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Abstract. We validated a handheld point-of-care lactate (POCL) monitor’s ability to measure lactate in cerebrospinal
fluid (CSF) and diagnose bacterial meningitis in Uganda. There was a strong linear correspondence between POCL and
standard laboratory lactate test results (R2 = 0.86; P < 0.001). For 145 patients with clinical meningitis, the area under the
receiver operating characteristic curve for the prediction of bacterial meningitis by CSF POCL was 0.92 (95% confidence
interval = 0.85–0.99, P < 0.001). A CSF POCL concentration of 7.7 mmol/L provided 88% sensitivity and 90% specificity
for the diagnosis of bacterial meningitis. CSF POCL testing had excellent use in the diagnosis of bacterial meningitis, and it
may be useful where CSF analyses are delayed or laboratory infrastructure is limited.

INTRODUCTION

Bacterial meningitis is a medical emergency that requires
early diagnosis and treatment to reduce morbidity and mortal-
ity. The diagnosis can be difficult to make because of low
sensitivity and specificity of clinical findings, prior antibiotic
use, underlying immunosuppression, prior neurosurgery, and
in some regions, resource limitations.1–4 Furthermore, the diag-
nosis requires interpretation of cerebrospinal fluid (CSF) labo-
ratory evaluations. However, CSF lactate concentration can
help discriminate between bacterial and non-bacterial menin-
gitis.5–7 Such testing is limited by the requirements of special-
ized equipment and the maintenance of a cold chain. Reducing
laboratory requirements and improving the time to CSF lactate
results may improve the ability to diagnose and treat bacterial
meningitis. Therefore, we performed a prospective study of the
ability of a handheld point-of-care lactate (POCL) monitor to
accurately measure CSF lactate and diagnose bacterial menin-
gitis in a regional referral hospital in Uganda.

MATERIALS AND METHODS

Validation of CSF POCL testing.WeusedahandheldPOCL
monitor (Accutrend Portable Lactate Analyzer; Sports Resource
Group Inc., Minneapolis, MN) to prospectively evaluate in dupli-
cate 100 consecutiveCSF samples submitted to the clinical labora-
tory at the University of Virginia for standard laboratory lactate
(SLL) testing (Architect; Abbott Laboratories). POCL testing
requiredonedropofCSF, and resultswereavailable in60 seconds.
Description of Mbarara Regional Referral Hospital.

Mbarara Regional Referral Hospital (MRRH) is located in
Uganda in Mbarara municipality (286 km southwest of
Kampala). It is a 400-bed hospital that serves a population of
approximately 1.2–2.5 million people from surrounding dis-
tricts in Southwestern Uganda. It also serves as a teaching
hospital for the Faculty of Medicine at the Mbarara University
of Science and Technology.

The hospital has a radiology department with X-ray and
ultrasound facilities but no capability for computed tomogra-
phy. It also has a clinical laboratory in which basic investiga-
tions, including blood and CSF cultures, can be performed.
The laboratory is enrolled in the International Organisation
for Standardisation and maintained satisfactory performance
throughout the study period.
Patient recruitment. From May of 2010 to August of 2010,

patients were enrolled if they were ³ 18 years of age, admitted
to the medical ward, and clinically diagnosed with meningitis
by the admitting medical team. Patients were excluded if they
required triage to a surgical or obstetrics and gynecology ward
or could not undergo lumbar puncture.
Data collection and definitions. At the time of enrollment,

consent was obtained from the patient or a surrogate (an
accompanying family member or friend) if the patient could
not provide consent. The study team observed patients until
discharge or death, but the admitting medical team was respon-
sible for clinical management. We retrieved the following data
for each patient: demographics; examination findings, includ-
ing admission vital signs; human immunodeficiency virus
(HIV) serology status; and in-hospital and 30-day mortality.
Blood cultures were obtained through aseptic inoculation of

10 mL blood into two aerobic blood culture bottles before anti-
biotic administration. Subculturing and species identification
were performed using standard methods. Bacteremia was
defined as bacterial isolation from one or more blood culture
bottles. Cultures growing coagulase-negative staphylococci were
considered contaminated and not included in the final analyses.
CSF was evaluated through lumbar puncture for the pres-

ence of white blood cells (WBCs), glucose, protein, and
POCL. Additional CSF tests included gram stain, culture,
cryptococcal antigen, India ink stain, and Ziehl–Neelsen stain.
An aliquot of CSF was frozen at –70°C and subsequently
tested for Mycobacterium tuberculosis (MTb) by polymerase
chain reaction (PCR) at Makerere University in Kampala.8

