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The influence of an imnroved diet on the fasting blood content 01

hemOglobin, serum total protein, vitamin i, carotene, ascorbic acid and

alkaline nhosnhatase of 19 women and 3h men with moderately advanced,

and far advanced, active tuberculosis was studied.

The average daily dietary intake wzs calculated and the fasting blood

constituents of hemOglobin, total serum protein, vitamin n, carotene,

ascorbic acid and serum alkaline nhosnhatase were deterrined for each

subject during a seven-day control period, modifications were made in

the regular hospital diets of the subjects so that a generous intéke of

nutrients was supplied to all subjects during the exycrimcntal period

which lasted for four months and was divided into three periods of six

weeks each. L vitamin supplement containing vitrmin 1, ascorbic acid,

thiamine, riboflavin, and niacin was given daily Purim; the exrerimeh'al

periods. Lt the end of each period, a seven-day food record was obtained

from each patient and the dietary intake was calculated. :lso at the end

of each period a blood sample from each patient was analgzed for hemoglobin,

serum protein, vitamin L, carotene, ascoroic acid and alkaline phosnhatase.

Statistical analgsis indicated that there was an increase in the

concentration of hemoglobin in the blood of men and women patients with

far advanced, active tuberculosis during the experimental period in

comparison with the control period. hean ulood hemoglobin values of

patients with moderately advanced, active tucerculosis Ware conpzraole

to that of healthy adults in the control period and there was no
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significant change during the experimental period. There was no change

in mean serum protein values in the experimental periods as compased with

the control period,

The average mean serum vitamin L values for all groups were comparable

to those of healthy adults in the control period although there was wide

individual variations. no difference between the control and the 7xperi-

mental periods was found for any group except for the women with moderately

advanced, active tuberculosis; the mean serum vitamin l for women with

moderately advanced, active tuberculosis was significantly higher in the

experimental periods than in the control period.

The daily dietary supplement of 150 milliframs of ascorbic acid during

the experimental periods resulted in a statistically significant increase

of serum ascorbic acid values in comparison with the control period.

There was not a signif'cant difference between the mean serum alkaline

phOSphatase values in the control period and the experimental periods for

any group except for the women with moderately advanced, active tuberculosis;

this group had a higher mean serum alkaline phOSphatase in the control

period than in the experimental periods.

There was an increase during the experimental period in the concentra-

tion of the particular blood constituent for patients who had low initial

values of blood hemoglobin, serum vitamin e and/or serum ascorbic acid.

There was also a reduction in serum alkaline phosphatase activity during

I
_
J

the experimental period for those patients whose initial va ues were higher

than for healthy adults, The concentration of the various blooi constituents

at the end of the experimental perioo was similar to that of healthy

ults for all patients,
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THd INFLUENCE OF IMPROVED DIET ON CfihTAlN BLOOD CONSTITUENTS

OE hLN AND WOMEN WITH LCTIVQ TUBfihCULOSlS

Although a well balanced diet has long been considered an aid for

the treatment of patients with active tuberculosis, few controlled studies

of the relationship of diet to tuberculosis have been reported.

Different approaches to the study of nutritional status of tuberculous

patients have been used in research at the Ingham County Sanatorium by the

Foods and Nutrition department at Michigan State College. In a study of

the dietary habits of women with active and arrested tuberculosis, Brewer

and co-workers (19b?) found that a high percentage of patients with active

and arrested tuberculosis had average intakes of nutrients less than the

amounts recommended by the Food and Nutrition Board of the National

Research Council (1953). The metabolism of thiamine, riboflavin, calcium,

phosphorus and nitrOgen of tuberculous patients also has been reported

from this laboratory. The utilization of nitrogen, phOSphorus, riboflavin

and thianine by women with.moderately advanced, active tuberculosis was

similar to that of healthy women, but a higher calcium intake was reguired

for calcium equilibrium by the tuberculous patients than by healthy women

(Brewer, gt __., l9h9; 195L). I

Biochemical analysis of the blood has been used as a tool for evalur

ation of the nutritional status of tuberculous patients by Getz and co-

workers (l9hl, l9h3, l9hb). These workers observed that tuberculous

patients had lower blood values for ascorbic acid, serum albumin, hemoglobin,

vitamin A, carotene and serum calcium than healthy persons. Cetz at al.





(1951) also studied the relation of nutrition to the develOpment of

tuberculosis over a period of five years and reported that all cases of

clearly active disease occurred in persons who had markedly low blood

values of vitamin A and ascorbic acid before the develOpment of tubercu—

losis.

Shaw and co-workers (1950) studied the dietary intake and blood con-

tent of hemoglobin, vitamin A, carotene, ascorbic acid, alkaline phos-

phatase and total protein of 25 tuberculous patients and found an inverse

correlation between severity of the tuberculous symptoms and the anounts

of these constituents in the blood. However, there was little correlation

between the food intake of the patients and blood values of vitamin A and

ascorbic acid.

Although various workers have found low blood values for ascorbic

acid, vitamin.A, serum protein and hemoglobin among tuberculous patients,

existing evidence does not indicate whether the low blood values may be

associated with the disease process or whether the low blood values reflect

only the nutritional status of the patients. This study was planned to

investigate the possible influence of an improved diet on the amount of

ascorbic acid, vitamin A, serum protein, hemoglobin and alkaline phos-

phatase in the blood of tuberculous patients.
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nutrition in tuberculosis
 

It is universally accepted that poor nutrition is one of the major

factors in the develOpment of tuberculosis. The well known study of

Faber (1938) indicated that there was an increase in mortality from

tuberculosis in Denmark following the first world war, and that the

nutrient which was most generally lacking in the diet was protein.

Protein nutrition.plays an important part in building resistance

against infectious diseases including tuberculosis (Cannon,l9h5). Sako

(l9h2) and Dubos at El. (l9h8) found that mice kept on low protein diets

showed a marked decrease in survival time after inoculation with mammalian

tubercle bacilli. The disturbance of the protein fraction in the blood

of tuberculous individuals is another evidence of the relationship between

protein nutrition and tuberculosis. According to Siebert at al. (19h?)

and Marche at al. (1950), a decrease of serum albumin is usually accom-

panied by a rise in serum globulin, and a lowering of the albumin-globulin

ratio in serum is observed frequently in tuberculous patients. Johnston

(19h?) stated that the diminishing ability of the adolescent to retain

nitrogen may result in the lessening of resistance to tuberculosis when

the nitrOgen intake is not adequate.

The inactivity of the individual at bed rest may also be a factor

which influences the protein metabolism of the tuberculous patient. From

nitrogen balance studies of six healthy adults at bed rest for short



periods of time, Miller and co-workers (l9h5) concluded that bed rest

alone caused a negative nitrOgen balance in a healthy person even when

the caloric intake was adequate and the protein intake was reasonably

high. It is true that the subjects studied by Miller and co-workers were

studied for only short periods of time and there_was no indication whether

adaptation would result after prolonged bed rest. In a study of activity

in relation to the retention of nitrogen and calcium in adolescence,

Johnston (1950) found that nitrogen retention of six tuberculous children

without fever declined after prolonged bed rest but was improved when the

children were permitted moderate activity.

McCann £1922) studied the nitrOgen metabolism of tuberculous patients

and found that nitrogen eQuilibrium occurred at about the same intake of

dietary protein for moderately advanced, active tuberculous patients as

for healthy persons. Similar findings were reported by Brewer §t_al.

(19h?) who recommended a daily intake of 80 grams of protein per day for

women with moderately advanced, active tuberculosis as an intake which

would permit some retention of nitrOgen and still represent an amount of

food acceptable to the patients. According to Sedgwick (l9h6), an intake

of 85 to 125 grams of protein daily was recommended by the California

State Department of Public Health for tuberculOus patients. Pottenger

and Pottenger (l9ho) advocated an even higher intake of 225 grams of protein

daily for tuberculous patients.

Calcium metabolism also appears to be of particular importance in

tuberculosis. Getz and co-workers (l9hL) reported low values of calcium

and phOSphorus in the blood of advanced tuberculous patients. .Brewer and



co-workers Ll9Sh) concluded, from their study of the calcium metabolism

of six.moderately advanced, active tuberculous women, that the daily

calcium intake required for calcium equilibrium for tuberculous patients

was greater than that required for equilibrium by healthy women.

Johnston (l9h7, 1950) stated that the diminishing ability of the adoles-

cent to retain calcium may result in the lessening of resistance to

tuberculosis and in turn, may retard the healing of tuberculosis when

the intake of calcium is not adequate.

Considerable information relative to vitamin.n nutrition in tubercu-

losis has resulted from the studies of Getz and co-workers. Getz (1939)

found that 53 percent of a group of tuberculous patients had vitamin.A

deficiency as measured by a biophotometer. In l9h3 and l9hb he reported

that vitamin.A deficienCy’ as evidenced by low blood content, was

positively related to the severity of the tuberculosis. An inverse re-

lation between the development of tuberculosis and the blood concentration

of vitamin.£ was reported by Getz in 1951. Recently, Cetz (l95h) stated

that night blindness is common among tuberculous patients and that the

total content of vitamin.A in blood is always lowered in advanced tubercu-

losis, although not necessarily in minimal cases of tuberculosis.

A possible explanation of low vitamin.A blood values in tuberculosis may

be poor adsorption of vitamin A in the intestinal tract of tuberculous

patients, particularly when intestinal tuberculosis also is present.

Breese, Watkins and McCoord (l9h2) studied 17 patients with active pulmonary

tuberculosis and intestinal symptoms and found that the ability of experi-

mental patients to absorb vitamin A was low. When a known amount of
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vitamin A in the form of concentrated fish liver oil was given to the

patients orally, the maximum rise of vitamin.A in their blood was approxi-

mately one-half that of healthy individuals. The conversion of carotene

to vitamin.A may be depressed in tuberculosis since Getz (195h) stated

that a low content of vitamin A usually accompanied a relatively high

content of carotene in the blood of tuberculous patients.

Relatively little research has been directed toward the metabolism

of factors of the vitamin B complex in tuberculosis. Farber and.Miller

(l9h3) found that 25 percent of their hOO patients with active tubercu—

losis had riboflavin and niacin deficiencies and there appeared to be a

correlation between the nutritional status of the patients and the severity

of the disease. The advanced tuberculous patients frequently had multiple

vitamin deficiencies such as vitamin.A, vitamin K, ascorbic acid, niacin

and riboflavin although thiamine deficiency was rare. Conversely, however,

Higgins and Feldman (l9h3) found that diets which contsined significantly

low amounts of thiamine and riboflavin did not affect the resistance of

white rats to the infection of avian tubercle bacilli. Also, Brewer at El.

(l9h9) studied the riboflavin, thiamine and nitrOgen metabolism of six

women with moderately advanced, active pulmonary tuberculosis and found

that the thiamine and riboflavin metabolism of the tuberculous patients

was similar to that of the healthy college women. It is possible that the

occurrence of riboflavin deficiency in the patients studied by Farber and

Miller reflected a poor nutritional state of patients from low socio-

economic levels rather than a metabolic disturbance which resulted from

the disease.



A combination of vitamin C deficiency and active tuberculosis caused

a significant shortening of the survival period in guinea pigs and a

decrease in body weight (Greene and co-workers, 1936) from that of healthy

animals. The lowering of resistance was possibly due to a reduction of

phagocytic activity of blood leucocytes in vitamin.C deficiency (Cotting-

ham and Mills, 19L7). According to Chiang and Lan (l9h0), the tuberculous

patients in China had lower blood and urinary ascorbic acid values than

healthy persons. These workers found also that some of the advanced

cases showed evidence of diminished amounts of ascorbic acid in body

tissues by saturation tests. Similar results have been found in this

country; Heise gt al. (1936) and Sweany at al. (l9hl) showed, by means of

tissue saturation tests with patients with tuberculosis, that there was a

correlation between severity of the disease and degree of tissue saturation

with vitamin.C. Kaplan and Zonnis (l9h0) studied ascorbic acid blood

values of 2h0 patients with tuberculosis. They found a correlation between

stage of disease and ascorbic acid in the blood. Getz EE.E;° (l9hh) also

found low blood values of ascorbic acid in tuberculous persons. However,

the values they reported indicated little correlation between stage of

disease and ascorbic acid ceficiency. NO correlation between the severity

of tuberculosis and the degree of ascorbic acid deficiency was reported

by Roy at al. (l9hl) and Hurford (l9h8). webb and co-workers (l9h6)

determined the blood ascorbic acid content of 150 patients with all stages

of tuberculosis who were on a supplement of 100 milligrams of ascorbic

acid daily. Again there was no correlation between serum content of

ascorbic acid and degree of tuberculosis. ‘With this amount of dietary





supplement, however, the average blood ascorbic acid values for all

patients were well above 1.0 milligrams per 100 milliliters of serum.

Brewer (l9h9) reported that the urinary excretion of ascorbic acid follow-

ing a test dose by women with active tuberculosis was similar to that by

healthy women when a dietary supplement of 100 to 300 milligrams of

ascorbic acid was given daily. In contrast, the urinary excretion of a

test dose of ascorbic acid by women with active tuberculosis was very low

when there was no dietary supplement of ascorbic acid. Getz (l9Sh) stated

that tuberculous patients with fever had low average ascorbic acid values

in the blood and that it was almost impossible to bring body tissues to

the saturated state even with a large amount of ascorbic acid. He also

stated that ascorbic acid has been found repeatedly in the urine of

tuberculous patients in combination with various degradation materials

and products of tissues destruction. A high ascorbic acid intake may-there-

fore be necessary for the detoxification of toxic materials from the

disease organisms.

Gorden and Flanders (1931) reported from a dietary survey, that

tuberculous patients consumed about l,h00 calories in comparison with

2,500 calories daily for a healthy person. Brewer and co-workers (l9h9)

studied food habits of women patients with active tuberculosis and found

that the caloric intake of the patients was less than that of healthy

women. Since the body weight of the tuberculous patient may decrease

considerably during the development of the disease, the diet should supply

enough calories to provide for weight gain for the underweight patients

and also to protect the utilization of protein by all of the patients.



In general, dietary practices for the tuberculous patients have been

based on studies of the food reguirements of healthy people since there

has not been sufficient research to support Quantitative estimations of

the nutritional requirements of tuberculous patients. The need for

generous quantities of protein, calcium, vitamin.h and ascorbic acid in

the diets of tuberculous peOple, however, has been stressed (Getz, 195h;

Brewer, 195L). Dietary allowances which have been recommended by the

California State Department of Public Health for tuberculous patients

include 85-125 grams of protein, 0.8 grams of calcium, 12 milligrams of

iron, 5,000 International units of vitamin A, 1.5 milligrams of thiamine,

2.2 milligrams of riboflavin, 15 milligrams of niacin and 100 to 125

milligrams of ascorbic acid and an intake of 2,500 calories (Sedgwick,

19u6).

  
 

Blood constituents 33 healthy individuals and in tuberculosis

It has been only in recent years that microchemical methods have been

develOped for the measurement of blood constituents. These methods have

provided further information concerning the nutritional status of groups

of peOple and have aided in the identification of cases of border line

nutrition. For example, a definite relationship between the clinical

picture of an early deficiency and laboratory determination of vitamin

content in the blood has been reported by muffin, Cayer, and Perlzweig

(19th). A consistently significant relationship between ascorbic acid

intake and blood content was found by Putnam gt El. (19L9). Also, Narrow

and co-workers (1952) reported that the relationship between intakes and
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serum values of ascorbic acid, vitamin.A and carotene was highly sig-

nificant. Thus, the concentration of certain substances in blood, urine

and other biological fluids reflect the recent dietary intake of related

dietary factors.

hemoglobin. nemOglobin concentration in the blood is a widely used
 

index of nutritional status. A number of dietary components including

iron, cobalt, COpper, various amino acids and factors of the vitamin B

complex are required simultaneously to maintain normal f nationing of the

hematOpoietic system Cartwright, l9h7). StorvickIEEIEL. (1951) found

that there was a highly significant relationship between vitamin A in the

blood and the hemoglobin concentration of the blood of selected pogulation

groups of adolescents in Oregon.

Blood hemoglobin values may be affected by various factors other than

diet. These include age, sex, diurnal variations, seasonal variations and

socio-economic factors.

.An average of 1h grams of hemoglobin per 100 milliliters of blood for

adult females and 16 grams for adult males has been used as standards for

healthy peOple (Osgood, 1935; Wintrobe, l9hé§ hchllister at 31., 19h?;

Beck 33 21-: 1951, and itegee ESE filo, 1952). Pedly twin) and Ohlson gt 3;.

(l9hh) found that the average concentration of hemOglobin for healthy

college women was 13.5 grams per 100 milliliters of blood. haworth and

co-workers (1952) reported that the mean hemoglobin value was 13.58 grams

per 100 milliliters of blood for young college women on an institutional

diet. Sheets and co-workers (l9hL) found that the average hemOglobin



value for men was 1h.6 grams per 100 milliliters of blood and that the

average hemOglobin value for women was 12.h grams per 100 milliliters

of blood in the study of hemoglobin concentration of college men and

women. A lower average value of 13.5 grams of hemoglobin per 100 milli-

liters of blood for men and 12.7 grams of hemoglobin per 100 milliliters

of blood for women was reported by Pett 32 £1. (l9h6) in a study of

3,1h8 peeple in Canada.

HemOglobin values of 10.1 to 12.0 grams per 100 milliliters of bloOd

were considered to be indicative of moderate or slight nutritional anemia

and hemOglobin concentrations below 10.0 grams per 100 milliliters Were

considered indicative of severe anemia by Kcucher at al. (19h8).

The influence of age on hemoglobin was reported by several investi-

gators. Guest (1938) found that infants have a high mean level of hemo-

globin from birth to ten days, 19.0 grams per 100 milliliters of blood.

ht two months of age, the mean was only 12.1 grams, and at one year of age

the mean hemoglobin value had fallen to 11.0 grams per 100 milliliters.

Thereafter, the mean hemoglobin value increased. Mugrage and Andresen

(1936) hack 33 _a__1_. (19M) and Kauc‘ner 33 Egg. (19118) found an increase in

mean hemOglobin values for boys and girls from 11.6 grams per 100 milli-

liters of blood at one year to 1h.5 grams per 100 milliliters of blood in

the twelfth or thirteenth year. Thirteen years is the age at which hemo-

globin values for males and females begin to diverge. Girls maintain

relatively constant values into womenhood. hemoglobin values for boys

increase continuously to a.mean concentration of 16.6 grams per 100 milli-

liters of blood at ages of seventeen to nineteen.years.
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Diurnal variations in hemoglobin were studied by Brown and Goodall

(19h6) who found the hemOglobin values varied as much as 1.0 grams per

100 milliliters of blood for an individual during the period between

9:00.AJ£. and 6:00 P.M. The average variation during this time was 0.5h

grams per 100 milliliters of blood. Johnston (19h5) however found that

the blood hemoglobin concentrations varied relatively little during the

course of the day. 1

hack at 31. (19b1) andjhegee 23.3i- (1952) have demonstrated that

peOple from a higher socio-economic level tend to have higher hemoglobin

concentrations than those from a lower socio-economic level.

Tuberculous patients have been found to have a lower content of hemo-

globin in the blood than healthy individuals; this has been.particu1arly

true for patients with far advanced, active tuberculosis (Getz et 31.,

19th, 19h93 Shaw'gt 31., 1950). According to Getz at 21. (19bh), approxi-

mately to percent of the male tuberculous patients which he studied had

hemoglbbin values less than.12.h grams per 100 milliliters of blood.

