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This Journal section presents a real, challenging case involving a multidrug-resistant organism. The case authors present the
rationale for their therapeutic strategy and discuss the impact of mechanisms of resistance on clinical outcome. An expert
clinician then provides a commentary on the case.

ABSTRACT We report a case of a 62-year-old man treated for Streptococcus pneu-
moniae meningitis by ceftriaxone and dexamethasone. After neurological improve-
ment, neurological degradation by vasculitis occurred, despite effective concentra-
tions of ceftriaxone in the serum and cerebrospinal fluid (CSF). S. pneumoniae with
increased MICs to third-generation-cephalosporins (3GC) was isolated from the ven-
tricular fluid 10 days after the isolation of the first strain. Isolate analysis showed
that a mutation in the penicillin-binding protein 2X (PBP2X) has occurred under
treatment.
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Streptococcus pneumoniae-related meningitis is associated with high morbidity even
in optimal therapeutic settings, with a case fatality rate close to 30% (1) and

long-term neurological sequelae in a significant proportion of survivors (2). Penicillin
was the first-line drug of choice for treating pneumococcal infections for many years
until increasing global resistance to penicillin. Currently, in France, the first-line treat-
ment of pneumococcal meningitis is based on third-generation cephalosporin (3GC)
use (3). However, resistance to penicillin in clinical isolates of Streptococcus pneumoniae
is related to the development of high-molecular-weight penicillin-binding proteins
(PBP) that have greatly decreased affinity for the antibiotic (4). Resistance to 3GC
involves only alterations of PBP2X and PBP1A, and this resistance can be transferred
into a susceptible strain in a single round of transformation (5). Treatment failure with
use of a 3GC in case of penicillin-resistant pneumococcal meningitis has been reported
(6, 7). Mutations in PBP2X leading to 3GC resistance despite well-conducted antibiotic
treatment have never been reported in vivo.

CASE PRESENTATION

A 62-year-old man was treated for 5 days with ear drops of ciprofloxacin and
corticosteroids for left acute otitis media. Due to the occurrence of rhinorrhea with
coughing and the persistence of the ear pain, he received paracetamol-tramadol.
He was admitted 2 days later to the emergency department of Saint-Joseph
Hospital in Paris, France, for clinical signs evocating meningoencephalitis, including
fever (39.5°C), headache, stiff neck, and confusion. His blood pressure was 159/
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79 mm Hg, and his heart rate was 125 beats/min. His medical history was the recent
finding of diabetes mellitus. Lumbar puncture and blood cultures were performed
before delivery of ceftriaxone (3 g) and dexamethasone (10 mg every 6 h). A
computed tomography (CT) scan ruled out a subarachnoid hemorrhage or an
abscess. The cerebrospinal fluid (CSF) was cloudy, with an elevated protein level
(7.1 g/liter), low glucose level (CSF/serum glucose ratio, 0.19), and leukocyte count
of 940 � 106/liter with 90% neutrophils. Gram stain from the CSF using a Cytospin
centrifuge showed Gram-positive cocci that suggest Streptococcus pneumoniae. The
patient was admitted to the intensive care unit (ICU) (defined as day 1). S. pneu-
moniae was isolated both from CSF and blood cultures. It was resistant to penicillin
G (MIC, 2 mg/liter), amoxicillin (MIC, 2 mg/liter), and cefixime (MIC, 16 mg/liter), with
reduced susceptibility to cefotaxime and ceftriaxone (MICs, 0.75 mg/liter). MICs
were determined using the Etest method (bioMérieux, Craponne, France). Treat-
ment with ceftriaxone at 3 g/day was maintained, allowing neurological improve-
ment at day 3. At day 7, deterioration in neurological status associated with
decompensation of diabetes mellitus was noted and required mechanical ventila-
tion. An overdose of ceftriaxone occurred at day 2, with a residual serum level of
154 mg/liter, which normalized at day 6, with a serum level of 47.2 mg/liter. An
efficiency inhibitory quotient (IQ) was obtained between day 4 (IQ, 8) and day 9
(IQ, 10) with CSF levels of ceftriaxone of 2.2 mg/liter, 6 mg/liter, and 7.6 mg/liter at
days 1, 4, and 9, respectively.

