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The present report is Doncerned with the study of liver and kidney
tissuest from six rhesus monkeys which had been experiment-
ally infected with yellow fever at the laboratories of the West
African Yellow Fever Commission of the Rockefeller Foundation at
Yaba, Nigeria, in 1928. Each animal suffered a short but typical
attack of the disease, manifesting symptoms of pstration, anorexia,
fever, albuminuria and slight jaundie.Each recovered its usual
health shortly after the son of fever, and in h case an active
immunity proved before the monkey was finaly killed. The
accompanying table indicates the individual histories, briefly.
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There is every reason to believe that these animal suffered appre-
cable damage to the liver and kidney during their attacks of yellow
fever. Eightee other monkeys, infected at approximately the same
time, with the same viruses, and under the same conditions, died of
the disease in periods ranging from two to eight days after the onset
of fever. They showed, without exception, maked necrosis of the
liver, sometimes amounting to total destruction of the parenchyma;
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and the kidney in each case presented a severe tubular degeneration.
The monkeys that recovered and those that died manifested similar
clinical symptoms, except that in the latter the rise in temperature
was of a higher and more constant character and the symptoms in
general were of greater severity.
Assuming, then, that the six monkeys that recovered had sus-

tained liver and kidney injuries comparable to those found in the
fatal cases, the organs were examined with the express purpose of
determining the final result of these injuries.
The autopsies revealed no unusual gross findings. Without excep-

tion, the livers and kidneys presented a healthy appearance, and
showed no signs of antecedent injury. Microscopically there was an
absence in all the preparations of the distinctive lesions associated
with the acute phase of the disease, and scarring was not observed.
None of the livers showed increase in fibrous tissue or prolifera-

tion of biliary channels, such as is commonly seen following other
types of liver injury. The lobules were of the usual size and struc-
ture, and the vascular channels were practically free from blood.
The liver cells possessed a more or less normal appearance. The

nudei were uniform, of the usual size, and well filled with chromatin,
and they stained in a normal fashion. There was no indication of
mitosis in any part.

In five of the six cases there was some degree of zonal differentia-
tion. Thus, in three cases the cells of the portal zones were slightly
swollen and more eosinophilic than those of other parts; the cyto-
plasm was finely granular and the adjacent sinusoids compressed.
In the other two livers this same change was observed in the central
vein areas, and the portal zones were occupied by a well marked
fatty infiltration. It is possible that these zonal alterations may rep-
resent some functional readjustment to an antecedent zonal necro-
sis. On the other hand they may be related to an entirely irrelevant
condition, such as, for instance, helminthiasis, which was present in
practically all of the animals.
The liver of M. rhesus 6 was quite different in many respects

from the livers of the other five monkeys of the series. There was no
zonal differentiation. All parts of the sections showed a uniform
rarefaction of the parenchymal cytoplasm and a marked edema of
the cells. The sinusoids were compressed and the trabecular arrange-
ment could not be made out. The swollen, hydropic cells were unusu-
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ally dear in outline, and their dosely 1 arramnt lent a
mosaic appearance to the sections.
Some minor changes of an indefinite ara were found in the

livers of all the monkeys of the series IThe Kupfer cell were
slightly more prominent thn usual, both by virtue of their numbes,
and beause of the deep staining qualites of their nudei. In several
instances there appeared to be some distortion and irregular enlarge-
ment of the liver cords in the midzonal regions of the lobules. Some-
times there were four or five clls abreast in a single cord, s ing
an alteration in the orginal orderly arrangent of the tissue. The
distortion was, however, unac pnied by signs of karyoinetic
activity or alterations in staining qualities, and it camnot be regarded
as definite evidence of eration. The same appearance of dis-
tortion may be produced in normal liver tissue, if the microtome
knife sections the lobule at an unfavorable angle. There was also in
most instanes slight lymphocytic infiltation of the portal shmeath,
a rlatively insigFilicant leson which ocaus very mmonly in
monkeys that have not had yelow fever. Thus there is no obvious
asociation between the present findings and the initial injury.
The kidneys of all the monkeys in the series prnted a more or

less uniform appearance, which did not deviate appreciably frm the
normal histological picture. The acute al lesions assoated with
the fastigi of the attack and recently fully descrbed by Magal-
hies, were absent. No casts wer seen, no scarring nor increase in
fibrous timse and, with two exceptions, no evidence of inflmmation.
M.R s 5 and M. rhesus 6 each presented an acute non-suppura-
tive nephritis of a focal characte, confined to the intrstitial tissue.
The process in both instance was of very recent onrgin, and appar-
ently quite unrelated to the attack of yellow fever.
The glomeruli we not congested and the callary tufts showed

no cellular increase. The straight tubules possessed empty lumina
and their epitli was not altered.
The convoluted tubules were eined carefully, because these

structures are most seiously affected in yellow fever. They con-
trasted in a normal fashion with the rest of the tissue, possessing the
usual deep eosinophilic staning reaction. The cytoplasm was of the
usual density, but finely granular. The cells were somewhat swollen
and the margins of the lImnina were often slightly frayed. There was
no vacuolation nor dquamation of the epitheli, however, and
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there were no collections of cellular d6bris in the tubules. Moreover,
the nuclei were healthy in appearance and indicated that the appar-
ent cloudy change present in the cytoplasm was not associated with
a lowered vitality of the cells. On the other hand, there was no
definite evidence of an increased vitality or vegetative activity such
as one might interpret as a sign of recent regeneration. The nuclei in
cross-sections of the tubules were not increased,* nor were there any
of the epithelial giant cell formations which Oertel interprets as evi-
dence of repair.

