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Introduction 


The Cumber~fl.nd Field Station of the Com­

municable Disease Center, Public Health Serv­


jce, was established in Prestonsburg, Ky., in 

-1954, to in,estigate the associations between 

specific enviroIirnental conditions and the oc­

'currence of diarrheal disease and to estimate 
the levels of coiitrol attainable by selective 
environmental changes. Studies were termi­
nated and the station was closed in June 1957. 
The basis for undertaking the study, its ob­
jecti,es, the methods of operation, observations, 
analyses, and interpretations are described in 
this monograph. 

Status of Diarrheal Diseases 

Acute diarrheal diseases are a major cause 
of death in most countries of the world. Ac­
cording to Hardy (1), mortality rates in 1952 
were less than 10 per 100,000 persons only in 
Australia, X ew Zealand, the United States, 
Canada, and the northwestern countries of 
Europe. In the western hemisphere diarrheal 
diseases are currently the primary cause of 
death in 9 countries and the secondary cause 
of death in 3 ot.hers. Children among seven­
eighths of the world population, or more than 
two billion people, are at substantial risk of 
dying from diarrheal disease. 

Mortality from diarrheal diseases in the 
United States, while declining steadily since 
1900, continues to cause approximately 6,000 
deaths annually. The great majority of these 
deaths occur in children under 2 years of age, 
and they presently represent the second leading 
cause of death from communicable disease in 
this age group. Comparison of anrage anHual 
death rates from diarrheal disease among 
children under 2 years of age in ,arious States 
for the 2-year period 19-:1:8-49 shows that the 
rate of decline in different States has not been 
uniform. In Xew Mexico, Arizona, Texas, and 
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Kentucky, mortality rates from diarrheal dis­
eases were 694, 578, 475, and 307 per 100,000, 
respectively. In the other 44 States, rates 
ranged from 196 in West Virginia to 30 per 
100,000 in Oregon. By 1952-53, the average 
annual deadl rate had declined in New :Mexico, 
Arizona, Texas, and Kentucky to 412, 461, 252, 
and 154 per 100,000, respectively. Variations 
in mortality rates among States are caused, 
in many instances, by exceedingly high rates of 
diarrheal disease in some occupational groups, 
such as transient agricultural laborers and coal 
miners, and in cert.ain ethnic populations, such 
as the Lat.in Americans and the American 
Indians. 

The decline in mortalit.y from diarrheal dis­
eases since the turn of the century is attribut­
able t.o many factors related to impro,ements 
both in general sanitation and in medical care. 
Bacillary dysentery ( shigellosis) has been 
shown to be the principal cause of mortality 
from acute diarrheal disease i11 seyeral areas 
having high endemicit.y levels of enteric dis­
eases. Shigellosis constituted a serious prob­
lem d uring World 1Yar II; typhoid feyer, on 
the other hand, presented essentially 110 prob­
lem, The comparative success of typhoid fe,-er 
control was' essentially due to the availability 
of an effect.ive immunization. The ad,ent of 
chemotherapy and antibiotic treatment no 
doubt further reduced the prevalence of clinical 
and carrier st.ates of shigellosis and salmonel­
losis without greatly reducing preyalence of 
diarrhea from other causes. Proportionately, 
therefore, typhoid fever, shigellosis, and sal­
monellosis const.itute less of a national problem 
now than in former years because of improve­
ments in environmental hygiene and patient 
care. 

Directly and indirectly, such diYerse influ­
ences as rural electrification, modern plumbing, 
safely packaged and stored foods, and demon­

1 



strations of healthful practices of living 
through the media of press, radio, and televi­
sion are all reflected in the overall reduction of 
enteric diseases. The increased availability and 
quality of hospital facilities, diagnostic tech­
niques, therapeutic agents, and supportive 
treatment have done much to reduce mortality 
:IT-Om these diseases. Concurrent sanitation 
improvements by health personnel in water 
supplies, excreta disposal practices, control of 
insect al!9. rodent vectors, mill\: and food han­
dling, refuse disposal, and housing have reduced 
substantially the mortality and incidence of 
enteric disease, as shown by several studies. 
Investigations by the Communicable Disease 
Center in Louisville, Ky., during the period 
1946-49 slimved that the death rate from 
diarrheal diseases in the popUlation under 2 
years of age was 6 times as high in slum areas 
as in well-sanitated areas. Stewart and asso­
ciates (92) reported that Shigella rates in 
Georgia communities varied in direct propor­
tion to the number of housing deficiencies. 

Programs designed specifically for prenn­
tion of diarrheal diseases haye been relative1y 
few. Enteric infections are, however, usually 
included in the justification for general com­
munity health projects. The multiplicity of 
factors involved in the spread of diarrheal 
diseases and the wide variety of etiological 
agents have long beell recognized by public 
health workers, but precise information con­
cerning much of the epidemiology of enteric 
infections is lacking. For these reasons, local 
projects haye relied on generalized environ­
mental improvements, and no great emphasis 
has been given to development of specific and 
more economical programs for suppression of 
diarrheal diseases. 

\\11ile the concept of generally imprudng 
environmental sanitation is a laudable public 
health objectiYe, the costs of broad sanitation 
programs are prohibiti,-e in many parts of the 
world where diarrheal disease control efforts 
are needed urgently. De.-elopment of specific 
measures usually requires precise information 
on the mechanism of transmission and the 
relation of rarious cllviromnelltal factors to 
dissemination of enteric pathogells. "Tith in­
creasing costs of generalized community em-i­
ronmental improvements and 'with the foci of 

infection becoming more sharply defined in cer­
tain populations which have a characteristi­
cally high incidence of mortality from 
diarrheal disease, the necessity for precise pre­
ventive measures has become more practical 
and of increasing importance. 

Objectives of the Study 

To provide basic information for the deyel­
opment of specific control measures, plans were 
made to carry out inrestigations which would 
supplement the data available on the epidemi­
ology of specific enteric pathogens. The first 
task was selection of a general region where 
incidence of diarrheal diseases ,,-as high but 
where intensity of infection and sanitation in 
different commlmities yaried sufficiently to en­
able studies in contrasting situations. Plans 
were del-eloped to obtain the following infor­
mation from the study areas: 

Seasonal and annual incidence of enteric 
diseases in human populations of areas differ­
ing from one another in one or more measurable 
characteristics of environmental sanitation. 

Identity of causatiye agents responsible 
for diarrheal diseases in the different areas. 

Eyalnation of levels of sanitation in house­
holds and communities ,vhere the aboye data 
were obtained. 

The Study Area 

After examining aTailable data and reriew­
ing candidate areas, the eastern coalfield region 
of Kentucky ,vas selected as the location for 
the stud}". This area is a mature, stream­
disseeted plateau cOYe-ring approximately 10,­
450 square miles. Soils of the area are princi­
pally ::\Iuskingum stony silt loam and~ to a lesser 
extent, Hartsells fine sandy loam. The climate . , 
is charaeterized by long growing seasons with 
only moderately high temperatures, uniformly 
distributed rainfall areraging ±-± inches a year, 
and ,,-inters ,yith limited snow corer. Rates of 
mortality from diarrheal disease consiclera bl}' 
in excess of the State and national :n-erages had 
been cOllsistellt ly reported from the studr area. 
:'IIan}" of the numerous coal mining camps in 
the area had uniform housing and sanitary 
facilities. The houses were in comparntirely 
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isolated clusters near the mines. Although 
within many camps there was little variation in 
housing and sanitary facilities, individual 
camps varied in these respects. 

The majority of the people in the study area 
obtain their livelihood directly or indirectly 
from the coal mining industry. Years ago the 
isolated, nlo@tainous character of the region, 
inadequate roads, and limited transportation 
facilities necessitated construction of housing 
adjacent to m~ning operations. Coal mining 
camps are characteristically self-sufficient. Each 
camp is usually provided with schools, churches, 
stores, and water distribution and sewage col­
lection systems. Unlike lumber camps and the 
towns surrounding many metal mines in west­
ern States, most coal camps are established 
commnnities. However, they usually lack gov­
€rnmental organization beyond that provided 
by the mining companies. Gradually, the con­
ditions of poor transportation which made coal 
camps obligatory have been altered. Because 
of this change, a number of mine operators have 
sold the houses and utilities to individual min­

ers. Also, many miners now live away from 
the camps; some supplement their income by 
small truck farming. Where these changes have 
occurred, lack of local civic government has 
frequently left camp residents without adequate 
utilities. 

OYer one-third of the working population of 
eastern Kentucky is engaged to some extent in 
farming, usually at subsistence level. The low 
income from farming is due in part to the 
small acreage of crop land per farm, loss of 
soil fertility through erosion and leaching, and 
inaccessability of markets. Many residents of 
small farms supplement their incomes by min­
ing. Limitation of land suitable for cultivation, 
restricted number of all-weather roads, and 
limited transportation facilities, combined with 
need for supplemental income from mining, 
frequently have resulted in the concentration 
of rural housing in narrow valleys. Occupants 
residing in such concentrated areas are classi­
fied as living in rural hamlets. With some ex­
ceptions, rural homes are provided with ill ­

sanitary pit privies and open dug wells. 

N[ethods and Procedures 


_Hter headquarters "ere established at 
Prestonsburg, Ky., a preliminary survey was 
made of all large coal mining camps and several 
rural populations within a radius of 100 miles. 
The uniformity and quality of housing and 
sanitary facilities in each location and the gen­
ilral suitability of each area for further study 
were determined. Detailed maps were made 
showing the location of each house in the areas 
-selected for further work. Initial visits to each 
d'\\elling unit were then made by public health 
nurses and enumerators trained to obtain from 
each family census data, past histories of mor­
bidity, and type and use of sanitary facilities 
in the home. Sanitary sun-eys "ere made of 
community water supplies, and "ater samples 
'were tested routinely for bacteriological qual­
ity. In addition, seasonal estimations of fly 
abundance were recorded. 

Measurement of Diarrheal Diseases 

Reports of diarrheal disease were obtained 
by public health nurses and enumerators dur­
ing monthly \"isits to households "jth children 
under 15 years 'of age. A manual "as de,"eloped 
to standardize interriewing and recording, and 
field personnel were given a period of training 
at the beginning of employment. Possible bias 
in reporting due to personality differences was 
minimized further by regular rotation of as­
signments among the interviewers. 

Visits "'ere made to each household within 
the week following monthly collection of rec­
tal swab cultures from preschool children. The 
inten"iew'er obtained information on diarrheal 
disease and other illness experienced by each 
member of the family during the preceding 
month. Data were obtained from a reliable 
informant, usually the housewife. Prior to the 
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Collection ~f data on occurrence of diarrheal disease 
in group A area. 

Collection of data during initial visit in group B area. 

revisits, basic information obtained on the 
initial visit, such as study area, family name, 
location, household number, and names of each 
member of the household were typed on a re­
cording form. vVhenever necessary, adjust­
ments in age from one statistical age group to 
the next were made in the office and checked 
in the field at the time of the revisit. During 
each revisit, any change in household compo­
sition or ellYironmental facilities was recorded. 

Once a year, the complete census procedure 
which had been followed on initial ,-isits was 
repeated so that significant changes in ayail­
ability and use of sanitary facilities could be 

. recorded. 

Determination of Enteric Infections 

The pre,'alence of Shigella and Sal7lwneZZa 
infection in preschool children was determined 
by obtaining rectal s,Yab cultures at monthly 
intervals. Specimens were obtained from the 
children at the homes in the manner described 
by Hardy and ,Vatt (3). Inoculum 'YaS ob­
tained by inserting a sterile cotton s"ab into 
the rectum. An SS agar plate "as immedi­
ately streaked "ith the material on the s',ab 
and the swab was then placed in a tube of 
tetrathionate broth. The inoculated plates and 
the broth cultures were returned to the lahora­
tory and incubated. Suspect colonies were 
picked from SS plates to triple sugar iron agar 
slants after incubation at 2.f and 48 hours. 

The s"ab in tetrathionate broth was incubated 
at 37° C. for 24 hours and then streaked on 
brilliant green agar plates. These plates were 
subsequently examined in the same manner as 
the original SS plate. Bacterial colonies whose 
reactions in triple sugar iron agar indicated the 
possibility of their b~ing Shigella or Salmonella 
were examined biochemically and serologically 
as described by Edwards and Ewing (4-). Rep­
resentatiye samples of the posith'e cultures were 
forwarded to the International Typing Center 
at the Communicable Disease Center in _.\.tlanta~ 
Ga., for confirmation. 

Determination of Intestinal Parasites 

Stool specimens for parasitological exami­
nations ,,,ere collected semiannually from in­
diyiduals of all ages in the yarious study areas. 
Half-pilit waxed cardboard cartons were 
distributed to the homes with simple instruc­
tions for obtaining fecal samples unmixed "ith 
extraneous material. Return yisits were made 
daily for as many as 3 days to get specimens 
from as many incli,'iclnals as possible. Samples 
were transported directly to the Inboratory
refrigerated, and examined ,yithin n fe,y days. 
Fecal smears were examined and helminthic 
egg counts '''ere performed according to the 
Benyer direct Slllear method (5). 

Stool samples from a fe,y selected areas 
"ere concentrated by the formalin-ether tech­
nique to facilitate examination for protozoa 
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Streaking of rectal swab specimen in group C area. Collection of stool speciInens in group C area. 

and helminths. These specimens were placed 
in 5 percent formalin as soon as they reached 
the laboratory. 

