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( oncentrutions, of most amino acids and of zinc in serum were depressed during
periods of incubation and illness in I11 volunteers who developed symptoms after
an oral dose of 105 virulent Salmonellai typhiosa. WVhen a 1.0-mi sample of sterile
serum from volunteers who were ill with typhoid fever was injected into normal
rats, it stimulated a prompt and significant depression of the concentration of zinc
in the rats' sera and a flux of amino acids into thcir livers. These observations sup-
port the hypothesis that an endogenous factor (similar to cndogenous pyrogen re-
leased by polymorphonuclear leukocytes) was present in the blood during typhoid
feve and served as a mediator for the observed depression in zinc and amino acids
in serum. The magnitude and pattern of infect ion-related dep-osiion in individual
amino acids in serum may he. in part, a function of the amount of endogenous
mediator released and of' the rates of utilization of amino acids by tissues.

[he period of symptomatic febrile illness during cantly altered in whole blood of volunteers in-
a ceeneralized infectiotis process is accompanied fected with Salmnone'lla I 'yphosa (S. I "vphi) [2]. A
by prominent catabolic events that lead to a nega- similar depression in the total free amino acids
tihe halanct ýrl nitrogen and other elements in the in whole blood or serum has been observed dur-
bo~dy 111. Hosi~ever. many other infection-related ing prospective studies in volunteers infected with
biochemical changes in the host appear ty- develop Pastettrella tilare'nsis 131, live, attenuated (vac-
long before the onset of fever and symptoms of cine strain) Venezuelan equine encephalitis
illness and to he anabolic rather than catabolic (VEE) virus 141, or sandfly-fever virus 151.
in nature. Little is known about the role of these Serum zinc was also depressed during the periods
\er\ early biochemical responses of the host or of incubation and clinikal illness of several bac-
the tinderlying mechanisms that initiate them. terial and viral infections, while serum copper
f'otal concentrations of amino acids were signifi- values became elevated during the latter stages

of the same illnesses 15. 6].
Recent studies in experimental animals sug-

Receised for publication January 1. 1972. and in re- gested that many early metabolic changes in the
ýiscd fornm March 23. 1972. infected host were closely interrelated and could

We thank the Warden and his statt. and the men at he regarded as "nonspecific" host responses ini-
,he Nfar~land House of Corrcciion. Jcsscip. Manryland, tiated by the action of circulating. endogenous
Akhe) %olun jeered a% %uhjecis for thewe experiments. The mediators that act on cells of thle liver or other
technical assistaince of Mliss K. A. Bostian and Mr. R,
F lDinlerrnan is gratefully acknossledged. tissues. The use of a 1 'C-labeled. nonmetabolizable

I \periP'w.,s invok~ing humans reported in this paper amino-acid analog, Il-aminocyclopentane-lI-car-
%kcr : L'oserned b% the principle%. policies, and rules for boxylic acid (cycloleucine) in rats exposed to
nic ',-.i 'olunieers established by U. S. Army Regula- Dipleicoccurs pnewumomiae provided evidence for a
oem rf,) "0-25 andi by the Decclaration of Helsinki. flux of amino acids from serum to liver in infected

l'le.isc address reqteesis for reprints to Dr. Robert W. aiasadasbeun nraei h ae
%kannen~acher. Jr., Ui. S. Army Medical Research tnsti- aiasadasbeun nraei h ae
titte of Infectiou% IDiseass. Fort Detrick. Frederick, of synthesis and release of serum proteins from
Mmc'eland 2 i7011 liver [71. Similarly, a marked flux of amino acids
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into liver has been observed in rats injected with Ex-.posure. On day 0 each volunteer was cx-
anl endogenous mediating substance released by posed by drinking 45 ml of milk that contained
stimulated polvmorphonuclcar (PMN) leuko- I()0" viable S. I*vphosa (Ouailes strain), prepared
cytes 181. A similar mediator obtained from PMN in the manner described previously 115. 161.
leukocytes has been shown to cause a depression (linicl ob.svrvalion witId fritmenwt. For 30
in serum zinc and iron 19-111, a movement of days after exposure. all subiects' Were examined
these trace metals into liver 1121, an increase in daily for clinical abnormalities, elevation of body
serum copper. and the hepatic secretion of cerulo- temperature, and the presence of S. tvlwhoa in the
plasnmin 1121 and acute-phase globulins II 31. The stool. Any volunteer with an oral temperature in
mediator of these biochemical changes seemed excess of' 100 F was admitted to the research
analogous to the endogenous mediator of fever, ward. When the temperature was 103 F or higher

a protein released by PMN lcukocytes that is for 24 hr. a course of oral chloramiphenicol
thought to act on temperature-regulating centers was begun 03 g day for seven days). No anti-
within the hypothalamus 1141. biotic was given for the next seven days. and

