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Background. Knowledge of central nervous system (CNS) opportunistic infections (OIs) among people living
with human immunodeficiency virus (HIV) in sub-Saharan Africa is limited.

Methods. We analyzed 1 cerebrospinal fluid (CSF) sample from each of 331 HIV-infected adults with symptoms
suggestive of CNS OI at a tertiary care center in Zambia. We used pathogen-specific primers to detect DNA from JC
virus (JCV), varicella zoster virus (VZV), cytomegalovirus (CMV), Epstein-Barr virus (EBV), herpes simplex virus
(HSV) types 1 and 2,Mycobacterium tuberculosis, and Toxoplasma gondii via real-time polymerase chain reaction (PCR).

Results. The patients’ median CD4+ T-cell count was 89 cells/µL (interquartile range, 38–191 cells/µL). Of 331 CSF
samples, 189 (57.1%) had at least 1 pathogen. PCR detected DNA from EBV in 91 (27.5%) patients,M. tuberculosis in 48
(14.5%), JCV in 20 (6.0%), CMV in 20 (6.0%), VZV in 13 (3.9%), HSV-1 in 5 (1.5%), and HSV-2 and T. gondii in none.
Fungal and bacteriological studies showed Cryptococcus in 64 (19.5%) patients, pneumococcus in 8 (2.4%), and menin-
gococcus in 2 (0.6%). Multiple pathogens were found in 68 of 189 (36.0%) samples. One hundred seventeen of 331
(35.3%) inpatients died during their hospitalization. Men were older than women (median, 37 vs 34 years; P = .01),
more recently diagnosed with HIV (median, 30 vs 63 days; P = .03), and tended to have a higher mortality rate
(40.2% vs 30.2%; P = .07).

Conclusions. CNSOIs are frequent, potentially treatable complications of AIDS in Zambia. Multiple pathogens often
coexist in CSF. EBV is the most prevalent CNS organism in isolation and in coinfection. Whether it is associated with
CNS disease or a marker of inflammation requires further investigation. More comprehensive testing for CNS pathogens
could improve treatment and patient outcomes in Zambia.
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Neurologic complications occur in 40%–60% of per-
sons infected with human immunodeficiency virus
(HIV) [1]. Among the most serious neurologic compli-
cations of HIV are opportunistic infections (OIs) of the
central nervous system (CNS). Zambia has one of the
largest rates of HIV infection in the world with an

overall prevalence of 12.7%, approaching 25% in some
urban populations [2, 3]. Cerebrospinal fluid (CSF) is
commonly obtained from patients in sub-Saharan Afri-
ca suspected of having a CNS infection. However, the
available diagnostic tests are generally limited to
Gram stain, India ink stain, bacterial and fungal cul-
tures, and cryptococcal antigen (CrAg) testing for Cryp-
tococcus neoformans. As a result, country-specific data
in Africa regarding prevalence of CNS OIs are sparse,
and patients remain inadequately treated.

Particularly absent from the majority of these studies
is the prevalence data of CNS OIs diagnosed via poly-
merase chain reaction (PCR). CSF PCR is the standard
diagnostic technique used in resource-rich settings to
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detect the presence of viral, parasitic, and specific bacterial OIs
of the CNS; however, PCR is not currently used for routine CSF
testing of OIs in HIV-infected patients in Zambia or in the ma-
jority of sub-Saharan Africa. We sought to determine the prev-
alence of CNS OIs in HIV-infected Zambian adults and analyze
their impact on patient outcomes.

METHODS

Patient Population
This cross-sectional study was conducted at the University
Teaching Hospital (UTH) in Lusaka, Zambia, between 1 Octo-
ber 2010 and 31 May 2012, and was approved by the University
of Zambia School of Medicine Biomedical Research Ethics
Committee and Beth Israel Deaconess Medical Center Institu-
tional Review Board.