Getz 919 El- (19th) 8180 reported that statistically significant relation-—

ships were observed between hemoglobin and other blood constituents in-

cluding plaSma vitamin A, ascorbic acid, carotene, serum albumin, albumin-

globulin ratio and serum phosphatase. Getz found too that hemOgiobin

values were related to the severity of tuberculosis. Thus, other nutri-

tional deficiencies may be expected to be associated with low hemOglobin

values in the tuberculous patient.

Serum protein. The range of total serum protein for healthy adults
 

has been found to be from six to eight grams per 100 milliliters of serum.
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Values for serum albumin range from h.0 to 5.5 grams and values for

serum globulin range from 2.0 to 2.5 grams (Bruckman et 31., 1930; Youmans

3:9 3:5,, 1915; idamson 5-33 3%., 19M}; I-iilan 933 31., l9h6). The concentra-

tion of total serum protein is influenced by the albumin and globulin

content in the blood. Peters and Eisenman (1933) stated that the measure-

ment of the total serum protein was not as significant as measurements of

the serum albumin and serum globulin for evaluation of protein nutrition

since, in certain diseases, an increase in serum globulin may mask a

corresponding reduction in serum albumin.

In a_study of 1,200 subjects, Youmans 33 31. (19h3) found that 89

percent of the subjects with hypoalbuminemia had a concentration of total

serum protein within the range from six to eight grams per 100 milliliters

of serum. There was no correlation between the dietary intake of calories

or protein and serum protein. This study indicated that the concentration

of serum protein may be relatively constant for a long period of time even

under conditions of dietary deficiency.

The disturbance of the protein fraction in the blood of a.tuberculous

individual was observed by Seibert 23': E‘l- (1%?) and I-Zarche 213. _e_:_L_. (1950).

A slight rise of gamma-globulin in the serum and a decline in serum albumin

occurred in the early stages of tuberculosis. As the disease progressed

the alpha-globulin fraction simultaneously increased. In the mean time,

the serum albumin showed a‘further decrease. These changes were more in-

tensified in far advanced tuberculosis.

There was no difference in the blood of the healthy person and the

tuberculous patient as far as the total serum protein is concerned
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(Getz gt al., 19Lh; Shaw at al., 1930). however, a considerable re-

duction in the albumin-globulin ratio has been found in tuberculous

patients. If the disease is well advanced, a decrease of total serum

protein might be expected also (Getz at 31., l9h9).

Vitamin §_and carotene. Ranges of hO to 200 International units of
  

vitamin.A and 50 to hOO micrograms of carotene per 100 milliliters of

plasma have been reported for healthy people (Kimble 1939; Abel at 31.,

l9hl; Youmans §t_al,, l9hh; Adersbery at 51., 19L5; Anderson and.Milam,

l9h§3 harris at al., 19h6; and Iiengst and Shock, l9h9). Bessey et a1.

(l9h6) has suggested that a range of 30 to 70 micrograms of vitamin.A per

100 milliliters of serum represented an adequate nutritional state with

reapect to vitamin A. In the interpretation of his data, Getz 23 g}.,

(l9hh) selected 110 International units of vitamin A per 100 milliliters

of plasma and 110 micrOgrams per 100 milliliters of plasma for carotene

as "normal" values.

A sex difference in vitamin A and carotene content of the blood was

reported by Kimble in 1939. In general, the average value for vitamin A

in the blood of males was higher than the average value for females. The

average for the males was 127 International units per 100 milliliters of

plasma; the average value for the females was 91 International units per

100 milliliters of plasma. 0n the other hand, the average carotene con-

tent of the plasma for males, 166 micrograms per 100 milliliters, was

considerably less than the average carotene content of 157 micrograms

per l00 milliliters of plasma which was found for females. Sex differences



in vitamin.A and carotene values of the blood were reported also by

Abels 33.3;. (19u1) and Storvick €2.2l- (1951). Anderson.§t El. (19b5)

found that the vitamin A values in blood of negro peOple were less than

the vitamin A values of blood of white persons of both sexes.. no age‘

differences in serum content of vitamin.£ were found by Iiengst (l9h9).

The vitamin.A content of the blood is fairly stable and is not

affected by the addition of small amounts of vitamin A and carotene in

the diet; however, blood carotenoids decrease rapidly over a period of

one week when a diet low in carotene and vitamin.A is given (Brenner and

Roberts,l9h3). ‘Malnourishment and febrile disorders have been associated

frequently with low serum vitamin.A. May and co-workers (l9h0) found

that low blood values of both vitamin A and carotene occurred in cases of

acute infection associated with fever. A positive correlation between

serum vitamin A and other blood constituents such as carotene, ascorbic

acid and hemOglobin was found by Storvick gt El. (1951) in studies of

selected pOpulation groups of adolescent in Oregon.

Getz gt_§l. (l9hl, l9b3) stated that in blood of recently diagnosed

tuberculous patients, vitamin A was lower than in the blood of those who

have been receiving treatment for some time. The percentage of tubercu-

lous patients who had blood vitamin.A values which were considered to be

within a pathological range (less than 30 micrograms per 100 milliliters

of serum) was greatest for the patients with far advanced, active tubercu-

losis and least for the group with minimal tuberculosis.

Moore (1937) found Cthat IOW'V vitamin A values in plasma occurred

in tuberculous patients with fever. But Gets (19th) stated that the
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average vitamin.A in plasma was only slightly decreased in the tuberculous

patients because of fever.

A low plasma carotene in the tuberculous patients is not often found

unless the stage of the disease is far advanced. Values of carotene in

the blood similar to those for healthy peeple may be maintained in the

tuberculous patients even when the values of vitamin.A in the blood are

abnormally low (Getz,l95h). This condition would indicate that the

ability of the body to convert carotene to vitamin A is affected.

Ascorbic acid, Much research has been done on blood ascorbic acid,
 

and there is perhaps better knowledge of the ranges of blood ascorbic acid

in health and in disease than of other vitamins. Ioumans (l9h9) found

that the concentration of ascorbic acid in blood of healthy persons was

above 0.7 milligram in 100 milliliters of serum. Values in the range of

O.h to 0.7 milligram per 100 milliliters were considered to represent

borderline nutrition with reSpect to ascorbic acid. Values below 0.5 or

0.h milligram per 100 milliliters of serum indicated that tissue stores of

the ascorbic acid were deficient. Similar interpretations of ranges of

blood ascorbic acid values have been reported by Qyorgy (19h2) and Johnson

(lauS).

The dietary intake of ascorbic acid has been found to be related

significantly to the blood content of ascorbic acid (Kyhos gt 31,, 19th;

Johnston gt 2%» l9h6; Putnam gt al. l9h9). A rise in serum ascorbic acid

occurred immediately following a test dose of ascorbic acid; the peak

value was reached about three hours after the test dose (Kyhos gt 31. l9bh).
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According to Johnston (19L6), a marked change in the intake of ascorbic

acid is also reflected in the fasting blood plasma.ascorbic acid content

in a period of only one or two weeks.

Values for ascorbic acid, vitamin A and carotenoids in the serum

were significantly correlated in the study reported by Storvick at al.

(1951). no correlation was found between ascorbic acid and hemOglobin

concentration by hchellan at al. (l9hé),.hoyer et al. (l9h8) and Storvick

g: 3;. (1951) .

Low'blood ascorbic acid values have been found in tuberculous patients

by numerous investigators. Getz at al. (l9hl and 1951) found that 75 per-

cent of their tuberculous patients had less than 0.6 milligram of ascorbic

acid in 100 milliliters of blood. In a study of 2h0 patients with chronic

pulmonary tuberculosis, Kaplan (l9hC) showed a correlation between the

degree of ascorbic acid deficiency and the stage of develOpment of the

disease. The average‘values of ascorbic acid in lOQ milliliters of plasma

from control, moderately advanced, active and far advanced, active tubercu-

lous patients were 0.78 milligrams, 0.70 milligrams of O.h2 milligrams

reapectively. Similar results also were reported by other workers who

have found that the depression of ascorbic acid in the blood of tuberculous

patients was related to the severity of the disease (hiese andliartin,

1936; Sweany at al., lthj and Chang and Len, lQhO). According to Getz

(l9hl), tuberculous patients who had received treatment usually had a

higher content of ascorbic acid in the blood than recently diagnosed cases

of tuberculosis. Webb, Storvick and Olson (l9h6) on the other hand, did

not find that the serum content of ascorbic acid was related to the degree





or extent of tuocrculosis. haplan (lQhO) found that the concentration

of ascorbic acid in blood plasma in most of the patients could be 'Cised

to "normal" values by oral administration of synthetic ascornie acifi

with a dosage of 200 milligrams daily from one to six months.

no significant difference in the ascorbic acid content of UlOOd of

negro and of white persons has been found in tuberculous patients (detz,

l9hl). Female patients of both ne ro and white peeple showed a higher

serum ascorbic acid than male patients. in regard to the ov~rwcight

patients, it has been repo ted that 26 out of 37 subjects showed low

ascorbic acid in the plasma (cetz, lth). Low ascorbic acid values in

blood were found in the tuberculous patients with fever and softening of

lung tissue and it was found to be almost impossiele to saturate the

O F
.
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tissues of these patients even with large Quantities of ascoreic a

Serum alkaline phosp;:tase. The function of serum alkaline phos-
A .L

t
“

phatase is the release of incr' nic phosphorus from organic phOSphoric

acid esters (sodenshy, 193L). nocison and Seames (l92h) believed that

serum alkaline phOSphatase was important in promoting ossification through

deposition of calcium phOSphete from soluble calcium salts of phOSphoric

ester which was present in blood. high serum alkaline phOSpnatase values

are observed in early rickets and hypovitaminosis D, and the serum alka—

line phOSphatase is probably diffused from the osseous tissue (sedansky,

(193L).

The range of serum elk: ine pLOSphatase in the human adult has been

reported as 0.6 to 2.3 nitrOphenol units (geese; and Lowry, lids) or
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1.5 to h.0 Bodansky units (hedansky and Jaffe, l93h); in children, the

range of serum alkaline phOSphatase had been reported as 2.8 to 7.7

nitrOphenol units (Bessey and Lowry, 1916) or five to 1h Bodansky'units

(Bodansky and Jaffe, 193w .

no significant change in serum alkaline phOSphatase in healthr per-

sons after 18-hour fasting and a high protein diet or a high fat diet

has been found by Bessey at El. (19hé). Getz gt 3;, (19L?) and Shaw et 3;.

(1930) reported that the concentration of serum alkaline phosphatase in

the blood of tuberculous patients was similar to that of healthy persons.
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EXPLRIMENTAL PROCEDURE

Sub'egts

The subjects in this study consisted of 53 hOSpitalized patients

with active tuberculosis; thirty-one of the subjects were patients at

the Ingham County Sanatorium, Lansing,.Michigan and 22 were patients at

the Michigan State Sanatorium, howell, Michigan. The subjects,

classified according to the degree of tuberculosis were: ten men and

twelve women with.moderately advanced, active tuberculosis and eight men

and one woman with far advanced, active tuberculosis at the Ingham

County Sanatorium; twelve men and four women with moderately advanced,

active tuberculosis and four men and three women with far advanced,

active tuberculosis at the Michigan State Sanatorium.

According to age and sex, the subjects were as follows: thirty-four

male subjects ranging in age from 18 to 68 years and 19 female subjects

from 15 to 55 years. among 53 subjects, there were seven negroes (four

males and three females) and L6 white persons. All patients who were

selected as subjects had positive sputum reactions. an attempt was made

to select only those patients as subjects who were expected to require

sanatorium care for at least four months. Prior to the beginning of this

study, streptomycin had been given to all subjects; however, four

individuals were allergicf to the drug and the treatment had been dis-

continued for them. Streptomycin was continued for the rest of the

patients throughout the study. Chest x—rays were taken at three-month
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intervals. During this time, three subjects received thoraCOplasty and

lobectomies were performed on six subjects.

Experimentalyplan
 

This investigation was begun in October, 1952 at Ingham County

Sanatorium and in may, 1953 at the Michigan State Sanatorium. The study

was terminated in December, 1953.

A personal history of food likes and dislikes and the customary

pattern of eating was obtained during the first interview with each

patient. A seven-day diet record also was collected from each subject.

During this seven-day period, blood samples Were obtained from the sub-

ject in the fasting state for the analysis of blood hemOglobin, total

serum protein, vitamin A, carotene, ascorbic acid and alkaline serum

phOSphatase. Thus, the food intake and blood constituents were determined

for each patient on the customary hOSpital routine. This represented the

control period for the individual patient. after the control period,

modifications were made in the diet to improve the dietary intake of

individual patients. All subjects were encouraged to eat all protein

foods such as meat and cheese which were served on the hospital tray.

One or more eggs for breakfast and at least four glasses of milk were

provided for each patient daily. Vitamin tabletsl which contained 5,000

International units of vitamin A, 1,000 International units of vitamin D,

2.5 milligrams of thiamine,2.5 milligrams of riboflavin, 50 milligrams

 

1Abdel, No. 218, Parke, Davis a 00., Detroit



of ascorbic acid, 20 milligrans of nicotinamide, five milligrams of

pantothenic acid, 0.5 milligrans of pyridoxine, one microgram of vitamin

BIZ: and 100 milligrams of ascorbic acid were also given to each subject

daily. One serving of beef liver was added to the usual heapital diet

weekly throughout the study. Two subjects who could not eat meat and

liver were given a protein supplement1 and twelve milligrams of iron2

daily. At six-week intervals, seven-day food records and fasting blood

samples were obtained from each subject for a period of four months.

Patients were visited by the author once a week during this time and a

dietary recall record was obtained for the day previous to the visit.

The medical history of each subject was examined at the end of the

experimental period.

Certain irregularities develOped during the process of the experi—

ment. One of the women with moderately advanced, active tuberculosis

transferred from Ingham County Sanaterium to hichigan State Sanatorium

at the end of period I and another was discharged to her home in period

III. 0f the 15 women in this group who commenced the study, 13 continued

throughout the three experimental periods.

There were four women patients with far advanced, active tuberculosis

at the beginning of the investigation. One patient died immediately

after period I. This was the patient who formerly had been studied at

Ingham County Sanatorium as a patient with moderately adv need, active

1'Protenum,head Johnson.a 00., Evansville, Ind.

‘3

“‘Ferrous sulfate, No. 7, Eli Lilly & 00., Indianapolis
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tuberculosis and then transferred to Michigan State Senatorium. When

this study was initiated at Michigan State Sanatorium, the degree of

tuberculous involvement for this patient was clasSed as far advanced.

She participated again in the experiment an was studied during another

control period and the first period preceding her death.

Of 22 moderately advanced, active tuberculous men patients, 16

cooperated throughout the entire study. Two of the other patients had

surgical treatment in period I; one of these c00perated during period

II but left the sanatorium in period III. Two patients left the sane-

torium against medical advice in period II. Another patient had an

Operation in period II but resumed cooperation with the experiment in

Of 12 men patients with far advanced, active tuberculosis, only

seven Were able to participate continuously until the end of this in-

vestigation. One patient had an Operation in period I but rejoined the

experiment in period III. Two men left the sanetorium against medical

advice in period II, and two left the senatorium against medical advice

in period III.

Dietary records
 

The nutritive values of the diets wore calculated according to the

table of food values published by Donelson and Leichsenring (1951).

Elood sampline
 

A fasting venous blood sample was taken from the forearm of each

subject by venipuncture; the blood was drawn into a syringe and then
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transferred to a fifteen milliliters centrifuge tube. Samples ior the

etermination of hemoglobin were taken immediately and the remaining‘

blood was allowed to clot for thirty minutes, The blood then was centri-

fuged and the serum was removed. In order to protect the ascorbic acid

from possible destruction, an aliQuot of serum was frozen with dry ice,

taken from the hospital to the laboratory in the frozen state, and kept

in frozen storage for the determination of vitamin L, carotene, ascorbic

acid and serum alkaline phOSphatase. another aliquot of serum, which

was not in the frozen state, was used for the determination of serum

protein as soon as the serum samples reached the laboratory. Blood hemo-

globin was determined within four hours after the sample was collected.

Chemical method
 

The blood hemoglobin values were determined by the alkaline hematin

method (Sanford and Sheard, 1930) with the use of a photelometer.l

Duplicate blood samples of twenty cubic millimeters were diluted with

ten milliliters of 0.1 percent sodium carbonate in a fifty milliliter

flask. The percent transmission was measured on the photelometer; the

photelometer was adjusted to 100 percent transmission with distilled water.

Serum protein concentration was measured from a ten cubic millimeters

serum sample by the method of Lowry and Hunter (1915) which applies the

gradient principle for the measurement of specific gravity. The Specific

gravity of the serum was determined from a graph showing the position of

rest of drOplets of potassium sulfate solutions of known densities.

1 Cenco-Sheard-Sanford photelometer, Central Scientific Co.





The carotene and vitamin A values of the serum sample were determin-

ed by the micro-method of Bessey, LOWI'y and Brock (19M) . The blood

serum was saponified with alcoholic potassium hydroxide and the carotene

and vitamin A were extracted with a mixture of one volume of kerosene

‘

and one volume of xylene. The Optical density of carotene was measured

1 and theat a wave length of tee millimicrons with a SpectrOphotometer,

Optical density of vitamin A was measured at a wave length of 328 milli-

microns. The sample then was removed to a soft glass tube and irradiated

under an ultra violet lamp2 in order to destroy the spectral absorption

of vitamin A at 328 millimicrons; the Optical density of the irradiated

solution was measured at 328 millimicrons to obtain an estimate of the

compounds which interfere with vitamin.h at this wave length. The con—

centration of carotene and vitamin.A was expressed as micrograms per 100

milliliters of serum. analyses of carotene and vitamin A were made in

triplicates and 200 cubic millimeters Of serum was used for each sample.

Standard solutions of vitamin A acetate and beta-carotene were used to

check the procedure for the determination of serum vitamin.A and serum

carotene respectively.

Ascorbic acid was determined by the micro-method of Lowry, Lepez

and Bessey (l9h5, l9b7). This method depends upon the quantitative de-

velOpment Of a colored product of phenylhydrazone when dinitrOphenyl-

hydrazin reacts with oxidized ascorbic acid (dehydroascorbic acid).

One hundred cubic millimeters of serum were used for each determination.

 

1 Beckman SpectrOphotometer, Model DU, Central Scientific Co.

2 B-hh lamp, General Electric Co.
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The Optical density of the phenylhydrazone was measured at a wave length

of 520 millimicrons and the concentration of ascorbic acid in the sample

was estimated from a standard curve prepared from known concentrations

of ascorbic acid which were treated in a manner similar to the serum.

The activity of serum alkaline phosphatase was determined by the

method of Bessey, Lowry and Brock (l9h6), using sodium para—nitrOphenyl

phOSphate as the substrate for the enzyme. The Optical density of the

enzyme-released parapnitrOphenol was measured by using a spectrOphotome-

terl at_a wave length of th millimicrons. Cne nitrOphenol unit is

defined as the amount of phOSphatase activity per liter of serum which

is reguired to liberate one millimole Of nitrOphenOl per hour from

sodium para-nitrophenyl phOSphate under the Specific conditions of the

test. A ten cubic millimeters serum sample was used in each determination.

Clinical records
 

Information was Obtained concerning body weight, and height, fluctu-

ation in body temperatures and X-ray findings from the clinical records

and medical histories of the patients.