As part of long-term investigations into the then chloramphenicol therapy was continued for
efficacy of typhoid vaccines [15. 161, the oppor- another five days. Each subject admitted to the
tunity arose to study volunteers infected with ty- ward had daily blood cultures for S. typho.va and
phoid fever to determine whether a humoral. periodic laboratory d.kterminations. including
endogenous factor appeared in the serum of man white blood-cell counts (WBC), and tests for
that would mediate the changes mentioned above hemoglobin and 0-. H-. and Vi- (envelope) ag-
in amino acids and trace metals of serum. glutinating antibodies. Criteria for diagnosis of

In addition, the study made it possible to com- overt typhoid fever included an oral temperature
pare serial responses of individual amino acids of 103 F or higher for 24 hr, a positive blood or
in serum during typhoid fever in man with simi- stool culture, and the development of 0-, H-, or
lar measurements made during sandfly fever 15). Vi-agglutinating antibodies. In an ancillary study
Marke.J depressions in total free amino acids in to be reported elsewhere, each hospitalized volun-
plasma t.ave been observed in experimentally teer was given an oral dose of 3 g of L-tryptophan
induced Salmonella typhimturiumt [I71 and dis- on the fifth day of hospitalization.
temper-virus 1181 infections in beagles. The pat- (Colh'ction of blood specimens. Preprandial
tern of change in individual amino acids, however, blood samples were obtained from all volunteers
appeared to %ary with the particular micro- between 6 AM and 8 AM on days -3. -I, and
organism that was used. With S. ty'phimni,'unt 0 before exposure to S. typhosa and on days I
infection of dogs, the most marked and consistent and 3 after exposure. Samples of blood wcre ob-
decreases were observed fo, alanine, glycine, pro- tained from all volunteers admitted to the ward
line. lysine, and threonine 1171. This finding at 6 AM on days I, 5, and 6 after admission and
raised the possibility that patterns of sequential on days 27 and 30 after exposure to S. typhosa.
changes in individual amino acids in serum would Aliquots of serum were stored frozen at -16 C
differ duri,.,, S ty.phosa infecti..m in man from to permit later determination of serum Zn. Cu.
those described recently during sandfily fever 151. lactic-acid dehydrogenase (1.DH). LDH isocn-

zymes, creatinine phosphokinase, and glucose.
Sulfosalicylic acid (100 mg/ml of serum) was

Materials and Methods added to another 3-ml aliquot of serum, mixed.
Subject.v. Thirty-one healthy male subjects centrifuged, and the supernatant fluid was frozen

participated on a voluntary basis and served as at -- 16 C until used for amino-acid analysis.
the nonimmunized control group for a study of Assay ,•f se'ritn for enhdogenouls tnediator. A
vaccine efficacy. Volunteers were inmates of the pool of sera obtained before exposure from all
Maryland House of Correction who, before par- hospitalized volunteers and one of sera obtained
ticipating, were fully informed of the nature and on the first day of illness were passed through a
details (including risks) of the study. None of the Millipore filter to remove any bacteria present.
subjects had a history of prior exposure to ty- Half of the pooled sera from the first day of ill-
phoid fever. ness was heated to 90 C. for 30 min. Healthy
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male rats (15(•175 g, Fisher-Dunning strain) of H antibody, 73% titers of 0 antibody, and

were injected sc with I i(Ci 100 g body wei(ht 45% liters of Vi antibody to S. typhosa.
of IC-cycloleucine labeled in the carboxyl-carbon Biochemical changes. The amount of Zn in
atom (New England Nuclear, Boston, Mass.). serum on day 3 was significantly depressed to
Twenty-four hours later one group of six rats was 87% :c - 51h of the mean concentration before cx-
injected ip with I ml of 0.9% NaCI, a second posure, with a maxinmA decrease to 77% 1 6%
group with I ml of serum obtained before ex- of baseline on day 13. Serum Zn did not return
posure. a third group with I nil of serum from to control concentrations until day 30 after ex-
the first day of illness, and a fourth with I ml of , osure to the disease (figure 1). In contrast,
heat-treated serum from the first i:vy of illness. ct .:entrations of Cu in sertini r,'c significantly
All rats were killed 6 hr later and the concentra- to 122% -1: ]2% of mean concentrations on day
tions of Zn md Fe in serum and of 't C-cyclo- 9 before exposure, with maximal increments to
leucine in liver were determined by previously 161%- t 13% of the baseline value on day 14.
described techniques [6. 81. Levels of Cu in serum were still significantly