Determination of Fly Abundance 

Monthly measures of fly abundance were 
made to determine the relative importance of 
flies as vectors of Shigella and other diarrheal 
agents. Fly populations were measured with 
the Scudder fly grill (6) during the fly seasons 
between the period August 1954 to September 
1956. Samples were obtaine.d from groups of 
houses, corresponding roughly in size to city 
blocks, representative of all types of housing 
and conditions of environmental sanitation. 
After inspecting all concentrations of flies that 
could be located within a sample block, the five 
highest grill counts were recorded. Sampling 

Figure 1. Time period of study of enteric disease in
eastern Kentucky, by area. 

AREA 

WHEELWRIGHT -I- r.'·~IT¥""'''" 'il1$-:.·_",.·",c<" "'.' ,: '--'-'~.'.,.....;; 

HOLLOWS aLe- ""--''''-,".,,"--.-, -".--.- .- "".••.,.,,,,,.,,,.-1[' ".-.,·il 
WEEKSBURY ---+-@'''""..''"'' 
WAYLAND ---+- G'!iJ!i'ikii-""~ .'.".''''.,:."",,_...., "".,,~.,,,. 
AUXIER ----!-----I",,""""',."" 

MANTON ---+----l,,:c"f""-·d ..·.·,·'··TII 
HEMPHILL 1:.-' -' .-c·-,· ,---'-~" :.j 
DRIFT ----+--__ ,,,.. ,' 

,JACKS CREEK --+----- iil'·c""-"""-,1'f=';', :.c. . -- "'_."" 


SLICK ROCK ' C"> ." •.., .. -.'. '7·',·>3 


SALYERS BRANCH b . "3 

MUD CREEK Ii',-~,.,,-.,,,,,"- , .. ,,'.- ' .. ' 

LEATHERWOOD 

techniques were similar to those developed and 
tested by Lindsay and associates (7). 

Evaluation of Water Quality 

Standard procedures were followed in pro­
curement and examination of water samples 
(8). Initial samples were examined by pre­
sumptive and completed tests for members of 
the coliform group with coliform density esti­
mated by the most-probable-number method. 
The membrane filter procedure with :i\f-HD 
Endonmedia (Difco) was employed in the ex­
amination of the majority of the samples with 
direct counts of coliform organisms. Periodic 
tests for presence and number of coliform bac­
teria were made of all public and semipublic 
water supplies and of a representative number 
of drilled and dug wells used by families in the 
study areas. N'early all private water supplies 
were sampled at least once. 

Selection of Study Areas 

Of 62 communities evaluated, 13 areas in 
Floyd, Letcher, and Perry Counties, Ky., were 
selected for continued obseryations. Individu­
ally, the selected communities represented the 
greatest homogeneity of housing, sanitary fa­
cilities, and economic status obtainable in the 
region; as a group, they represented the ex­
tremes and the yarious levels of deyelopment. 
Observations were begun in 4 study areas dur­
ing the fall of 1954 and in 8 additional areas 
during the spring and summer of 1955 (fig. 1). 
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Representative housing in group B area• 

In the spring of 1956, observations were also 
begun in Leatherwood, a large mining camp in 
Perry County some 100 miles from station head­
quarters. Data from Auxier and Leatherwood 
are not included in the analyses because a full 
year's observations were not obtained. Four 
of the remaining 11 areas presented some limi­
tations as study sites because of either small 

populations or distant locations. Studies in 
these 4 areas were discontinued after 1 year of 

observation, since findings were similar to those 
obtained in the other 7 areas. Therefore, data. 
from 11 study areas are included in the anal­
yses, except in cases necessitating equal rep­
resentation of data for each season. 

Characteristics of Study Areas

Each of the 11 populations selected for con­

tinuous study was placed in one of three groups. 


Table 1. Population and sanitary facilities of diarrheal disease study areas, eastern Kentucky, 1954-56 


, 
Percentage of dwelling units \lith-

Average Average
Average number of number of 

Grouped study areas study house- house- )\Tater inside Water outside 
popula­ holds holds Flush

tion visited cultured toilet Privy 
monthly monthly Cold ender Xo

pressure H~~~nd i ohly ,pressure 

All areas 3,928 560 
 299 
 46
 54 
 48 19 I 30 3 I 

Group A: I Wheelwright! I, 295 
 194 
 98 
 100
 0 100 0 0 aI

Group B:2 1,624 230 
 118 
 20 
 80 
 27 I 
 39 
 5 I 29


I \Veeksburv 403 
 57 
 33 
 11 
 89 
 19 15
 7 59

Wayland_" 545 
 83 
 40 
 29 
 71
 44 52
 1 3

11anton 107 
 15 
 9 
 14
 86 
 14 45
 9 32

Hemphill 270 
 36 
 15 
 16 
 84 
 :14 28
 6 42

Drift 299 
 39 
 21 
 20 
 80 
 18 
 55 
 5 22


Group C:3 1,009 136 
 83 
 7 
 93
 6 
 13
 4 77

Hollows 211 
 38 
 16
 17 
 83 
 13 
 20 
 9 58

Jacks CreeL 306 
 39 
 26
 7 
 93 
 7 
 13 
 2 78

Slick Rock 100 
 15 
 10 
 0 100 
 0 12 13 75

Salyers Branch 150 
 15 
 10
 4 
 96 
 4 
 9
 0 87

11ud Creek 242 
 29 
 21 
 0 100 
 0 5 a 95


1 Complete community sanitary facilities. 

2 Lacking complete co"mmunit}~ sanitary facilities. 

3 No community sanitary facilities. 
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Representative housing in group C area. 
,-:,. 

Typical drilled well in group C area.

Water treatment plant in group A area. Typical dug well in group C area. 

Water treatment plant in group B area. A typical insanitary privy in group C area. 
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on the basis of environmental characteristics 
(table 1). 

Group A, which averaged 1,295 people, in­
cluded families housed in regularly maintained, 
uniformly built structures and provided with 
all necessary community sanitary facilitie&­
flush toilets, hot and cold running water, ap­
proved water and sewage treatment plant&­
and with regular refuse collection services. ~4l1 

of these families were located in Wheelwright, 
a large'; well-organized mining community 
wholly owned, managed, and maintained by a 

---coal mining company.-'---' 
Group B averaged 1,624 people and included 

families at Weeksbury, Wayland, Manton, 
Hemphill" and Drift, who were incompletely 
served by public sanitary utilities. In general, 
the houses and utilities in group B areas had 

'been sold by the mining company, and main­
tenance was the responsibility of indiTidual 
o,:ners. Housing structures were generally 
uniform within each camp, but types of water 

sources and plumbing and methods of excreta 
disposal varied. 

Group C included an average study'popula­
tion of 1,009 at Hollows, Jacks Creek, Slick 
Rock, Salyers Branch, and :Mud Creek. These 
areas were rural hamlets with only nominal 
sanitary facilities; housing varied considerably 
in facilities and construction. Sources of drink­
ing and wash water at the time of the studies 
were, for the most part, pri,-ate, unprotected 
dug wells. Many homes lacked plumbing of 
any description, and pit privies were the most 
commonly employed method of excreta disposal. 

As indicated in table 1, 100 percent of the 
dwellings in group A had water under pressure 
inside the dwelling units, whereas only 66 and 
19 percent of dwelling units in groups Band C, 
respectively, were so served. All families in 
group A, 20 percent of group B families, and 
7 percent of the families in group C had flush 
toilets. The average number of rooms per house 
was approximately the same in all three groups. 

Results 


Reported Prevalence of Disease 

The age-specific incidence of reported 
diarrheal disease per 1,000 persons per annum 
is shown in table 2. Since there was little dif­
ference in the age distribution of the grouped 
study populations (table 3), and since extreme 
variations in morbidity were reported, rates 
were not adjusted by ages. More than 50 per­
cent of the cases were reported for children 
0-4 years old, and the majority of these were 
in children under 2 years of age. In areas 
grouped according to sanitary facilities, Band 
C populations, respectiYely, show'ed morbidity 
rates for all ages that were 1.9 and 2.6 times 
as high as rates for group A during the entire 
period of obsen-ations. 

Incidence reported in the seven camps ,,-hich 
were observed throughout the year September 
1955-August 1956 was compared with reported 
incidence for all areas for their full period of 
observation (table 4:). Of the Seyell study areas, 

those in groups A and B showed lower mor­
bidity rates, while those in group C showed 
higher rates, for the I-year period than for the 
total period of observation. During the I-year 
period, population groups Band C reported 
diarrheal rates which were 1.6 and 5.1 times 
as high for children aged 0--4 as the rate re­
ported for that age group in group A. Since 
the trend and difference between categories was 
consistent, incidence data collected for the total 
period of study were used in subsequent com­
parisons between incidence of disease and sani­
tation deficiencies. 

Rates of reported diarrheal disease per 1,000 
per annum, ages 0--4 and all ages for aU study 
areas, are show'n in figure 2, by months. :Marked 
seasonal trends were obsen-ed, the highest in­
cidence occurring during August and Septem­
ber. The ratio of "summer" diarrhea to "win­
ter" diarrhea for the ye.:'lTS 1955 and 1956 was 
approximately 2 to 1. The increased incidence 
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Table 2. Age-specific diarrheal disease morbidity rates reported in study populations, eastern Kentucky, 1954-56 

Age groups (years) 

Grouped study areas All ages 

PM]'; 2 

0-4 5-9 10-14 15 and older 

PME2 Cases Rate 3 Cases Rate 3 PME2 Cases Rate 3 PME2 Cases Rate 3 PME2 Cases H.ate 3 

All areas 70, 826 1, 343 227 11, 210 705 754 13, 754 205 178 12, 143 118 116 33,719 315 112 

Group A: 
Whcelwright 27,511 310 1a5 4,0:38 1a9 413 5,207 53 122 4, 530 29 76 13,736 89 77 

Group B
Weeksbury
WayInlI(L
1\1 11 Il tOl

1I C'lIlphilL 
J)rift 

27, 96!) 586 251 4, 692 291 744 5,247 
!1,1!l5 208 272 1,660 102 737 1,876 

11, u52 2;10 217 1,802 117 77!1 1, !J36 
81H 2:1 :\08 184 13 817 188 

2, Ion 37 20,1 :lOO 17 (;80 47(i 
'1,08!) 78 228 7'W 42 (j75 771 

86 
27 

3 
!l 

13 

196 
172 
22!)
l!)t 
] Ii 1 
202 

4, 998 
1,546 
2,318

1O!) 
35!) 
uuu 

57 
15 
27 

2 
:3 

10 

136 
116 
1:39 
220 
100 
180 

13,032 
4, 083 
5,596 

413 
1,034 
1, 

152 
64 
59 

5 
11 
1a 

139 
188 
126 
14.5 
127 

81 

Group C 
I I 0110\\':'- __________ 

Iii, :W; ,1<17 :l40 2, 480 271) J,3:\o 3,300 
'1,767 12G :317 5!J4 58 1,17,1 878 

(ju 
21 

240 
287 

2, (j15 
721 

32 
14 

14u 
2a3 

G, 91)1 
2, 574 

74 
aa 

127 
15:.3 

Jacks Creek________ 
Slick H.ock _________ 

4,On:l 131 al(j 808 85 1,262 1,200 
1, OliO 34 :381 I!JO ]6 1, 0]0 238 

22 
9 

220 
453 

860 
166 

- 8 
2 

111 
144 

2,095 
475 

16 
7 

91 
176 

Salyers Branch _____ 
l\1ud CreeL _______ 

I, :1I J 15 1:17 21i2 11 n(W 280 
:1,236 141 522 6:3G 102 1,924 704 

0 
14 

0 
238 

258 
610 

0 
8 

0 
157 

521 
1,286 

1 
17 

23 
158 

I See footnotes to table 1. 2 Persoll-months experience. 3 Rate pe(l,OOO per annum. 
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Age groups (years) 

Table 3. Age distribution of study population, by area, eastern Kentucky, 1954-56 

Grouped study areas 1

Total 
 popu-,
lation 

0-4 5-9 10-14 15-19 20 and older 
 ___~--_____I ~---I----_,_---I----_,_---I----_._---
,­ ! ­ I 
Num- Percent ;\um- Percent Num- Percent Num- Percent I );um-j Percent 

ber of all I ber of all ber of all ber of all I ber I of all 
ages I ages ages ages ages 

All areas ______ 3, 928 -6-4-6­ ----l0-' 729 19 653 17 371 9 529 39 

Group A: ,. --- , 

Wheelwright_______ 1,295 184 14 219 17 212 16 124 10 I 55611 43~

Group B ____________ 1,624 275 17 301 18 273 17 155 10 j 620, 38·~

Manton___________ 
;:;f!~d~~~~====== E~~ ~~ i~ I ~e i~ Ibi ig ~~ 1~ I ~6~ i 

107 21 20 21 20 13 12 5 5 47 I 343~3 -
Hemphill_-;________ 270 41 15 60 22 41 15 26 10 I 102 38 
Drift_____________ 299 55 18 59 20 I 44 IS 241 8 I 117 39 

Group C____________ 1,009 187 19 209 I' 21 168 17 92 1 353 34
Hollows___________ 211 29 14 37 18 30 14 2341 94 ill:' 44-,.~j.
Jacks CreeL______ 306 50 16 68 I I 22 54 18 

I"

11 I 100 33"i~
Slick RocL _______ 100 20 20 i 21 21 15 

I 
15 71 71 37 37 .',>;; 

Salvers Branch_ ___ 150 31 2241 ,I 34 23 24~21 I 18 121 8 I 46 30:.-'" 
Mud Creek________ 242 57 49 20 171 18 71 76 32_.~

1 See footnotes to table 1. 

Table 4. Reported diarrheal disease llJ.orbidity rates of study populations, by age and area, eastern Kentucky, 
1954-56 

Grouped study areas 1 

September 1954-December 1956 September 1955-.-\.ugust 1956 

1--o--4--e-ar-s--.,----.-A,-Il-a-g-e-s-­
0-4 years All ages y 

----~-----I----.,------

P2VIE 2 Rate 3 PME 2 Rate 3 1 P:JIE 2 Rate 3 P.:\IE 2 Rate 3 

All areas ___________________ 11,210 I 754 70,826 2271 4,449 755 27,938 213 

Group A: 1

Wheelwright_____________________ 4,038 I 413 27,511 135 1 1,496 328 II 10, 446 94 

2Group B_________________________ 4 8669 744 27, 969 Weeksbury _ _ _ _ _ _ _ __ _ ___ ___ _ _ _ _ _ ;, 3g Ii 737 9, 165 2~4~.1217 III 525 10,329 196 1,805 700 3941 3,773 165 
Wayland_______________________ 779 11,652 684 649 4.225, 215 
Manton__ ___ _ _ __ __ _ ___ __ ___ _ _ _ _ 

i
184 I 847 894 308 (') ------- -1- --- ----;- --- ---­

~~:A~~~~= 541 2;331 -211 ====================== ~~~ ~~~;; 6~~ ~g~ I I- --- -1- - -i- - - -(4121 
Group C ________________________ _ 2,480 1, 330 15,346 349 i 1,148 I 1,672! 7.163 412 

HoIlows_______________________ _ 594 1. 
I; 

171 4,767 317 i 230 I 1, 304; 1. [) 13 I 370 
Jacks Creek. __________________ _ 808 262 4, 963 316 I 500 1,512i 3.1241 353 
Slick Rock. _____ -- ___ -- _______ --I 190 1, OlD 1,069 381 I (4) 
Salyers Branch_________________ _ 

I 
252 666 1,311 137 

I 
i (') 

--
1Iud Creek ____________________ _ 636 1,924 3,236 C==== ==1=== ==== =1========

522 418 I 2.066 i 2, 126 536 

1 See footnotes to table 1. 2 Person-months experience. 3 Rate per 1,000 per allllllm. • Data for full 
period not available. 