All clinical and laboratory data were provided to the attend-
ing medical team as soon as they were available.
A diagnosis of bacterial meningitis required organisms iden-

tified on CSF gram stain or culture or at least 100 WBC/mL
CSF, of which ³ 50% were polymorphonuclear leukocytes
(PMNs).9 The finding of Cryptococcus by gram stain, CSF
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cryptococcal antigen (CRAG), or India ink stain or MTb iden-
tified by PCR excluded the diagnosis of bacterial meningitis.
Proven bacterial meningitis was defined by the identification of
organisms by CSF gram stain or culture or organisms compati-
ble with bacterial meningitis cultured from blood (e.g., Strepto-
coccus pneumoniae). Patients not diagnosed with bacterial,
cryptococcal (CM) or tuberculous meningitis (TBM) were diag-
nosed with aseptic meningitis if ³ 5 WBC/mL CSF were noted.
Statistics. Consistency was statistically evaluated by calcu-

lating an R2 and Student’s paired t test for POCL results. A
Bland–Altman analysis was also applied. Receiver operating
characteristic (ROC) curves provided predictive use of CSF
POCL for meningitis diagnosis. SPSS version 16 was used for
all statistical analyses. Significance level was set to P < 0.05.
Ethics statement. The University of Virginia and Mbarara

University of Science and Technology Institutional Review
Boards approved the study before initiation.

RESULTS

Validation. There was no significant difference between
POCL test 1 concentration (mean = 2.37, SD ± 1.93, range =
0.69–12.2 mmol/L) and POCL test 2 concentration (mean = 2.35,
SD ± 1.93, range = 0.69–11.7 mmol/L, mean difference =
0.01 mmol/L, limits of agreement = 2 SD ± 0.04 mmol/L; P =
0.375). A Bland–Altman analysis showed no relationship
between test differences and averaged test result, suggesting
that small test differences remained consistent across the spec-
trum of lactate concentrations (R2 = 0.00; P = 0.99).
There was a strong linear correspondence between POCL

and SLL test results (R2 = 0.86; P < 0.001) (Figure 1). Stu-
dent’s paired t test indicated significantly slightly higher SLL
(mean = 2.89, SD ± 1.91, range = 1.00–10.10 mmol/L) compared
with average POCL concentrations (mean = 2.33, SD ± 1.92,
range = 0.69–11.95 mmol/L, mean difference = 0.56 mmol/L,
limits of agreement = 2 SD ± 1.47 mmol/L; P < 0.001). There
was no relationship between test differences and average lac-

tate concentration, suggesting that test differences remained
consistent across the spectrum of lactate concentrations (R2 =
0.00; P = 0.77) (Figure 2).
Population characteristics of patients evaluated in Mbarara,

Uganda. An equal proportion of men (72 of 145, 50%) and
women (73 of 145, 50%) were studied. The mean (± SD) age
was 37 ± 13 years (range = 18–80). The majority (116 of 143,
81%) were HIV-infected, and their median CD4+ T-cell con-
centration was 78/mL (interquartile range [IQR] = 21–177). Of
the 116 HIV-infected patients, 40 (35%) patients were receiv-
ing antiretroviral therapy, and 67 (58%) patients were receiv-
ing Pneumocystis jiroveci prophylaxis (Table 1).
Meningitis diagnoses and associated mortality. Of 145

patients tested, 63 (43%) patients were diagnosed with aseptic
meningitis. CM and TBM were diagnosed in 35 (24%) and 32
(22%) patients, respectively. There were two (1%) patients
diagnosed with both CM and TBM. None of the patients
ultimately diagnosed with TBM by PCR had a positive CSF
Ziehl–Neelsen stain. Of 17 (12%) patients diagnosed with
bacterial meningitis, a microbiological diagnosis was available
in 8 (47%) patients. In patients with bloodstream infections
(N = 23, 16%), Staphylococcus aureus was the most frequent
isolate (N = 17, 74%) followed by S. pneumoniae (N = 4, 17%)
and Salmonella species (N = 2, 9%). Cryptococcus species was
most frequently isolated from CSF cultures (N = 12, 67%)
followed by S. pneumoniae (N = 3, 17%), gram negatives not
further speciated (N = 2, 11%), andNeisseria meningitidis (N =
1, 6%). Not all patients with bacteremia had a diagnosis of
bacterial meningitis.
The in-hospital mortality for patients with and without bac-

terial meningitis was 58.8% (10 of 17) and 28.1% (36 of 128),
respectively. The average time to death for patients with bac-
terial meningitis was 3.0 ± 1.8 days (range = 1–6) compared
with 7.3 ± 6.6 days (range = 1–27) for non-bacterial menin-
gitis cases. Within the non-bacterial meningitis group, the
in-hospital mortality was 25.7% (9 of 35) for CM and 28.1%
(9 of 32) for TBM; 30-day mortality data were available for
87.6% (127 of 145) of patients. Of these patients, patients with
bacterial meningitis had a 30-day mortality of 73.3% (11 of 15)
compared with 48.2% (54 of 112) for those patients without

