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Abstract. The present study describes the case of a patient 
with anthrax meningoencephalitis with the aim of providing 
a scientific basis for the control of this disease. The cere‑
brospinal fluid and blood of the patient were tested for 
genes and Bacillus anthracis was detected. The patient's 
meningitis was cured following treatment. Tracing the route 
of infection, anthrax was detected on the chopping board of 
the rural cattle and sheep butcher shop where the patient had 
purchased meat. In 2018, the patient complained of intermit‑
tent nasal discharge for 11 days after brain injury and came to 
the Second People's Hospital of Liaocheng (Linqing, China). 
Considering the existence of cerebrospinal fluid rhinorrhea, 
the patient's cerebrospinal fluid biochemistry was assessed 
and showed low sugar and high protein levels, resulting 
in a diagnosis of bacterial encephalitis. This encephalitis 
was considered to be related to bacterial retrograde infec‑
tion after cerebrospinal fluid rhinorrhea. It is required to 
strengthen the training of medical personnel according to 
guidelines and laws and improve the level of early detec‑
tion, reporting and diagnosis, as well as timely treatment 
at medical institutions. There is an urgent need to intensify 
the education of the population regarding the awareness and 
prevention of the disease. For individuals involved in the 
breeding, slaughtering and processing of livestock, multiple 
measures need to be taken to comprehensively intervene and 
to enhance occupational protection awareness and disease 
prevention capabilities.

Introduction

Anthrax is a statutory class B infectious disease, an acute 
zoonotic infectious disease caused by infection with Bacillus 
anthracis  (1). Humans are also susceptible and the main 
sources of infection are infected animals and their products, 
as well as contaminated environments. Bacillus anthracis 
infection can occur through multiple routes, such as the respi‑
ratory tract, digestive tract, skin and mucous membranes (2). 
The main clinical type is cutaneous anthrax, while other types 
include intestinal anthrax and pulmonary anthrax, which can 
be secondary to sepsis and meningitis (3). The case fatality 
rate associated with cutaneous anthrax is low; however, the 
case fatality rate associated with all other types of anthrax is 
high (4). The reported incidence of anthrax in the Shandong 
province of China remains low with 1  case of cutaneous 
anthrax reported in 2010 and 1 case in 2014. In 2021, there 
were two cases, and there was a common exposure history 
of slaughtering sick cattle. The other epidemic consisted of 
13 cases. The source of infection was sick cattle, and the route 
of transmission was slaughtering sick cattle, and being in 
contact with contaminated equipment and related cattle prod‑
ucts. The patients were mainly engaged in cattle slaughtering 
or cattle product collection and sale‑related occupations (5). 
The present study describes one case of anthrax meningitis 
admitted to the Second People's Hospital of Liaocheng 
(Linqing, China), and the investigative and treatment strategies 
applied are also reported.

Case report

In January 2024, a 55‑year‑old man was admitted to The 
Second People's Hospital of Liaocheng (Linqing, China). The 
patient presented with a fever, rapid heart rate, rapid breathing, 
high blood pressure, fully unconsciousness, and a tense and 
painful facial expression. The patient experienced numb limbs 
and a stiff neck. According to the laboratory results and MRI 
examination results, the initial diagnosis was encephalitis 
(considering bacterial or viral infection), and it was necessary 
to investigate the cause of coma and hypertension. Following 
admission, the patient received treatment with the dehydra‑
tion drug mannitol at 0.5 g/kg once every 8 h, an acyclovir 
injection (5 mg/kg, once every 12 h) against the cold virus, 
piperacillin sodium/tazobactam sodium injection (75 mg/kg, 
once every 6 h) as resistance against bacterial infection in 
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the central nervous system (according to clinical experience), 
dexamethasone injection (10 mg, once a day) to reduce brain 
edema, and tracheal intubation, mechanical ventilation and 
sputum aspiration; however, the condition of the patient did 
not improve (6). Head MRI revealed an abnormal signal in the 
right caudate nucleus and bilateral hippocampus, indicating 
encephalitis (Figs. 1‑4). A brain computed tomography (CT) 
scan revealed lacunar infarction (Fig. 5). The MRI findings 
were consistent with mild cerebral arteriosclerosis and local‑
ized cerebral artery stenosis (7). For ‘bacterial encephalitis’, 
the treatment with piperacillin sodium/tazobactam sodium 
and acyclovir was terminated, and the more sensitive vanco‑
mycin combined with meropenem was used for anti‑infection 
treatment according to clinical experience (8).

