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Abstract

Plague meningitis is a serious and often fatal manifestation of Yersinia pestis infection. In the
aftermath of a bioweapon attack with Y pestis, this typically rare manifestation may develop

in a substantial number of patients, particularly if treatment delays occur. Risk factors, clinical
evolution, and optimal treatment strategies for plague meningitis are not well understood. We
searched PubMed Central and other databases for reports of plague meningitis in any language.
Articles containing descriptions of patients with plague meningitis and their treatment and
outcomes were included. Among 1,496 articles identified in our search, 56 articles describing 84
cases from 1898 to 2015 met inclusion criteria. The median age of patients was 16 years (range 6
weeks to 64 years); 68% were male. Most patients (n = 50, 60%) developed meningitis following
primary bubonic plague. Common signs and symptoms included fever (n = 56, 66%), nuchal
rigidity (n = 38, 45%), and headache (n = 33, 36%); 29% (n = 24) of patients had focal neurologic
deficits such as cranial nerve abnormalities. Almost all (n = 23, 96%) of the 24 patients who did
not receive antimicrobials died, and 42% (n = 25) of the 59 patients treated with antimicrobials
died. The case fatality rate of patients grouped by antimicrobial received was 50% (1 out of 2)

for fluoroquinolones, 19% (4 out of 21) for aminoglycosides, 14% (2 out of 14) for sulfonamides,
11% (2 out of 18) for chloramphenicol, and 0% (0 out of 13) for tetracyclines. Plague meningitis
most often occurs as a complication of bubonic plague and can cause focal neurologic deficits.
Survival is more likely in patients who receive antimicrobials; tetracyclines, aminoglycosides, and
chloramphenicol had the lowest associated case fatality rates.
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Introduction

Methods

Plague, caused by the gram-negative bacterium Yersinia pestis, has caused devastating
historical epidemics! and remains endemic in some regions of the world, including sub-
Saharan Africa, the East Asian steppes, southern South America, and the western United
States. Approximately 650 cases of human plague are reported worldwide each year.2 Y
pestis also has the potential to be weaponized and is classified as a Tier 1 bioterrorism

select agent, as it has a low infectious dose, can be aerosolized, and has potential for person-
to-person transmission.3 A bioterrorism attack using Y pestis could cause victims to develop
any clinical manifestation of plague, including meningitis, and could lead to thousands of
deaths.? Clinicians should be able to recognize plague meningitis and understand available
treatment options following a bioterrorism attack.

Y pestis is most often transmitted to humans via the bite of an infected flea, inhalation

of infectious droplets, or handling of contaminated tissues.® The most common clinical
forms are bubonic, pneumonic, and septicemic plague; additional rare manifestations include
plague meningitis, ocular plague, and plague pharyngitis. Patients with plague may initially
experience one clinical form (eg, bubonic), then develop a secondary manifestation (eg,
meningitis) after dissemination of the bacteria, particularly if the patient is not treated
promptly with effective antimicrobials.

Plague meningitis typically develops following delayed or inadequate treatment of another
clinical form of plague, following the hematogenous spread of Y pestis and seeding of the
meninges.87 Y pestis has been identified in the cerebrospinal fluid of patients with plague
meningitis by direct visualization using Gram stain or other methods, direct fluorescent
antibody testing, or culture. Similar to other types of meningitis, signs and symptoms of
plague meningitis include nuchal rigidity, headache, and fever.8: Previous case reports and
case series have reported that plague meningitis may be more common in children compared
with adults, 1011 and that patients with axillary or cervical buboes may be at greater risk for
plague meningitis than those with buboes in the inguinal region or other areas.812

Although plague meningitis is a rare clinical manifestation, it is important to recognize
and treat promptly.13 The recommended firstline treatment is chloramphenicol plus either
levofloxacin or moxifloxacin, since these antimicrobials penetrate the blood—brain barrier
and have robust activity against Y pestis.3:8:13.14

Due to the rare and sporadic nature of human plague, and particularly plague meningitis, it is
not feasible to conduct controlled studies on patients presenting with plague meningitis. To
further the understanding of this condition, we conducted a systematic review of published
cases of plague meningitis in the scientific literature.

Literature Review

This review included cases of plague meningitis identified in a 2020 systematic literature
review, covering the years 1937 to 2019, on antimicrobial treatment of human plague.1®
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Medline, Embase, and other databases were searched for the literature review; methods are
described in detail elsewhere.15> Cases of plague meningitis identified in that initial literature
review were identified for further review and included in this analysis.

