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Nontyphoidal Salmonella infection and stroke are major causes
of morbidity and mortality worldwide, with increased risk in
the human immunodeficiency virus (HIV)-infected population.
We report a rare case of ischemic stroke associated with Salmo-
nella enteritidis subdural empyema in an older HIV-infected
patient with multimorbidity, despite surgery and treatment
with susceptible antimicrobial drugs.
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History
Three months before hospital admission, a 69-year-old black
male with untreated human immunodeficiency virus (HIV) in-
fection suffered a mechanical fall with 10 minutes loss of con-
sciousness. He presented to the emergency department. With
no noted neurologic deficits, no neuroimaging was performed.
During the month before hospitalization, he developed a pro-
gressively worsening headache. Two weeks before admission,
he developed progressive somnolence, malaise, anorexia, and
decreased physical activity. One week before hospitalization,
he reported abdominal pain, fever, and drenching night sweats.

His history was otherwise notable for hypertension, obstruc-
tive sleep apnea (OSA), stage 3 chronic kidney disease, gout,
and remotely treated syphilis. He was maintained on dapsone,
nifedipine, furosemide, and metoprolol but was on no antiretro-
viral therapy (ART) due to medication nonadherence.

He immigrated to the United States from Jamaica 3 decades
prior, with travel only to that country 4 months before admis-
sion. His meat consumption consisted solely of poultry, with no
known ingestion of undercooked meat. He had no animal

contacts. He did consume undercooked eggs on 3 occasions
over the 2 weeks before onset of his constitutional symptoms.

Major Findings and Vitals and Physical Exam
On admission his temperature was 39.4°C, pulse was 93 beats/
minute, and blood pressure was 118/57 mmHg. He was somno-
lent but arousable. He had oral thrush. He was oriented to per-
son and place but not to year. Cranial nerves II–XII were intact.
His motor strength and sensation were intact and his reflexes
were 2+ and symmetric. He had no meningismus and his abdo-
men was benign. There were no other notable clinical examina-
tion findings.

Initial Laboratory and Imaging Data
His white blood cell (WBC) count was 10 400/mm3, hemoglo-
bin was 12.8 g/dL, and platelet count was 366 000/mm3. CD4
count was 159 (6%) and HIV viral load was 24 851 copies/
mL. Serum creatinine was 2.0 mg/dL (estimated glomerular
filtration rate, 38). Electrolytes and liver function tests were
otherwise normal. Computerized tomography of the head dem-
onstrated a 1.7-cm hypodense right frontotemporoparietal sub-
dural fluid collection with 5 mm right to left midline shift
(Figure 1A). Lumbar puncture revealed a cerebrospinal fluid
(CSF) glucose of 53 mg/dL and protein of 62 mg/dL. Cerebro-
spinal fluidWBC count was 46/mm3 (100%mononuclear cells).
Cerebrospinal fluid Venereal Disease Research Laboratory test
(VDRL), herpes simplex virus polymerase chain reaction
(PCR), cryptococcal antigen, and bacterial and fungal cultures
were all negative.

Hospital Course and Management
Therapy with vancomycin, ciprofloxacin, and metronidazole
was initiated. Persistent fevers, mental status deterioration, uri-
nary incontinence, and Gram-negative bacteremia identified
on day 2 prompted a craniotomy on day 4. Purulent and hem-
orrhagic material was encountered, consistent with a subdural
empyema (Figure 1B and 1C). He underwent drainage and
copious wound irrigation, but residual fibrinous material
remained adherent to cortical vessel structures. Admission blood
cultures and intraoperative subdural cultures yielded Salmonella
enterica serovar Enteritidis. Both isolates demonstrated susceptibil-
ity to ampicillin, ceftriaxone (minimum inhibitory concentration
[MIC], ≤2 mcg/mL), aztreonam, meropenem, trimethoprim-
sulfamethoxazole, and ciprofloxacin (MIC, ≤0.5 mcg/mL). Re-
peat blood cultures remained negative.

He defervesced and was transitioned to intravenous ceftriax-
one. One week postoperatively, he developed dysarthria with
left-sided ptosis, facial droop, and motor weakness. His hemi-
paresis progressed, and serial magnetic resonance imaging
demonstrated acute and progressive right frontal, temporal,
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and parietal cerebral infarcts adjacent to his right frontotempor-
oparietal subdural empyema (Figure 1D), as well as chronic
small vessel periventricular and subcortical ischemic disease.
Magnetic resonance angiography demonstrated focal narrow-
ings within the left middle cerebral and left carotid arteries con-
sistent with atherosclerotic disease. Atorvastatin and aspirin
were added. His left-sided motor strength improved to 4/5,
and he was discharged to a rehabilitation facility 2 weeks after
initial presentation.