Cerebrospinal f luid analysis and next generation 
sequencing (NGS) of the blood metagenome was performed 
by Yinfeng Gene Technology Co., Ltd. A pPathogenic micro‑
organism targeted gene detection kit was used to prepare 
DNA/RNA sequencing samples (cat.  no.  PT001; Nanjing 
Practical Medical Inspection Co., Ltd.). The concentration 
and purity of DNA and RNA nucleic acids were determined 
by Nano‑300 micro spectrophotometer (Hangzhou Aosheng 
Instrument Co., Ltd.), and the integrity of genomic DNA and 
genomic RNA fragments were analyzed by Agilent 2100 
biological analyzer (Agilent Technologies, Inc.). The sequence 
length was 75 bp and the direction of sequencing was ‘single 
end’. The FASTASeq 300 sequencing kit V1.0 (FCH‑D 
SE075‑D) (100 cycles; cat. no. S000191; Shenzhen Zhenmai 
Biotechnology Co., Ltd.) was used. The final concentra‑
tion of the library was 3.6 pM. The data were analyzed by 
SJ‑tNGS software (version 240829; Nanjing Practical Medical 
Inspection Co., Ltd.). The results showed Bacillus anthracis 
infection. The number of gene detection sequences in the cere‑
brospinal fluid was 83,942, and that in the blood was 41. The 
diagnosis of anthrax meningitis and anthracemia was made.

In the patient of the present study, anthrax meningitis was 
diagnosed and the patient was immediately isolated in a sepa‑
rate room without contact. At the same time, the Department 
of Infectious Diseases and the Center for Disease Control and 
Prevention (Liaocheng, China) were contacted to guide the 
treatment, and antibiotic treatment was adjusted to vancomycin 
+ meropenem + moxifloxacin combined antibacterial therapy, 
according to the 2023 version of the anthrax diagnosis and 
treatment plan (9), and the patient was continued to be treated 
with dehydration, intracranial pressure reduction, epilepsy 
prevention and treatment and brain protection. Tracing the 
route of infection, the patient went to a cattle and sheep butch‑
er's shop 12 days ago to buy mutton to eat himself. Anthrax 
was detected on the chopping board of the butcher's shop. The 
patient had a history of cerebrospinal fluid rhinorrhea 5 years 
ago, a recent history of a cold, sneezing and nasal discharge, 
and a high possibility of cerebrospinal fluid rhinorrhea prior 
to infection. Following combined antibacterial therapy, the 
symptoms were alleviated and combined with the monitoring 
of blood, cerebrospinal fluid and sputum bacteria, it was 
considered that the patient had meningitis directly caused by 
anthrax, and meningitis was the main focus. Considering that 
the penetration of vancomycin through the blood‑brain barrier 
is poor (10), treatment was changed to the protein synthesis 
inhibitor linezolid, 600 mg by injection, every 12 h (11), and 

the infection indicators of the treated patient exhibited a 
downward trend 3 days later. However, it is not necessary to 
change the antibacterial drug to linezolid for the treatment of 
non‑meningitis anthrax. The anthrax test was weakly positive, 
and the meropenem treatment was stopped and downgraded 
to an intravenous drip of penicillin at 4 million units twice 
a day. Combined with linezolid, at  600  mg by injection 
every 12 h, and moxifloxacin, at 400 mg by injection, for 
antibacterial treatment every day, the condition of the patient 

Figure 1. Diffusion‑weighted MRI indicating patchy hyperintensity in the 
right caudate nucleus and bilateral hippocampus.

Figure 2. Patchy hypointensity is visible on the apparent diffusion coefficient 
images of the right caudate nucleus and bilateral hippocampus.
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markedly improved and the antimicrobial drug was gradually 
downgraded in the later 14 days, and the results of the cere‑
brospinal fluid analysis were negative. The biochemical results 
of the cerebrospinal fluid 33 days after admission showed 
the following: Cerebrospinal fluid protein, 682 mg/l (normal 
range, 150‑450 mg/l); cerebrospinal fluid sugar, 3.68 mmol/l 
(normal range, 2.5‑4.4  mmol/l) and leukocytes, 29x106/l 
(normal range, <5x106/l). The results of routine blood tests 
showed white blood cell levels of 8.29x109/l (normal range, 
4‑10x109/l) and a neutrophil ratio of 66.3% (normal range, 
50‑70%). Isolation of the patient was terminated following 
multidisciplinary consultation. Subsequently, the antibiotic 
infusion was gradually discontinued and the treatment was 
switched to single oral moxifloxacin tablets. Following stan‑
dardized treatment at the hospital, the symptoms of the patient 
were markedly alleviated and they were discharged. Follow‑up 
was performed once every 2 months after discharge, and the 
patient is now left with encephalitis sequela, is occasionally 
fidgety, has had a seizure once and occasionally has vague 
consciousness.

