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Anthrax is a fatal zoonotic disease and the acute risk associated with it cannot be underestimated. Cutaneous
anthrax accounts for more than 95 % of anthrax and usually does not lead to death. We present a case of severe
cutaneous anthrax treated with a three-day course of combination antibiotics therapy, which culminated into
death due to multiple organ failure. The patient did not exhibit symptoms suspected of meningitis anthrax and

pulmonary anthrax. Computed Tomography revealed subcutaneous exudates in the chest, back, left supra-
clavicular fossa, and bilateral axillary regions. Some newly factors, like hypotension, elevated creatinine,
acidosis, and a urinary tract infection, provide valuable insights into the clinical intervention in early. In rural
areas, educating residents about anthrax symptoms and risks is crucial.

Background

Anthrax is a zoonotic disease caused by Bacillus anthracis, a Gram-
positive, spore-forming bacterium that poses a significant threat to
both livestock and humans. The bacterium harbors two plasmids, pXO1
and pX02, which encode key virulence factors. Plasmid pXOl is
responsible for producing the anthrax toxins — such as protective anti-
gen, lethal factor, and edema factor, while pXO2 encoded the capsule,
escaping the host’s immune system [1]. These gene products are key to
the offensive (toxin) and defensive (capsule) mechanisms [2]; they are
the primary virulence factors that determine the bacterium
pathogenicity.

Globally, about 1.83 billion people (95 % confidence interval (CI):
0.59-4.16 billion) are at a risk of contacting anthrax due to their places
of residence [3]. The primary mode of infection is through contact with
an infected animal or the contaminated animal products. There are three
forms of anthrax namely: cutaneous, intestinal, and pulmonary anthrax.
China recorded a total of 1244 human anthrax cases between 2018 and
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2022, with cutaneous anthrax constituting 98.4 % of these cases [4].
Research indicates that timely treatment of cutaneous anthrax results in
positive clinical outcomes, which reduces its fatality rate to under one
percent.

We present a case of severe cutaneous anthrax treated with a two-day
course of combination antibiotics therapy, which culminated into death
due to multiple organ failure. The clinical progression and unique traits
observed provide vital insights for healthcare professionals in the pre-
vention and treatment of anthrax infections.

Case presentation

A 44-year-old male farmer from North China reported at the hospital
at 7:54 PM on October 15, 2022. The patient presented with signs
including localized redness and swelling on his neck and chest (Fig. 1A).
His medical history indicated allergic reactions to penicillin drugs and
over 20 years of smoking and daily alcohol consumption of 150 mL.
Notably, the patient reported cessation of alcohol consumption.
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In the emergency department, the patient reported being in good
physical condition before sustaining a neck injury from grass while
conducting fieldwork two days earlier. Subsequently, a localized bulge
with erythema and fluid exudation developed. Notably, the wound did
not form a vesicle and the patient did not seek medical attention at that
time. One day before reporting to the hospital, the patient, along with
others, slaughtered and consumed meat from cattle that had been gored
to death. The others did not suffer from any illness. Following this, he
experienced pruritus and pain in the left neck and anterior chest, along
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with purulent discharge from the wound. At 7:48 AM on the day of
presentation, a rural physician administered a 30 mL dose of Qingkail-
ing. The condition of patient did not improve, with increased redness
and swelling in the anterior chest.

The patient was alert and cooperative upon admission, exhibiting no
fever, cough, hemoptysis, or dyspnea (Fig. 1B). Vital signs recorded were
as follows: body temperature of 36 °C, heart rate of 122 beats per minute
(bpm), respiratory rate of 22 breaths per minute, blood pressure of 66/
44 mmHg, and blood oxygen saturation (SpO3) of 90 % while breathing
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Fig. 1. A. Timeline of the clinical course of the patient and identification of the causative pathogen; B. Characteristics of patients in the emergency department; C and
D. The photos of patient’s lesion; E and F. Computed tomography of chest scan showed widened mediastinal shadows and multiple infections; G. The vital laboratory

results for the patient at varying time points.
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ambient air. Mildly coarse bilateral lung sounds were detected upon
auscultation. Laboratory examination results revealed elevated C-reac-
tive protein and lactic acid, mild leukocytosis, hyponatremia, an
increased neutrophil ratio, elevated creatinine, along with normal blood
urea nitrogen (BUN) and chloride levels. Physical examinations revealed
redness and swelling of the anterior chest skin, along with a thorn-like
wound on the left neck (Fig. 1C and D), with no evidence of papules
or vesicles.

Nucleic acid testing produced negative COVID-19 results. Subse-
quently, computed tomography (CT) scanning of the chest was con-
ducted with the results indicating widened mediastinal shadows and
multiple infections. The trachea exhibited a mild rightward displace-
ment due to compression (Fig. 1E and F). Observed lesions included
subcutaneous exudates in the chest, back, left supraclavicular fossa, and
bilateral axillary regions, along with enlarged mediastinal lymph nodes.

