

With the exception of Solutions VI R and VI H, which had to be prepared imme-~
diately before use, all of the above solutions were made 1n advance and stored 1n the
1ce box until needed

Technaque of Te.mny ‘To perform the test, the vartous solutions were mived 10 five
stenle lasks of suitabl The used for 24 tests are shown
1 Table 1 Frnctmm or multiples of these quantities were used 1a accordance with
the number of strains to be tested  Solutions I, V, VI R and rabbit serum or VI H

and b , sahine and sodium were added to the flasks which were
TABLE 1
Dilutson Schedule for 24 Tests
Control 1mg Smg 25mg 115 mg
Solution I (Basal Medium) 330 30 30 330 30
Solution V (Growth Factors, Vitamns
and Minerals) 25 25 25 25 25
Solution VI R or VI H 25| 25 25| 25 25
Berum 50 50 50 50 50
Saline (085% NaCl) 20 | 15| 175] 175] 07
01% - 05 | — — -
83D {1 0% - — 025 o025) —
5 0% - — — — 125
Solution VII 50| 50| 50} 50 50

* 88D—Sodrum sulfadiazine solutions
All meagurements are 1n cc

then placed 10 & 48°C water bath  Solution VII was melted 1a the autoclave and
Placed 1o the water bath  When all solutions reached the sate tempersture, the
indicated quantity of Solution VII was added to each fiask by means of warmed
Pipettes and the final solutions were then distributed 10 20 cc zmounts v stenle
13 x 100 mm test tubes Thus 5 tubes copstituted the test materials for a stngle
Btrain and contained respectively concentrations of 0, 1, 5, 25 and 123 mg of sodum
sulfadiazine per 100 ee of the medium

Strains 10 be fested were growa overnight i 20 ¢e of 2 medium composed of
Solution I, 80%, Solution V, 57%, and when rabbit serum was used 1055 of the serum
2ud 5% Solution VI R, or when horse serum was used 105 of that serum and 55
Solution VI H

A small leopful (the Joop 1 made by winding 26 gauge platinum wire around an 18
gauge needle) of this culture was transferred to 20 cc of Solution I i a test tube
This dilute celt auspension was agitated sharply 30 times, and a loopful of ¢ traus-
fetred to esch of the 5 tubes coustituting the test The loop was flamed between
1oculations  The inoculum was considered to be of satisfactory size f 10 to 100
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colonies grew in the tube which contained no sulfonamide. If the number of colonies
was nat within these limits the test had to be repeated with a switable inoentum.

The tubes were incubated at 37°C. for 18 to 24 hours and tho {est wes read in
terms of the concentration of sodium sulfadiszine in the bighest tube in which visible
growth oceurred.  Thus if there was growth in the contro) tube only, the reult wes
“0 ' I growth ocrurred in all tubes exerpt that rontaining 125 mg of the drug per
100 cc. of medium the result was #25."

Discusston: Experience with this method shawed that results were repre-
ducible with a variation of plus or minus one tube. Strains could be
kept on blood agar slants in the ice box for periods up to one month without
undergoing a change in in vitro resistance.

Obtaining consistent results required that the same sulfonamide and
serum from the same epecies be used. It was found, for instance, that
sodium sulfathiazole gives readings about one tube lower than sodium sul-
faciazine, and that the medium made with rabbit scrum gives readings
about one tube higher than that made with horse serum and xanthine.

‘The semi-synthetic part of the medium was without doubt unnecessarily
complex, because & number of its constitutents were contributed in suffi-
cient quantity by the added serum. No attempt was made, however, to
eliminate these superfiuous matenals or to reduce the medium to its sim-
plest form.

Many stramns of hemolytic streptococet were inhibited by as hittle 29 0.2
mg of sodium sulfadinzine per 100 c¢ of the medium, indicating that the
content of sub to sull ide action was low,

Attempts to refine the test for demonstrating lesser degrees of sulfons-
mide resistanee were unsuccessful ‘The intervals between the concen-
trations of drug 1n the tubes (multiples of 5) were chosen deliberately and
the goold correlation which was found to exist between the findings of the
test and clinteal observations i the field mdieated that the test was suffi-
ciently precise to be of practicai value.

¢ METHODS USED FOR OILING
1 Blankets The blankets were ored 1n the standard commercial laundry

equipment
Frst, the wheels of esch rotator were streamed and thorouphly washed
to remove adhermng soap
Twelve inches of water, temperature 80-85°F., were introduced
Twenty blankets were unfolded and placed 1n each compartment of the
otator
! After 10-15 revolutions of the rotator, 1450 cc. of ol (supphed by the
Standard 01l Company of California) were introduced on the “down beat”
of the rotator through each of the outer openings.
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Agitation was contmnued slowly. Then 500 ce. of 409 Roceal, diluted
1to 41 tap water, were added to each compartment

The original turbidity of the emulsion became nearly water clear This
occurred 1n 5 to 10 minutes.

This procedure was followed m oiling the white blankets of the Navy.
For ohve drab blankets the quantity of Roceal was reduced from 500 ce.
to 150 ce

2 Floors The floors were cleaned and oiled according to the methods
to be described in Chapter XVII, p 165 (32).

D. METHODS USED FOR COLLECTING SAMPLES OF BACTERIA FROM
BLANKETS, BED CLOTHING AND PERSONAL BELONGINGS

The prmeipal limiting factors in making dust culture surveys were the
time necessary to collect samples in an aseptic manner and their processing
in the laberatory

At first samples of dust from bedding, mcluding blankets, sheets, mat-
tress cover and mattress were collected by shaking the article being tested
over one or more blood agar plates which had previously been opened and
placed on the deck  After each specimen was obtamed it was necessary
to ewab the deck and allow the room to air a sufficient time to prevent con-

of th ding culture by air-borne and d
disseminated by previous samphng  The only alternative to ths lengthy
procedure was to use & different room 1n obtaining each sample  This was
not practical, therefore 1t was necessary to devise a sumpler method.

A method was developed and found practicable for these studies

First, a Petri dish containing 5% blood agar was opened. The half con-
taining the medum was held firmly m the fingers, mverted and brought
gently several tmes to the surface of the article being tested. The cover
wes then replaced and the plate placed 1 the meubator.