Discussion

Anthrax is persistent and after entering the 21st century, with 
the development of animal husbandry and the acceleration of 
trade circulation, the disease has exhibited an upward trend 
in a number of areas, endangering animals and threatening 
human health (10). At present, the diagnosis and treatment of 
anthrax meningitis still encounters significant challenges (11). 
Early detection, diagnosis and treatment, as well as the preven‑
tion of complications can improve the prognosis of affected 
patients (12).

With regard to early detection, the anthrax infection in the 
present patient may have been caused by a contact infection 
from buying mutton. Patients are exposed to lamb meat with 
Bacillus anthracis, which may enter the skull through the nose 
or external auditory canal and cause encephalitis. In the patient 
described herein, although Bacillus anthracis was not detected 
in the nasal cavity or external auditory canal of the patient, the 
patient's history of cerebrospinal fluid rhinorrhea and a history 
of a ‘cold’ suggest that intracranial infection through the nasal 
cavity is highly possible. In this case, anthrax was detected in 
the cerebrospinal fluid and through blood genetic monitoring, 
and the content of Bacillus anthracis in the cerebrospinal fluid 
was ample, which led to the diagnosis of anthrax meningitis. 
The patient had been examined at the village clinic in the early 
stages of infection and had not received a clear diagnosis, indi‑
cating that the local clinicians did not have sufficient knowledge 
of anthrax, which led to the worsening condition of the patient. 
Therefore, the local government needs to formulate an inter‑
vention plan to carry out comprehensive intervention measures 
focusing on health education for animal husbandry and animal 
husbandry workers in the county. In addition, measures are 
needed to strengthen the training of medical personnel at all 
levels in the identification, diagnosis and treatment of anthrax 

Figure 3. Coronal MRI.

Figure 4. Sagittal MRI.

Figure 5. CT showing a patchy low‑density shadow near the anterior horn of 
the bilateral lateral ventricles, with blurred edges, and the impression of a 
lacunar cerebral infarction.
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on the premise of training in the prevention and control of 
emerging infectious diseases, so as to improve the ability of 
early identification and diagnosis of infectious diseases. Joint 
prevention and control mechanisms are required in order to 
strengthen the information exchange between health and agri‑
culture departments, animal husbandry, market supervision 
and public security in order to jointly and effectively prevent 
and control zoonotic infectious diseases (13). The next step 
should be to further strengthen the construction of laboratories 
and improve the ability of case diagnoses and environmental 
monitoring at the grassroots level.

Early diagnosis and treatment are mandatory. Anthrax 
meningitis has a rapid onset, mainly with sudden fever, fatigue, 
dizziness, nausea, vomiting, agitation, seizures, delirium and 
meningeal irritation (13). The normal white blood cell count 
in adult peripheral blood is 4‑10x109/l, while that of anthrax 
patients is increased, usually at  10‑20x109/l, but reaching 
as high as 60‑80x109/l, and is mainly composed of neutro‑
phils (14). Certain patients have thrombocytopenia. For an 
etiological and serological examination, specimens of blister 
fluid, blood, cerebrospinal fluid, pleural effusion and secre‑
tions can be collected for testing: i) Bacterial smear: Under 
the microscope, gram‑positive crude bacilli were arranged 
in series  (15); ii)  bacterial culture: The collected speci‑
mens are inoculated in nutrient agar medium and Bacillus 
anthracis can be cultured; iii) nucleic acid detection: PCR or 
quantitative PCR detect the specific nucleic acid of Bacillus 
anthracis and the results are positive; iv) antigen detection: 
Bacillus anthracis antigen detection can be performed by 
immunochromatography; however, a negative result cannot 
rule out anthrax; v) antibody detection: ELISA and immuno‑
chromatography can detect antibodies to blood anthrax toxin 
antigens and capsular antibodies.