We conducted a separate literature search within PubMed Central (PMC) using the search
terms [((plague) OR pestis) AND mening*] to identify reports of patients with plague
meningitis. The title and abstract of each identified publication were reviewed by 2 team
members, and articles that appeared to describe patients with plague meningitis were
included for a full-text review by 2 team members. Articles that met inclusion criteria were
included in this analysis.

We examined references of articles that met inclusion criteria to identify additional reports
of plague meningitis that had not been revealed in the database searches. The references of
those articles were further examined to identify additional articles for inclusion, for a total of
3 generations of reference examination.

Inclusion Criteria

Cases were included in this review if 1 or more of the following case definitions for plague
meningitis were met: (1) presence of meningitis in a patient with plague, as demonstrated by
either nuchal rigidity or at least 2 other clinical signs or symptoms of meningitis, including
altered mental status, headache, seizures, or focal neurologic signs; (2) laboratory evidence
of meningitis in a patient with plague, as demonstrated by Y pestisin the cerebrospinal

fluid by culture, polymerase chain reaction, or Gram stain; or (3) author report of plague
meningitis. Report of patient outcome, specifically whether the patient survived, was also
required for inclusion.

We also created a subset category of cases with confirmed plague meningitis, defined

as either laboratory evidence of Y pestisin cerebrospinal fluid (CSF) or evidence of Y
pestisinfection in other clinical samples (eg, bubo aspirate, blood) with concomitant CSF
pleocytosis (>5 cells/mm3).

Data Abstraction and Analysis

Information from published reports was abstracted using Microsoft Access and Microsoft
Excel. Data on patient demographics, exposure, signs and symptoms, diagnoses, treatment,
laboratory testing, and outcome were recorded when available. The primary clinical form
of plague for each patient was defined by the symptoms and signs that either the patient

or clinician first noted, plus laboratory tests if available. Secondary clinical form(s) were
defined by clinical manifestations that developed after the primary manifestation, as
described in Nelson et al.1> This review included patients with either primary or secondary
plague meningitis. The year of presentation for each patient was included, if available; the
year the report was published was substituted if the year of clinical presentation was not
available.

Descriptive analyses were conducted using Microsoft Excel. Antimicrobials were
assigned to 2 groups: effective and minimally effective for plague. Antimicrobials
deemed to be effective for plague treatment included aminoglycosides, chloramphenicol,
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fluoroquinolones, tetracyclines, and sulfonamides, although not all of these antimicrobials
are considered firstline treatments for plague meningitis.13 All other classes of
antimicrobials were defined as minimally effective for purposes of this analysis.

The systematic literature review conducted by Nelson et al® identified a total of 275 articles
with information on cases of plague, of which 30 articles reported cases of either primary

or secondary plague meningitis. Our literature search for plague meningitis within PMC
uncovered 1,109 potentially eligible articles (Figure 1), plus 357 articles identified through
manual reference analysis. Thus, combining articles found through the previous systematic
review and references of eligible articles from the PMC review resulted in a total of 1,496
articles that were reviewed for this study. Of those, 449 met criteria for full-text review. In
total, 56 articles reporting 84 distinct cases of plague meningitis met the inclusion criteria
(28 cases were described in multiple publications). (For the complete list of cases see Table
3, located at the end of the Results section). All articles were case reports or case series
except one, published in 1954, which summarized 29 published cases of plague meningitis.®

Patient Demographics and Exposure History

Cases of plague meningitis included in this review occurred between 1898 and 2015. Of
the 81 cases that reported the sex of the patient, most were male (n = 55, 68%). The age

of patients ranged from 6 weeks to 64 years. Of the 71 cases that reported the ages of the
patients, more than half (n = 41, 58%) were aged 18 years or younger. The largest proportion
of patients by age and sex were adolescent boys 15 to 18 years of age (n = 10, 14%) and
adolescent girls 10 to 14 years of age (n = 8, 11%). Only 8% (n = 6) of patients were aged
40 years or older (Figure 2).1216-21 Of all included patients (n = 84), 24% (n = 20) resided
in the United States, 18% (n = 15) in Argentina,®22-26 129 (n = 10) in Vietnam,14.27.28
12% (n = 10) in China,12:18.:29.30 1104 (n = 9) in India,2931-33 and 24% (n = 20) in other
countries.17:21.32.34-45 Of the 20 patients residing in the United States, most lived in New
Mexico (n = 11, 55%),8:10.46-49 \hile others lived in California (n = 4, 20%),11:32.50.51
Colorado (n = 2, 10%),19:52 Arizona (n = 1, 5%),8 and Texas (n = 1, 5%).53 One case of
laboratory-acquired plague occurred in a patient who lived in Maryland.1”

