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An Endogenous Mediatsr of Depression of Amine Acids and D
Trace Metals in Serum during Typhoid Fever

R. W. Wanpemacher, Jr., H. L. DuPont,
R. S. Pekarek, M. C. Powanda, A. Schwartz,
R. B. Hornick, and W. R. Beisel From the U. S. Army Medical Research Institute of
Infectious Diseases, Fort Detrick. Frederick,
Marvland; and the Division of Infectious Diseases,
University of Marvland School of Medicine,
Baltimore, Maryland

Concentrations of most amino acids and of zine in serum were depressed during
periods of incubation and illness in 11 volurteers who developed symptoms after
an oral dose of 10° virulent Salmonella typhosa. When a 1.0-m] 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 their tivers. These observations sup-
port the hypothesis that an endogenous fuctor (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 zine and amino acids
in serum. The magnitude and pattern of infection-related depression in individual
amino acids in serum may be. in part, a function of the amount of endogenous
mediator released and of the rates of utilization of amino acids by tissues.

The period of symptomatic febrile illness during
a generalized infectious process is accompanied
by prominent catabolic cvents that lead to a nega-
tive balancd in nitrogen and other clements in the
body [1]. Howcever. many other infection-related
biochemical changes in the host appear te develop
long before the onset of fever and symptoms of
illness and to be anabolic rather than catabolic
in nature. Little is known about the role of these
very carly biochemical responses of the host or
the underlying mechanisms  that initiatc  them.,
‘Total concentrations of amino acids were signifi-
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cantly altered in whole blood of volunteers in-
fected with Salmonella typhosa (S. tvphi) [2]. A
similar depression in the total free amino acids
in whole blood or serum has been observed dur-
ing prospective studies in volunteers infected with
Pasteurella tudarensis {3), live, attenuated (vac-
cine strain) Venczuelan cquine  encephalitis
(VEE) virus [4], or sandfly-fever virus [S).
Scrum zinc was also depressed during the periods
of incubation and clinical illness of scveral bac-
terial and viral infections, while serum copper
values became elevated during the latter stages
of the samc illnesses [S. 6].

Recent studics in experimental animals sug-
gosted that many carly metabolic changes in the
infected host were closely interrelated and could
be regarded as “nonspecific” host responses ini-
tiuted by the action of circulating, endogenous
mediators that act on cells of the liver or other
tissucs. The use of a !'C-labeled. nonmetabolizable
amino-acid analog, 1-aminocyclopentane-1-car-
boxylic acid (cycloleucine) in rats cxposed to
Diplococcus pnetmoniae provided evidence for a
flux of aumino acids from scrum to liver in infected
animals and a subscquent increase in the rates
of synthesis and relcase of serum proteins from
liver [7]. Similarly, a marked flux of amino acids
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into liver hus been observed in rats injected with
an endogenous mediating substunce refeased by
stimulated  polymorphonuclear  (PMN)  leuko-
cytes {8]. A similur mediator obtained from PMN
leukoeytes has been shown to cause a depression
in serum zine and iron [9-11]. 4 movement of
these trace metals into liver [12], an increase in
serum copper, and the hepatic secretion of cerulo-
plusmin {12] and acute-phase globulins {13}, The
mediator of these biochemical changes scemed
analogous to the endogenous mediator of fever,
a protein released by PMN Ieukocytes that is
thought to act on temperature-regulating centers
within the hypothalamus [14].

As part of long-term investigations into the
efficacy of typhoid vaccines [15. 16], the oppor-
tunity arose to study volunteers infected with ty-
phoid fever to determine whether a humoral.
endogenous factor appeared in the serum of man
that would mediate the changes mentioned above
in amino acids and trace metals of serum.

In addition. the study made it possible to com-
pare serial responses of individual amino acids
in scrum during typhoid fever in man with simi-
lar measurements made during sandfly fever [5).
Marked depressions in total free amino acids in
plasma hkave been observed in experimentally
induced Salmonella tvphimurium [17] and dis-
temper-virus [ 18] infections in beagles. The pat-
tern of change in individual amino acids, however,
appeared to vary with the particular micro-
organism that was used. With S, syphinuoum
infection of dogs. the most marked and consistent
decreases were observed fo. alanine, glycine, pro-
line, lysine, and threonine [17]. This finding
raised the possibility that patterns of sequential
changes in individual amino acids in serum would
differ durine S typhosa infection in man from
those described recently during sandfly fever [S).

