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Anthrax: pathological aspects in
autopsy cases in Shiraz, Islamic
Repubilic of iran, 1960-2001
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ABSTRAGCT Anthrax, like luberuulusis, shuws & new epidemic spread in industrialized countries, rovoaling
some ambiguous aspects to the disease and providing new challenges to medicine. Shiraz University of
Medical Sciences has records of 7130 autopsies performed in the past 40 years, 33 of which are anthrax
cases. We reviewed all the pathology slides of these cases and classified the organs involved in a search for
unrecagnizad microsrapic findings. The most common cause of death was sepsis, caused by organin-
volvement and direct cytotoxicity of Baciifus anthracis, in addition 10 its exotoxin procuction. Novel findings
included hyaline membrane formation in respiratory system cases thatis similar to acute {adult) respiratory
distress syndrome and evidence of primary gastrointestinal invalvernent, showing the ability of the organism
to pass the gastric barrier.

Maladie du charbon : aspects patholaglques dans les cas d’autopsie a Chiraz (Républigue
islamique d’Iran}, 1960-2001

RESUME A linstar de la tuberculose, la maladie du charbon connait une nouvelle poussée épidamigue dans
les pays industrialisés, révélant certains aspects ambigus de la maladie et posant de nouveaux défis a la
médacine. LUniversité des Sciences médicales de Chiraz a des dossiers de 7130 autopsies réalisees au
cours des 40 derniéres années, dont 33 concernent des cas de maladie du charbon. Nous avons examiné
toutes les lames pathologiques de ces cas et avons classifié les organes atteints & la recherche de résultats
de I'examen microscopique méconnus. La septicémie était fa cause la plus courante de décés, due a
I'envahissement des arganes et 4 la cytotoxicité directe de Bacillus anthracis, en pius ae sd production
d'exotoxines. Les nouvelles découvertes comprenaient la formation de membrane hyaline dans les cas
impliquant le systéme respiratoire qui est similaire au syndrome de détresse respiratoire aigué (adulte) el
I'évidence d'une atteinte gastre-intestinale primaire, révélant la capacité du micro-organisme & passer la
Liarnien & gastrigue.
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Introduction

Anthrax, an acute mfection caused by Bag-
citlus anthracis, is acquired through con-
tact with anthrax-infected domestic
animals, or anthrax-contaminated animal
products {/,2], and has the putential 1w be
used in biological weapons [3,4]. While
there is no clear evidence of direct human-
to-human spread, the possibility has been
discussed [5,6].

The disease is now e¢xtremcely uncom-
mon among humans but causes sertous
morbidity and mortality when encountered.
The majority of descriptivns vl the pathoto-
gy of anthrax date from the end of the nine-
teenth and beginning of the twentieth
centuries. The preventive measures that
were introduced at that thme have almost
eradicated the disease in some parts of the
world and hittle attention has been paid to its
epidemiology recently. Despite improved
diagnostic and treatment icchuigyues, an-
thrax, like other infections believed to have
been eradicated, has emerged in a new epi-
demic that has gained worldwide attention
[7.8]. This serves to remind us of vur limii-
ed knowledge about the disease and the
necd for better early recognition and diag-
nosis that could result in more successful
trecatment of rospiratory and gasuic an-
thrax. Tt is worth noting that in current
practice complete autopsy of confirmed
(and even suspicious) cases of anthrax is
no longer rccommended, in order to de-
crease the risk of contagion [9],

As in other parts of the world, the num-
ber of anthrax cascs in the Islamic Republic
of Iran markedly deercased in the late
twentieth century, but individual cases are
still occasionally reported [/0], especially
ameng farmers and those who have direct
contact with domestic animals or their
products. The incidence of anthrax during

1996 was reported to be .54 per million
poputation [1/].

