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Abstract

Aspergillus terreus was identified in an intra-dural spinal biopsy specimen from an African female
with recurrent headache and hydrocephalus. Prior laboratory testing of cerebrospinal fluid (CSF)
was non-diagnostic, despite extensive central nervous system (CNS) involvement. CNS
Aspergillus infection presents a diagnostic and therapeutic challenge and is reviewed in the context
of this particularly instructive and difficult case.

CASE PRESENTATION AND DISCUSSION

The patient was a 37 year old West African female who presented to our emergency department
with headache, blurry vision, and numbness in the left lower extremity. Twelve months prior
to admission, while still living in Africa, she underwent a cesarean section accompanied by
epidural analgesia. Her post-partum course was notable for episodes of recurrent headache.
She subsequently moved to the United States where her headaches continued.

The patient returned to Africa three months prior to the present admission. During that time
she visited an emergency department with symptoms of severe headache, and a computed
tomography (CT) scan demonstrated dilation of the lateral, third, and fourth cerebral ventricles.
She returned to the United States and presented to our emergency department shortly thereafter.

The patient had an admission temperature of 37.4°C. Bilateral papilledema, mild oral thrush,
and brisk deep tendon reflexes in the lower extremities were noted on physical examination.
Brain magnetic resonance imaging (MRI) suggested communicating hydrocephalus (Figure
1A), although slight abnormal enhancement anterior to the pons and encasing the basilar artery
was also noted (not shown).

Initial complete blood count (CBC), erythrocyte sedimentation rate (ESR), and serum
chemistries were in the normal range. A lumbar puncture on Day 1 (Table 1) was notable for
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increased cerebrospinal fluid (CSF) red blood cells, nucleated cells, protein, albumin (48.1 mg/
dl; nl <25), IgG (32.7 mg/dl; nl<5), and opening pressure. Subsequent CSF smears and cultures
for bacteria, fungi, and acid fast bacilli were all negative, as was the cryptococcal antigen test.
Viral cultures were negative, as were polymerase chain reaction (PCR)-based assays for herpes
simplex virus (I and I1), varicella zoster virus, cytomegalovirus, JC virus, and enterovirus.
Additional negative CSF tests included the venereal disease research laboratory test (VDRL),
treponemal antibody test (FTA-ABS), CSF-Lyme enzyme linked immunosorbent assay
(ELISA), anti-toxoplasma enzyme immunoassay (EIA), and myelin-basic protein (<2 pg/L).
While CSF oligoclonal banding was observed, no serum sample was obtained for comparison.
Numerous tests for human immunodeficiency virus (HIV) and hepatitis A, B, and C were all
negative. Serum angiotensin converting enzyme and calcium were both normal, and tuberculin
skin testing was negative. A repeat lumbar puncture (Day 5) showed persistent hypercellularity
but was read as negative for malignant cells by cytology. Cell counts, chemistries, and smears/
cultures were otherwise unchanged.

Upon consultation with the neurosurgical team and consent of the patient, a
ventriculoperitoneal (VP) shunt was placed on Day 7, although she declined a surgical biopsy
of the area of abnormal brain MRI enhancement. Placement of the shunt was accompanied by
significant symptomatic improvement. An MRI of the spine was obtained at discharge (Day
9) to assist with outpatient neurosurgical follow-up, and this imaging showed multiple
abnormalities including ill-defined mass lesions along the spinal cord near C2, C5, and C6
levels and coating the superficial surface of the cord near T2 and T7-T10 (Figure 1B).

The patient returned to the emergency department (Day 27) with headache, nausea,
photophabia, neck pain, and fevers. Her admission labs were unremarkable, with the exception
of an elevated ESR (55 mm/hr; nl = 0-20). Interval worsening was noted on repeat spinal MRI
(Day 30), and her symptoms rapidly progressed with diplopia and cranial nerve 111 palsy. She
consented to a C5-T1 cervical laminectomy and tissue biopsy on Day 33. A grossly fibrous,
yellow-white tissue with accompanying thick yellow fluid was noted during surgical
exploration, and samples were sent for pathological and microbiological analysis.

Microscopy revealed extensive tissue necrosis (Figure 2A), which was accompanied by acute
and chronic inflammatory infiltration and multinucleate giant cells (Figure 2B). Grocott’s
methenamine silver (GMS) staining for fungal elements demonstrated branched septate hyphae
(Figure 2C). Additionally, a periodic acid Schiff (PAS) smear was positive for 1+ hyphae (not
shown). The patient received one dose of IV amphotericin B (0.5 mg/kg) but was switched to
oral voriconazole (200 mg BID) for improved CNS bioavailability.

