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3 . Precis

A critical evaluation of the curreatly recdmnended treatments of
cutaneous, inhalation, and gastrointestinal anthrax s presented with an
hiscorical perspective. . The {mportance of early diagnosis and specific,
vigorous therapy, started on suspicion alone, is emphasized. Although

Bacillus anthracis is sensitive to sulfonamides and many broad-spectrum

antidiotics, the dfug of choice is currently peniéillln. For the treatment cf
eepticeﬁic anthrax, thisvs:udy recommends the use of specific anti-anthrax
serum to neutral;ie circulatiﬁg toxin, as an adjunct to bactericidal
antibiotics. - It 1is aiso tecom‘ended that in cases of known anthrax expcaure,

penicillin prophylaxis should be coupled with vaccination to prevent latent .

infection.
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Treatment of Anthrax in Man

Introduction. Anthrax {s a zoonotic disease caused by the Gram-positive,

nonmotile, spore-forming rod, Bacillus anthracis. Although it is primarily a

'

disease of herbivorous animals, especially cattle, sheep, horses, goats, and

wild herﬁivores;'practically all animals are susceptible to some degree.
Ounivores, such as man and swine, and carnivores, such as dogs,-pbsaess

- greater na;ural resistance to anthrax infections than herbivores. In an
‘1nfectéd énimal,_virulent strains of g} anthracis produce a capsule composed
of a high molecular wgight polypeptide of poly-b-glutamic aéid (L, 2), which‘
* acts as.an aggressin by inhibiting phagocytosis (3). Virulent scrains also
proddce é.protein exctoiin composed of protecti{ve antigen, edema factor, and
lethal factor (4).

Cutaneous anthrax is generally acquired through a minor scratch or
abrasion of the skin by‘direct contact with infected animals or.animai
products. It can also be transmitted by biting flies which have fgd on the
carcasses of.animala ;hat have died of anthrax (5). ,Most cages of inhalation
anthrax result from the inhalaﬁion of spofes'bf B. anthracis during the

procesaing pf goat haif aqd wool. Gaséroihtegtinal anthrax isvcaused sy the

eonaumption of {nadequately cooked conf;nlnatéa oeat. Tteaiments of the three
primary forms of the disease (cd:anequs.-lnﬁalgtlaﬁ. and_gantrointestinal)'and
'qécondary qomplicationn-(septiceniﬁ and meningitis) will Sq diacdpsed in cdrn.

It ia_escimaced'thac cﬁete‘arn»between 20,000 and 100,000 cases of human
' anth;ax occurring aﬁﬁuaily ;ﬁ;bughont the vor}d (6, ?). Only a fraction of )
human cases of cutaneousvanchrax'recelve;yedical attention, so the true
iugidence of anthrax in maa t; difficult to establish. More than 6,000 cases

of ‘anthrax in humans occurred in Zimbabwe bﬁtuign October 1979 and March 1980
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(8, 9). The distribution was reported to be: 90Z cutaneous, 5% pulmonary, 5%
gastrointestinal, with less than 1% meningitis. In'April 1979, as many as
1,000 people_died of 1nhala;10n anthrax in Svetdlovék, USSR (10, 11).

The incidence of anthrax in man has been reduced through vacéination of
lives;ock in endemic areas, using viable spores of the avirulent,
noncapsulated Sterne strein (12) of B. anthracis, and through improved methods
of disinfecting goat haiz and wool imported from the Middle and Far East
'(13).‘ Wright and others developed a. chemical vaccine (14, 15), Conbiscing'
primarily of<a}uminun hydroxide;adsbtbed protective antiéen, for workers who
are occupatiounally exposed to anthrax. In the USSR, in addition to the
chemical vaccine, a live anthrax spore vaccine (STi) has been widely used for
prophylaxis against anthrax in both people and animals (16). Th; STI strain,

developed by N. N. Ginsburg and A. L. Tamarin at the §gnitaryfzgchnical

Institute in 1940, is a capsule-free variant of B. anthracis, eimilar to the

Sterne veterinari vaccine strain (17). ‘As many as 2 million people per year
i{n cﬁe USSR‘hsve been 1nnunized'aga1nsc anthrax. Immunization with protective
antigen followed by a booctet of 1live vaccine ptoduces an enhanced immuaogenic
effect in experimental animals (18)..