Analytical mnethods. The amino-acid content above controls on day 30.
of the protein-free filtrates of serum were ana- Mean concentrations of LDH in serum were
lyzed by an automated procedure on ion-exchange sienificantly increased to 1151/t -+ 45 of mecan
resin 151. Serum Zn. Fe. and Cu were measured concentrations bct,,rc exposure on day i. in-
in an atomic-absorption spectrophotometer 161. creased to a maximum of 224% - 12% of con-
Serum I V"i-I (191, creatinine phosphokinase 120. trol on day 14, and were still significantly ele-
211, antu glucose 1221 were determined by auto- vated on day 30 (figure I). When the LDH
mated procedures. lsoenzymes of LDH were activity was expressed in Wrobelwski units 1191,
separated in a slab of gel with gradients of 4.5%. the values increased from a preexposure contru
6%. 8%, and 12% (Ortec, Inc., Oak Ridge, average of 178 - 17 units to 377 - 56 units on
Tenn.) at pH 9.0; (0.75 Nt tris-sulfate buffer was day 9. As illustrated in figure 2, the major increase
used. and the gel was stained for 45 min at 37 C. in serum LDH activity appeared to be in bands

Calculations. The computations of data on 1. 2, and 3 of the isoenzyme pattern. No signifi-
amino acids were done by computer [51. Hours cant changes were observed in concentrations of
of fever were calculated as the product of degrees creatininc phosphokinase or glucose (fasting) in
F greater than 99 F multiplied by duration in serum.
hours. A difference between two means was con- The sequential changes in total amino acids in

sidered significant at a probability value, P < serum during typical typhoid fever are presented
0.01. as determined by t test. in figure 1 and table I. On day I after exposure

to S. typhosa, the total concentration of amino
acids in serum was significantly depressed to

Results 84% -, 6% of its average value before exposure,

by day 3 it had returned to baseline coneentra-Clinical manife.stations. Eleven of the 31 cx- tos oeeb a h oa ocnrto
posedtions. However, by day 9 the total concentration
posedrc vwlners, ( admtypicalLasesof oitd tter. of amino acids in serum was again significantly

research ward, had typical rases of typhoid fever, decreased to 85% 1-1 4"( of values before expo-
required therapy. and were included in the de- sure. remained significantly depressed through
tailed studies described below. The median incu- day 14, and had not returned completely to con-

bation period for the cleven subjects was nine trol concentration by day 30.
days with the highest fever on days +10 and The concentrations of individual amino acids

II (figure I ). The average total fever hours in serum are presented in table I. The concen-
(figure I) for the group was 265 ± 34 hr (mean trations before exposure are in good agreement
. SEM). Bactcremia was present in 73%, S. tY- with normal values reported by others 5, 23, 241.

phosa was detected in the stools of 82%; it was On day I after exposure, the concentrations of
cultured as early as day I and as late as day 29 alanine, glycine, proline, aspartic and glutamic

after exposure. Leukopenia developed in 91% of acids, isoleucine, leucinc, and valine were all sig-

the volunteers; 91% developed significant titers nificantly lower than their respective mean values

S.. . ...
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Figure 1. Sequential chanacs during typhoid fever in II men. Points with vertical lines indicate mean :

m, %i of values significantl) different (P <.01) from the mean data obtained before infection. The shaded
arca ks the mean ý7 SF.M of the values before exposure.

before exposure. By day 3 after exposure, despite spective contro! values. A prolonged period of
the fact that the total amount of amino acids in depression in the concentration of serum alanine,
scerum was not significantly reduced, the concen- glycine, proline, threonine, glutamate, and glu-
trations of alanine, proline. aspartate, and glu- tamnine occurred on days 9-14. While concen-
tamate were significantly lower than their re- trations of some of these amino acids were still
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onl Zni and Fe in serum or on hepatic content oif
cycloleucine of recipient rats.