Materials and Methods

Subjects.  Thirty-one  healthy male  subjects
participated on a voluntary basis and served as
the nonimmunized control group for a study of
vaccine cfficacy. Volunteers were inmates of the
Maryland House of Correction who, before par-
ticipating, were fully informed of the nature and
details (including risks) of the study. None of the
subjects had a history of prior exposure to ty-
phoid fever.
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Exposure.  On day 0 cach volunteer was ex-
posed by drinking 45 ml of milk that contained
107 viable S. tvphosa (Quailes strain), prepared
in the manner described previously (15, 16).

Clivical obscrvation and  treatment.  For 30
davys after exposure, all subjects were examined
daily for clinical abnormalitics. clevation of body
temperature, and the presence of S, tvphosa in the
stool. Any volunteer with an oral temperature in
excess of 100 F was admitted to the rescarch
ward. When the temperature was 103 F or higher
for 24 hr. a course of oral chloramphenicol
was begun (3 g day for seven days). No anti-
biotic was given for the next seven days, and
then chloramphenicol therapy was continued for
another five days. Each subject admitted to the
ward had daily blood cultures for S. ryphosa and
periodic  laboratory  duwrminations,  including
white blood-cell counts (WBC), and tests for
hemoglobin and O-, H-. and Vi~ (envelope) ag-
glutinating antibodies. Criteria for diagnosis of
overt typhoid fever included an oral temperature
of 103 F or higher for 24 hr, a positive blood or
stool culture, and the development of O-, H-, or
Vi-agglutinating antibodics. In an ancillary study
to be reported clsewhere, cach hospitalized volun-
teer was given an oral dose of 3 g of L-tryptophan
on the fifth day of hospitalization.

Coliection of blood specimens.  Preprandial
blood samples were obtained from all volunteers
between 6 AM and 8 aM on days —3, —1, and
0 before exposure to S. typhosa and on days 1
and 3 after exposure. Samples of blood were ob-
tained from all volunteers admitted to the ward
at 6 AM on days 1, 5, and 6 after admission and
on days 27 and 30 after exposure to S, typhosa.
Aliquots of serum were stored frozen at —16 C
to permit later determination of serum Zn, Cu,
lactic-acid dchydrogenase (LLDH), LDH isoen-
zymoes, creatinine  phosphokinase, and glucose.
Sulfosalicylic acid (100 mg/ml of secrum) was
added to another 3-ml aliquot of scrum. mixed.
centrifuged. and the supernatant fluid was frozen
at — 16 C until used for amino-acid analysis.

Assay of serion for endogenous mediator. A
pool of sera obtained before exposure from all
hospitalized volunteers and one of sera obtained
on the first day of illness were passed through a
Millipore filter to remove any bacteria present.
Haulf of the pooled sera from the first day of ill-
ness was heated to 90 C for 30 min. Hcalthy
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male rats (150-175 g, Fisher-Dunning strain)
were injected se with 1 uCi 100 g body weigat
of 1'C-cycloleucine labeled in the carboxyl-carbon
atom (New Englund Nuclear, Boston, Muss.).
Twenty-four hours later one group of six rats was
injected ip with 1 mi of 0.9 NaCl, a sccond
group with 1 ml of serum obtained before ex-
posure, a third group with [ ml of serum from
the first day of illness. and a fourth with 1 ml of
heat-treated serum from the first day of illness.
All rats were killed 6 hr tater and the concentra-
tions of Zn and Fe in serum and of MC-cyclo-
leucine in liver were determined by previously
described techniques {6. 81,

Analvtical methods. The amino-acid content
of the protein-free filtrates of serum were ana-
lyzed by an automated procedure on ion-exchange
resin }5]. Scrum Zn, Fe, and Cu were measured
in an atomic-absorption spectrophotometer [6].
Serum ' Ve [19], creatinine phosphokinase {20,
211, anu glucose {22} were determined by auto-
mated procedures. Isoenzymes of LDH were
scparated in a slab of gel with gradients of 4.5% .
6% . 8% ., and 12¢% (Ortec, Inc.. Ouk Ridge,
Tenn.) at pH 9.0; 0.75 » tris-sulfate buffer was
used. and the gel was stained for 45 min at 37 C.

