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Abstract

Introduction—TB meningitis (TBM) diagnosis is difficult and novel diagnostic methods are 

needed. The World Health Organization recommends Xpert MTB/RIF (Xpert) as the initial TBM 

diagnostic test, based on two studies reporting suboptimal sensitivity (~50–60%).

Objective—To study the effect of cerebrospinal fluid (CSF) centrifugation on Xpert performance 

for TBM detection.

Design—107 predominantly HIV-infected adults with suspected meningitis were screened 

prospectively in Kampala, Uganda. CSF was tested by 1) microscopy for acid-fast bacilli; 2) 

Mycobacteria growth indicator tube culture; 3) Xpert of 2mL of unprocessed CSF; 4) Xpert of 

centrifuged CSF. Diagnostic performance was measured against an a priori composite reference 

standard of any positive CSF tuberculosis test.

Results—17% (18/107) of participants had definite TBM. When CSF was centrifuged, Xpert had 

better sensitivity (72%, 13/18) than when using 2mL of unprocessed CSF (28%, 5/18; P=0.008). 

The median centrifuged CSF volume was 6mL (IQR 4–10mL). Mycobacterial culture yielded 

71% (12/17) sensitivity at a median delay of 27 days. Only 39% were positive both by culture and 

centrifuged Xpert, with additional cases detected by Xpert and culture.

Conclusions—Centrifuging of CSF optimizes Xpert diagnostic performance for detection of 

TBM. A combination of culture and Xpert detected the largest number of cases.
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Introduction

Tuberculosis meningitis (TBM) is notoriously difficult to diagnose. Cerebrospinal fluid 

(CSF) smear microscopy for acid fast bacilli (AFB) has abysmal sensitivity (~15%), and 

mycobacterial culture is too slow to be clinically meaningful.1 Due to the HIV epidemic, 

TBM has emerged as the second most common cause of adult meningitis in Africa.2–7 The 

Xpert MTB/RIF (Xpert, Cepheid, Sunnyvale, CA) test, a fully automated, cartridge-based 

PCR assay is now available worldwide, with FDA approval for pulmonary TB diagnosis. 

The World Health Organization (WHO) has endorsed Xpert as the preferred initial test to 

investigate TBM.8,9

Data on Xpert performance in CSF in adults are limited to reports of small numbers of 

meningitis patients in extra-pulmonary TB cohorts10–18, multiple meta-analyses9,19,20, and 

two well-conducted TBM cohort studies.21,22 In South Africa, Patel et al found 67% 

sensitivity with Xpert in microbiologically proven TBM.22 This study initially used small 

volumes (1mL) of unprocessed CSF in combination with the Xpert sample reagent 

(mucolytic and anti-infective compounds designed for sputum). A later subset of 27 TBM 

cases using 3mL of centrifuged CSF exhibited increased sensitivity of 82% (22/27) although 

without direct comparison with un-centrifuged CSF.22 When these samples were analyzed 

against clinical criteria as in the Nhu cohort,21,23 the overall sensitivity was only 36%.22 In 

Vietnam, Nhu et al found that Xpert exhibited 59% sensitivity and 99% specificity using 

consensus clinical criteria as the reference standard.21 Nhu and colleagues routinely 

centrifuged CSF and then divided the pellet apportioning 20% for microscopy, 20% for 

culture, 40% for Xpert testing, and 20% for storage. Thus, the volume actually used for 

Xpert testing was only 40% of the total volume obtained. In addition, 17% of specimens 

were low volume (<2mL), 61% moderate volume (2.1–5mL), and 22% larger volume 

(>5mL) prior to centrifugation, without a difference in Xpert sensitivity by CSF volume (P=.

34).21 Based on the specimen volumes, although Nhu and colleagues centrifuged CSF, 78% 

of specimens had an effective CSF input volume of <2mL for Xpert testing when taking into 

account the beginning specimen volume and the proportion of the pellet actually used for 

testing.

We conducted a prospective cohort study to systematically analyze the effect of CSF 

centrifugation on the diagnostic performance of Xpert MTB/Rif as compared to non-

centrifuged CSF, mycobacterial culture, or AFB microscopy for TBM diagnosis.