The differential diagnosis of anthrax meningitis includes 
subarachnoid or intracerebral hemorrhage, bacterial or 
aseptic meningitis and viral encephalitis; MRI, which was 
applied in the present case, can easily identify hemorrhagic 
meningoencephalitis and subarachnoid or intracerebral 
hemorrhages  (16). To distinguish between other hemor‑
rhagic or non‑hemorrhagic meningoencephalitis, Gram 
staining and cultures of the cerebrospinal fluid (17), which 
were applied in the present case, need to be performed. In 
cases of subarachnoid hemorrhages, headaches, nausea 
and vomiting may occur, and meningeal irritation may be 
present. Cranial CT scans (18), which were applied in the 
present case, or MRI may indicate subarachnoid hemor‑
rhage, and the lumbar puncture examination of cerebrospinal 
fluid (19), which was applied in the present case, may reveal 
homogeneous bloody cerebrospinal fluid. Epidemic menin‑
gitis is acute purulent meningitis caused by meningococcal 
bacteria, and its clinical presentation and cerebrospinal fluid 
characteristics are similar to those of anthrax meningitis; 
however, it can be distinguished by etiological testing (20). 
For instance, common bacteria, such as Staphylococcus 
aureus and Escherichia coli can also cause bacteremia, and 
the culture and identification of these bacteria are essential 
for the differential diagnosis (21). In addition, knowledge of 
the medical and epidemiological history of the patient is also 
a key reference for the differential diagnosis. Anthracemia 
is usually secondary to severe infections, such as cutaneous, 

enteral or pulmonary anthrax; thus, an investigation to iden‑
tify any possible history of exposure or medical history can 
aid doctors in determining whether a person may be infected 
with Bacillus anthracis (22).

Anthrax meningitis should also be differentiated from 
rhinosinusal aspergilloma: Common complaints are nasal 
congestion, a runny nose and olfactory dysfunction. Unilateral 
and persistent headache, trigeminal neuralgia and unilateral 
scabs are strong clinical indicators. An endoscopic examina‑
tion reveals obvious edema or middle nasal polyps. Imaging 
reveals unilateral maxillary‑ethmoidal sinus injury with 
hyperosteogeny, calcification in the maxillary sinus wall and 
sinus and obstruction of bone‑phlegm complex. The imaging 
lesions of aspergilloma include the dissolution of aspergilloma 
and the bone wall of the maxillary sinus, particularly the bone 
wall of the medial wall, orbital floor and bone septum. A 
high‑resolution CT scan can emphasize erosion. An MRI can 
also be used to describe tumor obstruction secondary to fluid 
retention in the sinus cavity. The most common eye and orbit 
complications are accompanied by orange peel‑like tissue in 
the orbital sinus, particularly severe nosebleeds, severe head‑
aches, possible fever and systemic damage (23).

For anthrax, general treatment includes the following: 
Strict isolation, bed rest, appropriate fluid replacement to 
maintain water and electrolyte balance in patients with 
vomiting, diarrhea and difficulty eating, the appropriate 
management of hemorrhage, shock and neurological symp‑
toms, and hormonal therapy in patients with severe edema or 
meningitis (24).

Regarding the treatment of pathogens, Bacillus anthracis 
is susceptible to β‑lactams (penicillin, carbapenems), amino‑
glycosides, macrolides, f luoroquinolones, tetracyclines, 
glycopeptides, lincosamides, rifamycins and oxazolidinones, 
but not to cephalosporins and sulfonamides (25). For anthrax 
with sepsis and with severe edema, two or more antimicrobial 
agents active against Bacillus anthracis should be adminis‑
tered, at least one of which has bactericidal activity (26). The 
first‑line regimen is ciprofloxacin and alternative options are 
levofloxacin, moxifloxacin, meropenem, imipenem, vanco‑
mycin, penicillin G and ampicillin (27). At least one other 
agent is a protein synthesis inhibitor (clindamycin or linezolid 
as a first‑line regimen; doxycycline or rifampicin as alterna‑
tives) (28). Anthrax meningitis is treated with at least three 
antimicrobial agents active against Bacillus anthracis (29). At 
least one of them is a fungicide (fluoroquinolone or β‑lactam) 
and at least one is a protein synthesis inhibitor; all antimicro‑
bials should have good central nervous system penetration (30). 
Fluoroquinolone antimicrobials include ciprofloxacin [400 mg 
intravenously (i.v.) every 8  h] as a first‑line option; levo‑
floxacin (750 mg i.v. once a day) or moxifloxacin (400 mg 
i.v. once a day) as alternatives (31). β‑lactam antimicrobials 
include meropenem (2 g i.v. every 8 h) as a first‑line option; 
penicillin G (4 million units i.v. every 4 h) and ampicillin (3 g 
i.v. every 6 h) are alternatives (32). Protein synthesis inhibi‑
tors include linezolid (600 mg i.v. every 12 h) as a first‑line 
option and clindamycin (900 mg i.v. every 8 h), vancomycin 
[60 mg/(kg d), administered in three divided doses, maintain 
serum trough concentration 15‑20 mg/l], rifampicin (600 mg 
i.v. every 12 h) and chloramphenicol (1 g i.v. every 8‑6 h) (33). 
Due to poor central nervous system permeability, doxycycline 
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should not be used as a protein synthesis inhibitor in patients 
with meningitis (34).