Calculations.  The computations of data on
amino acids were donc by computer [5]. Hours
of fever were calculated as the product of degrees
F greater than 99 F multiplied by duration in
hours. A difference between two means was con-
sidered significant at a probability value, P <
0.01. as determined by 7 test.

Results

Clinical manifestations.  Eleven of the 31 ex-
posed volunteers (35% ) were admitied to the
rescarch ward, had typical cascs of typhoid fever.
required therapy. and were included in the de-
tailed studies described below. The median incu-
bation period for the cleven subjects was nince
days with he highest fever on days +10 and
+11 (figure 1). The average total fever hours
(figure 1) for the group was 265 = 34 hr (mean
+ sEM). Bacteremia was present in 73%; S. fy-
phosa was detected in the stools of 829 it was
cultured as carly as day | and as latc as day 29
after exposure, Leukopenia developed in 919% of
the volunteers; 91% developed significant titers
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of H antibody, 73% titers of O antibody, and
45% titers of Vi antibody to §. typhosa.

Biochemical changes.  The amount of Zn in
scrum on day 3 was significantly depressed to
879% - 5% of the mean concentration before ex-
posure, with a maximal deerease to 77% - 6%
of baseline on day 13, Scrum Zn did not return
to control concentrations until day 30 after ex-
rosure to the discase (figure 1). In contrast,
comcentrations of Cu in serum rese significantly
to 122% -2 129 of mean concentrations on day
9 hefore exposure, with maximal increments to
161% -+ 13% of the buseline value on day 14
Levels of Cu in serum were still significantly
above controls on day 30.

Mean concentrations of LDH in secrum were
significantly increased to 115% ¢ 49 of mean
concentrations  beture exposure on day 1, in-
creased 1o a maximum of 2249+ 12% of con-
trol on day 14, and were still significantly cle-
vated on day 30 (figurc 1). When the LDH
activity was expressed in Wrobelwski units [19],
the values increased from a precxposure contre:
average of 178 -+ 17 units to 377 + 56 units on
day 9. As illustrated in figure 2. the major increase
in scrum LDH activity appeared to be in bands
1. 2, and 3 of the isoenzyme pattern, No signifi-
cant changes were observed in concentrations of
creatinine phosphokinase or glucose (fasting) in
serum.

The sequential changes in total amino acids in
serum during typical typhoid fever are presented
in figure 1 and table 1. On day | after exposure
to S. typhosa, the total concentration of amino
acids in serum was significantly depressed to
84S -+ 6% of its average value before exposure:
by day 3 it had rcturned to bascline concentra-
tions. However, by day 9 the total concentration
of amino acids in serum was again significantly
decreased to 85% = 4% of values before expo-
sure. remained  significantly  depressed  through
day 14, and had not returned completely to con-
trol concentration by day 30.

The concentrations of individual amino acids
in scrum are presented in table 1. The concen-
trations before cxposure are in good agreement
with normal values reported by others (5, 23, 24].
On day | after cxposure, the concentrations of
alanine, glycine, profine, aspartic and glutamic
acids, isoleucine, leucine, and valine were all sig-
nificantly lower than their respective mean values
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Figure 1. Sequential changes during typhoid fever in 11 men. Points with vertical lines indicate mean =+
sty oof values significantl, different (P <.01) from the mcan data obtained before infection. The shaded

arca is the mean = seM of the values before exposure.

