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How appropriate are cerebrospinal fluid polymerase chain
reaction requests for suspected central nervous system infections?

Yaasir Mamoojee and David Chadwick

ABSTRACT - Cerebrospinal fluid (CSF) polymerase chain reac-
tion (PCR) assays have become the main diagnostic tests for
central nervous system viral infections in recent years.
Previous studies have suggested algorithms based on CSF
leukocyte count and total protein levels to determine when
CSF PCR assays are indicated. Based on these criteria, 1,469
CSF PCR tests requested over a two-year period were reviewed.
A proportion of positive PCR results were found in children
with normal CSF, unlike in adults where such occurrences were
extremely rare. The results suggest that applying a strategy of
screening CSF specimens using leukocyte count, glucose and
protein, at least in adults, may have avoided more than half of
CSF PCR requests with little detriment to patient care and
considerable cost savings. Larger prospective studies are
needed to determine whether algorithms using standard CSF
parameters and clinical information can optimise the use of
CSF PCR assays in clinical practice.
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Introduction

Cerebrospinal fluid polymerase chain reaction (CSF PCR)
assays have become widely available to clinicians throughout the
UK in recent years, and are used to diagnose central nervous
system (CNS) infections. Indeed CSF PCR assays to detect
herpes simplex virus (HSV) encephalitis and John Cunningham
(JC) virus in progressive multifocal leucoencephalopathy have
become standard diagnostic assays after validation using brain
biopsies as gold standards."? Although CSF PCRs for other CNS
viral infections have not been as rigorously validated, the diag-
nosis of a definite CNS infection is 88 times more likely with a
positive CSF PCR result than with a negative result.® To date,
CSF PCR has become the main diagnostic method for these viral
infections including enteroviruses, which is by far the most
common cause of viral meningitis.>* Early diagnosis of CNS
infections through PCR assays can improve clinical outcomes
through providing earlier and specific antimicrobial
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chemotherapy, and exclusion of CNS infections through rapid
CSF PCR assays can reduce length of hospital stays and duration
of unnecessary antimicrobial chemotherapy.’

While technically simpler than most other tests used to detect
CNS infections, CSF PCR assays are relatively expensive, espe-
cially when multiple assays are requested and, to date, there are
no national guidelines available advising when to request them.
In practice, physicians typically order CSF PCR assays for HSV,
enterovirus and varicella zoster virus (VZV) when initial CSF
results are abnormal, however after initial stains and cultures are
negative, or when there are other clinical features to suggest such
infections. In immunocompromised patients, there is often a
lower threshold for ordering CSF PCR tests, frequently
including cytomegalovirus (CMV) human herpesvirus 6 (HHV-
6), Epstein-Barr virus (EBV) or JC virus, even when CSF pro-
tein, glucose and microscopy is normal. Other PCR assays some-
times requested in patients with aseptic meningitis include
assays specific for Neisseria meningitides, Mycobacterium tuber-
culosis and Listeria monocytogenes.

As healthcare expenditure comes under increasing scrutiny,
there is considerable pressure to deliver cost-effective as well as
high-quality diagnostic services.® To optimise effective use of
CSF PCR assays, previous studies have suggested algorithms
based on CSF leucocyte count and total protein levels to deter-
mine when CSF PCR assays are indicated,”® both of which are
predictive of CNS infections.»®° In order to evaluate the appro-
priateness of CSF PCR requests at the James Cook University
Hospital on the basis of criteria recommended in one of these
studies,’ a retrospective audit of all CSF PCR tests requested over
a two-year period was conducted.

Methods

All CSF PCR tests requested during 2008 and 2009 were
retrieved from the microbiology electronic records and the CSF
microscopy, biochemistry, culture and PCR results for each
patient were extracted from the hospital’s electronic pathology
reporting system. All CSF specimens underwent multiplex PCR
assays at Micropathology Limited, University of Warwick
Science Park. A CSF specimen was defined as abnormal if any of
the following was present: white blood cell count (WCC) >5
cells/mm? (if red blood cells were present in the CSF sample a
correction was made, and for infants less than two weeks old a
WCC>20 cells/mm? was considered abnormal (10)); protein
level > 0.5 g/l; CSF glucose <2.2 or CSF:serum glucose ratio
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Table 1. Classification of central nervous system (CNS) viral

Table 2. Polymerase chain reaction (PCR) tests and positive yield.

infections using clinical and laboratory criteria. Adapted from
reference 3.

