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Abstract

Background: Cerebrospinal fluid (CSF) Ziehl-Neelsen acid-fast bacilli (AFB) smear is a rapid,
cheap, widely available test for tuberculous meningitis (TBM). Yet, reported test sensitivity is
highly variable. We performed a systematic review and meta-analysis for CSF AFB smear vs.
other mycobacterial tests to diagnose TBM.

Methods: We searched MEDLINE and Embase for studies reporting sensitivity and specificity of
AFB smear against mycobacterial tests (reference standard) in adults (=15 years) with suspected
TBM. We used the QUADAS-2 tool to assess risk of bias. We estimated pooled sensitivity and
specificity of AFB smear versus the reference standard using random-effects bivariate modeling.
We used the 7 statistic to assess heterogeneity between studies.
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Results: Of 981 articles identified, 11 were eligible for inclusion with a total of 1,713
participants. Seven studies were from high-TB burden settings and 4 from low-TB burden settings.
The pooled sensitivity and specificity of CSF AFB smear were 8% (95%CI 3-21) and 100%
(95%C|1 90-100), with substantial heterogeneity in diagnostic performance (2 >95% for both) and
reference standards.

Conclusion: CSF AFB smear has poor sensitivity in most settings. If other more sensitive tests
are available, those should be used preferentially rather than CSF AFB smear.
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Background

Tuberculous meningitis is the most a severe form of tuberculosis (TB) with an estimated
mortality of 24% overall, and up to 57% for HI\-positive persons, even when treated (1,

2). One of the persistent challenges with identifying and treating tuberculous meningitis is
difficulty in confirming the diagnosis due to poor diagnostic test accuracy. There is currently
no single ‘gold standard’ for the diagnosis of tuberculous meningitis. Inadequate tests cause
delay in diagnosis and subsequent treatment leading to poor outcomes while also inhibiting
the ascertainment of the true burden of tuberculous meningitis (3, 4).

Current diagnostic strategies for tuberculous meningitis are multifaceted and heterogeneous.
In 2010, a committee of 41 tuberculous meningitis experts developed the Uniform
Tuberculous Meningitis Case Definition (Marais Criteria) for use in clinical research (5).
While this case definition has helped to standardize research, it is not appropriate for rapid
diagnosis in routine clinical care as it depends on tests such as CSF culture, which can

take up to 6 weeks to show a result, and may include tests that are not widely available

in low-resource settings. More recently, nucleic acid amplification tests (NAATS), which
may be rapid and have relatively good, pooled sensitivity (~70%) have been added to
tuberculous meningitis diagnostics (6). However, many NAATSs are not readily available

in some resource-limited settings where tuberculous meningitis is most prevalent (4, 6).

A cartridge based, rapid NAAT, Xpert MTB/Rif Ultra (Cepheid, Sunnyvale, CA, USA), is
currently recommended as the first test to be utilized by the World Health Organization but
does not have adequate negative predictive value to ‘rule-out” TB meningitis (7). As a result,
clinicians may choose to conduct multiple tests in an attempt to quickly identify and treat
individuals with suspected tuberculous meningitis.

Cerebrospinal fluid (CSF) acid fast bacilli (AFB) smear is the most widely accessible
and affordable rapid diagnostic test for tuberculous meningitis (8). CSF AFB smear is

a microscopic evaluation of CSF that has been stained with the Ziehl-Neelsen stain to
detect Mycobacterium tuberculosis bacilli. Preparation of AFB smear is a straightforward
technique, however performing the microscopy requires expertise, and thus studies
evaluating its performance on CSF vary widely. Many studies have demonstrated low
(10-15%) sensitivity for CSF AFB smear (8). In contrast, a study in Vietnam comparing
diagnostic methods for tuberculous meningitis reported a 78.6% sensitivity compared to
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the Marais criteria (9). The Vietnam/Oxford tuberculous meningitis research collaboration
consistently has excellent results with CSF AFB smear, at least in part due to their expertise,
experience, and diligence in securing relatively high volumes of CSF (at least 6 mL) with a
relatively long duration of microscopy (at least 30 minutes) (10). Unfortunately, many other
groups have not been able to replicate their success.

Despite the widespread use of CSF AFB smear in clinical and research settings for
diagnosing tuberculous meningitis, no systematic review and meta-analysis has focused on
its diagnostic performance. The objective of this systematic review was to assess existing
evidence regarding the diagnostic accuracy (sensitivity and specificity) of CSF AFB smear
compared with other mycobacteriology or molecular tests for the diagnosis of tuberculous
meningitis.