 

1 Beckman SpectrOphotometer, Model DU, Central Scientific CO.



RESULTS AND DISCUSSION

Food intake of subjects: Control period
  

The nutritive value of the seven-day dietary records was calculated

according to the table of food values published by Donelson and

Leichsenring (1951). Although the crlculated values are not as accurate

as determination of food value by direct chemical analyses, this method

has been used satisfactorily by several nutritional r search laboratories

(Ohlson _e_t_ _a_J___., 19M}; Brewer 33 31., 19149; Dieckmmnn 23 _a_l_., 1951) for

estimation of the food intake of groups of individuals.

The average food intake of patients from Ingham County Sanatorium

was comparable to that of the patients from Michigan State Sanatorium

during the control period. Statistical analyses by the Fisher "t" test

indicated that there were no significant differences between the two

sanatoria in the average intake of any of the calculated nutrients for

either men or women patients. The comparison of the average food intake

of patients from the two sanetoria is shown in Table 22 of the Appendix.

On the basis of this analysis, patients from the two senatoria were

grouped together as follows: women with (a) moderately advanced, active

tuberculosis and (b) far advanced, active tuberculosis; men with

(a) moderately advanced, active tuberculosis and (b) far advanced, active

tuberculosis.

V The average food intakes of women.patients with moderately, advanced

and far advanced, active tuberculosis on the customary hOSpital routine
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and after modifications were made to improve the dietary intake are

given in.Tab1e l. Intakes of nutrients by the individual subjects are

given in Tables 23 to 27 of the Appendix. In the control period, the

average daily caloric intake for the fifteen women with moderately ad-

vanced, active tuberculosis was 1,73h calories with a range of 1,131 to

2,h66 calories per day. The distribution of these patients according

to the range of the food intake is presented in Table 2. There were

three patients in the range from 1,000 to 1,399 calories with an average

intake of 1,25h calories per day; five patients in the range from l,hOO

to 1,799 with an average intake of 1,658 calories per day and six

patients in the range of 1,800 to 2,199 with an average intake of 1,989

calories per day. The distribution of women patients with far advanced,

active tuberculosis according to graded nutrient intakes is given in

Table 3. The average daily caloric intake of the four women patients

With far advanced, active tuberculosis was 1,6h6 calories, with a range

of 1,067 to 2,556 calories. Two of these patients had daily calorie

intakes in the range of 1,000 to 1,399 calories. The other two patients

had daily calorie intakes of 1,823 and 2,556 calories, respectively.

Caloric intakes for 17 of the women were less than the recommended allow-

ance of 2,300 calories established by the Food and Nutrition Board of

the National Research Council (1953) for a woman_weighing 55 kilograms.

Recently, however, dietary surveys have indicated that the recommendations

for calories may be OVerestimated (Winter et 31., l9h5; Ohlson gt al.,

19%). Moreover, with continued bed rest, it may be difficult for the



29

The Average Food Intakes

Tuberculosis

of'Women Patients With Active

 

 

Degree of no. of Calories Protein Fat Carbohydrate

Period Tuberculosis Subjects gjm.) tam.) _Lgm.)

Control hod. adv. 15 17eki' 731 77: 180:

90*' 3.2 5.7 5.6

Far adv. h léhéi 59: 68: 19b:

12? lb.h lu.5 h2.3

I hod. adv. 15 195k: 59: 89: loo:

11h 6.8 5.8 9.6

Per adv. k 163a: oo: 70: 177:

306 lb.6 15.0 25.3

11 Mod. adv. it less: so: a9: 190:

130 o.o 7.9 10.5

r .+

Far adv. 3 1519: 9o- 78: 182:

2st 11.6 15.h 26.2

III nod. adv. 13 leak: 82: 90: 175:

99 3.h 5.8 11.7

Far adv. 3 19th: 112: at: 19h:

33b 26.5 33.3 26.9

 

* Standard error of the mean
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Table 1 continued
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x. ’
r“

'
L039“

50>?“
‘ ob—

0.02 0.00 1179 33.7 0.55 0.52 3i A6

1 18: 1 53+ 11 06+ 1’9 + ’
o o - o - Z9116.- 220+ H +

0.20 0.17 2 7 - 9.95 6.35- 32.7-

. 3 2233 17.6 2.26 0.95 6.81
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The Distribution of Women with.hodera

 

tely Ldvanced,

According to the hangs of Food Intake

Active Tuberculosis,

 

 

Lo. of Control Period g_‘ Ran for Pcriod

Food Intake Subject nane J_1can 1 11 - 111

Calories 3 1000 - 1399 lZSh 2032 1616 1725

S 1200 - 1799 1658 1731 15711030

6 1800 - 2199 1989 1955 20378 1973“

1 2200 - above 2h66 283 22 2762

Protein 1 Less than SOgms. 85 89 ES 62

2 $0 - 6h 57 87 f8 73

8 ob - 79 7h 87 82. 53“

h {0 - above 85 9b 111‘ 968

Calcium 1 Less than 0.840. 0.52 1.30 1.33 1 w07

8 0.8 - 1.21 1.06 1.L 1.30” 1. 283

o 1.22 - above 1.56 1.81 1.80” 1.569

Vitamin A 0 Less than 3500 - - - -

0 3500 - b999 — - - y - *

13 5000 - above 13702 16520 1:83 ‘ 12036

Ascorbic acid 1 Less than 50mg. 09 182 172 170

h 50 - 78 mg. Ch 209 385- 2‘99

6 75 - 99 mg. 86 232 287“ 27 7”‘

b 100 and above 178 25 237 238

Thiamine 1 Less than 0.8mg. 0.77 3.70 11.00& 8.72y

8 0.8 — 1.19 1.00 3.68 3.25“ 2.72"‘

6 1.2 - above h.89 8.05 8.58 8.88

Riboflavin 0 Les35 than 1.0mg.. - - ~Hx e *

2 1.0 - l.h9 m2. 1.38 5.76 5.38“ b.50

l 1.5-1.99 mg: 1.7h 0.h3 9.25 9.52%

12 2 .00a.nd aoove 3.91 5.36 5.75 5.31

a , .

One subject drapped out of experiment.
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The Distribution of Nemen with Far Ldvanced, Active Tuberculosis,

According to the hanje of Food Intake.

 

  

 

mo. of Control PeriOd Loan for Period

Food Intake Subject nange Lean I 11 111

Calories 2 1000 - 1399 1103 1222 1261* 2813*

0 1&00 - 1799 - - - -

1 1800 - 2199 1b23 1000 2005 15th

1 2200 - above 2556 2281 2190 1735

Protein 2 less than 50 gms. 36 50 77* 170*

0 50 - Cb - — - -

1 OS - 79 77 8 9b 73

1 80 - above 91 122 117 to

Calcium 1 Less hen 0.0 0.59 0.01 0.53 2.23“

2 0.8 - 1.21 0.96 1.18 1.268 0.908

1 1.22 - above 1.50 1.50 l.h3 1.23

Vitamin A 1 Less han 3500 1715 13906 12358 8923

l 3500 - M999 3735 19865 , — —\

5000 ~ aoove L502 16271 0220 12000

LscorOic acid 1 Less than 50 mg. 29 172 171 193

l 50 ~71: mg. 67 L111 1102 253

0 7S - 99 mg. -, - “.2 ' a

2 100 and above 105 290 231 232”

Thianine 1 Less than 0.8 0.66 3.06 3.171 3.59%

1 0.8 - 1.19 0.8. 3.58 - -

2 1.2 - above 1.33 0.92 7.9 7.12

Riboflavin 0 Less than 1.0 mg. - - ~ - u

2 1.0 - 1.89 mg. 1.28 8.13 3.83“ 5.90“

0 1.5 - 1.99 mrt. - - " “.

2 2.00 and above 2.30 8.63 8.53 6.57

 

a ..
One squect died during the exreriment.
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patients to consume sufficient food to provide the recommended allowance

for calories for healthy individuals.

weight, height and age data are given for the individual women sub-

jects in‘fables 28 and 29 of the Appendix. Ten of the fifteen women

1

patients with moderately advanced, active tuberculcsis were coxeidered

underweight; body weights of these subjects were ten percent or more under

the average weight according to standard tables of weight in relation to

height and age (Cooper, 1927). The average caloric intake of the ten

underweight patients during the control period was 1,06h calories per day.

The average caloric intake of the five subjects whose body Weights ranged

from -8 to +5 percent of standard weight was l,thh calories per day.

111 of the four patients with far advanced tuberculosis Were underweight.

Body weights ranged from 97 to 120 pounds and the deviations from "ideal"

bodyweight were -7 to -20 percent.

The average protein intake of the moderately advanced, active tubercu-

lous women patients in this study was 73 grams with a range of h5 to 93

grams. Although the average daily protein intake compared favorably with

the daily allowance recommended by the Food and Nutrition Board of the

national hesearch Council in 1953 for women, it was somezlat less than

the value of 60 grams of protein per day suggested by brewer at 31. (1989)

to provide for nitrogen retention by tuberculous women patients. One

patient had an intake less than 50 grams per day; daily intakes of two

patients were in the range of 50 to 6h grams with an average of 57 grams;

eight patients had intakes in the range of 35 to 79 grams with an average

of 7b grams and four patients had intaies which were higher than 80 grams

per day.
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The protein intake of the four women with far advanced, active

tuberculosis ranged from 32 to 91 grrms per day, with an average of 59

grams. Two of the patients had protein intakes less than 50 grams per

day.

The average daily calcium intake of the women patients with moderate-

ly advanced, active tuberculosis was 1.22 grams during the control period;

this was similar to the calcium intake which was predicted by Brewer et_al..

L

(l95h) for calcium equilibrium of women with active tuberculosis. The

range of daily calcium intake of patients in this group was from 0.52 to

1.75 grams. nine patients had average daily intakes less than 1.22 grams

of calcium per day. ,One of these patients had an intake of only 0.52

grams calcium per day. The range of daily calcium intake for the four

women With far advanced tuberculosis was from 0.59 to 1.50 grams, with an

average of 1.16 grams. Two patients had calcium intakes less than 1.22

grams per day, with an average of 1.16 grams. The patient who had the

lowest calcium intake (0.59 grams per day) drank no milk.

The average daily phOSphorus intake of the patients was 1.30 grams

with a range from 0.75 to l.t0 gram . Brewer and co—workers (l9Sh) found

that 1.38 grams of phOSphorus daily provided for phOSphorus equilibrium

for women with moderately advanced, active tuberculosis; this amount is

usually supplied by a diet which is adequate in protein and calcium.

Intakes of seven patients in this study were less than 1.36 grams phos-

phorus per day. The range of phOSphorus intake for the women with far

advanced tuberculosis was 0.70 to 1.33 grams, with an average of 1.16

grams per day.
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no studies of the iron metabolism of tunerculous patients have been

found in the literature. Estimations of the iron reQuirement of tubercu—

lous patients thus have been based on recommendations for healthy people

and the intakes required for the maintenance of adequate amounts of hemo-

globin in the blood of the patients. ”he average daily iron intake for

the women with mo”erately advanced, active tuberculosis was b.71 milli-

grams. Only one patient had a daily iron intake over 12.00 milligrams

which is the allowance for iron reCOmmcnded by the Food and Kutrition

Board of the Rational Research Council for healthy women (weight, 55 kilo-

grams). In comparison with this allowance, the average iron intake of

the patients was considered to be low. The iron intake of three of the

women with far advanced, active tuberculosis also was low. The average

for this group was 9.22 milligrams per day. One patient however had a

daily intake of 13.30 millig'mns.

a daily allowance of 5,000 International units of vitamin A has been

recommended by the Food and Nutrition doard of the National Research

Council for diets of healthy men and women. The_accumulation of data in

the literature which indicate a disturbance of vitamin.A metaoolism in

tuberculosis indicates also that the vitamin A requirement for tuberculous

patients is considerably higher than for healthy persons, although quanti-

tative requirements have not been established. The average intake of

the women with moderately advanced, active tuberculosis was 13,7L2

International units, with a range of 8,735 to 21,h72 International units

daily. The highest daily vitamin A intake of 21,h72 International units

resulted because one of the subjects received a vitamin supplement which
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than for the w men with moderately adv heed, acciVe tn crculcsis.

average daily intehe of vitamin : for the far auv€nccd tuberculois pcticnta

was 5,513 International Units, with a range of 1,715 to 10,3j2 Inter-

national units. Thore were two patients with relatiVely low'intahes of

1,715 and 3,735 International units of vitamin A per day, respectively.

The aVerage daily ascorbic acid intake of the patients in the control

period was 101 milligrams with a range of L9 to 2&8 milligrams. The aver-

age daily ascorbic acid intake was similar to the ascorbic acid int“

recommended by Webb ‘t al. (19Lb) but less than the amount (average Oi

200 milligrams) wrich was suggests" by Brewer gt :1. (19L?) as a desirable

supplement to the hOSpital diet for women with active tuberculosis. Cne

patient had an ascorbic acid intake which was less than 50 milligrams

per day; four patients had daily intakes in the range of 50 to 75 milli-

grams of ascorbic acid; six patients had ascorbic acid intakes of 75 to

99 milligrams and four patients had intakes which were more than 100

milligrams per day. One patient with far advanced tuberculosis had an

o aCld intake of only 29 milligrams per day. This patient did not}
,
J
o

ascorb

accept citrous fruits or other fruits which supply appreciable amounts of

ascorbic acid. Since the patient was a.recent admission to the senatorium,

the physician had not prescribed an ascorbic acid supplement so that she
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might be used as a.subject for this study. One woman with far advanced,

active tuberculosis had an average daily intake of t? milligrams. The

other two patients in this group had ave~ago daily intakes whi“h were

higher than 100 milligrams.

The average thiamine intake of the women patients with moderately

advanced, active tuberculosis was 2.5h milligrams with a range of 0.77

to 8.7L milligrams. The higher thiamine intakes represented the dietary

'ntakes of patients FLO received vitamin supplements. Une patient had

a daily thiamine intake which was less than 0.8 milligrams; eight patients

had thiamine intakes which were in the range of 0.8 to 1.19 milligrams

and six patirnts had more than 1.2 milligrams of thiamine per day. One

a
1

patient with far advanced tuberculosis had an intake of only 0.5o mi11i~

grans per day; one woman had an.intake of 0.th milligrams and the other

two patients with far advanced tuberculosis had 1.33 milligrams or more

per day. There are insufficient data in the literature to provide an

estimate for the thiamine requirement of tuberculous patients. Brewer

and co-workers (19h9) reported that the metabolism of thiamine oy tubercu-

lous women ’as found to be similar to that of healthy women. From that

it would appear that an intake equivalent to or slightly above that of

the reguirement for healthy women should be adequate for the tuberculous

patient.

\
‘

(
p

£
4
4

<
:

(
H

:
3

O (
D

Q
4

(
H

O C
“

'
—

< (
LThe riboflavin intake of the women with moderatel

tuberculosis averaged 3.h2 milligrams with a range of 0.55 to 3.93 milli-

grams per day. Only three of the fifteen patients had intakes which were

less than 2.00 milligrams of riboflavin daily. Brewer et a1. (19h?)



reported that an intake of 2.6 milligrams appeared to be adequate for

women with moderately advanced, active tuberculosis. Six of the fifteen

patients had intakes of 2.6 milligrams per day or more. Two of the women

patients with far advanced tuocrculosis had intakes of 2.6 milligrams or

more per day. One patient received only 0.6 milligrams and another

patient with far advanced, active tuberculosis had an average daily in-

take of l.&9 milligrams of riboflavin.

The average daily niacin intake for the women with far advanced,

active tuberculosis ranged from 1.2 to 12.0 milliqrams with an average

of 7.2 milligrams. This was considerably lower than the intake of the

women with moderately ad‘aneed, active tuberculosis which ave‘Cged 20.3

milligrams per day, and was also less than the allowance of 12 milligrams

per day which has been recommended by the Food and Nutrition ooard of

the national Research Council (1953) for a hen thy woman, twenty-five years

of age, and weighing 55 kilog‘ams.

Few studies of the nutritional requirements of men with tuberculosis

have been found in the literature. Evaluation of the adequacy of the

diets of tuberculous men who acted as subjects in this study has been

made on the basis of the recommended allowances of the Food and nutrition

Board of the National hesearch Council (1953) with the realization that

additional amounts of protein, calcium, ascorbic acid and vitamin I are

desirable for tuberculous patients.

The average food intakes of men patients with moderately adv need

and far advanced, active tuberculosis in the control and experimental

periods are gi’en in Table h. Intzkes of nutri nts by the individual

Subjects are given in Tables 30 to 33 of the appendix. The distribution



Jable h, LVQTC:3 Daily'Food ln eke of hen Tith Letive Tuoerculosis In

Control and niperimental Periods

Period Degree of no. of Calories Protein Fat Carbohydrate

Ta}.rculosis Suqéects K:w) (1m) (i3)

' r ' ‘ \ /\,' + ¢',' + + \ / +

Control ‘ med. adv. 22 ad7la a}- 99- 200-

1,1~ 3.8 7.b 9.h

« . q .:h+ r.+ ..+ :

tar adv. la 1(45. (9- (o- lb

“ O

’ ‘ 13:" I" ' + ‘, l ‘

l nod . $3.:ng . cu (30,57- L“)- L. i 20 ( —

i . ,.. M. ,p+ ,

bar adv. ll l9fb— oe— 94- 191—

ll Led. cu , 19 2039: 09: 9a: 199-

C3 3.7 é.3 10 0

Far a (JV . 9 20m: 9o”: 92;: 2‘5:

119 7.0 5.6 12.6

111 nod. adv. 16 1952: as: 951 197:

105 5.0 7.0 10.9

Far adv. t; 179’: t2- b

 

% Standard error of the mean
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of the patients according to graded intakes of nutrients is given in

and 6.k (
D

U H 1
U

(
1
1

\
J
l

‘

The average daily calorie intake of 22 men with moderately advanced,

active tuberculosis during the control period was 2,071 calories, with a

range of 1,350 to 2,961 calories. There were two patients whose caloric

intakes were in the range f 1,000 to 1,399 calories with an average of

l 258 calories. Four patients had an average dailv calori‘ intake of
9 - _ ..
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1,62h calories, with a.range of l,h00 to 1,799 calories; eigl

1

an average daily calorie intake 01

J
J

has C 1,972 calories, with a ranfie of

1,800 to 2,199 calories. The other eight patie ts in this group had

daily calorie intakes above 2,200 calories.

The average daily calorie intake for the 12 men with for advanced,

active tuberculosis was 1,7h8 calories, with a range of 1,075 to 2,6h7

calories. Ten of the 12 patients had caloric intakes less than 2,200

calories per day (Tabla a).

Weight, height and age data are given for the individual ma e sue-

jects in Tables 35 and 3a of the Appendix. Ten of the 22 men patients

with moderately advanced, aetive tuberculosis were evaluated to be under-

weight. The average caloric intake of these ten patients in the control

period waslw925cmdories per ay. The 12 subjects whose bodyweights

ranged from -9 to +16 percent of "ideal" weight had an average intake of

2,217 calories per day. nine of the 12 men with far advanced, active

tuberculosis were considered underweight; the average caloric intake of

hese subjects was 1,391-calories per day during the control period.