10 Relation of Enyjronmental Factors to the Occurrence of Enteric Diseases 



ISO 
MORBIDITY RATE 

140 

~ 130 
Z 
!!! 120 
a: 
UJ 
Q. 110
X 

'" 
'" 100 
J: 
>­ 90 
0 
Z 

;:; 
80 

Z 
0 

'" 70 
a: 
w 
A. 60 
0 
a 50 
Q 
a: 40 
w 
Q. 

30W 
t­
<X 

20a: 

10 

0 

I- W 10 SlIige/lo ISOLATIONS 
z> 
ts E 5
a:'"",0 

a..Q.. 0 JFMAMJJASONDJF'MAMJJASONDJFMAMJJASONO 

1954 1955 1956 

Figure 2. Monthly incidence of reported diarrheal 
disease morbidity in persons of all ages and Shigella 
prevalence in preschool children, eastern Kentucky, 
1954-56. ­

of diarrheal disease observed February-April 
1035, and the platea u observed November 1955­
February 1956 in children 0--4 years of age were 
attributable to diarrheal illness associated with 
nausea, general malaise, and vomiting. An out­
break of diarrhea limited to a single camp 
(Drift) "as responsible for the increased in­
cidence observed during April 1956. 

~Ionthly data on reported preyalence of di­
arrheal disease in the three population groups 
are shown in figure 3. Seasonal peaks were 
most marked in areas Band C, ranging to only 
slight seasonal variations in population group 
A. Data shown in figure 3 also indicate that 
in the areas "ith poorer sanitation, incidence of 
diarrhea increases earlier in the spring and per­
sists longer at a high le,'el in the fall. 

A total of 1,34:3 instances of diarrheal disease 
morbidity ,ms reported by all families in the 
study to the enumerators during the period 
Septem bel' 1954-December 1956. Abdominal 
pain, Yomiting, fe,"er, and mucus and blood in 
the stool, in that order of frequency, were the 
outstanding symptoms reported. The modal 
number of stools per day was 5, and the median 

6. The average duration of illness "as 4 days. 
In approximately 12 percent of the instances 
of diarrheal disease the individual "as confined 
to bed for 1 day or more; 24 percent received 
medical attention, including 2 percent "ho "ere 
hospitalized. Less than 1 percent of all cases 
were of I-day duration or less, and 15 percent 
of the individuals reported 3 stools or less in a 
24-hour period. 

Reported diarrheal disease cases for children 
0--4 years old represented 45 percent of all cases 
in group A, 50 percent in group B, and 62 per­
cent in group C (table 5). Milder diar­
rhea, indicated by 5 stools or less in a 24-hour 
period, was reported more frequently in group 
A_ than in the Band C groups; this difference 
"as more marked for all ages combined than 
for the 0--4 age level alone. In group A, 19 
percent of all individuals reported 3 or fe"er 
stools per day, compared with 12 percent and 
13 percent for Band C groups, respectively. 
In the category of 10 or more stools per day, 
representing the most severe diarrhea, data 
from the 3 population groups were closely com-

. :1 ~R~~P A 
~ 

~ ':1 GRQUP B'" E 
w 
> 
E 
m 
~ I~ GROUP C 

>­
~ 10 

<> 

::''" 5 

Figure 3. Monthly incidence of reported diarrheal 
disease morbidity in persons of all ages and Shigella 
prevalence in preschool children. eastern Kentucky, 
by grouped areas, 1954-56. 
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Table 5. Frequency of stools per day in reported diarrheal disease cases, by grouped study areas,l eastern 

Kentucky, 1954-56 


Oases reported 

Kumber of stools in 24 hours Group A Group B Group 0 

0-4 years All ages 0-4 years All ages 0-4 years All ages 

Total

1-3
4-5
6-9
10 and oveL
Unknown 

139 

23 
47 
37 
23 

9 

310 

58 
112 

70 
49 
21 

291 

40 
78 
96 
61 
16 

586 

68 
166 
186 
106 

60 

275 

38 
~2 
79 
51 
15 

447 

58 
147 
137 
66 
39 

1 See footnotes to table 1. 

parable: group A reported 16 percent of all 
cases; group B, 18 percent; and group C, 15 
percent. 

The distribution of stool frequencies in re­
ported diarrhea experienced by individuals 
aged 0--4 years and all ages is shown by grouped 
populations in figure 4. In comparing the 3 
groups of data, it should be remembered that 
numbers, not rates, of cases are given. Irregu-

Figure 4. Frequency of stools per day in reported 
diarrheal disease cases, by grouped areas, eastern 
Kentucky, 1954-56. ' 
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NUMBER OF STOOLS PER 24 HOURS 

larity in the distribution cunes of all 3 groups 
is evident in frequency categories beyond 6 
stools per day. In these instances the, respond­
ents eyidently fuYored eyen numbers in report­
ing, although the enumerators "ere careful not 
to suggest numbers "hen eliciting information. 
The category of 10 or more stools may haye 
served as a conyenient repository for many 
diarrheal disease experiences "ith "hich the 
respondents associated several stools, but could 
not recall the exact number. In such circulll­
stances a certain amOlmt of unconscious ex­
aggeration is lUlderstandable. 

Prevalence of Bacterial Pathogens 

Shigella "as isolated from 35-1 of the 11,264 
rectal s,Yab cultures collected. Of these 354 
isolations, 29 "ere from population A, 165 
Ironi B, and 160 from C. Eight biotypes of 
Shigella ,yere represented (table 6) : the )lan­
chester biotype of Shigella flexlleri 6, represent­
ing 42 percent of the total isolations, "as the 
most frequently isolated type; Shigella 80nnei 
represented 20 percent; and S. flexneri 1b, 10 
percent. Recowry rates and atypical biochemi­
cal reactions of the )Ianchester yariety as com-. 
pared "ith other shigellae in the area haye been 
described preyionsly (9). Only -± biotypes "ere 
isolated in population A, of ,yhiC'h G~ percent 
"ere S. fiexne7'i 0, )Ianchester y:1riety

Rates of ShigeZla-positiye cultures obtained 
by the rectal s,yub examination of normal pre­
school children are presented in table 7 by in-

Relation of Enyironmental Factors to the Occurrence of Enteric Diseases12 



Table 6. Species of Shigella isolated from rectal swab cultures taken from preschool children, by grouped 
study areas,l eastern Kentucky, 1954-56 

,\11 ar('al-' (;rollp .\ (;rollp B ( ;roUl> C 

Shigella species 
Kum­ Per­ Kum­ Kum- Per­

ber cent 
I Per- Kum­ Per-

ber cent ber cent ber cent 
I 

TotaL 359 100. 0 29 100. 0 2 167 100. 0 3 163 100.0 

S. dysenteriae 14 3. 9 4 2. 4 10 6. 1 
S. flexneri b 34 9. 5 
S. 

HI 11. 4 15 !12 
flexneri 2a 26 7.2 14 
flexneri 3 1 1.4 I 11 6. 6 8. 

S. 3.4 5 3 1.8 2 1.2 
S. flexneri 4a 46 12.8 4 13.8 HI 11. 4 23 14. 1 
S. flexneri 6, Boyd 88 yariety 11 3. 1 4 2. 4 7 4. 3 
S. flexneri, :'I1anchester yariety 152 42. 3 18 62. 1 64 38. 3 70 42. 9 
S. sonnei 71 19.8 6 20.7 43 25. 7 22 13.5 

I See footnotes to table 1. 

2 One individual nad S. flexneri Ib and 3, and another had S. flexneri 4a and sonnei. 

3 One individual had S. flexneri 2a and ~fanchester, one had S. flexneri 4a and Manchester, and another had 


S. sonnei and Manchester. 

lli,-ic1nn.l n.nd grouped study areaS. The lowest 
ralt's were obserwd in group A and the highest 
rates jn group C. Rn.tes by indi....idual study 
a reas ranged from n.7 percent in ,Yheehvright 
1010.2 percent in Salyers Branch. Xo Shigella 
i,;olations were obtained from children lUlder 6 
nlollths of age in the study areas represented in 
,!tp tahle. although cultures were obtained from 
:111 a,'ernge of 18 ehilclren per month in this age 
group. ::\Iost of these children ,yere between 3 
and (i months old. The highest rates observed 
\\"pre in the -!-yE'ar agE' group. "llen the areas 
\\"t'!'e g'l'OHped by le,-el of commnnity sanitary 
facilities, a shift in the peak Shigella pre'\ ­
alpllce to the younger age groups was observed 
10 accompany progressive increase in number 
of sanitary deficiencies. Infections occurred in 
younger children and infection rates "ere con­
sistently higher in children 0-4 years old in the 
group C n.reaS than in the B areas. In group 
C areas, the highest infection rates "ere ob­
:-ened among 2-year-olds (9.1 percent); in 
grollp B and group A areas, highest rates "ere 
among 4-yen.r-olds (5.2 percent and 1.6 percent, 
respectiYely) . 

Preyalence rates of shigellae in the seven 
areas "here data ,,-ere obtained for the year 
September 1933-~-\.ugl1st 19;)6 only ,,-ere com­
pared with rates of n.11 eultures obtained be­
hyeen September 19.54 and December 1956, the 
ent ire period of the study (table 8). Rates 
for the I-year period were slightly higher than 

for the total study period, but the overa11 
trends are consistent despite variation bet"'een 
r:1mps. 

Snlmonellae were recovered from the rectal 
swab ("Hltmes of preschool children Oil 23 oc­
casions (table 9). S aZmonella tennessee, iso­
lated 6 times, occurred most frequently; 
Salmonella montevideo was isolated 5 times, 
SII1111(})I('17a del'l)y anc18a7mone17a typhilnlll'imn 
eaeh :) times, and Salmonrlla lIwenchen t\\'iee. 
Six other types "'ere eaeh recon'red onee. FOllr­
teen of the isolates "'ere from area n popula­
tions, 5 from n.rea C, and 6 from area A. 