The patient was admitted with sepsis and skin infections and
received empirical treatment with levofloxacin and piperacillin-
tazobactam sodium in the emergency department. Due to a blood
pressure of 80/40 mmHg, dopamine and norepinephrine were admin-
istered to elevate the blood pressure.

At 5:22 AM on October 16, the patient exhibited mild shock with a
blood pressure of 70/40 mmHg. Subsequently, the patient was trans-
ferred to the negative pressure isolation unit within the Intensive Care
Unit (ICU). Throughout this period, the patient remained conscious and
demonstrated adequate limb movement, as well as absence of fever,
significant chest pain, or respiratory distress. The patient experienced
nausea and vomited three times, expelling stomach contents; Stomach
contents could not be determined to be contaminated meat; Addition-
ally, the patient experienced abdominal pain but without diarrhea.
Laboratory examinations revealed elevated white blood cell and
neutrophil counts, while lymphocyte levels were normal (Fig. 1G and
Table S1 in supplementary file). Sodium levels were slightly decreased,
while potassium levels were mild increased. And C-reactive protein
levels were significantly increased, with C-reactive protein reaching
172.75 mg/mL. The B-type natriuretic peptide precursor (PRO-BNP)
was recorded at 141 pg/ml, indicating a heightened risk of heart failure
(Table S2). Cholinesterase levels were decreased, while BUN and
creatinine were elevated (Table S2). The D-dimer levels were signifi-
cantly increased and the antithrombin III ratio decreased, along with a
slightly extended prothrombin time (Table S3). Arterial blood gas
analysis revealed a slight decrease in pH and carbon dioxide (COg)
partial pressure, along with a significant increase in lactate levels
(Table S4). Interleukin 6 (IL-6) was recorded at 934.30 pg/mL. Routine
blood urinalysis indicated a significant increase in white blood, red
blood, and epithelial cells, along with elevated levels of urine crystals
(X-TAL) (Table S5), suggesting a urinary tract infection.

The patient received a sequential administration of pantoprazole
sodium, meta hydroxylamine bitartrate, methylprednisolone succinate
sodium, and meropenem. The medications were aimed at protecting the
gastric mucosa, inhibiting acid secretion, elevating blood pressure,
replenishing body fluids, mitigating the degree of shock and infection, as
well as maintaining proper organ function, acid-base balance, and
electrolyte levels.

PCR analysis produced negative results for six pathogens, including
influenza A and Mycoplasma pneumoniae. On October 16 at 12:32 PM, the
report from the local Centers for Disease Control and Prevention (CDC)
indicated negative results for nucleic acid from skin secretions and an-
tibodies of the serum samples of the patient linked to anthrax infection.
Despite these negative results on the patient samples, the CDC results
confirmed that the samples from the deceased cattle tested positive for
B. anthracis nucleic acid, supporting the clinical diagnosis of cutaneous
anthrax.

Subsequently, at 13:44 on October 16, the patient received human
blood albumin, heparin sodium, and methylamine bitartrate. After the
treatment, arterial blood gas testing, at 3:48 PM, indicated normal pH,
low total CO; levels, and significantly elevated lactic acid levels (see
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Table S4). These results indicated a significantly combined metabolic
and respiratory acidosis. The condition of the patient did not improve,
exacerbating into a shock, which led to the initiation of vasopressor
therapy. Additionally, the patient underwent oxygen therapy and was
intubated due to acute hypoxemic respiratory failure; the patient was
administered continuous intravenous antihypertensive medications.
The patient was continuously monitored with the subsequent results
exhibiting a heart rate of 123 bpm, blood pressure of 123/79 mmHg,
and blood oxygen saturation (SpO3) of 100 %.

The patient’s results indicated a potential of cutaneous anthrax and
septic shock. The patient was transferred to a specialized hospital late at
night. The vital signs recorded at the time of transfer included a body
temperature of 36.2 °C, pulse of 150 bpm, respiratory rate of 33 breaths
per minute, and blood pressure of 125/94 mmHg. The patient was un-
conscious, exhibiting flaky, red, and swollen skin, accompanied with
exudates. The surrounding area had a texture reminiscent of grasping
snow. Additionally, cyanosis was present in the oral cavity, lymph node
swelling, or lower extremity edema. The strength of the patient’s neck
muscles is weakened, and the head cannot actively stabilize. He was
received treatment comprising imipenem and cilastatin sodium, moxi-
floxacin to address inflammation, and assisted ventilation via an inva-
sive ventilator.