The averace caloric intake of the three subjects whose bodchights ranged
(3
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from -h to +6 percent of "ideal" weight was 2.10

The protein intake of the male patients with moderately advanced,

active tuberculosis during the control period ranged from S7 to 11d grams

E9 grams per day. (hit; one patient had aU
)

per day; the average we

protein intake less than 60 grams per day. Four pat'enus had protein

intakes which ranged from :0 to 7h grams per day and seven patients had

protein intakes within the range of 75 to 69 grams per day. Ten patients

had daily protein intakes which were above 90 grams. Only two of the 12

men with far advanced, active tuberculosis had protein intakes above 90

grams per d"y. One patient had a very low intake of h3 grams per day;

nine of the 12 men had protein intakes within the range of 50 to 89

grams per day. in intake of 65 grams of protein per day has been recom—

mended as an allowance for healthy men weighing 05 kilograms by the Food

and Nutrition Board of the National Research Council (1953). Getz (19h?)

suggested an intake of 90 grams of protein per day for tuberculous men.

Six of the men with moderately advanced, active tuberculosis had

calcium intakes less than 1.21 grams per day. "he average for the entire

group was 1.59 grams per day, with a range of 0.85 to 3.17 grams per day.

The calcium intakes of the men with far advanced, active tuberculosis was

less than that of the men with moderately advanced, active tuberculosis.

The average intake for this group was 1.31 grams of calcium, w‘

of 0.62 to 2.hS grams per day. Eight of the patients had intakes less

than 1.21 grams of calcium per day.

The average daily phoSphorus intake for the men patients with

moderately advanced, active tuberculosis was 1.61 grams with a ranre
‘4‘?
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from 0.95 to 2.53 grans. 'rhe range of daily phoeptorus intake for the

far advanced, active tuberculous men patients was from 0.77 to 2.36

grams with an average of 1.L0 grams.

The iron intane of the men with moderately advanced, active tubercu-

losis ranged from h.b9 to 10.30 milligrams per day; the iron intahe of

the men with far advanced, active tuberculosis 'anged from 6.11 to 18.5

milligrams per day. nine of the men with moderately advanced, active

tuberculosis had intakes less than the average intake for the group which

was 10.h8 milligrams per day, and six of the men with far advanced, active

tuberculosis had intakes less than 10.71 milligrams, which was the average

iron intake for that group. Seventy—two percent of the men with moderatelp

advanced, active tuberculosis and 75 percent of the men with far advanced,

active tuberculosis had iron intakes less than the intake of 12 milli-

grams per day which has been recommended by the Food and Nutrition Board

of the National hesearch Council for healthy men (1953).

There was a wide range of intake of vitamin.a for the tuberculous

men. The average for men with moderately advanced, active tuberculosis

was 7,293 International Units, with a range of h,016 to 28,209 International

Units of vitamin h per day. Six of these patients had intakes less than

5,000 International Units of vitamin L per day. The range of vitamin L

intake for the men with far advanced, active tuberculosis was 2,571 to

l3,h95 International Units per day, with an average intake of 7,917

International Units. Only two of the twelve patients, however, had in—

takes which were less than 5,000 International Units per day.
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1C6 milligrams per day. Only three of the 22 patients were in-the upper

range of ascorbic acid intake, that is with intakes above 100 milligrams

of ascorbic acid per day. hive of the patients lad ascorcic acid intakes

:hich were less than 30 milli rams p“? div.

Cnl;v t.mmofthe men tith far advanced, active tuberculosis had in—

takes of ascorbic acid above 160 millifirems her day. Five patients had

daily intakes less than 73 milligrams of ascorbic acid. ‘“hu average for

the group was 7o millierams, with a range of 39 to 105 milligrams of

ascorbic acid per day.

nine men with moderately advanced, active tuberculosis had thiamine

intakes less than 1.2 milligrams per d<'y. ‘Ihe average for the group,

1.7 milligrams per day, anneared to be high since one of the men r ceiVeu

a vitamin supplement which conte'ned thienine. The range of tnizwinn

intake for the group was from 0.58 to 8.55 milligrams per day. Seven of

the men with far advanced tuberculosis had thiamine intakes which were

less than 1.2 milligrats per day. ‘rhe average for the group was 1.15

milngrams with a re ge of O.(7 to 1.73 milli gre'—ms of this;ine per day.

The intake allowance for thiamine for a he'1thy nan with a bow“w‘ijnt of

65 1610rams and an age of 2; yearswwhich has been re”courenVed by the

Food and Diutrition sead of the hational lesearch Council (I733) is 1.6

milligrams per day. There is no evidence that there is an increased

-—

requirement by tuberculous patients. If this amount is used as a baSis

‘l

for evaluation of tine adeqxucy of the diets of these natiants,1t I-mmuld
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"ppear that acout 79 percent of the men with active tuberculosis hat

intakes of thiamine which were inzxieCuate, durine the control period.

The average daily riboflavin intake was 3,CO milligrams, with a

ranze of l.hb to b.oh milligrams. The relatively hi_h riboilavin in;""s

resulted from a high consumption of milk. L11 of the patients in this

group had daily riboflavin intakes above 2.00 milligrams except for one

patient whose riboflavin intake Wis 1.50 mi livruus p9r daJ. One male

patient with far advanced active tuberculosis had an av>ra :e daily

riboflavin intake of only o.tt milligrams during the control period.

One patient had 1.16 milliframs of riboflavin per dag. Three patients

18d riooflavin intakes witiin the ran3 of 1.50 to 2.00 milligrams per

day and seven of the patients received 2.00 milligrams or more per day.

The average for the group was 2.5h milligrans, with a range of 0.;6 to

o.73 milligrams of riboflavin per Cfly,

Tie daily intalce of niacin for the noderatelr advanced, active

tuberculous men patients ranged from L .h to 09.t milliurams with an aver-

age of lb.l milligrams. For the far advanced, active tuberculous men, the

average daily niacin intake was 10.? milligrams with a ranqe from b.§ to

17.1 milligrams. The average niacin intakes of both grins Were less

than the allowance of 16 milligrams per day which has be: nrecommenaed

oy the Food a.nd rutrition board of the Lational hese arch Council (1953)

for healthy men, 25 years of aqe, and weighing a; kilra;s .

Slood constituents: Control period.
 

The avera.ge concentration oi the blood constitu€.nts of women and men

advanced, active tuberculosis in the
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control period are given in Table 7. Individual values for the blood

C
7
“

constituents are presented in the appendix in Tables 37 to h .

Tne average blood hemoylobin concentration of the 15 women patients

with moderately advanced, active tuberculosis was 13.60 grams per 100

milliliters of blood with a range of 11.23 to 16.00 grams per 100 milli-

liters of blood. The range of values compared favorably with the azxe

reported by Ohlson and co-workers (lyhh) for hea-thy college women,

that is, 11.08 to 15.72 grams per 100 milliliters of blood. blood hemo-

globin values for the women with far advanced, active tuberculosis were

somewhat lower. The average for this group was 11.8b grams per 100

milliliters of blood, with a range of 11.25 to 12.50 grams. Values for

the four women with far advanced, active tuberculosis, however, all were

within the range of values reported by Ohlson at 31. (l9hh) for healthy

college women.

The correlation coefficient between blood hemoglobin and the calcu-

lated iron intake of the tuberculous women in the control period was

0.015. This was not statistically significant. The correlation co-

efficient between blood hemoglobin and the calculated protein intake of

the tuberculous women in the control period was 0.15h. There was not a

statistically significant relationship between blood hemOflobin and

dietary protein.

Concentrations of total serum protein in the blood of the women with

moderatelyuadvanced, and far advanced, active tuberculosis all were with-

in the range of six to eight g~ams ,er 100 milliliters of serum, wlich

has been considered a satisfactory range of serum protein for healthy
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peOple by various investigators (firuckman.et 31., 1930; ioumans_et al.,

l9h3; fdamson et 51., 19b5; and'hilan gt al., l9ho).

The average serum vitamin L concentration for the women with

moderately advanced, active tuberculosis was 33 micrograms per 100 milli-

liters of serum, with a range of 11 to S9 micrOgrams per 100 milliliters

of serum. Six out of the 15 women in this group had serum vitamin.L

values less than 30 micrograms per 100 milliliters of serum, he amount

suggested by bessey pt 31. (19h6) as an adequate concentration of vitamin

A in the serum of healthy persons. The average vitamin.k intake of these

women was estimated by dietary calculation to be l2,th7 International

units (range, 2,821 to 28,369 International units) per day. tone of the

four women with far advanced, active tuberculosis had serum vitamin.A

values less than 30 micrograms per 100 milliliters of serum.

The women with moderately advanced, active tuberculosis had an aver—

age serum carotene concentration of 100 micrograms per 100 milliliters of

serum with a range of h2 to 208 micrograms per 100 milliliters of serum.

Since the serum carotene concentration is not significant without refer-

ence to the concentration of vitanin A in the serum, the concentration

of serum carotene is therefore necessarily evaluated in comparison with

the serum vitamin A concentration. The average serum carotene concen-

tration was 76 micrograms per 100 milliliters of serum for the six

moderately advanced, active tuberculous women patients whose serum vita—

min_a concentration was less than 30 micrograms per 100 milliliters of

serum. One of the six patients had a low serum carotene of E2 micrograms

per 100 milliliters of serum. The other five had serum carotene values



(range, 68 to 101 micrograms) within the range of 50 to hOO micrOgrams

per 100 milliliters of plasma which was found by various investigators

(Kimble, 1939; Abel at 31., lth; Ldersbeny at 21., 19h5; Anderson and

Milan, 19LS; harris at 21., lQLé; and liengst and Shock, 19h5) for

healthy peOple. The averame serum carotene concentration of the far ad-

vanced, active tuberculosis was 165 micrograms per 100 milliliters of

serum with a range from 60 to 37h micrograms per 100 milliliters of serum.

One patient, Subject‘hU had a relatively high concentration of 37h micro-

grams carotene per 100 milliliters of serum and a relatively low vitamin

A concentration of 32 micrograms per 100 milliliters of serum. This was

the only patient in this group those serum values of carotene and vitamin

A indicated that there may have been a disturbance of the mechanism for

conversion of carotene to vitamin.x.

The average serum ascorbic acid value for the women with moderately

advanced, active tuberculosis was 0.93 milligrams per 100 milliliters of

serum, with a range of 0.28 to 1.73 milligrams per 100 milliliters of

serum. Two of the 15 patients had serum ascorbic acid values less than

0.50 milligrams per 100 milliliters of serum, and two of the patients

had serum ascorbic acid values which were within the range of 0.50 to

0.70 milligrams per 100 milliliters of serum. Thus, 26 percent of this

group had serum ascorbic acid values less than the concentration which is

usually associated with adequate ascorbic acid nutrition, that is, 0.70

milligrams per 100 milliliters of serum (Gyorgy, 19h2 and Johnson,19h5).

One woman with far advanced, active tuberculosis had a serum ascorbic

acid value of only 0.26 milligrams per 100 milliliters. This patient
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had received an average intake of 29 milligrams of ascorbic acid per day

during the control period. One of the four patients had serum ascorbic

acid values within the range of 0.50 to 0.70 milligrams per 100 milli-

liters of serum; two patients had serum ascorbic acid values above 0.70

milligrams per 100 milliliters of serum. The average for the four

women was 0.75 milligrams of ascorbic acid per 100 milliliters of serum.

The correlation coefficient between serum ascorbic acid and ascorbic

acid intake for the tuberculous women during the control period was

0.1.173. This was statistically significant (P _<_ 0.05;).

Bessey and Lowry (l9h6) suggested that concentrations of serum

alkaline phOSphatase up to 2.30 nitrOphenol units per 100 milliliters of

serum were satisfactory-for healthy individuals. Six of the 15 women

patients with moderately advanced, active tuberculosis had serum alkaline

phOSphatase values which were greater than 2.30 nitrOphenol units, but

all of the values were within the range of 0.90 to 3.b0 nitrOphenol

units. Since there have been relatively few studies of serum alkaline

phOSphatase in disease conditions other than rickets, and since it is

relatively difficult to compare measurements of enzyme activity from one

laboratory to another, it is difficult to interpret the significance of

the values which were above 2.30 nitrOphenol units. many and co-workers

(195U) have reported that the average alkaline phOSphatase concentration

of non-pregnant white women was 1.36 nitrophenol units which was slightly

lower than the average of 2.12 nitrOphenol units for moderately advanced,

active tuberculous women in this study. 211 four of the women with far

advanced, active tuberculosis had serum alkaline phosphat“se values which
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were less than 2.30 nitrro;w utol units per l‘“

average was 1.7t nitrophenol units.

he:e was a wide ran-je ei.‘ blood 1emeglobin concentrations a;"‘:on.g; tne

a
.L.tuberculous men. he range of Va ues Lor men with modWratel :Mtvaneed,

.‘ .

active tuberculosis was from 12.50 to 19.t0 grams per 100 milliliters of

blood with an average oi 15.0u gran" per lLL lilllllu€"3 of blood. The

ranbe of blood hemOglobin values for the men with far advanced, active

tuberculosis was from 12.00 to 18.30 grams per 100 milliliters of blood,

with an average of lh.lh grams. The correlation coefficient ' mtzeen blooo

hemelobin and the calculated iron intae of the tuberculous nen durinz

the control period was 0.2c9. This was not statistically significant.

There also was not a sivnificant relationhis between blood heme lobin

and dietarv protein (corr1tion coefficient, 0.297).

The concentrations of total seer Irotein ior mrn with moijrrtxlv

advanced and far awivanced, active tucerculosis were within the range of

six to eight grams per 100 milliliters of serum for all but two of the men

with moderately advanced, active tuberculosis. Values for the33 two pa.tients

were 5.17 and 6.10 grams per 100 milliliters of serum, reenactively.

Only two men with moderately advenced, active tuberculosis and one

man with far advanced, active tuberculosLshad serum vitanin a values

which were less than 30 microrevs per 180 milliliters. The calculated

vita1in h intakesof these men ranged from 2,t2l to 23,309 International

Units per day. The average serum vitamin A for the grcup of LLnwith

moderately advanced, active tuberculosis was he micrograms per 100 milli-

liters of serum with a r'n"e of 26 to 77 micrograms. The average serum
()



vitamin A for the men with far advanced, active tuberculosis was 54

micrograms per 100 milliliters, with a range of 19 to 76 micrograhs per

100 milliliters. '

In general, the men patients had lower serum carotene values than

the women patients. The average concentration of carotene values in the

serum of the men with moderately advanced, active tuberculosis was 90

micrograms with a range of 31 to 150 micrograms per 100 milliliters.r

Two patients, DE and ELI, who had low serum vitanin A values (26 and 29

micrograms per 100 milliliters of serum) also had relatively low serum

carotene values of 103 and 31 micrograms of carotene per 100 milliliters

of serum, reSpectively. Se um carotene values for men with far advanced,

active tuberculosis averaged 10c micrograms, with a range of 3b to 192

micrograms per 100 milliliters. Subject dih who had a low serum vitatin

A value of 19 micrOgrams per 100 milliliters of serum also had a low

serum carotene value (3h micro:rams per 100 milliliters of serum).

Serum ascorbic acid velues for the men also were lower than for the

women. The average serum ascorbic acid of the men with moderately ad-

vanced, active tuberculosis was 0.6t milligrans per 100 milliliters of

serum and the ranee of values was from o.oc to 1.9h milligrams per ltO

milliliters. Fifteen of the 22 men had serum ascorbic acid values less

than 0.70 milligrams per 100 milliliters of serum. Llevan of the 12 men

with far advanced, active tuberculosis had serum ascoroic acid values

less than 0.70 milligrams ,er 100 milliliters of serum. The average

value for this group was only O.LB milligrams per 100 milliliters of

serum, and the range of values was from 0.25 to 0.76 milligrams.
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There was a statistically significant relationship between the

calculated dietary intake of ascorbic acid and the serum ascorbic acid

during the control period. The correlation coefficient was 0.375

(P __ 0.05).

Three of the men with moderately advanced, active tuberculosis and

five of the men with far advanced, active tuberculosis had serum alkaline

phOSphatase values which were above 2.30 nitrophenol units.

Recommended dietarx modifications
 

The range of higher intakes of the various nutrients in the diets of

both men and women patients indicated that an adequate amount of the es-

sential nutrients was supplied in the diets of the two senatoria, in so

far as the diets could be judged by available information concerning re-

Quirements in tuberculosis and the results of the blood analyses during

the control period. The lower intakes of various nutrients by certain of

the patients probably can be attributed to rejection of food because of

individual food likes and dislikes. It was felt that this could be im-

proved by encburagement and education. The low blood values for ascorbic

acid, vitamin A and carotene which were obtained for some of the patients

indicated that an increased intake of these nutrients was desirable.

Modifications in the diet Were therefore recommended to each of the

subjects with the support and COOperation of the medical director and

the dietitian of the two sanatoria, These modifications which were

described in the previous section were planned to (a) provide adequate
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protein in the diet; each patient was asked to eat all meat, fish,

poultry and eggs which were served on the heapital tray, (b) increase

the iron intake; one or more eggs for breakfast and one serving of beef

liver weekly was added to the usual hospital diet, (c) maintain the

adequate amount of calcium and phOSphorus in the diet; four glasses of

milk or more were provided for each patient daily, (d) assure he daily

intake of vitamins; one vitamin tablet1 and 100 milligrams of ascorbic

acid were given to each patient daily for the three experimental periods,

(e) supply adequate calories to provide for gains in weight for the

underweight patients; underweight patients were encouraged to eat all of

the food that was served to them.

Influence of improved diet on food intake
 

 

Evaluation of the dietary intakes for each experimental period has

been made from the calculated food intakes of the seven-day diet records

which were obtains at the end of each period. The one day dietary recall

records which were collected each week were evaluated to ind‘cate how

carefully the patients followed the dietary regime, and to provide a basis

for advising the patients during the experiment. Dietary intakes esti-

mated from the recall diets were not included in the estimates of average

intakes of the patients for the three experimental periods.

The average daily food intakes of the women with moderately advanced,

active tuberculosis in the control and in the three experimental periods

were given in Table l, and the graded intakes of the nutrients were given

 

1 kbdol, do. 218, Parke, Davis & 00., Detroit.
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in the Table 2. The average daily caloric in eke of the women in this

group was 1,95h calories for period I, 1,855 calories for period II and

1,8hh calories for period III, in comparison with an average intake of

1,76h calories in the control period. The c00peration of the patients

throughout the entire study was quite good and those patients who were‘

in the lowest range of caloric intakes in the control period had the

highest increase in daily caloric intakes. subjects “U and n8 linited

the amount of fat and carbohydrate foods in the diet to prevent further

gain in weight, and subjects “CO and PA did not accept the dietary regime

in periods II and III as well as in period I. Subject DCO had thorac0plasty

once in period II, and twice in period Ill. Subject 1S had lobectomy in

period II. Subject LA had asthma during periods II and III. Lower caloric

_intakes for these patients occurred during these periods. For these

reasons, the average caloric intake was lower for the entire group during;

periods II and III than in period I.

Six of the ten women patients who were underweight (-10 percent or

more of desirable weight) at the beginning of the study were still under—

weight at the end of the study though there was an average gain in

weight of eight pounds per patient. The average daily caloric intakes

of the ten women were 2,173, 1,760, and 1,6o2 calories in periods I, II

and III, respectively, in comparison with an average daily intake of

1,6tb calories in the control period. Only one person in this group was

considered to be 20 percent less than the average Weight for her age and

height at the end of the study whereas six of the patients were at least

20 percent underweight at the beginning of the study. Height losses were
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observed for two of the patients; these losses in weight may be axe

plained in part at least by the fact that it was necessary for the

patients to have surgical treatment during the study. Gains in weight

for the group ranged from two to 26 pounds during the experimental

periods.