We enrolled consecutive HIV-infected adults who presented
to the emergency room at UTH with symptoms suggesting a
CNS infection requiring a lumbar puncture (LP) as part of
the routine evaluation. Specific symptoms included meningi-
smus, headache, alteration in consciousness, seizure, or a focal
neurological deficit. Study staff reviewed charts to determine if
an LP was done by the treating provider due to concerns of a
CNS infection. Patients or healthcare proxies then provided
written consent for use of excess CSF not needed for routine
studies. At the time of enrollment, a study neurologist (O. K. S)
documented patient demographic data, presenting symptoms,
past medical history, and neurological exam. As part of hospital
protocol, all patients receiving an LP have microscopy, culture,
Gram stain, and India ink testing on CSF. CrAg testing, when
available, is provided to patients sometimes at a fee of ∼US$10.

We followed patients for the duration of their hospitalization
to document the outcome of discharge or death.

CSF Testing
All CSF testing was performed in our molecular laboratory at
UTH. Excess CSF obtained from each of these 331 patients
was aliquoted into plain sterile tubes and stored at −20°C for
molecular diagnostics. DNA was extracted in batches from
200 µL of CSF using a Qiagen MinElute kit (Qiagen, German-
town, Maryland). We performed PCR testing for Mycobacteri-
um tuberculosis (tuberculosis), Epstein-Barr virus (EBV), JC
virus (JCV), varicella zoster virus (VZV), cytomegalovirus
(CMV), herpes simplex virus type 1 (HSV-1), herpes simplex
virus type 2 (HSV-2), and Toxoplasma gondii. Ten microliters
of DNA solution was used for each PCR reaction. Extraction
control consisted of sterile molecular-grade water.

PCR primers and probes were previously described [4–7] or
designed using Primer Express (Life Technologies, Grand Is-
land, New York) (Table 1). DNA amplification was carried
out on a Rotorgene 6000 (Corbett Life Sciences, Sydney, Austra-
lia) using Applied Biosystems (Roche, Branchburg, New Jersey)
TaqMan Universal PCR Master Mix R. The PCR thermocycler
conditions were 50°C for 2 minutes, 95°C for 10 minutes, 40
cycles of 95°C for 15 seconds, then 60°C for 1 minute and
60°C for 7 minutes.

Positive controls consisted of genomic DNA for each patho-
gen (ATCC, Manassas, Virginia). Two negative controls for
every PCR run consisted of an extraction control and sterile
water. All samples were run in duplicate. A sample was consid-
ered positive if 2 of 2 results showed amplified products. If only
1 of 2 samples was positive after the initial run, a second PCR
test was performed. If the second PCR showed amplification,

Table 1. Polymerase Chain Reaction Primers and Probes

Pathogen
(Target Gene,
Reference) Sense Primer 5′-3′ Antisense Primer 5′-3′ Probe 5′-3′

EBV (B95–8
BNRF1a)

GGAACCTGGTCATCCTTTGC ATGGACCGGTTAATCCGATCT AGCGAGCAGTACGAGTGCCTGCGb

Tuberculosis
(IS6110 [5])

AGGCGAACCCTGCCCAG GATCGCTGATCCGGCCA TGTGGGTAGCAGACCTCACCTATGTGTCGA

JCV (T gene [4]) AGAGTGTTGGGATCCTGTGTTTT GAGAAGTGGGATGAAGACCTGTTT TCATCACTGGCAAACATTTCTTCATGGC

CMV (DNA
polymerasea)

CTTAACCACTACAGCAAAGGTACGA ATGATAGCGGCGTTAGGTGACA TGCCCGAAACGAATAGCGTTGCC

VZV (DNA
polymerase [7])

CGGCATGGCCCGTCTAT TCGCGTGCTGCGGC ATTCAGCAATGGAAACACACGACGCC

HSV-1 (gD [7]) CGGCCGTGTGACACTATCG CTCGTAAAATGGCCCCTCC CCATACCGACCACACCGACGAACC
HSV-2 (gG [7]) CGCTCTCGTAAATGCTTCCCT TCTACCCACAACAGACCCACG CGCGGAGACATTCGAGTACCAGATCG