Patients can be discharged after the clinical symptoms 
have subsided and their secretions or excretions are negative 
for two consecutive bacterial cultures or nucleic acid tests 
(24 h apart). Anthrax meningitis has a mortality rate of almost 
100% and is a complication of anthrax exposure. Meningitis 
can be primary (i.e., no obvious route of transmission) or 
secondary (i.e., complications of any other form of anthrax). 
Meningitis occurs in 14‑37% of patients infected with anthrax 
via injection, ingestion, the systemic cutaneous route or 
via inhalation, depending on the route of transmission (3). 
Therefore, all patients with signs or symptoms of systemic 
disease need to be evaluated for meningitis. In the clinical 
diagnosis and treatment, the positive rate of traditional cere‑
brospinal fluid culture is not high, and the special flora is not 
easy to culture, while cerebrospinal fluid gene detection covers 
a wide range. In the case of the present study, no bacteria were 
detected in the cerebrospinal fluid culture and the results 
of cerebrospinal fluid and blood metagenomic sequencing 
(NGS) in the early stage revealed infection with Bacillus 
anthracis, and pathogen‑specific treatment was administered: 
Fluoroquinolone antimicrobials, β‑lactam antimicrobials and 
protein synthesis inhibitors were combined for antibacterial 
therapy. The treatment effect was satisfactory and the anthrax 
culture was negative; thus, the antimicrobial drug was gradu‑
ally tapered and the condition of the patient improved and he 
was discharged from the hospital.

In terms of the prevention of epidemics, studies have 
shown that the public's awareness of epidemic prevention may 
determine the probability of an anthrax epidemic in humans; 
strengthening the conveyance of anthrax knowledge may 
be the key measure to prevent and control an epidemic (35). 
It has been suggested that the health education of farmers 
and herdsmen on anthrax prevention and control should be 
strengthened as soon as possible, so that herdsmen can develop 
the hygienic concept and behavior of ‘not slaughtering, 
dissecting and not eating sick and dead livestock’ (36). Animal 
husbandry and veterinary departments shall strengthen 
grassroots technical forces and legal publicity measures, 
and strengthen the monitoring of epidemic situations among 
animals. Immediately following an outbreak of inter‑livestock 
anthrax, the trading market should be closed. The dead live‑
stock should be properly handled, such as the incineration or 
deep burial of livestock that have died of the disease, so as to 
control the spread of the inter‑livestock epidemic as soon as 
possible, and fundamentally cut off the transmission route, in 
order to avoid the occurrence of human epidemics (37). In this 
outbreak, due to the fact that the patient described herein and 
his family did not understand the dangers of anthrax and the 
village doctor was not highly vigilant, it was not possible to 
make a positive diagnosis and perform treatment at an early 
stage. Therefore, strengthening the professional knowledge 
training of county, township (town) health centers and village 
doctors, and improving their clinical diagnosis and treatment 
capabilities should be the focus of medical and health work in 
agricultural and pastoral areas in the future.

The present case report has certain limitations, which 
should be mentioned. First, it only describes one case, and this 
disease is known to appear in a number of forms. In addition, 

the patient came to the hospital for reexamination regularly, 
but the follow‑up period after discharge was only 7 months.

In conclusion, anthrax meningoencephalitis is a rare central 
nervous system complication of anthrax, which progresses 
rapidly following the onset of the disease; timely treatment 
needs to be administered in order to prevent the high disability 
and mortality rates associated with his type of infection. Early 
detection, early diagnosis and early treatment are of particular 
importance for patients with anthrax meningoencephalitis 
and strengthening epidemic prevention is also a key task. The 
present study shares the diagnosis and treatment of a case of 
anthrax meningitis with an aim to provide experience and 
advice regarding anthrax prevention and treatment.
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