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A clinicopathological study of human yellow fever*
T. I. FRANCIS,1 D. L. MOORE,2 G. M. EDINGTON,3 & J. A SMITH4

During an epidemic of yellow fever in the Jos Plateau area of Nigeria, 9 adult males
with clinically diagnosed yellow fever were studied by haematological, biochemical, viro-
logical, serological, and liver biopsy methods. The ages of the patients rangedfrom 20 to
55 years and the duration of illness was 3-62 days. No virus was isolatedfrom any patient
but all patients should biochemical evidence of severe hepatocellular damage. Leucopenia
was a feature of the late acute stage of the disease. Five sera had antibodies to yellow fever
at titres greater than 1: 32, 3 of them being monospecific for yellow fever. The classical
histologicalfeatures ofyellow fever were present only in the acute or late acute stages, when
complement-fixation tests may be negative. With convalescence and the production of
complement-fixing antibodies in high titres, the histological features resembled those of a
persisting nonspecific hepatitis. In an endemic area, the histologicalfeatures ofyellowfever
will depend on the stage of the disease and a picture of nonspecific hepatitis would not
exclude yellow fever in the absence of confirmation from serological tests.

Yellow fever in man and animals is an acute
infection that may vary in severity from a subclinical
form to a rapidly fatal disease. Thus its outcome
may be survival and the development of permanent
immunity, or death. Pathognomonic histological
changes occurring in the liver in fatal cases have been
studied in specimens obtained at autopsy or by use
of the viscerotome (Rickard, 1931). Since fatal
cases occur among patients with severe clinical
disease, the florid histological findings (reviewed by
Burgher, 1951) are not altogether surprising.
An outbreak of yellow fever occurred in the North-

Eastern and Benue Plateau states of Nigeria between
late August and November 1969. A study was made
in patients suspected of having yellow fever, the aim
being to correlate histological findings based on
Menghini punch biopsies with clinical, biochemical,
and virological findings and with the duration of the
disease. Serial needle biopsy techniques have been
used to study experimental yellow fever in Nigeria

* From the University of Ibadan and University College
Hospital, Ibadan, Nigeria.

1 Senior Lecturer in Medicine, University of Ibadan, and
Consultant Physician, University College Hospital, Ibadan.

2 Research Fellow, Virus Research Laboratory, Uni-
versity of Ibadan. Present address: Medical Research Council
Laboratories, Fajara, The Gambia.

'Acting Vice Chancellor and Professor of Pathology,
University of Ibadan.

4Lecturer in Pathology, University of Ibadan.

(Bearcroft, 1962), but no report of a similar study
in man is available.

MATERIALS AND METHODS

During the epidemic 9 cases of suspected yellow
fever were seen by one of us (T.I.F.), 1 at Jos General
Hospital, and 8 at Vom Christian Hospital.

Accurate histories were taken from the patients or
relations, when necessary through interpreters, and
the patients were examined fully. Blood samples for
haematological tests were drawn into bottles con-
taining trisodium edetate. Sera for other investiga-
tions were separated from blood samples on the day
of collection and were stored at 4°C. A number of
liver function tests were carried out using standard
laboratory methods; estimations were made of
bilirubin, alkaline phosphatase, thymol turbidity and
flocculation, serum aspartate aminotransferase
(2.6.1.1), serum alanine aminotransferase (2.6.1.2),
and total serum cholesterol. Urine samples were
collected and tested for bilirubin, albumin, and
glucose by the Ictotest 1 and by means of Albistix
and Clinistix.' Results obtained were compared
with those obtained when the patients were first
admitted to hospital.

Percutaneous liver biopsies were performed by the

1 Supplied by the Ames Company Division of Miles
Laboratories Inc., Elkhart, Ind., USA.
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1-second technique described by Menghini (1958)
using a 1.2-mm needle introduced via the intercostal
route. No death from complications attributable to
this procedure occurred. All liver samples were
fixed in 10% neutral formol saline for histological
examination. All biopsies were routinely stained with
haematoxylin and eosin after being embedded in
paraffin. The following special stains were employed:
(1) phloxine tartrazine for inclusion bodies; (2) Perl's
stain for iron pigment; (3) a modified Gordon &
Sweet's stain for reticulin; (4) long Ziehl-Nielson,
Schmorl's, & Fontana's staining for lipofuscin;
(5) Fouchet's stain for bile; (6) a periodic-acid-
Schiff's technique, with and without diastase diges-
tion, for glycogen.
Equal volumes of each serum were inoculated

intracerebrally into newborn mice in attempts to
isolate virus. The sera were examined by comple-
ment-fixation tests for antibodies to yellow fever
virus and other group B arboviruses known to be
active in the area. Neutralization tests were per-
formed by intracerebral inoculation of newborn mice
with mixtures of undiluted serum and 400 LD60 of
yellow fever virus. Tests were scored on the basis of
complete protection, no protection, or partial pro-
tection (2-4 mice surviving out of 6 mice inoculated).