Toxo (B1 [6]) CAAGCAGCGTATTGTCGAGTAGAT GCGTCTCTTTCATTCCCACATTTT CAGAAAGGAACTGCATCCGTT

Abbreviations: CMV, cytomegalovirus; EBV, Epstein-Barr virus; HSV, herpes simplex virus; JCV, JC virus; Toxo,Toxoplasma gondii; VZV, varicella zoster virus.
a In-house design with PrimerExpress (Life Technologies).
b All probes have 6FAM as reporter dye and TAMRA as quencher, except the Toxo probe, which uses nonfluorescent quencher Minor groove binder (MGB).
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the sample was considered positive. Results were not used for pa-
tient care in the context of this pilot observational study. To min-
imize interassay variability, samples were tested in batches, usually
several weeks after the patient’s initial presentation.

Statistical Analysis
Confidence intervals for death rates were estimated using meth-
ods for exact binomial confidence intervals. Wilcoxon rank-
sum and Fisher exact tests were used to compare study variables
between groups. Univariate and multivariate logistic regression
models were utilized to assess predictors of death. A significance
level of <0.10 was used to select variables for the multivariate
analyses. Maximum likelihood method was used to estimate
model parameters, and significance was tested using the Wald
test statistic. Statistical analyses were performed using the R
package version 3.0.1 and SAS software version 9.3 (SAS Insti-
tute, Cary, North Carolina). P values were 2-sided and consid-
ered statistically significant if <.05.

RESULTS

Patient Characteristics
Characteristics of the 331 patients are shown in Table 2. There
was a similar sex distribution, but men were older and more re-
cently diagnosed with HIV compared with women. Overall, 83
(25.1%) patients were diagnosed with HIV infection at the time
of presentation. They were severely immunosuppressed, and the
enrollment CD4+ T-cell count tended to be lower in men than in
women. One hundred nineteen (36.0%) patients had a prior his-
tory of tuberculosis. Only 118 (35.6%) patients were on combina-
tion antiretroviral therapy (cART) at the time of enrollment for a
median duration of 240 days (interquartile range, 33–1223 days).
cART exposure tended to be higher in women than in men.

Infectious Pathogens Detected in CSF
Pathogens were detected in 189 (57.1%) CSF samples. The
number of patients diagnosed with 1 or more pathogens is

shown in Table 3. India ink testing was positive on 31 of 318
(9.7%) CSF samples tested. Of these 31 samples, 30 (96.8%)
were also yeast positive on Gram stain. CrAg testing was per-
formed on 161 samples and 41 (25.5%) were found to be pos-
itive. CrAg testing was markedly more sensitive than India ink
for the diagnosis of cryptococcal meningitis (P < .0001). Suffi-
cient testing to make a diagnosis of cryptococcal meningitis (ei-
ther yeast or India ink positive or CrAg tested) was performed
on 184 (55.6%) patients. Of 189 samples, 121 (64.0%) had 1 or-
ganism and 68 (36.0%) had multiple organisms detected. EBV
was the most common pathogen found (27.5%) and the most
common copathogen (15.1%). There were high rates of detec-
tion of Cryptococcus (19.3%) and tuberculosis (14.5%). We
also detected JCV (6.0%), CMV (6.0%), VZV (3.9%), and
HSV-1 (1.5%) in this patient population. Pneumococcal and
meningococcal meningitis was diagnosed in 2.4% and 0.6% of
patients, respectively. No cases of toxoplasmosis or HSV-2 were
detected by PCR.

Head computed tomography (CT) and magnetic resonance
imaging (MRI) are not performed routinely in Zambia, but
are available to patients who are able to pay the equivalent of
US$170 and $270, respectively. Patients can receive reduced
rates or exemptions if the costs are deemed prohibitive. These
exams were only performed in few individuals, and were not
systematically analyzed for this study. Postmortem analyses
are rarely performed at UTH due to difficulty in obtaining con-
sent from family members.

Presence of Seizures in Patients With CSF Infection
Seizures occurred in 79 of 331 (23.9%) patients, including 39 of
189 (20.6%) of those with and 40 of 142 (28.1%) without spe-
cific pathogen(s) in their CSF (P = .12).