Literature search strategy

A systematic electronic search was conducted across 8 databases: Medline and Embase
via Ovid, Cochrane Library via Wiley, Web of Science Core Collection, Scopus,
ClinicalTrials.gov, WHO ICTRP, and Global Index Medicus. We sought to identify all
studies with diagnostic test accuracy results for CSF AFB smear among adults with
tuberculous meningitis from 1988 to 2019. This time period corresponds to the WHO
recommendation of standard quadruple therapy for the treatment of tuberculosis (11).
Controlled vocabulary and natural language terms identified key search concepts such
as: “tuberculosis”, “meningitis”, “acid-fast”, “sensitivity” and “specificity.” Full search
strategies are presented in Appendix A. Searches were conducted on February 17, 2020.

The protocol for this systematic review, including detailed methods, is published at the
International Prospective Register of Systematic Reviews (PROSPERO), registration number
CRD42020171799. This review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement for the reporting of diagnostic test
accuracy studies (12).

Study selection

A two-stage screening process was employed: (1) at title and abstract; and (2) at full text
level according to eligibility criteria as detailed below. This process was facilitated by
Rayyan, a web-based systematic review screening tool (13). Screening was performed in
duplicate by two independent reviewers and any unresolved disagreements were resolved
by a third, independent reviewer. Reference and citation checking were conducted for
included articles. Studies were eligible for inclusion if they (i) included adults (aged =

15 years) with confirmed or suspected TB-meningitis; (ii) systematically utilized diagnostic
criteria for diagnosing confirmed / suspected TB-meningitis including AFB smear data OR
systematically compared AFB smear to culture and/or nucleic acid amplification testing;
(iii) reported on at least one of the following outcome measures of interest: sensitivity,
specificity, negative predictive value, positive predictive value of AFB compared to culture
and/or NAATS or diagnostic criteria; (iv) employed any of the following study designs:
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consecutive case series, cross sectional study, case control study, cohort study, randomized
controlled study, systematic review, or meta-analysis (retrospective and prospective); (v)
included a minimum of 10 study participants.

The following exclusion criteria were applied: (i) studies not written in English; (ii) No
comparison of AFB smear to another diagnostic test or reference standard (e.g. culture,
NAAT, or Marais criteria); (iii) Full text unable to be located; (iv) No disaggregated TBM
data; (v) No disaggregated adult data; (vi) Any study not in humans; (vii) Narrative reviews
not adding new data or new analysis of data to existing knowledge; (viii) Commentaries
and mathematical modelling studies; (ix) Any systematic review superseded by an updated
systematic review.

Two independent reviewers assessed risk of bias using QUADAS-2 (University of Bristol,
Bristol, UK), the recommended tool for evaluating primary studies for inclusion in
systematic reviews involving assessment of diagnostic accuracy (14). Any discrepancy in
bias assessment was resolved by a third, independent reviewer. Poor QUADAS-2 scores did
not impact inclusion or exclusion of eligible articles.

Data analysis

There is no single, diagnostic reference standard for tuberculous meningitis. As such,
we defined “reference standard” as any mycobacterial test used to identify tuberculous
meningitis in the CSF as described by the included studies.

The sensitivity and specificity for each study were obtained and subsequently pooled. We
used DerSimonian-Laird bivariate random-effects model to take into account correlation

between sensitivity and specificity. We assessed heterogeneity across studies using the /2
statistic and presented pooled sensitivity and specificity in a paired forest plot.

To provide an inference of diagnostic performance over different thresholds, we plotted

a hierarchical summary receiver operating characteristic (HSROC) curve, in which the
diagnostic accuracy of AFB smear was estimated by the area under the curve (AUC) and
the summary operating point. We examined clinical utility of AFB smear using a Fagan plot
(15).

We performed one subgroup analysis and two post-hoc sensitivity analyses to evaluate
heterogeneity. First, we used a univariate meta-regression to compare diagnostic
performance by criteria used to diagnose tuberculous meningitis (Marais Criteria vs other
diagnostic criteria). Second, we restricted the meta-analysis to high-quality studies (showing
no high risk of bias in any QUADAS-2 domains). Second, we examined the spread of the
observed data and identified outliers using a bagplot. Then we restricted the meta-analysis to
studies that fell in the 95% confidence bounds of the median distribution.