Cutaneous Anthrax. 'The cutaneous. fora pf anthrax, which accouants for 90

“to 95% of ill,reportedﬂcases-of anchrax (n hunaﬁs. takes the fdtn~o£ a

localized, painless, central black eschar with outroudding“edena. To describde

this lesion, the Greek word for coal, 'aqtﬁra:‘, vas used; the French word for

' anthrax is “charbon”™ which also means coa;; The most common sites for the

eschar are exposed areas of the hesd, neck, hands and forearsm. Although the
black eschar 1s often raferred to as a "malignant pustule”, it 10 aeither
ncllgnan: nor pustular. Unlike a boil, pus {s never present, uniess there 1s

a rare secondary ilafaction of the leston by pyogtnlc'organtsnn.
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Cutaneous anthrax ig generally a self-limiting process, and the lesions
heal spontaneously in 80 - 90X of the cases. However, untreated cutaneous
anthrax can be éssopiace& with malignant edema and can progress to septicemia,
shock, and renal failure, resuiting in dgath in 10 -~ 20% of the cases. Early
diagnosis and treatment with éenicillin allow for an essentially 100%Z cure

ratee.

Before the advent of antibiotics, treatment of cutaneous anthrax was

primarily directed at the destruction or removal of the external lesions by

chemiéals, cauterization.aﬁd excision.  Injection of anti-anthrax serum around
the legion was determined to be ineffective and was discontinued by 1932
(19). Local application of pintments cont#iniug antimicfobics has no
effect. Excision and surgical tampering with cutaneous iesions.ate not
currently.recommended because they may lead to an inCenaificQtion of ;he-
symptoms and possibly to the séread of infection to the surrounding tissues.
The use of streptokinase to digest the eschar, and the local applicatioh of
tincture of iodine or phenol {3 also contraindicated. The cutaneous lesions
shouldlbe kept clean aqd coéefed; soiled dressingg Qhould be placed {n a
polyethylene baé until autoélaved or.lncineréfed. |

Dubourg and qury (20) claiﬁed to have c#fed a patient with cutaneous.
anthta* by baétzriophage thefapy4 They di@ not ;taéa thé source of the phage
which was injected around the ;ésion. The possiblg“value of ba;tetiophage as
a therapeutic ;gegc fof anthrax was more thoroughly ;nveitigat§§ ia animal
studies and fouand to be ineffecttvq.-even vhen mixed vith the cells before

injection (21).

Of historical interest, radiological tredtment has been described bdy

" Ri{ebeling (22) in fitteen cases of cutaneous anthrax vith maligiant adema.

Three of these patients had previously been tfeated vith penicillia with no

*
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improvement. Small doses of moderately penetrating x-rays were given daily,
usually to several fields. 1In all cases described, thetre was rapid
improvement ia both the iocal and -eneral condition. ﬁowever, there was>no
long-term follow—up to check for complications incident to treatmentf

There are early reports of the ;uccesaful use of arseric preparations in
the treatment of anthrax. This arseno-therapy included tire use of mapharsen
(oxophenarsine hydrochloride) and neosalversan (23), btut the most satisfactory
and widely useﬁ arsenical was neoarsphenamine (19, 24).

A number of sulfa-drugs have been used for the treatment'of anthrax,’
including ;zosultamide (Neoprontosil), sulfadiazine, gulfanilamide, '
sulfamerazine, sulfapyridine, and sulfathiazole (23). Sulfathiazole was the
mo;t widely recommended sulfonamide used for treating anthrax septicemia and
was listed as the treatment of chéice by Gold in 1942 (25).  Hena;ur1a.
urticaria, and dermacici; vefe encountéred as common adverse reactions to
sulfathiazole therapy (26).