Seizure was most commonly seen with Cryptococcus (26.6%),
JCV (25.0%), or VZV (23.1%). Seizure was also found in cases
with CSF detection of HSV-1 (20.0%), EBV (16.5%), CMV
(15.0%), and tuberculosis (12.0%). Seizure was not a presenting
symptom in any cases of pneumococcal or meningococcal
meningitis.

Mortality and Clinical Presentation of Patients With CSF Infection
and Seizures
Of 331 patients, 117 (35.3%) died during their hospitalization,
including 68 (40.2%) men and 49 (30.2%) women (P = .07).
Moreover, 78 of 189 (41.3%) patients who had a detectable
pathogen in the CSF died, compared with 39 of 142 (27%)
deaths in patients with no pathogen detected (P = .01).

The percentage of patients diagnosed with each CSF patho-
gen who remained alive or died during their hospitalization is
shown in Figure 1. The mortality of CSF EBV–positive patients
was 39.5% (36 of 91). The clinical presentation of CSF EBV–
positive patients was variable, including headache, neckache,

Table 2. Patient Demographics (N = 331)

Characteristic Men Women P Value

No. 169 (51.1%) 162 (48.9%) .74

Age, y, median (IQR) 37 (32–42) 34 (30–41) .01
CD4+ T cells/µL, median
(IQR)

81 (30–156) 99 (43–217) .18

On cART at time of
hospitalization

57 (33.7%) 60 (37.0%) .57

Days since HIV diagnosis,
median (IQR)

30 (1–504) 63 (1–1092) .03

Abbreviations: cART, combination antiretroviral therapy; HIV, human
immunodeficiency virus; IQR, interquartile range.
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and seizure. Mortality among patients diagnosed with crypto-
coccal meningitis was 39.0%.

Mortality of patients testing PCR positive for CSF tuberculo-
sis was 45.8% (22 of 48). Altogether, a viral infection or tuber-
culosis was diagnosed by CSF PCR in 150 patients, including 86
with CMV, VZV, HSV-1, or tuberculosis, for which specific
treatments are available. Finally, mortality was similar between
patients who developed seizures (32.9% [26/79]) and those who
did not (36.1% [91/252]) (P = .69).

Table 4 summarizes the potential risk factors of death in our
study population. The odds of death together with
95% confidence intervals were reported for each covariate. Lon-
ger duration of knowing HIV diagnosis, and high Glasgow
Coma Scale (GCS) score were associated with lower odds of
death, whereas female sex and longer duration on cART only
showed a trend with lower odds of death. Conversely, tubercu-
losis, cryptococcal meningitis, EBV, and other pathogens
showed a trend with higher odds of death. There was no diffe-
rence in mortality between patients who had single or multiple
pathogens in the CSF. In the multivariate analysis, only high
GCS score remained significant.

DISCUSSION

PCR uncovered the presence of multiple pathogens that
would have otherwise remained undetected. There was a
high prevalence of coinfection in the CSF, indicative of severe
immunosuppression in this population. These findings may
reflect late presentation of patients to health facilities. The
prevalence of EBV, JCV, VZV, and CMV are higher than pre-
viously reported from a comparable study in sub-Saharan Af-
rica [8].

The high prevalence of EBV was the most striking finding,
particularly in the presence of other pathogens. EBV is fre-
quently detected in the CSF with other microorganisms, al-
though its pathogenic role remains unclear [9, 10]. In a study
of bacterial meningitis in Malawi, 61% of HIV-infected patients
had detectable EBV in the CSF, and it was also associated with
an increased risk of death [11]. Detection of EBV DNA from a
CSF sample may simply represent amplification of quiescent
virus within B lymphocytes. Indeed, 30 of 91 (33.0%) EBV
CSF PCR–positive samples had ≥10 red blood cells/µL CSF
(10–6000), and it is possible that detection was due to blood

Table 3. Characteristics of Patients With Cerebrospinal Fluid Pathogen(s)