Figure 1. Scatter plot with regression line of average POCL and
SLL results (in millimoles per liter) for CSF samples submitted to the
clinical laboratory at the University of Virginia.

Figure 2. Bland and Altman plot of POCL and SLL results (in
millimoles per liter) for CSF samples submitted to the clinical labora-
tory at the University of Virginia.
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bacterial meningitis. The 30-day mortality for CM and TBM
was 51.9% (14 of 27) and 46.7% (14 of 30), respectively.
Predictive value of CSF POCL for bacterial meningitis.

The area under the ROC curve (AUC) for the prediction of
bacterial meningitis by CSF POCL was 0.92 (95% confidence
interval [CI] = 0.85–0.99, P < 0.001) (Figure 3A). A CSF POCL
concentration of 7.7 mmol/L provided 88% sensitivity and 90%
specificity for the diagnosis of bacterial meningitis. No cases of
bacterial meningitis occurred with a CSF POCL < 3.75 mmol/L
(100%sensitivity).Everypatientwith aCSFPOCL> 13.5mmol/L
had bacterial meningitis (100% specificity).
CSF POCL was also an excellent predictor of proven bac-

terial meningitis (AUC = 0.95, 95% CI = 0.9–1.0, P < 0.001)
(Figure 3B). A CSF POCL concentration of 7.7 mmol/L pro-
vided 100% sensitivity and 85% specificity for the diagnosis
of culture-positive bacterial meningitis. No cases of proven
bacterial meningitis occurred with a CSF LA < 7.7 mmol/L
(100% sensitivity). Every patient with a CSF LA > 17 mmol/L
had culture-positive bacterial meningitis (100% specificity).
CSF lactate was not informative regarding the diagnosis of
CM (AUC = 0.48, 95% CI = 0.39–0.58, P = 0.73) (Figure 3C).
However, there was a statistically significant inverse relation-
ship between CSF POCL and TBM (AUC = 0.34, 95% CI =
0.24–0.44, P = 0.006) (Figure 3D).

DISCUSSION

For the first time, we have shown that a handheld POCL
monitor can accurately measure CSF lactate and predict bac-

terial meningitis. Our data suggest that bacterial meningitis is
a severe disease in our setting, with approximately 73% of
patients succumbing to the infection. These deaths occurred
precipitously, with an average time to death of only 3 days.
The ability to rapidly diagnose bacterial meningitis poten-
tially means faster time to antibiotic administration and better
survival. Additionally, excluding bacterial meningitis may
prevent unnecessary exposure to antibiotics and their inher-
ent costs and toxicities. In this light, the ability of POCL to
predict bacterial meningitis is an important and clinically use-
ful finding.
We found that a CSF POCL value of 3.75 mmol/L provided

the most sensitive (100%) marker for bacterial meningitis,
because no patient with a CSF POCL < 3.75 mmol/L had
bacterial meningitis. However, the low specificity of this value
(53.5%) suggests that it is not the most useful clinical indica-
tor to diagnose bacterial meningitis. Instead, a CSF POCL of
7.7 mmol/L provides a more clinically useful cutoff, because
this value was the most sensitive (88%) and specific (90%) for
the diagnosis of bacterial meningitis. Other studies have
found values ranging from 3.5 to 4.2 mmol/L as the best sen-
sitivity and specificity for meningitis.6,10–12 There was a slight
discrepancy between POCL and SLL values in our study; this
result is not likely to be clinically meaningful, because the
mean difference was only approximately 0.5 mmol/L.
In Uganda, patients presenting with clinical meningitis are

often infected with HIV, which means that, along with bac-
terial causes, CM and TBM are important considerations.13

The ability to identify these etiologies is important to guide

Table 1

Demographics and clinical characteristics of patients enrolled with clinical meningitis

Combined
(N = 145)*

Bacterial meningitis
(N = 17)

CM
(N = 35)

TBM
(N = 32)

Aseptic meningitis
(N = 63)

