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Abstract

We assessed the additional diagnostic yield for M. tuberculosis blood stream infection (MTB
BSI) from doing more than one TB blood culture in HIV-infected inpatients. In a retrospective
analysis of two cohorts based in Cape Town, South Africa, 72/99 (73%) patients with MTB BSI
were identified by the first of two blood cultures during the same admission, with 27/99 (27%,
95%Cl 18 to 36%) negative on first culture but positive on second. In a prospective evaluation of
up to 6 blood cultures over 24 hours, 9 out of 14 patients with MTB BSI (65%) grew M.
tuberculosis on their first blood culture; 3 more patients (21%) were identified by a second
independent blood culture at the same time point, and the remaining 2 diagnosed only on 4"
and 6" blood cultures respectively. Additional blood cultures increase the yield for MTB BSI,

similar to what is reported for non-mycobacterial BSI.

Introduction

Mpycobacterium tuberculosis blood stream infection (MTB BSl) is a frequent and life-threatening
presentation of tuberculosis in high HIV burden settings. Published cohorts of HIV-1-infected
inpatients with suspected tuberculosis show a point prevalence ranging from 9%(1) to 38%(2)
on a single blood culture. MTB BSI has been associated with severe sepsis,(2-5) and high risk of

death,(5-8) in people living with HIV.

Several methods for recovery of mycobacteria from blood exist, including a manual solid-media
based lysis-centrifugation system (Wampole™ Isostat®/Isolator ™ Microbial System,
BioMerieux, Durham, NC, USA), and automated liquid-media systems (MB BacT/Alert®,
Inverness, Waltham, MA, USA; Bactec Myco/F Lytic®, BD Microbiology Systems, Sparks, MD).
Broth-based systems are probably more sensitive than agar.(8, 9) Beyond this, there is limited

data on how to optimise blood culture for diagnosis of MTB BSI.

By contrast, evidenced-based recommendations on the number, timing, and volume of blood

cultures are available for non-mycobacterial BSI, where a single 10-mL blood culture will detect
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73% and four samples will detect 90-95% of patients with documented bacteraemia.(10, 11)
Almost all published studies of MTB BSI have performed a single 3-5ml liquid mycobacterial
culture, and the proportion of MTB BSI missed by this strategy is unknown. We estimated the

diagnostic yield of additional (>1) blood cultures for MTB in two ways:

1. retrospectively, in two large cohort studies of HIV-associated TB conducted in hospital
settings; and
2. in a prospective evaluation of serial blood cultures in HIV-infected patients at high risk

of MTB BSl in a hospital setting.
Materials and methods

Ethical approval was granted by the Human Research Ethics Committee University of Cape
Town (Ref 001/2012, Ref 057/2013, and 057/2013 amendment 24/04/2016). Both the
cohort studies and the prospective evaluation were carried out in the Western Cape, South
Africa, a setting in which HIV and TB are the most common causes of death among adults,
despite a well-functioning anti-retroviral programme.(12) The GF Jooste Hospital TB (JHTB)
study recruited unselected HIV-infected patients newly admitted to acute medical services
at GF Jooste Hospital without a known TB diagnosis and not on anti-TB therapy. These
patients underwent extensive microbiological screening for TB including a single 5ml BD
Bactec Myco/F Lytic blood culture (BD, Sparks, MD) on the day of admission.(13) The
Khayelitsha Hospital (KHTB) study recruited HIV-infected patients admitted with symptoms
suggestive of active tuberculosis and a CD4 count less than 350 cells/mm?, and also
performed a routine 3-5ml Bactec Myco/F Lytic blood culture prior to start of anti-TB
therapy.(14) Both these hospitals had access to mycobacterial blood culture investigations
through the National Health Laboratory Service (NHLS). A subset of patients in both cohorts
had an additional MTB blood culture which was requested by their admitting medical team
if clinically indicated (local guidelines recommend TB blood culture if CD4 count is less than
100 cells/mm?, in a patient with TB symptoms where there is difficulty obtaining sputum
samples for TB testing or the sputum Xpert MTB/RIF assay is negative, and cultures are

generally sent before start of anti-TB therapy). By interrogating the NHLS electronic
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database we identified the subset of patients in both cohorts who had a second BD Bactec
Myco/F Lytic blood culture carried out as part of routine care during the same admission as

their study recruitment.