RESULTS

Clinical features
The 9 patients were all males whose ages ranged

from 20 to 55 years. All had the classical symptom-
complex of yellow fever manifested by the sudden
onset of fever, headache, generalized muscle aches,
epigastric pains, nausea, vomiting of clear or blood-
stained fluids, and scleral icterus for 2-7 days prior
to their admission to hospital. Prodromal symptoms
were conspicuously absent. When the patients were
admitted to hospital a physical examination was
made, and blood, urine, and liver biopsy specimens
were taken; none of the patients reported a previous
history ofjaundice. Three of the 9 patients admitted
drinking daily for over 2 years moderate quantities
of an alcoholic beverage brewed from millet.
Splenomegaly was not noted in any of the patients
and hepatic enlargement, which generally occurs in
70% of patients with infectious hepatitis (Sherlock,
1968), was also not a feature of these cases in the late
acute stages of yellow fever.

Table 1 summarizes the urinary findings, blood
picture, and liver function tests of the patients. It can
be seen that there was a tendency for albuminuria to
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CLINICOPATHOLOGICAL STUDY OF HUMAN YELLOW FEVER

be greater than bilirubinuria in the initial stages of
the disease but a reversal occurred as the disease
progressed. The haematological picture was not
particularly helpful although 3 of 6 patients in the
late acute phase showed leucopenia. The biochemical
tests of liver function showed severe hepatocellular
damage without evidence of cholestasis. No previous
studies with definite biochemical evidence of hepato-
cellular damage have been reported. Sera collected
from some patients suspected of dying from yellow
fever were said to be lactescent but serum cholesterol
determinations in all our nine cases were within
normal limits.

Virological and serological findings

No virus was isolated from the serum of any of the
patients. Serum from 8 patients was subjected to
complement-fixation and neutralization tests. Alto-
gether, 5 patients had antibodies to yellow fever
virus at titres ranging from 1: 32 to > 1: 512.
The sera from 3 patients (Nos. 6, 8, 9) reacted with
yellow fever virus only. The serum from patient 7
reacted with yellow fever virus at a titre greater than
1: 512 and with two other group B arboviruses, Zika
and dengue, at a titre of 1: 64. The serum of
patient 1 reacted with yellow fever virus at a titre of
1: 32 and with Zika virus at a titre greater than
1: 512. All sera showed some degree of protection
in neutralization tests with yellow fever virus.

Pathological findings

The important pathological features of the nine
biopsies are given in Tables 2 and 3. The biopsies

were examined without any knowledge of the
clinical or virological findings. Yellow fever could
be diagnosed with confidence only in the biopsies
taken on the third and seventh days of the illness.
A biopsy taken on the 12th day of the illness and one

taken on the 16th day were considered on histo-
pathological grounds to be compatible with a

diagnosis of yellow fever. However, a biopsy taken
on the 16th day from another patient was not con-

sidered to be indicative of yellow fever, nor were

four other biopsies taken later in the illness.
The biopsy taken on the third day of the illness

(Fig. 1) showed mid-zonal fatty changes in the
hepatocytes, large and small fatty vacuoles being
present. There was massive eosinophilic necrosis of
individual liver cells (Councilman lesion), many of
which were vacuolated. The rest of the parenchymal
cells showed ballooning and feathery degeneration,
a feature not noticed in post-mortem tissue samples.
The nucleoli of nuclei were enlarged and eosino-
philic and occasionally 2, or very occasionally 3,
were present. It was difficult to decide if these bodies
were inclusions or the result ofdegenerative or regene-
rative changes in the cell; tests with periodic-acid-
Schiff's reagent and phloxine tartrazine were negative
and the bodies did not resemble the classical inclu-
sions of yellow fever described by Torres (1928).
Although the distribution of the eosinophilic

necrosis tended to be mid-zonal, occasional liver
cells in both the central and periportal regions were

affected. A small schistosomal nodule was present
in one patient. The portal tracts were relatively
normal with mild mononuclear cell infiltration.