DIscussIoN

It has been emphasized elsewhere (De Lamar Lectures I927-I928),
that cirrhosis of the liver does not follow yellow fever in man, and
that a contracted kidney is likewise not a sequel of the disease. To
this statement may now be added the weight of experimental evi-
dence which shows that in the stage of repair, restitution of the
affected organs is accomplished by complete regeneration of the
functional tissues. The animals under discussion presented a prac-
tically normal histological picture of the organs except for certain
irrelevant lesions. In liver and kidney alike, the restoration of the
status ante quo was such that no sign remained to indicate the extent
of regeneration or the manner in which it was accomplished.
The typical condition of the kidney in the acute stages of yellow

fever corresponds in the main to a well known type of nephropathy,
namely, the nephrosis of Volhard and Fahr, the " nephropathia de-
generativa" of Aschoff, or more particularly the "bichloride kidney "
of Elwyn. A distinction has long been made between this purely
degenerative type and the inflammatory lesions of the kidney.
Nephrosis is a condition met with commonly enough in acute toxe-
mias, and it is generally recognized as a lesion which clears up com-
pletely when the toxemia passes off. The yellow fever kidney affords
a very good example of a pure nephrosis, and subsequent complete
regeneration is, therefore, not to be viewed as unusual or materially
different from the sequence of events following nephrosis in other
diseases.
The acute liver injury, on the other hand, while having several

features in common with that of the kidney in yellow fever, is of a

* According to Ribbert the average normal number of nuclei is seven.
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disnctive character, as we have been at some pains to show in a pre-
vious communication; and in consideration of the severe and exten-
sive necrosis it is noteworthy that mplete and scarless titution
of the liver takes place in cases of recovery. Clinical experience with
yeLow fever shows that it differs from il pathological processes
of equal intensity in the matter of freedom from sequelae in the liver.
Various kinds of hepatorenal poisonings, as for instance, arsenic,
phosphorus and carbon tetrachloride poisonings, and some toxe-
mias of pregnancy, have a tendency to produce permanent liver
damage, which not infrequently progresses into the fatal stages of
acute yellow atrophy (Roman, 1927). Similarly, infective processes
such as catarrhal jaundice and some obscure forms of hepatitis lead
to marked scarring of the liver. In yellow fever, on the contrary,
both clinical and experimental evidences tend to show that normal
hepatic function is quickly restored in individuals that recover, and
that these individuals never suffer cirrhosis of the liver or acute yel-
low atrophy as a consequence of their attack.
What are the factors which favor this peuliar power of regenera-

tion? Undoubtedly the self-limiting chacrater of the infection is of
importance. Not only is the toxemia of relatively short duration,
but there is no recurrence after the initial attack, no repetition of
injury such as is commonly held to account for the sclerosing dis-
eases. Yet in yellow fever the single injury is probably often of
greater gnitude than the sum total of repeated injuries which in
other dis produce sclerosis. Thus the fact of a short period of
injury is not a sufficient explanation. We must look to some peculiar
features of the pathological process in yellow fever for an interpreta-
tion of the end results.

Inquiry into the absence of fibrous response in the yellow fever
liver leads to a consideration of the character of the initial lesion. As
we have pointed out elsewhere, yellow fever per se does not induce
an inflammatory response. There is no exudative response to the in-
jury and no appredable migration of leucocytes to the damaged tis-
sues. The Councilman necrosis of the liver, pecliar to this disse,
is coagulative rather than autolytic, and since leucocytes are not
attracted to the foci of necrosis, there is, presumably, no pouring out
of proteolytic substances. The vascular annels, both extra- and
intralobular, remain free from thrombi so that the circulation is not
interrupted, and no digestion of tissue arises through infarction. It
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is probably in consequence of these facts that rapid autolysis of the
destroyed cells does not occur; no dissolution of tissue is to be found
during the acute and fatal stages of the disease. The injury is thus
qualitatively and quantitatively limited, and as a result only the
parenchymal cells suffer from the destructive process. Not only is
the stroma of the portal sheaths unaffected, but the slender intra-
lobular connective tissue framework, which supports the trabecu-
lae, remains intact and can be so demonstrated by Van Gieson stain-
ing technique even when necrosis of liver cells is most intense. The
absence of scarring in the yellow fever liver is to be attributed, there-
fore, to an absence of injury or irritation upon the stroma, which in
turn must be related in part to the non-inflammatory, non-autolytic
character of the degenerative process, and in part to the mainte-
nance of a normal blood supply.
The yellow fever liver then, provides a striking mustration of the