At 7:18 AM on October 17, the patient’s pulse was 139 bpm, and the
respiration rate was 31 breaths per minute, with undetectable blood
pressure and SpO,. Laboratory examinations revealed a prothrombin
time of 32.07 seconds, a partial thromboplastin time of 173.86 seconds,
a pH of 7.113, and a potassium level of 7.17 mmol/L. Notably, since
admission to the specialized hospital, the patient presented with anuria
and elevated creatinine, alanine aminotransferase, and glutamic oxal-
acetic transaminase levels (Fig. 1G). The patient received treatment
which included assisted ventilation, fluid infusion, glucose management
with an insulin pump, vasoactive medications, parenteral nutrition,
intravenous administration of omeprazole, imipenem and cilastatin so-
dium, and moxifloxacin.

At 1:44 PM on October 17, vital laboratory values included a pro-
thrombin time of 68.75seconds, partial prothrombin time of
180.44 seconds, and potassium level of 7.34 mmol/L. At this point, the
patient exhibited infection, altered consciousness, hypotension, hypo-
thermia, anuria, abnormal blood coagulation, elevated liver enzymes,
hyperkalemia, and lactic acidosis. To eliminate the toxins and restore
water, electrolytes, and acid-base homeostasis, continuous bedside renal
replacement therapy was recommended; additionally, further recom-
mendation involved complete plasma exchange. The local CDC reported
that the sample from the patient tested positive for anthrax using PCR,
with further validation of the PCR products conducted through
sequencing, resulting in the ultimate diagnosis of cutaneous anthrax.

Despite maximal support and resuscitation after admission, the
condition of the patient deteriorated, resulting in multiorgan failure and
subsequently death. Over the few days, B. anthracis strains were noted
from the skin exudate of the patient (Figure S1 in supplementary file).

Discussion and conclusions

The case illustrates the progression of acute cutaneous anthrax.
Notably, the patient presented without typical early-stage signs, such as
papules, vesicles, or ulcer lesion and lacked associated symptoms such as
fever (possibly influenced by Qingkailing medication) and headache [5].
The patient exhibited leukocytosis, elevated C-reactive protein, an
increased neutrophil ratio [5,6], and unusual symptoms like hypoten-
sion, tachycardia, dyspnea, elevated creatinine, acidosis (characterized
by hyperkalemia and elevated lactic acid), and a urinary tract infection.
These unusual symptoms complicated the early diagnosis, thereby
delaying intervention at the county and township-level hospitals.

The patient experienced a rapid onset of the anthrax, which culmi-
nated into his death, potentially due to two key risk factors: excessive
alcohol consumption and vulnerable wound location. Excessive alcohol
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consumption impairs alveolar macrophages [7], the primary defense
against B. anthracis [8]. The location of the wound is critical in the
treatment of the disease, with most cases of cutaneous anthrax occurring
on fingers, arms [9], and or the eyelids [9,10], with treatment often
involving antibiotics. In this case, the location of the wound on the neck
facilitated direct entry of the bacteria to the bloodstream, rapidly
affecting the central nervous system. The infection increased D-dimer
levels, risk of heart failure, organ insufficiencies, hypotension, lactic
acidosis, oliguria, disseminated intravascular coagulation (DIC), and
septic anthrax. The case eventually developed systemic anthrax with
gastrointestinal introduction and skin lesions. These effects collectively
resulted into multiple organ failure and ultimately death of the patient.

The patient exhibited intolerance penicillin, necessitating the
modification of the treatment to include levofloxacin in combination
with piperacillin and tazobactam sodium. Management of anthrax,
caused by B. anthracis, should include bactericidal antimicrobials and an
antitoxin, given that accumulation of toxins exacerbates the disease.
Currently, three antitoxins have been approved by the U.S. Food and
Drug Administration (FDA): anthrax immunoglobulin, raxibacumab,
and obiloxaximab [11]. Unfortunately, rural hospitals may lack access
to these critical medications. In addition, inadequate targeted treatment
prior to diagnosis and a lack of knowledge among doctors in rural areas
regarding the treatment of severe anthrax may contribute to the sudden
deaths of patients. Furthermore, A regimen of antibiotics combined with
protease inhibitors was not used.

Our investigation found that most anthrax outbreaks are associated
with livestock contact, especially through slaughtering, skinning, or
consumption of undercooked meat. This highlights a lack of awareness
about anthrax prevention, which is further worsened by financial bur-
dens on the affected individuals. Consequently, in rural areas, educating
residents about anthrax symptoms and risks is crucial, and it should be
conducted along with enhanced compensation programs for related
losses to improve prevention and control efforts.

In conclusion, anthrax infection developed rapidly. The case even-
tually developed systemic anthrax and the death of patients. Some newly
symptoms, like hypotension, elevated creatinine, acidosis, and a urinary
tract infection, maybe provide evidence base into the clinical interven-
tion in early.
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