Pathogens
Individual CSF
Prevalence 1 Pathogen

No. of
Cases 2 Pathogens

No. of
Cases 3 Pathogens

No. of
Cases 4 Pathogens

No. of
Cases

EBV 91/331 (27.5%) EBV 41 EBV/Crypto 19 EBV/TB/CMV 4 EBV/Crypto/TB/
VZV

1

Cryptoa 64/331 (19.3%) Crypto 35 EBV/TB 11 EBV/TB/JCV 1 Crypto/TB/VZV/
CMV

1

TB 48/331 (14.5%) TB 20 EBV/VZV 3 EBV/TB/
Meningo

1

JCV 20/331 (6.0%) JCV 9 EBV/JCV 2 EBV/TB/Crypto 1
CMV 20/331 (6.0%) CMV 6 EBV/Pneumo 2 EBV/Crypto/JCV 1

VZV 13/331 (3.9%) VZV 4 EBV/CMV 1 EBV/JCV/CMV 1

Pneumo 8/331 (2.4%) HSV-1 2 EBV/HSV-1 1 EBV/JCV/VZV 1
HSV-1 5/331 (1.5%) HSV-2 0 Crypto/CMV 2

Meningo 2/331 (0.6%) Toxo 0 Crypto/VZV 2

HSV-2 0/331 (0%) Pneumo 4 Crypto/TB 1
Toxo 0/331 (0%) Crypto/HSV-1 1

TB/CMV 4

TB/JCV 2
TB/VZV 1

JCV/Pneumo 2

JCV/HSV-1 1
CMV/Meningo 1

Totals 271
pathogens

121/331
(36.6%)

56/331
(16.9%)

10/331
(3%)

2/331
(0.6%)

Abbreviations: CMV, cytomegalovirus; Crypto, Cryptococcus neoformans; CSF, cerebrospinal fluid; EBV, Epstein-Barr virus; HSV, herpes simplex virus; JCV, JC
virus; Meningo, meningococcus; Pneumo, pneumococcus; TB, Mycobacterium tuberculosis; Toxo, Toxoplasma gondii; VZV, varicella zoster virus.
a One hundred eighty-four of 331 (55.6%) patients had sufficient testing.
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contamination. EBV is associated with primary CNS lymphoma
in HIV-infected patients. We did not obtain neuroimaging as
part of this study. However, in those EBV PCR–positive patients
with neuroimaging, mass lesions were not commonly seen. Our
PCR assays were performed on a real-time PCR apparatus but
were read as qualitative output. Measurement of EBV DNA load
helps determine the pathogenesis of EBV infection [12]. There-
fore, concomitant measurement of EBV copy number in the
CSF and blood as well as neuroimaging will be necessary to de-
termine whether EBV is pathogenic, a marker of inflammation,
or an innocent bystander in the CNS. Management of EBV en-
cephalitis includes supportive care with or without use of corti-
costeroids [13]. There has also been rare success reported with
ganciclovir [14]. This medication is not available at public hos-
pitals in Zambia.

Patients with confirmed cryptococcal meningitis were treated
with amphotericin B, which is provided at no cost at UTH, but
flucytosine is not available. The documented mortality rate of
39% in this population is markedly improved compared with
previously documented 100% mortality at UTH prior to the
availability of amphotericin B [15]. Only 161 of 331 (48.6%) pa-
tients had CrAg testing. Because the rate of detection using this
test was 25.5%, compared with 9.7% with India ink staining we
can extrapolate that approximately 27 individuals (8.2% of the
total cohort) went undiagnosed solely because of lack of ade-
quate testing. As untreated cryptococcal meningitis is universal-
ly lethal, if these 27 individuals had been correctly diagnosed
and treated, approximately 11 would have survived based on
our 39.0% mortality rate.

HIV strains and host susceptibility factors in Africa were
thought to be less conducive to infection by JCV, the etiologic
agent of progressive multifocal leukoencephalopathy (PML)
[16]. However, the prevalence of JCV infection of the brain in
our study is similar to that reported in Western countries before
the widespread availability of cART [17], suggesting that prior
studies lacked adequate testing. Indeed, all JCV CSF–positive
patients had neurological findings consistent with PML.