A smal1 StuTey wn.s made to determine the 
preyalence of four enteropathogenic serotypes 
of I:.'scherichia coli in the normal study popu­
lation of preschool-age children. A total of 
1,000 rectal swab specimens obtained February­
August 1953 from preschool children in 
'Yheelwright, 'Yayland, 'Weeksbury, and .Tacks 
Creek 'were streaked upon MacConkey agar 
plates supplementing the routine field culturing 
procedure. The cultures 'were examined for E. 
coli serotypes 0:26: B6, OMS: B5, 0111: B-l, and 
0127: B8, n.s well as for 811 igella and Sal
monel1a. Sixty-nine 8hige71a and 13 entero­
pathogt'nic E. coli isolations "'ere obtained 
(10). It ,,-as concluded from the limited study 
that the four strains of E. coli did not contrib­
ute appreciably to pre,-ulence of diarrheal dis­
eaSe during the time of the study. 
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Tablc 7. Hcclal swab cultures and Shigello isolated from preschool children, by age and area, eastern 'kentucky, 1954-56 

Grollped Hillely areas I 

Age groups 

All ag(,s 2 0-5 Illollths 5-11 111011 til" 1 year 2 years 3 years -1 years 5 YPHI'S 

?ii lim­ Per- N 1I1Jl­ P('I'­ Nllm- Jp l'_ NIIIll ­ P('r- N 11111­ P(~r- N 1I1ll ­ Pel'- NIIIIl ­ 1'<'r- NIIIII- I Pl'r­
1)('1' of (lellt b(,I' of ('Pllt. 1>1'1' of '('lit, \)('r of (',(,Ilt, IWf of el'lIl, \>I'r of (',PilI, \)('1' of (\('111. 1>1'1' of (·Pllt. 

clll­ po~i- <:111­ pOHi- (,"1­ pOHi­ (~ 111­ posi­ 1'111­ jJoHi­ (IIIJ­ posi cIII­ pOHi­ cIII ­ pOHi­
tlll'PH t.iV(\ I.III'('H Ii \'(' tll/'{'H t.iV(' tll/'l'S Live I,II/'('H t.ive tllres UV(' I.III'(,S Uve tl/l'CS liVe 

Ali :lrt'as ____ , _ 11, 2G4 :{. 1 500 O. 0 7H8 l. 1 1, !H2 2.4, 2,240 3. 3 2, 062 3.6 1,084 4. 5 1,507 :1.5 
---~ ---~

Grollp A: 
\\'lwl'l\\,l'ighL _______ "_ ·1,07·1 O. 7 176 O. 0 :lO7 o. 0 722 O. :) 815 0.5 604 0.4 6H7 1.6 6:l6 1.4 

GI'OIlP B ___________ ,_ 4, nU8 :1.5 2-18 .0 :J:ln 1.2 nH8 2. ·1 852 2. 2 \/8:J '1. 5 88,5 5. 2 6:1I 5. I 
\\'{'l'bhllfY _ I, nf) :1. Ii 80 .f) 122 .8 270 .7 :wn 2.0 :146 4. lJ :141 6. 2 250 5.6 
\\'nl'l:lIId ___ 1.828 :1. ~ 111 .n 1:17 2.2 27.5 2. !J :H7 a. 2 a84 :1. I :112 ;). 8 228 6.6 
i\/aidoll ________ , ____ IG2 :I. 1 11 .0 10 .0 B:J .f) 28 :3. () a:l 6. I 26 :J.8 20 5. 0 
I/{'"lphill __ 
 2U7 2. 0 18 .0 28 .0 27 a.7 :J8 .0 47 2. I 64 6.2 6;; .0 
Drift.. __ . ~ - - - - - -- -­ 117G 4. :3 28 .0 :w .0 !J:l n.4 1:1:1 .8 17:3 G. f) 1012 .5.6 fi8 2.0 

Group C_ _____________ 
c 2, 	4!J2 6..J 7(i .0 JG!") :1.2 522 .5.2 57:1 0. I :18.5 7. :1 402 8. 2 340 4.4 

l/ollo\\'s ___________ c _ (i-I·J 2. 6 ;~6 .0 5fi I. 8 101 1. !) 12G .5.6 88 4 . .5 101 1.0 12.5 1. 6 
Ja('k~ ('n'ek __________ 801 8. I n .0 50 2. 0 1!J!J 4. 5 212 l:J.2 87 10. 3 122 12. :J 08 :J. 1 
Slick Hock.. __________ 2:W (i. 1 2 .0 l.'i 6.7 40 10. 0 ~ I 12. 2 46 C3 :17 2.7 41 2.4 
Saly('rs BrallclL _______ 2:16 lO. 2 6 .0 n .0 (i!l 4. :J 57 10 . .5 50 10. 0 :H 2.5. 8 14 It ;1 
Mud CreeL_, ________ .581 6. U 1!J .0 2.5 8. 0 110 8. 2 137 4.4 1l-i 7. 0 III 7.2 62 11. :3 

I See footllotes to table 1. 2 Some 6-year-olds illcluded. 
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Table 8. Shigella isolations from rectal swab cultures of preschool children, by area, entire study period and 
I-year period SepteUlber 1955-August 1956 

SeptellllJCr 1954-Decem­
ber 1956 

SeptelJlber lU55-Augw;L
HJ56

Grouped study areas r 

Number of 
 PercelJt 1\umber of I l'prcPIlL 
CUlLUfPS Shi!1ella cultures I Shi!1cl/a

posiLivp
r positive

All ureas 11,264 3. I 4, 424 4. 0

roup A: 
\yhee]"'fighL 4, 074 O. 7 1, 452 1.0

roup, B 4, QD~ 3. 5 1, ~87 4. 2
eeksbur) 1, ,3<> 3.6 122 3. 0

G'mt~f~~J~;~~;:~ :~~~::~;~;;:; ~ ~ ~ ~~:::~;;;;;H 

1,828 3. 4 686 5. 1 

}(;2 3. 1 
2!J7 2. 0 
676 4. 3 379 4. 7 

2,492 6.4 1, 185 7. 5 
644 2. 6 241 4. 6 

~fi~ts rf~~~~
801 8. I 495 9.3 
230 6. 1 

~a]yers Br::nch===_________ =========--==_=---==--==--===--==___ ===-----=====_____ ====iI 236 10.2 _Iud Creek_____________________________________ 1 581 6.9 449 7. 1 

I See footnotes to table 1. 2 Data not available for full period. 

Prevalence of Intestinal Parasites 

Single fecal specimens "'ere collected from 
~,70S indiyiduals in the study areas during the 
period September 1f15-l-December 1956. In the 
parly phases of the study, 8-4:3 specimens ,yere 
pX<lmined for both intestil{al protozoa and 
hdminths. Results of the examinations for in­
testinal protozoa ha,'e been reported preyiously 
by _·\Jchley and co-,Yorkers (11). The high-

est infection rates were in the group aged 10­
14 years. Of the 8-4:3 stool specimens obtained 
from indh-idllals of all ages, 3.3 percent were 
positiye for Entamoeba histoZytica: 21 percent 
for E. coli: 5.9 percent for Endolimax nana, 
0.6 percent for Iodameoba b1.ltschZii, 9.5 per­
cent for Giardia lamblia: and 0.5 percent for 
Chilomastix mesnili. 

The percentage of stools positiye for any 
helminth and the percentage of all stools posi­
tiw for Ascaris: Trichuris, hookworm" Strongy­
loides, or IiynwnoZepis infections are presented 
by age and by grouped study areas in table 
10. Inasmuch as stool examination procedures 
are inadequate for the detection of Enterobius, 
reliable rates ,vere not obtained for this species, 
but other incidental obsen'ations implied a very 
high preyalence. Occurrences of all helminth 
species were lo\yest in group A and highest in 
group C. Rates of Trichuris infection approxi­
mated that of round,yorm, although the ,yhip­
worm infeetions were almost invariably much 
light~r as judged by egg counts. 

The number and percentage of stool speci­
lllens positi,'e for Ascaris Zumbl'icoides are 
s11O"wn by age and study area in table 11. In 
the group 2-12 years old, rates ranged from 

15 

Table 9. Species of Salmonella isolated froDl rectal 
swab cultures taken froUl preschool children, 
eastern Kentucky, 1954-56 

Isolations 
Salmonella species 

::-lumber Percent 

TotaL 25 100 

8. dally ______ ______________ _ 3 12
S. parn./yphi B ______________ _ 1 4 
S.IIIPhilllllrilllll _____________ _ 3 12
S.lho/llpson ________________ _ I 4 
S.lIIf)tllevitieo _______________ _ 5 20
8. illlflnl;L ________________ _ J -1
S Iwreilly __________________ _ J -1
S.lcllllessee _________________ _ (j 2-1 
S. IIIcllnchcll ____________ ____ _ 2 8 
S. me/NI!1ridis _____ __________ _ 1 4
S. ana/mll ________ __________ _ 1 4 

Pllhlic Health Monograph No. 54, 1958 



Table 10. Hehnintb isolations by age and study area group, eastern Kentucky, 1954-56 

Study area 1 and age 
group (years) 

Number
of speci-

mens 

Specimens positive 
 for any helminth 

Number Percent 

Perce1Jtage 2 of specime1Js with-

Strongy- Hymcno-Ascaris Trichuris Hookworm
loides lcpis 

Group A: 
All ages 765 164 21. 4 6.9 i8 0.0 O. 8 O. 7 

0-4_,- ____________ ~'_ 186 ,',' 37 19,9 8.6 7.0 .0 .5 .0 5-9 ________________ 201 68 33. 8 11. 4 15. 9 .0 1.0 1.5 10-14 ______________ 104 30 28.8 9.6 7.7 .0 1.9 1.0 
15+ _______________ 274 29 10.6 1.5 2. 6 .0 .4 .4 

Group.B!· 
All ages 1,197 591 49. 4 26. 4 20. 2 O. 5 3. 3 0.8 0-4 ________ " _______ 308 136 44. 2 32.8 16. 6 .3 .0 .6 5-9 __ ~ _____________ 293 213 72.7 44.7 40. 6 .3 1.7 1.4 

10-14- _____ -' _______ 189 112 59.3 27.0 27.0 .0 2.6 1.6 
15+ ~ ______________ 407 130 31. 9 8. 1 5. 2 1.0 7.4 .2 

" 

Group C: 
All ages_ 836 515 61. 6 41. 5 36. 2 1.9 8. 1 2. 0 

197 117 59. 4 47.2 31. 5 .0 4. 1 1.0 0-4_---------------5-9 
211 180 85. 3 60. 7 57.3 .9 10.9 5. 2 10-14 139 103 74. 1 49. 6 47.5 4.3 16.5 1.4 15+ 289 115 39.8 19.7 18.7 2.8 4.8 .7 

1 See footD;otes t9 table 1. 2 Includes multiple infections. 

Table 11. Specim~ns positive for Ascaris lumbricoides, by age and area, eastern Kentucky, 1954-56 

Age groups 

Grouped study areas 1 

2-12 years All ages 
I 

Specimens positive Specimens positive 
Number of for Ascaris Number of for Ascaris 
specimens specimens 

Number Percent Number Percent 

All areas 1,413 561 39.7 2, 798 716 25.6 

Group A 
Wheelwright 377 44 11. 7 765 53 6. 9 

Group B 606 258 42. 6 1,197 316 26.4 Weeksbury 173 I 77 44. 5 310 97 31. 3 Wayland 199 90 45. 2 433 112 
~anton 

25. 9 
35 14 40.0 .17 15 26. 3 HemphilL 90 30 43. 3 I U.S 44 22. 6 Drift IOU 38 34. \J 202 48 23. 8 

Group C 430 25IJ (i0. 2 83G 3-47 41. .'i Hollows 71 37 52. I If')O 44 2!l.a Jacks Creek 12!) 77 5U. 7 255 112 43. !J Slick Rock 4.5 27 no. () lOO 37 37. () 
Salyers Branch 50 23 46. () 82 I 2H 35.4 
~fud Creek 135 95 70. 4 241l 125 50. 2 

1 See footnotes to table 1. 
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Figure 5. Percentage of individuals infected with 
Ascaris, hy age, in study areas grouped according 
10 sanitary facilities, eastern Kentucky, 1954-56. 

approximately 12 percent in Wheelwright to 
70 percent in Mud Creek. Nearly the same 
numbers of individuals of other ages were 
examined in the 11 study areas. posely similar 
rariations in infections were observed, but at 
lower rates. One-f11urth of the 2,798 individuals 
examined were pd*tive for Ascaris. Omitting 
group A, 33 percellt of the specimens from all 
ages combined were positive. 

Figure 5 shows the distribution of Ascaris 
infections by age group in t.he t.hree population 
areas. The greatest proportion of positive 
specimens came from children 5-9 years old, 

with 12,47, and 59 percent infected in areas A, 
B, and C, respectively. In general, the age dis­
tributions were similar in the three groups, 
except where only small numbers of cooperat­
ing individuals were available in certain age 
groups. 

Fly Abundance 

Sarcophagids, Phaenicia spp., and l1hlsca 
domesti.ca were the most common flies ob­
served in the study areas. Scattered garbage 
and waste water were the most common attrac­
tants. Because of the demonstrated role of 
M. domestica as a vector of Shigella (5) and 
the close association between this species and 
humans, grill counts of houseflies only were' 
measured (table 12). Houseflies were seen first 
in t.he study areas about the middle of April 
each year; a few Oynomyopsis, Oalliphora, 
Phaenicia, and sarcophagids were seen about a 
ni-onth earlier. Houseflies increased slowly in 
May"and June and more rapidly thereafter to 
a peak in September of 1954 and 1955. During 
the summer mont.hs, 111. domestica comprised 
one-half to three-fourths of the total fly popu­
lation. Generally windy conditions during 
August 1956 seriously interfered with fly 
measurements; counts for the month probably 
would have been much higher if winds had not 
been so strong. Although no grill cOlmts were 
made in the fall months of 1956, on the basis of 
occasional field observations housefly abundance 
appeared to reach a peak during the first 2 
weeks of October. 

Consistently smaller fly populations, both of 
Musca and of total flies, were observed at prem­
ises of group A than at premises of group B 

Table 12. Average grill count of houseflies by study area group, eastern Kentucky, August 1954-August 1956 

1954 1955 1956 
StlidYarea

group 1 

August. Sep­ Octo­ May June July AU6TJ1St Sep­ Octo­ JUlie July All~U~t 
tcmbcr ber tembcr ber 

Group A 8 2. 8 (') 0.4 O. 1 0.6 1.5 2. 2 1.2 0. 	1 1.8 1. 1 
Group B ____ 13.5 20. 6 12.6 .8 1.3 ° 7. 9 11.8 7. 4 .6 4. 8 3.3 4. Group C____ 5. 5 13. 1 (2) 1.0 .6 4.1 10. 1 13. 9 (2) .5 2. 5 (2) 

1 See footnotes to table 1. 2 No grill counts made. 

PulJlic Health Monograph No. 54, 1958 17 

http:domesti.ca


or C. This finding was anticipated, since 
1Vheel wright was the only study area where 
general use was made of covered garbage con­
t.ainers and refuse collection service. There 
were no consistent differences in fly abundance 
between group B and group C areas. Group 
B had higher Musca counts than group C in 
5 of the 9 months for which comparable data 
.are av~ilable (table 12). It was noticed that, 
although about the same number of flies per 
attractant were obtained at premises in the 
two gr9ups, on the whole there appeared to be 
more-attractants in the yards of group C homes. 
Typically, houses in both groups were screened 
inadequately or not at all; during the summer 
months numbers of IIfusca and Phaenicia were 
commonly observed indoors. 
- ~:, 

Examinations of Water 

, Bacteriological examination of water samples 
was conducted from J anuary28, 1955, through 
December 1956. The number of water sources 
examined included 7 piped public supplies, 7 
semipublic supplies, 62 private drilled wells, 
142 private dug "Wells,' and 15 springs (table 
13). Frequency of sampling was generally re­
lated to the number of individuals ser,Ted by 
the water supply. :Most wells used by a single 
family were tested only once or twice, but the 
larger public systems ,)8re sampled as often 
as 3 or 4 times a week. During the late SlUnmer 
and early fall, many of the dug wells and 

springs were dry, and a 11umber of families 
obtained 'Yater temporarily from creeks or fron1 
supplies outside the study area. 1Yith the ex­
ception of these emergency sources and a few 
infrequent.ly used dug wells, all water supplies 
arailable to the populations under study were 
tested for bacteriological quality at least once. 

