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Background. US Centers for Disease Control and Prevention guidelines currently recommend triple-therapy antimicrobial
treatment for anthrax meningitis. In the Kyrgyz Republic, a country with endemic anthrax, cutaneous anthrax patients are
routinely hospitalized and treated successfully with only monotherapy or dual therapy. Clinical algorithms have been developed
to identify patients with likely anthrax meningitis based on signs and symptoms alone. We sought to retrospectively identify
likely meningitis patients in the Kyrgyz Republic using a clinical algorithm and evaluate risk factors and their outcomes by type
of treatment.

Methods. We conducted a retrospective chart review of cutaneous anthrax patients in the Kyrgyz Republic from 2005 through
2012. Using previous methods, we developed a highly specific algorithm to categorize patients by meningitis status. We then
evaluated patient risk factors, treatments, and outcomes by disease severity and meningitis status.

Results. We categorized 37 of 230 cutaneous anthrax patients as likely having meningitis. All 37 likely meningitis patients
survived, receiving only mono- or dual-therapy antimicrobials. We identified underlying medical conditions, such as obesity,
hypertension, and chronic obstructive pulmonary disease, and tobacco and alcohol use, as potential risk factors for severe
anthrax and anthrax meningitis.

Conclusions. Based on our analyses, treatment of anthrax meningitis may not require 3 antimicrobials, which could impact
future anthrax treatment recommendations. In addition, chronic comorbidities may increase risk for severe anthrax and
anthrax meningitis. Future research should further investigate potential risk factors for severe anthrax and their impact on
laboratory-confirmed meningitis and evaluate mono- and dual-therapy antimicrobial regimens for anthrax meningitis.
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Anthrax is caused by the zoonotic pathogen Bacillus anthracis
and is often complicated by meningitis [1]. In 2014, the US
Centers for Disease Control and Prevention (CDC) published
guidelines for postexposure prophylaxis and treatment of an-
thrax that relied heavily on expert opinion in the absence of a
formal evidence base [2–4]. In the 2014 document, 2 antimicro-
bials are recommended for treatment when meningitis can be
ruled out [2]. If it cannot be ruled out, 3 antimicrobials are rec-
ommended for at least 2 weeks. Per recommendations, at least
1 of the 3 antimicrobials should be bactericidal, at least 1 should

be a protein synthesis inhibitor, and all should have good cen-
tral nervous system penetration.
In 2016, a clinical algorithm was developed using signs and

symptoms to predict whether patients with systemic anthrax
were likely to have confirmedmeningitis [5]. This algorithm in-
dependently predicted meningitis using a 4-item assessment
tool that included the following symptoms or signs: severe
headache, altered mental status, meningeal signs, and other
neurological signs. The presence of at least 1 of these 4 had
an estimated sensitivity of 89% for identifyingmeningitis, while
the presence of at least 2 made meningitis identification even
more likely. More recently, univariate analysis of cutaneous an-
thrax patient data from 1950 through 2018 suggested con-
firmed meningitis could also be predicted in such patients by
bacteremia anytime during hospitalization or by abdominal
pain, lymphadenopathy, thoracic edema, or malignant pustule
edema at presentation [6].
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The Kyrgyz Republic is endemic for anthrax [7]. This Central
Asian country has 6.6 million inhabitants; two-thirds live in rural
settings. Agriculture and herding are the main economic activities
and occur primarily on household farms and personal subsidiary
plots.Most cases of anthrax are reported in the south, where herd-
ing and animal husbandry is common and the climate favors sur-
vival of B. anthracis spores in soil [7]. Animals contract anthrax
through grazing, and humans are then infected through contact
with dead or dying animals or contaminated by-products.

An analysis of cutaneous anthrax patients from the Kyrgyz
Republic from 2005 through 2015 indicated that the vast major-
ity were adult males exposed via slaughtering or butchering of
sick farm animals. Most presented with mild disease, and none
were reported to have meningitis [7]. Of the 74 categorized as
having moderate or severe cutaneous anthrax, severe headache
was noted for 65%; nausea and vomiting, 9%; confusion, 3%;
and abdominal discomfort, 3%. Bacteremia was noted in one-
third. Though none of these patients treated with 1 or 2 antimi-
crobials died, when they were discussed at a meeting, it was sug-
gested somemight havemet the 2016 clinical criteria for anthrax
meningitis. Data suggesting that patients with anthrax meningi-
tis may be treated with fewer than 3 antimicrobials would be
highly informative for physicians treating naturally occurring an-
thrax and for biopreparedness efforts.

To this end, we analyzed a case series of cutaneous anthrax
patients in the Kyrgyz Republic. We developed a highly specific
algorithm based on previous methods to categorize patients by
meningitis status. We then applied it to our dataset to identify
patients likely to have meningitis and evaluated risk factors,
treatments, and outcomes.