One year after the discovery of penicgllin, Fleming demonstrated its
effectiveness against anthrax. in 1944, Murphy, La Boccetta, and Lockwood

renort. 4 the first successful use of penicillin in treating aanthrax in humans

 (27). Various infecting strains of B. anthracis differ in their

susceptlb(lity to penicillin. In mild, uuconplicated caaes. potassium
peaicillin V acministered orally (7.5 mg/kg bdody wnight every 6 he for five to
seven days) is sufficient (28). In most patients under penicillin trgataenc.
the cufaneoup anthrax lesion wtil'be sterilized withia 6 'to 24 hf.‘_ﬂouever.
in oni instance, the otgaaisi was {solated 60 hr after treatment had commenced
and after thc patient had recelved s cotul of 3,300,000 units of peuicillla
(29). wt:h more exteasive dtoease. intrauucculat ptocaiue penlclllin G (10 ng

{17,000 units]/kg body waight cvcry 12 he for five to seven days) Ls

recoamended (30, 31). 1In severs cases associated vi:h ualtanaat cdenn ef the




thoracic wall and neck, resulting in diffi;ulty with respiration, intravenous
hydrocortisone (100 - 200 mg/day) is recommended in addition to penicillin
(32). In cases ﬁith respiratory obstruction from pressure of the edematous
tissue on the tfachea or larynx, tracheostomy is required.

In treating penicillin-;ens;:ive patients or patients fafected with a
penicillin-resistant strain of B. anthracis, cures have been reported with
sulfonamides and many broad spectrum antibiotics. Excellent results in thé
treatﬁent'of cutaneous anthrax have been reported with chlortetracycl:ne,
erythromycin, tetrécycline, oxytetracycline, and streptomycin (33, 34). 'The
dosages vary depending on the extent of edema and toxicity. ‘ChIorhmphénicol
has also been used in the treatment of cutaneous anthrax, but in some cases
this therapy 1is not succe:sful (9). Polymyxin and neomycin are not eéfective
{35). Oral tetracycline (3.75 mg/kg body weight eve;y 6 pt for five to seven.
days) is curtentiy recommendedAfor patients who cannot take pen?cillin (28,
36).

Inhalation Anthrax. Inhalation anthrax (Woolsorter's disease), which ’

accounts for about 5% of all human anthrax cases, is difficult to diagnose and

virtually always fatal, even with vigorous antibacterial therapy (37, 38).
Fulminactng cases have an onset of chills and-high fever, rapidly devalb#ing
vascular collapse, and pulmonaty edema, 1ead1ng to death within 24 to 48 ht.}
In some cades, the fulninan: phase ig preceded by 1 ¢to 2 days with nonspecific
flu=-like symptouns (30, 39). If tnhalatioa anthrax is suapectpd; chest x-rays
should be examined for a b&mmetricnl widening of the uppét\tun thirds of the
mediastinum as an 1ﬁd1cation of mediastinitis (40).

Tteatment should Se started on suspicion alone. Recovety of bacilli from

the blood stream of patients with sapticemia usually comes too late fot

.therapeutic pntposec (41).
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Intravenous penicillin C given by cdntinuous drip (50 mg [80,000
"units]/kg body weight in the first hour, followed by 200 mg [320,000 units]/kg
body weight/24 hr) has been used succeésfully in cases of inhalation anthrax ?i
when therapy was begun earlv (28). Streptomycin, 1 to 2 gm/day, given l;;
-3

intramuscularly, may have a synergistic effect when combined with penicillin
(42). Erythromycin, 1 to 4 gm/24 hr via continuous drip, is an alternate

therapeutic regimen. However, even with appropriate dosage of antibiotics

L]
i
A

which sterflize the blood, the prognosis is extremely poor (37). Studies with

T
PO

éuinea pigs have demonstrated that once the bacteremia reaches a critical
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value of 3 x 10% cfu/p1 ui “lood, or 1/300th of the terminal concentrationm,
eradication of the B. anthracis iufection will aot prevent a fatal outccme due

to toxemia (43, 44). This is probabiy also true for human patients with
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septicemic anthrax. In well-established septicemic anthra=, it i=n poésible

s a.