Table 2. Serological and histological diagnoses in the nine patients thought to be
suffering from yellow fever

Serological diagnosis
Patient from a single complement- Summary of histological diagnosis

fixation

I possibly yellow fever classical yellow fever; 1 schistosome follicle present

2 no serum obtained classical yellow fever

3 not yellow fever compatible with yellow fever; broadening of portal tracts with
increased cellularity

4 not yellow fever hepatitis, not yellow fever; broadening of portal tracts

5 not yellow fever possibly yellow fever; increased fibrosis in portal tracts

6 yellow fever non-specific hepatitis, not yellow fever; bile retention

7 yellow fever haemachromatosis or post-necrotic cirrhosis and siderosis

8 yellow fever chronic active hepatitis with cirrhosis

9 yellow fever hepatatis, not yellow fever; doubtful nuclear inclusion
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Table 3. Histopathological findings in liver biopsies from nine patients considered on clinical and virological grounds
to be suffering from yellow fever

Day Eosino- Eosino- Ballooning Pigment a
Patient ofFat ~~~19 a

or ochre hepato- infiltration apatternphichlcofClua RecunPgmta
biopsy necrosisa bodies a cytes a Iron Bile Lipofuscin

1 3 ++++ ++++ +++ ++++ PT ++ normal K+++ - K+
P ++ p+

2 7 + +++ ++ ++++ PT+++ normal - K+
P +++ P+

3 12 - i d ++++ PT ++++ abnormal - ±
p +++

4 16 - - ± ++++ PT ++++ abnormal , - i K+++
P+++

5 16 ++ + + ++++ PT +++ abnormal K++ + K+
P ++ P± P++++

6 22 - - PT ++ normal K+++ ++ K++
P ++ p++

7 32 - - - ++++ PT +++ abnormal ++++ ± P++

8 40 - + ± ++++ PT ++++ abnormal K++ ++ K+
P ++ p+++

9 62 - - i +++ PT +++ normal - - ±
P +

a + = Present; - = absent; + = scanty; PT = portal tract; P = parenchyma; K = Kupffer cell.

There was a variable cellular response around the pigment in the Kupffer cells, and tracts of lipofuscin
eosinophilic necrotic hepatocytes that consisted were present in the parenchymal and Kupffer cells.
mainly of strap-like nuclei (? endothelial cells) and In the biopsy taken from the patient on the
occasional mononuclear cells. The Kupffer cells seventh day of the illness (Fig. 2a and 2b) the
were hypertrophic and appeared to be engulfing the histopathological findings were similar to those
eosinophilic material, with the result that eosino- described above but the absence of iron pigment and
philic bodies were prominent in the sinusoids. fatty infiltration were remarkable features. The
A reticulin stain revealed no areas of collapse in infiltration of strap-like cells round the Councilman
spite of the widespread eosinophilic necrosis. No lesion and the presence of eosinophilic bodies in the
bile pigment was detected. There was much iron sinusoids were more prominent. Glycogen was

Fig. 1. Liver biopsy; clear fat spaces of varying size and dark granules of lipofuscin are present in the cytoplasm of
some hepatocytes. Typical yellow fever with fat; patient 1. Schmorl's stain, x9O.

Fig. 2A. Liver biopsy; balooned hepatocytes with prominent nuclei and nucleoli are present; some nuclei are
hyperchromatic. Cytoplasmic Councilman bodies and ochre bodies are present in sinusoids. Intralobular cellular
infiltrates are conspicuous. Typical yellow fever without fat, patient 2. Haematoxylin and eosin stain, x9O.

Fig. 2B. Liver biopsy; balooned hepatocytes with vesicular nuclei each containing a prominent nucleolus are present.
Councilman bodies with adjacent straplike cells and sinusoidal ochre bodies are also visible. Typical yellow fever
without fat; patient 2. Haematoxylin and eosin stain, x360.

Fig. 3. Liver biopsy; balooned hepatocytes with vesicular nuclei and prominent nucleoli are present. There are a
few foci of cytoplasmic degeneration of hepatocytes. Intraparenchymal cellular infiltrates are intense. Possibly
yellow fever; patient 3. Haematoxylin and eosin stain, x9O.
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shown by periodic-acid-Schiff's staining to be
present in only a few scattered hepatocytes; lipo-
fuscin was present in trace amounts.