Study Population and Methods

CSF samples were obtained during screening for the Adjunctive Sertraline for the Treatment 

of Cryptococcal Meningitis trial (clinicaltrials.gov NCT01802385). Persons with suspected 

meningitis were screened at Mulago National Referral Hospital, Kampala Uganda from 
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October 2013 until October 2014. All participants or their surrogate provided written 

informed consent. Eligible persons were ≥18 years of age. Institutional review board 

approvals occurred. Diagnostic information was made available to clinicians in real-time.

Bedside Testing

After lumbar puncture, bedside testing was performed for cryptococcal antigen (CrAg LFA, 

IMMY, Norman, OK) and glucose. Determine™ TB LAM antigen (Alere Inc, Waltham 

MA, USA) was tested on the CSF in the first ~100 participants, was universally negative, 

and stopped thereafter. Participants without cryptococcal meningitis then underwent 

additional testing for TBM and bacterial meningitis. Participants with cryptococcal 

meningitis who had concern of TBM co-infection were also included at physician discretion.

Tuberculosis CSF Diagnostic Testing

Tuberculosis testing is fully described in Figure 1. After bedside testing, ~1mL of CSF was 

removed for routine microbiology testing, 2mL of unprocessed CSF removed for Xpert (un-

centrifuged CSF); and the remaining volume centrifuged at 3000g for 15 minutes. All 

supernatant except for 4mL was removed. The remaining 4mL was re-suspended via vortex. 

Subsequently 2mL was removed for centrifuged Xpert testing, and 1.5 mL for TB culture 

(mycobacteria growth indicator tube 0.5mL and Lowenstein-Jensen 1mL), 0.1mL AFB 

smear, and 0.4mL for storage. Xpert testing was conducted without sample reagent unless 

the CSF was grossly bloody. No CSF was grossly bloody. Cultures were performed 

according to manufacturer instructions at the Uganda national TB reference laboratory.

Consensus Clinical Criteria

Data were collected in order utilize the uniform case definition for use in clinical research as 

described by Marais and colleagues.23 Points were given based on the criteria as specified in 

the uniform case definitions, and participants placed in categories of definite, probable, 

possible and not TBM for the purposes of this study. Among this population with 

meningitis, definite TBM was defined in accordance with the consensus TBM definition as 

any CSF test positivity by microscopy, culture, or PCR (including Xpert).23

Statistical Analysis

Statistical analysis was performed using SPSS version 22 (IBM Inc., Armonk, NY). Mean 

baseline clinical characteristics and demographic data were compared by diagnosis via 

independent t-test. Performance between Xpert protocols was evaluated with McNemar’s 

test for concordance. Sensitivity, specificity, negative predictive value (NPV), and positive 

predictive value (PPV) were calculated using a composite reference standard of any CSF 

Xpert, CSF AFB, or CSF culture positivity. As per the Marais et al. uniform TBM case 

definition,23 a composite reference standard was chosen for defining “definite TBM” as 

culture is an imperfect TBM reference standard,23 and the likelihood of TB detection in the 

CSF of an HIV-infected person with lymphocytic meningitis representing a false positive 

result is low.9
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Results

Of 257 participants with suspected meningitis, 165 (64%) had cryptococcal meningitis, and 

107 (n=13 with cryptococcal meningitis) underwent further TB testing with Xpert on un-

centrifuged CSF and AFB smear. Due to limited volume, 89% (95/107) participants had 

Xpert testing using concentrated CSF, and 75% (80/107) participants had mycobacterial 

cultures performed. HIV-infection was present in 98% (105/107) of participants. Definite 

TBM was diagnosed in 18 HIV-infected participants testing positive by TBM per the pre-

specified composite reference standard of any CSF test positivity (n=5 Xpert un-centrifuged 

CSF; n=13 Xpert centrifuged CSF; n=12 culture; n=4 AFB microscopy) (Figure 2 and 

Figure 3). Non-TBM diagnoses (n=98) included: cryptococcal meningitis (n=13), bacterial 

meningitis (n=1), lymphocytic aseptic meningitis of presumed viral etiology (n=55), normal 

CSF profile (n=20). There were no significant baseline differences between those with and 

without TBM aside from CSF leukocyte count, which was higher in those with TBM (Table 

1).