1 B

that penicillin could cause the sudden releas: of toxin which would accelerate

death.
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Fortunately, the aevrosol infective dose is relatively high for man. Air
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sampling in animal-hair mills‘has shown that nonimmunized workers inhaled
between 150 and 700 anthrax-contaminated particles, qi;hla diameter of 5
‘aicrons or less, during an 8~hr shift. yet clinfcal anthrax was very rare in

these aills (45, 46). Carr and Rew (47) recovered B. anthtacis fron the nose

PO BRGNS I &

and phatynx of 14 of 101 healthy vorkers in two goat-halt mtlls.
Henderson et ‘al. (48) examined the usefulness of penicillin as a
ptOpﬁylactic and found that penicillin traeﬁngat dld‘erven: the oaset. of . . o~
‘puluonaty anthfax in monk?yu ;Etet aerosol challenge. - However, th; ma jority
of the inhaled spores reﬁained {nactive oan lung epithelium and when the
§eu1c1111n treatment Qal tecminated, the animals developed anthrax and died.

Combined pentciilin and vaccine prophylaxis was effective. Penicillia




prophylaxis gave the host sufficient time to allow effective immunity te
devélop by vaccination cormencing after exposure t¢ ianfectfon.

Intestinal Anthrax. Intestinal anthrax is very rare in man and has never

been documented in the United States (49). Most cases of iniestinal anthrax
result from éating insufficiently cooked meat from anthrax-infected animals
(50). 1In less-developed countries it i- common ptaétice to keep animals
within the walls of the yards to plééent theft or to protect the flocks froﬁ
predators. Animals which show the first signs of disease are commercially
utilized. After ingestion of contaminated meat, the bacf{lli are inactivated"
in the acid gastric juice, but.the spores remain viable and germinate in the
small intestine. An oral-oropharyngeallform of human anthrax resulting from
the ingestion of raw or undercooked meat of infected animals has also been

descridbed (51).

Symptoms of gastrointestinal anthrax include nausea, vomiting, fever,

L

abdpmindl pain, andlin some cases bloody diarrhewu. Clinically, it can mimic

" bleeding peptic ulcer, peritonitis, acute gasﬁrcenteritis, or nechanical

obsttuctiﬁn (52). Tn some patients, diarrhea may pfedomtnaté’aud fluid loss
through the bowel way reach the proportions offéholera with resulting
hemoconceantration, massive plasma loss and renal failure (‘3)
Gastrointestinal anthrax is associated with a 25 = 502 :atality. Hbvéver,
yhen intestinal anthrax causes eschar formatiqn with surrounding ede;n of the
1ntesc1n§1 wail. it is ;1mosc aiwayg fatal (54).

Successful management of {ntestinal authrax depends Sn early diaguosis »
and eﬁficient, vigorous therapy.. Howevei, clinical dtagno;ta is extremely
difficult inésQ‘it is known that {nfected meat has been eaten (55).

In addition to fiuid replacement aad other sugpottivc therapy. patients

with gastrointestinal aathrax should be given penicillia by intravenous
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1njectio§ according to the regimen dzscribed for t:éating inhalation

anthrax. Tetracycline has been reported co‘be effective in treating some
cases; the recommended dose is 1 gm intravenously every 24 hr. Intesﬁinal
perforation or inteétinal obstruction can develop during late stages of the
diséase, requiring surgery. Prophylactic antibiotic taerapy is recommended if
it 1s known that contaminated meat has been ingested, or if B. aﬁthracis has
‘been inadvertently injected beneath the skin. 1In these cases, intramuscular
administration of aqueous penicillin G (17,000 units/kg) should be givén every
12 hr for five to seven days and the'patient placed under nurveillgnce for 10
.days (28),

Meningeal Anthrax. Meningitis is a very rare complication of cutaneous,

" {nhalation, or gastrointestinal anthrax. With anthrax meningitis, the regimen

described for treating inhalation anthrax should be used tn‘addition to

supportive measures. However, even immediate treatment with high-dose
penicillin is generally ineffective. o ’ . :f
Haight (56) revieved‘70 cases of anthrax meningitis reported 1# the Ek
literature, and Levy et ai. (57) havg described f;ve recent cases of anthrax fi
meningitis in Zimbabwe. ﬁevy et al. (57) reported that immediate treatmen: of ‘ ii
patients showing clinical evidence of meningeali involvenedt withvin;tavenoﬁa i;
penicilliin, 5 million units every 6 hr, chlorampheqicol 500 mgs every 6 hr and 3
sulfadiazine 1 gm every 6 hr, was {neffective . ;;
Chsfac:oriatié featurcs include hemorrhaglc neniugi:is;with iutracrcalil ,ii
arteritis #ud tapid_ptogreiciou from onset of {ufection to death. The averags - ij
duration of {llness is two to four days (57). Tﬁe terainal phase is ’ i;
accompanied by a state of secondary sﬁock which becomes {rreversible about 38 Ei
hr before déath. Once features of.nnningi:is are avident, Jelth ulualiy ij