In the biopsy taken on the 12th day of the illness
(Fig. 3) a definite diagnosis of yellow fever could not
be made although it was considered possible. The
hepatocytes showed ballooning and feathery and
granular degeneration, with occasional cells showing
eosinophilic necrosis. The portal tracts were

expanded by an increase of fibrous tissue and an

infiltration ofmononuclear cells. In the parenchyma,
a cellular infiltration of spindle cells with bulkier
nuclei than those observed in the previous biopsies
was noticed. No fat, bile, or lipofuscin was seen.

Staining for haemosiderin was not carried out.
Occasional cells containing glycogen were seen.

A reticulin stain confirmed the presence of increased
fibrosis in the portal areas.

The later biopsies showed ballooning of the hepa-
tocytes and a gross increase in the amount of lipo-
fuscin pigment, which was usually also present in the
Kupffer cells in addition to iron pigment, excluding
the biopsy taken from the patient 2 months after
the onset of the illness in which no pigment was

detected. Eosinophilic and ochre bodies, though
scanty, were noticed in the sinusoids and were well
demonstrated by the phloxine tartrazine stain.
Broadening and cellular infiltration of the portal

tracts occurred in all the later biopsies. The biopsy
of patient 8 showed the features of chronic active
hepatitis with cirrhotic changes (Fig. 4) and that
of patient 7 the features of " haemochromatosis " or
"African siderosis stage E " (Edington & Gilles,
1969) (Fig. 5).
Even in the biopsy taken 2 months after the onset

of clinically and immunologically proven yellow
fever (case 9) liver cell damage was still apparent,
as shown in Fig. 6. However, in contrast to the
findings in biopsies taken between the 12th and 30th
day of the illness, pigmentation was virtually absent,
only traces of lipofuscin being seen.

DISCUSSION

The laboratory diagnosis of yellow fever can be
made by any of the following methods:

(1) the isolation of yellow fever virus from the
blood of a patient early in the course of the disease
or from the liver in a rapidly fatal case;

(2) the demonstration of specific antibodies to yel-
low fever virus in the serum of a patient during an
illness;

(3) the demonstration of histopathological lesions
typical of yellow fever in liver specimens obtained
at autopsy or viscerotomy (Rickard, 1931).
In the present study, specimens were taken to olate
in the course of infection for virus isolations to be
carried out and diagnoses could be made by methods
(2) and (3) only.

Theiler & Casals (1958) divided serological res-
ponses to yellow fever into two groups. In persons
not previously exposed to group B arboviruses
(primary yellow fever), complement-fixing and neu-

tralizing antibodies were specific for yellow fever
virus or reacted with yellow fever virus in much
higher titres than with other group B viruses. The
time of appearance of these antibodies varied from
5 to 103 days. Secondary responses, in persons pre-
viously infected with other group B arboviruses, were
characterized by the rapid development of homolo-
gous and heterologous antibodies; in complement-
fixation tests heterologous titres were often higher
than those for yellow fever. Serological diagnosis
was impossible in cases of this nature since serologi-
cal diagnosis can be made with confidence only when
paired acute and convalescent serum samples are

obtained and a rise in the specific antibody titre
is demonstrated. However, whereas neutralizing
antibodies to yellow fever virus persist for many years
(Groot & Bahia Ribiero, 1962), it appears that
complement-fixing antibodies disappear relatively

Fig. 4. Liver biopsy; there are intense infiltrates of mononuclear cells in the portal tracts that radiate septae of
fibrous tissue also with inflammatory cells into the disrupted lobule. The hepatocytes vary in size and shape,
and contain abundant perinuclear granules. Chronic active hepatitis; patient 8. Haematoxylin and eosin stain,
x 40.

Fig. 5. Liver biopsy; a broad band of fibrosis has intense deposits of granular pigment (haemosiderin). The hepa-
tocytes vary in shape and size and contain some hyperchromatic nuclei. A few cells are binucleate. African siderosis
stage E; patient 7. Haematoxylin and eosin stain, x9O.

Fig. 6. Liver biopsy; many balooned hepatocytes are present. There is an intralobular focus of mononuclear cellular
infiltrates around a lytic hepatocyte. A round eosinophilic body with adjacent lymphocytes is present at the top of
the figure. Hepatitis, patient 9. Haematoxylin and eosin stain, x220.
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early, probably within the first year (Perlowagora &
Hughes, 1948; Fabiyi, 1959). Specific complement-
fixing reactions with single serum specimens are thus
suggestive of recent infections with yellow fever
virus. In the present study only single serum samples
were available but positive complement-fixing reac-
tions were supported by clinical data.
The classical histopathological lesions occurring

in yellow fever have been described from specimens
obtained at autopsy or visceretomy (Rickard, 1931).
The histological lesions are very different from those
of viral hepatitis. It has been stated that prompt and
complete hepatic recovery occurs in patients who
survive an attack of yellow fever (Villela, 1941).
The same results have also been found in experimen-
tally infected monkeys killed from 16 to 72 days
after the subsidence of the fever (Klotz & Belt, 1930).