Shiraz University of Medical Sciences,
founded in 1949, is a regional referral cen-
tre for all diseases and currenily has an ar-
chive of about 7130 autopsy records from
the last 40 years. Many of the anthrax cas-
es have been presented earlier in the litera-
ture [/2-74]. Our aim was to review the
pathological findings in these autopsy
vecords for unrecognized microscopic
findings that could raise new concepts and
to review the literature for theories about
the pathogenesis of anthrax. We belicve this
would help improve diagnosis and treat-
ment of the disease,

Methods

A review of rccords from the pathology
ward of Shiraz University of Medical Sci-
ences found 33 autopsies of anthrax cases
performed between the years 1960-2001,
All cases had been diagnosed by the
clinico-pathological methods available at
the time, such as Gram staining of fluids or
tissues, different cultures and spore stain-
ing of the isolated organisms. All of the di-
agnoses had been confirmed by a complete
autopsy, either through bacteriological in-
vestigations or the relevant organic histopa-
thology findings.

The haematoxylin-cosin stained slides
and special stains including tissue Gram
stain were reviewed again to confirm previ-
ous findings and to look for new concepis.
Cases were classified principally into cuta-
neous, pulmonary and gastrointestinal cas-
¢s, according to light microscopy
histopathology findings. Related findings in
other organs were also considered. Then
the data was analysed and reported, foi-
lowed by a brief review of the literature.
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Results

There was no significant gender bias
among the 33 autopsy records: 16 (48.5%)
were from males and 17 (51.5%) females.
All patients were aged between 1 year and
65 years, with a mean age of 28.4 years
old. Most {63.6%) were between 20-40
years of age. Thirty out of 33 patients had
been living in rural areas, and were thus
likely to have been in close contact with
domestic animals.

Under light microscopy, 28 cases out of
33 (84.9%) had respiratory manifestations
of anthrax (Figure 1). Most cases (26) had
pulmonary congestion and haemorrhage
with dilated interalveolar vessels and
patchy parenchymal hacmeorrhage. Figures
2 and 3 show examples of marked exuda-
tion of serosanguinous fluid in the alveolar
spaces, accompanied by intra-alveolar
haemorrhage and mild fibrin deposition.
Typical hyaline membrane formation was
noted in 5 cases indicative of acute (adult)
respiratory distress syndrome (ARDS).
Leukocyte infiltration consisted mostly of
neutrophils; just 1 case had prominent lym-

Caongestion and haemorrhage

Exudation

White blood cell infiltration

Atelectasis |

Consoldation
Hyaling membrane
Necrasis

Parenchymal cadema

29

phoplasmacytic infiltration. The inflamma-
tion was intra-alveolar in 10 cases and in-
terstitial in 6 cascs. Five patients showed
parenchymal necrosis and 5 cases hyper-
plasia of the alveolar wall and intra-alveolar
haemosiderin-laden macrophages.

Only 3 of those who had pulmonary in-
fection showed evidence of plevral involve-
ment, in the form of effusion and leukocyte
infiltration. Well-formed acute lobar or
patchy pneumonia was scarce. Eleven
cases (one-third of all cases) had evidence
of upper airway involvement and inflam-
mation: | case in this group had cutaneous
anthrax of the neck without any evidence
of septicacmia or internal organ involve-
ment, and died of asphyxia due to severe
upper airways obstruction from oedema.

Cutancous anthrax was seen in 23 out
of 33 cases (69.7%) but was the cause of
death for only 1 patient {mentioned above).
Several cases of cutaneous anthrax in our
series had been treated for insect bites be-
fore developing the characteristic skin le-
sion of anthrax (a coal-black, scar-forming
lesion). Ulceration and necrosis of the skin
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Figure 1 Histopathology findings in 28 autopsy cases with pulmonary anthrax
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Figure 2 Low power view of acute
regpiratory distrese syndrome in lung
tissue. Note necrosis, congestion and
inflammation with hyaline membrane
formation in the alveolar tissue

Figure 3 High power view of alveolar tissue,
revealing the hyaline membrines (arrow)

was the most common finding (17 cases),
involving all layers of the skin (Figure 4).
Other typical histological findings were:
oedema (15 cases), vascular congestion
and haemorrhage (12) and white blood cell
infiltration (8).