Only in 1Vheelwright were all houses pro­
vided with piped water. ~.\.n abandoned mine 
was used as a water source and rese1Toir. The 
water was regularly treated by coagulation, 
filtration, st.orage, and chlorination. Houses at 
1Vayland were served by a coinmon supply, 
with. a few exceptions. The ,Yayland selTice 
included two systems, which were cOllnected 
during most of the period of investigations. 
Abandoned mines, a creek, and a deep well 
were used separately and in combination as 
water sources. Treatment included filtration,
storage, and occasional chlorination. In :Manton 
and Hemphill, water w-as obtained from mines 
and piped to homes without treatment other 
than storage. Deep wens were used by 1\7'eeks­
bury and Drift; treatment consisted of storage 
and intermittent chlorination in ,Yeeksbury 
and storage only in Drift. 


Coliform contamination was low-est in the 

piped public supplies and highest in the indi­

~-idual dug ,yells (table 14). Dug wells in east­
ern Kentucky were usually lined with fiat rocks 
laid without mortar. The wells rarely were 
conred or othendse sheltered. In most in­
stalices, the water probably was contaminated 

Table 13. Water sources exalllined for bacteriological quality, by area and type, eastern Kentucky, 1954-56 

Public Semipublic Individual IndiYiduaJ 
water drilled drilled' dug Springs 

sy_s_t_em wel_JS il ~_'e_ll_s w_e_ll_s

Grouped study areas 1 
I

Group A:
Wheelwright-

Group B
6 30 46 7

Weeksbury 1 14 26 6Wayland 6 

Manton 2Hemphill f 5
DrifL 1 10 7 

Group C___________________________________ U 6 32 lin 8 
Hollows 4 24 2
Jacks Creek c 2 14 37 2
Slick Rock_______________________________ 3 13 2
Salyers Branch 14 5 
Mud Creek______________________________ 1 17 2 

1 See footnotes to table 1. 
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Table 14. Distribution of coliform contaInination 
in water samples, by source and degree of con­
tamination, eastern Kentucky, 1954-56 

Water source 

Number coliforms per 
lOO-mL sample 

0-1 .2-19 20-99 
100 
and 
over 

Percent 

Public water systems
Semipublic drilled wells 
Individual drilled wells 
Springs
Individual dug wells

I89.4 
64. 3 
51. 9 
18.5 
12. 1 

7. 0 
7, 1 
8. 9 

25.9 
9. 9 

1.8 
9. 6 

13.9 
26. 0 
28.0 

1.8 
19.0 
25. 3 
29. 6 
50.0 

both during drawing operations and by surface 
drainage. 

The 1Yheelwright water system was the only 
public supply in the study area which consist­
ently produced "'ater of good quality during 
the period of observation. Ko coliforms were 
rE'cm'ered from any of 183 samples collected 
m'er a period of 62 weeks. 1Vith one exception, 
the samples were free of turbidity, sediment, 
and color; the pH usually ranged between 7.2 
and 7.4. Chlorine residuals taken ata point 
distant from the treatment plant usually rangE'd 
oet\YE'en 0.2 and 0.4 p.p.ln.; chlorine residual 
,ras present in all but 4 of Hie 183 samples. 

The record of 572 examinations of the 1Vay­
land system over a period of 61 ",·eeks shows 
erratic and frequently inadequate settling, fil­
tration, and chlorination. Sixty-eight (12 per­
('.E'nt) of the samples, representing 27 weeks' 
observation, revealed varying degrees of con­
tamination by coliform bacteria; in 14 of the 
fi8 instances, however, the comlt was only 1 
coliform per 100 m1. of sample. In general,
sourcE'S in group B study areas usually pro­
"ided water subject to frequent bacterial con­
tamination. 

Heavy pollution was most consistently pres­
ent in group C water sources which consisted of 
open dug wells for the most part. 

Socioeconomic Factors 

Studies of the relationship between sanitary 
facilities and enteric disease are complicated by 
the difficulty, or improbability, of securing pop-

ulation groups in "hich the desired variables 
are represented, but which are othenyise simi­
lar. Such closely comparable groups can be 
approximated ollly in highly artificial popula­
tions, such as military camps. Even with the 
most careful selection of available alternatiYes, 
population groups exhibiting measurable social 
and economic differences had to be included in 
the present study. 

Table 15 summarizes information concerning 
a number of these factors, which were .analyzed 
to determine their possible influence upon cor­
relations of sanitary facilities and diarrheal 
disease incidence. One factor which influenced 
selection of the eastern coalfield region for these 
studies was the heavily unionized single indus­
try, which served to minimize differences in the 
nature of employment and family income and, 
partly "as a consequence, to effect some uni­
formity in the study population. A large pro­
portion of the inhabitants of the area, eyen of 
the rurnJ hamlets in group C, were dependent 
upon mining for a livelihood. The majority of 
the unemployed were miners by trade. The 
lowest rate of persons engaged in coal mining, 
30 percent in Mud Creek, coincided 'with the 
highest unemployment rate of 35 percent. Em­
ployment information was obtained during the 
initial "isits to the camps; during this time 
period, mining employment was coincidentally 
at a low IHel. The opening of numbers of 
small truck mines in 19i'ii'i and 1956 unques­
tionably retluced greatly the percentage of Ull­

employed and raised the pereentage of indi­
ddlln.ls engaged in coal mining, particularly 
in the Mud Creek urea. 1Yith these acknowl­
edged statistical limitations, for all areas, coal 
mining employment averaged 67 percent, full ­
time agriculture 1 pel~c'ent, all other employ­
ment 22 percent; abont 10 percent \,ere 
unemployed. 

Information on annual income of the study 
families was not obtained directly since the 
question "us considered sufficiently personal to 
encournge misleading answers and perhaps 
arouse resentment as \yell. Instead, coal opera­
tors and union officials "'ere consulted for esti­
mntes of anrage income of miners in the study 
populations. These esti11ll1tes, supplemented by 
information from a limited number of indi­
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viduals in each study area, indicated an ap­
proximate 1956 average family income in group 
A of $4,800 and in groups Band C of $3,600 
and $3,000, respectively. House rentals in group 
A averaged $25 per month and in groups B 
and C, $10. 

The median school grades completed were 
9, 8, and '1 in groups A, B, and C, respectively; 
medians ranged from 6 to 9 in the individual 
areas. 

Mobility as a characteristic of study popu­
lations was found to vary greatly between areas 
(table 15). The greatest movement occurred 
in Drift, .where only 62 percent of the house­
holds remained in the same house for a year 
or more. The least mobility was observed in 
Salyers Branch, where only 5 percent moved 
before they had stayed a year at a residence, 
and all of these remained in the study area. 
Little differences were observed in percentages 
of households changing residence within each 
population group, although variations between 
individual camps ranged from 5 to 29 percent. 
The percentage of households moring into 
groups A and B was greater than the percent­
age entering group C. Almost all people mor­
ing into the study areas durin£)" the investiO'a­
tlOns came :from similar environments in 
eastern Kentucky. Therefore, since people 
moring into group A, could only come from 
equal or poorer environments, the net effect of 
these shifts was a possible increase of disease 
rates in group A and a lowering of rates in 
group C. 

Median family size in all study areas was 5 
(table 15). The number of families with 5 or 
more members averaged 61 percent :for all 
camps. As a rule, :families in the rural hamlets 
tended to 00 larger than those in the mining 
communities. The median family size was 
somewhat larger in group C populations; 
therefore, the average number of persons per 
room and the level of crowding was greatest 
in group C, since the average size of houses 
did not differ greatly among the three grouped 
areas. 

The fertility index (number of children 
under 5 years old for every 1,000 women aged 
15-44 years) ranged from 547 in Hollows to 
1,390 in Mud Creek. For group A, it was 655; 
for group B, 879; and for group C, 979. The 

fertility index for the entire study population 
was 772, compared with a Kentuch.-y average 
of 544 (1950 United States census). The pro­
portion of illdividuals under 5 years of age was 
14,17, and 19 percent in groups A, B, and C, 
respectively (table 3). In the A, B, and C areas 
33 percent, 35 percent, and 38 percent of the 
population, respectively, were in the group 
aged 5-14 years. 

The highest percentage of households with 
mechanical refrigerator, television set, and 
washing machine was in group A.., and the 
lowest in group C (table 15). ­

The possible effect of racial factors upon the 
results of the investigations appeared to be 
minimal. Only 7 percent of the study popula­
tions was Negro and these lived in three camps: 
'Vheelwright (18 percent), Hollows (5 per­
cent), and Weeksbury (7 percent). The sex 
ratio :for both whites and Negroes was reason­
ably well balanced in all camps, averaging 51 
percent female. 

Implications of the information presented. 
above were that variations among the groups 
in such factors as family size, education, and 
crowding were sufficiently randomly distributed 
as to have no more than a moderate corl'elatin 
influence upon the enteric disease indexes. 
Analysis of the separate factors tended to con­
firm this hypothesis since the individual etl'ect 
of each, when considered in terms of environ­
mental faciJities, indicated a moderate degree 
of positive correlation with AscaJi8 and 
8Mgella data, but inverse relationship with 
reporteel morbidity. 

The results of this analysis prompted a three­
way comparison of enteric disease indexes with 
family size and crowding (table 16) ; family 
size and education of the housewife (table 17) ; 
and crowding and education of the housewife 
(table 18).1 Separation of the data into so 
many cells naturally resulted in limited llum­
bel'S for many categories; thus in many in­
stances significant comparisons between the 
various !actors were not obtainable. Inter­
pretation of results is complex because the 
factors are not mutually exclusiye; however, 
several conclusions are possible. 

1 Kumbers in tables 16-18 and 20 do not agree with 
numbers in tables 2, 4-8, 10, 11, and 19 due to some 
instances of incomplete data on ellyironment. 
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Tablc 15. Characteristics of study pop\tlations, castern Kentucky, 1954-56 

Grouped study areas 

Group A: 
Wheelwright______________

Group 13____________________ 
\Veeksbury 
Wayland_ 
Mantoll 
HcmphilL____________ 
])riCt.____________________

GroUJl C 
11 011 0 \\'R 

Jlleks Creek
Slick noeL
Salyers Branch
Mud Creek. 

Percent employment of head of 
household 

Coal 
mining 

88 

56 
n 
40 
68 
58 
57

51 
:l2 
6.J

44 
82 
30

Other 

12 

30 
1.5 
44 
27 
26 
2!l 

33 
fit 
22 
:n 
18 
35 

Unem­
ployed 

O. 4 

14 
12 
Hi 

5 
16 
14 

16 
7 

1:3 
25 
o

35 

Median 
school 
grades 

 completed
by 

housewife

o
8 
7 
8 
8 
7 
8 

7 
6 
8 
8 
6 
6 

Percentage of house­
holds changing res­
idence during 1 
year 

Within 
camp 

17 

16 
20 
14 

5 
6 

2!l 

15 
24 
1:~ 
6 
5 

16 

From 
outside 

10 

11 
16 
12 
10 
6 
I) 

6 
I) 

7 
0 

gl

Median 
family 

size 

5 

5 
5 
5 
4 
5 
5 

6 
4 
7 
7 
6 
6 

F~rtility 
index 2 

655 

870 1,056 
837 
954 
745 
83:~ 

979 
547 
1)01) 

1, 111 
1, 201 
1,300 

Perh~ptage of JlOuseholds with-

Mechanicall
refrigerator 

100 

92 
88 
06 

100 
92 
88 

75 
8:~ 
78 
56 
86 
62 

 Television 
set 

95 

3 74 
05 
00 

(') 
(') 

45 

359 
54 
88 

(.) 
(') 

32 

Washing 
machine 

98 

92 
87 
97 
96 
95 
85 

86 
88 
87 
78 
88 
85 

1 See footnotes to table 1. 

2 Number of children under 5 years for every 1.,000 women aged 15-44 years. 

3 For camps for which information was available. 

• Information not available. 



Table 16. Comparison of enteric disease indexes, by selected sanitary facilities, family size, and crowding, eastern Kentucky, 1954-56 

R:witary facilities antilable 

Total ______ .. ________
Fltl8h toilet and WaLeI' inside 

(1\\'('11 illg. 

To ta I _.. ______ . ______
PriVY and waier inside dwcl­

lill·g. 

Total _______________
Privy and water outside 

dwelling on premises. 
 

Total _______________
Privy and water outRide 

r!ll"e1ling off premises. 