Over the next six days, fungal culture of the biopsy specimen revealed an initially white, velvet
colony which progressed to a cinnamon brown color. Fungal smears demonstrated hyaline,
septate hyphae and conidial morphology consistent with A. terreus. Susceptibility testing of
the clinical isolate was performed by an outside reference laboratory (Table 2), as was the
serum galactomannan assay (negative, 0.475 ratio). A CSF galactomannan assay was not
ordered as clinically reportable reference ranges were not available. The patient also had a
normal nitroblue tetrazolium test and a normal lymphocyte count and CD4:CD8 ratio.

A repeat lumbar puncture (Day 48) revealed a markedly elevated CSF protein concentration
(1,090 mg/dl) while other values remained largely unchanged (Table 1). The patient was
discharged from the hospital on Day 64 after symptomatic improvement on a continued course
of oral voriconazole (200 mg, BID). She was readmitted on Day 68, however, with worsening
right upper quadrant abdominal pain attributed to cholelithiasis. After resolution of symptoms,
she was discharged on Day 71. She was readmitted within a week, however, for recurrent
abdominal pain, worsening gait, and a fixed and dilated left pupil. Interval worsening was again
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noted on MRI, and her voriconazole dose was increased to 300 mg BID; IV caspofungin (50
mg QD) was also initiated.

Subsequent lumbar puncture (Day 120) revealed a CSF voriconazole concentration of 1.822
mg/ml (performed by Mayo Medical Laboratories; Rochester, MN). A CSF protein
concentration of 5,260 mg/dl was also noted, although CSF cellularity had resolved (Table 1).
CSF protein concentration was verified using both benzethonium chloride and biuret reagent-
based assays. CSF protein electrophoresis demonstrated a discrete abnormal band measuring
0.63 g/dl present in the gamma region; this was characterized as a monoclonal IgG lambda by
immunofixation electrophoresis. An IgG lambda monoclonal component was also found in the
serum but at lower concentration.

Brain MRI on Day 132 suggested interval worsening, therefore 1V amphotericin-B (60 mg
QD) was added to her antibiotic regimen. This was changed to IV amphotericin lipid complex
(ABLC; 300 mg QD) six days later. The patient showed symptomatic improvement, although
findings from a follow-up MRI (Day 167) were grossly unchanged. The patient was discharged
on Day 182 for an additional week of outpatient IV caspofungin and ABLC, then a return to
oral voriconazole (300 mg BID) on a compassionate use outpatient protocol. An outpatient
MRI (Day 258) showed little overall change.

Aspergillus accounts for a small minority (~5%) of CNS fungal infections (Gottfredsson and
Perfect, 2000), although it is associated with extremely high mortality rates approaching 86—
99% (Walsh et al., 1985; Denning, 1996; Pongbhaesaj et al., 2004). As an opportunistic
infection, disseminated aspergillosis usually begins with pulmonary involvement due to
immunosuppression by steroids, antineoplastic agents, or with transplantation (Beal et al.,
1982; Walsh et al., 1985; Barrios et al., 1988; Torre-Cisneros et al., 1993; Hori et al., 2002;
Kleinschmidt-DeMasters, 2002; Saitoh et al., 2007). CNS aspergillosis has also been seen with
diabetes (Torre-Cisneros et al., 1993; Nenoff et al., 2001; Figueiredo et al., 2003) or via
contiguous spread from areas of nearby tissue or bone such as the paranasal sinuses (Haran
and Chandy, 1993; Botturi et al., 2006; Sundaram et al., 2006). It should be noted that infection
can occur in clinically immunocompetent individuals (Haran and Chandy, 1993; Sundaram et
al., 2006).

CNS aspergillosis often presents with symptoms of altered mental status, a focal neurological
deficit, seizure, persistent headache, or rarely meningeal signs (Gordon et al., 1976; Torre-
Cisneros etal., 1993; Figueiredo et al., 2003; Kagawa et al., 2008). Both rapid and slow clinical
progressions have been described (Gordon et al., 1976; Kaufman et al., 1976; Moling et al.,
2002; Gunaratne et al., 2007; Azarpira et al., 2008).