All analyses were conducted in Stata version 15-1 (StataCorp, College Station, TX, USA)
with the “midas” command (16). The “metandi” command was used to construct HSROC
curves (17).
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Role of the funding source

Results

The funders had no role in the study design, data collection, data analysis, data
interpretation, or in the writing of the manuscript. The corresponding author had full access
to all the data in the study and had final responsibility for the decision to submit for
publication.

Search results, studies, and participants included

Our searches yielded 981 reports. After removal of duplicates (n=421), 560 studies
underwent title and abstract screening, and 109 full texts were reviewed (Figure 1). Eleven
studies met our eligibility criteria for inclusion and analysis with a total of 1,713 participants
(Table 1) (10, 18-27). These 11 studies were published between 1995 and 2017 of which: 10
(92%) were cohort studies, and one (8%) was a case-control study. Studies arose from seven
countries including a range of epidemiological settings; seven were from high-TB burden
settings and four were from low-TB burden settings. Our meta-analysis includes diagnostic
test accuracy of AFB smear for 761 adults with tuberculous meningitis and 954 adults with
non-TB meningitis. Two studies included a total of 119 HIV-positive patients.

Reference standards varied for diagnosing tuberculous meningitis. Four more recent studies
utilized the Marais criteria with two using definite TBM, one definite or probable TBM

and another definite, probable or possible TBM (5). Four studies used culture (n=2), culture
or AFB smear (n=2), or NAAT (n=1) as a reference standard — all published in 2014 or
earlier. Two additional studies used a combination of patient symptoms and CSF evaluation
(variable by study, included a combination of total protein, white blood cell count (+/-
differential), and/or glucose)(Table 1).

Diagnostic accuracy of AFB smear

All 11 studies had disaggregated diagnostic data of CSF AFB smear compared with an
eligible reference standard in the CSF (culture, NAAT, or both), which allowed for pooled
sensitivity and specificity to be calculated. Individual study estimates for both specificity
and sensitivity were not consistent across the studies (Figure 2). Point estimates from

the 11 studies ranged from 0% to 72% for sensitivity and 50% to 100% for specificity.
Compared with a reference standard, the pooled sensitivity of CSF AFB smear was 8%
(95% Confidence Interval (CI); 3-21, £=98%) and the pooled specificity was 100%
(95%CI; 90-100; 2=95%). The area under the hierarchical summary receiver operating
characteristic curve was 0-74 (95%ClI; 0-70-0-77) (Figure 3).

With the estimated prevalence of tuberculous meningitis set at 20%, Fagan’s nomogram
showed that CSF AFB smear would increase the probability of correctly detecting
mycobacteriology-confirmed tuberculous meningitis in the study population by an absolute
value of 23% (from a 19% pre-test probability to a 42% post-test probability) (Appendix
C). When CSF AFB smear is negative, the probability that a patient could have
mycobacteriology-confirmed tuberculous meningitis was 19% (Appendix C).
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Pooled estimates of sensitivity and specificity by reference standard (Marais Criteria vs
other) showed substantial heterogeneity (Appendix D). Sensitivity and specificity did not
change significantly, but pooled estimates for studies that used the Marais Criteria as

the reference standard had a narrower confidence intervals. However, these need to be
interpreted with caution considering the small numbers.

Only one study had a potential risk of bias in the patient selection domain of QUADAS-2
(Appendix B) (20). A sensitivity analysis conducting the meta-analysis without the study
with a high risk of bias yielded sensitivity, specificity, and /2 estimates similar to the full
analysis (Appendix E). There were three outliers — Dil-Afroze (2008)(20), Neelakantan
(2014)(24), and Park (2016)(26) — identified from the bagplot that had values outside

the 95% confidence bounds of the median distribution (Appendix F). After excluding
these studies from the meta-analysis, heterogeneity in sensitivity remained the same while
heterogeneity in specificity was completely accounted for (Appendix E).

Discussion

This systematic review and meta-analysis provides evidence that outside of centers with
significant expertise in performing high quality CSF AFB smear — this method has limited
utility for the diagnosis of TB meningitis. Our meta-analysis found that among 11 eligible
studies with 1,713 participants, CSF AFB smear showed only 8% pooled sensitivity (95% CI
3-21%), implying that over 90% of TBM cases could be missed.