before exposure. By day 3 after exposure, despite
the fact that the total amount of amino acids in
serum was not significantly reduced, the concen-
trations of alanine, proline. aspartate, and glu-
tamate were significantly lower than their re-

spective contro! values. A prolonged period of
depression in the concentration of secrum alanine,
glycine, proline, threonine, glutamate, and glu-
tumine occurred on days 9-14. While concen-
trations of some of these amino acids were still
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Figure 2. Scquentiad changes of isoenzymes of face-
tic dehyvdrogenuse (LDHDY in serum in two typicat
cases of typhoid fever. A 0.05-ml sample of serum
was tised for cach determination. The band on the
bottom ot the gel is LDH, and the nest two are
I.DH, and 1.DH . LDH, and LDH. arc too faint to
be seen.

below their control values at davs 27 and 30 after
exposure, the ditferences trom bascline were not
stgnificant. The amount of alanine in serum was
maximally depressed to 647+ 39 of its aver-
age value before exposure and remained depressed
for a longer period than any other amino acid
studicd. In contrast 10 other amino acida. the
concentrations ol both phenylalanine and trypto-
phan in scrum were significantly clevated on days
13 and 14 after exposure to 8. rvphosa, while the
concentration of phenylalunine was increased on
day 9. The ratio of phenylalanine to tyrosine was
significantly clevated on day 3, inereased oy
maximum of 1747 174 of its average control
value on day 9, and was still significantly clevated
on day 30,

When pooled seri obtained Trom volunteers on
the fist day of illness from typhod fever was
injected into rats, it rapidly stimulated a signifi-
cant reduction in concentrations of Zn and Fe in
the sera of the rats and a significant accumulation
of cycloleucine in their livers (figure 3). Heat-
treated serum from the same pool or scrum ob-
tained betore exposure had no significant effect

L3

on Zn and Fe in serum or on hepatic content of
cveloleucine of recipient rats.

Discussion

In the present study. the pereentage of exposed.
nonimmunized volunteers who developed typical
typhoid fever and the length of the median incu-
bation period were in exeelient agreement with
previously reported observations (15, 16] with a
similar infecting dose of 0 bacteria of  the
Quuailes strain of S, fyphose. Furthermore, the
clinical findings, incidence of hacteremia and posi-
tive stool cultures, leukopenia, response o treat-
muent, and increases in titer of antibody were all
in agreement with previously reported  observa-
tions |2, 15, 16]. The volunteers who did not
develop typhoid fever were not studied for bio-
chemical changes or for the presence of a medi-
ator in their serum.

The data trom these experiments demonstrate
that the concentrations of most individual. free
amino acids and Zn in serum were significantly
reduced during the carly incubation period of
infection with S, 7vphava and  throughout  the
course of illness, I wne carlier study of sandtly
fover, it was postulated that the obseivad decrease
in amino acids in plasma wan related o oan in-
creased flow of amino acids into tisaes such as the
fiver, with subscguent use of amino acids tor an in-
creased syathesis of new protein [S1 Studies por-
formed in the rat supported this postulate. indi-
cating that the induction of bacterial infection or
the wdministration of a mediator substance pro-
duced by PMN Jeukocvies led 1o (1) a flux of
amino acids into fiver, (2) an acute depression
of Zn and Fe i serum, and (3) an increased
sviithesis of acute-phase serum proteins by the
liver 17. 8. 11]. Simitar acute metabolic changes
could he induced in normal rats by the injection
of cithei sterile serum obtained  from infected
donor rats or of o mediator substance praduced
by rat, rabbit, or monkey leukoeytes {8, 11 25
1 he mediating factors of scrum and PAIN leuko-
oytes were found w ne heat Labile {8, 1) The
present study provided the first evidenee in man
that several mfection-reliated  metabolic changes
not associated with the presence of fever were
mediated by somwe circutating endogenous sub-
stance(s ). This evidence is based on the fact that




IO > ) DUIBPIP WedyIudis B film SUEY 310 SIdWMY pazdlelf o
‘C1221UNJOA PABUIIBAUN [ ]O WHS 3 UBIJY
896 £9 Fpr8 801 S16°C moj.
1001 29 ¥ 68 Qll F o auleA
L6 $'€6 I et Julso1h g,
601 98 F9L0OI Ly (234 ueydoydAsy

Wannemacher et al.