lin the present study. the percentage oif exposed.
nonimittiuni/ed volunteers who developed typical
typhoid fever aind the length of the median incu-
bation period were in excellent agreemncrt .vith
previously reported observations 11I5. 161i with at
similar infecting dose of 0:, bacteria of thle
Quiailes strain of S. I fvploix. Furthermiore, the
cliinical fin(1din-s. i ncidencec of ',act rernmi a anid po, i -
tiVe stool Cultures. leukopctiia. response ito treat-
nient, and increases in titer of antibody were all
in agreemenitt withi preViously, reported ohserv.a-

3-1I 0 1 3 9 13 14 27 30 tions 1 2, I5. 161. [he voltunteers who did not
DAYS develop typhoid fever wecre not1 Studied for bio-

Figumre 2. Setitienlial change,, oft isoeivnl es of lac- chni hne rfrthle presence oft a mcdi-
fic dch~ drocenase 01M)1 in sertlit in iwo t\ pical ator in their serumi.
Case, oit t~ phoid f~ever. .\ 11.05-nil sample oft serumn [he datat front these expe:rimets~l demionstrate
k%& ts ued for each determi jnat ion. 'the hanrd oni the thIiat tlie conienlt rat ion,, of miost i odkiid iiat. free
hotioni oft ihe gel is I .Mi) and the niesi two are amino acids and Zn iii serum11 were Sien1iliCanlsl
I DH- atid I11T I. LIM, and I 1H-I, are itoo f'aint tojbe seen, reduced during! th2_ early incubation period of

infection ss ith S. I 1p/witl and throughout thle
course of illness. fIn anl earlier study oft aNMIL1b

below their conitrol values at da~s 27 and 30( after fes ci- it wats postul Iated thIiat theibsn dccic ase"
exposure. the differcrnees iroin baseline were niot i.ann cd t pl sni a.x related ito an in-
sienificant. [he amiount of Martnine in seruti\%it creased hlow of anmino acids into 6-ic .rs such ats thli
mnaximally depressed to 64"1 4"; oft its aver- liver,. with subsequent use Of aMino11 aid, foll anl in)-
ace. value before exposure aiid retiiained tdepressed creased sy tithsis of new% protein 1IS!. Stuidies, 11 r-
for a loriger per iod thIian amt oilier am i no acid ft tined in' thie rat sti ppo rted thIiis po stuolate. i iidi -
studied. Iii contrast to other aritino acids. the catin tiht iat tilie intd uct ion of bacterial in feettion or
:oiicnt tratiotns of bo thi phe nvIal aruine and try pto- the adeministration of' aite~ riiat or sutbstIanice pro-
plian iii serumn were significant ly elevated ott da~ s ducedl hi, 11NN leukoevies led ito (1I) at Olu\ of
I13 arid 14 after exposure to S. I "vphoka. while the atiiito acids into liver. (2) anl acute depression

Cr ic o ra in f pen Ialn ili sas ter asd t ot Zn arid Fe ini serumii. atid (3 ) all increased
day 9. [he ratio of phenvlalanirie to t rosine 'C \%i syr thesis oft acute-phase serurii proteins by thle
si- ciiillk -sl..ated on' day 3. incr-e ased to aIi't .X-II.S ni ct ie b li l r e
riaximurtin of I174'; 17%; of its avecrage cotitrol ta db nue nnra asb i ijcii
%alue oti dayv 9. anid wats still significantly clcvated Vf ci hUd e iV1sterI~ie nor iiiob rai tie frone iii eetedl

tOn day 301. dr thor rats tir of j irted iat or suibst anlce prouidrced
\%)tle pooled setra tht :iined froinii til iriteers Liii h\ ratl, rabbit. oi monn key leurknicvtes 18. 11. 251.

thle first day of illncies from typho~id fever wa I'lie inedialit ingfctors to! serum antd MIN lcuiko-
injected itito rats, it rapidl\ stimulated at sigtiifi- c\ tes were follnd ý\o lie heat labile I K, Il1l. 1[he
canit reduction iii conicentrations of Zit and Fe iii presetit stLudy pros ided thle first evidenice tnt itiat
lie sera of thle rats arid at signiiificanot arccumuiilIat ion thIat several iiifeetion- related niiet abol ic changes

of cycloleucine in their livers (fliguLre 3 ). 1heat- not aissonijciate withi the ptesetice oif fever were
treated sertam front the same pool or serumn ob- titediated by sontic circulating endogenorts suib-
tainted beore exposure had not sigtificantt fl~eet slanicets) . [his evidence is based on thle fact that
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S... related biochemical changes in man, when evalu-

ate along with evidence obtained in laboratory
20 animals, suggested that a mediator substance