Interestingly, T. gondii DNA was not detected in any CSF
samples in our study population. Sensitivity of CSF PCR for
T. gondii has been reported as between 33% and 100% depend-
ing on the technique, patient population, and presence of
anti-Toxoplasma treatment [6, 18, 19]. Our findings are in
sharp contrast with previous reports from Europe and the Unit-
ed States, where CNS toxoplasmosis was the most common
CNS OI among untreated HIV-infected patients [20]. This is
likely because T. gondii seroprevalence has been documented
as low as 4% in Zambian HIV-infected patients [21] and be-
cause cotrimoxazole prophylaxis is broadly implemented in
Zambia for prevention of Pneumocystis jiroveci pneumonia
and CNS toxoplasmosis. Additionally, lower rates of raw meat
consumption and other regional dietary habits may account for

Table 4. Variables Associated With Death in Univariate and
Multivariate Analysis

Variable

Univariate Analysis Multivariate Analysis

Odds Ratio
(95% CI)

P
Value

Odds Ratio
(95% CI)

P
Value

Categorical

Female 0.64 (.40–1.01) .06 0.54 (.20–1.48) .23
cART status 0.85 (.52–1.38) .51

Tuberculosis 1.69 (.90–3.17) .10

Cryptococcal
meningitis

1.12 (.59–2.10) .74

EBV 1.37 (.82–2.28) .22

Other
pathogensa

1.52 (.84–2.76) .17

Multiple
pathogensb

0.96 (.52–1.78 .89

Continuous
Age 0.91 (.72–1.16) .44

cART (days) 0.67 (.43–1.04) .08 1.00 (.46–2.19) .99

HIV diagnosis
(days)

0.56 (.34–.91) .02 0.61 (.21–1.80) .37

CD4 count 0.70 (.44–1.11) .13

Glasgow Coma
Scale

0.33 (.24–.46) <.0001 0.46 (.28–.75) .002

Abbreviations: cART, combination antiretroviral therapy; CI, confidence interval;
EBV, Epstein-Barr virus; HIV, human immunodeficiency virus.
a Other pathogens indicate all other single pathogens other than EBV detected
in the cerebrospinal fluid (CSF).
b Multiple pathogens indicate 2–4 organisms detected in CSF.

Figure 1. Pathogen-associated mortality. Histogram of the numbers of
cerebrospinal fluid samples with detectable pathogen belonging to pa-
tients who remained alive or died during their hospitalization. Abbrevia-
tions: Bacteria, pneumococcus or meningococcus; CMV, cytomegalovirus;
Crypto, Cryptococcus neoformans; CSF, cerebrospinal fluid; EBV, Epstein-
Barr virus; HSV, herpes simplex virus; JCV, JC virus; TB, Mycobacterium
tuberculosis; VZV, varicella zoster virus.
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the low seroprevalence. HSV-2 was not detected in any CSF
samples. Seroprevalence of HSV-2 in an urban Zambian popu-
lation has previously been documented at 47.2% [22]. Further
investigation is warranted to see if there are unique characteris-
tics of HSV-2 in Zambia that make it less neurotropic.

Seizures frequently occurred in our patients, with similar in-
cidence regardless of whether there was a detectable pathogen in
the CSF. Without comprehensive neuroimaging data, it is diffi-
cult to identify the etiology of seizures in cases devoid of specific
pathogen(s). HIV infection of the CNS itself may cause seizures.
Hyponatremia is a common etiology in this population second-
ary to CNS and pulmonary disease [23]. Seizures are also likely
to be underreported, as patients in Zambia have a limited ability
to identify seizures that are not convulsive. There is also signifi-
cant stigma associated with seizures in Zambia [24], although
antiepileptic drugs are available, most commonly in the form
of carbamazepine and phenobarbitone [25].