METHODS

We abstracted medical chart data for all cutaneous anthrax pa-
tients hospitalized in 6 hospitals in Osh, Kyrgyz Republic, from
2005 through 2012.We abstracted information on demographics,
medical and social history, symptoms, clinical course, outcome of
current anthrax illness, laboratory testing, antimicrobial suscept-
ibility results, and treatment. Data were abstracted in Russian into
Epi Infoversion7.1 (CDC,Atlanta,GA).Thesedataweremachine
translated from Russian into English using Google Translate, and
the translation was reviewed by a bilingual author (J. B.). There
was some overlap in hospital sites and years between this study
and the previous study [7], and approximately 40% of the anthrax
patients were included in both analyses. However, patient infor-
mation was wholly re-abstracted for this study using the current
tool regardless of inclusion in the prior study.

Variable Definitions

The diagnosis of cutaneous anthrax was based on a history of
exposure to sick or dead animals or animal products in a pa-
tient with clinical findings compatible with anthrax and

supportive laboratory tests. Confirmatory laboratory tests in
the Kyrgyz Republic include Gram stain, blood or lesion cul-
ture, and the anthraxin skin test [8]. Patients were categorized
at presentation as having mild, moderate, or severe cutaneous
anthrax per Kyrgyz convention [7]. Antimicrobial susceptibil-
ity testing was performed as a routine part of hospitalization;
details can be found in the Supplementary Materials.
For this analysis, patients were considered to have fever or

chills if any of the following terms were mentioned in their chief
complaint: “fever,” “chills,” or “increased body temperature.”
We defined measured fever as recorded temperature of >38°C,
tachycardia as a recorded heart rate of ≥100 beats per minute,
and tachypnea as a recorded respiratory rate of >20 breaths
per minute, all at admission. We defined systolic and diastolic
hypertension as a reported blood pressure at admission of sys-
tolic ≥130 mm Hg and diastolic ≥90 mm Hg, respectively. We
defined systolic and diastolic hypotension as a reported blood
pressure at admission of systolic <90 mm Hg and diastolic
<60 mmHg, respectively. We used pediatric cutoffs for temper-
ature, tachycardia, and tachypnea based on Goldstein et al [9].
We categorized antimicrobials each patient received during

hospitalization by the number of courses and concurrent anti-
microbials received. A patient was categorized as receiving
monotherapy alone if they only received 1 antimicrobial during
hospitalization, sequential monotherapy if they received se-
quential courses of various monotherapies, dual therapy alone
if they received a single course of 2 concurrent antimicrobials,
dual therapy followed by monotherapy if they received a course
of 2 concurrent antimicrobials followed bymonotherapy with a
different antimicrobial, and triple therapy if they received a
course of 3 concurrent antimicrobials.

Algorithm to Identify Patients With Likely Anthrax Meningitis

We used data on adult systemic cutaneous anthrax cases ab-
stracted from English-language literature published from
1880 through 2018 to develop a highly specific algorithm for
categorizing the Kyrgyz patients into likely meningitis or likely
nonmeningitis using previously developed methods [5, 10].
While the methods were the same, we selected different initial
signs and symptoms compared with the previously published
algorithms because meningeal signs and other neurological
signs were not recorded in the abstracted Kyrgyz medical re-
cords. Additionally, new signs associated withmeningitis in cu-
taneous anthrax patients have recently been proposed [6]. We
selected the algorithm with one of the highest specificities, a
reasonable sensitivity, and a modest proportion of unclassified
cases and applied it to our dataset.
Our final algorithm included fever/chills (sign or symptom),

nausea/vomiting, severe headache, altered mental status, and
malignant pustule edema. Patients having 3 or more meningitis
triage criteria were considered “likely meningitis,” while those
with 0 or 1 were considered “likely nonmeningitis.” Patients
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with 2 triage criteria could not be classified. Based on the pub-
lished literature dataset, the algorithm was highly specific (val-
idation cohort: 93% specificity; 95% confidence interval [CI],
83%–100%), had moderate sensitivity (validation cohort: 69%
sensitivity; 95% CI, 44%–94%), and left 20% of cases unclassi-
fied in the validation cohort. Results of all algorithm combina-
tions can be found in Supplementary Table 1.

Since the proportion of patientswith reportedmalignant pus-
tule edema in our dataset was substantially higher than the pro-
portion in the literature-derived dataset, we conducted a
sensitivity analysis using an alternative definition of malignant
pustule edema. We categorized anyone as having malignant
pustule edema if any of the following terms were included in
their chief complaint: “swell,” “edema,” or “inflamed.” The def-
initions of the other meningitis triage criteria were retained
from the main analysis, and we categorized likely meningitis
and likely nonmeningitis following the main analysis methods.