The advantages of this method were:

(1) A known ares of bedding could be sampled or the entire surface
could be covered; (2) 1t. was not necessary to remove the article beng tested
{rom the bed to obtan the sample, (3) the extra work entailed 1n swabbing
the floor and exring the room was elmmated, (1) the danger of eross con-
tamination, mherent m the method formerly used, was removed, (5)
sampling was much sunpler and each specimen required only a fraction of
the time used m obtaining cultures by the former method

E. METHODS USED FOR COLLECTING DUST 8SMPLES

At first samples of floor dust were collected by covenng a brush with a
tnip of flannel and sweeping the dust on a sheet of stenle paper. This was
transferred to an eavelope. One gram of dust was weighed and mived 10
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100 ce. of sterile physiologic ealt soluhon Blood agar pour plates nere
made at once with several ities of the

Later the floor dust was sampled in a manner similar to that used for
bedding. A two inch wide strip of stockinet was placed on the lower part
of the Petri dish containing the culture medium  The Petri dish cover was
fitted over the stockinet. The dish was then autoclaved, the cover hited
and the sterile blood agar pourcd in and allowed to harden. Samples
of dust were collected by tapping the open, inverted medium-contain-
ing and stockinet-covered lower part of the Petri dish on the floor. A few
gentle taps were found sufficient to give a satisfactory sample. After
collecting the sample, the stockinet was removed from the Petri dish, auto-
claved and reused.

The advantages of this method were that it saved time and permitted
taking samples from many points in a single room. The only disadvantage
was its not being quantitative,




CHAPTER XX

OBSERVATIONS ON THE RELIABILITY OF TESTING
STREPTOCOCCUS HEMOLYTICUS FOR SEROLOGIC
TYPE AND SULFONAMIDE RESISTANCE

The serologic type and sulfonamide resistance of certain strains of
bemolytic streptocaccus appeared to be fixed charactensties by which
organrms xmght be identified Tesnng for thcsc two charactenisties was
A s - = medn astoner picked at

not known

bacternun
could be determmed from the selection of a single colony  Furthermore,
formation was lacking on whether organisms which grew i vitro n the
presence of sulfonamide were resistant chmeally to sulfonamide. The
following studies nere made to deternune the usefulness af serologic
typing and the testmg of sul i in work,

A THE RELABILITY OF DETERMINING THE SEROLOGIC TYPE BY
FISHING A SINGLE COLONY FROM A BLOOD AGAR PLATE

Satssfactory gera were avadable at Bethesda for classfying 36 types of
Group A hemalytic streptococcus A large majonty of the organssms
shipped to Bethesda proved to be one of the three common types Al of
these organisms were throat strains The persons culiured either had
acute mfections of the nase-pharyn or were potential carners of hemolytie
streptococcus At each statron appropriate numbers of cultures were tahen
to supply mformation on the prevaiing types and causative agents m
epidermic outbreaks  However, the culture exammed at Bethesda were
grown from one colony of & blood agar plate whuch 1 most mstances had
been covered sath hundreds of colones swabbed from the subjeet’s pharynx

The reliability of testing the serologie type csusing 8n acute strepto-
cocenl throat mfection by piching & single colony wes determined by Lt
Commander Douglas Damrosch. Seventy.eight patients with searlet
fever, tonsillitis or pharyngrtes at seven Naval Activities nere selected  In
each instance 2 cotton swab was pressed firmly sgamst the inflamed area
of the pharyue and then immersed in a tube of broth eulture  The tubes
were tahen directly to the laboratery. A wre loopful of the woculated
broth was placed m a sterdde Petrt dish and melted blood agar at the appro-
priate temperature poured on this mediurn  The plate was incubated for

131
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24 hours at 37 degrees C.  Ten surface colonica of hemolytic streptococcus
were picked, handled in the routine manner and shipped to Bethesda.
Another group of 50 patients with streptococeal throat infections at the
sameseven Naval Activities were sclected for a second study.  Thwo eultures
were made from the throats of these patients, The eultures were handled
in the same manner. Twénty colonies were then picked and so labeled as
to prevent any association being recognized in the Ishoratory at Bethesda,
The results wete consistent. In the first collection of 75 groups of cul-
tures a single type was obtained from 62 (829,). The probability of ob-
taining the correct type from a single colony ns determined by testing these
780 cultures was 91%. In the second collection of 50 groups of cultures a
single type was obtained from 46 (92%). The probability of obtaining

B o VIO USRI N X SRV IO SN e 7

a single colony was between 949 and 999 in the laboratory.

B. THE RELIADILITY OF DETERMINING THE SULFONAMIDE
RESISTANCE BY FISHING A SINGLE COLONY FROM
A BLOOD AGAR PLATE

A large percentage of the cultures of hemolytic streptococcus typed in
the twelve months, September, 1913 to September, 1945, were tested for

H{ i i With the of a few cultures of type 6
from B d (Re) strains were limited to types
19, 17 and 3 These three types caused s majonty of the streptococeal
diseases mn the Navy during the war years. During the final year of the
war a number of streptococeal outbreaks were initiated by straing which
were not only of & smgle type but which also.showed uniform resistance in
vitro to one 100 of sulfadi: These isms were resistant,
as tested by Wilson’s method,! to all of the sulfonamides? in therapeutic
use. They were tested only against atbitranly sclected dilutions of sulfa-
diazine 1 five tubes contaming 0, 1 mg %, 5 mg. %, 25 mg. %, and 125
mg. % The relubility of judging the sulfonamide resistance by picking
a single colony was determined on the same cultures used for investigating
the accuracy of typing There were 780 cultures from 78 patients in one
shipment and 1,000 cultures from 50 patients m the sceond shupment.
Thirty-three of the 78 patients and 23 of the 50 patients had organisms of
types other than 19, 17 and 3.

1 Later 10 this study 43 strains were tested by the method of Harper and Cawston
(33), Similar results were obtained for only 20 of these orgamisms

+ The sulfonamide resistant orgamams (Re strains) were Dot resistatt in vitro to
sAfarfaml” or to British drugs, V147, V187 and V335
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‘Theoretically, all of the organismy should hsve been sulfonsmide sensi-
tive However, thers wer thres exceptions m the ten-colony study and
two evceptions 10 the twenty-colony study. The probabiity of detectmg
wilfonzmide sensitinity m vitro from 8 siagle colony as determined by test-
ing ten colonies was 999% and nsd ined by testing 20 colonies was 81 %.
These organisma were Group A hemolytic streptocoreus of types other
than 19, 37 and 3.