PAN fmight have been present early in the incubation

. P" period or during clinically ir.apparent infections.
Changes in concentrations of Zn or amino acids
in serum were detected before the atppearance of

0 ... .. symptoms in volunteers infected with P. fitdar,tt-

Figure 3. Effect of injection of I ml of 0.9% NaCI s 131. sandfly-fever virus 151. or attenuated \EF

(aI), sera taken before infection (0). unheated sera virus 14. 61, as well as in mcn who exhibited "~n
from the first day of illness (-), or heated (90 C, asymptomatic VEE infection. If these early, in-
30 min) sera from th arst day of illness (0), from fection-related biochemical changes were in fact
volunteers exposed to -'almonella typhosa on Zn and related to the presence of a mediator, it might be
Fe in serum and distribution of hepatic 14C-cyclo-
leucine of recipient rats. Hepatic 14C-cycloleucine possible to detect such a mediator during bacterial
content of liver from rats injected with heated sera and viral infections of man, but before the ap-
from first day of illness was not significantly changed pearance of fever.
from values found in controls that received 0.9% Changes observeu in serum LDH isoenzymes
Na( I. E•ch vaiuc is the mean t sEm of six ratk. during the incubation period of typhoid fever inSaline controls are expressed as mean ± SEM. these volunteers provided additional support for

serum obtained from volunteers at the onset of a potential role of circulating leukocytes in a con-

symptomatic typhoid fcver contained mediator trol mechanism responsible for initiatintg early.
substance(s), which, when injected into rats, nonspecific metabolic responses of the host. Ex-

would depress the concentrations of Zn and Fe in perimental data recently obtained by Hale and
serum and stimulate an accumulation of cyclo- Woodward 1261 indicated that LDH activity in the

leucine ( a nonmetabolizable amino-acid analog) serum of rats was increased after the in-vivo phago-

in the liver of recipient normal rats. The endoge- cytosis of infused particles of latex; this increase

nous mediator present in the scra of volunteers in activity appeared to be due to those specific

who we;c ill with typhoid Ccver was !|cat labile: LDH isoenzymes generated by PMN leuk-•cytes.

in this respect it appeared to be slinilar to the In the volunteers exposed to S. Iyphoxa. the ac-

endogenous mediator of fc\cr that is released tivity of LDH in serum, mainly from isoenzymes

from phagocytizing human lcukocytes or macro- 1. 2, and 3. was increased on day I after inges-

phages 1141. tion of infectious bacteria. Since human PMN leu-
"The present study was designed. in part. to kocytes contain Li)H primarily as isocnzyme frac-

determine whether a humoral mediator was pres- tions 1. 2, and 3 1271. it may be postulated that

ent in the scra of volunteers who were ill with the increase in LI)H actisity in serum during the

typhoid fever. We reasoned that the mediator, if incubation period of typhoid feLI is related to

present. would attain its highest concentration the phagocytic activity of leukocytes. an activity

during the early phase of fever. Since the mcdi- believed to initiate the release of endo*eernn,'- ",m

ator was present in serum obtained before ad- diators of trace-metal (leprcssion and of increased

ministration of chloramphenicol, antibiotic ther- amino-actd flux 1121. Direct evidence concerning

apy could not he rcs?--isiblc for the appearance this possibility was not obtained in the present

of the mediator in human serum or for the neta- study. Leukocytic pyrogen can be released in vitro

holic effects of the mediator in normal rats. by human leukocytes or monocytes when they are

",,r, f tre d',siun oif the present study, no stimul:ate'd by phagoc\tosis or exposed to endo-

data were obtained for the time interval between toxin 1281.

inoculation with S. tvuphota and appearance of Most of the copper present in storum is bound

the mediator in serum, nor was it determined tightly to ceruloplasmin, a protein synthesized

whether mediator circulated during the inapparent within the liver 1291. Generalized infections in

infection in nonsymptomatic volunteers who de- man and experimental animals are typically ac-

veloped an antibody response to the infecting companied by an increase in concentrations of

organism. However, earlier studies of infection- ceruloplasmin and copper 1301. The marked rise
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in serum copper during typhoid fever coidd most anorexia, or symptomas when investigated in sarnd-
likely be explained by an increased synthesis of fly fever 151 and in the present study of typhoid
ceruloplasmin. A similar increase in concentra- fever. Further, a comparison of changes observed
tions of ceruloplasmin and copper in serum has in individual amino acids revealed many differ-

been observed in rats injected with the endogenous ences between the responses during sandfly fever
mediator derived from PMN lcokocytcs 1121. and those during typhoid fever. In volunteers cx-
These indirect observations support the postulate posed to sandfly-fevr virus, the concentrations of
that the increased flux of amino acids into liver aUl amino acids in serum were depressed during
and increased rates of synthesis of serum proteins the incubation and illness phases of this infection:
observed during generalized bacterial infections of the branched-chain amino acids ( Icticine. isolcu-
laboratory animals is a phenomenon that also cine, and valine) were deccascd it) a tgreater de-
occurs in man. gree and for a longer pcri.,d of time than other