Analyses

We compared demographics, social and medical history, clini-
cal presentation, laboratory results, and outcomes for patients
based on their severity and meningitis classifications. Patients
unclassified by the meningitis algorithm were excluded from
meningitis analyses. Analyses were performed in Epi Info 7.1
and SAS version 9.4 (SAS Institute, Cary, NC). We used the
χ2 test for differences for comparisons of categorical variables,
the analysis of variance for comparisons of continuous vari-
ables, and univariate logistic regression to calculate odds ratios.

The Bioethical Committee at the International Higher
School of Medicine in Bishkek, Kyrgyz Republic, approved
the study.

RESULTS

Patient Cohort and Illness Severity

We identified and abstracted information on 230 cutaneous an-
thrax patients from6hospitals. Themajority (60%)were admitted
to 2 hospitals: Uzgen (37%) and Kara-Suu (23%). Most patients
were aged 18–49 years (83%) and male (88%; Table 1). Patients
with mild and moderate disease were younger (88% aged
<50 years) than those with severe disease (32% aged <50 years).

Overall, 60% of patients reported no underlying conditions
(Table 1). However, this varied by severity status; all patients
with severe anthrax reported underlying conditions, while
only a quarter (27%) of mild anthrax patients did so. While
46% of male patients reported being current smokers, only 1 fe-
male patient reported the same. Among males, never smoking
was more often seen with mild than severe anthrax (57% vs
6%). Alcohol use also varied by sex and severity; 14% of male
patients, but no female patients, reported current consumption
of alcohol. Among male patients, never drinking was more of-
ten seen with mild than severe anthrax (69% vs 33%).

Almost all (98%) patients were described as having malig-
nant pustule edema (Table 2). Other common symptoms over-
all included fever or chills (52%), headache (27%), nausea with
or without vomiting (17%), and severe headache (7%). Two pa-
tients with severe illness reported confusion. Hypertension,
both systolic and diastolic, was most commonly observed in pa-
tients with severe illness. While not commonly observed in pa-
tients with mild or moderate illness, tachycardia and tachypnea
were observed in most (58% and 53%, respectively) patients
with severe illness.
The proportion of patients with bacteriemia increased with

disease severity; only 3 patients with mild disease (2%) had B.
anthracis isolated from their blood compared with 42% of pa-
tients with severe disease (Table 2). Anthrax was confirmed in
213 patients (93%) by laboratory testing using positive culture,
Gram stain, or anthraxin test. In the remaining 17 patients, the
diagnosis was established based on clinical and epidemiological
data alone.
All patients received antimicrobials during their hospitaliza-

tion; regimens varied according to patient severity on presenta-
tion. Most (85%) patients received antimicrobial monotherapy
with penicillin, ciprofloxacin, or doxycycline for 10 days. All
patients with severe disease received 2 concurrent antimicrobi-
als for 10 days; for most (90%), this was followed by a course of
monotherapy. Among patients who began with dual therapy
(n= 20), 14 (70%) received 2 bactericidal antimicrobials,
5 (25%) received 1 bactericidal and 1 protein synthesis inhibi-
tor, and 1 received 2 protein synthesis inhibitors. No patients
received 3 antimicrobials concurrently, required a ventilator,
were admitted to an intensive care unit, or died.
Records of susceptibility testing showed ampicillin resistance

to be most common (56%), followed by resistance to trimetho-
prim/sulfamethoxazole (26%) and gentamicin (21%; Figure 1).
Susceptibility patterns did not differ greatly by severity classifi-
cation (Supplementary Table 2). All patients reported antimi-
crobial use for a prior illness in the year before their current
anthrax illness (Supplementary Table 3).

Anthrax Meningitis Algorithm

We categorized 89 patients (39%) as likely nonmeningitis as
they met 0 (n= 1) or 1 (n= 88) of the meningitis triage criteria.
We categorized 37 patients (16%) as likely meningitis as they
met 3 (n= 34) or 4 (n= 3) of the meningitis triage criteria.
The remaining 104 patients (45%) met 2 of the meningitis tri-
age criteria, meaning there was insufficient information to de-
termine if they had meningitis or not.

Risk Factors for Likely Meningitis

Compared with likely nonmeningitis patients, likely meningitis
patients were more likely to be aged >50 years and have under-
lying chronic conditions (Table 3). More than half (54%) were
obese, 46% reported hypertension, and 35% reported chronic
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obstructive pulmonary disease (COPD). By comparison, 76%
of likely nonmeningitis patients reported no underlying medi-
cal conditions. Male patients with likely nonmeningitis were
more likely to be never smokers (54%) or never drinkers
(71%) compared with likely meningitis patients (16% and
56%, respectively). Chronic conditions, ever smoker, and any
reported alcohol use increased the odds of likely meningitis
even after controlling for age (Supplementary Table 4).