" follows within hours.
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Shanahan et al. (58) reported a case of anthrax meningitis wkizh was
successfully treated with 500 ml of'anti-anthrax serum, 28 gm sulfadiazine,
110,000 units of penicillin intraspinally, and 4,400,000 units ofypenicillin

intramuscularly.

Anti-anthrax Serum Therapy. Prior to the development of sulfonamides and

antibiotics, anthrax was treated by a combinatior of antiserum and arsenicals.
(59, 60). In 1903 Scalvo first reported on the successful treatment of
anthrax with serum therapy. The use of passive immunization was a
considerable therapeutic advance in the treatment of authrax and rémained the
most effective treatment for anthrax until the advent of aﬁlanamide'
cﬁemotherapy nearly forty years later. The usé of gerum treatment iqwered the
mortality from anthrax in Italy from 24% to 6% (61) and froﬁbksz to 4Z in
Creat Britain (23, 62). ) _ _ . .o

Desages of 250 to over 1000 ml of anti-anthrax serum vere recommerded
(63, 64). Applications were generally intrawmuscular, vhiig-advanced cases
requiring rapid efficacy were treated incravéncusly- The aﬁthtax hyperimmune
serum was obtained from horses, cattle, gsheep, donkeys, and'mﬁles. Although
effgctive, prolonged morbidity from severé anaphylactlc'reac;ions was a
recurreat problem. Boyine'setum offered tﬁe advﬁntage of causing serum.
Qicknegs ieas frequgntly than'equine serum.

Since the advent of antipiotics. méd;cal treatment of-aﬁchtgz has focused
on the destruction of the bacillus and on symptomatic supfort. " The use of

anthrax aatitoxir has been {gnored, and anthrax antiserum {s no longer

qohnercially available {n tha United States. Lincola et al. (GS)Iuoted that

anthrax antiserum, available to veterinarians in England; Wales, and Scotland
fot'tréating animals, may also be uséd for humaa infestion in the absence of

wore refined material,
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Recent advanees 1nwout'understending of the cellular effecﬁs of anthrax
toxin (66 - 67) and the finding that anthrax toxin is plesmid-medieted (G. B.
Knudson, B. Ivies, and P.'Mikesell, Abstr. Annu. Meet. Am. Soc. Microbiol.
1982, K29, p. 118) (68)-have.reemphésized the fact that anthiax is a toxigenic
disease. In well-established septieemic.anthrax, it is possible that
penicillin could cauee fhe sudden release of toxin (53). The use of specific
anti-anthrax serum, whiqh‘eould neutralize circu’ating toxin fhat has not
become irreversibly fixed, as an adjunct‘to antibiotic therapy, 1s a rational
approach to ;he'tfeetnent of generalized anthrax infections; Lincoln end Fish
(4) have suggeste& that antisera specific for edema factof and lethal factor
combined with a protective antigen.toxold, which is 1nnunologically active but
nonlethal when conbined with lethal factor. would be useful in the treatment
of anthrax.

Complicating Factors in the‘Tceatment‘and Prevention of Anthrax. In a

recent review of plasmid~determined drug resistance (69) it was concluded that,
it i{s most likely that bacteria will evolv~ resistance to most, 1f not all,
antibiotics with vﬁich they are challenged. The,raﬁldity with which Sacteria
adapt to ant‘nlcroﬁialldfugc is 1-prescive.‘ Seroproehylaxis and - serotherapy
will be 1mportant £1 cases where B. anthracis fs resistan: to the normally
‘appllcd antlbiottcs. | |
Immune deprc-oion fro- 1on1:1ng radiation increases :hc aulceptibility of
T a ﬁo-c to anthrax infection (70). Irradlattou.can also result in an earlier
leptleella by the release of hhegocytizid bacllit vhleh were cretained by tﬁe

reticuloendothelial system (71).
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ﬁalnutricion, particularly lysiné deficiency, is a'pre&isposing factor
for anghtax 1nfec£ion (72). 'A population with a'staple diet of bread and ricev
would be more suséeptible to anthrax than a population that includes animal
protein in their diet‘t53).'