About half of these patients selected at random st seven Naval Activities
wers infeeted vath types 19, 17 and 3. In the first seres 35 of 78 and i
the sccund series 27 of 50 wem of these types  Some of these cultures were

; others were salf ide resistant in vitro to dhfferent

degrees  Data on the sensitivity to sulfadizzme of the type 19, 17 and 3
otgsniams are given in Table 1,
. ‘This table shows that m addition to the sensitive orgamsams there were
soveral classes of remstant Btraws. type 19 Re 25; type 17 Re 5, Re 25
and Re 125; type 3 Re 5 With a single exception ne aulture vared
registance by more than one tube, even theugh the tests were done at dif-
{erent times and by several persons  Under these conditions the prob-
ability of correct elasssfication of & sngle colony of type 18, 17 or 3 ranged
{rom 80 t0 9%

ting the probabbity of comect el jon from o simgle colony
of types 39, 17 and 3 a3 8095, one has  probabiity of at least 729 10 dents-
tying the caueative agent of an eprderte 1w whsch 80 or more of cultures
are o one type with unform sulfonanude resistance.

€ A COMPARISON OF 1N VITRO AND IN VIVO SENSITIVITY OF
BYREFTOCOCCAL STRAINS TO SULFADIAZINE

The & on sulf A showed only the capacity
of certam organisma to grow m one medum When salfonamde was present
1t seemed probable that these grgamsms were also sulfonamide resistant
1 vive. However, controlled studies on the effectiveness of suifonamdes
admmstered duily to groups m which ressstant strains Were present, were
vequired to establish this pomt

1 Procedure Sulfadwsne, one gram daily, was admmstered at several
Actmtws in hovember snd December, 1944 The investigation of the

was d as follows:

{a) At certam stations, slternate men seceived sulfad erd thew
barrack mates served 5s controfe, (b) at other stations afl men m alternate
barmeks within a regmental area recesved sutfadmeme sad the remander
served a3 controls, (¢} at one station prophytaxs was admmstered to alf
wen o & reerust regusent dunng an epdenc of searlet fever.  The follow-
ing oberrvations were made m these groups’
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TABLE 1

Obsertations on the Accuracy of Determining the
of Hemolytic Sireptococcus

. e Probability of
Cystoge |Sist| Mgt | TURHIAIDIIES ) Beidr
Picked 1 Single
o 1 R Coloay
Type 19 19 10 100
19 10 100
19 10 100
19 10 100
19 10 100
19 20 100 9%
19 20 100
18 20 100
19 20 100
19 20 100
19 20 15 &
19 20 05 5
13 20 5 5
Type 19 19 10 60| 40
Re 25 9 0 10 o«
19 10 10 %
19 10 10§ %
19 10 100
19 10 100
19 10 100 89%
19 10 100
19 10 100
19 10 W) 10
19 20 5 5] %
19 20 10| %
19 20 15( 85
Type 17 17 10 ®) 20 80%%
17 10 0| 20
Type 17 17 10 0] 30 —
Re 1
Type 17 v | 1w | 100
Re 5 17 10 100
17 20 851 15 %a
17 20 60| 40
17 0 | 550 45




RELIABILITY OF TESTING STREPTOCOCCUS 193
Prrcentage Showing Reslstance Probabiity of
toge Type | Namber of o Py
s | SR T i o Siitadunac. wg e
e 1 3 % us 24
Type 17 7 0 102
Re 25 w 0 100
w 10 100
7 10 100 0%
17 10 100
17 0 i 0
17 20 ! 75
1 2 5l o
17 » 5{ 9
7 20 0| 0
17 2 2| 80
7 0 5] 8
Type 17 pre 19 wl w
Re12s 17 w w0l eeg
37 10 100
Type s 3 10 100
3 10 100
2 19 10
3 10 100
3 n 100
3 m 108 e
3 20 100
3 20 100
3 n 100
3 2 SR
H 2 s 5
Typed 3 i xl 10 %%
Res 3 10 w{ 10

{2} Chemoprophylares admimstered to alternate men Activaty M, had
2 complernent of approvimately 1100 tranees between November 1 and
X_mcmber 20 These men were barracked 1 obe bulding  Between
Navember 7 and 20 there nere no Group A streptorvcent miections i half
of these cmen tecerving prophylasss  There were ten Grovp A strepto-
coceal mfections m the controls  ‘The cansative agents were types 19, 17
and 3 Chemoprophylaws was 100% effective and 1005 of the strepto-
eoczal strmans tested were sensitive to eulfndiazine.

Aetivity My recosved rew tranees dunng the last week of November
Betsseen Novesaber 23 and December 20, when this class was graduated,
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TABLE o

g the Sulf

of Hemolytse Streptococeus

" Ferecntars Shontsng Resistasce Ersbibilier
Clmiboation Selosic Tope | Nombes of to Sulfadusive, 28 o Restinoas o
Pcked s Saede
) 1 s | o1 | us | S
Type 19 19 16 100
19 10 100
13 10 100
19 10 100
18 10 100
13 20 1 5%
18 20 100
19 20 100
13 20 100
19 20 10
19 20 %) 8
19 % 5 5
15 ko 9] &
Type 19 19 10 &) 40
Re 25 13 » wi ®
19 i 0] %0
19 10 0] %
39 12 0
19 R Fig
19 10 100 8%
19 10 100
i 19 100
19 10 01 10
19 2 5 5 w0
19 20 JLE ]
19 0 PR
Type 17 1w 10 01 2 0%
17 10 6]
t
Type 17 bt 0 0! 30 -~
Rel
Type 17 17 10 100
Re 5 17 19 100
1 20 85 15 W%
17 2 50} 40
17 0 | 55) 48
SSUUUUREUCE JUPAURSE AU AU N0 G Aot SRV IO
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prophylaxis was 1009 effective, and the strains tested were 100% sensitive
10 sulfadiazine,

Activity G had a complement of approximately 4200 trainees durmg
November and December. Living armangements and sulfadiazine sdmin-
istration were similar to those of Activities B and F. Dunng the two
month period there were two Group A streptococcal infections among the
men receiving prophylaxis and thirty-seven (types 12, 3, 30,37 sod 18) 1n
the control group.  Chemoprophylaxis was 95% effective and 1009 of the
straing tested were sensitive to sulfadinzine.

Actvities L, M, N and O were comparable to activities E, F and G.
The b king an: dinzi {mi jon were also similar to these
three activities

Actity L had a complement of approximately 1,600 men Between
November 8 and December 31, there were thirteen Group A infections
(type 17) among the men receiving prophylaxis and exghty-two (types 19,
3,6, 12, and 17) i the eontrof group  Chemoprophylaxis was 849 effec-
tive and 88%, of the strains tested were sensitive te sulfadiazine.

Activity M had a complement of approuimately 4,500 men  Between
Navember 8 and December 31, there were twenty-two Group A strepto-
coceal infeotions {type 17) among the men recetving prophylaxss and one
hundred ninety-seven {types 6, 19, 44, 17, 12 and 3) i the control group.
Chemoprophylatis was 8% effective and 8§6% of the strams tested were

senaitrve to sulfadiazme

Activity N had o complement of spproximately 5,000 men  Between
November 8 and Decernber 31, there were twenty-one Group A strepto-
coceal mfections (type 17) among the men recesving prophyls<s and three
bhundred seventy-four m the control group (types 6, 19, 44, 3 and 17).