Almost all (91%) likely nonmeningitis patients were classified
as havingmild disease at presentation. Comparedwith likely non-
meningitis patients, likely meningitis patients were more likely to
presentwith tachycardia (27%vs 0%), tachypnea (24%vs 1%), sys-
tolic hypertension (43% vs 19%), and diastolic hypertension (38%
vs 2%). They also had higher rates of bacteremia (30% vs 2%) and
slightly higher median white blood cell and platelet counts

(Table 4). The 1 patient with laboratory-confirmed meningitis
was classified as likely meningitis by the algorithm.
A higher proportion of likely nonmeningitis patients

(93%) received monotherapy alone compared with likely
meningitis patients; however, more than half of likely menin-
gitis patients also received monotherapy treatment alone
(57%; Table 4). Only 1 likely nonmeningitis patient received
dual therapy followed by monotherapy, compared with 30%
of likely meningitis patients. Patients with likely meningitis
had longer hospital stays than likely nonmeningitis patients,
staying on average 19.8 days (±4.8) compared with 16.9
(±3.8) days.
Using the alternative definition in the sensitivity analysis, we

classified 82 patients (36%) as having malignant pustule edema
compared with 226 patients (98%) in the main analysis, leading

Table 1. Patient Demographics, Social History, and Chronic Conditions by Severity Among Cutaneous Anthrax Patients, Kyrgyz Republic, 2005–2012

Characteristic

Overall
(N=230)

Mild
(N= 167)

Moderate
(N=44)

Severe
(N=19)

P Value
n (%) n (%) n (%) n (%)

Demographics

Age, years <.0001

<18 2 (0.9) 2 (1.2) 0 (0) 0 (0)

18–49 190 (82.6) 147 (88.0) 37 (84.1) 6 (31.6)

≥50 38 (16.5) 18 (10.8) 7 (15.9) 13 (68.4)

Male 203 (88.3) 147 (88.0) 38 (86.4) 18 (94.7) .6

Occupation .02

Agriculture 140 (60.9) 111 (66.5) 16 (36.4) 13 (68.4)

Industrya 5 (2.2) 4 (2.4) 1 (2.3) 0 (0)

Construction 22 (9.6) 14 (8.4) 8 (18.2) 0 (0)

Service sector 21 (9.1) 15 (9.0) 5 (11.4) 1 (5.3)

Unemployedb 42 (18.3) 23 (13.8) 14 (31.8) 5 (26.3)

Social history

Smoker (male)c <.0001

Current 93 (45.8) 53 (36.1) 29 (76.3) 11 (61.1)

Former 20 (9.9) 11 (7.5) 4 (10.5) 5 (27.8)

Never 89 (43.8) 83 (56.5) 5 (13.2) 1 (5.6)

Alcohol use (male)c <.0001

Current 28 (13.8) 22 (15.0) 3 (7.9) 3 (16.7)

Former 51 (25.1) 23 (15.6) 19 (50.0) 9 (47.4)

Never 124 (61.1) 102 (69.4) 16 (42.1) 6 (33.3)

Chronic conditions

Obesity 53 (23.0) 22 (13.2) 16 (36.4) 15 (78.9) <.0001

Diabetes 4 (1.7) 0 (0) 2 (4.5) 2 (10.5) .001

Hypertension 40 (17.4) 11 (6.6) 14 (31.8) 15 (78.9) <.0001

Chronic obstructive pulmonary disease 53 (23.0) 28 (16.8) 13 (29.5) 12 (63.2) <.0001

Otherd 1 (0.4) 0 (0) 0 (0) 1 (5.3) .004

Number of chronic conditions <.0001

0 137 (59.6) 121 (72.5) 16 (36.4) 0 (0)

1 51 (22.2) 33 (19.8) 14 (31.8) 4 (21.1)

2 26 (11.3) 11 (6.6) 11 (25.0) 4 (21.1)

3 16 (7.0) 2 (1.2) 3 (6.8) 11 (57.9)
aIncludes butcher, slaughterhouse worker, tanner.
bIncludes housewives, pensioners, students.
cAll female patients reported being never smokers and never drinking alcohol, except 1 who reported being a current smoker and 1 who reported being a former drinker.
dOne patient reported renal failure.
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to only 8 patients being classified as likely meningitis in the sen-
sitivity analysis. Trends and differences between likely menin-
gitis and likely nonmeningitis patients were similar for the
main and sensitivity analyses (Supplementary Table 5).

