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Introduction 
Although nucleoside reverse-transcriptase inhibitors (NRTIs) 

remain a critical component of current HIV-1 treatment regimens, 
they have been associated with functional and structural mitochondrial 
abnormalities, leading to several adverse events, such as pancreatitis, 
peripheral neuropathy, and lactic acidosis [1-7]. Moderate-severe 
symptomatic hyperlactatemia and lactic acidosis are potentially life 
threatening and complicate the use of NRTIs [1,3,4]. Rates of lactic 
acidosis appear to be higher in southern Africa, 1.1-1.2%, [1,3,8-10] 
when compared with rates previously described elsewhere, 0.1-0.4% 
[4,9]. The development of lactic acidosis is one of the most serious 
mitochondrial toxicities with published case fatality rates of up to 80% 
among patients with lactate levels > 10 mmol/L [11]. Risk factors for 
the development of moderate to severe symptomatic hyperlactatemia 
or lactic acidosis include female gender, use of “D” antiretroviral drugs 
(didanosine (ddI) and/or stavudine (d4T)), having a BMI of greater 
than 25, decreased CD4+ cell count, the presence of lipodystrophy, and 
having elevated plasma triglyceride levels [9,12]. Additional studies are 
ongoing to evaluate for other possible risk factors, such as host genetic 
factors. WHO also recommends that countries phase out the use of 
d4T, because of its long-term, irreversible side-effects [13]. Stavudine is 
still widely used in first-line therapy in developing countries due to its 
low cost and widespread availability, and programmatic implications 
of moving towards alternative more costly drugs still need to be sorted 
out. Lactate measurements will continue to be necessary in many poor 
resource settings. It is challenging in many resource-limited settings 

to obtain reliable serum lactate measurements while screening for the 
presence of lactic acidosis, which often manifests in subtle fashion 
(i.e. nausea, vomiting, abdominal pain, fatigue, etc.) among persons 
experiencing this complication [14,15].

Lactate measurements are presently obtained on cART-treated 
persons having one or more clinical signs and symptoms that may be 
predictive of lactic acidosis, namely the presence of new nausea/emesis, 
unexplained fatigue, shortness of breath, abdominal pains, and/or 
unexplained weight loss. Conventional lactate measurements have to 
be drawn in specific fashion, namely no tourniquet is to be used and 
ideally patients should not have vigorously exercised or drank alcohol 
within the 6-12 hours before blood draw. In addition, lactate levels 
need to be drawn in sodium fluoride tubes and these tubes need to be 
maintained on ice with the tubes being transported to the lab within 
15 minutes for optimal lactate testing. In addition, to confirm the 
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Abstract
Background: Nucleoside reverse-transcriptase inhibitors (NRTIs) are a major component of combination 

antiretroviral therapy (cART) worldwide but they have been associated with mitochondrial toxicities, with one of the 
most significant being lactic acidosis. In southern Africa, being female and overweight (BMI > 25) as well as receiving 
d4T and/or ddI-based cART are risk factors for the development of this potentially life-threatening complication. It 
is challenging in many resource-limited settings to obtain reliable serum lactate measurements while screening for 
the presence of lactic acidosis. Point-of-care devices, however, are now available that provide simple, accurate 
measurements of serum lactate levels at relatively low cost. The objective of this study was to assess the agreement 
of the portable (Accutrend™ handheld) lactate analyzer to the conventional laboratory system for obtaining serum 
lactate.

Methods: Eighty two “at-risk” cART-treated adults were evaluated, having their lactate levels tested in parallel 
using both modalities. 

Results: The mean (range) lactate level for the portable device was 2.28 (0.9-5.0) compared to 1.96 (0.7-
5.4) using the conventional method. There was a strong correlation (p<0.05) between the portable device and the 
conventional means with a Pearson correlation coefficient of 0.92 [95% CI: 0.88-0.95]. The mean bias was 0.33 
[95% CI: -0.39-1.04], with the portable device having slightly higher values. 