point which Mallory emphasized (i i i), that destruction of the par-
enchymal cells alone does not, of itself, stimulate connective tissue
proliferation. Whipple and Sperry (i909), and Schultz, Hall and
Baker (1923) have made the same observation in connection with
chloroform poisoning. Before the process of fibrosis is set in motion,
the injury must involve tissue elements other than parenchymal
cells, and this is true of the kidney as well as of the liver. This view
is somewhat at variance with that of Kretz (I905), MacCallum
(1904), and Milne (I9o9), all of whom consider that cirrhosis arises
in consequence of a primary destruction of liver cells.
We have indicated the conditions associated with the absence of

fibrosis in the yellow fever liver. For a discussion of the factors
which incite fibrosis in other diseases, the reader is referred to Mal-
lory (I9II), Pearce (I904, I906), Muir (I908), Milne (i909), Opie
(I9IO), Rolleston (I9I2), Herxheimer and Gerlach (192I), Schultz,
Hall and Baker (I923), Hall and Ophills (1925), Roman (I927), Mac-
Mahon and Mallory (I929), and MacMahon, Lawrence and Mad-
dock (I929).
Our investigations of a large series of fatal cases of yellow fever in

man and monkey show that active regeneration of liver and kidney
tissues is practically at a standstill during the toxic phase of the dis-
ease. The series of animals that recovered, which we report here,
shows however, that regeneration is complete within sixteen to
seventy-two days after the cessation of fever. Therefore, the rep-
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arative process must go on to leton within the ordinary
period of convalesce.

In the case of the liver, it is not difficult to imagine how breaches of
continuity in the parenchymal cords are bridged over by prolifera-
tion of liver cels which have survived the tomia The slender
cylindrical stroma encasements of the trbeculae are preserved and
the growing cel spread by direct extenson inside of these limiting
membranes to replace the cells which have been destroyed and ab-
sorbed. Thus, the original pattem of the tissue is restored. AU in-
vtigators of repair in the liver agree that the chief r81e in the re-
generation of the parenchyma is played by old, undamaged liver
cell MacCallum (I902) observed that "'wher well-differentiated
liver c still perist the new liver tissue is vexy simply produced by
their mere multiplicaton by division, and the less highy differen-
tiated gall-ductst no part in the process, but remain qescent in
ther subordinate position as conductors of the secretion of the liver
cells." The much debated question as to whether liver cords may
take their onrgin from biliary epithelium does not arise in connetion
with the present study, for, as we have sen, there is no proliferation
of the bile ducts in the tisses underdission. It is only when the
supporting a has been damaged and stimulated to prolifera-
tion, as in the case of acute yellow atrophy and in the drrhoses, that
attempts at reeeation take the peculiar distorted form of pseado-
bile ducts or pseudotubules and nodular hyperplasia. This type of
regeneration, fully reviewed by Hess (1913), Blum (1923), Roman
(1927), and FishbaCk (1929), does not concer us in onnon with
yellow fever.

In the kidney, regeeration of the convoluted epithelium is no
doubt acomplished largely by proliferation of cells which survive
the attack Islands of living cells always remain from which a new
lining may orignate. n crtain cases of extensive necrosis, it is
probable also that the cells of the straight tubules may grow in to
replace the destroyed secretory epithelim, assumi its morphol-
ogy and itsspdlized function. As in thecase of theliver, thein-
tact basement membranes which rn unaltered in the disease
orientate the new cells into the old pattern, as proliferation and ex-
tension take place. The functionless regeneration phenomena de-
scribed by Oertel (I909) in chronic nephritis, and by Podwyssozki
(1887), Ribbert and Peipers (I895), Thorel (I907), and Pearce (I909)
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in partial extirpation experiments, as might be expected, are not
to be found in the yellow fever kidney.

SUMA:RY
Six rhesus monkeys which had recovered from experimental yellow

fever showed complete and scarless regeneration of the liver and kid-
ney. This bears out clinical evidence that neither cirrhosis of the
liver, nor contracted kidney follows yellow fever in man.

Special attention is directed to the sequence of events taking place
in the liver. Except in cases of chloroform poisoning, liver damage
of equal magnitude rarely occurs without producing some scar for-
mation. The yellow fever liver proves that destruction of paren-
chymal cells alone is not a sufficient stimulus to induce replacement
fibrosis.
The absence of fibrosis in the liver and kidney is due to a peculiar

immunity which the stroma structures manifest toward the yellow
fever injury; there is no stimulation of connective tissue elements
during the acute stage of the disease. The reasons for this are, we
believe, related to the non-inflammatory, non-autolytic character
of the acute pathological process, and to the absence of thrombosis
in the small parenchymal vessels.

Regeneration originates in islands of parenchymal cells which
have survived the attack, and quickly restores the tissues to their
original state.
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