DISCUSSION

In this study, we extracted information on 230 cutaneous an-
thrax patients in the Kyrgyz Republic and categorized 37 pa-
tients as likely having meningitis using a clinical algorithm.
This is the first application of an anthrax meningitis screening
tool to a dataset not involved in its creation. All 37 patients sur-
vived, despite receiving only mono- or dual-therapy antimicro-
bials, in contrast to the US CDC guidelines that recommend
triple therapy for anthrax meningitis patients. We also

identified chronic diseases (eg, obesity, hypertension, COPD)
and tobacco and alcohol use as potential risk factors for severe
anthrax disease and anthrax meningitis, which might help cli-
nicians identify at-risk patients.
Previously, algorithms developed to identify anthrax patients

with meningitis used 80% of the data to create the algorithm
and 20% to validate it [5, 10]. In our study, we used published
cases of systemic cutaneous anthrax and laboratory-confirmed
anthrax meningitis to create our primary and validation sam-
ples and then applied the final algorithm to the Kyrgyz case se-
ries. Our algorithm identified fever and chills, nausea and
vomiting, malignant pustule edema, severe headache, and al-
tered mental status as being triage criteria for anthrax menin-
gitis, all of which have been documented in the literature as
being associated with meningitis [5, 6]. Application of our

Table 2. Symptoms, Signs, Laboratory Tests, and Treatment by Severity Among Cutaneous Anthrax Patients, Kyrgyz Republic, 2005–2012

Characteristic

Overall
(N=230)

Mild
(N=167)

Moderate
(N=44)

Severe
(N=19)

P Value
n (%) n (%) n (%) n (%)

Symptoms at presentation

Fever or chills 120 (52.2) 70 (41.9) 32 (72.7) 18 (94.7) <.0001

Headache 63 (27.4) 1 (0.6) 43 (97.7) 19 (100) <.0001

Severe headache 17 (7.4) 0 (0) 5 (11.4) 12 (63.2) <.0001

Nausea or vomiting 39 (17.0) 29 (17.4) 9 (20.5) 1 (5.3) .5

Abdominal pain 2 (0.9) 1 (0.6) 0 (0) 1 (5.3) .3

Confusion 2 (0.9) 0 (0) 0 (0) 2 (10.5) <.0001

Malignant pustule edemaa 226 (98.3) 165 (98.8) 43 (97.7) 18 (94.7) .5

Vital signs at presentation

Measured feverb 54 (23.5) 0 (0) 37 (84.1) 17 (89.5) <.0001

Tachycardiac 11 (4.8) 0 (0) 0 (0) 11 (57.9) <.0001

Tachypnead 13 (5.7) 2 (1.2) 1 (2.3) 10 (52.6) <.0001

Systolic hypertensione 68 (29.6) 36 (21.6) 18 (40.9) 14 (73.7) <.0001

Diastolic hypertensione 28 (12.2) 7 (4.2) 8 (18.2) 13 (68.4) <.0001

Laboratory tests

White blood cell count ×109/L, mean (SD) 7.2 (2.2) 6.8 (2.0) 8.4 (2.3) 8.6 (2.6) <.0001

Lesion culture positivea 117 (50.9) 87 (52.1) 21 (47.7) 9 (47.4) .6

Lesion Gram stain positive 106 (46.1) 76 (45.5) 24 (54.5) 6 (31.6) .2

Blood culture positivea 20 (8.7) 3 (1.8) 9 (20.5) 8 (42.1) <.0001

Positive culture or Gram staina 202 (87.8) 147 (88.0) 39 (88.6) 16 (84.2) .9

Positive culture, Gram stain, or anthraxin testa 213 (92.6) 157 (94.0) 40 (90.9) 16 (84.2) .3

Treatment <.0001

Monotherapy alone 195 (84.8) 153 (91.6) 42 (95.5) 0 (0)

Sequential monotherapy 15 (6.5) 14 (8.4) 1 (2.3) 0 (0)

Dual therapy alone 3 (1.3) 0 (0) 1 (2.3) 2 (10.5)

Dual therapy followed by monotherapy 17 (7.4) 0 (0) 0 (0) 17 (89.5)

Triple therapy 0 (0) 0 (0) 0 (0) 0 (0)

Outcome

Fatal 0 (0) 0 (0) 0 (0) 0 (0) 1.0

Length of hospital stay, mean (SD), days 18.0 (4.3) 17.3 (4.2) 18.4 (3.1) 23.5 (3.5) <.0001