He was readmitted 1 day later with fever, left-sided neglect,
and flaccid paralysis of the left arm and leg. Magnetic resonance
imaging demonstrated extension of his infarcts. Lumbar punc-
ture revealed a CSF glucose and protein of 47 mg/dL. Cerebro-
spinal fluid WBC count was 158/mm3 (100% mononuclear
cells). Cerebrospinal fluid VDRL, viral PCRs (including those
for herpes simplex, varicella zoster, Epstein-Barr, cytomega-
lovirus, and JC virus), cryptococcal antigen, and bacterial,

mycobacterial, and fungal cultures were all negative. He suffered
further mental status deterioration and underwent an electroen-
cephalogram, which demonstrated intermittent seizure activity.
Antiepileptic medication was initiated. His mental status im-
proved, and he was discharged 7 weeks after initial hospital pre-
sentation. Upon discharge, he had completed a 4-week course
of intravenous antimicrobial therapy and had been transitioned
to oral ciprofloxacin. He had persistent left-sided neglect, left
facial droop, 4/5 left lower extremity strength, and 0/5 left
upper extremity strength. After completion of 10 weeks of anti-
microbial therapy, he was reinitiated on combination ART
(cART). Two years later, he had improved speech and decreased
neglect, but his motor deficits persisted.

REVIEWAND DISCUSSION

Nontyphoidal salmonellosis remains a major cause of morbid-
ity and mortality worldwide. Although introduction of cART

Figure 1. (A) Computerized tomography scan of the head without contrast. Hypodense fluid collection observed along the right front temporoparietal convexity with mass
effect. (B) Intraoperative subdural space prior to debridement. Wall of abscess in the subdural space without visualization of brain cortical tissue on initial dissection of the dura.
(C) Intraoperative subdural space post debridement. Brain cortical tissue post debridement with residual fibrinous material adherent to cortical structures. (D) Diffusion-weight-
ed magnetic resonance image of the brain with contrast. Acute cerebral infarcts in the frontal and temporoparietal regions of the brain.
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has brought declines in nontyphoidal Salmonella (NTS) inci-
dence, HIV-infected persons remain at elevated risk for invasive
NTS disease [1]. We provide a rare report of acute progressive
ischemic stroke associated with a Salmonella enterica serovar
Enteritidis subdural empyema in an older HIV-infected patient,
with permanent neurologic sequelae despite surgical drainage
and antimicrobial therapy.

Nontyphoidal Salmonella species have not been among the
pathogens traditionally associated with stroke [2]. The few re-
ported associations of NTS central nervous system (CNS) infec-
tion with stroke have been (1) primarily among neonates and
infants and (2) predominantly associated with meningitis, in
which delayed response to therapy and permanent neurologic
sequelae have been observed [3, 4].We identified in the research
literature a single reported case of stroke associated with pre-
sumptive focal intracranial NTS infection in an adult patient,
although without intracranial culture confirmation [5].

This case is more broadly illustrative of the evolving interac-
tion between HIV and aging-associated factors in predisposing
to stroke and other nonacquired immune deficiency syndrome
disease. Higher rates of stroke have been observed in HIV-
infected individuals relative to their HIV-uninfected counter-
parts in the cART era [6]. Both adverse cART effects and a
greater prevalence of some traditional vascular risk factors
have been considered contributors to this increased risk [6].
However, excess risk has been observed independent of these
factors, supporting a direct role for HIV itself in stroke patho-
genesis. Cerebral inflammation has been associated with pro-
motion of atherosclerosis, and HIV-induced inflammation has
been one proposed mechanism by which HIV may promote
progression to stroke [2, 6]. Recent studies have supported
such a role for HIV in directly promoting formation of athero-
sclerotic plaques [7].Salmonella species have a known proclivity
to attack atherosclerotic plaques [1, 8]. The clinical course here
suggests an initial subdural hematoma hematogenously seeded
by domestically acquired invasive NTS infection with cerebro-
vascular complication. Although without pathologic confirma-
tion, Salmonella’s proclivity for atherosclerotic plaques may
have contributed to these acute cerebral events.

This case further illustrates the adverse cumulative impact of
the increasing burden of multimorbid disease on the aging
HIV-infected population. Apart from HIV itself, several aging-
associated conditions—hypertension, OSA, chronic renal failure,
and a fall with presumptive structural brain injury—and race like-
ly also predisposed this elderly HIV-infected patient to an acute
ischemic stroke [6, 9, 10].