This study provides the most robust evidence to date confirming the low sensitivity of

CSF AFB smear to diagnose TB meningitis in most settings. Our meta-analysis included
data from seven countries with two thirds of included studies coming from settings with

high TB burdens. The diversity of locations provides a more inclusive study population

and broadens generalizability, although, of course, the related heterogeneity affects the
analysis as well. Further, only one study was conducted in sub-Saharan Africa. That said,
our strict inclusion criteria and study protocol as well as our thorough analysis of outlier data
and data heterogeneity with subsequent sensitivity analyses further strengthens the overall
conclusions of the data.

One limitation of our study was the variation in reference standards used. Heterogeneous
reference standard selection is common in studies of TB meningitis diagnostic techniques.
The Marais criteria were created to allow the possibility of a uniform research diagnostic
reference standard. Yet, in our study we found four of six studies published after the
availability of the Marais criteria made use of them and of those that used them, the

Marais criteria utilized varied. Of the two additional studies one used culture only while

the other used patient symptoms and basic CSF testing. This heterogeneity underscores

the need for uniform study design when evaluating new diagnostic techniques. Ideally,

both strict microbiologic reference standards and the Marais criteria should be utilized.
Importantly, sensitivity was not significantly affected by the reference standard used (Marais
Criteria versus other) while those studies who used the Marais criteria generally found better
specificity. Although these smaller sub-analyses should be interpreted with caution, they are
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generally reassuring when considering the effect of the heterogeneity of reference standard
use on the study results.

Another limitation is the heterogeneity of test performance between studies (/2 >95% for
both pooled sensitivity and specificity). Figure 2 shows outlier studies for both sensitivity
and specificity. Sensitivities were low outside of two studies, one in Vietnam that found
55% sensitivity among 330 subjects, and another in India that found 72% sensitivity
among 281 subjects (10, 24). Most specificities in individual studies were quite high,
with one small study (n=47) standing out with a specificity of only 50% (20). Thus, the
high pooled specificity in spite of this one study’s findings. Removal of outliers from the
analysis (Appendix F) completely accounted for the heterogeneity in specificity although
heterogeneity for sensitivity remained unchanged.

These findings drive home that differences in operator expertise in CSF AFB smear, time
spent on each sample, and volume of CSF utilized can vary widely and significantly affect
results. Thus, for sites with the capacity to develop significant expertise in reading AFB
smears, who are able to allow significant time (>30 minutes) to read the smear, and who

are able to routinely dedicate 6 mL of CSF to AFB smear — the test may be an option (10).
However, in more routine scenarios where expertise in reading AFB smears is difficult to
obtain and takes years to develop, the test has limited utility if other, more sensitive and less
user-dependent tests are available. At present, the combination of GeneXpert MTB/Rif Ultra
and culture present the best chance to diagnose TB meningitis in most settings, assuming
availability and the ability to manage each test’s limitations. GeneXpert Ultra is rapid (~2
hours) and has sensitivity of approximately 60-80% but requires a stable electrical supply
(7). Culture has sensitivity of approximately 50-60% but is slow, with results in 2—6 weeks
(7). Both tests are expensive and require significant infrastructure investments and each test
can discover cases that the other test misses (7). Thus, in order to utilize these technologies,
significant investments are required.

Despite the required investments, CSF should be devoted to these tests when possible in
most situations to maximize their sensitivities. If these investments are truly not possible,
then AFB smear is a reasonable test to perform. However, decision makers should be
aware that significant numbers of cases will be missed in TB endemic areas if such a
choice is made and that missed cases are nearly uniformly fatal. Clinical expertise remains
critically important in diagnosing TB meningitis and can inform interpretation of these and
all diagnostic tests for TB meningitis.