Number of Number Percentage
. s . .. of PCR of positive of positive
ULl et el et [ el Ok Organism requests results PCR results
i. Raised CSF WCC (defined by age group) accompanied by one or
more of the following: meningism, headache, or fever =37.5°C) Herpes viruses 824 13 1.58
(with no other explanation). HSV1 3 1 333
ii. Altered level of consciousness or focal neurological signs HSV2 3 1 333
accompanied by fever (=37.5°C) or headache (with no other
explanation). HSV (untyped) 355 2 0.56
Possible CNS viral infection: vev 302 5 1.66
Attending physician’s final diagnosis of a viral CNS infection with MV 29 0 0
any combination of signs or symptoms. EBV 34 0 0
Unlikely CNS viral infection (one of the following): HHV6 98 4 4.08
i. Another definite diagnosis (for example, multiple sclerosis or
bacterial meningitis). Enterovirus 314 16 5.10
ii. Non-specific diagnosis (for example, febrile convulsion where Listeria monocytogenes 38 1 2.63
clinical or Iabo.ratory features were not consistent with the Nelsseria Meningltldis 80 5 6.25
above categories).
Mycobacterium tuberculosis 10 0 0
iii. No definite diagnosis (for example, fever of unknown cause 4 ) um -t uios!
where the clinical or laboratory features were not consistent Borrelia sp. 12 0 0
with the above categories). Others 191 7 3.66
CSF = cerebral spinal fluid; WCC = white cell count. * Includes 1 Group B Streptococcus, 1 rotavirus, 2 Pneumococcus, 1

Mycoplasma pneumoniae and 1 HIV. CMV= cytomegalovirus; EBV = Ebstein-
Barr virus; HHV6 = human herpes virus 6; HSV = herpes simplex virus;
<0.4. CSF PCR requests were compared between the following HSV1 = herpes simplex virus 1; HSV2 = herpes simplex virus 2;

hospital departments: acute medicine, paediatrics and neu- V2V = varicella zoster virus.
rology. For patients in acute medicine, clinical data were
extracted from medical records to classify the likelihood of CNS Results
infection, based on criteria previously employed,? illustrated in

e . F PCR r
Table 1. Any indication for CSF PCRs to be requested simultane- CSF PCR requests
ously with initial CSF tests (biochemistry and microscopy) was A total of 1,469 separate CSF PCR tests were requested during 2008

established, for example in immunocompromised patients or and 2009 for 379 patients. Most patients (39%) had three different
where evidence of herpetic rashes or shingles, and the final diag- PCR tests. Eight-four patients (22%) had more than four different
nosis(es) was noted. The audit was registered with the hospital’s CSF PCR tests, ranging from five CSF PCR tests being requested for
audit department. 36 patients to a maximum 24 CSF PCR tests on a single patient.

Table 3. Comparison of cerebral spinal fluid polymerase chain reaction (CSF PCR) tests requested between the paediatrics, neurology and

acute medicine.

Paediatrics Neurology Acute medicine Total
Number of patients 169 80 98 347
Number of males 96 43 56 195
(% out of total number of patients) (56.8) (53.7) (57.1) (56.2)
Total number of PCR tests requested 650 311 274 1235
Average number of PCR tests per patient 4 4 3 4
Number of positive PCR results 22 2 12 36
(% out of total number of PCR tests requested) (3.38) (0.64) (4.38) (2.91)
Number of patients with normal CSF 78 24 45 147
(% out of total number of patients) (46.1) (30) (45.9) (42.4)
Number of separate PCR tests requested on normal CSF 276 80 114 500
(% out of total PCR tests requested) (42.5) (25.7) (52.6) (40.5)
Number of positive PCR results on normal CSF 11 0 1 12
(% out of total positive PCR results) (50) (0) (8.33) (33)
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Table 2 shows the different PCR tests that were requested.
Most PCR tests were requested for herpes viruses (56%). The
positive yield from all the requests was relatively low, ranging
from 0.6% for HSV to 6.3% for N. meningitidis. Out of the five
positive N. meningitidis PCR, one was positive on both CSF
microscopy and culture, two had positive CSF cultures, one had
a positive blood culture and one had abnormal CSF biochem-
istry only. Among the herpes viruses, only two out of 355
requests for HSV were positive while HHV6 had a relatively high
positivity rate (4.1%). In children there were 14 enterovirus,
three N. meningitidis, four HHV6 and one Rotavirus positive
PCR tests, while adult patients accounted for all the VZV, HSV
and L. monocytogenes positive results.

Department comparison for CSF PCR requests

Table 3 compares the CSF PCR tests requested between these
three different departments. The percentage of male patients
was comparable between the three different departments, with
an average of 56% of males. The mean age of patients was two,
51 and 47 years for paediatrics, neurology and acute medicine,
respectively.

Paediatrics had the largest number of CSF PCR requests,
accounting for almost half of the total requests. On average, four
CSF PCR tests were requested per patient. However, in the adult
population (neurology and acute medicine) more tests were
requested from neurology (mean four tests per patient) than
from acute medicine (mean three tests per patient). Interestingly
the positive PCR rate in neurology was lower than that in acute
medicine patients (0.64% compared to 4.38%).

Across the three different departments almost half of the
total PCR tests requested were on patients with normal CSF
specimens, with a quarter of its PCR requests on normal CSF
specimens in neurology and more than half of PCR requests
on normal CSF specimens in acute medicine. Surprisingly, out
of 36 positive PCR tests 12 were from patients with normal
CSF specimens. Of these 12 specimens, 11 were from children
(seven enterovirus, two HHV®6, one rotavirus and one N.
meningitidis) and one from an adult (enterovirus) in acute
medicine.