Twenty-two out of 33 cases (66.7%)
had gastrointestinal manifestations of an-

commonly the small bowel (19 cases), the
stomach (7 cases) and the large bowel (4
cases). The histopathology findings are
summarized in Figure 5. Only 1 case had
ascites, while 6 of them had evidence of
peritoneal involvement, mostly in the form
of oedema and leukocyte infiltration. Gas-
trointestinal involvement was the single
cause of septicaemia and death in one-
quarter of patients with gastrointestinal an-
thrax (15% of all cases), all of whom
showed peritoneal involvement and a de-
gree of haemorrhagic oedema (causing ab-
dominal protrusion in a few cases) and
leukocyte infiltration.

Lymphadenopathy was detected in 13
of the 33 cases (39.4%). The lymph nodes
affected were adjacent to the organs in-
volved: the mesentric nodes in gastrointes-
tinal cases and the cervical, axillary and
parahilar nodes in pulmonary cases. Gener-
alized lvmphadenopathy was seen in a few
cases. No specific histological changes
were present in the slides. The most severe
cases showed haemorrhagic lymphadenitis
and necrosis. with extension to the adjacent
mediastinum or mesentery. Congestion and
neutrophil infiltration were more common.
Bacilli were only rarely identified in the in-
volved lvmph nodes.

Splenic congestion was a major finding,
evident in 17 cases (51.5%). Five patients
showed various degrees of congestion and
infiltration of acute and chronic inflamma-
tory cells in areas of red pulps indicative of
acute septic splenitis, and 3 patients (in-
cluding the one with typhoid fever) showed
splenic infarction. Significant splenomega-
ly was noted in 5 cases on autopsy.

Hepatic findings were noted in 17 cases
(51.5%), mostly in the form of sinusoidal
dilatation and congestion, mainly parenchy-
mal and rarely subcapsular, producing
hepatocellular necrosis in some areas,
probably due to a pressure effect. Fourteen
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Figure 4 Histopathology findings In 23 autopsy cases with cutaneous anthrax

of these cases showed various degrees or
parenchymal neutrophilic infiltration indi-
cating hepatitis. Abscess formation was
noted in | case.

Three out of 33 cases (9.1%) had histo-
pathological findings of meningeal involve-
ment showing mainly leptomeningeal
congestion and neutrophile infiltration. Onc
patient had a haematoma in the subarach-
noid space.

Kidney findings consisted of congestion
and intraparenchymal haemorrhage in 6 pa-

Congestion and hagmorrhage
Ulceration

Inflammation

Necrosis

Qedema

Peritoneal involvemant

tients (18.2%) with signs of tubular necro-
sis in 3 of them.

The adrenal glands showed fat depletion
and cortical tubnlar formation in 5 cases
(15.2%) indicating septicaemia, and 3 cas-
¢s showed congestion and haemorrhage of
the adrenal parenchyma.

Bucilius anthracis was detected 1n 13
cases (39.4%) using haematoxylin-cosin or
other special stains on the tissues. It is
noteworthy that 1 of the cases was simul-
taneously seropositive for typhoid fever
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Figure 5 Histopathology findings In 22 autopsy cases with gastrointestinal anthrax
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Figure 6 Anthrax bacilli inside a skin lesion
(arrow). Note the spore-forming bacilli in a
necrotic background

(both O and H antigen titres were about
1:320) with evidence of splenic haemor-
rhagic infarction and liver congestion. This
patient died of anthrax septicaemia not ty-
phoid fever.

Discussion

The causative agent of anthrax, Bacillus
anthracis, is a large, non-motile, facultative
and spore-forming Gram-positive rod (Fig-
ure 6). A glutamyl-polypeptide capsule is
present that inhibits phagocytosis, and has
a major role in the agent’s pathogenic capa-
bilities [15,16]. Anthrax toxin is well

known as the major toxic component of the
bacillus. but non-virulent toxin-producing
strains have also been isolated [/5]. These
mutant strains fail to produce the poly-
glutamic acid capsule.