In summary, we found poor pooled sensitivity and excellent pooled specificity for CSF AFB
smear for the diagnosis of TB meningitis with high study heterogeneity. Those who utilize
AFB smear for TB meningitis should be aware of its limitations in most settings and if
possible, utilize more sensitive tests to maximize the likelihood of a correct diagnosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Tuberculosis (Edinb). Author manuscript; available in PMC 2023 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stadelman et al. Page 8

Funding:
Fogarty International Center, National Institutes of Health, USA (RO1NS086312, D43TW009345). National
Institute of Neurological Disorders and Stroke, National Institutes of Health, USA (K23NS110470).
References

1. Seddon JA, Thwaites GE, Tuberculous Meningitis International Research C. 2019. Tuberculous
meningitis: new tools and new approaches required. Wellcome Open Res 4:181. [PubMed:
31803849]

2. Stadelman AM, Ellis J, Samuels THA, Mutengesa E, Dobbin J, Ssebambulidde K, Rutakingirwa
MK, Tugume L, Boulware DR, Grint D, Cresswell FV. 2020. Treatment Outcomes in Adult
Tuberculous Meningitis: A Systematic Review and Meta-analysis. Open Forum Infect Dis
7:0faa257. [PubMed: 32818138]

3. Seddon JA, Wilkinson R, van Crevel R, Figaji A, Thwaites GE, Tuberculous Meningitis
International Research C. 2019. Knowledge gaps and research priorities in tuberculous meningitis.
Wellcome Open Res 4:188. [PubMed: 32118120]

4. Wilkinson RJ, Rohlwink U, Misra UK, van Crevel R, Mai NTH, Dooley KE, Caws M, Figaji
A, Savic R, Solomons R, Thwaites GE, Tuberculous Meningitis International Research C. 2017.
Tuberculous meningitis. Nat Rev Neurol 13:581-598. [PubMed: 28884751]

5. Marais S, Thwaites G, Schoeman JF, Torok ME, Misra UK, Prasad K, Donald PR, Wilkinson RJ,
Marais BJ. 2010. Tuberculous meningitis: a uniform case definition for use in clinical research.
Lancet Infect Dis 10:803-12. [PubMed: 20822958]

6. Pormohammad A, Nasiri MJ, McHugh TD, Riahi SM, Bahr NC. 2019. A Systematic Review and
Meta-analysis of the Diagnostic Accuracy of Nucleic Acid Amplification Tests for Tuberculous
Meningitis. J Clin Microbiol 57.

7. Donovan J, Cresswell FV, Thuong NTT, Boulware DR, Thwaites GE, Bahr NC, Tuberculous
Meningitis International Research C. 2020. Xpert MTB/RIF Ultra for the Diagnosis of Tuberculous
Meningitis: A Small Step Forward. Clin Infect Dis 71:2002-2005. [PubMed: 32543658]

8. Seddon JA, Tugume L, Solomons R, Prasad K, Bahr NC, Tuberculous Meningitis International
Research C. 2019. The current global situation for tuberculous meningitis: epidemiology,
diagnostics, treatment and outcomes. Wellcome Open Res 4:167. [PubMed: 32118118]

9. Nhu NT, Heemskerk D, Thu do DA, Chau TT, Mai NT, Nghia HD, Loc PP, Ha DT, Merson L, Thinh
TT, Day J, Chau N, Wolbers M, Farrar J, Caws M. 2014. Evaluation of GeneXpert MTB/RIF for
diagnosis of tuberculous meningitis. J Clin Microbiol 52:226-33. [PubMed: 24197880]

10. Thwaites GE, Chau TT, Farrar JJ. 2004. Improving the bacteriological diagnosis of tuberculous
meningitis. J Clin Microbiol 42:378-9. [PubMed: 14715783]

11. World Health Organization. 2019. Global tuberculosis report 2019.

12. Salameh JP, Bossuyt PM, McGrath TA, Thombs BD, Hyde CJ, Macaskill P, Deeks JJ, Leeflang
M, Korevaar DA, Whiting P, Takwoingi Y, Reitsma JB, Cohen JF, Frank RA, Hunt HA, Hooft L,
Rutjes AWS, Willis BH, Gatsonis C, Levis B, Moher D, Mclnnes MDF. 2020. Preferred reporting
items for systematic review and meta-analysis of diagnostic test accuracy studies (PRISMA-DTA):
explanation, elaboration, and checklist. BMJ 370:m2632. [PubMed: 32816740]

13. Ouzzani M, Hammady H, Fedorowicz Z, EImagarmid A. 2016. Rayyan-a web and mobile app for
systematic reviews. Syst Rev 5:210. [PubMed: 27919275]

14. Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, Leeflang MM, Sterne JA,
Bossuyt PM, Group Q-. 2011. QUADAS-2: a revised tool for the quality assessment of diagnostic
accuracy studies. Ann Intern Med 155:529-36. [PubMed: 22007046]

15. Fagan TJ. 1975. Letter: Nomogram for Bayes theorem. N Engl J Med 293:257. [PubMed:
1143310]

16. Dwamena BA. 2007. MIDAS: Stata module for meta-analytical integration of diagnostic test
accuracy studies, Boston College Department of Economics, Statistical Software Components.
https://ideas.repec.org/c/boc/bocode/s456880.html.