At day 10, the Glasgow Coma Scale score was 3, with a 40°C fever. A transcranial
Doppler showed accelerated velocities in favor of a narrowing of the arterial calibers by
vasculitis. Areactive bilateral mydriasis was observed, leading to immediate osmoth-
erapy and placement of an external ventricular shunt. Then, digital subtraction angiog-
raphy confirmed a very severe and diffuse narrowing of every intracranial artery (Fig. 1).
At day 10, the concentration of ceftriaxone in the ventricular fluid obtained by external
derivation was 1.2 mg/liter. This low level could be explained by weak diffusion in part
by the extended vasculitis. S. pneumoniae was isolated from culture of the CSF, with
susceptibility to penicillin G (MIC, 0.2 mg/liter), amoxicillin (MIC, 0.2 mg/liter), and ce-
fixime (MIC, 0.75 mg/liter) but resistance to cefotaxime and ceftriaxone (MIC, 2 mg/liter)
(Table 1).

CHALLENGE QUESTION

At day 10, the patient is now worsening on the septic and neurological level. S.
pneumoniae was again isolated from CSF. The MIC of ceftriaxone was increased

FIG 1 Digital subtraction angiography, day 10. (A) Right internal carotid. (B) Left vertebral artery. (C) Left
internal carotid. All the arteries of the circle of Willis are affected by an extremely extensive and severe
narrowing, disclosing postinfectious arteritis.

Challenging Clinical Case Antimicrobial Agents and Chemotherapy

March 2020 Volume 64 Issue 3 e01958-19 aac.asm.org 2

https://aac.asm.org


(2 mg/liter), but the MICs of penicillin G and amoxicillin decreased (0.2 mg/liter).
Antibiotic treatment needs to be modified.

Which antimicrobial(s) would be best for the patient and why?

A. Vancomycin plus rifampin
B. High dosage of amoxicillin
C. High dosage of cefotaxime
D. Ceftobiprole
E. Linezolid

TREATMENT AND OUTCOME

At day 10, antibiotic therapy was then modified for intravenous cefotaxime at
16 g/day plus rifampin at 1.2 g/day with intrathecal vancomycin (50 mg). Cerebral
magnetic resonance imaging (MRI) at day 14 identified extensive ischemia of the
cerebellum, protuberance, mesencephalon, cerebral peduncles, and bilateral basal
ganglia (Fig. 2). Worsening of the neurological state led to the patient’s death on day
17. A coinfection due to two different strains was ruled out since S. pneumoniae isolates
(day 1 and day 10) were characterized as serotype 14 and multilocus sequence type

TABLE 1 Synthesis of microbiological data timing of antibiotic exposure and drug monitoring

Data typea

Result for dayb:

0 1 2 3 4 5 6 7 8 9 10 17

Microbiological sample
CSF � � � �
Blood culture � � � � � � � �

MIC (mg/liter)
Penicillin G 2 0.2
Amoxicillin 2 0.2
Cefixime 16 0.75
Cefotaxime 0.75 2

Antibiotic exposure
Ceftriaxone x x x x x x x x x x x
Intrathecal vancomycin x x
Rifampin x x

Ceftriaxone therapeutic drug monitoring
concn (mg/liter)

Serum 154.1 47.2
CSF 2.2 6 7.6 1.2

aCSF, cerebrospinal fluid.
b�, S. pneumoniae found in culture; �, sterile; x, positive for exposure.

FIG 2 Cerebral magnetic resonance imaging (fluid-attenuated inversion recovery), day 14. Extensive
ischemia of cerebellum, protuberance, mesencephalon, cerebral peduncles, and bilateral basal ganglia.
Periventricular hypersignal in relation to hydrocephalus and ventriculitis.
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(MLST) 557. In addition, susceptibilities to various antibiotics (except �-lactams) were
identical. Sequencing of the pbp1a, pbp2b, and pbp2x genes showed identical se-
quences for pbp1a and pbp2b and a single-nucleotide substitution in pbp2x (A¡G)
which led to Thr550¡Ala in PBP2X (GenBank accession numbers MN025493 and
MN025494). Regarding antibiotic administration, 3 g of ceftriaxone was given to the
patient by the emergency department for clinical meningitis before any bacterial
documentation. Due to a rapid improved clinical condition (day 3) and an overdose of
ceftriaxone at day 2 (residual serum level, 154 mg/liter), we chose not to modify the
ceftriaxone dosage according to the guidelines since they are not based on individual
pharmacological monitoring (3, 8). Finally, it should be noted that the secondary
neurological deterioration of this patient fell within the scope of a meningitis-related
delayed cerebral injury (DCI). Late achievement of an efficiency inhibitory quotient at
day 9 combined with the early administration of corticoids could have contributed to
the occurrence of this DCI, especially since Streptococcus pneumoniae was involved (9,
10). Despite intensive care and therapeutic developments, Streptococcus pneumoniae is
still responsible for a high rate of mortality (1, 2).
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