The limited data on effective management of focal intracra-
nial Salmonella infections support the need for surgical drain-
age combined with appropriate antimicrobial therapy [3, 11].
However, despite surgical treatment and the prolonged use of
appropriate antimicrobial drugs, this patient still suffered se-
vere, residual, persistent disability. The optimal timing for

ART initiation in the concomitant management of intracranial
NTS infection and HIV is not known. Studies support delayed
ART initiation to reduce morbidity or mortality associated with
CNS cryptococcosis or tuberculosis in individuals infected with
HIV [12]. In this case, ART was initiated more than 2 months
subsequent to initial Salmonella infection without death, wors-
ening of neurologic or other clinical status, and without relapse
of NTS infection. However, significant residual functional im-
pairment remained.

Ultimately, there remains a substantial and overlapping bur-
den of NTS disease and HIV infection worldwide [1, 13]. This
case highlights the need for clinical awareness of stroke as a po-
tential complication of NTS infection in the adult HIV-infected
population. Such awareness may be most critical in resource-
limited settings where the majority of strokes now occur and
where the burden of HIV infection and invasive NTS disease
is highest [1, 13]. Although focal intracranial NTS infection
with ischemic stroke may be uncommon, the true burden of in-
tracranial NTS infection in HIV-infected populations may be
difficult to ascertain in settings with limited access to CNS im-
aging and microbiologic diagnostics. Dedicated studies in these
settings may be valuable to establish incidence rates, associated
morbidity and mortality, and the impact of early diagnosis and
intervention in limiting severe neurologic sequelae of such in-
fections. As our case illustrates, close monitoring for neurologic
complications is necessary even after initiation of appropriate
surgical and antimicrobial therapy, particularly for those
HIV-infected persons with premorbid atherosclerotic risk
factors.

CONCLUSIONS

This case also highlights the increasing clinical and public
health relevance of stroke risk among the aging HIV-infected
population. Critical attention to stroke prevention through ad-
equate HIV control and effective, tailored management of both
traditional and nontraditional risk factors will be needed to pro-
mote healthy aging outcomes for the HIV-infected population.

Acknowledgments
We thank Dr. Cynthia Sears for manuscript review.
Financial support. D.A.P. was supported by National Institutes of

Health grant K23-AI-108357.
Potential conflicts of interest. All authors: No reported conflicts. All au-

thors have submitted the ICMJE Form for Disclosure of Potential Conflicts
of Interest.

References
1. Feasey NA, Dougan G, Kingsley RA, et al. Invasive non-typhoidal salmonella dis-

ease: an emerging and neglected tropical disease in Africa. Lancet 2012;
379:2489–99.

2. Fugate JE, Lyons JL, Thakur KT, et al. Infectious causes of stroke. Lancet Infect Dis
2014; 14:869–80.

3. Cohen JI, Bartlett JA, Corey GR. Extra-intestinal manifestations of salmonella in-
fections. Medicine (Baltimore) 1987; 66:349–88.

4. Wu HM, Huang WY, Lee ML, et al. Clinical features, acute complications, and
outcome of Salmonella meningitis in children under one year of age in Taiwan.
BMC Infect Dis 2011; 11:30.

BRIEF REPORT • OFID • 3



5. Arentoft H, Schonheyder H, Schonemann NK. Cerebral Salmonella typhimurium
abscess in a patient with a stroke. Infection 1993; 21:251–3.

6. Chow FC. HIV infection, vascular disease, and stroke. Semin Neurol 2014;
34:35–46.

7. Post WS, Budoff M, Kingsley L, et al. Associations between HIV infection and sub-
clinical coronary atherosclerosis. Ann Intern Med 2014; 160:458–67.

8. Fernandez Guerrero ML, Aguado JM, Arribas A, et al. The spectrum of cardiovas-
cular infections due to Salmonella enterica: a review of clinical features and factors
determining outcome. Medicine (Baltimore) 2004; 83:123–38.

9. Meschia JF, Bushnell C, Boden-Albala B, et al. Guidelines for the primary
prevention of stroke: a statement for healthcare professionals from the

American Heart Association/American Stroke Association. Stroke 2014; 45:
3754–832.

10. Cruz-Flores S, Rabinstein A, Biller J, et al. Racial-ethnic disparities in stroke care:
the American experience: a statement for healthcare professionals from the Amer-
ican Heart Association/American Stroke Association. Stroke 2011; 42:2091–116.

11. Aliaga L, Mediavilla JD, Lopez de la Osa A, et al. Nontyphoidal salmonella intra-
cranial infections in HIV-infected patients. Clin Infect Dis 1997; 25:1118–20.

12. Wright EJ. Neuro OIs: developed and developing countries. Curr Opin HIVAIDS
2014; 9:539–44.

13. Mills EJ, Barnighausen T, Negin J. HIV and aging–preparing for the challenges
ahead. N Engl J Med 2012; 366:1270–3.

4 • OFID • BRIEF REPORT



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