Experimental .ildotoxemia in man. sandtly fevcr amino acids 151. In contrast, concentrations of
or typhoid fvcer, was accompanied by elevated alanine, glycine, proline. thrconine. glutamate. and
concentrations of growth hormone [31. 32. 331. glutamine in serum were depressed during the in-
Such increases in growth hormone were generally cubation and illness phases in volunteers exposed
found to be relatively small in magnitude and brief to S. typhosa, and the magnitude and duration of
in duration. While growth hormone could account, depression was greater for alanine than for the
in part. for certain metabolic changes in the hu- other amino acids. The changes in amino acids in
man host, studies by WVinnacker suggested that in serum during typhoid fever in man are similar to
endogenous mediator obtained from peritoneal those reported for amino acids in sera of dogs
leukocytes of monkeys would stimulate a release infected with S. typhitnuriutn I 71. Bacterial infec-
of growth hormone in normal recipient monkeys tions of man and experimental animals appear to
[321. Furthermore. preliminary -,udies in experi- stimulate a far greater outpouring of acute-phase
mental animals suctest that the leukocytic medi- serum glycoproteins by the liver than do viral in-
ator will stimulate a depression of trace metals fections 1341. The rate of hepatic utilization of in-
and flux of amino acids in hypophysectomized or dividual amino acids can be markedly affected by
adrenalectomized rats (Robert S. Pekarck, unpub- the activity and requirements of several biochcm-
lished observation). ical processes, such as an increase in gluconco-

The concentration of each amino acid in serum genesis or ketogcenesis, as well as synthesis of both

represents, at any given time. the algebraic prod- cellular and serum proteins.
tict relating rates of efllux and influx into serum Recent observations during studies in experi-
of that amino acid from various compartments of mental animals indicate that more endogenous
the body as well as from dietary gains or excretory' mediator is released into the serum during an in-
,ossC:. Altered amino-acid metabolism during in- fection with S. tyh*imiurimn than one due to D.
fection must certainly be influenced by the cata- pnu'nincia (Robert W. Wanneniacher. Jr., un-
bolic changes which accompan', a febrile illness. published observation). Based on these data it

The losses of nitrogen in the body during a gen- would appcAi that the infection-related pattern of
cralized infection represent relatively stereotyped change in a certain individual amino acid in serum
host responses that are dependent primarily on may he a function of the effects of both the endog-
factors such as the presence and mat|nitude of enous stimulj'ion of amino-acid flux and the rate
fever, the degree of anorexia, the nutritional status of utilization by tissues of thai amino acid. These
of the host, and the duration of illness; thus. the patterns of change can vary with the stage of the
catabolic response during an infectious illness is infection and the type of infecting organisn. Thus.

relatively indep,endent of specific etiology I 11. But it is not surprising to find that the alterations in
alterations in metabolism of ,niino acids dur,,,• the pattern of amino acids in sera of volunteers
an infection must. in addition, be inlluenced im- infected with S. t.'r:phr,, , c' mart..,,,, lifferent
portantly by factors other than those which pro- from that observed in volunteers expos-ed to sand-
duct a negative nitrogen balance. Altered concen- fly-fevcr \irus.
trations of many individual amino acids in serum To evaluate the diagnostic value of these differ-
were observed to begin well in advance of fever. ences, it will he necessary to study a number of



different types of %iral. bacterial, and rickettsial 13. Eddington, C. L.,. Upchurch, H-. F-., Kampschrnidt,
infections and to develop methods for quantitatiofi R. F-. Effect of extracts fromt rabbit leukocytes

of endoeienous mediator(s) present in serum, on levels of acute phase glohulins in rat serum.
Proc. Soc. F i p. Hiol. Med. 136:159-164, 1971.

14. Atkins, E. Pathogenesis of fever. Physiol. Rev. 401:
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