More than a quarter (n = 22, 26%) of included patients contracted plague

meningitis between 1898 and 1940, before effective antimicrobial therapy was
available.9:21:23,30,32,39-41,43,44,50,53 \ost (n = 56, 67%) cases occurred between 1940
and 19808, 10.12,14,17,19,20,22,24-29,31,33,35-38,42,45-48,54-56. o}y 6 cases (7%) of plague
meningitis have been reported since 19811116.18:49.51.52(Fijgyre 3).

Almost a quarter (n = 20, 24%) of included case reports described the patient’s exposure
history to Y pestis. Of these cases, 55% (n = 11) were likely exposed to Y pestisby an
infected animal, including cats (n = 5, 45%),8:17:51.52 prairie dogs (n = 2, 18%),1048 3
coyote (n = 1, 9%),8 and a fox (n = 1, 9%).22 Other patients with reported exposure likely
contracted Y pestis from the bite of an infected flea (n = 6, 30%),832:55 via respiratory
droplets from an infected person (n = 2, 10%),18:31 or in a laboratory (n = 1, 5%).%6
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Clinical Findings and Laboratory Testing

Primary plague meningitis occurred in 6% (n = 5) of all 84 patients,11:12:3342,54

More than half (n = 50, 60%) of patients developed plague meningitis secondary

to bubonic plague 8:12.14.16,17,19,20,22-25,27-29,32,34,36,38,39,41.46-53.55 p|age meningitis
developed secondary to primary septicemic plague in 8% (n = 7)8:25.26:354043
primary pneumonic plague in 6% (n = 5)18:21.30.31.56 of patients. The primary clinical
syndrome was unclear or not reported for 20% (n = 17)810.25.32,37.44.45.54 of patients.
For the 50 patients with primary bubonic plague, the location of the bubo(es) was
reported for 90% (n = 45). Of those 45 patients, buboes were reported in the axillary
areas (n = 25, 56%),8.12.14.16,17.,19,20,22,24.25,29,32.39.47 4851-53 the inguinal areas (n = 16,
36%),12:14.20,25,27,32,36,45-48 and/or the cervical area (n = 7, 16%)8:24.34.38.41,50.55 (Fjgyre
4). Additional bubo locations included the epitrochlear (n = 4, 9%),12.14.22 cryral (n = 3,
7%),2425 retropectoral (n = 1, 2%),2° suprascapular (n = 1, 2%),*8 subpectoral (n = 1,
2%),24 retropharyngeal (n = 1, 2%),%! and supratrochlear (n = 1, 2%)2° areas.

The most commonly reported signs and symptoms of plague meningitis in all 84 patients
were fever (n = 56, 66%), nuchal rigidity (n = 38, 45%), and headache (n = 33, 39%).
Generalized neurologic signs were noted in 24 (29%) patients12:14.20,25,26,30,32,38,44-47,52,54
and included delirium or clouded mentality (n = 10, 42%),12:14.20.32,52 conyulsions or
seizures (n = 9, 38%),12:30.32:44.4550 and opisthotonos (n = 4, 17%).12:20.25.32 Of the 84
total patients, 10 (12%)11,12,14,25,30,32,38,40,50 had reported focal neurologic deficits,
including slow pupillary response or eye movement dissociation (n = 4),112540 diplopia (n
=2),1132 vertigo (n = 1),12 tinnitus (n = 1),12 deafness (n = 1),12 and abnormal gait (n

= 1).38 Neuroimaging was reported for only 1 patient, aged 14 years, whose MRI showed
enhancement in the left subcutaneous parietal and occipital scalp tissues but no nervous
system abnormalities.1!

Laboratory test results were available for 83% (n = 70) of included patients. Four patients
had negative culture results for either blood or CSF.10:14.18 Of the 66 patients with a positive
laboratory result for Y pestis, bacteria was demonstrated in the CSF (by a stain or by
culture) in 79% (n = 52). Of the 52 cases, the CSF isolate was identified as Y pestis by
phage lysis in 10% (n = 5)827.48 or by polymerase chain reaction in 2% (n = 1).11

Antimicrobial Treatment and Patient Outcomes

The overall case fatality rate (CFR) of the 84 patients with plague meningitis was 58% (n

= 49). The CFR was 91% (n = 21) in the 23 cases that occurred between 1898 and 1940,
before the widespread availability of effective antimicrobial therapy; 47% (n = 26) in the 55
cases that occurred between 1941 and 1980; and 33% (n = 2) in the 6 cases that occurred
since 1981.