Chefnopmpbylws was 95% effective and 0% of the straing tested were
fensitive to sulfadiazime,

.Activity 0 had a complement of spproumately 4,000 men, Between
Noverber 8 and December 31, there s ero seventeen Group A streptococeal
infections (type 17) among the men receiving prophylaxis and two hundred
twenty-four (types 6, 19, 44, 3 and 17) in the control group. Chemo-
Prophylavis was 029 effectsve and 1009 of the strams tested were sensitive
to mulfadiazine

Activity P had n complement of approvimately 3,000 men. Between
September 18 and Octor et 8, there were eghty-eight Group A streptocoecal
wfections (types 19 and 17) among the men receiving prophylaxis and
feventy {types 19 and 1) w the control group. Chemoprophylaxis was
weflective.  In fact, the morbidity rate smong the group receiving sulfa-
diszne was higber than among the controls sod 1257 of the strains tested
were susceplible to sulfadiazine,

(€} Chemoprophylarss odmnsstered to oll men sn a recruat reqment An
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there were 17 Group A streptococeal infections (types 3 and 17) among the
men receiving prophylaxs and 51 Group A infections (ypes3, 30, 6, 19, 17
and 1) among the controls, Chemoprophylasis was 65% effective and 765
of the strains tested were sensitive to sulfadiazine,

Activity Wy had a complement of approximately 900 trainees botween
Noverber 7 and December 4, 1044, These men were barracked in one
building. Between November 14 and December 4 thero were five Group
A streptococeal jnfections (types 17 and 3) among the men recciving prophy-
laxis and thirty-nine (types 19, 12,3, 1 and 44) in the control group  Chem-
oprophylavis was 87% effective nnd 887 of the strains tested were sensitive
to sulfadiazine.

Activity W received new trainees during the first week of December,
Between December 12 and January 2, 18435, whet {his cluss was gradusted
there were twenty-cight Group A streptococeal infections (types 17 and 3)
among the men receving prophylaxis and fifty-two (types 17, 3, 24 and
44) in the control group. Chemoprophylaxis was 439 effective and 63%
of the streptococeal strains tested were sensitive to sulfadrazine.

Activity H, had a complement of approximately 800 trainees between
November 7 and December 5. These men wete barracked in one building.
Between November 15 and December 5 there were five Group A strepto-
coceal infections (types 16 and 17) among the men receiving prophylaxis
and twenty-six (types 19, 17 and 3) in the control group. Chemoprophy-
laxis was 70% effective and 91, of the strains tested were sensitive ta
sulfediazine

Activity Ha rectaved new trainees during the second week of December.
Betneen December 13 and December 22 there were ten Group A strepto-

() Chemoprophylox:s admynistered to men in aliernate barracks: Activity
E had a complement of approximately $400 trainees during November and
December.  They lived together in twenty barracks.,  Men in half of these
barracks received sulfadiazme one gram daily; the other half served as
untreated controls, During this two month period there were five Group
A streptococeal mnfections among the men receiving chemaprophylaxis and
fifty-one m the control group. The causative agents were types 44, 30 and
&  Chemoprophylazis was 9% effecsive and 100 of the strains tested
were sensitive to sulfadisxine.

Actvity F had a complement of approximately 4200 trainees during
Ni ber an b Laving ta and sulfadi admin-
istration were symlar ta those of Activity E.  During the two-month period
there were no Group A streptococeal infections among the men receiving
eulfadmzne and 34 (types 24, 8 and 1) in the control group Chemo-
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in the control groups to be resistant or EU-!CEptlble Oo sulfadiazine. Qnly
the eontrol group was used because cb tends to ehimi
the susceptible strains from the treated group. The percentage of suscept-
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ible strams prevalent at each station is thown in the inal column  In most
instances, this 13 approwmately the same as the percentage effcctiveness of
chemoprophylaus determined by the formula shown 1 Table 2
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outhreak of searlet fever occumd in December at Activity X, where two
recruit regi were ib ta the period of training.
Regi Xihad s ! pproximately 10,000 men who were
between the third and tenth \vccks 0( training. Regiment X; bad a com-
plement of approximately 4,000 men in the first three weeks of training.
The outbreak of scarlet fever was limited to Hegiment X, The first
cases were observed during the second week of December.  The following
week there was a marked rise in the motbidity rate for scarlet fever. Chem-

TABLE 2

Clinteal and Bacteriologic Findings during Chemoprophylanis
Canteots Treated Renitn | Lab Fodiops | Besslts

Activity Percem* Suscep-

k| reen (SRELL Reen | e Rty GHE | Baot,

M, 1L 145%] o 0 1007, 0 1} I
Ny sl o80%l W | 31% % | 10 3t 6%
i) 38 855 5 (3] 1513 3 i 885
Wy 82| 9s5%| 28 | 840 | 9% | n 2t 685
i) 082N & f13% | % 2 o0 815
h M| 41%) 10§ 230 | 4% 5 7 555
2 51 23% 5 0 1% T o 19 1007,
F i o16%) o ) 1007, [ 2 | 1005
oy 2 | oomn | 95 0 12 ] w005
L 82§ 103% | 1 | 1e% | 81 3 2 8%
M 197 | 88%| 2 | 09% | 8% 1 25 6%
N T R R 5 48 075
[ ol u2%) v oo s.s 9227, 0 1B | 1005
3 00 343 88 f —45% 7 1 12%

o - 1 Rt for Controls) - (Rate for Teeated)
ereent equats {Rate for Controls)

oprophylaxis was admimstered from December 26, 1944 to January 7,
1015 Dunng ths two-week period the scaret fever morbidity curve
climhed abruptly and reached o peak of approumately 1,200 during the
muddle of January The causative agent m each instance was type 17
resistant in vitra to 125 mg. % sulfadiazine. Regment Xs escaped scarlet
fever and no prophylatis was administered. It was evident that chemo-
prophylaxis was meffective

9 The Resulis of Testing 1 Vitro Resistance of Hemalylic Streplococes to
Sulfadsezine A large percentage of cum‘xms fm'm fncl\ station was tyf)cd

LI N



- CHAPTER XXX

POTENTIAL FACTORS IN THE SPREAD OF STREP-
TOCOCCUS HEMOLYTICUS ON WHICH INFORMA-
TION WAS LACKING PRIOR TO WORLD WAR II

Military strategists are fully aware of the role that epidemic infections
play in the outcome of wars. Prior to the twentieth century these infec-
tions were not controllable. Typhoid fever was first prevented in World
War I; tetanus, malaria, yellow fever and other diseases were brought under
contro! during Warld War II.  Respiratory tract infections have, however,
remained in many instances refractory to preventive medicine measures.