H
H

* 1't6 I't +1%6 ’ §OFES 9t
+9'¢0!t s'o1 = o'tol FOs6 ’ I's
~ 986 +'6 0'lé ’ * I'te 0y
+¥L6 0oy 3 99t ’ * £l ’ L
> L'96 93 66 ’ ¥ F oy 0'sg =+ Petl 6 9'r6 601 £191 oYL
* 1'901 'L £'e0l ' ' + 6°L6 6001 99 £'86 €88 98 121y [uLag
Rl A4 90t F PR + $pL 93¢l Ps F RN 66 F0I8 +'91 $7C8C sutjoid
R A L F ol P+ OSE yort St 8501 gL * L'68 g1 s suluejejfuayg
* ol £ 6001 ' ' 9 F ¥'e8 £'601 g8 £60l I's *61L6 ot %43 auiqituio
+ 886 8L+ £96 * 088 Y {9 *+ R0l 6 8111 sl yic SuluohIvly
€96 'S+ 008 + £'60l 9+ 98 v'e6 ol += 6Ll Y <06 9 oltl Juish]
= 9Pl Ol = €86 R adil} 001 = rool 9t (XY £'¢01 69 98 L'y 9ic sunay
+ $ 10t scl = 96 ~ 06 SOOI+ 706 Lol &'y + 20l 89 098 0t ey auidnajosj
+ 816 £'0l1 1’98 + §06 6'1C +F 6Ch 6°C01 9 F $'5¢1 L0l =+ $°801 I'¢ orL upnsty
B #9111 sl = 0Tt > P06 $9 F 96 +¥v6 £'s *0t01 ¥+ L6 6t el sunsA>-JjeH
+ 088 1’0l = 6'06 F LY L * 618 SF8 6t 656 L8 998 9N S°LST upAlD
+ %98 Rl * 0001 F 6N e F9oR 6°L8 o+ Tsol 6sl * 1'L6 0°6C 6'18% unen|H
*006 0L L6 + 18 g « 808 R A £s £8y (4 L2774 L F09tl pioe Jlweinin
* 0eotl L8 1'v0l + 88 Lt = s't6 806 6 1y 9y 008 Y * 00§ poe dnuedsy
+ €56 Ly <ol 988 LY +=$Ce 168 't 101 't Tr6 s > 18 sutBeredsy
+ 6'€6 oot = 9501 L+ 186 L F 96 8001 tL %601 'S * 8'¢01 g6 9t smuidly
= goll L0l + teR * e LoT * 6'LTI $ICH 8¢+ L1101 601 + 098 L 4 | pide sufing
-ounuy-n
+ SER €01 &+ p'8R AT Py 869 1'rY I's + SN L9 FLEL «L'L1 + 808t sutuely
0t [y vl £l 6 I (11, 3jowni) pide ounuy
amsodxa

a10)ag

o4 H Y

HH

HHH B4 H B
Ho#

HUH A HOH 4 4 N
HAHAH L H A

HoH
HoHH A HHH AN

o H 4
HAHHH B H

HH

H

(3insodxa 31053q wnowe jo admuaniad) amsodxd e feQ

“psoyd{) pjauolns YA UONAJUT FULIND SURIUNY JO BIAS UL SO OUlwe [enplaipul ul sagueyd [rnuanbag  °1 aqe)




Mediator of Serum Biochenical Changes

I fe Cytioleuine

|
‘ i
i

\¥

%

N\

apm/mg tver

SN
NN

i
o]
-

[¢]

Figure 3. Effect of injection of 1 mi of 0.9% NaCl
(&) sera tuken before infection (), unheated sera
from the first day of illness ({J), or heated (90 C,
30 min) sera frem th. arst day of illness (&), from
volunteers exposed 10 _almonella typhosa on Zn and
Fe in serum and distribution of hepatic MC-cyclo-
leucine of recipient rats. Hepatic MC-cycloleucine
content of liver from rats injected with heated sera
from first day of illness was not significantly changed
from values found in controls that received 0.9%
Na(l. Each vaiue is the mean = sem of six rats.
Suline controls are expressed as mean * SEM.