Family size 

--------2-f) ____ .. ----____ 
(i-I). _________ 
10 alld ovel'___ 

----------.- ­2-5__________ 
G-!L ________ 
lOami over. __ 

-------------2-5 __________ 
fJ-\J __________ 
10 and ovec __ 

---------- --2-5__________ 
fJ-!1. __ _ _ ____ 
10 and ove!'. __ 

Reported diarrheal'disease incidence 
ill nIl ages 

Persons per room 

lImier 1.5 

I'Ml;; I 

22,012 
IU,820 

'I, nDO 
·l\l(i 

10, 7fl,Q 
5, 58n 
3, !)70 
1,207 

4,578 
2, 298 
2, 0\10 

J !)() 

4,691
2, 711 
1,777 

20:l 

naie 2 

155
175
on 
21 

225
223
1!):3 
:338 

21,9
250
24()
252 

337
:1:W
:-178 

0 
-

1.5 and over 

PM I'; 1 

----

11,91,9 
2()2 

8,71,1 
2,01:l 

1,,052 
504 

2, 8!)8 
OliO 

fl,.'J05 
:H:l 

4,820 
1,172 

6,028 ()n 
4,147 
1,208 

-..__ . __._­ -.

Hate 2 

----
109 
1:17 
11O 
77 

275 
II!l 
318 
20:1 

350 
400 
:H8 
:127 

471
410 
489 
447 

-.-~---

Prevalence of Shigella in I~reschool 
children 

Persons per 1'00111 

Under 1.5 

N lllll· 
bel' of 

cultures

._--

2,835 
2, :354 

41(i 
()5 

1, 423 
678 
449 
2gG 

722 
:l71 
:302 

4!J 

762 
:380 
:3:H 

:W 
------

Percent
pORi­
tive 

--
O. 6 

. :1 
I. () 
7.7

1.5
1.3
2. 0 
1.4

3. 5 
2.2
4. :3 
8. 2

3.8
5.1 
2. 7
.0

1.5 and over 

Number 
of 

cultures 

----
2,182 

21 
1,520 

()41

772 
92 

556 
124 

1,266 
00 

1,00:3 
1!J7 

1,244
200 
8n 
215 

Percent 
]losi­
tive 

---
1. 7 
4. 8 
I. 1 
a. 0 

3. 9 
:3.3 
3. 8 
4. 8 

7.1 
10. 0 
7.1 
fJ. 1 

7. 3 
9.2 
7. 8 
a.7 

Prevalence of Ascaris infections in 
ill all ages 

Persons per room 

Dllder 1.5 


Num. 
bel' of 
speei­
mcns 

660
511 
1:30

l!J

462
266
155

41 

220
114

g() 
10

185
109

76 

Percent
posi­
tive 

;, 
a 
8 

16 

22
15 
28 
4G 

34 
24 
47 
30 

29 
2g

________ 28

1.5 nnd over 

NUIll-
bel' of 
speci­
mens 

300 
5 

2:31 
64. 

203 
20 

140 
43 

313 
27 

228 
58 

320 
47 

215 
58 

Percent 
posi­
tive 

---
15 
0 

12
27 

32 
50 
20 
42 

45 
:3:1 
4G 
47 

51 
:18 
55 
48 

I l'ersoll-nlOllths experience. 2 Hate per 1,000 pCI' :t1J1J1lI1l. 



Table 17. Comparison of enteric disease indexes, hy selected sanitary facilities, family size, and education ofhou~ewife, eastern Kentucky, 1954-56


 Sanitary facilities 

 available

t  
' 

 


t 
 

'I'olaL "__________ 
Flush toilet, and wuter 

inside dwelling. 

TotaL ___________ 
rrivy alld water imddc 

dwelling. 

Tolal ____________ 
Privy and water outside 

dwelling 011 premises. 

Tolal ____________ 
Privy and water outside 

dwelling off premises. 

School grades
completed by

housewife 

0-6
7-8
9 and OVPL 
UnknowIL 

0-6
7-8
9 alld over___
lJnknowlI ____

-------------0-6____. _____
7-8_________
9 and ove!". __
Unknown ____

-------------0-6_________
7-8_________
!l and ove!". __
UnknowlL ___

Reportpd diarrheal disease incidence 
ill all ages (number ill family) 

2-5 

~ 

>iI 
~ 
p.., 

17,088 
2,6!J4 
4,184 
!l,726 

484 

6, 090 
2, 156 
2, a57 
1,544 

33 

2,611 
1, 587 

620 
326 

78 

3,384 
2,088 

(J07 
371 

18 

 per .1,0

~ 

Ol 
+' 

p:; 
oj

174 
151 
126 
206 

lJ!J 

214 
128 
249 
287 

0 

275 
340 
13.5 
294 

0 

351 
3:~3 
42:3 
258 
666 

0 pe

6-9 

~ 

>iI 
~ 
p.., 

3,434 
3, :308 
4,065 
5,9:32 

12lJ 

6,874 
a, 466 
8,0:16 

34:1 
29 

6,910 
4. 068 
2,317 

214 
311 

5,924 
4,129 
1,417 

378 
0 

nnum. 

~ , 
Ol 
+' 

p:; 
oj 

112 
116 
100 
117 
186 

246 
228 
27fi 
11<1 

0 

317 
330 
300 
560 
115 

455 
4G5 
465 
317 

- - - -

]0 and over 

~ 

>iI
~ 
p.., 

---

3,439
1, 120 
1,357 

062 
0 

1,857 
487 

1, 157 
21:3 

0 

1,362 
993 
219 
150 

0 

1,411
7.'')5 
568 

0 
88 

M 

Ol
+' 

p:; 
oj

-
69 
96 
44 
74 

- _. - ­

290 
468 
207 
:138 
- - --
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410 

0 
160 
- - --
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445 
338 
- - --
136 

Frevalence of Shigella in preschool 
children (number in family) 

2-5 
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til 

... Ol '" .... 
..0;:1 

6~
;:1<:> 
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,375
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5

I 
00 
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Ol 
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-
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2. 5
.0
. 1
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1. 6 
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1.8
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7.6
5. 9
2. 6
.0
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.... Ol '" .... 
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6~
;:1<:> 
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,936
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476 
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0
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00
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>1.~ 

~.~
....Ol 
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1.1 
2.0
1. 1 
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3. 0 
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4. 0 
.0
_ 0 

6. 4 
7.8
4.9
.0

9.4

6.3
6.0
8. 7 
1. 1 

- - - -
--

Hi and over

0 

.... rtl Ol 
Ol .... 

..0;:1

6~ 
;:1<:> 

Z 
-

706 
271 
217 
218 

0 

420 
121 
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13 
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0 
25 
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-
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5. 1
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3. 1 
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2. 8 

- - - --
.0

Prevalence of ~8caris infections in 
! all ages (number in family) 
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22 
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9
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-
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27
44 
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18
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12
0

68
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Tuhle 18. Comparison of enteric diseuAe indexes, hy Aclectc,l sanitary facilities, crowding, and education of housewife; eastern Kentucky, 1954-56 

Sanitary facilities available 

TotaL 
Flush toilet and water illside 

dwelling. 

TotaL ____ ~ ___________
Privy alld waler inside dwcll­

ing. 

TotaL _______________
Privy allel water outside 

dwellillg Oll premises. 

Total ________________
Privy and waler outside 

dwelling off prcmise's. 

School grades 
completed by 

housewife 

0-6
7-8
\) and OVCL ___ 
Unknowll _____ 

 -------------­0-6 __________ 
7-8 __________ 
nand OVCL ___ 
UllknowIL ____ 

 
-------------~0-6 __________ 
7-8__________ 
\! alld over____ 
UnkIlOwIL ____ 

 -------------­0-6 __________ 
7-8_________ "
!) alld OVCL ___ 
UllkllOWIl .. ____ 

Reported diarrheal disease incidence 
ill all ages 

Persons per ,room 

Under 1.5

PMEI 

22,012 
4,187 
5, nO\) 

11,334 
4\)2 

10,769 
4,017 
4,721 
1, Un!) 

2\! 

4,578 
2, 3n7 
1,286 

503 
380 

4,691 
2, !J08 
1,034 

734 
15 

Rate 2 

1/iS 
]43 
JOO 
J\)2 
\)7 

225 
218 
213 
270 

0 

249 
285 
233 
237 

!J2 

387 
30!) 
152 
277 
800 

1.5 and over 

PMEI 

11,949 
2,!J35 
3, (\07 
5, 286 

]21 

4,0/)2 
2,OH2 
1,82G 

101 
33 

6,305 
4, 251 
1,870 

18,1 
0 

6,028 
4,0(\4 
1,858 

1& 
fJl 

Rate 2 

109 
102 
IOU 
111 
lU8 

275 
200 
301 
356 

350 
°

378 
256 
052 

------- ­

471 
50·4 
413 
800 
131 

Prevalence of Shigella in preschool 
children 

Persons per room 

Under 1.5 

Number 
of cIII ­
tures 

2,835 
503 
721 

1,548 
63 

1,423 
437 
573 
40.5 

 8 

722 
2\!7 
27!) 
100 

46 

762 
443 
}tIU 
W5 

5 

Percent 
positive 

0. 6 
2. 0 
.8 
. 1 
.0 

1.5 
3. 4 
.7 
.7 
.0 

3,5 
2. 7 
3. 2 
5. 0 
6. 5 

8.8 
3. 6 
6. 7 
1.8 
.0 

1.5 and over 

Number
of eul­
tures 

2,182 
504 
505 

J,081 
2 

772 
345 
3% 

25 
6 

1,266 
828 
3!)!) 

3!l 
0 

1,244 
828 
380 

5 
25 

Percen
positiv

1. 7
3. 6
1.8
.6

50. 0

3.9
2.3
5. 6
.0
.0

7. 1
8. 
5. 8
.0

-------­

7.3
7,7
7.0
.0
.

Prevalence of Ascaris iufections 
in all ages 

Persons per room 

Under 1.5 

Number 
of speci­

mens 

660 
124 
170 
35U 

7 

46,'!! 
160 
200 

\!3 
0 

220 
108 
70 
22 
20 

185 
113 
37 
33 

2 

Percent 
positive 

4 
7 
7 
1 
0 

22 
20 
22 
27 

------- ­

34 
41 
I!) 
27 
60 

29 
28 
38 
21 

0 

1.5 and over 

Number
of speci­

mens 

300 
O!J 
UO 

128 
4 

208 
08 
UU 

6 
0 

313 
1!)(J 
101 

13 
0 

320 
231 
85 

1 
3 

Percent 
positive 

15 
3U 
13 
4 
0 

32 
36 
28 
17 

--------

45 
46 
48 
15 

------- ­

51 
50 
56 
0 
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Approximately one-third of the people pro­
yiding enteric disease data resided under op­
timum conditions of environment; that is, they 
had ,Yater and flush toilets inside the house, 
minimum crowding, and higher levels of edu­
cation as contrasted with occupants of premises 
hal-ing water outside the house. :More than 55 
percent of the inhabitants of the more poorly 
sanitated areas had water outside the dwelling 
unit, had larger. families, were more crowded, 
and were less well educated. 

Data in table 16 show that, for occupants 
of dwellings having person-per-room ratios 
greater than 1.5, Shigella and Ascaris rates 
"ere about two or more times as high as those 
rates for individuals living under less crowded 
~onditions. These differences in infection rates 
were almost as great as rates according to types 
of sanitary facilities compared under identical 
~onditions of crowding. Inverse relationships 
between crowding and reported diarrheal ex­
llerience were observed in the well-sanitated 
areas. The effect of family size was not appar­
ent except insofar as it resulted in greater 
crowding. 

The effects of family size and educational
differences are shown in table 17. Prevalence of

Shigella and Ascaris infections in general var­
ied inyersely with educational level. Although 
the data are limited, there "as some indication 
that larger family size increased the infection 
rates obsernd. It is apparent from the data 
that persons in higher educational levels tended 
to report more diarrhea than those in lower 
educational levels. 

Data in table 18, comparing indexes of dis­
ease by differences in education and crowding, 
reflect generally higher rates of diarrheal 
disease and Shigella and Ascaris preyalence 
whereyer conditions of crowding are greater, 
and also where the educational level is low. 
Again, the incidence of enteric disease was 
primarily affected by availability of water and 
sanitary facilities. 

It was concluded from the comparisons in 
tables 16, 17, and 18 that the combination of 
increased crowding, large families, and low 
educational levels tend to increase the preval­
ence of diarrheal disease. It was concluded 
further, however, that in the perpetuation of 
enteric disease the combined effects of these 
factors are not as significant as the effects of 
inadequate sanitary facilities. 

Discussion 


Efforts have been made preyiously to esti­
mate the effect of a single or of a limited num­
ber of enyironmental factors on the occurrence 
of diarrheal diseases. Inyestigations by ,Vatt 
and Lindsay (12) in Texas and by Lindsay 
and associates (7) in Georgia demonstrated 
that effective fly control in communities with 
high to moderate fly populations reduced the 
prentlence of diarrheal disease and Shigella 
infections. Inyestigations among prisoners of 
'varin Korea during the fall of 1951 by 
Schliessmann sho,Yed that preyalence of diar­
rheal diseases decreased ,vith increased quan­
tity of water ayailable to prisoners for bathing. 
·Watt and associates, in studies of migratory 

,yorkers in California, suggested that use of 
water as a diluent might reduce the pre,-alence 
of shigellosis (13). Subsequent investigations 
of similar situations by Hollister and co­
workers indicated that Shigella prevalence ,ms 
associated with availability of water for per­
sonal hygiene (14). Similar obselTations were 
made in southern Georgia by Stewart and 
others, who indicated that not only the po­
tability of water but also its ayailability for 
personal hygiene must be considered in any 
diarrheal disease control program. (:2). The 
studies reported in this monograph "ere an 
extension of these im-estigatiolls and ,,-ere de­
signed to provide statistically reliable infor­
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mati on on a number of measurable em-iron­
mental factors which might affect the incidence 
of diarrheal disease. 