A majority (n =59, 70%) of all patients were treated with antimicrobials. Of those 59
patients, 42% (n = 25) died. A median of 3 days (range 0 to 14 days) passed between onset
of first plague symptoms and start of treatment, with 67% (n = 37) receiving treatment

3 or more days after illness onset. The CFR was similar between patients who received

an antimicrobial within 2 days versus 3 or more days following symptom onset (n = 5,
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42% of 12 vs n = 15, 41% of 37; P=.95). However, timing between symptom onset and
antimicrobial treatment was not clear for 17% (n = 10) of the 59 treated patients, which
limits interpretation. Antimicrobials used to treat plague meningitis were sulfonamides (n
=40, 68%), aminoglycosides (n = 21, 36%), penicillins (n = 20, 34%), chloramphenicol
(n =18, 31%), and tetracyclines (n = 13, 22%). Cephalosporins were used for 6 (10%)

patients,811.18:51.52 and erythromycin and vancomycin were given to 1 patient each (Figure
5).8.11

Monotherapy was provided to 47% (n = 28) of treated patients.8.9.12.14,20,22,25,27,31,34,35,52
Of those, 86% (n = 24) received a sulfonamide and had an associated CFR of 75% (n =
18).9:12,14,20,22,25,31,34.35 Ty patients, 1 of whom died, received either an aminoglycoside
or a sulfonamide, but it was unclear which antimicrobial was given.1 The remaining 2
patients died after receiving monotherapy with either ceftriaxone or penicillin (Table 1).8:52

Therapy with 2 or more antimicrobial classes was provided to 53% (n = 31) of the 59 treated
patients,8:10.11,16-19,26-29,33,36-38,46-49,51,54-56 The gverall CFR of patients treated with 2 or

more antimicrobial classes was 13% (n = 4) (Table 2, Figure 5).

Among the 25 patients who did not receive antimicrobial treatment, nearly all (n = 24, 96%)
died.9.21.23,24,30,32,39-45,50,53 The patient who survived without antimicrobial treatment was
a 7-year-old child who became ill in 1899 with bubonic plague that progressed to plague
meningitis. The child was treated with plague antiserum; after a prolonged illness, the
buboes were incised and drained and the patient recovered fully.18

Patients with Confirmed Plague Meningitis

Over half (n = 46, 55%) of the 84 included patients had confirmed plague
meningitis.810-12,14,16,17,19,20,24-28,32,35,36, 39-43,47,51,52,54 patients in this group most
commonly experienced fever (n = 38, 79%), nuchal rigidity (n = 25, 54%), and

headache (n = 21, 44%). Y pestis was cultured from the CSF in 54% (n = 25) of
patients.8:11.12.14,17,19,20,24,25,27,28,35,39-4347,52,54 The CSF leukocyte count was recorded
in 46% (n = 21) of patients and ranged from 5 cells/mms3 to 27,000 cells/mm3 with a
median of 210 cells/mm3,10-12,14,16,24,25,27,32,36,39.47,51 CSF glucose levels were recorded
for 5 patients and ranged from 7 mg/100 ml to 73 mg/100 ml with a median of 20 mg/100
ml.10.27.36.47 protein levels in the CSF were recorded for 4 patients and ranged from 72
mg/100 ml to 210 mg/100 ml with a mean of 146 mg/100 m.10.16.36.47

Eight patients with confirmed plague meningitis did not receive antimicrobial treatment,

all of whom died.24:32:39-43 Among the 38 patients who received antimicrobial treatment
and had confirmed plague meningitis, 45% (n = 17) died.8:12.14.20.24,25,35,52,54 The most
common antimicrobials used for treatment in this group were sulfonamides (n = 25, 66%),
chloramphenicol (n = 15, 39%), penicillins (n = 15, 39%), aminoglycosides (n = 10, 26%),
and tetracyclines (n = 8, 21%). Twenty patients from this group were treated with 2 or more
antimicrobial classes, 10% (n = 2) of whom died.>*

Eighteen patients received monotherapy.8:12:14.20.24,25.35.52 Of those patients, 78% (n =
14) received sulfonamides, 86% (n = 12) of whom died.12:20.25.35 Tyo patients received
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monotherapy with either a cephalosporin or a penicillin, and both died.8:52 The remaining
2 patients who received monotherapy were treated with either an aminoglycoside or a
sulfonamide, but it was unclear which antimicrobial they received; 1 died.1