The morbidity rates of World War I emphasized the m\pcrtanre of res-
piratory tract patt The 1918 of influenza produced maore
Amencan casualties than did the German Army. Furthcrmom, during
1917-18 there were more than 240,000 streptococeal infections i the
armed forces; atleast 7% of the mean annus) srmed strength were infected;
56,000 cases of theumatic fev cx or seute theumatism were recorded. In
addition, primary strep became p m the wake
of influenza, jsolation techniques failed to control 1ts spread; fulmmnating
empyema and death becatne a comman evpenence

Early in World War I epidemi fections were followed
by a hugh incidence of rheumatie fever among Royal Navy men m recruit
(mnmg (34). Bnhsh m\ estlgators accelerated their research effort on air

ion and develop: for the sterlization of sr snd the
elm\ma(mn of dust-borne infected particles (35) It was demonstrated
that the oibng of floors and blankets produced a strhing reduction 1 the
bacterial count of air samples (32, 36). However, 1t was not shown that
this measure reduced streptococeal morbidity rates  Dudley (22) had
pointed out that at least five envi i conditions facal d the gene-
sis of streptococeal outbreaks i the tramng of Naval recruits. These
were: (1) high rate of change of population, (2) overcrowding, {3) the mtro-
duction of large numbers of susceptible hosts, (4) widespread activity of
respiratory tract viruses, (5) the appearance of a type of hemolytic strepto-
coccus wath great eapanity to infect

Early iz 1042 it became apparent that some, if not all, of these conditions
prevaded m the Tmmmg Cemcn of thu U 8. Navy. Inantieiptationofan
epidemie of st \{ was called to make recom-
mendati pertment pi Thus confe of military
and eilien aethorities w3 beid on Aprd 1, 1942, w8 e Nattoned Ava.

20
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The laboratory test used in this study gives reproducible results. Under
carefully controlled conditions the effectiveness of chemoprophylaxis ean
be evaluated cliniecally. The relation between these two sets of observa.
tions is shown in Figure 1.

In summary, o fair correlation exists between the clinical effectiveness
of chemoprophylaxis and the in vitro observations on the susceptility to
sulfonamide of Group A hemolytic streptococci grown in a medium free of
sulfonamide antagonists

SUMMARY

Mecthods used for determining tho scrologic type of hemolytic strepto-
cocci in throat flora were at lcasl 0% accurate.

Methods used for di h the sulf i it of hemolytic
streptococei in throat flora were at least 809 accurate.

‘There was good agreement between the in vivo and in vitro observations
on the senaitivity of Group A hemolytic streptococei to sulfonamides.
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T. PERSONNEL (BUREAU OF PERSONNEL)

1. What system should be used in the barrack allocation of new recruits?

2 What exceptions should be made in training schedules for the day
{olloning immunizations?

3 What exceptions should be made durmg an epidemic to the granting
of leave after completion of trainmg?

4 What changes should be made in those regulations oo the cleaning
proredures 1 barracks which create health bararda?

5 What provision should be made (or mmmmg ona slatxon a drsft of
outgong men smong nhom cal are p

©. MEDICAL (BUREAU OF MEDICINE AND SURGERY)

1. What 1solation precnutmns shoutd be taken m Recexvmg Barracks?

2. What should be taken for d Idings prior
to the entrance of new recruits?

3. What solation precautions sheuld be taken m dispensaries at Sick
Call?

4. What isolation precautions should be taken in dispensary wards?

5 What acute streplococeal infections should be treated withm s camp
in preference to transfer to & hospatal?

6 What 1solation precautions should be taken m hospital warde?

7. What precautions ghould be taken with food handlers?

8. What precautions should be taken 1 the dispensing of midk?

9. What precantions should be taken 1o the use of nebulizers for nasal
treatments?

10. What precautions should be taken with material used by many men,
eg, thnieal thermometers, nasal specula, gas rasks, ete.?

P. RESEARCH (BUREAU OF MEDICINE AND SURGENY)

1 What roles do dispensanes and hosmtals havo in the epread of strep-
tocoeeal mfections?

2 What gre the sources of contamination within reeruit caraps?

3. What are the smportant reservows of hemolytic streptococcus
recruit trainmg?

4. What advantages may aceruo from dust control?

5 What tole do the “stecl-wooling” and dry sweepng of barracks

ﬂoom Play m the spread of micctwons?

6 Does trple or double bunking of men m barracks, dispensanes and
hospitals the spread of contag;
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dem) of Sciences in Washington, D. C. 'I'hem was a wide dncrgcnce of
opinion on the preventive d. The foll g recome
mendations of the confercnce were approved by the Bureau of Mcdmme
and Surgery of the Navy Department:

1. “The DBureau recommends the abandonment of the present initial
period of detention (three weeks) at Naval Training Stations since it serves
1o useful purpose in the prevention or control of infectious diseases.

2, “It is recommended that various units of 1,200 to 2,000 recruits be
instituted for messing and bunking purposes. This group is to be held
intact throughout its entire training period. It is the opinion that infec.
tious discases are spread in connection with messing and bunking and not
during work or training activities. It is further recommended that each
unit as a whole or group be given leave when practicable at approimately
the fourth week. This will allow the group to be held intact after retumn
from leave for sufficient time to extend beyond the incubation period of all
communicable diseases. It 13 the opinion that this method would decrease
time loss due to certamn diseases after the men arc sent to sea.”

The first of these recommendations was put into effect atmost Training
Centers; however, no action was taken on the second, Subscquent events
proved that few facts were available to the group of men who were ealled
upon to reach conclusions that would soon determine the health and future
of more than three million Naval personnel. The points on which factual
know ledge was needed at that time concerned several Bureaus of the Navy.
Tor convenience they are histed as pertaming to Construction, Persounel,
Medieine and Research,

A CONSTRUCTION (BUREAU OF YARDS AND DOCKS)

1. What prionty should be given to medical buildings in the construction
of a new station?

2. What 1solatron facilities should be provided for the control of com-
mumeable diseases at Sick Call and mn bed?

3. What facilities should be provided for the handling of men convales-
cing from streptococcal infections?

4 \What provisions should be made for housing the well and the sick in
Qutgowg Units?

5. What limitations should be made on the size of & camp in Truning
Centers?

6 That limitations should be made on the size of groups barrached

together?