Most studies demonstrate infection by A. fumigatus, although A. flavus, A. nidulans, A. niger,
A. oryzae, A. terreus, and A. versicolor have also been observed (Gordon et al., 1976; Barrios
et al., 1988; Gottfredsson and Perfect, 2000; Schwartz and Thiel, 2009). Detection of fungi in
the CSF (by smear or culture) is often not successful in patients with fungal meningitis
(McGinnis, 1983); indeed, many cases of CNS aspergillosis are only recognized on biopsy or
autopsy specimens (Breneman and Colford, 1992; Mori and Ebe, 1992; Torre-Cisneros et al.,
1993; Hori et al., 2002; Kleinschmidt-DeMasters, 2002; Sundaram et al., 2006). More rapid,
non-culture-based assays for the diagnosis of CNS aspergillosis [using PCR or antigen
(galactomannan) based methodologies] are desirable as they may facilitate earlier diagnosis
and treatment (Kami et al., 1999; Moling et al., 2002; Viscoli et al., 2002; Klont et al., 2004;
Hummel et al., 2006; Aquino et al., 2007). Finally, the value of neuroimaging in the initial
workup of CNS aspergillosis cannot be overstated (Oner et al., 2006). In the present report,
spinal MRI revealed a site of extensive disease burden much more amenable to biopsy and
microscopic examination.
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Pathologically, CNS aspergillosis manifests as abscess formation with a propensity for vascular
invasion, infarction, hemorrhage, and/or aneurism (Walsh et al., 1985; Torre-Cisneros et al.,
1993; Nenoff et al., 2001). Granuloma formation with necrosis is also commonly observed,
and is most consistent with our patient’s findings (Kaufman et al., 1976; Kleinschmidt-
DeMasters, 2002; Nadkarni and Goel, 2005). Many reports also describe isolated mass lesions,
which are suspicious for neoplasm until a yellowish fluid is observed in the surgical field or
fungal hyphae are detected with GMS staining (Kaufman et al., 1976; Diengdoh et al., 1983;
Azarpira et al., 2008).

Of particular interest to our case, a 2005 outbreak of Aspergillus meningitis occurred in Sri
Lanka when contaminated medical supplies were used in spinal anesthesia for cesarean section
(Gunaratne et al., 2007). During this well-documented outbreak, five women were affected
(mean incubation period of 11.2 days). Three ultimately died, and Aspergillus fumigatus was
recovered from four of the cases, with spores identified by cytology in a fifth (Gunaratne et
al., 2007; Rodrigo et al., 2007). The outbreak ended after bulk destruction of surgical supplies
stored in a damp warehouse used after the 2004 tsunami. CNS aspergillosis has also been
observed in patients after multiple epidural steroid injections (Saigal et al., 2004; Kolbe et al.,
2007), although the source of Asperigillus (skin versus medical supply contamination) is
usually unknown. Given the spinal predominance of infection in our patient, as well as the
correlation in time with her onset of headache, it is extremely likely that the disease was a
complication of her prior epidural analgesia.

Two prior reports of Aspergillus-associated spinal arachnoiditis present very similar laboratory
and pathological findings to the present case. One notes granulomatous leptomeningitis with
giant cell formation, spinal compression, CSF pleocytosis, markedly elevated CSF protein
(with a peak concentration of 8,000 mg/dl), elevated CSF immunoglobulins, as well as the
presence of oligoclonal banding (Van de Wyngaert et al., 1986). The other report showed
communicating hydrocephalus, elevated CSF protein (517 mg/dl), and a very similar lesion
appearance both on gross observation and by microscopy (Bryan et al., 1980). A definitive
source for the Aspergillus infections were not identified in these patients, but the first was
correlated in time to a cutaneous infection. Additional reports also show mild to severely
elevated CSF protein concentrations in CNS aspergillosis (Gordon et al., 1976; Beal et al.,
1982; Morrow et al., 1983; Walsh et al., 1985), although this finding does not seem to be
common in all cases. A select literature review of cerebral aspergillosis cases over the past 25
years which presented with meningeal signs and/or CSF involvement is presented in Table 3.

Voriconazole therapy has been associated with enhanced survival in CNS aspergillosis, likely
due to its increased CNS penetration (Schwartz et al., 2005; Redmond et al., 2007; Saitoh et
al., 2007; Schwartz and Thiel, 2009). Neurosurgical intervention also appears to have an
additional survival benefit in many patients (Coleman et al., 1995). While the CNS
concentration of voriconazole (1.822 mg/ml) in our patient exceeded the MIC of our clinical
isolate (Table 2), MRI evidence suggested continued disease progression when voriconazole
was used as the sole agent. Addition of IV caspofungin also did not appear to halt the course
of infection. Adding a third agent, ABLC, did provide symptomatic benefit to our patient and
halted the spread of disease, although radiographic evidence of disease persistence clearly
remained. Poor CNS bioavailability is likely to limit ABLCs utility in many cases of CNS
fungal infection (Schwartz and Thiel, 2009), although in this report it did appear beneficial.