Discussion

Plague meningitis is most commonly reported as a complication of primary bubonic plague,
particularly for patients with an axillary bubo. Adolescents and males comprised the highest
proportion of patients reported in the literature. Plague meningitis is a serious clinical
manifestation of Y pest/is infection, which is nearly always fatal if untreated. In this review,
we found that CFR improved with antimicrobial treatment; however, nearly half (42%) of
patients succumbed to the infection despite treatment. No significant difference in survival
rate was noted for patients who received treatment 3 or more days after symptom onset.

Although plague meningitis is rare, if Y pestiswere to be used as a biological weapon,
thousands of people could become infected* and hundreds could develop plague meningitis.
Thus, improved understanding of this manifestation can inform clinician recognition

and treatment of patients with naturally acquired infections and preparedness efforts

for a potential bioweapon attack. In this review, tetracyclines, chloramphenicol, and
aminoglycosides showed the lowest associated CFRs. Patients treated with tetracyclines
had the lowest CFR among these, although none of the included patients received
tetracycline monotherapy. Patients treated with sulfonamide monotherapy had a high CFR,
although this was likely confounded by time period bias since most patients received
sulfonamide monotherapy prior to the 1950s. Medical advances and increased availability of
antimicrobial treatment have markedly improved survival rates for all plague manifestations
including plague meningitis.1>57

Currently, the recommended firstline treatment for plague meningitis in the United
States is chloramphenicol plus either levofloxacin or moxifloxacin.13 Chloramphenicol
has demonstrated efficacy for patients with plague meningitis.814 Levofloxacin and
moxifloxacin have robust central nervous system penetration and demonstrated activity
against Y pestis, however, human data on the use of these drugs specifically for

plague meningitis is limited.58 Chloramphenicol demonstrated high efficacy in this
review, although interpretation is limited by low numbers and combination therapy.
Fluoroquinolones, however, were used for treatment in only 2 patients. In both instances
the fluoroquinolone was used in combination with an aminoglycoside and a cephalosporin,
limiting interpretability. One of those patients had primary pneumonic plague and
received streptomycin and ceftriaxone in addition to ciprofloxacin but died.18 The other
patient had apparent primary plague meningitis and received gentamicin, trimethoprim-
sulfamethoxazole, and ceftriaxone in addition to levofloxacin and recovered.11

The majority of patients with plague meningitis in this review were children, similar to
previous observations.”10 There is not a clear reason for this association, although there
are several potential explanations. One possible reason that children experience a greater
burden of plague meningitis may be that they have trouble communicating their symptoms,
thus clinical illness is not recognized and treated promptly. Children may also be more
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likely to touch an infected animal and contract Y pestis through that exposure, which some
researchers have suggested may be more likely to cause plague meningitis.8:5° Finally, it is
possible that Y pestis passes through the blood-brain barrier more easily in children.

Some experts have noted that plague meningitis often develops following delayed,
ineffective, or inadequate treatment of bubonic plague,®10:60 and it has been suggested that
meningitis develops only after the illness is prolonged in treated patients who would have
otherwise died rapidly.%-12:20 |n this review, the majority of patients with plague meningitis
either never received antimicrobial treatment or received an antimicrobial 3 or more days
after initial symptom onset. Additionally, some included patients with bubonic plague were
treated with an antimicrobial briefly, then developed meningitis after their treatment had
stopped.14 Surprisingly, delay in receiving treatment was not found to have a significant
impact on patient outcome in this analysis, although this is limited by small case numbers
and incomplete treatment information. Clinicians treating patients with bubonic plague
should be mindful of the potential for plague meningitis development, particularly for
patients with bubonic plague who delayed seeking care and who may have had a prolonged
illness that was not recognized until the manifestation was severe.

It has been hypothesized that plague meningitis only develops secondary to other plague
clinical manifestations, and that primary plague meningitis does not exist.8-19.12 |n contrast,
our review included 5 patients with plague meningitis for whom meningitis was the first
reported clinical manifestation; these patients were considered cases of primary plague
meningitis by their treating physicians.11:12:33.4254 However, 2 of those cases were in infants
and it is possible those patients had earlier unrecognized symptoms of bubonic or septicemic
plague.1254 Two other patients with reported primary plague meningitis were children

who were examined by clinicians more than 3 days after illness onset and may have had
unnoticed clinical symptoms of septicemic or bubonic plague.1142 The final patient with
reported primary plague meningitis was an adult male who presented initially with fever,
chills, severe headache, and back pain who developed neck rigidity and a positive Kernig’s
sign the following day.33 Further research is needed to determine if patients can develop
primary plague meningitis and, if so, whether those patients have different characteristics
than patients with secondary plague meningitis.