Xpert MTB/Rif Diagnostic Performance

Table 2 compares diagnostic performance for microbiologically proven definite TBM 

among CSF: AFB smear, culture, and both methods of Xpert testing. Xpert on un-

centrifuged CSF produced a sensitivity of 28% (5/18). Centrifugation of the CSF improved 

performance of Xpert to 72% (13/18) sensitivity and 95% NPV. No samples returned error 

results on Xpert testing. Mycobacterial culture yielded 71% (12/17) sensitivity and 93% 

NPV. The median time to notification of positive culture was 27 (IQR, 16–39) days. 

Microscopy with AFB smear on centrifuged CSF yielded only 22% sensitivity (4/18).

Centrifuged CSF testing by Xpert and culture was not fully concordant (n=7 positive by 

both, n=6 centrifuged Xpert only, n=5 culture only). Similarly, of 93 CSF specimens tested 

by both Xpert protocols (un-centrifuged vs. centrifuged), 5 were positive by both methods 

and 8 were positive by centrifuged Xpert only (P=0.008). When only participants who had 

all of AFB smear, culture, and Xpert on centrifuged and un-centrifuged CSF performed 

(n=80 total, 17 TBM) were analyzed, and sensitivities were 24% (4/17) for AFB 

microscopy, 29% (5/17) for Xpert on un-centrifuged CSF, 71% (12/17) for Xpert on 

centrifuged CSF, and 71% (12/17) by culture. Two participants diagnosed with TBM were 

receiving antecedent TB induction therapy for pulmonary TB (<30 days) at the time of 

meningitis diagnosis. Of these, one was positive only by Xpert (un-centrifuged and 

centrifuged CSF), and the other was positive by culture and Xpert of centrifuged CSF only.

Rifampin resistance by Xpert testing was detected in two persons, not detected in seven 

persons, and indeterminate in three persons. Additionally, one rifampin resistance result was 

discordant being “detected” in 2mL of non-centrifuged CSF and not-detected in 8mL of 

centrifuged CSF in a person who had received two days of TB therapy and in whom CSF 

culture was sterile.
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CSF Volume

The median volume of CSF centrifuged was 6mL (IQR 4–10mL). The median minimal 

volume required for any positive Xpert test (either un-centrifuged or centrifuged CSF not 

counting volume used for other testing, n=13) was 3.5mL (IQR 2–7.5mL), with 5 

participants requiring only 2 mL of un-centrifuged CSF. Of those 8 participants with 

positive Xpert results only on centrifuged CSF, the median volume used for Xpert testing of 

centrifuged CSF was 6mL (IQR 3.75–8.5mL). Of the five participants TB culture positive 

but Xpert negative, the median centrifuged CSF volume used for Xpert testing was less 

(median 3.5mL; IQR 1.75–7mL).

TBM Classification Based on Consensus Uniform Clinical Case Definition

As noted above, participants were classified based on the consensus uniform case 

definition.23 Definite TBM was present in 18 participants as defined above with positive 

PCR, culture, and/or AFB smear of CSF. Two participants had probable TBM (i.e. ≥10 

points on the diagnostic criteria scale with at least two points coming from CSF criteria). 

Possible TBM was present in 53 persons defined by a score of 6–9 points or 6–11 points if 

head imaging was performed, again with 2 points coming from CSF-based criteria. Fourteen 

participants did not have TBM as defined by a known alternative diagnosis of cryptococcal 

meningitis (n=13) or Streptococcus pneumoniae (n=1) and no convincing evidence of TBM. 

Twenty participants did not fit in any of the above categories (e.g. score <6 points, no 

alternative diagnosis, and normal CSF profiles).

When Xpert testing of centrifuged CSF was compared to the uniform case definition criteria 

including probable or definite TBM as a reference standard we found 65% (13/20) 

sensitivity, 100% (75/75) specificity, 100% (13/13) PPV, and 91% (75/82) NPV. When 

possible TBM was included, the sensitivity of Xpert testing of centrifuged CSF dropped to 

20% (13/64) sensitivity. If scored by criteria alone, of the 18 microbiologically proven cases 

of TBM, 1 would have been classified as probable TBM, 12 as possible TBM, and 5 would 

have not fit in any diagnostic category (e.g. score < 6 and no known alternative diagnosis). 

Further, three subjects with microbiologically proven TBM had CSF glucose, WBC counts, 

and protein values that were entirely within normal limits. These findings demonstrate the 

necessity of microbiologic investigations in TBM diagnosis.