Demographics
Age (years), mean (SD) 37 (13) 38 (12) 35 (11) 40 (16) 36 (12)
Female, n (%) 73 (50) 12 (71) 16 (46) 14 (44) 32 (51)
HIV infected, n (%) 116 (81) 11 (65) 34 (100) 25 (81) 48 (76)

Exam findings
Temperature ( °C), mean (SD) 37.7 (1.2) 38.1 (1.4) 37.4 (1) 37.8 (1.1) 37.8 (1.2)
Abnormal temperature, n (%) 64 (44) 9 (47) 10 (29) 15 (47) 31 (49)
Heart rate (beats/minute),

mean (SD)
98 (21) 106 (22) 90 (18) 97 (21) 100 (22)

Abnormal heart rate, n (%) 78 (55) 12 (71) 15 (43) 14 (47) 37 (60)
Respiratory rate (breaths/minute),

mean (SD)
23 (8) 30 (13) 19 (3) 22 (6) 24 (8)

Abnormal respiratory rate, n (%) 57 (41) 12 (71) 5 (15) 10 (33) 30 (50)
SBP (mmHg), mean (SD) 109 (23) 109 (20) 113 (16) 101 (23) 110 (25)
DBP (mmHg), mean (SD) 68 (19) 72 (16) 74 (13) 63 (16) 67 (23)
GCS, mean (SD) 12 (3) 9 (4) 13 (3) 13 (2) 12 (3)
Meningismus, n (%) 64 (44) 13 (77) 18 (51) 10 (31) 25 (40)
Kernigs sign, n (%) 24 (18) 6 (43) 8 (23) 4 (13) 8 (14)

Laboratory findings
WBC/mL, median (IQR) 5,000 (3,275–7,600) 6,800 (4,700–9,250) 3,550 (2,800–4,400) 4,200 (2,800–8,200) 5,400 (3,300–8,900)
Abnormal WBC, n (%) 42 (47) 2 (15) 13 (72) 8 (53) 20 (44)
HB, mean (SD) 10 (4) 11 (3) 10 (3) 7.7 (3.6) 10 (5)
Glucose (mg/dL), mean (SD) 119 (78) 154 (68) 109 (61) 122 (107) 114 (72)
Whole-blood lactate (mmol/L),

mean (SD)
3.9 (2.1) 4.2 (1.9) 3.8 (2.0) 3.6 (1.3) 3.9 (2.5)

Malaria, n (%) 10 (7) 0 (0) 2 (6) 2 (6) 6 (10)
CSF findings
Opening pressure (mmHg) 22 (12) 23 (11) 30 (12) 14 (7.6) 21 (12)
CSF WBC/mL, median (IQR) 10 (5–55) 500 (150–2,240) 15 (10–40) 10 (5–30) 10 (5–40)
CSF glucose (mg/dL), mean ± SD 46 (35) 31 (37) 34 (24) 59 (46) 50 (31)
CSF protein (mg/dL), mean ± SD 44 (36) 88 (26) 40 (33) 31 (27) 40 (35)
CSF lactate (mmol/L), mean ± SD 5.5 (4.5) 14.2 (6.2) 4.5 (1.8) 3.7 (2.2) 4.7 (2.9)

DBP = diastolic blood pressure; GCS = Glasgow coma score; HB = hemoglobin; SBP = systolic blood pressure.
*Two patients had TBM and CM.
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specific therapy. Although POCL showed no ability to iden-
tify Cryptococcus, we found an inverse relationship between
POCL concentration and a diagnosis of TBM. In the case of a
protracted course of meningitis, a high POCL may make
TBM less likely than CM. Conversely, a low POCL may indi-
cate TBM when other causes, such as CM, have been ruled
out. We also found that Ziehl-Neelsen staining of CSF was of
no benefit in the diagnosis of TBM, because 0 of 32 patients
with TBM had a positive stain.
The POCLmonitor is easy to use and portable, which means

it can be used in settings where laboratory infrastructure is
limited and clinical personnel are scarce. For example, in much
of sub-Saharan Africa, it is not possible to obtain timely and
accurate CSF chemistries, and microscopic findings of gram
stain and cell count may be inaccurate.3,13 Use of CSF POCL
testing is particularly attractive, because the monitor and
reagents are relatively cheap compared with a fully equipped
laboratory; additionally, refrigeration is not required, the test-
ing only requires one drop of CSF, the results are available

in only 60 seconds, and testing can be done by anyone after a
brief training session. In such settings, discrimination of bacte-
rial versus non-bacterial meningitis could be greatly augmented
by CSF POCL testing, which could result in a reduction of
already limited expenditures and antibiotics.
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