Two of the women in this group did not complete the three experi-

mental periods. Subject KN was discharged to her home after period II

and subject at transferred from the Ingham County Sanatorium to the

lv‘lichigan State Saxlatorium at the end of period I. When this study was

initiated at the Michigan State Sanatorium five months later, the patient

again was selected as a subject. at this time the degree of tuberculosis

was classed as far advanced.

The average daily food intakes of the women with far advanced,

active tuberculosis in the control and in the three experimental periods

were given in Table l, and the graded intakes of the nutrients were given

in Table 3. The average daily calorie intak.s werel,636 calories for

period I, 2,190 calories for period II and 1,9hh calories for period III

in comparison with an average of 1,6b6 calories in the control period.

Subject HO had a gastro-intestinal disturbance during period I. der

caloric intake was only 856 calories per day; for this reason, the average

daily caloric intake in this group was less in period I than in the con-

trol period. Subject ME who had an average intake of 2,5?6 calories per

day in the control period desired to control her body weight by reducing

the Quantity of fat and carbohydrate in the diet and the average intakes

in the experimental periods were less for this subject than in the





control period. Subject no decreased her caloric intake from 2,005

calories in period II to 1,5bh calories in period III. Subject hU, who

had an infection between the lobectomic Spaces, lost five pounds during

the first six weeks and died after period I. The body weight of the

other three patients increased from ten to seventeen pounds during the

four-month period, although two of the subjects, R0 and do still were

underweight for their height and age at the end of the study. The

average daily caloric intakes of these three patients were 1,062, l,tl9

and 1,977 in periods I, II and Ill, reapectively.

The average daily protein intakes of the women with moderately ad-

vanced, active tuberculosis were 89, as and 62 grams for periods I, II

and III, reapectively, as compared with an average of 73 grams per day

in the control period. Data for the individual subjects indicated that

three of the 13 women who completed the experiment had protein intakes

which averaged to grams or more per day for the three experimental

periods. Average protein intakes of eight of the women were from five

to 31 grams of protein lower in period III than in period I. Subject En

who had the lowest protein intaxe (MS grams per day) during the control

period was able to increase her protein intake to 69 grams for period I,

maintain it at 65 grams for period II but reduced it to 62 grams for

period III. The sharp reduction in protein intake in the period Ill

resulted because this subject was excited about going home the following

month and could not eat.

Two of the women with far advanced, active tuberculosis had protein

intakes which averaged less than 50 grams during the control period.



One of these two patients, Subject nU, died at the end of the period I.

Subject we who had a daily protein intake of 39 grams during the control

period was given a protein S'upplementl during periods II and III.

Lverage protein intakes for this subject were 33, 77 and 175 grams of

rotein per day for periods I, II and III, respectively. ‘Ehere was an

increase in protein intake during periods I and II for subjects hO and

ME but in both cases the protein intake during period III was less than

in the control period.

The average daily calcium intake of the women with moderately ad-

vanced, active tuberculosis was 1.61 grams for period I, 1.53 grams'for

period II, and 1.38 grams for period III as compared with an average

intake of 1.22 grams of calcium per day during the control period. The

reduction in average calcium intahe during periods II and III followed

a pattern correSponding to the reduction in protein intake. However,

seven of the 13 women who completed the experiment had calcium intakes

above 1.22 grams per day in all three experimental periods.

Of the three women with far advanced, active tuberculosis who com-

pleted the experiment, only one, Subject us, had a calcium intake whicu

exceeded the intake of 1.22 grams per day which was predicted by hrewer

§t_§l, (l95b) for calcium equilibrium for women_with.moderately advanced,

active tuberculosis. Subject we who had an intake of only 0.59 grams

calcium per day in the control period had an even lower intake of O.hl

grams per day during period I and 0.53 grams per day during period II.

was increased to 2.23 gramsThe calcium intake of the patient, however,
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per day for the period III since a large amount of milk was conbincd with

the protein supplement1 for the patient in period III.

mean daily intaaes of phosphorus were 1.56, 1.C0 and 1.h7 grams in

periods I, II and III, reSpectichy, for women with mode ately advanced,

active tuberculosis and 1.26, 1.30 and 1.5 grams in the periods I, II

and III, respectively, for the women with far advanced, active tuberculo-

sis. There was a marked increase of the daily intake of this nutrient

in the eXperimental periods as compared with the average daily intake in

the control period of 1.30 grams for women with moderately advanced,

active tuberculosis and 1.10 grams for women with far advanced, active

tuberculosis.

Average daily iron intakes in periods I, II and III were 9.76,

11.8h and 9.72 milligrams for the moderately advanced, active tuberculous

J

women patients, and 9.25, 11.h9 and 11.06 milligrams for the patients

with far advanced, active tuberculosis. .Ln increase of iron intake was

shown in the experimental periods as compared with the average intake in

the control period of 5.71 milligrams for Women with moderately advanced,

active tuberculosis and 9.22 millierams for women with far advanced,

active tuberculosis.

hverage daily vitamin A intakes for the moderately advanced, active

_,_.

C

tuberculous women patients were 15,920, 1§,t39 and 12,036 international
I

munits in periods I, II and III, in comparison with the avertee

daily vitamin L intake of 13,7h2 International units in the control

’1l i . " a n ~'- - s

Protenum, mead uonnson_e oo., Lvansv111e, Ind.
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period. The avcrzwo vitamin A intake in the control period was weighted

by the dietary supplement1 which one patient received and which supplied

vitamin A. Tiers was a.narkcd increase in the average vitarin A intake

in period I for the women with far advanced, active tuberculosis. The

average daily vitamin A intakes Were lo,59t, 1L,932 and 12,2to Inter-

national units for the three successive experimental periods as compared

with an average intake of 5,013 lnternational units per day during the

control period. The high averages in periods I and II were influenced

by the vitamin A intake of subject hO who had three vitaain tabletsl

per day, prescribed for her by the physician, during those two periods.

Average intakes of ascorbic acid, thiamine, riboflavin and niacin also

were influenced in periods I and II by the intakes of additional vitamins

by this patient since the vitmnin tablet was multi—vitamin.

Lean daily scorbic acid intakes for the women with moderatelv
,, J

m

advanced, active tuberculosis were increased to 223, 27a and 202 milli-

grams in the three successive experimental periods from an average intake

of 101 milligrams in the control period. The high ascorbic acid intakes

in periods I and II were influenced by the additional aSCO‘oic acid

supplement prescribed for two subjects after surgical treatment. The

average ascorbic acid intakes from food sources alone in the three succes-

sive experimental periods were 78, 12h and 112 milligrams.

The average daily ascorbic acid intakes in the three successive

experimental periods were 295, 2o€ and 22s milliyrams for the wonen with
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far advanced, active tuberculosis. Subject hO had an additional supple~

ment of 100 milligrams ascorbic acid from vitamin tabletsl during

periods I and II by direction of the physician. During period III,

however, this patient received the same ascorbic acid supplement as the

other subjccts. Subject hO who had a low ascorbic acid intake of 29

milligrams per day during the control period increased her aily intake

to values of 172, 171 and 193 millip‘ams in the three successive experi-

mental periods. This increase was due to dietary supplement, however,

since the average daily ascorbic acid intakes of this patient from food

sources alone were 22, 21 and h3 milligrams for period I, II and III,

reapectively. Two subjects,.hE and uh, had decreased ascorbic acid in-

takes from food sources during the experimental periods.

The diets supplied liberal amounts of thiamine throughout the study.

'Uomen with moderately advanced, active tuberculosis had average daily

thiamine intakes of 3.t3, L.61 and h.39 milligrams in period I, II and

III, reSpectively, in comparison with 2.5h milligrams in the control

period. For the women with far advanced, active tuberculosis, the average

daily intakes of thiamine for the three successive experimental periods

were 6.12, 6.36 and 5.95 milligrams in comparison with 1.0h milligrams

in the control period.

The average daily intakes of riboflavin for the moderately advanced,

crams in the threeJaactive tuberculous women were 5.h9, 5.97 and 5.57 milli

successive experimental periods. For the far advanced, active tuberculous
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a.

women patients, the averame daily intakes or riboflavin in the three

successive experimental periods were 6.33, 6.97 and c.35 milligrams. In

all individual daily intakes of riboflav1(
J
)

the experimental period ,

exceeded 2.60 milligrams which has been recoumcnocu bv brewer et a .

(19L9) for moderately advanced, active tuberculous women. The average

daily 'mtake of ribolavin was hLher in the exocrimental periods than

in the control period.

Lverage dailv niacin int:Les in the control period and three suc-

cassive experimental periods were 20.3, 31.3, 35.0 and 35.6 nillifirams

for the moderately advanced, active tuberculous women and 7.2, 3h.3, 33.7

and 32.7 milligrams for the for advanced, active tuberculous women

patients reapectively.

Analysis of- variance was carried out to determine whether or not

statistically significant changes occurred betweeen the food inta{e of

the women with active tuberculosis in the control period and the experi-

mental period. A summary of the analysis of variance is given in.Table o.

The average intakes of protein, thiamine, riboflavin and niacin were

sig;nificantlv hi“rher in the experimental period then in the control

period for the women patients in both groups. The intake of calories and

ascorbic acid also was higher for women with moderately advanced, active

tuberculosis in the experimental period than in the control period. The

limited number of subjects in the group of women with far wifanced, active

tuberculosis and the wide variations in calories and asscoorbic acid intakes

‘of those patients may explain the fact that signHfcant diforences
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between the caloric and ascorbic acid intakes of the control period and

period I were not obtained for this group,

The vitamin.h intage of the women with far advanced, active tubercu-

losis was significantly higher in the experimental period than in the

control period. This was not true for the women with moderately advanced,

active tuberculosis, probablf because five of the women had vitamin e

intakes which exceeded 15,000 International Units in the control period.

The average daily food intakes of the men with moderately advanced,

active tuberculosis in the control and in the three experimental periods

were given in Table h, and the graded intakes of the nutrients were given

inTafleS.

There was considerable variation in the caloric intakes of the male

patients with moderately advanced, active tuberculosis. everage daily

caloric interes of these patients in the three experimental periods were

2,037, 2,039 and 1,952 calories reapectively, These caloric intakes were

less than the average daily intake of 2,071 calories in the control

period. however, those patients who were in the lowest range of caloric

intake in the control period had a consistent increase in daily caloric

intake throughout the study. Eight of the patients who had daily caloric

intakes above 2200 calories in the control period had caloric intakes

which were less than that of the control period in one or more of the

experimental periods. Four subjects in this group did not complete the

study.

Four of the eighteen men patients who completed the study were still

underweight at the termination of the experiment. height gains for the



entire group ranged from.one to 19 pounds during the four-month period.

Only one patient was considered overweight at the end of the four—month

period; his body~weight was 20 percent above the averace for his height

and age.

The average daily food inta es of the men with far advanced, active

tuberculosis in the control and in the three experimental periods were

given in Table h, and the graded intakes of the nutrients were given in

T&fle6.

The average daily calorie intake of far advanced, active tuberculous

men patients increased from 1,7h6 calories in the control period to 1,976

calories in period I, to 2,0L2 calories in period II and then decreased

to 1,797 calories in period III. Ten of the twelve subjects had an

increase in caloric intake during period I. 0f the eight who completed

the experiment, only one, subject RI, had caloric intake which was con-

sistently higher in the three eXperimental periods than in the control

period. Three subjects had decreased caloric intakes in periods II and

III and the other three subjects had lower caloric intakes only during

period III. Subject see, who received surgical treatment during periods

I and II, was able to increase his caloric intake for period III above

that of the control period. However, he weighed five pounds less at the

end of the experiment than at the beginning. In Spite of this case,

gains in body weight for the seven patients who completed the experiment

ranged from one to lb pounds. Four of these seven patients were still

underweight at the end of the experimental period.





Variations in protein intakes similar to these in caloric intake

were obServed for the men with moderately advanced, active tuberculosis.

The average daily protein intakes for these patients in the three suc—

cessive experimental periods were 59, t9 and to grams reSpectively.

These values were similar to the average daily protein intake of £9 grams

in the control period. Only five subjects consumed 90 grams or more of

protein in each of three experimental periods.

The average daily protein intake for the far advanced, active tubercu-

lous men were 88, 90 and 82 grams for the three successive experimental

periods, in comparison with an average intake of 79 grams per day during

the control period. There was considerable individual variation in pro—

tein intake during the experimental period. Only three subjects had pro-

tein intakes which were consistently higher in periods I, II and III than

in the control period. Two subjects increased their protein intakes

above that of the control period in period I and II but had a lowered

intake in period III.

Average daily calcium intakes for the moderately advance , active

tuberculous men were 1.76, 1.87 and 1.65 grams in the three successive

experimental periods, in comparison with 1.59 grams in the control

period. For men with far advanced, active tuberculosis, the average daily

calcium intaxes were 1.c2, 1.66 and l.h9 grams in the three successive

experimental periods, in comparison with 1.31 grams in the control period.

Both groups showed an increase in the average daily intake of calcium

in each experimental period above that of the control period. At the

end of the study, 72 percent of the men with moderately advanced, active





tuberculosis and 75 percent of the men with far advanced, active tubercu—

losis had daily calcium intakes above 1.22 grams.

The average daily intakes of phOSphorus for the men with moderately

advanced, active tuberculosis were 1.72, 1.96 and 1.66 grams in the

three successive experimental periods and l.bl grams in the control

period. The average daily intakes of phOSphorus for the men with far ad-

vanced, active tuberculosis were 1.70, 1.75 and 1.66 grams for periods

I, II and III, reapectively and l.h0 grams in the control period. The

low av-rage intakes of phOSphorus in period III correSponded for both

groups to the:reduced caloric, protein and calcium intakes which

occurred in period III.

The mean intake of iron by the men with moderately advanced, active

tuberculosis was higher during the experimental periods han during the

control period. The average daily intake for periods I, II and III were

11.26, 13.67 and 12.h5 milligrams of iron in comparison with an average

intake of lO.hd milligrams of iron in the control period. The average

iron intakes in periods II and III were weighted by the iron provided as

dietary supplement for four patients in period II and three patients in

period III. The ferrous sulfate supplement1 was prescribed by the

physician for subjects hi and fine. Subjects HL and 50 were not willing

to eat liver and did not like eggs. Therefore additional iron was

prescribed for them also.

The average daily iron intakes of the men with far advanced, active

tuberculosis were 10.25, 10.68 and 10.15 milligrams in the three

 

l Ferrous sulfate, no. 7, Eli Lilly'& Co., Indianapolis.
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successive experimental periods. These values were similar.to the

average daily iron intake of 10.71 milligrams in the control period.

The mean vitamin a intakes in the three successive experimental

periods were 13,173, 1h,662 and 11,503 International units per day for

men with.moderate1y advanced, active tuberculosis in comparison with a

mean intake of 7,293 International units per day in the control period.

Of the 18 subjects who completed the three periods of this experiment,

15 of the subjects had an increase in vitamin.a intake for periods I, II

and III in contrast to the intake for the control period. Seven of the

subjects had higher vitamin k intakes in periods I and II than in the

control period but a lower vitamin A intake in period 111. The average

amounts of vitamin h obtained from food sources alone for the control

period and periods I, II and III were 6,615, 8,173, 9,662 and 6,763

International units of vitamin.A per day, reSpectively.

The mean daily vitamin.h intakes of all but two of the male patients

with far advanced, active tuberculosis who completed the experiment were

higher in the experimental periods than in the control period. The

average daily vitamin.L intakes were 7,917, l3,h62, 13,166 and 11,797

International units of vitamin a for the control period and periods I,

II and III, reSpectively. The average amounts of vitamin A from natural

food sources were 8,h62, b,166 and 6,797 for period I, II and III,

reapectively.

Mean daily ascorbic acid intakes for the men with moderately advanced,

active tuberculosis were 207, 21h and 208 milligrams in periods I, II and

III in comparison w’th an average intake of 75 milligrams per day in the
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control period. The amounts of ascorbic acid which were obtained from

natural food sources were 6h, 57, 6h and St milligrams per day resnec-

tively for control period, periods I, II and III.‘ Ascorbic acid intakes

of all of the men in this group who completed the three experimenta

periods were greater than the average intake during the control period.

The average daily ascorbic acid intakes for men with far advanced,

active tuberculosis Were 22h, 209 and 228 milligrmns in periods I, II

and III and 76 milligrams in the control period. The ascorbic acid from

natural food sources averaged 7h, 59 and 78 milligrams per day for the

three successive experimental periods reapectively. Thus the ascorbic

acid supplement provided for the patients resulted in significant in—

creases in ascorbic acid intake although the ascorbic acid intake from

natural food did not increase.

The average daily thiamine intakes in periods I, II and III were

3.70, 3.80 and 3.68 milligrams for the men with moderately advanced,

active tuberculosis and 1.71 milligrams per day in the control period.

The amounts of thiamine from natural food in the three experimental

periods and control period were 1.20, 1.30, 1.68 and 1.37 milligrams

reSpectively.

The average daily thiamine intakesfor the far advanced, active

tuberculous men were increased to 3.7t, 3.78 and 3.99 milligrams in the

three successive experimental periods from an average intake of 1.15

milligrams per day in the control period. The actual amount of thiamine

supplied by natural food was 1.28, 1.28 and 1.L9 milligrams per day for

period I, II and III reapectively. These values were higher than the
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rage daily thiamine intale of 1.15 milligrams in the control period

and indicated that the patients consumed a better dei t with res.ect to

thiamine during the experimental perioos.

hean riboflavin intakes from natural food sources only were 2.60,

3.05 and 2.79 milligrams in the three successive eXperimental periods,

and 2.83 in the control period for men with moderately advanced, active

tuberculosis. The avvaraoe total riboflavin intakes were 5.10, 5.53 and

5.29 milliwraps per dc3 in periods I, II and III. Thus the totsl rigo-

flavin intake was generous throughout the experimental periods.

Tile average dai13 riboflavin intakes for the far advanced, active

tuberculous men were 5.36, 5.20 and h.9l milligrams in the three succes-

sive experimental periods. The amounts of riboflavin from natural food

sources were 2.86, 2.70 and 2.h1 milligrams per day respectively in these

periods, and 2.5L milligrams per day in the control period. The reduction

of averaee dailv riboflavin intake from natural food sources in period

Ill correSponded to the reduction of protein and calcium intal{es in this

period.

The average daily niacin intakes for the men with moderately ad—

vanced, active tuberculosis were 29.1, 29.6 and 30 'millir' s in the

three successiVe experimental periods. The average deilg niacin intakes

(without vitamin supplement) were 9.1, 9.6 and 10.h milli; ems and ll.h.

milligrams in the control period.

For the far advanced, active tuberculous men, the mean dai13 niacin

intakes were 31.0, 31.h and 30.2 milligrams in the three successive

experimental periods. When the intakes were calculated without the
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addition of the vitamin supplements, the average daily niacin intakes

for the three successive experimental periods Were 11.0, ll.h and 10.2

milligrams and 10.7 finxtheiconirdl period”

3
CThe summary of the statistical comparison by analysis of variance

of the food intakes of the men with active tuberculosis in the control

period and the experimental period is given in Table 9. The average

daily intakes of all vitamins were significantly higher in the experi-

mental periods than in the control period for men with both moderately

advanced, and far advanced, active tuberculosis. There was not a signifi—

bcant difference in the average daily intake of the other nutrients between

the experimental periods and the control period. The lack of a sijnifi-

cant change for protein, calcium and phOSphorus intakes may be “xplaihcd

by the fact that no attempt was made to increase the intake of these

nutrients for those patients whose intake of protein, calcium and phos-

phorus appeared adequate in the control period, in so far as evidence was

available to indicate the nutritional requirements of tuberculous men.