Discussion

In this prospective study, we demonstrate that centrifugation of CSF prior to Xpert MTB/Rif 

automated testing significantly improves detection of Mycobacterium tuberculosis. Using 

Xpert, centrifuged CSF had 72% sensitivity compared with only 28% sensitivity when 2mL 

of un-centrifuged CSF was tested. Second, we performed testing without using the Xpert 

Sample Reagent, which is a mucolytic and decontaminant, designed for sputum. The 

necessity of centrifugation of a large volume of CSF to improve Xpert sensitivity is vital, 

life-saving knowledge now that the WHO has recommended Xpert as the initial diagnostic 

TBM test.8,9
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Two prior studies examined Xpert rigorously for TBM; however, the effect of centrifugation 

was not systematically studied in direct comparison to un-centrifuged CSF.21,22 The study 

by Patel and colleagues initially used ~1mL of CSF but later noted a non-statistical trend of 

increased sensitivity when centrifuging 3mL of CSF.22 The study by Nhu et al routinely 

centrifuged CSF however volumes varied, yet 78% of specimens tested had an original 

volume of ≤5mL sent for TB testing, of which 40% was used for Xpert testing, equating to 

<2mL of CSF actually tested by Xpert.21 Neither study directly compared the performance 

of Xpert on centrifuged and un-centrifuged CSF.21,22

Despite improved diagnostic accuracy using centrifuged CSF for Xpert compared with un-

centrifuged CSF, the ideal CSF volume to collect is unknown. Yet, had the centrifugation 

step not been taken, 44% of persons would not have been diagnosed by Xpert testing with 

TBM (median volume centrifuged 8mL), and 22% would not have been diagnosed with 

TBM at all. The current Xpert is not a panacea for the challenges of TBM diagnostics, as 

28% persons were culture positive without positive Xpert. Quite surprising, the overlap of 

both culture-positive and Xpert-positive TBM persons was only 39%.

Fundamentally, the pauci-bacillary nature of TBM is a primary reason that microbiologic 

confirmation remains challenging.24 Xpert has an analytical sensitivity detection threshold 

of approximately ~100 CFU/mL M. tuberculosis organisms.22,25 CSF centrifugation can 

increase the number of TB bacilli present in the given input volume inserted into the Xpert 

MTB/Rif cartridge (~2mL), thus making detection possible if the necessary threshold is 

reached. Interestingly, though MGIT culture has an analytical sensitivity threshold of ≤10 

bacilli,26 we found equivalent sensitivity (71%) compared to Xpert. It is possible that 

unviable bacilli detectable by PCR but not culture - with ~10–15% of participants already 

receiving TB treatment at screening account for cases detected by Xpert but not culture. This 

is a plausible, real world limitation of culture. On the other hand, 28% of cases positive by 

culture were not by Xpert. This is likely due to not being able to reach the limit of detection 

threshold, even with centrifugation. Yet TB culture, even where available, takes too long to 

be clinically useful for TBM, where mortality is rapid.27 Thus, centrifugation of CSF for use 

with Xpert is a step that improves sensitivity in an already rapid test – allowing for clinically 

relevant results. For persons initially negative by Xpert in whom TBM is suspected, repeat 

lumbar punctures with larger CSF volumes sent for Xpert testing may improve the 

diagnostic yield.

Rifampin resistance testing by Xpert in this study produced mixed results, and the 

paucibacillary nature of TBM creates possible technical challenges. In our population, 

rifampin resistance testing was indeterminate in three subjects and resistance detected in two 

subjects. However, among one person with resistance detected, there were discordant results 

having resistance detected in the 2mL non-centrifuged sample, but resistance not detected in 

the 7mL centrifuged sample. As the CSF was collect two days after TB therapy was started, 

such discordant results could reflect either hetero-resistance or more likely a paucity of 

DNA present to amplify. The Xpert assay can occasionally produce false positive rifampin 

resistance results28. In expected paucibacillary scenarios (e.g. cerebrospinal, pleural, or 

peritoneal fluid), when rifampin resistance is unexpectedly detected by Xpert, repeat Xpert 

testing, or mycobacterial culture and drug susceptibility testing would be ideal, if available. 
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However for immediate clinical guidance, before launching second line TB therapy, one 

might consider repeat GeneXpert testing with a large volume sample collection with 

centrifugation. Clinicians should be aware that discordant rifampin resistance can be 

observed in paucibacillary specimens

Uniform TBM case definitions developed for use in clinical research were utilized in this 

study.23 This composite reference standard creates the potential for an incorporation bias, 

whereby any positive TB test in CSF, including a positive Xpert test, confirms the definite 