According to the current classification
of bacterial exotoxins, anthrax toxin has an
AB pattern [/ 7-20]. Two potent exotoxins,
called ‘oedema factor’ and ‘lethal factor’
constitute the A domain which gains entry
into the host cells by the B domain (“pro-
tective antigen’). Antibodies against protec-
tive antigen seem to confer immunity [/6].
After entry, oedema factor produces tissue
oedema through increasing adenylate cy-
clase activity [/8,19]. It may also suppress
neutrophil function [20,21], and hence leu-
kocytes are rarely encountered in anthrax
lesions regardless of the organs involved
and the severity. Lethal factor has recently
been shown to possess an endoprotease
activity, interrupting a vital cell-signalling
pathway that brings about direct cell death
and cytokine production (including tumour
necrosis factor-o. and interleukin-1). It
also inhibits mitogen-activated protein ki-
nase kinase (MAPK) and prevents cell pro-
liferation [22-24].

Both the organism and its spore can be
infective. The most common route of entry
fur anthrax is the skin (95% of cases). Oth-
er routes of entry are inhalation of airborne
spores causing pulmonary anthrax (wool-
sorter’s disease) or ingestion of the organ-
ism or spores in contaminated food lcading
to gastrointestinal anthrax. The former is
the most lethal type, killing 100% of the
patients if untreated; the latter is the least
common type but is also very dangcrous.

Skin involvement in anthrax is charac-
teristically painless but pruritic [25], which
may be due to destruction of nerve endings
in the affected areas of skin. Cutaneous
manifestations are more prevalent in ex-
posed areas of skin, most commonly on the
head and neck [ 5], Stings may play a rule in
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contagion, as some of the skin lesions be-
gin as an insect bite [6,26]. Several cases
of cutancous anthrax in our series had been
treated for insect bites before developing
anthrax skin lesions. The most common
histological findings of cutancous anthrax
consist of intense prolonged oedema, vas-
cular congestion, haemorrhage and necro-
sis. Necrosis of the skin was the most
common finding among our cases, involv-
ing alt layers of the sKin. The necrosis is
mainly duc to direct cytotoxicity of the or-
ganism [27] rather than ischaemia due to
vascular compression caused by severe
vodena. Cutancuus antluvax was recorded
as the cause of death for only 1 patient, as
death among cutaneous anthrax patients re-
sults mainly from the systemic dissemina-
tion of the discasc [/,.2,2. /0],

In pulmonary anthrax, an acute alveolar
or lobular pneumonia may develop, form-
ing an extensive serofibrinous exudation
throughout the parenchyma [28 29]; the
striking characteristic of this pneumonia is
the relative paucity of inflammatory cclls.
Haemorrhagic necrosis of the alveolar sep-
tum with a large number of bacteria may be
present. Mucosal oedema may involve any
level, from the oropharynx down to the al-
veoli. Acute mediastinitis and mediastinal
widening due to lymphadenitis and haemor-
rhagic ocdema in the mediastinum may be
present. Occasionally, intravascular throm-
bosis may be a cause of death in respiratory
anthrax [3(}].

In our series of patients, pulmonary
congestion was the most commeon finding.
Many of those with puimonary tnvolve-
ment showed dilated interalveolar vessels
and patchy parenchymal haemorrhage. Ex-
udation of serosanguinous fluid in the alve-
olar spaces accompanied by intra-alveolar
hacmorrhage and fibrin deposition was
characteristic of the early stages of ARDS,
leading to hyaline membrane formation fol-
lowed by respiratory failure. Typical hya-

line membranc formation was noted in 5
cascs: the other patients died before the hy-
alinc membrane could form (3—7 days).
Short survival also explains the low fre-
quency of parenchymal necrosis in these
patients, since necrosis was found only in
those who survived longer. Very [ew cases
showed hyperplasia of the alveolar wall and
intra-alveolar haemosiderin-laden mac-
rophages. Well-formed acute lobar or
patchy pocwimunia was scarce in our cases.

Qedema of the upper respiratory air-
ways may be caused by primary mucosal
infection with bacilli {7], but there was ev-
idence of sccondary spread of oedema
from the skin surface to the deeper soft tis-
sues in | of our patients. As previously
mentioned, this patient had cutaneous an-
thrax tesions on the neck and died from as-
phyxia caused by severe oedema of the soft
tissue and upper airways. No sign of sys-
temic involvement was evident in this pa-
tient.