._‘ «L

Uencouragemen was given the patients, however, to maintain an adequate

intake of these nutrients throughout the four month period.

Influence of Improved Diet on Blood Constituents
  

Blood hemoglobin: The average hemOglobin concentration in the blood
 

of the moderately advanced, active tuberculous women patients was 13.60

grams per 100 milliliters of blood in the control period and 13.68, 13.91

and lb.35 grams per 100 milliliters of blood in the three successive

experimental periods. For the far advanced, active tuberculous women

patients, the average blood hemOfilobin concentration with a value of



Table 9

SunmarY of finalfiSis of Variance of Food Intake for he: Lith :c”

Iuberculosis setween Control and bxnerimentat Periods
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11.83 grams per 100 milliliters of blood was considerajly lower than

the hemoqlobin concentration for the mouerately advanced, active tubercu-

lous women in the control period but the concentration increased to 12.L1,

‘ H r" ‘4‘, q ‘ .-x r o a . u r. y o .

lu.{9 and 13.60'amn 0L nemovlooin no led milliliters 01 olooo 1n theQ
3

T‘I‘

three e_yerimental periods. These data are summarized in Table 10. 1mm

average hemoglobin value for moderately advanced. active tuberculous

women patients was higher than for the far advanced, active tuocrculous

women patients throughout the studv except in period II.

Data were treated stati ' callv b, antlgsis of variance to Jltrmine

whethor or not the improvements in diet of the patients during the

experimental periods may have iniluer'ced the hemOglohin values of the

subjects. A summary of the analysis of variance for ncmo.los1n anai for

the other blood constituents is presented in_Tahle 11. Since the average

hemoglobin corcentration for the modera'telv advanced, active tuberculous

women was congaJaole to that of hec1th; men in the con,z0] period, it

is not surprising that the averages of hemOglobin values between means

of the control and experimental periods for this group were not sifinifi—

cantly different. The results 1m)ice that blood hemolooin concentra-

tions of the tub‘rculous women can be maintained at v:lues comnaraole to

those of healthy woren for a fours:onth period oy a good diet.

'l‘he averae hemo;lobin concentration in the blood of women with fai

advanced, active tuberculosis was sirnificantly hiher in the tlzre

experhnental periods than in the control period (P é-O.Cj). This indi-

ca.ted that the LOxlflLdblOfio in tile diet were efective in incwr as ing

the concentration of hemoqlobin in the blood of patients with far
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Table 11

Summary of Inalys s of variance of-clood Constituents for Haven

We“: .a a 2‘: 1. ~ ...1 .' "I u - ,. Jr. .‘ 4., 1 r"! fl J- ,,.V

rctlents with active iuoer3ulosis oObJUCn oonulol
- . .71 .1 - _ -0 r ’ V-_ ”-1 . 1" _n ‘7‘

1 11H [14“: Uri-r. encal 1.131.041.)

.— “‘_~M

 

Source of Variance P Value Predicted

(I teiJMBd F {3.C5 B‘ (3.01

hoderately Advanced Homen

hemo (globin o .11: 3 .17 S .w;

1.

Serum Irouein 0.30

Vitamin A 3.37-

Carotene 3.17

iscorbic acid 6.13"”

PhOSphatase
6.63%*

Far Ldvanced Hemen

H

b
J

t
o

I \
Q

C
"
:

N D

3

Ohem05lobin o.

Serum protein I C.o3

Vitamin L 0.h7

Carotene 1.05

iscorbic acid 0.63

PhOSphatase 0.00
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.dvanced, active tuberculosis from a value which initially was less than0
3

the average hemoglobin concentration of healthy women to an average value

comparable to that of healthy women (Ohlson, 19th).

The average hemoglobin value of men patients with moderately ad-

vanced, active tuberculosis in the control period was 1;.at grams per

100 milliliters of blood (Table 12); his value was similar to the average

concentration of 15.h0 glans per 100 milliliters of blood which was re-

ported by Gets 33 gl. (l9bh) from a study of 97 male tuberculous subjects.

The average hemOglobin values for the three experimental periods Were

16.19, 15.20 and 16.68 grams per 100 milliliters of blood. The average

hemoglobin concentration of men with far advanced, active tuberculosis

was lh.l3 grams per 100 milliliters of blood in the control period and

lh.28, 15.61 and 15.65 grams per 100 milliliters of blood in the three

successive experimental periods; these values Were somewhat lower than

the values for the men patients with moderately advanced, active tubercu—

losis. Getz gt al. (l9hh) also found that‘the hemOglobin concentration

in the blood of patients with far advanced, active tuberculosis was lower

than the hemoglobin concentration in the blood of patients with moderately

advanced, active tuberculosis. analysis of variance indicated that there

was no difference in the hemoglobin concentration of the men with moderate-

ly advanced, active tuberculosis between the control and the experimental

periods. There was a statistically significant increase in blood hemo-

glooin between the control and the experimental periods for the men with

far advanced, active tuberculosis (Table 13).
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Tahle 13

Summary of Inalysis of Variance of Blood Constituents for hon

Patients Hith.£ctive Tueerculcsis ietween Control

find dxnerinental Periods

 

 

Source of Variance F Value Predicted

Obtained F U.U5 F 0.01

 

Roderately Advanced hen

hemoelobin 1.67 3.11 h.oe

Serum protein C.Co

Vlti’hiin j.

l . Y ,3

PhOSphatase 1.39

Ear advanced hen

\
J
—
L

0 R
)

E
“

hemoglobin 3.9:; 3.55

Serum protein 0.33

Vitamin L 0.73

Carotene 0.02

Ascorbic acid ‘ 36.37

PhOSphatase 2.19



In both the men and women patients, therefore, the average blood

hemoglobin values were lower incases of far advanced, active tubercu-

losis than in the cases with moderately advanced, active tuberculosis.

Increases in blood hemOglobin values to values comparable to those of

healthy individuals resulted from improvements in the diet for both men

and women. This would appear to indicate that the lower hemoglobin

values for the patients with far advanced, active tuberculosis reflected

a poorer nutritional status of these patients, rather than a condition

associated with the disease process.

Blood hemOglobin values less than 12.00 grams per 100 milliliters

for women and less than 12.60 grams per 100 milliliters for men were ob-

served for nine patients during the control period. Changes in hemoglobin

values for these subjects are shown in Figure 1. Subjects no, n0, no,

SC, 5n and DA showed an increased concentration of hemoglobin in the

experimental period as compared with the control period. When Subject db

rwas studied as a patient with moderately advanced, active tuberculosis,

.tflne blood hemOglobin concentration of this patient was increased in period

3: above that of the control period. The initial hemOglobin value for

Shibject HU was 11.25 grams per 100 milliliten3in the control period when

Sine was studied as a.subject with moderately advanced, active tuberculosis,

aru1.12.75 grams per 100 millilitersin period I. 'When the same person was

Sttldied as a patient with far advanced, active tuberculosis, the value

fOI‘ the control period was 12.50 grams per 100 milliliters,and 12.75

graqns per 1CD millilitersin period I.

Blood hemoglobin values for Subjects DCO, No, no, no. and 53 were

195353 in Period III than in periods I and II. This reduction occurred in



Figure (1) Changes in blood htflm();lebln of individual

patients with low initial values.
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the same period that lowered intakes of calories, protein, phosphorus

and other nutrients were observed for subJects no and so and lowered

intakes of phosphorus were observed for Subjects DCO and SH as well.

Subject LO had a higher food intake in period III than in period II, but

the food intake for this patient in period II was relatively low. Lower

blood values for Subjects Sd and D00 possibly could be attributed to

incomplete recovery from loss of blood during surgical treatment.

Serum protein: The average total serum protein values for patients
 

of both sexes were within the range of six to eight grams per 100 milli-

liters of serum (”ables 10 and 12). This range has been indicated as

satisfactory for healthy individuals (Jessey, l9ho). Differences between

the serum total protein of the control period and the experimental

periods were not statistically significant by analysis of variance.

Getz £3.31- (19hh, 1950) and Shaw at 31. (1950) stated that the serum

total protein for patients both with moderate and far advanced tubercu—

losis was usually similar to that for healthy people, although the ratio

of albumin to globulin is altered in the disease. ‘Nhen reductions in

serum albumin occurred, elevations in serum globulin values usually oc-

curred simultaneously, and, as a result, no change in the serum total

protein was measurable. Thus, measurement of the serum total protein is

a less critical measure of the state of protein nutrition of the tubercu-

lous patient than measurement of protein fractions, althourh severely

depleted protein stores may be indicated by low serum total protein values.

Three patients had serum protein values which were slightly higher than

1

8.0 grams per 100 milliliters of serum and six patients had serum protein



63

values slightly less than 6.0 grams per 100 milliliters of serum. The

X-ray findings for these patients apparently were as satisfactory as

for those who had serum total protein values within six to eight grams

per 100 milliliters of serum. One patient, Subject n1, with far ad-

vanced, active tuberculosis had a total Serum protein value of 5.65

grams per 100 milliliters of serum in period Ill; X-ray findings for this

patient Showed an extension of the cavity in the upper lung at the time

of the test period and this patient died five months after the experiment.

Subject iU, who died, had satisfactory serum total protein values: 6.70

grams per 100 milliliters in the control period and 7.1t grais per 100

milliliters in the period I preceding her death.

Serum Vitamin A and carotene: The average serum vitamin.s of women
  

with.moderately advanced, active tuberculosis was 33 micrograms per 100

milliliters of serum in the control period, and h7, A2 and DS micrograms

per 100 milliliters of serum in the three successive experimental periods.

The difference between the control and the experimental period was

statistically significant (P s. 0.05) . This indicated that the average

serum vitamin A was influenced by the addition of a.daily supplement of

vitamin A to the diets of these patients.

The average serum vitamin.h for women with far advanced, active

tuberculosis was 38 micrograms per 100 milliliters of serum in the control

period and 37, hS and 63 micrograms per 100 milliliters of serum in the

three experimental periods. There was no significant difference between

the control period and the experimental periods according to the analysis



of variance. This was probably due to variations from period to period

in the serum vitamin L values of the patients. Cue patient, subject hO,

had a serum vitamin A value of Ll micrograms per 100 milliliters in the

control period. Values for this suuject increased to 52, 55 and t5

micrograms per 100 milliliters for the periods I, II and III, respective—

ly. On the other hand, subject n0 had a decrease in serum vitamin A

values from 36 microorams per 100 milliliters in the control period to

29 micrOgrams per 100 milliliters in the period I, although this was

followed by an increase to hl micrograms per ICU milliliters in periods

II and Ill. Subject HU, who died after period I, had a serum vitamin n

value of 32 micrograms per 100 milliliters in the control period; the

concentration was lowered to 26 micrograms per 100 milliliters in the

period I.

The mean concentration of serum vitamin.h was hither for male

patients than for the tuberculous women in both the control and the

experimental periods. fiveraqe serum vitamin.A values for men with

moderately advanced, active tuberculosis were hh, 50, b6 and 55 micro-

grams per 100 milliliters of serum for the control period and periods

I, II and Ill, rCSpectively. lvorage serum vitamin L values for men

with far advanced, active tuberculosis were 52, S9, hB and ob micrograms

per 100 milliliters of serum for the control period and periods I, II

and III, reSpectively. There was not a statistically significant dif-

ference in serum vitamin L values for the control period and the experi-

mental periods for either the men with moderately advanced, active

tuberculosis or the men with far advanced, active tuberculosis.



ill serum vitamin L values for men with moderately advanced, active

tuberculosis were 30 micrograms or more per 100 milliliters of serum

with the single exception of Subject hih who had a concentration of 29

micrograms of vitamin A per 100 milliliters of blood in the period I.

There was considerable variation in the serum vitamin A of subject Li,

a.male patient with far advanced, active tuberculosis. The serum vitamin

k for this subject was 33 microsrams per 100 milliliters in the control

period, 25 micrograms per 100 milliliters in period I, 3b micrograms per

100 milliliters in period II, and lo micro;rams per l00 milliliters in

period III. This patient died follozing the exberiment. Subject d;h,

also a.male patient with far advanced, active tuberculosis had a serum

vitamin.é value of 19 micrograms per 100 milliliters in period I; the

concentration then increased to 50 micrograms per 100 milliliters for

periods II and III. With these exceptions, the scrum vitamin A values

for the men with far advanced, active tuberculosis were consistently

equal to or greater than 30 micrograms per IOO milliliters and, according

to Bessey (19h7), comparable to values for healthy individuals.

Evidence of previous depletion of vitamin L as report d by Gets

(IQSH) for tuberculous patients was not apparent from the blood studies

of the patients in this study. oraphs showing scatter diagrams of the

vitamin.L content of the serum plotted against the total vitamin 1 intake

of the patients are given in.Figure 2 for the tuberculous WOHCH and in

Figure 3 for the tuberculous men. Serum vitamin n values were not

linearly related to the vitamin k intake. Correlation coefficients were

0.006 for women with moderately advanced, active tuberculosis, 0.259 for



rikur
Q d ) Graph showing relationship of serum vitamin.A

and daily vitanin A intaie of women with

active tuberculosis.
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Graph showing relationship of sermn vitamin.A

and daily vitamin n intake of men with active

tuberculosis.
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women with far advanced, active tuberculosis, 0.217 for men with moder-

ate " advanced, active tuberculosis and 0.033 for men with far advanced,

active tuberculosis.

Serum vitamin 1 values for nine individuals who had initial concen-

trations less than 30 micrograms of vitamin A per 100 millilitirs and

for Subject nU are shown graphically in Figure h. Subject EU had a con-

centration of 32 micrograms of vitamin L per 100 milliliters of serum

in the control period and 26 micro;rams of vitamin h per 100 milliliters

of serum in period I during the tine that she WLS studied as a patient

with far advanced, active tuberculosis. Col; one of hi, nine individuals

with low initial concentrations of serun vita in a failed to show an in-

crease in serum vitamin A during the experiment. Values for this patient,

Subject KAI, were 29, 30, 33 and 31 nicrograns of vitamin a per 100 milli—

liters of serum for the control period and periods I, I]. and III, re-

Spectively. The relativelJ low serum vitamin n values ior this patient

could not be associated with recognized factors since the patient showed

favorable progress in recovery from tuberculosis during the ex erin nt

and had average intakes of lO,tol International Units of vitamin L per

day in period I and 17,609 Intern'tional tnits of vitarin.a per day in

period II, although his vitamin A intake decreased to o,65h International

bnits per day in period III. The sharp increase in serum vitamin A values

in period I followed by a reduction in values for periods II and III

which 'as observed for subjects DE and PL also could not be associated

with other recognized factors. however, the data for this group of

patients indicated that even for tuberculous patients with low serum
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vitamin a values, suppleuentation of the diet with vitamin a resulted

in incre’ses in serum vitamin A concent*ations to values which corres-

ponded to those for healthy peOple.

tubercu-0“”1The average serum carotene for moderateIr advancei, act_ve

\

lous women was 100 micr03ra[s gar lOO millilit:rs of serum in the control

period and llo, 105 and ion mic:o,r3r ms oer ldO millilitcis in the three
‘

that
(‘Q

successive flTerlmqucl pCPiOCS. hnflJSio of variance indicated

the difference between the control and the ei,eiLmen'al periods was

,

statistically sliniiiccnt (P i O .Oj) for modrate.y advanced, active

tuberculous women (Table ll).

No particw ar effort was Mai to persuade the subjecs to eat foods

which were hi;h in carotene during the exherimental periods other

1

the request to eat all of the foods which were serveu to them; the in~

crease in serum carotene durinr the experimental period may have

reflected the interest of the subjects in the experiment and therefore,

an increased intake of green and yellow vege taoleS.

For women with far aovar:ced, active tuberculosis, the average scrhm

carotene values were 153, 117, hS and 91 microErans during the control

period and the periods I, II and III, reapectivel;. thhough these values

indicated a reduction in serum carotene, analysis of variance indicated

'that there was not a statistically signifiesnt difference between the

CHDntrol period and the eyt<rincrtal periods. There was wide variation in

iiiiivicual values from period to pe iod. it was indicated previously

tilat Subject nU had a hLh serum carotene value and a relatively low

F‘W

vj;tamin a value in the control period. inc scruy carotene forthis





L‘.

patient in period I was 219 micrograms per 100 milliliters and

vitamin.L value was 26 micrerams per 100 milliliters. Relative vitamin

A and carotene values for this subject in period I indicated further the

possibility that the ability to convert carotene to vitamin A may have

been disturbed for this patient.

The average values of serum carotene for men with moderately advanced,

active tuberculosis in the control period were 99 microgra 3 per 1C0

milliliters of serum and 9h, 9% and 102 micrograms per 106 milliliters of

serum for the three experimental periods, resyectively. The average

value of serum carotene for men with far advanced, active tuberculosis

11‘

I
e.'as lOE mlCFOQTERS per 100 milliliters 0 serum in the control period

and lh7, 67 and 115 micrograms per 100 milliliters of serum in the three

eXperimental periods, respectively (Table 12). Jnalgsis of variance

showed that the differences between the control and the experimental

periods were not significant for either group of patients.

Serum ascorbic acid: Serum ascorbic acid values in the orderimental
 

periods were higher than for the control period for both men and women.

'Women with moderately advanced, active tuberculosis had average serum

ascorbic acid values of 1.12, l.h2 and 1.50 milliaiams per 100 milliliters

:in the three experimental periods as compared with an average scrum value

(XE 0.93 milligrams of ascorbic acid in the control period. Similarly

active tuberculo-tflie serum ascorbic acid of the women with far advanced,

S:is was increased from 0.78 milligram per 100 milliliters in the control

Péiriod.to values of 1.30, 1.60 ane 1.79 millig‘ams per 100 milliliters



of serum in periods I, II and Ill, reshectively. The average serum

ascorbic acid of the men with I‘nodemate. 3-; advanced, active tuiiuerculosis

was 0.68 milligram per 100 milliliters in the control period; values

increased to 1.}46, 1.33 and 1,51 lilillleI‘EI‘ITxS per 100 milliliters for the

three experimental perioos. Although the average serum ascorbic acid

of men with far advanced, active tuberculosis was only OJL‘S milligram per

100 milliliters of serum, the daily dietary Slipplelfie‘flt of lj;O milligrams

zeriiz‘lei‘ktal periods resulted in an increase
v‘r

of ascorbic acid during; the 84*,»

of serum ascorbic acid values to 1.32;, 1.20 and 1.52 milli;r2'rams per 100

milliliters of serum for periods I, II and III, reopectively, Analyses

of variance showed that the serum ascorbic acid values of the experi-

mental periods were significantly higl‘ler than the control period for the

four groups of patients.