CHAPTER XXII

CONCLUSIONS

This is a study of streptococeal diseases as they occurred in the four war
years among more than three million young Amencans. It records obser-
vations, chrical and bacteriologie, from Naval stations located m every
section of the United States. It indicates the spread of hemolytie strepto-
coccus from man to man in barrack, from a barrack to s dispensary, from
adispensary to all barracks of a camp, from the camp to a Naval Hospital,
from the hospital to all eamps on a station and from a station to many Naval
Activities throughout the United States These observations are illus-
trated in Figures 1,2,3,4,5and 6 The study attempts to indicate certain
relationships between diverse clinical manmfestations and the natural history
of t 1t is lly a report from “the field.”
Tt makes no to the fund: l ledge of bacteral life or
of human disease, nevertheless, it does make facts available which no
other period of American history has afforded. Some of these observations
arenot new, They merely confirm on a large scale what previous epidemni-
ologists have shown in less extensive but perhaps better controlled mvesti-
gations  However, other observations recorded in this study are new m that
they had not been made prior to World War II. Many of these facts,
mostly old but partly new, may now be marshalled to serve the primary
purpose of this ntegration of . Navy e , namely, to define
more sharply the paths of spread of hemolytic streptococeus and to mdicate
rational measures for the p of 1 epid:

This study supplied strong confirmation to the findings of Dudley (22) on
those factors imherent 1n military trammng which are favorable to the genesis
of strept 1 epidemies. It supported previous observations on the
importanee of rheumatic fever m miltary history (37). It substantiated
the experiences of epidemiologists concerned with the spread of the enteric
pathogens, namely that basic hygieme measures are essential to the effective
application of specific measures for the control of communicable discases
1t reemphasized the neeessity for medical representation on the highest
councils of military strategists, & necessity which has not been fulfitled 1
any military orgamzation. 1t again showed clearly that scarlet fever and
streptococeal nasopharyngitis without a rash are caused by the same infee-

tious agent and represent a single epdermologic problem in two types of

Bosts, those relatively susceptible and those relatively refractory to ery-

thema after absorption of erythrogeme tox It supplied convineing evi-
205
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7. What tempernture and humidity controls should be instituted in class
rooms and barracks?

8. What carriers of hemolytic streptococcus are & source of contagion?

9 What provision should be made for sterilizing contaminated gear of
men on transfer?

10. What protection can be expected from chemoprophylaxis?

11. What precautions should be instituted should resistant strains of
hemolytic streptococcus prevail?

SUMMARY

The prevention of streptococeal outbreaka in future large scale training
programs requires factual information on these questions This report
attempts to make available only the factual information collected in the
United States Navy during World War II.  However, it is evident that
effective streptococeal control in the future will require the cooperative
action of several Burcaus of the Navy Department and representation of
Medicine on the highest Jevel of military planning,
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Fig 3 The Spreed of Steeptococest Infections from o Dispensary
throughout 8 Camp

Fra 4 The Fpresd of Streptococead Infeetsons to & Maval Hogpital
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Fta 1 The Spread of Streptococcal Infections in & Barrsck

O

Fvar2 The Spread of Streptococeal Infections from a Barrsck to s Gatp Dispentary
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¥ia 4, The Spread of ‘Btreptococeat Infectioon o » Naval Hoapitsl
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Fia 5 The Spread of Streptocoecal Infections fram a Naval Hospital to All the
Camps on a Station

et of Btreptocoseal Tntections from & Training Ceater to Many
Fia 6 The Bpree o e votins Thronghout the United States
.
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dence that streptocoreal activity 1s more extensive and more prolonged in
Nosthern than in Bouthern States, It confirmed the findings of experre

talists that a mi jsma its jnfectivity during an epidemic
{38). ¥tcorraborated the opinton that the capacities to cause searlet fever
and induce rheumatse fever are characteristics of Group A hemolytic strep-
tococeal straine, Xt supported the observation (39) that the capacity of
thess strama to induce 1b fever may be d with thew
eapacity to produce & strong erythrogenic tonin It shoned that a few
serologie types may cause the majonty of mfections over a period of
years and that the introduction of & new ergatizm on 5 stntion may result
s 1 epidemic. Thisas il din Figure 7.

The avastability of new and more refined methods Sor differentmting
bemoly tic streptocorcus afforded a more sccursie tracing of the spread of
streptococcus than was possble prior to World War 1T With these
wethods it was possible to demonstrate that probably a smgle stram of
hemolytic duced a severs epid and that probably a
single host infroduced a strun of hemolytic streptococeus whith over s
penied of months infected large nwbers of men  Within s Naval travung
statinn it was shown that the eamp dispensary and the hospital were the
moet smportant focal points for the dmssemmation of contagwn, first
throughott a camp and then to aft camps of the station  For the first time
1 was possible to demonstrate that the movement of Navy trmmnces spread
bemelyiic sizeptococcus to many arcas of the Unted States  In at least
e mstance one steaw of hemolytic streptacoecus was found to have the
capanity 1o produte 2 severe, asr-b md ma tropieal environ.
ment, Thig microorgansstn was shown to have an unusual capacity to
urvise when exposed to high expertmentat temperatures  Furthesmore,
#wasshown that some factors m the of the Rocky M
of Northern Idaho sppeared to mamtam the mfectivity of hemolytic strep-
tococeus throughout all months of the year and to favor a scasonal rise
Q‘F epwlemic curve during mud-summer nhen streptococeal activity nas
tainimal st other ponts 1 the Unyted States It was observed that when
Persons earryiog these strans arnved ab other pomts they gae nse to
ttreptocores] ontbreahs only during the winter months shen upper respim-
tory tract infrctions weve prevalent at the pownts of their araval.  Trzespee-
tive of the geographical locatson of these pants, these strains mansfested
the same Tapactty to cause scarles fover sad mduce theumatic fover that
they had shown in Northern Idaho

xl\e faets collected on the relation of mass chemoprophylaus to the

tory of hemolytic strept were gfso new.  Contimuous mase
hemuprophytanis had not boen tested 63 & preventive medsome measure
Prorto World War Il Tta humitayions and effectiveness were first explored
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by the U. § Navy in 191345. The oral administration of one gram of
sulfadiazine daily proved 85% effective in reducing the morbidity rates for
respiratory tract infections caused by bacterial ngents sensitive to sulfa.
diazine in vitro. This marked reduction in streptococeal infeetions was
followed by a similar red in th ic fever. Hy itive re-
actions of the host occurred in only 05%. The limiting factor in mass
chemoprophylaxis proved to be the presence and epread of Group A
sulfonamide resistant strains provided these strains were highly communi-
cable and pathogenic for man. Chemoprophylaxis screened the sulfon.