To enrich recruitment to the prospective study of serial blood cultures, we used data from
n=350 KHTB patients to develop a model predicting MTB BSl in patients using only clinical
variables available on day of admission to Khayelitsha Hospital.(15) This model used an
ensemble machine learning approach combining logistic regression, random forest, and
support vector machine methods, and gave Receiver Operator Characteristic (ROC) curve
area under curve 0.86 in a test data set comprising 66 KHTB patients not used in model
training. This ensemble model was packaged in a web-based application available at the

patient bedside via a smart phone.(16)

Between 21 June 2016 and 19 October 2016, on weekdays Monday-Thursday, all HIV-
infected patients newly admitted to Khayelitsha Hospital with CD4 count < 350 cells/uL and
suspected TB but not yet started on anti-TB therapy, were screened using the MTB BSI
prediction app. Patients with predicted probability greater than 0.56 who gave informed
consent, underwent 3 venesections over a 24-hour period: immediately before (0 hours), 4-
8 hours after, and 22-24 hours after first dose of anti-TB therapy. At each of these
venesections, 5ml of peripheral blood was directly inoculated into a Myco/F Lytic BACTEC
(BD, Sparks, MD) bottle, while 5ml was collected in a sodium heparin tube, immediately
centrifuged for 25 minutes at 3000 G, and the resulting cell pellet (red cells and buffy coat)
inoculated into a Myco/F Lytic bottle. Samples were transported to an NHLS TB laboratory
in Cape Town for incubation the same day. Isolate identity was confirmed in all cases by
secondary Lowenstein—Jensen slope culture, auramine acid-fast microscopy, and PCR / line

probe assay.
Results

Using data from two independent cohort studies - the GF Jooste Hospital TB (JHTB) study, and
the Khayelitsha Hospital TB (KHTB) study — we identified HIV-infected inpatients who had

multiple mycobacterial blood culture performed during a single admission to hospital with



104  suspected TB. More than one blood culture was recorded for 59/410 JHTB patients and

105  169/680 KHTB patients, giving n=228 total for analysis. Of these patients, 99/228 (43%) had at
106 least one blood culture positive for M. tuberculosis (20/59 in JHTB, and 79/169 in KHTB).

107  Overall, 72/99 (0.73; 95%Cl = 0.64 to 0.82) of MTB BSls were identified on the first culture,
108  while 27/99 (0.27; 95%CI = 0.18 to 0.36) had negative first culture but grew M. tuberculosis on

109  the second (table 1).

110  To further investigate the yield of additional mycobacterial blood cultures, we carried out a
111  prospective evaluation of multiple blood cultures in sixteen HIV-infected inpatients at

112 Khayelitsha Hospital. Based on baseline clinical variables and a machine learning algorithm,
113  these patients were selected to have a high predicted probability of MTB BSI (see methods
114  section). A set of 2x 5ml blood cultures were performed at time 0 hours, 4-8 hours and 22-24
115  hours after first dose of anti-TB medication, with a total of 6 cultures over a 24-hour period.
116  Because of the potential for antimicrobial carry-over in blood, the second sample from each

117  pair had plasma removed before inoculation by centrifuge pelleted cells.

118 In total, 89 blood culture results were available in the 16 patients, with 7 results missing (figure
119  1). Of these 32/89 (36%) were positive for M. tuberculosis. Pelleted samples were more likely to
120  recover M. tuberculosis (19/44; 43%) than directly inoculated samples (13/45; 29%), but the

121  difference may have been due to chance (p = 0.189 by Fisher’s exact test).

122  Two independent blood culture samples were obtained at each time point. At least one blood
123 culture was positive in 14/16 patients (87.5%). All isolates were identified as M. tuberculosis.
124 Nine (9/14, 64%) of these patients were culture positive on the first sample from the pair of
125  samples taken at 0-hours. A further 3/14 (21%) were culture negative on the first sample but
126  grew M. tuberculosis on the second sample taken at 0-hour timepoint. This meant that 12/14
127  (86%) of MTB BSI patients were identified by performing 2 independent cultures at the same
128  time-point before antibiotic therapy. The remaining two patients were identified on the 4™ and

129 6" blood culture respectively (both pelleted before inoculation) (Figure 2).
130

131 Discussion
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Using two independent data sets, and a dedicated prospective evaluation, we estimate that
approximately two-thirds of MTB BSl is identified by one Myco/F Lytic blood culture (55% and
73% in the data sets, and 64% in the prospective evaluation). To our knowledge, this is the first
investigation of the additional yield associated with number of TB blood cultures. One previous
study randomised patients to 6 blood cultures at a single time point or 3 blood cultures at 2
time points (but the same total number of cultures), and found no difference in recovery of M.
tuberculosis between these arms.(8) This agrees with our prospective study finding that two

blood culture at the same time point increases yield compared to a single culture.