Sanitary Facilities 

The lowest rates of reported diarreal disease, 
ShigeZZarpositive cultures, and Ascaris-positive 
stools were from the area in group A where all 
residents were provided with complete com­
munity ~anitary facilities. Group B areas were 
served'by some but not all public sanitary serv­
ices, and rates of all three enteric diseases in­
dexes were higher. Highest rates were observed 
in group C study populations, where conunu­
nity sanita,ry facilities were entirely lacking 
(table 19). Reported diarrheal disease rates 
in group B populations were about twice as 
great, and in group C populations, about three 
times as great, as those in group A. Shigella­
positive culture rates were approximately 5 
and 9 times as large in groups Band C, re­
spectively, as in group A. Ascaris-positive 
stool rates in group B were 4 times as great, 
and in group C, for ages 2-12 and all ages, 5 
and 6 times as great, respectively, as in 
group A. 

The effect of several speci£.c sanitary facili­
ties upon occurrence of enteric disease, as. 
measured by rates of reported disease and 
Shigella and Ascaris pre,alence, was both 
marked and consistent. People pro,ided with 
water piped inside the house and with priry 
excreta disposal reported approximately twice 
the incidence of disease, had twice the pre,al­
ence of Shigella infections, and m-er three times 
the Ascaris infection rate of individuals who 
not only had access to water inside the dwelling 
unit but also had flush toilets (table 20 and 
fig. 6). Reported incidence of diarrhea and 
Shigella and Ascaris infection rates for indi­
viduals who used privies but who had water 
piped inside their dwellings were compared 
with the same rates for persons who used 
pri,-ies but whose source of water was outside 
the house. Rates of reported morbidity and 
Ascaris infection were approximately one-third 
lower among persons haYing access to water 
inside their dwellings than among persons 
whose source of water was outside the house. 
In addition, the Shigella infection rate in pre­
school children having access to water inside 
their dwellings was approximately 50 percent 
less than rates among children whose source of 

Table 19. Reported diarrheal disease morbidity rates, Shigella infections in preschool children, and percent­
age of population infected with Ascaris, by area, eastern Kentucky, 1954-56 

Grouped study 
areas 1 

A II areas 

Group A: 
WheelwrighC__ 

Group B_ 
":eeksbury_ ___ 
"\Iayland______ 
i'lfanton_______ 
HemphiIL _____ 
DrifL________ 

GroupC ________ 
Hollows_______ 
Jacks CreeL___ 
Slick RocL ____ 
Salyers BranCh_I
Mud Creek. ___ 

:\lorbidity rate 

0-4 years 

P1fE 2 

-------!
11,210 II 

4,038!

4, !i92 
1, 660 
1,802 i

184 
300 

1 746 

2,480 
594 
888 

, 190 
 252 
. 636 

Rate 3 

-------
__ 7_5_4_

413 

744 
737 
779 
847 
680 
675 

1,3~0 
1,111 
1 1: ')6') 