Monthly Distribution of Group “A” Beta Hemolytic Streptococei Isolated
from an Epidemic of Scarlet Fever at a Naval Training Station
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amide sensitive strams but was meffective m limiting the spread of th'e
I d There was evi-

highly bl s
dence that nerther ct hylaxis nor ch herapy induced or modified
- ’ ' - mtmnmtnnanatg Thooa fndingg were in
v 1emoprophy~

. * were intro-
duced into environments conducive to their rapid passage  Furthermore,
one of these strams had the capacity to cause & large number of infections
in a warm, sunny chimate under cond dered to the

1 f sulf sensi~
spread of hemolytic st he rep! of
tive hemolytic streptococcr at many Naval Activities by sulfonamide

resistant strams lowered to a marked degree the practical value of mass
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chemoprophylaxts This experence reomphasized the fact that base
sanitary principles Te esrential and that mass chemoprophylatia ¢an be
weod effectsvely only na an sdjanct to those mensures »hich will hoatt the
rapid trznsmission of hemolytie streptocoteus 1 overcrowded Troming
Chnters where 8 apid turnover of recruits oecurs  Howevern it seems 1w~
ikely that these findngs on the use of mass chemaprophylaxis 18 the
herd,” apply to the d 4eadion of ¢l hylaxis to ‘sraall, 1sotated
groups of Theuroatie subjects

The eymulative evidence eollected at many Joeatsons and ander varyng
conditions makes postble an appreisal of the celative smportance of the
“patential factors 1x the spread of Streplococtus hemolyticns” outhined |
Chapter XX1:

1. 1t 13 evident thet the initil plapmng of a Naval Tranuwg Centet
may determine whethet the Center becomes heawty soeded with hemotytic
streptotoces. From these studies, 1t seems clear that the more northerly
the Center is located, the greater 13 the expected mek of streptococeal
epidemics That both ¢he hospital and dispensaty facites must be ade
quate for the care of patsents Witk communeable diseases when 8 pes
slation ia opensd appears obvious 4he hospital must nclude wards
where patienis with strcpmcoccn\ spfectiona ean be handled with the same
Jolatwn techniques which are avadable 1 crviimn nstitetions The
dispensary must be provided with & watting rootn large enough to seat and
geparate men APPeGNRE at Sk Calt  Morearef, there must be one
barrack in esch camps of a Trawing Center whert convalescent patients ean
be housed until recovery from gtreptocoeeal infections 18 complete  These
requurements for recruit camps must alse be met 1M the Outgong Tt
which trangfers men to Many Naval Activities There 18 no evidence 1
{his study that the sue of 8 pecrt camp influences streptococeal morbdsty
rates  flowever, it appears that the aadence of thess mfections Moy be
etermnmed in part by the purnber of men seepot together  Theres good
reasan 1o belies e that the dormuitory’ epread of streptoceceal nfections can
e mohfied by eompartmentatioft of barracks gad by hmting the number
of men sleepng together ta gToups of exght  Ths, howerer, will not lower
}hc snexdenee of infections contracted at Sick Call or at uther danger points
ina camp

2 it 13 enident that the weehly sceduwg of nem reerusts AMONE mett
n the early and convalescent stapes of uppey respreatory tract mfectsona 13

i 19 the and p of an epademic process Men
ammang from ovilian dife must be harrached together 1 o manner which
wilt gne ther the maamum wolation from older reenuits on the Tramng
Center cepeeaally at Fach Call  Binen most streptosoceal nfections a1C
aequated from contagon exiting o0 8 Center and are not ntroduced by the

i3
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new arrivals, a preliminary three weeks’ quarantine period ia not effective.
There is need, however, for light duty durng an initial three weeks' period
in which recruits receive multiple immunizations and make adaptation toa
new environment, It must be recognized that the granting of a two weeks”
leave to all reernits on the corapletion of training during periods when
streptococcal morbidity rates are high spreads these infections throughout
the crvilian population.  1f the barrack spread of streptococeal infectionsis
1o be modified, the y hasis placed on polishing floors must be

p ded by emphasis on techniques for the removal of bacterial contami-
nation. This applies not only to the barrack but also to the dispensary and
hospital. In time of war, the establishment of an overflow facility in an
appropriate environment in the South 1s essential for the quarantining of
Outgoing Umts which ifest a high ineid of { infecti
Othenvise, the seeding of these men into many Naval Training Activities
can be exp d to imtiate P 1 outbreat

3 It ia evident that the newly arrived recruit may become infected
in the receiving barrack prior to his assignment to a recruit camp.
Protection against such infections requires periodic decontamination of the
receving barrack, Lokewise protection agaimnst infection eatly in reeruit
traiming requires decontamination of each barrack after the graduation of 8
company and prior to the admission of newly arrived recruits At Sick
Call, close association beween recruits with minor complaints and recruits
with streptococeal diseases must be avoided.  Attainment of this objective
can be facilitated by limiting men who appear at a dispensary for a Sick
Call visit, to those in the same period of training, Since hours for these
visits are held only two or three times daily, there is smple opportunity to
decontaminate the dispensary between visitinghours  Most of the patients
who are ndmitted to dispensary wards have communtcable diseases. Tt is
therefore essential that these wards afford adequate isolation facilities or
that each camp have “Bethesda type” wards where the sick ean be treated.
For many reasons the latter is preferable.  With the addition to each camp
of a bulding with adequate 1solason facilities for the patient m bed, two
sdvantages may be expected. first, patients with streptococcal mfections,
irrespective of rash, can be treated within the camp and escape cross-infec-
tions acquired m the hospital wards from men of other camps, sccond,
patients having streptococcal infections without & rfzsh can bo handled
sth the same 1solation techniques which are applied to scarlet fever
patients Under these circumstances, it will be passgble to avoid the
customary mistake of returnimng a mar to duty on the t}l\rt!oduy 3( & strep-

SR ISR e e 11
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mfcclmg these men with hemolytic streptocoreus  This requires proper
of eleal th nasal specula and perhaps the elinu-
nation of youtine treatments with nasal sprays  In addstion to the danger
of air-borne streptococeal infections there is always the posaibility of a
food-borme outbreak induced by tion through the air. Protee.
t1on against, this requires that milk be served only 1 closed containers and
that food handlers be exammed dadly to sereen not only those with seute
y diseases but Hty wen with subacute or chronie sinus in-
fections  When roeruits are transferred from & camp to the Naval Hospital
it is eseential that they be isolated from men of other camps nho are in the
acute or subacute stages of streptococeal infections,