Previous studies have indicated a possible association between the occurrence of an axillary
bubo and the development of plague meningitis,614 including a summary by Butler,® which
indicated that of 32 patients with plague meningitis, 20 (63.1%) had axillary buboes. A
recent review of patients treated for any form of plague found that only 24% of patients
with bubonic plague had an axillary bubo,1® less than half the percentage of patients with
an axillary bubo in this review. Based on these findings, the presence of axillary buboes
should increase clinical suspicion for potential development of plague meningitis. Butler
hypothesized that this could be due to the proximity of the axillary lymph nodes to the
meninges.% However, there are alternative explanations for this association; for example,
axillary buboes may be more likely in patients who are younger or who develop plague after
handling an infected animal.®
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This review is subject to several limitations. First, articles included in this study were case
reports or case series, which are observational in nature and lack the rigor of controlled
trials. Second, time period bias impacted these data, as the number of effective therapeutic
options has increased and medical advancements have improved the quality of supportive
care. The different standards in medical care in earlier time periods may have contributed
to the high CFR associated with sulfonamides, and possibly that of aminoglycosides, as
these were primarily used in patients during earlier time periods. Finally, numerous articles
included only brief descriptions of the patients with plague meningitis, which limited the
available data for this review. For example, information on exposure route was missing for
the majority of included patients.

Conclusion

Additional research on the pathophysiology of plague meningitis would improve our
understanding of this clinical condition. A better understanding of how and why plague
meningitis develops in certain patients could help to prevent cases of plague meningitis.
Furthermore, additional information on the clinical presentation and clinical course of
plague meningitis may allow clinicians to recognize plague meningitis and treat patients
effectively sooner. Research on antimicrobial treatment regimens for patients with plague
meningitis, including randomized controlled trials, would also be valuable, although such
trials would be impractical given the rarity of plague meningitis.

Plague meningitis is associated with a high CFR, but survival is more likely in patients
who receive effective antimicrobial therapy. Development of meningeal signs in persons
undergoing therapy for bubonic or other forms of plague should prompt a rapid and
thorough workup for plague meningitis, including lumbar puncture and alteration of
antimicrobial therapy to include chloramphenicol and moxifloxacin or levofloxacin.13
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Cumulative Index to Nursing and Allied Health Literature; DTIC, Defense Technical
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Figure 2.
Age distribution, sex, and outcome of patients with plague meningitis reported in the

scientific literature. Note: Twelve patients did not have reported age; 2 patients did not
have reported sex. These 14 patients were not included in the graph.

Health Secur. Author manuscript; available in PMC 2024 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cooley et al.

Number of Cases

35
30
25
20
15

10

5
0

Page 15

B Died Recovered

1880-1900 1901-1920 1921-1940 1941-1960 1961-1980 1981-2000 2001-2021
Time Period

Figure 3.
Number of cases and outcome of patients with plague meningitis reported in the scientific

literature, by time period.
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Figure5.

Antimicrobial treatment and outcome among patients with plague meningitis reported in
the scientific literature. A total of 59 patients received antimicrobial treatment. Of these, 31
patients received treatment with 2 or more antimicrobial classes; those patients are included
in multiple categories based on all antimicrobials received.
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Antimicrobial Monotherapy Treatment and Case Fatality Rate of Patients With Plague Meningitis

Table 1.

Antimicrobial ClassAntimicrobial

Patients Who Received Antimicrobial asMonotherapy® Case Fatality Rate

Sulfonamides 24 75%
Sulfathiazole/Cibazol 13 69%
Sulfapyridine (Dagenan) 3 67%
Sulfadiazine 2 100%
Trimethoprim-sulfamethoxazole 1 0%
Unspecified Sulfonamide(s) 5 100%

Cephalosporins 1 100%
Ceftriaxone 1 100%

Penicillins 1 100%
Penicillin 1 100%

No antimicrobial treatment 25 96%

a . . . . . . . - L .
Two patients received either trimethoprim-sulfamethoxazole or streptomycin and were not included in this table, since it was unclear which

antibiotic was given.
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