Tuberculosis (Edinb). Author manuscript; available in PMC 2023 January 01.


https://ideas.repec.org/c/boc/bocode/s456880.html

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stadelman et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 9

Harbord RM, Whiting P. 2009. Metandi: Meta-analysis of Diagnostic Accuracy Using Hierarchical
Logistic Regression. The Stata Journal 9:211-229.

Lin JJ, Harn HJ, Hsu YD, Tsao WL, Lee HS, Lee WH. 1995. Rapid diagnosis of tuberculous
meningitis by polymerase chain reaction assay of cerebrospinal fluid. J Neurol 242:147-52.
[PubMed: 7751857]

Desai MM, Pal RB. 2002. Polymerase chain reaction for the rapid diagnosis of tuberculous
meningitis. Indian J Med Sci 56:546-52. [PubMed: 14510337]

Dil A, Mir AW, Kirmani A, Shakeel Ul R, Eachkoti R, Siddigi MA. 2008. Improved diagnosis of
central nervous system tuberculosis by MPB64-Target PCR. Braz J Microbiol 39:209-13.
Mendes A, Almeida S, Fernandes S, Rodrigues K, Santos A, Ramos H. Molecular diagnosis of
tuberculous meningitis - A 4-year experience.

Narotam S, Veena S, Chandra NS, Raj SP, Kushwaha RS, Shivani S, Shayan G, Ahmer N,

Singh RK. Conventional PCR usage for the detection of mycobacterium tuberculosis complex in
cerebrospinal fluid by MPB64-target PCR.

Feng GD, Shi M, Ma L, Chen P, Wang BJ, Zhang M, Chang XL, Su XC, Yang YN, Fan XH,

Dai W, Liu TT, He Y, Bian T, Duan LX, Li JG, Hao XK, Liu JY, Xue X, Song YZ, Wu HQ,

Niu GQ, Zhang L, Han CJ, Lin H, Lin ZH, Liu JJ, Jian Q, Zhang JS, Tian Y, Zhou BY, Wang

J, Xue CH, Han XF, Wang JF, Wang SL, Thwaites GE, Zhao G. 2014. Diagnostic accuracy of
intracellular mycobacterium tuberculosis detection for tuberculous meningitis. Am J Respir Crit
Care Med 189:475-81. [PubMed: 24450377]

Neelakantan S, Jain A, Singh P, Prakash S, Dixit P, Kalyan R, Garg RK, Kumar R, Singh M.
Performance of newer and conventional diagnostic methods in detection of drug sensitive and
resistant tuberculous meningitis.

Bahr NC, Tugume L, Rajasingham R, Kiggundu R, Williams DA, Morawski B, Alland D, Meya
DB, Rhein J, Boulware DR. 2015. Improved diagnostic sensitivity for tuberculous meningitis
with Xpert((R)) MTB/RIF of centrifuged CSF. Int J Tuberc Lung Dis 19:1209-15. [PubMed:
26459535]

Park KH, Lee MS, Kim SM, Park SJ, Chong YP, Lee SO, Choi SH, Kim YS, Woo JH, Kang JK,
Lee SA, Kim SH. 2016. Diagnostic usefulness of T-cell based assays for tuberculous meningitis in
HIV-uninfected patients. J Infect 72:486-97. [PubMed: 26851800]

Sun WW, Sun Q, Yan LP, Zhang Q. 2017. The application of 1S6110-baced loop-mediated
isothermal amplification (LAMP) in the early diagnosis of tuberculous meningitis. Oncotarget
8:57537-57542. [PubMed: 28915693]

Hu X, Shang M, Chen X, Xie Y, Ye Y, Zhou J, Song X, Lu X, Ying B, Wang L. 2015. Evaluation
of three rapid assays for Mycobacterium tuberculosis complex detection in a comprehensive
hospital from West China. Clin Biochem 48:79-84. [PubMed: 25444951]

Tuberculosis (Edinb). Author manuscript; available in PMC 2023 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stadelman et al.