Serum ascorbic acid was plotted a;;ainst ascorbic acid intake in

scatter diagrams for tuberculous women in Figure 5 and for tuberculous

men in Figire 6. licgression lines were calculated according to t} e pre-

dicting equation, 1" = a + bx. There was a statistically significant

relationship between ascorbic acid intake and serum ascorbic acid for all

:Z'I‘Olips of patients except for the women with far advanced, active tubercu—

losis, The correlation coefficients were 0,701 for women with moderately

advanced, active tuberculosis, 0.795 for men With “IOdGI‘EWlIf MVP-110‘”:

active tuberculosis and 0,;303 for men with far advanced, active tubercu-

10818. When the correlation coefficient between ascorbic acid intake

“r10. serum ascorbic acid was calmflated for the three :‘Iomen with for ad-

val'lCed, active tuberculosis, with the data. for subject EEU omitted from



Figure (5) hegression of serum ascorbic acid pon

ascorbic acid intawe for women patients

with active tuberculosis.
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this crou , the relationship also was statistically significant

‘

.9gg; P‘s 0,01). Subject do had a decrease in serum ascorbic

h

w n 0

acid in period I in comparison with the control period.

Twenty-one out of fifty—three patients in this study had serum

ascorbic acid values in the control period which were below 0.5 milli-

grams of ascorbic acid per 100 milliliters of serum. Concentrations of

serum ascorbic acid for these patients are shown graphically for the

control period and for perious I, II and III in Figures 7 anu t. Subject

CZ had a final ascorbic acid concentration of 0.99 milligrams per 1C0

milliliters and subject DA had a final ascorbic acid concentration of

0.97 milligrams per 100 milliliters. With these exceptions (which were

relatively insignificant) the final concentrations of serum ascoroic

acid for all of these patients were eQuivalcnt to or greater than 1.0

reduction in serummmilligrams per 100 milliliters of serum. There was

ascorbic acid concentration for subject CZ following period I which

could not be associated with known factors from his medical case history

or dietary history during the experiment.

The response of serum ascorbic acid concentration to the increased

dietary intake appeared to be slower for two of the men, subjects DA and

LA, with far advanced, active tuberculosis and one subject, his, with

moderately advance , active tuberculosis than for other patients w’th

low initial ascorbic acid concentrations. however the serum ascorbic

acid values for these patients in period III corresponded to those of

healthy persons.



Figure (7) Changes in the serum ascorbic acid of

individual female patients with low

initial values,
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serum clhaline phosphatase; a range of O.d to 2.3 nitrOphenol

units has been reported by Bessey
’ 0—-

ct Iii-(13:46) for healthy adults.

Four of the adult women with moderately advanced, active tuberculosis,

two of the men with moderately advanced, active tuberculosis and five

of the men with far advanced, active tuberculosis had values which ex-

ceeded 2.3 nitrOphenol units in the control period. The alkaline serum

phOSphatase values for these patients in the control period and in

periods I, II and III are shown gLaphically in Figure 9.

Subject DU was a fifteen year old girl. Her serum alkaline phos-

phatase value was 2.fO nitrOphenol units. This value is slightly below

the range of 2.8 to 7.7 nitrOphenol units reported by Bessey at 5;.

(lth) for healthy adolescents; values for this subject were not shown

in Fijure 9. alkaline phOSphatase values for subject DD for the experi-

mental periods were 2.36, 2.25 and 2.t8 nitrophenol units for periods

I, II,~ and III, respectively. Subject PA also was a fifteen year old

girl. The initial serum phOSphatase value for this patient was 1.50

nitrOphenol units and the values remai ed low throughout the study.

Serum alkaline phOSphatase values for the six adult women with moderately

advanced tuberculosis who had initial values greater than 2.30 nitro-

phenol units were less than 2.30 nitrophenol units at the end of the

experiment. The greatest fluctuation in values was apparent for Subject

LL whose serum alkaline phOSphatase dronped from an initial value of

3.h0 nitrOphenol units to O.h5 in period I, increased to 1.10 in period

II and increased further to 2.01 nitrOphenol units in period III.

Serum alkaline phoephatase values for Subjects us and no drOpped
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Figure (9) Changes in the serum alkaline phOSphatase

of individual patients with high initial

'alue.
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considerably in period I and then remained relatively constant for

periods II and III. None of the four women with far advanced, active

tuberculosis had serum alkaline phOSphatase values greater than 2.30

nitrophenol units at any time during the experiment.

Subject CZ was a.male patient with moderately advanced, active

tuberculosis. Serum alkaline phosphatase values for this patient were

high throughout the entire period. Subject Ch, also a,male patient with

moderately advanced, active tuberculosis, had a reduction in serum

alkaline phOSphatase in periods I and II but there was a considerable

rise from 1.60 nitrOphenol units in period II to b.20 nitrOphenol units

in period III.

Forty percent of the men with far advanced, active tuberculosis

had serum alkaline phosphatase values higher than 2.3 nitrOphenol units

in the control period. Subject an had a reduction in serum alkaline

phOSphatase values from 3.60 nitrOphenol units in the control period to

3.22 nitrophenol units in period I; this subject left the sanetorium at

this time and additional values were not obtained. Reduction in serum

alkaline phOSphatase also occurred for subjects DA and Rid in period I

as compared with the control period. The value for subject DL was in—

creased in period II; no further increase occurred in period III. The

value for serum alkaline phOSphatase for subject Rah was lower in period

-Ilthan in period I but was increased in period III. Subjects J1 and

HUG also withdrew from the sanatorium after period II and values for

period III were not obtained for these subjects. A reduction from the



lOl

initial value in serum alkaline phOSphatase had occurred by the end of

period II for these two subjects.

 

Diet and tuberculosis.
 

The state of Michigan has an active program for the detection of

tuberculosis; many cases of tuberculosis are detected in the minihal

stage of the disease. In addition, antibiotic therapy in the treatment

of tuberculosis is effective in early reversal of the positive Sputum

reaction of many patients with moderately advanced and even far advanced,

active tuberculosis. The number of patients for selection of subjects

based on positive sputum reaction, probable c00peration of the subjects

with the experimental plan, and an anticipated sanatorium stay of four

months or longer was limited; therefore the number of subjects varied

among the groups.

”here was not the prevalence of low values for serum vitamin L,

carotene and blood hemoglobin among these patients that Getzlgt_§l.

(19u1, 19th) nd Shaw et al. (1950) reported previously for patients with6
3

active tuberculosis. It was not possible to limit patients for this

study to recent admission cases as would be desirable to obtain a better

evaluation of the relation of concentration of blood constituents to

dietary habits of patients previous to their entering the sanatorium.

Intakes of vitamins actually were lowered for a few patients who prev-

iously had received rather large amounts of vitamins as dietary supple-

ment. Since the hOSpital diets of the sanatoria supplied liberal amounts

of protein, calcium and phOSphorus, intakes of these nutrients were not
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necessarily increased for patients who already accepted foods as milk,

cheese, meat, eggs, poultry and fish. Thus,the concept of improved diet

as defined in the plan for the study was not achieved uniformly for all

patients; that an improved diet with reSpect to certain nutrients was

achieved for many of the patients was indicated by the analyses of vari-

ance which have been discussed previously. The dietary plan for the

experiment did appear to accomplish the maintenance for the four-month

experimental period of a diet which supplied generous intakes of nutrients.

There were a few patients who did not c00perate fully with the experi~

ment; surgical treatment also interrupted the experiment for certain

other patients. Mean values for blood hemoglobin, serum vitamin L, caro—

tene, protein, ascorbic acid and alkaline phOSphatase at the end of the

experimental period were comparable to those of healthy individuals.

This appeared to indicate that low blood values among tuber ulous patients

such as have been reported previously, may be associated with the plane

of nutrition of the individual, rather than representing a condition

which is obligatory with tuberculosis.

Intakes of the various essential nutrients during the experimental

period were generous and allowed a liberal "margin of safety" over the

allowances for healthy individuals recommended by the Foods and hutrition

Board of the National Research Council (1953). however, the intakes of

nutrients were less than have been reported by certain other investi-

gators in studies of nutrition in tuberculosis. For example, Gets (19h9)

supplied vitamin.a supplements of 150,000 International units per day

in his work; Pottenger has advocated the intake of 223 grams of protein,



3,th0 calories, 3,007 millipéams of phosphorus, 29 milligrams of iron,

and ht milliqrams of niacin per day for tuberculous patiexts.

Insofar as could be judged by the concentration of certain blood

constituents and the clinical prorrcss of the patients, the mean dietary

intakes suppliedduring the experimental period rere adequate. There

would not appear to be a: advanta e for increased intakes and there is

the possible disadvantaae of anosinq stress on the oody of the tubercu-

lous patient cy "over-loading" with nutrients.

however hirier intakes of vitamin a and ascoroic aciu are necessarv
._ J3

for tuberculous patients than healthy individuals for the maintenance

of blood concentrations of these vitamins at values comparable to those

of healthy adults. It is uncertain whether this reflects increased re—

tention of these vitanins in tuberculosis or possibly greater destruction

of the vitamin in the metabolism of the tuberculous individual.

Influence of other factors on blood constituents
  

£52: The possible influence of sue on the concentration of the

various blood constituents was investigated in an effort to determine

whether or not the observations which Were made in relation to the in-

fluence of dietary intake on blood constituents were influenced by the

age of the patients. For this purpose, the subjects were divided,

according to age, into three classes: 15 to 2h years of age, 25 to L9

years of age and 50 to 7h years of age.

The average concentration of blood constituents for the women with

moderately advanced, active tuberculosis according to are is presented in
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mafole lh. L high hemoglooin concentration was found for women patients

y

from the age of SC to 7) years timoughout the entire study. ihe higher
L

l
Chemoglobin concentration in the older wumen patients probably was re-

lated to the cessation of menstruation. Vitamin A and serum alkaline

phOSPhatase values also were hirher for the older age group than for the

two groups of younger patients. The serum ascoroic acid in the control

period was higher for patients in the age ranges of 15 to 2h, and 25 to

D? years than for the older patients. The mean serum carotene values

for the control yeriod and the experimen al period were less for patients

in the age range of 15 to 2L years than for the other subjects. ‘rhgre

was no apparent difference in serum protein values which was related to

the age of the patients.

The average concentration of blood constituents for the women with

far advanced, active tuberculosis is presented in Table 15. however,

there were only four patients in this group and the age range was from

23 to h3 years. The data have been presented to facilitate comparisons

with other groups but no attempt has been made to associate age with con—

centrations of blood constituents in this group.

The average concentration of blood constituents for men with mod-

erately advanced, active tuberculosis according to three are ranfics is

presented in Table 16. There was only one subject in the age ranre of

15 to 2b years. Blood values for this subject were similar in the con-

trol period to values for other subjects. hean hemoglosin values for

1er in the control and exocri-subjects, 25 to h? years of age, were his

mental periods than the mean values for subjects, 50 to 7h years of age.
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noweVer,the mean values of Serum elk; ne }fl05letase were higher in

both the control and the elperimontel periods for subgects aged 50 to 7o

years than for subjects aged 25 to #9 years, lhere were no apparent

1‘1

differences in mean values of the OM16 blood constituents between the

r‘

_1“‘

two age groups, 25 to h9 years and SC to (hye'.1s.

hean concentrations of blood cons;ituents for men with for advenced,

active tuberculosis grouped according to ego are DPL€S ented in T able 17.

Mean values for hemoglOoin, serum protein, vitamin L, carotene and as-

corbic acid were hitji er in corre:sonding periods for the men aged 25 to

L9 years then the men eyed 50 to 7d years. TleF was not a consistent

difference in.mean values of serum a"kaline phosphatcse'witn age.

The number of sutwjects within e:ch awe range was too small for the

various groups to justify a.more prevoide evaluation of the relationship

of sage to the COHCCntretion oi' olood constituent. Since difference in

clood values correswon"*n to difierences in age were not consisaent

among the groups, it is doubtful that the apgflar3nt difi‘erences were truly

V O

differences associated with 6:0,

BOtht-emr+rsftr,. Tie nossible influence of body temperature on
L 

the concen ation of blood constituents was investigated among those

patients whose records inoiceted that an elevation of body temperature

had occurred during the experiment. Records of the meen body temperature

for the individual patients durirg the control and experimental periods

‘ V o n u o 3 l

and on the test days at tne end of eacn period are given in Taoles a?

1r" . ,. ~°

and do of the xppchlX.
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90.0 PamrCnhCit in one or here perious Oi the study. nod; temperatures

were measured at three o'clock in the afternoon and 98.60Fz—hren11eit was

assumed to be "normal" body temperature.

Variations in blood constituents for women and men with active tubercu-

losis and with fever are 5iVIn in i'atl lo and 19, respectively. Three

female patients; n30, Ea and LI had slight elevations of body temperature

on certain test days following the various periods, Ltypical values of

the various blood constituents did not appear to be associated with

these elevations in body temperature. One female patient, LU, had a.mean

body temperature which was elevated during the control period and.period

I ween she was studied as a patient with for advanced, active tuberculo-

. o

sis. der body temperature was lOd,h Fahrenheit on both test days follow-

thesc two periods, Lower serum ascorbic acid, vitamin L and caro—

tene values were observed for this patient in period I than in the con-

trol period. This patient died after period I and the lowered blood

values and elevated body temper2.ture O'DSCFVGd for this patient in period

I probably were associated with a progressive stage of the disease.

Three male patients had slightly elevated bony temoeraturcs at

v --~ ' vr

intervals during the study. One patient, Din, had low serum vitamin A

, ' O

and carotene values whc<n ther ras a.mecn bony temperature of 99.h

Fainenheit. erum ascorbic acid, blood hemoglobin and alkaline phos-

phatase, however corre soonded satisfactorily with values of other patients.

Subjects hi and LB also led low serum vitamin h values on the teat days

when an elevation in body temperature occurre‘. Variations in other

blood constituents did not appear to be influenced by body temperature,
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SavecTi-lflof disease: The relation between degree of severity},r of

tuberculosis and the concentration of certain constituents in the blood

of tuberculous patients has been reported by a number of an’j-stLatcrs .

Getz 33 El. (19';}1) found thatalrura vitamin n was related to the sever-

ity of tuberculosis, L positive correlation between staxe of disease and

ascoroic acid in tne blood has been reported by Kaplan and Zonnis (1M0).

Lccordinb‘ to may 93 93. (19111-), Liurf rd (13215.), and Shaw 93 93. (1.9310),

there was little or no correlation between the stage of tuberculosis and

blood constituents. In the study ofShaw attel. (13)0) onlv leho,lob1n

showed a relationship wioh the stage of tuberculosis in that lower con-

centration of hemoglobin occurred in the patients with far advanced,

active tuberculosis.

It is recornized that tle clm{iimotion 01 tuberculous patieents as

"moderately advanced" or "far advanced" is depondent u1on various factors

and does not represent a sharp distinction in degree or stage of disease

as perhaps has been implied in tne nresenta:tion of these data , heverthe—

less the classification of patients into two such groups makes it possible

to relate, to some extent, the severity of the disease to the concentra

tion of blood constituents.

Comparison of the blood constituents of patients vith moderately

advanced, active tuberculosis with-these of far advanced tuberculosis was

made statistically by analysis of variance. Table 20 gives the analysis

of variance of blood constituents of tuberculous women. The hemoglobin

concentration in the blood was significantly higher (P i 0.05) for the

moderately advanced, active tuberculosis women than for the fa-r advanced,
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19919 20

Summary of analyses of blood Constituents Data for Yemen Patients Hith

Active Tuberculosis between moderately and Far 1dvanced Stages

 
 

 

 

Source of Variation F Val 3 Predicted

Obtzined B .05 F .Cl

For Control Period

Ehnuoylobi11 5.2L? h.hl b.2t

Serum protein l,CO

Vitamin L 3.53

For Experimental Period

_
,
J

\
f
l

0

\Memoelobin 0,21 3.l9

Serum protein 2,30

Vitamin a . 0.10

Carotene l,ho

ascorbic acid O.bb

PhoSphatase
2.Ub
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active tuberculous women in the control period. There was not a sig-

nificant difference in any of the blood constituents between the

moderately advanced, and far advanced, active tuberculous women in the

experimental periods.

The analysis of variance of the blood constituents of men with

moderately advanced, and far advanced, active tuberculosis is summarized

in Table 21. The hemoglobin concentration in the olood w'as signLicant—

ly higher (P‘S.0.0S) for the men with moderately advanced, active tubercu-

losis than for the men with far advanced, active tuberculosis in the con-

trol period. In the enterimental periods, the hemoglobin concentration

in the blood was also significantly higher (P‘E.0.0l) for the men with

moderately advanced, active tuberculosis than for the far advanced,

active tuberculous men. The fact that several men with far advanced,

active tuberculosis were lost from the experiment in the last period and

the fact that two of the older subjects with far advanced, active tubercu-

108is who had a comf>aratively low hemorlobin values durinv the exyeriment

may have accounted for the sivnificant diff,rence of hemoalobin in the

blood betareen the two groups of men patients in the experimental periods.

The serum all:aline phospl‘.atase was significantly higher (P 5.0.01) for

the men with far advanced, active tuberculosis than for the men with

moderately advanced, active tuberculosis. Several of tie men with

moderately advanced, active tuberculosis had higher serum ascorbic acid

values than the men with far advanced, active tucerculos is in the control

period. The fact that the serum ascoroic acid failed to show a

statistically significant difference between the two coups ma.y lave
C)



r\-‘. f

ladle Al

‘ \

«1nd 351‘.“ LUV: need Uta/ES

.1..! C.)

- of JUEl sis of Variance of cloud Constituents for “en

Patients With lctive TerrCulosis setween nederately

  
 

Source of Variation E Value

f V'._,,._V. ,3

wt; valued.

Predicted
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Vitamin
1 .25

Carotene
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been due to the wide variations of the individual serum ascorbic acid

(range, 0.08 to 1.9h milligrams per 100 milliliters of serum) for the

moderately advanced active tuberculous men in the control period.
)

The fact that observations for a control period and period I were

obtained for subject hU as a.patient with moderately advanced, active

tuberculosis and again after the tuberculous involvement had progressed

to the point that the patient was classified as a patient with far ad—

vanced, active tuberculosis made it possible to compare the concentra—

tion of blood constituents for a single patient at two stages in the

severity of the disease. Values in the control period for subject hU

when the tuberculosis was moderately advanced were 11.25 grams of blood

hemOglobin, 7.22 grams of serum protein, 33 micrograms of serum vitamin

A, 155 micrograms of serum carotene, 1.22 milligrams of serum ascorbic

acid per 100 milliliters and 3.00 nitrOphenol units of serum alkaline

phOSphatase. nfter period I, her blood hemoglobin and serum ascorbic

acid increased to 12.75 grams and 1.68 milligrams per 100 milliliters

reapectively, and the serum protein was unchanged with a value of 7.23

grams per 100 milliliters of serum. The vitamin A and serum carotene

were slightly decreased to 26 micrograms and 138 micrograms per 100

milliliters of serum and the relatively high serum alkaline phOSphatase

value was decreased to 1.30 nitrophenol units which was in the range for

healthy peOple. She left Ingham County Sanatorium after period I and

transferred to Michigan State Sanatorium. lfter five months, she

participated in this study again as a far advanced, active tuberculous

subject at the nichigan State Sanatorium. it that time, her condition
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was quite serious; her body temperature was as high as thO Fahrenheit

because of the infection between the lobectomic Spaces. Intakes of all

the nutrients in this control period were less than in the control

period when the tuberculosis was moderately advanced. her blood con—

stituents were comparable to values for the control period when the

tuberculosis was moderately advanced except for a relatively high serum

carotene (37h micrOjrans per 100 milliliters) and a slightly lower serum

protein value (6.70 grams per 100 milliliters). The serum alkaline phos~

phatase had remained within the range of values for healthy people and

was 2.20 nitrOphenol units. In period I, her food intakes were increased,

‘
4

particularly for iron, vitamin A, ascorbic acid and niacin which here

higher than in the period I when the tuberculosis was moderately advanced.

her blood hemowlobin and serum protein were increased from 12.50 and 6.70

to 12.75 grams and 7.18 grams per 100 milliliters, reapectivelg. however,

there was a reduction of serum vitamin n (from 32 to 26 micrograms per

100 milliliters), serum carotene (from 37b to 219 microqrams per 100

milliliters), and serum ascorbic acid (from 1.28 to 0.59 milligrans per

100 milliliters). Serum alkaline phosphatase (1.66 nitrophenol units

was in the range for healthy persons. Serum vitamin A values indicated

that there was disturbance of serum vitamin A metabolism in both the

moderately advanced and far advanced stares of tuberculosis for this

patient. hetabolism of serum ascorbic acid and the ability to convert

carotene to vitamin A were disturbed when the tuberculosis of this patient

progressed to far advanced stag . The other blood consti ucnts did not

show disturbance in this case.