010 
666 

1, 924 

All ages 

 PME 2 

  70,826 11 

  27,511 

f 27,969 
9, 165 

11,652 
894 

2,169 
11 

4,089 

15,~4~ 
4, ,6, 
4 1: 963 

069 
1,311 I
3, 236 

Rate 3 

___ 

 22_7_

 135

251 
272
247 
308 
204 
228 

349 

I 
317 

I 316 
381 

I  137 
522 

Shigella 
prevalence 

I' 
Number 

cul~~res 

 11_'_26_4__ 1

4,074 

4,698 
1, 735 
1,828

162 
297 
676

2,492 
644 
801 
230 
236 
581 

~~~i~r~~ ' 
_______
 3,1,

 0,7 

 3,5 
 3, 6 
 3,4 

3.1 
 2,0 
 4,3 

 6.4 
2.6 
8,1 
6.1 

10.2 
0, \} 

Ascaris preyalencc 

2-12 years 

of 
specimens
1-------

 1,413 

I 
377 

II 606 
1i3 
199 

35 
90 

109 

430 
71 

1Zg 
45 
50 

135 

 Percent 
I positive 
1 

!I 40 

I 
ItI, 12 

43 
44 

I 45 
40 

i 43 
j 35 

ii 60 
52 
60 
60 
46 
70 

All ages 

XUlllber 
of [

pecimens:

2,798 III' 

765 1 

1, H)7 !
310 
433 '

57 i
195 
202 

836 
150 
255 
100 
82 

249 

Percent 
posith-e

,-----­
26

·--
7

26 
31 
26 
26 
23 
24 

42 
29 
44 
37 
35 
50 

1 See footnotes to table 1. 2 Person-months experience. 3 Rate per 1,000 per anllum. 
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Table 20. Reported diarrheal disease morbidity rates, Shigella infections in preschool children, and Ascaris 
infections according to selected sanitary facilities, eastern Kentucky, 1954-56 

Sanitary 
facQities 

~ 

TotaL _-~ ~~
• Water inside dwell­

ing: 
Flush toilet __ c _

- Prh-y _ ________

Water outside 
dwelling:

On premise ___ _
Off premise ___ _

Morbidity rate 

----0---4-y-e-a-r-s--

PME 1 

-1_1-1,-1-2-1-

 5, 040 
 2,200 

:, 

 1,900 
 1,981 

Rate 2 

--7-5-6-il

428 
829 

953 
1, 320 

~-----A-l-I-a-g-es----1
1______-.-_____

PME 

-7-0-,-38-4-1

33,961 
14,821 

10, 883 
10,719 

Rate 2 

228

139 
238 

307 
413 

Shigella 
prevalence 

1
of cul-
ture~ 

 11,206 

5,017 
2, 195 

1,988 

I 2,006 

 Percent 
posi­
tive 

3_ 0 

1. 1 
2.4 

5.8 
I 6. °

Ascaris prevalence

2-12 years 

Number 
of speci­

mens 

1,334 

4581
313 

290 
273

Percent 
posi­
tive 

39 

 12 
42

58 
62

1 

Number 
of speci­

mens 

2,663 I

960 1
665 

533 
505 I

Percent 
posi­
tive 

 25 

~-
 7 

25 

41
 43

1 Person-months experience. 2 Rate per 1,000 per annum. 

water was outside their dwellings. \,There 
water was not piped inside the house, reported 
morbidity rates among indinduals who had 
water available on the premises were approxi­
mately 30 percent lower than for those who 
had to obtain water from a distant source; 
rates of Shigella pre,-alence and Ascaris in­
fection evidently were not affected by this 
variable. 

Limited data indicated Shigella and Ascaris 
preyalence rates to be about 2 and 3 times lo\,er, 
respecti,-ely, among occupants of dwellings 
with installed bath fixtures, than the same 
rates for individuals not hayillg access to in­
stalled tub or shower but otherwise provided 
with similar facilities. There were also indi­
cations that where hot water was available to 
families, Shigella and Ascari8 rates were lower 
than where there "as access to cold water only, 
aU other factors remaining constant. 

Flies 

Comparison of seasonal housefly abundance 
(table 12) with seasollfll incidence of reported 
diarrheal disease morbidity (fig. 2) reyeals a 
superficial correlation between the hvo sets of 
data. Discrepancies are evident, in that the 
highest morbidity rates ,vere obtained in Au-

gust 1955 and August 1956 while periods of 
highest JJusca prevalence were September 1955 
and early October 1956. Moderate peaks of 
diarrhea prevalence in March 1955 and April 

Figure 6. Diarrheal disease morbidity rates: Shigella 
infections in preschool children and percentage of 
study population infected with Ascaris, according 
to selected sanitary facilities, eastern Kentucky, 
1954-56. 
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1956 occurred during periods when adult house­
flies were absent, or nearly so. There is even 
less agreement between seasonal housefly 
abundance and the Shigella-positive culture 
rates shown in figure 2. The fall of 1954:, which 
was a period of comparatively high fly popu­
lations, was evidently a period of low Shigella 
prevalence; the September Shigella rate, in 
particular, failed to correspond with the peak 
of housefly abundance. In 1955 and 1956, 
Shigella,. rates remained at a comparatively 
high level throughout the wintBr, whereas fly 
populations definitely did not. 

Studies in Texas (112) and Georgia (7)
showed that reduction in incidence of diarrheal 
disease w~.~ accomplished by fly control. The 
standard measure of effective fly control was 
a Scudder grill count average of 10 houseflies 
or less. This standard has been employed in 
evaluating effectiveness of chemical insecticides 
for the control of flies. Housefly populations 
in the present study, in general, were below 
the level established as a standard of fly control 
in the earlier studies mentioned. It appears 
that these vectors did not contribute appreci­
ably to the transmission of diarrheal disease in 
eastern Kentucky during the period of observa­
tions. 

Water 

The 1Vneelwright water system (group A) 
was the only public supply in the study areas 

"which consistently produced water of good 
drinking quality during the period of observa­
tion. It does not appear likely that the IVheel­
wright public water supply was involved in 
the transmission of Shigella or of other enteric 
bacteria during the period of observation. 

Examinations of the Wayland city water 
system revealed frequently inadequate purifi­
cation, and other water sources in group B 
study areas generally prol-ided water subject 
to frequent bacterial contamination, in contrast 
to the heavily chlorinated water in group A. 
Group C water sources, open dug wells for the 

"most part, were the most consistently and 
heal-ily polluted of all. Transmission of enteric 
pathogens by water in the Band C study popu­
lations could hare occurred easily. There was, 

however, nothing in the results of the water 
examinations which we could relate to any 
outbreak of disease, to Shigella prevalence, or 
to the morbidity rates reported witllin the study 
areas. Therefore, the apparent correlations be­
tween water quality and Shigella, Ascaris, and 
reported morbidity rates were not considered 
to be an expression of causal relationship. 

Socioeconomic Factors 

Despite efforts to minimize inclusion of 
socioeconomic variables by a careful selection 
of study areas, quantitative social and economic 
differences were shown to exist between the 
observed population groups. During the course 
of the study, employment in mining operations 
and wages were comparatively high. The mini­
mum wage of miners established in September 
1956 was $21.16 per day. While monetary in­
comes by groups varied directly with level of 
sanitation, incomes of the more poorly sani­
tated groups were supplemented frequently by 
agricultural activities and were compensated 
further by low rental costs. The high percentage 
of households having television sets (group A, 
95 percent; B, 74: percent; and C, 59 percent) 
which, in this fringe reception area necessitates 
extensive aerial installations and boosters and 
cables from the mountains, attests to the fact 
that the population groups had sufficient in­
come over and above the minimum required 
for survival. These data strongly suggest that 
economic factors did not account for the di­
versity in incidence of enteric disease in the 
different study groups. 

The' effect of low level of education of the 
housewife, as well as the interrelated effects of 
large families and increased crowding, all were 
sho\I'n to accompany increased prevalence of 
Shigella and AscaJ'is infections. Similar rela­
tionships with reported illness were not as 
apparent. The housewife customarily assumes 
the responsibility for household cleanliness and 
the personal hygiene habits of the children, and 
the level of her educational background was 
considered to be a measure of the adequacy of 
hygiene practices in the home. Families in 
which the honse"ife had a higher educational 
level, however, tended to create bias in report­
ing. These families were smaller on the aver­
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age, so that complaints of individual family 
members might be expected to receive more 
attention. Also, the housewives with a higher 
educational level apparently were more con­
cerned about illness within the family than were 
those with less education. These factors may 
have contributed to the remembering and re­
porting of more diarrheal episodes of milder 
character. 

Etiological Agents 

Since it was not possible to obtain clinical 
appraisals or" multiple fecal specimens from 
acute diarrhea!." cases reported to the public 
health nurses during their monthly visits, 
definitive information on etiology was not ob­
tained. However, data gathered from monthly 
culturing of preschool children and from peri­
odic stool examinations permit the drawing of 
presumptive conclusions. The low Salmonella 
infection rates in the study populations sug­
gest that this genus did not contribute appre­
ciably to the morbidity experienced in any of 
the areas. Likewise, data obtained during 
a 6-month survey of 4 enteropathogenic 
Escherichia coli serotypes (026: B6; 055: B5; 
0111: B4; and 0127: B8) revealed a low prev­
alence of all types and suggested their com­
parative unimportance as 'a cause of morbidity 
in the study populations. 

Age-specific prevalences of Shigella infection 
in group Band C populations were comparable 
to those reported in Texas in 1946 and in New 
Mexico in 1938 and 1948 (13). In the Texas 
and New Mexico studies, it was shown that 
prevalence of Shigella infection was related 
directly to diarrheal disease morbidity and 
mortality, and that bacillary dysentery caused 
the majority of illnesses and deaths due to diar­
rheal disease. Therefore, as in studies in migra­
tory labor camps in California (13), it was 
concluded that shigellae were the primary cause 
of acute diarrheal disease in groups Band C 
of the present study. 

The low Shigella isolation rate observed in 
the well-sanitated group A area indicated that 
bacillary dysentery was not a primary cause 
of acute diarrheal disease in that area, in con­
trast with findings in group Band C popula­
tions. In the absence of clinical appraisal of 

diarrheal illnesses in group A, it was not pos­
sible to determine whether the primary cause 
of the cases reported was an infectious agent, 
a dietary manifestation, an allergic response 
of some nature, or a combination of these. It 
is apparent, however, that factors which con­
tribute to a low ~ate of Shigella in well­
sanitated areas reslilt in a reduction of other 
enteric infections and diarrheal disease mor­
bidity in such areas. 

Infection rates of E. histolytica were low in 
the entire study area, and no frank cases of 
amebiasis were known to have occurred during 
the period of investigation. High prevalences. 
of certain helminth species were noted and a 
number of observations of relationships between 
helminths and disease were made. Local physi­
cians expressed concern over infections of 
Ascaris and Strongyloides, as well as over the 
presence of large numbers of Trichuris, par­
ticularly among persons less than 3 years of 
age. Also, heavy ascarid and similar infections 
in young adult females and mothers of small 
children were considered to constitute an im­
portant hazard for family health and especially 
for the well-being of younger members of the 
family. However, appreciable evidence was ob­
tained which indicated that the majority of 
helminthic infections did not cause manifest 
disease. 

To study rates at ·which reinfections with 
Ascaris took place, a semiannual program of 
treatment for ascariasis was instituted. A 
single dose of piperazine citrate alone was 
found to be effective in almost 3 of every 4 
cases treated. A major portion of the stndy on 
treatment has been reported by Atchley and 
associates (15). Instances in which the single 
dosage ,vas not completely effective, according 
to post-treatment fecal examinations, were ob­
served to occur with greatest frequency in 
heavily infected individuals. Study areas with 
highest ascarid prevalences showed the greatest 
rates of reinfection when examinations were 
conducted some 6 months later. Tendencies to 
become reinfected were least among adults, but 
80 percent of those children who had been 
cured were positiye again when examined dur­
ing the following year. Of the nearly 500 
persons of all ages participating throughout the 
entire inyestigation of treatment and reinfec­
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tion over a period of a year and a half, approxi­
mately 80 percent of the adults and 40 percent 
of the children were never observed to harbor 
A8caris. A majority of these negative indi­
viduals resided in the well-sanitated area. 'While 
t.he promotional and temporary therapeutic 
values of single-dose treatments were well es­
tablislwd, this measure requires implementation 
by addItional public health procedures to give 
lasting improvement within a limited time. 

Applicability of Enteric Disease Indexes 

--:---The -validityof~orbidity rates obtained 
from data of reported diarrheal disease epi­
sodes unsupported by bacteriological examina­
tions as ~. measurement for elucidating differ­
ences in prevalence of diarrheal disease between 
population groups has been questioned fre­
quently. In this investigation, reported diar­
rheal disease morbidity rates, Shigella or 
A8caris infection rates, and the results of an 
environmental survey all were found to be 
satisfactory indexes for describing the relative 
differences in the enteric disease problem be­
tween study populations. 

Although variations in reporting were ob­
served between study groups, results of the 
investigation indicate that reported diarrheal 
disease morbidity may serve in many situations 
as a single index of enteric disease prevalence. 
Reliability of this index in differentiating dif­
ferences in the diarrheal disease problem be­
tween population groups "ill be dependent 
upon several factors. Therefore, consistency in 
the routine of questioning respondents is es­
sential, and questions should be explicit, easily 
understood, and free of bias. In addition to 
information on age of patient, date of onset, 
and data on duration of illness, nunlber of 
stools per day, and whether the individual was 
compelled to defecate at night will aid in estab­
lishing the degree of severity of the episode. 
The significance of reported diarrheal episodes 
of I-day duration, or of three or less stools, 
or both is not known. Accuracy of reporting 
frequency of stools beyond 6 stools a day was 
poor in this study; probably the highest cate­
gory used for recording frequency should be 
6 or more stools. Analysis of the data to estab­
lish a definition of diarrhea based on criteria 

. of significant severity will assist in comparing 
morbidity rates between population groups by 
eliminating many mild diarrheal episodes re­
ported by individuals in higher socioeconomic 
'levels. 

Heliability of the Shigella infection rate as 
an index of enteric disease prevalence and of 
environmental hygiene has been well estab­
lished. In the region selected for the present 
study, helminthic parasite rates i,ere high, and 
A8cari8 infection rates "ere sho"n to be at least 
as suitable an index as Shigella. Ascarid in-
fections usually persist for about 1 year, and 
transmission of infection is directly dependent 
upon improper methods of excreta disposal as 
well as on deficiencies of personal hygiene. 
Other intestinal helminth species showed rate 
trends paralleling that for Ascaris, but were 
less satisfactory indexes either because of their 
mode of transmission or because of a tendency 
to persist in the host for relati...-ely long periods. 
The latter characteristic would necessarily 
complicate e,-aluations of the effectiveness of 
a particular sanitary improvement because of 
the need for prolonged observations. 

The relative opportunities for dissemination 
of enteric organisms and the subsequent risk of 
a population exposed to diarrheal disease can 
be predicted on the basis of an en...-ironmental 
surny. The extensiveness of the survey to 
designate portions of a community "here 
enteric diseases are probably most prevalent 
will depend on the purposes for which the in­
formation will be utilized. The populations 
subject to the greatest risk of contracting diar­
rheal disease can be determined in a few days 
by rapid reconnaissance of water sources, 
excreta disposal practices, and general esthetic 
conditions of housing, yards, and neighborhood. 
Such economically and rapidly obtained in­
formation would be of aid in planning work 
and scheduling activities of local public health 
nurses and sanitarians. If more extensi,-e pro­
grams are planned, or if it should prOi-e de­
sirable to evaluate effectii"eness of the local 
health department program, a more detailed 
sun-ey would be required. 

Application of Findings 

The importance of such socioeconomic factors 
as income, family size, ed ucation~ and cro"ding 
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has been recognized, but in this study their 
-effect on the incidence of disease was secondary 
to the effect of the presence or absence of sani­
tary facilities. Diarrheal diseases are not a 
specific entity and may result from a number 
-of causes, not all of which are fecally trans­
mitted. However, the observed close correlation 
-of reported diarrhea and such parameters' as 
Shigella and Ascaris infections with various 
levels of envir<;?.nmental sanitation provides 
}Jresumptive evidence that the majority of in­
fectious diarrheal diseases have similar routes 
-of transmission. It is axiomatic, therefore, that 
'Since sanitary facilities tend to improve per­
sonal hygiene, pro~ision of such facilities will 
result in decreased incidence of infectious 
-enteric disease. 

The results of this study strongly support 
the premise that incidence of acute infectious' 
diarrheal disease may be reduced significantly 
through selective modification of specific en­
,ironmental factors within communities with­
out regard to etiological or sociologic differ­
ences. Variation in the degree to which re­
ductions in disease incidence can be attained 
through these modifications may well vary be­
tween population groups because of regional 
differences in li,inghabits, etiological agents, 
and fly abundance, and in milk and food control 
sanitation practices. However, preventive 
measures may be formulated with confidence 
that specific environmental improvements, 
based on a knowledge of local deficiencies, will 
inYariably effect significant reductions in 
enteric disease. 

SUlllmary 


Studies of the relation of environmental fac­
tors to the occurrence of enteric diseases were 
<conducted in 11 mining camps in the eastern 
·coalfield region of Kentucky from June 1954 
through Jmle 1957 by the Cumberland Field 
Station, a field unit of the Communicable Dis­
·ease Center, Public Health Service. The ob­
jective of the investigations was to provide 
basie information for development of specific 
·control measures by: (a) determining seasonal 
:and annual incidence of diarrheal disease 
:among hmnan populations of areas differing 
from one another in one or more measurable
characteristics of environmental sanitation; 
(b) identifying causative agents of diarrheal 
-disease in the different areas; and (c) evaluat­
ing levels of sanitation in the households and 
<3ommunities studied. 

Reported diarrheal disease morbidity rates 
for all ages in 7 stndy populations for "hich a 
full year of comparative data ,,'as aTailable 
ranged from 94: to 536 per 1,000 persons per 
-annum. The average rate for the 7 study popu­
lations was 213. }fore than half the total cases 
were reported from the group aged O--± years, 

and ,vithin this group the majority of illnesses 
were reported from children under 2, years of 
age. }farked seasonal trends were observed, 
the highest incidence occurring during August 
and September. The ratio of "summer" diar­
rhea to "winter~' diarrhea for the years 1955 
and 1956 was approximately 2, to 1. Diarrheal 
disease incidence increased earlier in the spring 
and persisted at a high level later in the fall in 
the areas with poorer sanitation. The modal 
frequency of reported stools per 24-hour period 
was 5, and the median 6. Average duration of 
illness was 4 days. Severe diarrhea "as re­
ported more frequently from the poorly sani­
tated areas. 

Shigella isolation rates obtained by rectal 
swabbing of preschool children ranged between 
0.7 percent and 10 percent by individual study 
areas. The highest rates for all study popula­
tions combined occurred in the 4-year age 
group; in the most poorly sanitated areas, 
children ,,'ere found to be infected at an early 
age, and the highest prm'alence 'was in the 2­
year age group. Shigella was isolated from 
354: rectal swab cultures of the 11,264: collected. 
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Eight biotypes 	 were found, with Shigella 
dysenteriae making up 4 percent; S. sonnei, 
20 percent; and 6 biotypes of Shigella flexneri, 
76 percent. Of the flexneri group, the most 
common isolate was the Manchester variety, 
which made up 42 percent of all positiye cul­
tures. Bacillary dysentery (shigellosis) prob­
ably 'fas responsible for the majority of acute 
-diarrheal disease experiences observed in poorly 
sanitated areas, but was not a primary cause 
in the,.most well-sanitated area. 

There were only 25 Salmonella isolations 
---from all 11,264 rectal swab cult~res col-

lected. Thirteen isolations of enteropathogenic 
Escherichia coli were obtained from a series 
of 1,000.rectal swab specimens collected from 
preschool children and examined for 026: B6, 
055 : B5, 0111: B4, and 0127: B8 serotypes. 
Salmonellae and the enteropathogenic E. coli 
.evidently did not contribute substantially to 
enteric disease morbidity reported in thp study 
areas. 

Of 2,798 individuals of all ages eX8mined, 
1 of every 4 had stools positive for _iscaris 
lumbricoides. In the 1,413 of these indi -iduals 
aged 2-12 years, Ascaris-positive rates'anged 
from 12 to 70 percent. Rates of T'l-churis 
trichiura approximated those of roune. \jorm, ' 
although the whipworm infections, as ~ldged 
by egg counts, wer~ almost invariably :nuch 
lighter. Strongyloides and Hymenolepis nfec­
tions were recorded occasionally. Hook-,-orm 
infections were rare. Among 843 stool s:)6ci­
mens examined for intestinal protozoa, E rda­
moeba histolytica "as fOlUld in 3.3 percent and 
Giardia lamblia in 9.5 percent. 

In previous investigations, "hen a reducl ion 
of diarrheal disease was obtained by control of 
flies, an average grill count of 10 or less was 
considered effective :fly control. In this study, 
average grill counts "ere generally well under 
10. Also, housefly abundance ,nts not sigriifi­
c;tntly correlated with morbidity or Shig( lla 
prentlence in the present inrestigation. 

Transmission of enteric pathogens by pol­
luted ,Yater could hase occurred easily. Many 
water sources in use by the study populations 
were subject to possible fecal contamination 
and may have been responsible for some cases 
of diarrheal diseftse. There -were, hmyever, no 
instances in which water quality could be impli-

cated III disease outbreaks or correlated with 
seasonal differences in morbidity rates or 
Shigella prevalence. 

Lowest rates of reported diarrheal disease, 
Shigella-positive cultures, and Ascaris-positive 
stools were recorded among study families 
served by complete community sanitary facili­
ties. Markedly higher rates of these enteric 
disease indexes were experienced by households 
served by some but not all public sanitary serv­
ices, and the highest levels of the three indexes 
were reported from populations living where 
community sanitftry facilities were entirely 
lacking. Individuals living in homes provided 
with inside piped water and privy excreta dis­
posal reported approximately twice the diar­
rhea, had twice the Shigella preralence, and 
over three times the Ascaris infection rate ex­

perienced by individuals using inside piped 

water and flush toilets. 


For the population groups using priYies, 

Ascaris infection rates and reported morbidity 

rates were one-third lo"er, and Shigella in­
fections "ere 50 percent fewer, among those 
who had water inside the house than among 
those "hose "ater source "as outside. ,There 
water was not piped inside the house, persons 
having access to ,Yater on the premises repoliecl 
a third less diarrhea than individuals obtaining 
water away from the premises. ,Yhere the "ater 
source was outside the d,velling unit, Shigella 
and Ascaris infection rates were comparable 
regardless of water source location in relation 
to the prem.ises. 

Limited data were uyailable concerning the 
influence of bathing facilities; there were 
trends', howe,"er, to indicate that lo"er rates 
of Shigella and Ascaris infection accompanied 
the existence of installed bathing fixtures. De­
sirability of installed hot "ater systems "us 
also indicated. 

Of the many socioeconomic factors analyzed 
for their possible influence upon enteric disease 
rates, only crowding, family size, and education 
of the housewife appeared to affect the enteric 
diseftse indexes studied. The combined effect of 
these factors on diarrheal disease was not, 11ow­
eyer, as great as the effect of adequate sanitary 
facilities. 

The results of this study strongly support 
the premise that incidence of acute infectious 
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diarrheal disease may be reduced significantly 
through selective modification of specific en­
vironmental factors within communities with­
out regard to etiological or sociologic differ-

ences. It is concluded that specific environ­
mental improvements, based on a knowledge 
of local deficiencies, will invariably effect 
significant reduction in enteric disease. 
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RELATIONSHIP OF ENVIRONMENTAL FACTORS TO ENTERIC DISEASE 

ASCARIS AND SHIGELLA INFECTIONS 

ACCORDING TO SELECTED SANITARY FACILITIES 


Eastern Kentucky, 1954-1956 

Percent Positive Percent Positive 
50rj--------------------------------~ lOr' ------------------------------­

43 Asca ris Preva lence Shigella Prevalence 
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Source: Public Health Monograph No. 54-1958 (PHS Publication No. 591) 
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