4 Attention has been called to 2 number of observations which merit
further anzlyss and investigation. That the applicstion of contamu-
nated nasal sprays undet strong, ponlive pressure may cause mass mfection
with hemolytie should be sub d te expe ¥ proof if
thia is necessary to chminate doubt about this hasard  The poesabihty
that dust reservoirss on lmoleum covered floors are less contammated than
rcservous of dust on floors covered with asphalt tife should be further

The of caleium b hlorite sol esson-
tial to deconu-mxmte floor dust should be determined. Further studses
#hould be made to determine whether the dry heat of radmtors sterihzes
dust,  Itisof practical as well a9 academsc importance to determme nhat
factors 1z the nortbern regrons of the Rocky Mountsins meresse strepto-
woceal activity,  Evplanation of the fact that dental personnc! escaped
scarlet fever may supply enlightening mformstion oft the mode of epread of
hemolyts and on control

Certanly, 115 essential that know ladge of the eprdemiology of hemoly tie
stieptococcus be mncreazed 1t has been shown that infeetions contrasted
in camp tispensaries and Naval Hospital wards play an important role 1
the epidemic epread of hemolytie streptococcus at Tramung Centers  The
Navy's hopital probloms in the controf of cross mfections sre mmilar ta
those 1n civilian institutions  These problems have been clearly presented
by the G P Med f the Medical Researeh Counart
{41} Nevertheless, more preesse information on the mode of spread of
hematytse streptococeus mv.h\n medieal (mmtm wpeeded  There s also
weed for f n the w these faciities
1t 19 smportant that mrﬂull) controlled studies be made to detesmine the
effectiveness of messures to protect the recrust from both manmate and
snumate reservosrs of hemolytic streptococcus  Withun the barrach, the
effect of temperature and humidity on the meidence of streptocoecal infre-
tums alw requiees carefully controlled studies  Exaet mformation w
urgently needed on the factors which permtt certam catners of bemolytic




214 EPIDEMIOLOGY OF MEMOLYTIC BTREPTOCOCCTS

streptococeus to spread contagion while other carriers remain harmless.
Techniques must be developed which will permit rapid sterilization without
m]ur) to bedding and clothmg Further investigations are necded to

whether chemoprophylaxis can be used effectively nhen resistant,
streptocaceal strains arc present and what precautions should be taken
under these conditions. The need for fundamental research on the factor
of communicability present in certain streptococeal strains transeends in
importance all other requirements.

In conclusion, it is clear that under the conditions of training which
obtained at large Naval Activities dunng World War 1], certain strains of
hemolytic streptococcus acquired a high degree of pathogenicity and
capacity tospread.  This resulted in at least a million cases of streptococcal
respiratory tract disesses, over fifty thousand cases of searlet fever and over
forty thousand cases of rheumatic fever, rheumatie heart disease and acute
polyarthritis. In contrast to these extremely high scarlet fever mor-
bidity rates within Naval Training Centers, the annual rates per 1,000 of
civihian population sere only 5.04 in 1943, 1.42 in 1934 and 1.25 in 1945.
In 1043 there nere 114,316 cases of ecarlet fever in forty-one states; in 1944,
there were 163,110 cascs in forty-two states; in 1945 there were 146,761
enscs in forty-four states! Many of the circumstances conducive to
the near-ubiquitous, streptococeal spread in reerust training were inherent
1 the rapid expansion program of World War II, which far outstripped
the avalabihty of physical facihtics. These circumstances suggest their
own corrective measures as do those stemming from the eritical shormge
of medical personnel  Both of these s:luntxons militated against main-
taining ized control of segregation and iso-
lation. The experience at Northern stations in general, and at Farragut,
Idsho, 1 particular, makes consideration of geographical location manda-
tory m any large seale training program, especially of a type myvolving
young Naval recruits.

Although zealous prosecution of control measures can be expected to
reduce streptococeal morbidity rates, these infections will continue to oceur
and to be costly m both man power and dollars untd more intunate knowl-
edge of the physiology of the streptococcal cell isattained  The staggermg
1oss 1n man days to streptococeal disease during World War II plus the

mihtary exigency served to highlight probl m control and prevention of

y tract inf which are d to be cyclic among crvilian

populatmna Ad\'nnccs m techmque have made possible the identifica on
Yo mmms wpbanang tha adtee T LV ain g af LA

1 Dats supphed by the U § Public Health Service,
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spread and to di: are not available. The mechanism of bacterial

to ch ic agents also 13 unk Tt remains to explore
those biochemical of the mi ism which condition patho-
genicity, epidemicity and chemoresistance and those of the host which
modiy susceptibility and resistance to infection Elucidation of these
mechanisms will be followed by the developrnent of more eﬂ'ectwe methods

for the control and preve of it 'y tract i
and tharr sequelae

In brief, this report supphes i e data on by
hemolyti It ind; that certain strains within types of

the bacterium have qualities which make them highly communicable. It
does not undertake to deal with the all-important problem which still awaits
solution: The defi of the e changes jated with the bac-
terium’s development of commumicability. The solution of this problem
must. come through the collecting of facts mn the laboratory by biochemists
and bi who comprehend the of the factor of commum-
eability in respiratory tract pathogens. This problem is as difficult asit1s
challenging  On the favorable side are the rapidity with which bactena
multiply, the ease with which they are handled, the grace with which they
develop tcmpurnry udupm'e changes and permanent hereditary mutations,
and their to the th ic agents now Isble  On the
unfavorable side 18 the ever present tyranny of one’s ignorance of any small
experimental ammal which is highly susceptible to mfection by Group A
Streplococeus hemolyticus  The key problem s the elucidation of the
mechanism of commumeability; its solution wall probably be the most re-
warding in the epid 2y of hemolytic The solution can
come from man alone and perhaps in man alone,




GLOSSARY

TERMINOLOGY USED IN U. 8. NAVY REPORTS

"Incxdence"in the sum of EPTE, A, ACD, and AD.

Remunmg Patients remaning oo the mick hist from the preceding

ar.
EPTE ..... Cond:uon considered to have existed prior to entry into the service.

A . . New admissions to the sick list.

ACD ...  Admittedfora i y di y,suchasa it or sequels
of prior diagnoms.

AD . Additional diaguoais, not causally related to the prior diagnosis.

RA . . Readmission to aick list after a period in duty status, for further treat-
ment of the same illness

D Duty. Returned to duty status

C Changed Diagnosis changed by reason of complication, sequela, in-
tercurrent or concurrent diaguosis, error, etc.

Db Died.

Is .. Invalided from Service. Diacharged from the service because of physi-
cal disabality.

R Ran  Deserted while on the Sick Lut

Con Continued. Patients continued on the sick it to the following year.
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