CSF PCR requests in acute medicine

Over the two-year period 274 PCR tests were requested from the
acute medicine department on 98 patients. Forty-five patients
(46%) had normal CSF parameters on biochemistry and
microscopy. Thirty-one (out of 45) and 35 (out of 53) patient
records could be retrieved for patients with normal and
abnormal CSF specimens respectively. For patients with normal
CSF specimens, none had a valid indication for viral CSF PCR
tests to be requested simultaneously with initial CSF tests using
the study criteria. Nevertheless, PCR tests were requested simul-
taneously with initial CSF tests in 14 out of 31 instances. For all
of the 31 patients, a final diagnosis of CNS infection was
‘unlikely’ based on Table 1 criteria.
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Table 4. Comparing the final diagnoses between patients with

normal and abnormal cerebral spinal fluid (CSF) specimens on the
medical wards.

Normal CSF Abnormal CSF
specimens specimens
Total, n 31 35
Central nervous system
Viral infection 7
Bacterial infection 8
Migraine 1
Tension headache 1 1
Epilepsy 1
Stroke 1 1
Space-occupying lesion
Focal or systemic infection) 8 5
(excluding CNS infections
Overdose (drugs or alcohol) 3 2
Multiple causes 3* 28
No cause 9 4
Other 31 47

*sinusitis or benign intracranial hypertension, lower respiratory tract infection
(LRTI) and overdose, LRTI with alcohol related seizure and rhabdomyolysis;
§thalamic infarct and infective endocarditis, VZV encephalitis/aspiration
pneumonitis/chronic demyelinating disease; Thepatic encephalopathy,
functional hemiparesis and hyponatremia; ‘myeloma with central nervous
system involvement, encephalopathy (x2), lymphocytic meningitis of unknown
cause.

Out of the 35 patients with abnormal CSF specimens, five had
valid indications for requesting viral CSF PCR tests simultane-
ously with CSF biochemistry and microscopy, based on clinical
history and examination. However, documented evidence of
CSF PCR tests being requested simultaneously with initial CSF
tests were found in six cases. For 14 of these patients a final diag-
nosis of CNS infection was deemed ‘unlikely’, 20 deemed ‘likely’
and one ‘possible’

Table 4 compares the final diagnoses for patients in acute
medicine. In a proportion of patients with normal CSF the final
diagnosis was either infective in nature (non-CNS) or no cause
was found. As expected, a handful of patients with abnormal
CSF had a CNS infection.

Discussion

This audit has shown that a large number of CSF PCR requests are
sent from this hospital each year, with a significant number of
requests being sent simultaneously with initial CSF tests, and the
vast majority of CSF PCR requests yielding negative results.
Among the viral PCR assays the maximum positive yield (5.2%)
was obtained for enteroviral PCR tests, while less than 2% of tests
for different herpesviruses were positive. This is not dissimilar to
rates of positive tests found by Davies et al in a similar study.!!
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There remains some controversy as to whether a normal ini-
tial CSF result should preclude further testing by PCR,”!! and an
argument has been made for only testing patients with a possible
or likely CNS infection clinically where CSF samples are
normal.” On the other hand, given that PCR assays may be neg-
ative (and CSF protein/glucose/white blood cells normal) in
patients with confirmed CNS infections when CSF is obtained
shortly after the onset of symptoms, other authors suggest a
more cautious approach to interpreting negative PCR
results.!"1? Nonetheless, the frequency with which CSF PCR
requests were made prior to the results of the initial CSF test
being available, particularly in adult patients unlikely to have
CNS infections on clinical grounds, and the very low rate of pos-
itive results in this group suggest that many of these requests
were inappropriate. Furthermore, these results show that
requests for N. meningitidis were largely inappropriate as posi-
tive results were often available from CSF or blood cultures.

The paediatrics department at the study hospital had the
largest load of CSF PCR requests in the audit. Although half of
these requests were on normal CSF specimens, it was surprising
that half of the positive PCR results (mostly enterovirus) were in
normal CSF specimens. There is, therefore, no basis for recom-
mending that a normal CSF should preclude testing for
enteroviral PCRs in this patient group, unlike the adult group
where positive viral CSF PCR results were extremely rare in
patients with normal CSE On the neurology wards, although
PCR requests were less likely to be made on normal CSE, more
individual PCR tests were requested and less than 1% of tests
were positive.

These results suggest that applying a strategy of screening CSF
specimens using leukocyte count, glucose and protein, at least in
adults, may have avoided more than half of CSF PCR requests
with little detriment to patient care and considerable cost savings.
Larger prospective studies are needed to determine whether algo-
rithms using standard CSF parameters and clinical information
can optimise the use of CSF PCR assays in clinical practice. If such
algorithms can demonstrate high negative predictive values for
CNS infections it may be possible to implement standard oper-
ating procedures in microbiology departments to determine
when and which CSF PCR assays should be performed.
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