Abbreviation: SD, standard deviation.
aThere was 1 patient with unspecified malignant pustule edema results, 6 patients with unspecified blood culture results, 7 patients with unspecified lesion culture results, and 1 patient with
unspecified anthraxin results.
bMeasured fever: recorded temperature at admission >38°C for patients aged ≥18 years or >38.5°C for patients aged 13–17 years.
cTachycardia: recorded heart rate at admission of ≥100 beats per minute for patients aged ≥18 years or >110 beats per minute for patients aged 13–17 years.
dTachypnea: recorded respiratory rate at admission of >20 breaths per minute for patients aged ≥18 years or >14 breaths per minute for patients aged 13–17 years.
eSystolic and diastolic hypertension: recorded blood pressure at admission of systolic ≥130 mm Hg and diastolic ≥90 mm Hg, respectively.
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algorithm to the Kyrgyz dataset categorized 16.1% of the cases
as likely meningitis. Although Lanska [1], in a review of anthrax
meningitis, suggested that meningitis developed in 5% of cuta-
neous cases, the percentage of Kyrgyz patients categorized as
likely meningitis in our study is consonant with Hendricks
et al, in which 55 of 340 (16.2%) adults hospitalized for cutane-
ous anthrax were confirmed with meningitis [11]. Although
our final algorithm left 45% of patients in the Kyrgyz case series
unclassified, we were primarily focused on minimizing false
positives for this analysis to evaluate treatment and outcomes
for patients most likely to have meningitis. In other circum-
stances, such as the development of a potential triage tool for
treatment, an algorithm that maximizes sensitivity or minimiz-
es the proportion of unclassified cases may be more important.

Certain chronic comorbidities, such as diabetes mellitus, and
tobacco and alcohol use have been linked to more severe dis-
ease for many infectious diseases, including other types of bac-
terial meningitis and coronavirus disease 2019 [12–15]. To our
knowledge, we are the first to report these as risk factors for an-
thrax meningitis and severe anthrax disease. Metabolic syn-
drome, which encompasses conditions such as obesity,
hypertension, and diabetes mellitus, has been linked to in-
creased permeability in the blood–brain barrier [16], which
could be a mechanism for the increased meningitis risk.

Prior to this study, only 12 survivors of anthrax meningitis
had been identified in the English medical literature since
1880 [17–27].We identified an additional 37 possible survivors,
a 308% increase; none received 3 concurrent antimicrobials.
Even when we restricted our definition of malignant pustule
edema from our screening tool as part of a sensitivity analysis,
we still identified 8 patients as likely having meningitis (a 67%

increase); all survived with, at most, dual therapy. The large dif-
ference in survival rates from previously published literature
could partially be due to a past bias toward reporting only
the most severe patients and milder forms of anthrax meningi-
tis potentially going undiagnosed and unpublished.
While the 2014 US CDC guidelines recommend 3 antimicro-

bials in patients with anthrax meningitis, our analysis suggests
2 might suffice in certain contexts. However, since meningitis
was not clinically confirmed in our study, future research is
needed among confirmed anthrax meningitis patients. We not-
ed no added benefit regarding mortality or length of stay for
likely meningitis patients who were treated with 2 compared
with 1 antimicrobial or patients who received a protein synthe-
sis inhibitor and a bactericidal antimicrobial compared with
those who received other combinations. However, each catego-
ry had only a handful of patients. Similarly, US CDC guidelines
recommend dual therapy for systemic patients without menin-
gitis. Our study suggests monotherapy may suffice for cutane-
ous patients without meningitis and may warrant further
evaluation.
We saw high levels of resistance to commonly used antimi-

crobials in our patients and higher levels of antimicrobial resis-
tance compared with other studies [28, 29]. Differences in
laboratory methods, patient populations, and study years could
have resulted in this discrepancy. As in many countries around
the world, Kyrgyz farmers routinely feed their livestock antimi-
crobials to promote growth and prevent disease, which could
lead to an increase in resistant bacteria in livestock that could
be passed on to humans [30]. Additionally, in the Kyrgyz
Republic, over-the-counter antimicrobials are widely used to
self-medicate for a variety of illnesses [31]. Our data reflected

Figure 1. Antimicrobial susceptibility testing results based on the agar-based disk diffusion method for 124 cutaneous anthrax patients with positive blood or lesion culture
results, Kyrgyz Republic, 2005–2012.
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this: all patients reported taking ampicillin and 1–3 other anti-
microbials during the past year to treat other illnesses.
Together, the widespread antimicrobial use in animals and

for self-treatment in humans could be contributing to the
high levels of antimicrobial resistance seen in our analysis
[32, 33].

Table 3. Patient Demographics, Social and Medical History, and Presenting Signs and Symptoms by Meningitis Status Among Cutaneous Anthrax
Patients, Kyrgyz Republic, 2005–2012

Characteristic

Likely Nonmeningitis
(N=89)

Likely Meningitis
(N=37) Odds Ratio

(95% Confidence Interval) P Value
n (%) n (%)

Demographics

Age, years

<18 1 (1.1) 0 (0) ... ...

18–49 76 (85.4) 28 (75.7) Reference ...