In summary, we present a case of severe CNS Aspergillus terreus infection that developed after
prior epidural analgesia. CSF testing proved non-diagnostic, although radiographic images of
the spinal cord led to a surgical biopsy and diagnosis. Prolonged hospitalization and antibiotic
therapy with three agents was required to halt the spread of disease, although it is likely that
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persistent infection remains. The patient was discharged on an additional outpatient course of
IV ABLC and long-term oral voriconazole therapy.
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Figure 1. Magnetic Resonance Imaging (MRI)

A. Lateral ventricular dilation is evident in this horizontal scan (Day 1). B. Mid-sagittal section
from a spine MRI (Day 9) shows multiple signal abnormalities including intradural mass
lesions and compression along the cervical and thoracic regions of the spinal cord.
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Figure 2. Histology
A. Low power image of the tissue biopsy showing a nodular fragment of fibroadipose tissue

with chronic lymphohistiocytic infiltrate, necrosis, and fibrosis (hematoxylin and eosin, 20X).
B. Higher power view of the same specimen demonstrating a dense granulomatous reaction
with multiple foreign body-type giant cells (hematoxylin and eosin, 100x). C. GMS stain shows
fungal hyphae with 45° branching (200x).
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Table 1
Cerebrospinal Fluid (CSF) Findings.
Day 1 Day 5 Day 48 Day 120
RBC (/ul) 136 39 488 70
Nucleated cells (/ul) 970 454 220 2

Differential (total # of cells in count) | G92, L5, M3 (100) | G84, L12, M4 (100) | G38, L54, M3 (95) | G1, L3, M1 (5)

Protein (mg/dl) 101 79 1090 5260
Glucose (mg/dl) 50 57 47 58
Pressure (cm) 40 36 * *

Reference Ranges: RBC (none/ul), Nucleated Cells (<6/ul; G = granulocytes, L = lymphocytes, M = monocytes), Protein (15-45 mg/dl), Glucose (40—
70 mg/dl), Pressure (<20 cm).

*
n.a. = not available.
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Susceptibility Testing of the Aspergillus Terreus Isolate.

MIC (ug/ml) | MLC (ng/ml)

24 hrs | 48 hrs | 24 hrs | 48 hrs
Amphotericin 1 2 16 >16
Voriconazole | 0.25 0.5 n.d. n.d.

MIC = minimal inhibitory concentration

MLC = minimal lethal concentration

n.d. = not determined

Fungal susceptibility determined according to the M38-A protocol (CLSI, Pennsylvania, 2002).

Diagn Microbiol Infect Dis. Author manuscript; available in PMC 2010 November 1.

Page 12



Page 13

Genzen and Kenney

‘Buisop se |jam se sased [enpiAlpul Buipefas uoiewlogul pajrelsp Joy siduosnuew feulbio
31 3INSU09 ases|d "suabe Jejnaiagni-1ue Jo/pue Adesayl [eiqodrwniue wnioads peolq pabuojosd palssiuiwpe osfe a1am syuaijed Aueln "Adelayl ua1inauod Ajdwi Jou saop sjuabe [ebungiue Jo 1s1
*

(uononnsuodal
junys isod

uonodnIsuodal

sainynd 48D ()