Clinical proeress of the subiects
 

medical histories of the patients were examined at the end of the

experiment and an evaluation was m aie of the c1:iImi a1 progress of the

subjects. Summary of heapital records for each subject are given in

Tables A9, 50, 51 and 52 of the ippequix.

The disease was arrested for one subject dur'ng the period of study;

according to medical records examined one month after the end of the

experiment, the disease was arrested for nine additional sruitnts who

were disch£1.rged from the senatoria to their homes during this period.

Eight of the nine patients who received surgical treatment during

the course of the study have progressed favorably in their recovery from

tuberculosis and three of them were asIon: the group who have been dis-

charged from the sanatoria. The other subject, hi}, who received sul;ical

treatment transferred to a sanetoriun in Detroit in period III and his

progress was not followed.

The clinical prosress of patients whose food records indicatd

particularly poor dietary habits oreccolrc the eXperiment was examined in

relation to Changes in blood constituentsduring the study. Subject DCU

had a record previous to theeexperiment of poor food habits, primarily

because of bad teeth. She received dentures during the ‘xzeriment.

There was a marked increase in food intake in period I.

an Operation once in period 11 andwlice in period III; her food inta1:e

was lowered at these times although her food intake had increased again

by the end of period 111. her blood hemoglobin and serum vitamin A

values were low in the control period out iflCTLWE ed in the experimental



period; however there was a reduction of blood hemoglobin again in

period Ill which probably was associated with the effect of the two

Operation U
:

0

Subject DU, who did not eat citrUs fruit had a very low serum

ascorbic acid of 0,26 millicr ms per 100 milliliters of serum in the

control period. after 150 milligrams of ascorbic acid were given to this

subject as a dailv ascorbic acid surplement, her serum ascorbic acid val—

ues were increased above 1.0 milligram per 1C0 milliliters of serum

throughout the Study. Mar progress in recovery from tuberculosis appear-

ed to be good.

Subject hO was a female patient with far advanced, active tubercu—

losis who had low blood hemoglobin and serum ascorbic acid values because

she did not eat meat and citrus "ruit. .Lftcr the vitamin supplement and

protein mixture were added to her diet, there was an increase in blood

constituents. This patient showed satisfactory clinical progress during

the experiment.

Subject CZ, who disliked citrus iruit, had the lowest serum ascorbic

acid of 0.05 milligrams per lOO milliliters of serum in the control

period. Lfter the dietary supplement of ascorbic acid was given to this‘

subject, his Serum ascorbic acii was markedly increased. dis progress

in recovery from tuberculosis was favorable in the experimental periods.

Subject Hi disliked neat, egg, liver and citrus fruits, but was
)

1

very fond of milk and had about ten to l2 glasses a day. His daily iron

. ‘ /,’ . ~ . 1 ., ‘ . . . . . y

intake was n.09 milligrams, and the daily ascorbic aCid lHtELG was only

33 milligrams in the control period. In addition to the vitamin supplement,
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he received 12 milligrams of iron during the experimental period. it

the end of the experiment, the concentration of blood constituents was

similar to that of healthy individuals. This subject was a young man

with moderately advanced, active tuberculosis. This was his second

sanatorium admission; two years previous to the study he had been ad-

mitted as a patient with far advanced, active tuberculosis. His progress

in recovery from tuberculosis appeared to be favorable at the end of

experiment. During the experiment, the patient developed a willingness

to eat eggs but it is doubtful that a.liking for meat was develOped.

Another subject SC also did not eat meat, egg, liver and citrus

fruits. His blood hemoglobin and serum ascorbic acid were low in the

control period. There was a satisfactory increase in blood constituents

during the experiment and progress in recovery from tuberculosis was

also indicated in the experimental periods. This patient also showed a

marked improvement of food habits in that he learned to accept meat and

eggs readily.
.

The healing process in tuberculosis is slow and affected by multiple

factors. However, the X-ray findings and case records for all of the

other subjects except two indicated that the clinical progress in re-

covery from the disease was favorable. The two exceptions were subjects

HU and.h£. There were only two subjects whose sputmn tests continued

positive throughout the experiment.

Subject EU, the 13 year old white house-wife, never felt well after

a cold which developed in l9h9. She was admitted to Ingham County

Sanatorium an February 19, 1951 after a diagnosis of moderately advanced,
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active tuberculosis. Immediately ajtgr admission, a right phrcnic nerve

’
5
)

was crushed, st1cptom.cin thera;:y was initi ted but discontinued after

one month because the oatignt was alicr5-c to the drug. 5 rlfht upper

and middle looectomy was done in late ljjl. n tonsillectony was oer-

formed on April, 1952; and she had a.tenperature of 1020 Fahrenheit to

‘ 0 V

10h F .r meit l-olloring the tolls iiwtto ihe resected .onsii

showed iloro-cultncliou tuberculosis. Productive couzh continued and th;

sputum remained positive on routine microscopic examination. The patient

joined this study on October 1952; a low seruzl vitamin a value and a

relatively high serum alkaline phosphatase value were found for the con-

trol pa oil but there was a decrease in Scrum vitamin r, serum carotene

and seru: alLaline lhOSphatase in period I. The patient eft Ingham

County Senatorium after period I and transferred to hichigan State Sana-

toriun. The LchIOolS at that time was bilateral for advanced pulmonary

tuberculosis There was a definite fislulous tract between the lObGCtOLlC

Spaces; th patient felt severe pain in the lateral chest and ha ‘ a
L

G
)

temperature of IUhO Fahrenheit. The patient UcTLLClhablu in this study

a.gain in.zugust 1933. She showed a low Serum vitamin L and high serum '

carotene in the control period and period I. her serum ascorbic acid was

decreased from the control period in price I although 1er ascorbic acid

intake was high during this interval. She died during surgery after

period I.

Subject hi was 8.57 year old man poorly nourished and a heavy drinker

and smoker; he was admitted to Inghzm County Sanatorium in august 31,

r r-r) My, 1' , ,. ,..,._rl.‘ , ‘. . ,, ‘ ,qi.) _ 9,. “(a

1954. in: i—ray UAtminatlun showed active ier arlvanc;:d bilateral



cavernous pulmonary tuoerculosis with a lar e cavity in the rifint lung

' n- .‘ . .. 1 . 2 .i i. .- . ->, m. .: , C. -r. ..1.,.., .; -..

eitenoing dean to the tiiro ance ior rio. ine prbdfl has WdlAteJ

5positive on microscOpic exanination and remained so consistently. t

was placed on complete bed rest and given streptomycin therapy. he

joined this study in December 1952. he had a slight elevation in bod;

\
0

temperature to 99.30 Fahrenheit and 9.20 Retranheit during periods I

and III reapectively. his hemovlobin value was 13.50 grams per ltO

milliliters of blood in the control period and 15.25 grams per 100 milli-

liters of blood at the end of the experiment. His serum protein value

was in the range of six to eight grams per 100 milliliters of serum in

the first three months but decreased to S.QS grams per 130 milliliters

of serum at the end of the four—month. he also had lower serum vitamin

A and carotene value during the periods when his body temperature was

‘

O 7“ ~ l 1 " t - a o - r o .

pahrenheit. his serum ascoroic seid was O.&S millirrams perabove 98.6

100 milliliters of serum in the control period and increased to O.&3.

0.73 and 1.38 milligrams per 100 milliliters in period I, II and III

reSpectively. nccording to the X-ray film, the cavity on the right lung

increased somewhat in Size during the study period. The prognosis of his

tuberculosis was quite unfavorable. The patient lost 50 pounds before

he was admitted to the sanetorium and did not gain any weight during his

stay. The changes in blood hemoglobin and serum ascorbic acid are of

interest in relation to the reduction of serum total protein and the

failure of this pat’ent to show favorable clinical progress. It is un-

fortunate that the serum albumin—globulin ratio was not determined for

this patient during the eXperiment. His cooyeration with the experimental



plan in terms of food ascertance was quite good.

horther

n.hey 26, 1953 for this subject. Later, h

n.hiohigan Senatorium in Suptemler 1:, 19

."I

l,

I

/

r5”! 1

L38 sxyeriment was

s transferred to the

3 and died in October
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SUfifih I LED CGNULUSIOQS

The influence of an improved diet on the fasting blood content of

hemoglobin, serum total protein, vitauin a, carotene, ascorbic acid and

alkaline phOSphatase of 53 "omen and men with moderately advanced, and

far advanced, active tuberculosis was studied. Thirty-one of the sub-

jects were bed patients at the Ingham County Sanatorium, Lansinq,

hichigan and 22 of the subjects Were bed patients atiiichigan State

Sanatorium, fiewell, hichiean. Patients from the two senatoria were

grouped tonether as follows: women with (a) moderately advanced, active

tuberculosis and (o) f'r advanced, active tuberculosis; men with (a)

moderately advanced, active tuberculosis and (b) far advanced, active

tuberculosis. Lges of BA male subjects ranged from lb to as years and

of 19 female subjects ranged from 13 to 55 years. Irregularities in the

experimental plan develOped for fourteen patients; some had surgical

treatment, others left the sanatoria against medical advice and one

patient died before the end of the study.

The average daily dietary intake was calculated and the fasting

blood constituents of hem05lobin, total serum protein, vitamin A, caro-

tene, ascorbic acid and alkaline phOSphatase Were determined for each

subject during a seven-day control period. hodifications were wade in

the regular hOSpital diets of the subjects so that a generous intake of

nutrients was supplied to all subjects during the experimental period

which lasted for four months and was divided into three periods of six





weeks each. At the end of each period, a seven-day food record was

obtained from each patient and the dietary intake was calculated. Also

at the end of each period a blood sample from each patient was analyzed

for hemoglobin, serum protein, vitamin L, carotene, ascorbic acid and

algaline phOSphatase.

A comparison was made of the food intakes of oatients during the

l.

control period and during the experimental periods. dtatistical analy-

ses indicated that the average caloric intake was increased for women with

moderately advanced, active tuberculosis and was maintained for the other

three groups in comparison with the control period; the averaoe daily

protein intake was increased for both groups of women and maintained for

both groups of men; the average daily intake of calcium, phOSphorus and

iron was maintained in all groups; a vitamin supplement containing vitamin

A, ascorbic acid, thiamine, riboflavin and niacin was given daily during

(
D

the experimental periods. Patients who were in the lowest ran; of

nutrient intakes in the control period had the highest increases during

the experimental periods.

Statistical analysis indicated that modifications in the diet were

effective in increasing he concentrations of hemoglobin in the blood

of men and women patients with far advanced, active tuberculosis. The

average values for women with far advanced, active tuberculosis were

ll.t8, 12.35, lh.75 and l3.b8 grams per 100 milliliters of blood; for

men with far advanced, active tuberculosis, the blood hemoglobin values

were 1h.l3, lh.26, 15.61 and 15.65 grams per 100 milliliters of blood

in the control period and periods I, II and III reagectively. mean
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blood hemOglobin values of patients with moderately advanced, active

tuberculosis were comparable to those of healthy adults in the control

period and there was no significant change during the experimental

periods. There was no change in mean serum protein values in the ex-

perimental periods as compared with the control period.

The mean serum vitamin a for women with moderately advanced, active

tuberculosis was significantly higher in the experimental periods than

in the control period. However, no difference between the control and

the experimental periods was found for the other three groups; mean serum

vitamin L values for these patients were comparable to those of healthy

adults in the control period.

The daily dietary'supplcment of 150 milligrams of ascorbic acid

during the experimental periods resulted in a statistically significant

increase of serum ascorbic acid values in comparison with the control

period.

There was not a significant difference between the serum alkaline

phOSphatase values in the control period and the experimental periods

for any group except for the women with moderately advanced, active tu-

berculosis; this group had a higher mean serum alkaline phOSphatase in

the COn rol period than in the experimental periods.

Ledical histories of the patients indicated that the clinical

progress in recovery from the disease was favorable during the experi-

mental periods with the exception of one subject who died during the

experiment and one subject who died five months after the last experi-

mental aeriod.
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he results of this investigaLion indicated that the nutritiona

status k'

l

(i ‘i with maintenance of the

blood constituents in tubarculous patients at values comparable to

those of healthy individuals,
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Table 6?

Variation in Temperaturesl

with ictivo‘luberculosis

of nineteen Women

 ——

 

Control Period
 

First Period
 

n

600nd Period
 

‘Third Period
 

 

 

7 Days Test 7 Days fest '(L2J6 ‘lest 7 flags ’fest

five. Day ch. Day eve. Day Ave. .Dq£_

Moderately advanced, active tuberculosis

6U 98.6:.262 96.2 96.6:;60 96.0 - - - -

NO 96.62.23 96.2 96.6:.23 96.6 96.3i.30 96. 96.6i.16 96.6

100 96.01.17 97.6 96.31.21 96.6 96.31.33 99.0 96. 31.30 96.6

D6 96.21.16 96.0 96.6:. 23 96.6 96. 1.30 96 .h 96 61.26 96.6

21 96.31.33 96.0 96.5:.2 96.6 96.61.37 96. 6 96.7-.17 96 .6

11 96.01.23 96.0 96.11.36 96.6 96.0i.69 97.6 97. 9: 6 97.6

000 97.71.17 96.0 96.3:.26 96.0 98.2i.37 97.2 96. 3:.2‘ 96.0

Km 98.1i.19 96.2 96.6:.60 97.0 96.6i.26 98.0 ~ - -
21 95.1:.20 98.0 96.62.20 96.0 96.31.27 96.0 96.5i.26 98.6

as 96.21.20 98.6 96.01.20 97.6 96. 3: 30 96.6 96.31.61 96.0

68 98.0i.56 96.6 98.3i.26 96.6 98. '-.60 96.0 97.9:.26 92.0

DO 96.61.26 98.6 96.61.31 96.6 98.1i.36 97 O 97.9i.30 98.0

DU 96.5i.13 96.6 96.71.27 96.6 96.61.17 96.6 96.22.63 960

66 96.71.20 99.0 96.7:.21 96.6 96.3i.30 96.2 96.6i.26 98 6

MI 96.3i.2b 96.5 98.61.16 96.6 96.7i.2h 96.6 99.2:.26 99.2

Far advanced, active tuberculosis

60 97.6i.6o 97.6 96.7:.36 96. 6 96.71.25 96.6 96. b-.31 96.0

no 98.2i.31 98.0 97.91.36 96. 2 97.9:.61 96. 6 96.11.50 96.0

MB 96.71.26 96. 6 96.1+. 26 96. 6 96.11.73 96. 6 96.5-.13 96.2

EU 6i.bo 100.6 100 .5:66 100.6 - - - -

 

1 Degrees Fahrenheit

2
Mean deviation
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Control Period
 

First Period
 

Second Pgriod Third Periodfl
 

 

 

 

  

7 Days Test 7 Days Test 7 Days Test 7 Days Test

xTve. Degr I.ve. D637 Jive. Iii: 7Cve. D211

IOrEratelv advanced

61 96.61 09~ 96.6 96.21.23 96.0 96.21. 23 96.0 96.61.17 98.22

61 97.91.13 96.0 - - 97. 61.1 97.9 97.91.71 97.6

12. 96.21.23 96.0 97.61.36 97.6 97.91.30 97.0 96.21.26 96 .6

SH 96.9-.19 96.6 '7.61.31 '6.0 97.91.30 96.0 96.31.29 96.1

60 97.91.61 97.6 97.91.19 97.6 97.71.19 96.6 97.91.19 96.2

611 96.0-.11 96.0 — - 96.0i.1h 96.6 - -

PR 96.61.37 98.2 98.11.26 92.2 - - -

66 96.31.19 96.2 96.21.36 96.0 96.71.39 96.6 96.01.16 96.0

66 96.01.36 97.6 97.91.37 97.6 97.91.90 96.2 96.61.23 96.0

00 97. 61.37 97.6 97.91.33 97.2 97. 6- 37 97.6 97.61.26 97.2

SI 96.61. 26 96.6 96. 31 21 98.0 96.21.29 96.0 96.61.16 96.0

ST 96.01.16 97.6 96.91.21 97.6 - 96.91.21 96.6

02 96.01.20 97.6 96.21.20 96.2 96. 1.36 96 .6 96.61.23 96.2

WE 96.31.21 96.0 96.61.23 96.6 96.61.33 96.2 96.61.20 96.0

02 98.31.19 96.2 96.91.30 96.6 98.71.11 96.6 96.1.21 98.6

161. 96.31.19 96.2 96.61.29 96.6 96.91. 26 96.6 96.91.16 96.6

60 96.21.11 96.2 90.21.29 96.6 96.21.26 96.0 96.71. 39 96.0

91 96.91.19 96.6 96.91.30 6.6 — - -

116 9:11.30 96.6 96.71.76 96.0 96.31.16 96.2 96.91.61 96.2

LE 96.11 17 96.0 96.11.26 96.0 90.71.27 96.2 96. 61.31 99.2

566 96.11.11 96.2 96 .11.19 96.0 96.31.31 96.2 -

611 96.61.20 96.0 96. 91.29 96.6 96.71.13 99.9 96. 61.16 96.6

Far advanced+

51 96.1-.21 96.0 97.71.21 98.0 - - - -

MIN 96.91.10 96.6 96.91.10 96.6 96.7i.26 96.0 9C. t 27 98.6

DA 96.71.27 96.6 96.61.26 98.6 96.11.17 96.0 98.3-.27 96.2

RI 98.31.33 98.6 98.01.20 96.6 96.01.29 97.6 96.61.26 98.6

60 96.61.23 97.6 97.91.63 <6.0 - - — -

66 97.61.23 97.6 97.91.66 97.2 97.61.26 97.6 97.61.36 96.0

61 96.61.11 96.6 99.01.19 99.6 96.61.19 96.6 99.11.16 993”

666 99.61.36 99.2 98.31.37 96.6 96.01.20 97.6 96.31.30 97.6

bEM 96.61.26 96.6 - - - - 98.5i.13 96.6

61 96.11.16 96.6 96.11.66 97.0 96.01.69 97.6 — -

HUG 96 .01.36 98.2 96.11.20 96.2 96.21.31 97.2 - -

31 96.61.09 98.6 96.11.19 6 6 96.11.11 96.0 96.61.31 96.6

 

1 Degrees Fahrenheit

2 Mean deviation
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