Conclusion: The use of a portable lactate device provides an accurate and user-friendly means of screening 
at-risk patients for the presence of lactic acidosis in resource-limited settings with limited laboratory capacity. 
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diagnosis of lactic acidosis, some assessment of the person’s acid-base 
status is needed which is typically done via serum bicarbonate (HCO3) 
and/or venous or arterial pH measurements. This is logistically very 
challenging, especially in busy outpatient HIV clinics where hundreds 
of patients are being seen per day and where proximity to the central 
laboratory may be an issue. Point-of-care (POC) devices are now 
available that provide simple, accurate measurements of serum lactate 
levels at relatively low cost [16]. Their use in HIV treatment programs 
and intensive care medicine has greatly assisted clinical decision-
making in patients with symptoms suggestive of lactic acidosis in other 
settings [17-21], but have never been validated in our setting. In this 
study, we formally validated one POC lactate device (made by Roche™) 
for use in our setting. 

Methods
Study population

cART-treated adults from 2 settings in Gaborone, Botswana 
were screened for enrollment into this one-visit cross-sectional 
study: (i) adult cART-treated patients currently enrolled in the Adult 
Antiretroviral Treatment and Drug Resistance (“Tshepo”) study [22] 
and (ii) HIV-1 infected adult patients receiving longitudinal care at 
the adult Infectious Disease Care Clinic (IDCC) on the grounds of 
Princess Marina Hospital; the vast majority of which are receiving 
cART. Enrollment took place during August-November 2007. In terms 
of clinical condition, the goal was to enroll ~ 20-25% symptomatic 
patients, with “symptomatic” being defined as having one or more of 
the following symptoms and/or laboratory abnormalities suggestive of 
underlying lactic acidosis: grade 3 or higher SGPT and/or SGOT, grade 
3 or higher LDH;, nausea/emesis, increased fatigue, dyspnea, muscle 
weakness, and/or paralysis of the lower extremities and/or having a 
serum bicarbonate level less than 20.0 mmol/L. 

Laboratory procedures

One blood specimen (~ 3.0 mLs) was collected using venupuncture, 
with no tourniquet, from each consenting study participant. From this 
specimen lactate was measured via 2 means: (i) ~ 50µl was directly 
placed onto a lactate strip which was then (per manufacturer’s 
instructions) placed in the Roche POC lactate device, Accutrend 
(Roche Diagnostics GmbH, Mannheim Germany) and the result 
was recorded in our study case report forms (CRFs) (without patient 
name/initials to protect confidentiality); and (ii) ~ 2.5-2.9 mLs was 
placed immediately into a grey top specimen tube on ice which was 
immediately (within 15 minutes of blood draw) transported to the 
central Botswana-Harvard HIV Reference Laboratory (BHHRL) on 
the grounds of Princess Marina Hospital in Gaborone for conventional 
lactate testing using the Roche Integra 400 Plus™ (Roche Diagnostics, 
Mannheim, Germany) as per manufacturer’s instructions. The results 
were compared to the results obtained via the portable device with all 
results being anonymously recorded in our study case report forms. 
BHHRL operates under GCLP and with an ISO17025 based clinical 
laboratory quality management system. 

Statistical considerations

The necessary sample size for the comparison of the portable lactate 
device and the gold standard (conventional) diagnostic test was derived 
based on a known standard deviation of 0.1 mmol/L and 90% power 
aimed to have the ability to detect a difference of 0.05 mmol/L between 
the two methods, and therefore a significance level of 5%, the study 
required a sample size of 35 participants in each method. Mean standard 

deviations were calculated for all lactate results obtained in parallel via 
these two testing methods, namely “conventional gold standard (grey 
top on ice)” versus “portable POC lactate device”. The bias (mean 
difference between the 2 methods) and limits of agreement of the 2 
test methods was analyzed using the method described by Bland and 
Altman [23]. The upper and lower limits of agreement were calculated 
as bias ± 2 standard deviations. Accuracy (mean bias) and the relative 
error ((conventional lactate – portable lactate)/(conventional lactate 
+ portable lactate)) were also calculated [24]. Correlation analysis 
(Pearson) was used to describe the strength of the relationship between 
the two methods. P values of < 0.05 were considered significant. A total 
allowable error (TEa) of 20% was adopted [25]. 

The study was approved by the Botswana Ministry of Health’s 
Health and Research Development Committee (HRDC), and the 
Human Subjects Committee (Harvard School of Public Health). 