The addi;iqnxpf surfaée—actiye agents, lung irritants, or immuno-
suppressiv; cﬁemicals-to anthrax spore‘aetosols decreases the number of spores
required.to cause-ihféction. Detergents used in the indﬁstrial.scouting of
gqat.hair have béen shown tO'enhancé the re;pltatory virulence of B. anthracis
spores by Qsjmucﬁvas‘lo-fold (45, 73). The ;ddition of egg yolk enhances the
viruience'of.Q, anthracis spores injected inttaperitone;lly in‘a variety of
host animaié; the spores ge;minate and form capsules more rap1d1y7(74, 75).
There 1s avdecreaééd time to septicemia and death if hydrocortisone is '
administered with the spores (65).

4 Little and Knudson recently reported that the alumfptecipitated
pro‘ective éntigen v;ccine, which is currently used to protect workers ghp are
occupationally expo;ed to énthrax, protects guinea pigs from a challenge with
the spores of the Vollua strain of B. anthracis, but is much léss effective in
protecting animals ghallenged with an equivalent nuhber of spores from certain
other strains ﬁf 25 anthracis'(s. F. Little and G. B, Knudson, Abscr..Annu.
Meet. Am. soé. Microbiol. 1984, Bl71, p. 66);.'Iﬁnun1ty to anthrax 1{s not an
all;or-none'type of ;esiutancg but rather a graded response. The Vbliuu
strain of 2:'anthraéio can.ovétwheln iomunized anisals if a sufficiently large
: ;pore-éhallenge'ts uied.‘ If these reguics can. be excr;polated to man, then we
cdn expect chac the chemical vaccine will not protect people against all

strains of K, inthracis or against very'high aerosol concen:tations.
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Summary and Future Ditvections. Cutaneous anthrax, which 1s the most

common fora of the disease in man, 1is also the easiest form to recognize and
to treat. Localized c.tan2ous anthrax responds readily to penicillin alone or

in combination‘w4th streplomycin. TéLtacycline can be used with patients who

‘cannot take penicillin. Penicillin is also the drug of choice for inhalation

and gastroiatestinal anthrax. These forms of the disease are more difficult
to diagnose and have high fatality rztes. Antibiotic treatment alone 1is
generally nof successful once massive septiceﬁia'has developed. Even .
<ppropriate antibi&tic therapy'whicﬁ steriiizes the blood will generally not
prevent a fatal outcome due to toxemia. Specific anti-anthrax sercva, whiéh is
presently the only xnown neutralizer of nonbound anthrax toxin, should be
employed, in conjunction with bacteri:idal antibiotics, in treating cases of
septiceaic an;hrax. However, anthrax antiserum is no longer commercially -
available in the United States. Penicillin can be given as a proohylactic ‘n
cases bf known anthrax exposure. To prevent latent infeciion, pénicillin
prophylaxis should be coupled with vaccination. |

Although anthrax: 1s an ancient Aisease about which we have learned a
|

great deal since the days o{ Robert Koch and Louis Pasteur, B. anthracis is

8till présenting_ﬁs with challenging medical problems. Current reaea;ch on

B. anthracis genetics is providing answers to questions concerning toxin

production and the molecular mechanisms of toxin activity in the host.

- Studies dealing with the evaluation of the.pro:ective efficacy of uonoélonal

antibodies, the application| of recombinant DNA teéhnology to the.cloning of
toxin components, and the development of blodegradable microcapsules for
sustained release of vaccines, promise to advance our ability to prevent and

to treat anthrax infections|in man.
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“eeeand it shall become fine dust over the land
«f Egypt and become boils breaking out in sores

in man and beast throughout the land of Egypt.”

(Exodus 9:9)
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