The alimentary canal may be involved in
anthrax primartly from the mouth down to
the large bowel. Tt sccms that the symp-
tomsg are caused by bacillt in the toncils and
the gut-associated lymphatic tissue [&], but
tight microscopy shows full thickness in-
volvement of the gut. Although massive
nedema and ulceration with vascular con-
gestion and haemorrhage is mentioned in
the literature, other gastrointestinal findings
are not much discussed. However, ascites
and involvement of mesentery have also
been reported.

In our seri¢s, the most and least fre-
quently involved gastrointestinal sites were
the small and large bowel respectively; the
most common was the duodenum, fol-
lowed by the jejunum and the ileum. The
rate of stomach involvement (7/21 cases)
was higher than previously reported
[8,31,32], revealing that the bacillus can
survive the usual gastric defence mecha-
nisms such as gastric acid secretion. This
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finding, and the large number of cases
where stomach manifestations of anthrax
were associated with septicaemia and
death, suggest primary gastrointestinal in-
volvement in anthrax, which contradicts
previous reports in the literature [7,8].

Hepalic involvement wus detected in
half of our cases, showing some non-
specific leukocyte infiltration in the liver
parenchyma. Only | patient had significant
abscess formation acculpainicd by he
presence of many bacilli in the liver paren-
chyma. Hepatocellular nccrosis, if present,
was focal and scant.

Histopathological findings in the spicen
were mainly due to systemic infection
those patients with anthrax scpticacmia;
therefore, no definite conclusions can be
drawn about splenic involvement. Various
degrees of congestion and infiltration of
acute and chronic inflammatory cells in ar-
eas of red pulps were indicative of acute
septic splemitis. Five caces showed sple-
nomegaly on autopsy but there was little
correlation between spleen siz¢ and the pa-
thology findings,

[ymph node invalvemeant azdjacent to
the primary organ involved was present in
nearly 40% of cases, with a few cases of
generalized lymphadcenopathy. In its most
severe form, haemorrhagic lymphadenitic
and necrosis were prescnt, with extension
to the adjacent mediastinum or mesentery;
hence the signs of mediastinal widening in
chest X-rays [33]. Congestion and neutro-
phil infiltration were more commonly
found. Bacilli were rarely detectable in the
involved lymph nodes (or other organs)
and this might be duc to antibiotic therapy
before dcath. Besides, bacilli engulfed by
inflammatory cells are more difficult to see.
Some investigators recommend new im-
munostaining techniques 10 reveal the ba-
cilli, particularly the intracellular ones
[34,35].

Meningeal involvement was found in a
few cases in the form of non-specific con-
gestion (mainly} and Icukocyte infiltration.
Onc casc had subarachnoid haemorrhage,
A case of anthrax accompanied by sub-
arachnoid haemorrhage has been men-
nigned in the literature {34),

The adrenal glands showed non-specif-
ic signs of septicaemia, congestion and
haemorrhage and were rarely infected di-
rectly by the organism. Involvement of the
kidneys was notably non-specific among
our cases, showing congestion and haem-
orrhage of the parenchyma.

Nearly all cases died soictiing after an-
tibiotic treatment was started, so the rate of
organism cultivation was low, since Bacil-
lus anthracis was sensitive to most antibi-
atics currcnt at the time [/5,716]. It has
been reporied that culturing before 2i
hours of antibiotic therapy yiclds the organ-
ism in nearly all patients [8).

Conclusion

Although there have been great advances in
v knowledge about the pathogenesis of
anthrax in recent years, more tesearch is
still needed. Qur review of autopsy findings
was consistent with previeus experimental
repoits, Flowever, we vbscived manifesta-
tions of anthrax in some organs not previ-
ous discusscd, such as the spleen. The
major findings were an ARDS-pattern of
pulmenary involvement and a primary in-
volvement of gastrointestinal tissue includ-
ing the stomach.
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