serum obtained from volunteers at the onsct of
symptomatic  tvphoid fever contained “mediator
substance(s). which, when injected into rats,
would depress the concentrations of Zn and Fe in
serum and stimulate an accumulation of cyclo-
leucine (2 nonmetabolizable amino-acid analog)
in the liver of recipient normal rats. The endoge-
nous mediaor present in the sera of volunteers
who were ill with typhoid fover was heat labile:
in this respect it appeared to be sanilar to the
cndogenous mediator of fever that is released
from phagocvtizing human leukocytes or macro-
phages {14].

The present study was designed, in part, to
determine whether a humoral mediator was pres-
ent in the sera of volunteers who were ill with
typhoid fever. We reasoned that the mediator, if
present. would attain its  highest concentration
during the carly phase of fever. Since the medi-
ator was present in serum obtained before ad-
ministration of chloramphenicol, antibiotic ther-
apy could not he resp~asible for the appearance
of the mediator in human serum or for the meta-
bolic cffects of the mediator in normal rats.
Roeance of the design of the present study, no
data were obtained for the time interval between
inoculation with S, rvphosa and appearance of
the mediator in scrum, nor was it determined
whether mediator circulated during the inapparent
infection in nonsymptomatic volunteers who de-
veloped an antibody response to the infecting
organism. However, carlier studics of infection-
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refated biochemical changes in man, when evalu-
ated along with cevidenee obtained in laboratory
animals, suggested that a mediator substance
might have been present carly in the incubation
period or during clinically irapparent infections.
Changes in concentrations of Zn or amino acids
in serum were detected before the appearance of
symptoms in volunteers infected with P. tidaren-
sis {3], sandfly-fever virus (S, or attenuated VEE
virus {4. 6], as well as in men who cexhibited un
asymptomatic VEE infcction. If these carly, in-
fection-related biochemical changes were in fact
refated to the presence of a mediator, it might be
possible to detect such a mediator during bacterial
and viral infections of man, but before the ap-
pearance of fever.

Changes observeu n serum LDH isoenzymes
during the incubation period of typhoid fever in
these volunteers provided additional support for
a potential role of circulating leukocytes in a con-
trol mechanism responsible for initiating early.
nonspecific metabolic responses of the host. Ex-
perimental data recently obtained by Hale and
Woodward {26] indicated that LDH activity in the
serum of rats was increased after the in-vivo phago-
cytosis of infused particles of latex: this increase
in activity appeared to be duc to those specific
LDH isocnzymes generated by PMN leukocytes.
In the volunteers exposed to S. tvphosa. the ac-
tivity of LDH in secrem, mainly from isocnzymes
1. 2, and 3. was increased on day | after inges-
tion of infectious bacteria. Since human PMN leu-
kocytes contain LDH primarily as isoenzyme frac-
tions 1. 2, and 3 |27]. it may be postulated that
the increase in LBDH activity in serum during the
incubation period of typhoid fever is related to
the phagoeytic activity of leukocytes, an activity
believed to initiate the refease of endogenone e
diators of trace-metat depression and of increased
amino-acid Hux 112). Dircct evidence concerning
this possibility was not obtained in the present
study. Leukocytic pyrogen can be released in vitro
by human leukocytes or monocytes when they are
stimulated by phagoevtosis or exposed to endo-
toxin {281.

Most of the copper present in serum is bound
tightly to ceruloplasmin, a protein synthesized
within the liver [29). Generalized infections in
man and cxperimental animals are typically ac-
companicd by an increase in concentrations of
ceruloplasmin and copper {301 The marked rise




in serum copper during typhoid fever conld most
likely be explained by an increased synthesis of
ceruloplasmin. A similar increase in concentra-
tions of cerutoplasmin and copper in scrum  has
been ehserved in rats injected with the endogenous
mediator derived from PMN  leakoeytes [12].
These indirect observations support the postulite
that the increased flux of amino acids into liver
and increased rates of synthesis of serum proteins
observed during generalized bacterial infections of
laboratory animals is a phenomenon that also
oceurs in man,