≥50 12 (13.5) 9 (24.3) 2.0 (.8–5.4) .1

Male 78 (87.6) 32 (86.5) 0.9 (.3–2.8) .9

Chronic conditions

Obesity 9 (10.1) 20 (54.1) 10.5 (4.1–26.9) <.0001

Diabetes 0 (0) 4 (10.8) 13.7 (2.3–∞) .007

Hypertension 4 (4.5) 17 (45.9) 18.1 (5.5–59.6) <.0001

Chronic obstructive pulmonary disease 15 (16.9) 13 (35.1) 2.7 (1.1–6.4) .03

Number of chronic conditions

0 68 (76.4) 9 (24.3) Reference ...

1 15 (16.9) 12 (32.4) 6.0 (2.2–16.9) .0006

2 5 (5.6) 6 (16.2) 9.1 (2.3–35.9) .0017

3 1 (1.1) 10 (27.0) 75.6 (8.6–661.7) <.0001

Social history

Smoker (male)a

Never 42 (53.8) 5 (15.6) Reference ...

Former 2 (2.6) 7 (21.9) 29.4 (4.7–182.3) .005

Current 34 (43.6) 19 (59.4) 4.7 (1.6–13.9) .0003

Alcohol use (male)a

Never 55 (70.5) 18 (56.3) Reference ...

Former 9 (11.5) 11 (34.4) 3.7 (1.3–10.5) .01

Current 14 (17.9) 3 (9.4) 0.7 (.2–2.5) .5

Illness presentation

Anthrax severity category

Mild 81 (91.0) 12 (32.4) Reference ...

Moderate 7 (7.9) 12 (32.4) 11.6 (3.8–35.2) <.0001

Severe 1 (1.1) 13 (35.1) 87.8 (10.5–732.8) <.0001

Fever or chills 3 (3.4) 34 (91.9) 324.9 (62.5–∞) <.0001

Headache 9 (10.1) 25 (67.6) 18.5 (7.0–49.0) <.0001

Severe headache 0 (0) 17 (45.9) 100.0 (20.5–∞) <.0001

Nausea or vomiting 0 (0) 21 (56.8) 151.0 (31.1–∞) <.0001

Confusion 0 (0) 2 (5.4) 5.9 (0.7–∞) .08

Malignant pustule edemab 85 (95.5) 37 (100) 1.6 (.2–∞) .3

Measured feverc 2 (2.2) 25 (67.6) 90.6 (19.0–432.0) <.0001

Heart rate per minute, mean (SD) 80.4 (5.4) 87.8 (10.4) 1.1 (1.1–1.2) <.0001

Tachycardiad 0 (0) 10 (27.0) 43.7 (8.6–∞) <.0001

Respirations per minute, mean (SD) 17.5 (1.4) 19.5 (2.3) 1.9 (1.4–2.5) <.0001

Tachypneae 1 (1.1) 9 (24.3) 27.5 (3.5–∞) .0001

Systolic hypertensionf 17 (19.1) 16 (43.2) 3.2 (1.4–7.5) .006

Diastolic hypertensionf 2 (2.2) 14 (37.8) 26.5 (5.6–124.9) <.0001

Abbreviation: SD, standard deviation.
aAll female patients reported being never smokers and never drinking alcohol except 1 who reported being a current smoker and 1 who reported being a former drinker.
bThere was 1 patient with unspecified malignant pustule edema results.
cMeasured fever: recorded temperature at admission >38°C for patients aged ≥18 years or >38.5°C for patients aged 13–17 years.
dTachycardia: recorded heart rate at admission of ≥100 beats per minute for patients aged ≥18 years or >110 beats per minute for patients aged 13–17 years.
eTachypnea: recorded respiratory rate at admission of >20 breaths per minute for patients aged ≥18 years or >14 breaths per minute for patients aged 13–17 years.
fSystolic and diastolic hypertension: recorded blood pressure at admission of systolic ≥130 mm Hg and diastolic ≥90 mm Hg, respectively.
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Our study has several key strengths. The 230 patients with
cutaneous anthrax who we identified from 6 hospitals in Osh
(2005 through 2012) represent a comparatively large patient
sample for a rare global disease and is more than twice the
number passively reported to the Kyrgyz Ministry of Health
for this timeframe and region (n= 85). Second, because it is
standard practice in the Kyrgyz Republic to hospitalize all diag-
nosed anthrax patients regardless of severity, we could access
complete hospital records for all patients and collect informa-
tion on clinical course, treatment, and laboratory testing.