In the present study, only patients in the acute
phase of the infection (patients 1 and 2) showed the
classical histopathological features of yellow fever.
In patient 1, the high complement-fixation titre to
Zika virus suggests a previous infection with that
agent. The low level of antibody to yellow fever
may represent heterologous antibody formed during
the response to Zika virus, or an early " secondary "
group B response initiated by a yellow fever virus
infection. The latter is probably true since the
clinical and histopathological pictures are compatible
with yellow fever virus infection rather than with
Zika virus infection; usually the latter causes a mild
febrile nonicteric illness (Simpson, 1964). No serum
was obtained for serological testing from patient 2.

In patients 3 and 5, the histopathological lesions
were compatible with yellow fever. Failure to detect
complement-fixing antibodies was probably due to
the fact that the specimens were taken relatively
early (on the 12th and 16th days of illness). Neutra-
lizing antibodies were present at this stage. Patients
6-9 examined on the 22nd-62nd day of illness
showed serological responses characteristic of " pri-
mary " yellow fever infections. The histopathological
picture was one of nonspecific hepatitis, and these
cases would not have been diagnosed as yellow fever
on the basis of histology alone.
From Table 2 it can be seen that the classical

histological findings of the liver in yellow fever are
present only in the acute or late acute stages of the
disease, when complement-fixation tests may be nega-
tive. As the disease progresses towards convalescence
and high titres of complement-fixing antibodies are
present in the blood, the histological features begin
to resemble those of a nonspecific hepatitis. Histo-
pathological features of continuing liver cell damage
sometimes associated with chronic liver disease were
found up to 2 months after the initial infection. It is
therefore obvious that the histological picture of the
liver will vary according to the stage of the disease,
and a histological indication of nonspecific hepatitis
in an endemic area would not rule out yellow fever
unless serological tests were made also. Furthermore,
the study shows that persisting liver cell damage may
be seen up to 2 months after infection and that
healing may not be as rapid as had previously been
thought.
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RESUMIt

ETUDE CLINIQUE ET ANATOMO-PATHOLOGIQUE DE CAS HUMAINS DE FIEVRE JAUNE

Au cours de l'epidemie de fievre jaune qui a sevi sur
le plateau de Jos (Nig6ria) d'aouit a novembre 1969, neuf
sujets presentant les signes cliniques de l'affection ont
fait l'objet d'investigations hematologiques, biochimiques,
virologiques, serologiques et histologiques. Il s'agissait

d'adultes de sexe masculin, ages de 20 a 55 ans, chez
lesquels la maladie a dure de 3 a 62 jours.
Aucun virus n'a et6 isol6 du serum des malades. Chez

tous, les lepreuves destinees a etudier la fonction hepa-
tique ont mis en evidence une atteinte hepato-cellulaire
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grave. On a note chez 3 malades sur 6 de la leucopenie
pendant la phase aigue tardive de I'affection. Cinq
patients pr6sentaient des titres s6riques d'anticorps anti-
amarils superieurs a 1: 32, et chez 3 d'entre eux les
anticorps 6taient diriges uniquement contre le virus de
la fievre jaune.
Des biopsies hepatiques ont dte pratiqu&es chez tous

les sujets a divers moments de l'6volution de la maladie.
Des aspects histologiques caracteristiques de la fievre
jaune n'ont 6t6 trouv6s que dans les biopsies prelev6es
durant la phase aigue a un moment oiu les dpreuves de

fixation du complement peuvent donner des resultats
negatifs. A mesure que I'affection 6voluait vers la conva-
lescence et que des titres e1eves d'anticorps etaient
deceles dans le serum, les alterations histologiques ont
pris I'aspect des lesions observees dans 1'h6patite non
specifique. II apparait donc que les 1lsions histologiques
du foie varient en fonction du stade de la maladie. Un
diagnostic histologique d'hepatite non sp6cifique dans
une r6gion oiu ce genre d'affection est end6mique n'auto-
rise pas a exclure la fievre jaune aussi longtemps que des
examens serologiques n'ont pas 6t6 effectues.
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