Page 10

Research in Context
Evidence before Study

Cerebrospinal fluid (CSF) Ziehl-Neelsen acid-fast bacilli (AFB) smear microscopy is a
rapid, cheap, widely available test for tuberculous (TB) meningitis. This test is available
in nearly every location in which a lumbar puncture can be performed. Most, but not all
studies reporting sensitivity have reported low values for AFB smear, but a meta-analysis
has not been conducted on this topic to summarize the evidence.

Added value of this study

This systematic review and meta-analysis contributes a high-quality quantification and
summary of the available data to inform clinicians as well as local health systems and
country-level health programs as to the sensitivity of CSF AFB smear. The pooled
sensitivity of 8% (95%CI1 3-21) shows that across settings, CSF AFB smear performed
poorly, albeit with significant heterogeneity between studies. This study also reaffirmed
the generally high specificity of CSF AFB smear for TB meningitis diagnosis. This study
summarizes the highest quality data in a way that had not been previously done.

Implications of all the available evidence

Though there are settings in which high performance of AFB smear has been reported,
these are the minority and have developed impressive expertise over many years

to achieve their proficiency with AFB smear. Those without the ability to dedicate
significant time and resources to AFB smear quality should not assume they can replicate
adequate performance of AFB smear for TB meningitis. Clinicians, health systems, and
national health programs should invest in rapid technology with higher sensitivities such
as GeneXpert MTB/Rif Ultra (recommended as the first test for TB meningitis by WHO)
and less rapid technologies such as mycobacterial culture to diagnose TB meningitis.

If these investments are truly not possible, then AFB smear is a reasonable test to
perform. However, decision makers should be aware that significant numbers of cases
will be missed in TB endemic areas without investments in sensitive technologies and
that missed cases are nearly uniformly fatal. Further, utilizing AFB smear in addition to
more sensitive technologies is not advisable in most settings as AFB is unlikely to have
a positive result that was ‘missed” by other technologies. Rather than performing AFB
smear in these settings, a better use of the CSF would be to devote all possible CSF
volume to the more sensitive tests, increasing the likelihood of diagnosing TB meningitis
when it is present.
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Figure 1:

PRISMA Flow Diagram of Study Selection Process
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Figure 2:

Diagnostic sensitivity and specificity of AFB Smear versus reference standard

TP=true positive, FN=false negative, FP=false positive, TN=true negative
Meta-analysis of the diagnosis of tuberculous mdeningitis in the 11 studies included.
Reference standards for each of the studies included some combination of AFB smear,
CSF profile, M. tuberculosis culture, NAAT, B symptom evaluation, and/or the Uniform
Tuberculous Meningitis Case Definition (Marais criteria). Dashed vertical lines show the
pooled estimates. 2 shows inter-study heterogeneity.
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Figure 3:

Hierarchical summary receiver operating characteristic (ROC) curve meta-analysis of
diagnostic performance of AFB smear versus reference standard

HSROC=hierarchical summary receiver operating characteristic curve

Area under the hierarchical summary ROC curve C-statistic is 0-74 (95% CI 0-70-0-77).
The confidence region shows the range that is likely to contain the population summary
operating point and the prediction region is the range that is likely to contain where study
data that are not yet observed would fall. Circle size corresponds to sample size in the
included studies, where larger circles indicate larger sample sizes relative to other included

studies.

Tuberculosis (Edinb). Author manuscript; available in PMC 2023 January 01.



Page 14

Stadelman et al.