We also acknowledge 5 important limitations to our study.
First, we could not confirm meningitis in patients classified
by our algorithm because confirmatory laboratory testing was
not performed. Additionally, because all patients presented
with cutaneous anthrax, meningitis was rarely suspected, and
pertinent signs and symptoms were not recorded in the charts.
However, our algorithm did successfully classify the 1 patient in
our sample tested and confirmed for meningitis during hospi-
talization as likely meningitis. Second, the definition of malig-
nant pustule edema, one of our meningitis triage criteria, is not
standardized and may vary by hospital and setting. In our sam-
ple, 98% of patients reported malignant pustule edema com-
pared with 17% in the dataset used to create the algorithm.
To address this difference, we conducted a sensitivity analysis

that identified malignant pustule edema in 36% of patients
based on chief complaint. This analysis classified fewer patients
as likely meningitis, but had similar trends, giving us confi-
dence in our results. Third, the B. anthracis susceptibility test-
ing on Kyrgyz patient cultures did not match Clinical and
Laboratory Standards Institute standards [34], so results may
differ. Disk diffusion methods can produce variable results
for β-lactam testing on B. anthracis, and our findings here
should be verified by broth microdilution [35]. Fourth, like
all retrospective chart reviews, only information recorded at
the time of hospitalization was available. This information
may be incomplete or inaccurate at the individual patient level,
and reporting biases may arise from potential cases that did not
seek care. Self-reported variables that carry social stigmas, such
as alcohol use, may not have been accurate or uniformly col-
lected across hospitals and clinicians. Finally, these findings
among Kyrgyz patients may not directly apply to other popula-
tions due to demographic differences.
Future research should delve into the issue of comorbidities

as risk factors for severe anthrax and laboratory-confirmed
meningitis. Human research could include biomarkers of in-
flammation, including iron metabolism, and chronic disease
animal models might help elucidate pathophysiologic mecha-
nisms. The utility of triage tools similar to ours should be

Table 4. Patient Laboratory Results and Treatments by Meningitis Status Among Cutaneous Anthrax Patients, Kyrgyz Republic, 2005–2012

Characteristic

Likely Nonmeningitis
(N=89)

Likely Meningitis
(N=37)

Odds Ratio
(95% Confidence

Interval) P Value
n (%) n (%)

Laboratory results on admission

White blood count ×109/L, mean (SD) 6.5 (1.9) 8.0 (2.5) 1.4 (1.1–1.7) .001

Hemoglobin g/L, mean (SD)

Male 127 (6.2) 130 (5.0) 1.1 (1.0–1.2) .03

Female 126 (10) 120 (7.3) 0.9 (.8–1.1) .2

Hematocrit, mean (SD)

Male 0.45 (0.02) 0.44 (0.03) 0 (0–0) .001

Female 0.43 (0.04) 0.43 (0.03) 0.07 (0–∞) .9

Platelets ×109/L, mean (SD) 261 (55) 281 (36) 1.0 (1.0–1.0) .05

Lesion culture positivea 37 (41.6) 19 (51.4) 1.4 (.6–3.0) .4

Lesion Gram stain positive 51 (57.3) 20 (54.1) 1.9 (.7–5.0) .2

Blood culture positivea 2 (2.2) 11 (29.7) 17.1 (3.6–82.4) .0004

Positive culture or Gram staina 77 (86.5) 34 (91.9) 1.8 (.5–6.7) .4

Positive culture, Gram stain, or anthraxin testa 84 (94.4) 35 (94.6) 1.0 (.2–5.6) 1.0

Treatment and outcome

Antimicrobial treatment combinations

Monotherapy alone 83 (93.3) 21 (56.8) Reference ...

Sequential monotherapy 5 (5.6) 2 (5.4) 1.6 (.1–10.5) .9

Dual therapy alone 0 (0) 3 (8.1) 14.4 (2.1–∞) .01

Dual therapy followed by monotherapy 1 (1.1) 11 (29.7) 41.8 (5.5–∞) <.0001

Triple therapy 0 (0) 0 (0) ... ...

Fatal 0 (0) 0 (0) ... ...

Length of hospital stay, mean (SD), days 16.9 (3.8) 19.8 (4.8) 1.2 (1.1–1.3) .002

Abbreviation: SD, standard deviation.
aThere were 6 patients with unspecified blood culture results, 7 patients with unspecified lesion culture results, and 1 patient with unspecified anthraxin results.
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evaluated in non-Kyrgyz populations, as well as their accuracy
using confirmatory laboratory testing for meningitis.
Prospective clinical studies should be carried out in endemic
areas that currently use 1 or 2 antimicrobial regimens for treat-
ment of hospitalized patients to assess their effectiveness
against laboratory-confirmed anthrax meningitis.

CONCLUSIONS

Anthrax is a rare but highly pathogenic disease of global con-
cern. Obesity, hypertension, and COPD were associated with
severe anthrax and likely meningitis. Extra resources may
need to be devoted to such patients. In low-resource endemic
areas or following a B. anthracis mass event, triage tools could
be useful for differentiating patients with likely meningitis.
Furthermore, based on our analyses, treatment of anthraxmen-
ingitis may not require 3 antimicrobials, which could impact
anthrax treatment in the future.
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