sIA g ‘1asuoisod pUe SUOISIABI JUNYS unys dA Wouy anssi snjeydasolpAy (8002) I8
sa10ads sn|1buadsy SIAGT) |leAIAINS | 810Zeuoon|4 goydwy snolqiy ur ABojoydiow (+) AuyesH ‘ayoepeay ‘1ans) apeh mo Joday ased 18 emebey|
40d 450 (+)
VvSI13
(dn-mojjoy 9]0Z_UOJLIOA ueuuewooeeb 45D (+) Adelayjowayd ‘ewoales (£002) e
paie|os] 10N 1A 1<) [eAIAINS goydwy X2 45D (-) anAaonuesb yum AV | Aup1Bi feyanu ‘ayoepeay ‘Jans4 Jodal ase) 18 youes
ured (£002) '1e
9]0ZBUODIIOA SSERN suonaalul proJals [einpida | >9eq moj ‘@ausuruodul Areutin 19 8Q|0>]
snyeBiwny "y paseasaq uibunjodsed pue uoiyesidse asIp X2 (+) a1dinw pue Aydesboasiq 'SSaUMeaM ANWSIIX3 JAMOT] Hodas ased uosie]
(1x) ABoj01A9 Aq saiods (+) (2002)
‘(ex) suawioads abeylioway pue ‘uonaejul ‘e
(dn-mojjoy 4A 9]0Zeuoan|4 urelq wapow-isod X (+) |elga1ad ‘syoep ansu aujeseuns
1) (2X) [eAInINg 9]0Z_UOJLIOA (Tx) x0 4380 (+) U0109S URLIS3 |eiuesd 03 uoissalboid ‘Aupibu {(2002) e
snyebiwny vy (ex) paseasa@ | (11 do/pue Al) goydwy FX)x0 450 (-) 10} eisabeue jeulds leyonu ‘ayoepeay ‘1ans4 (5x) suodau ase) | 19 obupoy
a|0zeuodes|
goydwy-]
-1 X9 Juswipas 452 (+)
goydwy- 40d 450 (+)
(dn-mojjoy ow 8]0Zeuodn| SX2 450 () sp10Jals ‘Juejdsuesy Anp1bu reyonu
TT<) [eAIAINS 9]0Zeuodely| Joud sjdnnw yum xa 489 (+) | reusad ‘sprydauojniswolf | ‘seBueyd sniels [ejusw ‘Iona4
snyebiwny 'y (dn-mojjoy 9]0ZBUOJLIOA Aesse uoneunn|bbe ‘Aouaionap ¢ Juswajdwo) sabueyo (2002) 'Ie
snpipued 'y 1A T<) [feAnIng goydwy xaye| snjjibiadsy 45D (+) asnge [oyoaje J1uoIyD snels [eIuaW ‘aydepeay ‘4ans4 | (gx) suodal ased | 18 Buljoin
Aesse uoneunnbbe
xaye| sn||1b1adsy 450 (+)
wniueIoeU| 03Ul
UOISUBIXa 19341 ‘AW0103I0I0
24-§ pue Awoidspiowyla
9]0zeuodely| Jeseues)xa Joud (T002) 'Ie
snyebiwny "y paseasaq goydwy wouy X3 pue ABojoydiow (+) sni|jew selagelq eidojdip ‘sisoid ‘soweyiydox3 yodas ased 19 JJousN
(SNIN %56 *¢liw
/00T'Y) stso10081d 45 (+) (z66T)
X2 450 (-) sabueya snyels [eusW ployjod
X2 pue xq ureiq (+) SPI0Ja)s ‘ad0D anIssalboud ‘subis [eabuiusw pue
snyeBiwny "y paseasaq goydwy X2 wninds (+) ‘asnge Bnup Jo AIoisiH ‘ayoepesy ‘eaudsAp ‘1ona4 Hodas ased uewsuaig
pooiq
louIng 4S9 Ut sunidioaid (+)
Buureisounwwi (+)
sabuluswolda)
(dn-mojjo snoune|ab jo ABojoydiow (986T) 'Ie
19suo0-1sod Aep 04-§ ‘xq Awoloaulwe] (+) subis [eabuiusw 18 WaeBAM
(Burureysounwiwi) snyebiwny v | 622) [leAIAINS goydwy X245D () AyyesH pue ‘aydepesy ‘ssaasqe UINS yodas ased ap UeA
wsiuebiO awo2N0 . Adeaay ] ebunynuy AbBojopoyia|N onsoubelrg | suonipuo) Buisodsipaid uolreluasald [ealuld Arewwns sioyiny

JUBWISAJOAU| 4SD Jo/pue [ealulus|Al J0 80UBPIAT Yl sisofIB1adsy SND Jo suoday aseDd

NIH-PA Author Manuscript

€9lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Diagn Microbiol Infect Dis. Author manuscript; available in PMC 2010 November 1.



Page 14

Genzen and Kenney

NIH-PA Author Manuscript

NIH-PA Author Manuscript

1189 JeajonuoydiowAjod = NINC
uonoeal ureyd aselswAjod = ¥Od
Aesse Juagiosounwiwl paxul] awWAzus = vS|13
pinj} feuidsolgaiad = 4S9
snouaAenul = A

Jedayleiul = ||

aulsolAoolon|4-G = D4-§

g unusoydwy = goydwy

Jeak = 1A

Yruow = ow

aInynd = xd

Adoig = xq

SNOILVINIHdaV

NIH-PA Author Manuscript

Diagn Microbiol Infect Dis. Author manuscript; available in PMC 2010 November 1.