TBM. We thought this was reasonable based on the published experience with Xpert,21,22 

WHO recommends use of Xpert as the initial preferred test for TBM,8,9 and the high pretest 

probability of a positive automated PCR test on CSF in a HIV-infected population with 

AIDS and a median CD4 count of 50 cells/µL representing true TBM. As a commercial 

molecular assay, a positive Xpert would be defined as a definite TBM via the Marais et al. 

uniform clinical case definition.23

Our study was conducted in a majority (98%) HIV-infected population, thus these data are 

difficult to generalize outside of this population. However, the concept of concentrating 

clinical samples to increase the number of bacilli present in the input specimen for Xpert 

testing is generalizable. This concept is generalizable beyond CSF to any other bodily fluid 

tested (e.g. urine, stool, gastric, pleural, or peritoneal fluids). Future studies on concentration 

of other specimen types should be pursued. Although the relatively small overall number of 

TBM patients included in this prospective study is a limitation for the precision of the 

sensitivity estimate; the rigorous study design allows confidence that our primary research 

question was answered. We sought to answer whether centrifugation of CSF would increase 

diagnostic yield with GeneXpert. A larger sample size would be unlikely to change this 

principle finding (P=0.008).

In summary, we have shown that centrifugation of CSF for Xpert MTB/Rif testing improves 

diagnostic yield over unprocessed CSF, with similar sensitivity as CSF culture. The WHO 

has recommended Xpert as the preferred initial diagnostic test for TBM,9 and our study 

suggests collection of 6–10mL of CSF with centrifugation will improve the TB diagnostic 

yield of Xpert. Additional point-of-care TB diagnostics are needed.
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Figure 1. Schematic of CSF processing after collection

The figure shows the process by which CSF was handled after collection in order to 

accomplish GeneXpert (Centrifuged/Un-centrifuged), microbiologic testing, and CSF 

culture (LJ and MGIT). Volumes are approximate.
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Figure 2. Venn diagram of overlap in TB meningitis diagnostics

The Venn diagram displays 18 participants diagnosed by each diagnostic test and the 

overlap. One participant who was composite (Xpert on centrifuged CSF) positive had 

invalid culture results. Although the diagnostic sensitivity was similar between centrifuged 

CSF with Xpert and culture, only 39% (7/18) were positive by both culture and centrifuged 

Xpert.
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Figure 3. Flow chart of methods by which each TBM case was detected microbiologically

18 subjects were microbiologically confirmed to have TBM. 13 cases were positive by 

Xpert of centrifuged CSF (right), among those cases the other methods by which M 

tuberculosis was detected are noted below. 5 cases were not detected by Xpert testing of 

centrifuged CSF (left) but were detected by culture.
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Table 1

Patient Characteristics

TB Meningitis
N=18

Other
Meningitis

N=89

P value

Age, years 40 (30–45) 36 (30–44) 0.95

Male, percent 66% (12/18) 61% (54/89) 0.79

Headache duration, days 14 (14–21) 14 (7–21) 0.84

CD4 count, cells/µL 50 (15–175) 45 (10–125) 0.82

CSF white cells/µL 92 (≤4–409) ≤4 (≤4–83) 0.04

CSF lymphocytes, % 100% (100-100) 100% (100-100) 0.48

CSF total protein, mg/dL 74 (28–272) 46 (20–133) 0.97

CSF glucose, mg/dL 64 (19–95) 66 (48–82) 0.42

Prior TB diagnosis 22% (4/18) 25% (22/89) 0.80

Receiving TB treatment 11% (2/18) 14% (12/89) 0.77

Alive at discharge 60% (9/15) 48% (31/65) 0.68

Values given as median (IQR) or percent (n). Receiving TB treatment refers to TB treatment prior to diagnostic lumbar puncture. Among 89 

participants with other meningitis, etiologies included Cryptococcus neoformans var grubii (n=13), Streptococcus pneumoniae (n=1), lymphocytic 

aseptic meningitis of unknown etiology (n=55), and suspected meningitis with normal CSF profile of <5 leukocytes/µL and protein <40mg/dL 

(n=20).
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