Experimental codotoxemiu in man, sandfly fever
or typhoid fever, was accompanied by clevated
concentrations of growth hormone [31. 32, 33).
Such increases in growth hormone were generally
found to be relatively small in magnitude and brief
in duration. While growth hormone could account,
in part, for certain metabolic changes in the hu-
man host, studics by Winnacker suggested that an
endogenous mediator obtained from  peritonceal
leukocytes of monkeys would stimulate a release
of growth hormonce in normal recipient monkceys
[32]. Furthermore, preliminary -.udics in experi-
menial animals suggest that the leukocytic medi-
ator will stimulate a depression of trace metals
and flux of amino acids in hypophyscctomized or
adrenalectomized rats (Robert S. Pekarck, unpub-
lished observation).

The concentration of cach amino acid in serum
represents, at any given time, the algebraic prod-
uct relating rates of efftux and influx into scrum
of that amino acid from various compartments of
the body as well as from dictary gains or excretory
.0sser. Altered amino-acid metabolism during in-
fection must certainly be influenced by the cata-
bulic changes which accompany a febrile illness.
The losses of nitrogen in the body during a gen-
cralized infection represent relatively stercotyped
host responses that are dependent primarily on
factors such as the presence and magnitude of
fever, the degree of anorexia. the nutritional status
of the host, and the duration of illness; thus. the
catabolic response during an infectious illness s
relatively independent of specific ctiology 1], But
alterations in metabolism of amino acids durl._
an infcction must, in addition. be influenced im-
portanily by factors other than those which pro-
duce a negative nitrogen balance. Altered concen-
trations of many individual amino acids in serum
were observed to begin well in advance of fever,

Wannemacher et al.

anorexia, or symptoins when investigated in sand-
fly fever [S] and in the present study of typhoid
fever. Further, a comparison of changes observed
in individual amino acids revealed many differ-
enees between the responses during sandfly fever
and those during typhoid fever. In volunteers ex-
posed to sandfly-fever virus, the concentrations of
all amino acids in serum were depressed during
the incubation and illness phases of this infection:
the branched-chain amino acids (leucine, isoleu-
cine, and valine) were decreased o a greater de-
gree and for a longer perind of time than other
amino acids [5]. n contrast. concentrations of
alanine, glycine. proline, threonine. glutamate, and
glutamine in serum were depressed during the in-
cubation and illness phases in volunteers exposed
to §. typhosa, and the magnitude and duration of
depression was greater for alanine than for the
other amino acids. The changes in amino acids in
scrum during typhoid fever in man are similar to
those reported for amino acids in sera of dogs
infected with S. typiiimurivm [17]. Bacterial infec-
tions of man and experimental animals appear to
stimulate a far greater outpouring of acute-phase
serum glycoproteins by the liver than do viral in-
fections |34]. The rate of hepatic utilization of in-
dividual amino acids can be markedly affected by
the activity and requirements of several biochem-
ical processes, such as an increase in gluconco-
genesis or ketogenesis, as well as synthesis of both
cellular and serum proteins.

Recent obscrvations during studies in experi-
mental animals indicate that more endogenous
mediator is released into the serum during an in-
fection with S. rvphimurium than one duc to D.
prucumoniae (Robert W. Wannemacher, Jr., un-
published obseevation). Based on these duta it
would appear that the infection-related pattern of
change in a certain individual amino acid in serum
may he a function of the effects of both the endog-
cnous stimulation of amino-acid flux and the rate
of utilization by tissues of that amino acid. These
patterns of change can vary with the stage of the
infection and the type of infecting organism. Thus,
it is not surprising to find that the alterations in
the pattern of amino acids in sera of volunteers
infocted with S, rephesa e martadhy different
from that obscrved in volunteers cxposed to sand-
fly-fever virus.

To evaluate the diagnostic value of these differ-
ences, it will be necessary to study a number of
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different types of virul, bacteriul, and rickettsial
infections and to develop methods for quantitation
of endogenous mediator(s) present in serum,
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