Mortality rate was extremely high in our study population.
More than one-third of patients died during their hospitalization.
This rate of mortality is higher than reported in resource-rich set-
tings at the beginning of the AIDS epidemic [26, 27]. Our study
was not designed for long-term follow-up. It is possible that death
occurred in the post-hospitalization period due to loss of follow-
up, poorcompliancewith treatment, andpooraccess to emergency
health services. As expected, mortality was higher in patients with
lower scores on GCS.Men presented with a shorter time since the
initial HIV diagnosis, had lower CD4+ T-cell counts, and had
higher mortality rates. These results suggest that men present
at later stages of their HIV disease than do women. This is con-
sistent with multiple studies across Africa regarding the enroll-
ment characteristics and treatment outcomes of patients
presenting to cART clinics [28–30].

Our study highlights several factors that could improve man-
agement and outcome in this patient population. First, early di-
agnosis of HIV infection, especially in men, could prevent
immunosuppression and infectious complications. Second,
widespread availability of CrAg testing in CSF would save
lives. The recently developed point-of-care CrAg lateral flow
immunochromatographic assay has the potential to address
this issue through greater ease of use and cheaper cost than
the more widespread CrAg latex agglutination test. Third, im-
plementation of innovative technologies utilizing PCR to detect
viral pathogens amenable to treatment (EBV, tuberculosis,
CMV, VZV, HSV) may improve the survival of these patients.
This could potentially be done through utilization of the Gene-
Xpert real-time PCR platform, which is currently undergoing
scale-up in resource-limited settings to improve tuberculosis di-
agnostics [31].The current cost of a GeneXpert cartridge for PCR
testing of a single tissue sample for tuberculosis is US$9.98 [32].
A comparable cartridge-based system for testing of CSF patho-
gens could easily be developed. In Zambia, there is a national

program that provides antituberculosis treatment free of charge,
but antiviral treatment such as intravenous acyclovir can only be
purchased from private pharmacies at a cost of US$17 per 250-
mg dose. A typical course for viral encephalitis would cost ap-
proximately US$663 and is out of reach for most patients.

Our study has several limitations. The true degree of infec-
tions and coinfections was likely underestimated. The actual
rate of tuberculosis in this population is unknown. Tuberculosis
culture is not routinely performed on CSF in Zambia, as it can
take up to 6 weeks to become positive. The diagnosis of tuber-
culosis meningitis is problematic regardless of setting because of
the limited sensitivity of CSF PCR testing, estimated to be ap-
proximately 50% [33]. Numerous patients were suspected of
having probable or possible tuberculosis meningitis despite
negative CSF tuberculosis PCR testing. As a result, the true
number of patients presenting with seizure who had tuberculo-
sis meningitis is also underestimated. Cryptococcal meningitis
was also likely underdiagnosed as not all patients received ade-
quate testing.

The average yearly salary in Zambia is equivalent to US$1350
[34]. CrAg testing is covered by the public health system but is
not always available. In this context, out-of-pocket expenses for
CrAg testing are significant, as less than half of patients for whom
it was clinically indicated had this test performed on their CSF.
Likewise head CT and MRI costs are incurred directly by the pa-
tients, and each exam corresponds to approximately 13%–20% of
yearly salary. There is a tiered payment system in place where pa-
tients pay according to their level of income. However, many pa-
tients are not able to afford these supplemental payments. Finally,
neurocysticercosis and neurosyphilismay also affect HIV-infected
Zambian patients presenting to UTH, but due to limited resourc-
es, not all patients received an adequate evaluation for these 2
pathogens even when clinically indicated.

Our study shows that numerous pathogens can be found in
the CSF of HIV-infected patients presenting with neurological
symptoms in Zambia, and the mortality of this population is
very high. Systematic review of the literature showed no similar
comprehensive molecular diagnostic study of the CNS in sub-
Saharan Africa. There have been targeted studies utilizing
PCR for the diagnosis of herpesviruses in aseptic meningitis
and bacterial coinfection in HIV-infected patients in Malawi
[11, 35]. Diagnostic testing for a broad array of CSF pathogens
may be required in resource-limited settings to achieve better
outcomes and avoid unnecessary treatments.
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