The importance of blood stream infection in HIV-associated tuberculosis disease is increasingly
recognised. ‘Disseminated’ tuberculosis causes 2 out of 5 inpatient deaths amongst HIV
infected inpatients in low-resource settings, and is undiagnosed prior to death in half of these
cases.(17) This dissemination is assumed to occur via the blood stream, and, despite practical
limitations, blood culture can be considered the gold-standard diagnostic test.(18) TB blood
culture positivity is associated with significantly higher mortality than blood culture negative
HIV-associated TB.(5-8) In the context of a generalised HIV epidemic, M. tuberculosis is the

most frequent blood culture isolate in hospitalised patients with severe sepsis.(2-5)

With few exceptions,(7, 8) reports characterising MTB BSI have relied on a single blood culture
for diagnosis; our results show this will have substantially under-estimated the true point
prevalence. This has implications for studies of HIV-associated TB pathogenesis, and supports
calls for increased clinical research focused on MTB BSI, including development of blood based
rapid diagnostics.(6) Where resources currently allow, an additional TB blood culture will
increase culture diagnosis in seriously unwell HIV-infected inpatients, particularly when sputum

is unobtainable.

Although several independent data sets have been used in this study, our findings are not
generalisable outside of high HIV-TB burden settings. Most high HIV-TB burden settings do not
have routine access to TB blood cultures. The findings are, however, useful to inform research
studies carried out in those settings. In this study we were unable to assess the relative cost-

effectiveness of additional blood cultures compared to other diagnostics — like induced sputum
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or urine Xpert® MTB/RIF Ultra, and the urine-lipoarabinomannan assay — which are potentially
more accessible in low resource settings. The data presented in this report do, however, give an
opportunity to improve the reference standard in diagnostic performance studies assessing

these novel diagnostics in the most critically unwell HIV-associated TB patients.

Conclusion

We estimate that a single TB blood culture underestimates the point prevalence of MTB BSI by
approximately one-third. Additional blood cultures — even within the same 24-hour period —
increase diagnostic yield by a proportion similar to that seen for non-mycobacterial BSI. We
recommend, where resources allow, at least 2 blood cultures are taken when MTB BSl is
suspected in unwell HIV-infected adults, particularly when sputum is unobtainable. These can
be collected at the same time-point, prior to anti-TB treatment, in patients starting urgent

empirical therapy.
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Table 1. Additional MTB BSI diagnoses made by second Myco/F Lytic culture in KHTB and JHTB

cohort studies.

Cohort  Ftherculture pey pcos  BC1/BC2-  BCLBC2+  roPortion identified
positive only by 2nd culture
KDHTB 79 44 17 18 0.23 (95%Cl 0.14 to 0.32)
JHTB 20 7 4 9 0.45 (95%Cl 0.23 to 0.67)
Combined 99 51 21 27 0.27 (95%Cl 0.18 to 0.36)
Notes:

BC1 = 1% Myco/F Lytic blood culture; BC2 = 2" Myco/F Lytic blood culture
(chronologically).
+ = positive; - = negative

95%Cl = 95% confidence interval by binomial distribution
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FIGURE LEGENDS
Figure 1. Patient recruitment and blood culture availability in prospective study.

Figure 2. Cumulative yield for identifying MTB BSI with up to 6 serial Myco/F Lytic blood

cultures.



203

204

205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246

References

10.

11.

12.

13.

Shah M, Variava E, Holmes CB, Coppin A, Golub JE, McCallum J, Wong M, Luke B, Martin DJ,
Chaisson RE, Dorman SE, Martinson NA. 2009. Diagnostic accuracy of a urine
lipoarabinomannan test for tuberculosis in hospitalized patients in a High HIV prevalence
setting. J Acquir Immune Defic Syndr 52:145-151.

Andrews B, Muchemwa L, Kelly P, Lakhi S, Heimburger DC, Bernard GR. 2014. Simplified severe
sepsis protocol: a randomized controlled trial of modified early goal-directed therapy in Zambia.
Crit Care Med 42:2315-2324.

Andrews B, Semler MW, Muchemwa L, Kelly P, Lakhi S, Heimburger DC, Mabula C, Bwalya M,
Bernard GR. 2017. Effect of an Early Resuscitation Protocol on In-hospital Mortality Among
Adults With Sepsis and Hypotension: A Randomized Clinical Trial. JAMA 318:1233-1240.

Jacob ST, Moore CC, Banura P, Pinkerton R, Meya D, Opendi P, Reynolds SJ, Kenya-Mugisha N,
Mayanja-Kizza H, Scheld WM, Promoting Resource-Limited Interventions for Sepsis
Management in Uganda Study G. 2009. Severe sepsis in two Ugandan hospitals: a prospective
observational study of management and outcomes in a predominantly HIV-1 infected
population. PLoS One 4:e7782.

Jacob ST, Pavlinac PB, Nakiyingi L, Banura P, Baeten JM, Morgan K, Magaret A, Manabe Y,
Reynolds SJ, Liles WC, Wald A, Joloba ML, Mayanja-Kizza H, Scheld WM. 2013. Mycobacterium
tuberculosis bacteremia in a cohort of hiv-infected patients hospitalized with severe sepsis in
uganda-high frequency, low clinical suspicion [corrected] and derivation of a clinical prediction
score. PLoS One 8:e70305.