apys Jad paullexa spjaly/reslus Jad pasn W Ul sWN|OA cm_nmEumEm_th:_gm

Aanisuss asealoul Ajjenuslod 0y pasn anbiuyoasy Aue=anbiuyds FN

BWWOI AqQ palesedas prepuels a0ualaal mz_moasooN

00T g an Twt an wuémwo 2t 5 0 002 uoyod  ybIH eUIYD  LT0C (L2)uns
waL ©310)
00T 8 an an an alqeqoid 8g € 0 usxlVT HOYOD Mo ymog 9702 (92)tred
10 9)uyaq
a|dwes
papuadsns  ulwST x BOOOE NaL
00T ze an -1 Wy pabLuaD e 81 v SoT .01 uoyod MOy epuebn  §TOZ (G2)ueq
JouTo
Sleaws aulwelne
pue NZ
98 4] an an “ulwoT x booge N 43 €2 0 182 Hoyoo ybiH elpul - ¥T0z  (vZ)ueiueessN
pabnyLnua)
6 gL
sPIRY “ulw o1x 6000E 3]qIssod fua
00T £ 008 Twie DaBNJLILED 10 o)qeqosg 078 8 0 082 Hoyod  ybIH BUID  HTOZ e (E2)OURS
‘snuled
00T 9 an an an g 43 4 0 9 Woyoo  ybiH elpul - 2I0z  (cz)weroreN
00T 9 an an an _wmsANo 1 T 0 20T uoyod Moy [ebmiod 070z (T2)sapusi
swoldwAs 1043u0D :
05 0 an wx QN an auoid4sy L8 0 0 Ly asen ubiH eipul 800z (0Z)ezouv-lid
+AIH 6
unw wo'y “ulw gTx B00E gdv
00T ss osardn AIH DaBNILILED Qo ZeT €L v 0ge Woyod  yBIH  weueIA 00z (OT)seMemyL
we'T
Sleaws
aulwelne pue
66 9 an an NZ ‘(aN Siteisp) LvwN €€ 4 0 S0T Hoyod ubiH elpul 2002 (6T)resaa
uoljeluaduo)d
A
00t 0 an an an Suous o 0 0 LS  woyd  mol  uemmel  ge6T  (grurl
% % ;SPel [P epUes w% adv AlH N uBisag ueping  ANUnoD  fesA Joyiny
Apypeds  Anansues WL Pwnion Nm:c_c%ﬁ owRRY gy O\Isod Apnis al
R1I3)LID UoISN|ou| Bunasi sa1pns Jo sonsuslorIeyd
‘TalqelL

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

Tuberculosis (Edinb). Author manuscript; available in PMC 2023 January 01.



Page 15

Stadelman et al.

SAINUIW ="UIW ‘PassnasIp 10u=aN

s8110691e9 B1I81LID SIRIR|A 01 Jajal INFL 9qissod pue ‘ajqeqold

‘ajuaq ‘uonenfens woldwAs g = swordwAs {(40d "6°9) 1581 uoneayijdwe pioe d181oNN = 1WN ‘4SD Ul Yol 81nnd s/sofnasagny ‘yy = ainyn) ‘asoon|b 1o/pue ‘[ennualayip |32 Poojq aNym ‘unod
1199 poojq anym ‘uisjoid 4SD JO UOIRUIGWIOD = 8]IJ0Id 4SD ‘:pINny} [euldsoigalad=-4SD ‘Apnis Jeys ul pJepuels adualayal ayl Jad NG Se BulAyienb jey) sesea="jay Aq INGL ‘simBulusw g1=|Ng1 ‘piepuels
9ouaJa)al 8yl Aq annisod asoyy Buowe Jeaws g4y Aq aAnisod sased Jo Jaquinu 194y aA1lISOd ‘1]]198q 1se) PIoe = g4V ‘110yod ay) Buowe AJH yim Buiall sjdoad Jaquinu=A|lH ‘Jaquinu 1oyod [e101=N

paje|dwod Jeaws g4V pey /4T Ajuo ‘Apnis ayl ul papnjoul a1am sajdwes 97z ybnoy

FHKK

‘Bulurels Nz [euonuaauod Ajiuenb

0} SeM SND0J INO Sk SIsAfeur-L1aW 3Y) Ul PAPN|OUL 30U ING APNIS SIY Ul Pa1adwiod Sem spialy 00E PauILLEXa pue sapijs auIsA| 7-Ajod yum Jagureyd uidsoiko e ur “uiw Gx BOOT ‘wg 0 Buisn NZ paiipow v
KEx

Jeals g4/ pue ‘aInynd ‘1N 10} pasn JWE—g ‘passnasip A|jeaisioads 10N
*¥

"anirebau alam syuedionted omy asayy wody sajdures Inoy |[e ‘(siutod awiy Juatayip woly sajdwes ajdijnw yum syuedionred omy) sajdwes /¢ yim ing siuedionied gy
*

uswioads yoes Buluiwexs juads abeane uo ssinuiw Ul m;_:um.EPNV

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Tuberculosis (Edinb). Author manuscript; available in PMC 2023 January 01.



	Abstract
	Background
	Methods
	Literature search strategy
	Study selection
	Data analysis

	Role of the funding source
	Results
	Search results, studies, and participants included
	Diagnostic accuracy of AFB smear

	Discussion
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Table 1.