Feasey NA, Banada PP, Howson W, Sloan DJ, Mdolo A, Boehme C, Chipungu GA, Allain TJ,
Heyderman RS, Corbett EL, Alland D. 2013. Evaluation of Xpert MTB/RIF for detection of
tuberculosis from blood samples of HIV-infected adults confirms Mycobacterium tuberculosis
bacteremia as an indicator of poor prognosis. J Clin Microbiol 51:2311-2316.

Grinsztejn B, Fandinho FC, Veloso VG, Joao EC, Lourenco MC, Nogueira SA, Fonseca LS,
Werneck-Barroso E. 1997. Mycobacteremia in patients with the acquired immunodeficiency
syndrome. Arch Intern Med 157:2359-2363.

Munseri PJ, Talbot EA, Bakari M, Matee M, Teixeira JP, von Reyn CF. 2011. The bacteraemia of
disseminated tuberculosis among HIV-infected patients with prolonged fever in Tanzania. Scand
J Infect Dis 43:696-701.

Crump JA, Morrissey AB, Ramadhani HO, Njau BN, Maro VP, Reller LB. 2011. Controlled
comparison of BacT/Alert MB system, manual Myco/F lytic procedure, and isolator 10 system
for diagnosis of Mycobacterium tuberculosis Bacteremia. J Clin Microbiol 49:3054-3057.

CLSI. 2007. Clinical and Laboratory Standards Institute Principles and Procedures for Blood
Cultures; Approved Guideline. Document M47-A. . Clinical and Laboratory Standards Institute,
Wayne, PA.

Lee A, Mirrett S, Reller LB, Weinstein MP. 2007. Detection of bloodstream infections in adults:
how many blood cultures are needed? J Clin Microbiol 45:3546-3548.

Africa SS. 2017. Statistical release P0309.3. Mortality and causes of death in South Africa, 2015:
Findings from death notification. STATS SA, Africa GotRoS, Pretoria.

Lawn SD, Kerkhoff AD, Burton R, Schutz C, van Wyk G, Vogt M, Pahlana P, Nicol MP, Meintjes
G. 2015. Rapid microbiological screening for tuberculosis in HIV-positive patients on the first day



247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262

263

14.

15.

16.

17.

18.

of acute hospital admission by systematic testing of urine samples using Xpert MTB/RIF: a
prospective cohort in South Africa. BMC Med 13:192.

Janssen S, Schutz C, Ward AM, Huson MA, Wilkinson RJ, Burton R, Maartens G, Wilkinson KA,
Meijers JC, Lutter R, Grobusch MP, Meintjes G, van der Poll T. 2017. Hemostatic Changes
Associated With Increased Mortality Rates in Hospitalized Patients With HIV-Associated
Tuberculosis: A Prospective Cohort Study. J Infect Dis 215:247-258.

Barr DA. 2016. MTB bacteraemia predictive models, on RPubs.
http://rpubs.com/davidadambarr/282434. Accessed 05/06/2017.

Barr DA. 2016. KDH MTB bacteraemia App, on RStudio.
https://davidadambarr.shinyapps.io/KDH MTB bacteraemia/. Accessed 05/06/2017.

Gupta RK, Lucas SB, Fielding KL, Lawn SD. 2015. Prevalence of tuberculosis in post-mortem
studies of HIV-infected adults and children in resource-limited settings: a systematic review and
meta-analysis. AIDS 29:1987-2002.

Kerkhoff AD, Barr DA, Schutz C, Burton R, Nicol MP, Lawn SD, Meintjes G. 2017. Disseminated
tuberculosis among hospitalised HIV patients in South Africa: a common condition that can be
rapidly diagnosed using urine-based assays. Sci Rep 7:10931.

10


http://rpubs.com/davidadambarr/282434
https://davidadambarr.shinyapps.io/KDH_MTB_bacteraemia/

HIV infected patients not on TB therapy
admitted to Khayelitsha Hospital with a
suspected new diagnosis of TB
n= 156

}

Met inclusion criteria and probability of
MTB BSI assessed with MTB BSI
prediction app
n=63

A4

High predicted probability of MTB BSI
and paired TB blood cultures obtained at
specified time points
n=16

|

At least one blood culture positive for M.
tuberculosis
n=14

. Low predicted probability of MTB BSI

n =47

A4

89 valid TB blood culture results in 14
patients for analysis

» 1 contaminated 0-hour sample

* 2 missing samples in one patient
discharged prior to 24-hour
venesection

* 4 missing samples in one patient
transferred to a tertiary-care
hospital before 4-8 hour time point
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