Results
Eight-two (82) patients had serum lactate results performed in 

parallel (portable POC versus conventional). Patient characteristics are 
shown in (Table 1). Seventy-seven percent (77%) were female, 100% 
were black/of Tswana origin; their median age was 36 years (range 23-
53 years); the majority were receiving zidovudine (ZDV), lamuvidine 
(3TC) (co-formulated as Combivir™) plus nevirapine (NVP) (27%) or 
zidovudine (ZDV), lamuvidine (3TC), plus efavirenz (EFV) (26%). 
Eighteen percent (18%) of the patients were “symptomatic’; in that they 
had symptoms and/or laboratory abnormalities suggestive of possible 
underlying lactic acidosis. 

The mean (range) lactate level from the portable lactate (portlac) 
was 2.28 mmol/L (0.9-5.0) and 1.96 (0.7-5.4) using the conventional 
method (convlac). There was a strong correlation (p<0.05) between 
conventional laboratory lactate (convlact) and the portable point of 
care lactate (portlact) with a Pearson correlation coefficient of 0.92 
[95% CI: 0.88-0.95]. Method correlation by least squares regression 
(using convlact as the reference) yielded a slope of 1.2, an intercept 
of -0.74, and an adjusted r2 of 0.85. Passing-Bablok regression [26] 

Demographic and clinical characteristics of study participants
Gender Male 19 (23%)

Female 63 (77%)

Age (years) Mean (Std Dev) 36.6 (+/-7.4)

 Median (Range) 36 (23 - 53)

Clinical presentation

 Symptomatic 15 (18%)

 Asymptomatic 67 (82%)

cART Regimen

 CBV/NVP 22 (27%)

 CBV/EFV 21 (26%)

 d4T/3TC/NVP 10 (12%)

 d4T/3TC/EFV 7   (9%)

 Other 22 (27%)

Abbreviations:  CBV: Combivir™ (co-formulated zidovudine (ZDV) plus 
lamuvidine (3TC)); NVP: nevirapine; EFV: efavirenz; d4T: stavudine; 3TC: 
lamuvidine

Table 1: Baseline characteristics of study population.
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yielded a slope of 0.77 and intercept of 0.85 (Figure 1). Bland-Altman 
[23] plots shown in Figure 2 indicated a mean bias of 0.33 (95% CI 
0.25 – 0.41), with portable lactate having slightly higher values than 
conventional lactate but within 20% acceptable total allowable error for 
absolute differences [25]. The 95% confidence intervals for the limits of 
agreement were -0.39 to 1.04. 

Discussion
Excellent overall immunologic, virologic, clinical response 

rates and adherence rates have been reported from numerous adult 
antiretroviral treatment cohorts in sub-Saharan Africa [27,28] (at 
least comparable to that observed in the West). The majority of HIV-1 
infected cART-treated adults in Africa are receiving d4T-based first-
line regimens [13,29]. Reasons for this are primarily financial. Regional 
data has shown that cART-treated adults in southern Africa have 
higher than expected rates of mitochondrial toxicities, i.e. pancreatitis 
and lactic acidosis, which may be life-threatening. Risk factors for the 
development of lactic acidosis include being female (p = 0.008) and 
being overweight (BMI > 25; p = 0.001) [9].

Lactate measurements are often not routinely available in many 
resource–limited settings due to limited laboratory infrastructure. In 
addition, conventional serum lactate measurements have to be drawn 

in specific fashion, namely no tourniquet is to be used and ideally 
patients should not have vigorously exercised or drank alcohol within 
6-12 hours prior to their blood draw. In addition, serum lactate levels 
need to be drawn in sodium fluoride tubes and these tubes need to be 
maintained on ice with the tubes being transported to the lab within 
15 minutes for optimal lactate testing. This can be challenging in many 
poor resource or remote settings. The use of the now available point-
of-care devices in HIV treatment programs can greatly assist clinical 
decision-making in patients with symptoms suggestive of lactic acidosis. 
This has been shown to be effective in other programs elsewhere and 
intensive care medicine [17-21] at relatively low cost [16].

The portable lactate device produced comparable results in our 
setting. Although the portable lactate had a positive bias of 0.33, it was 
not clinically significant and there was a significant positive correlation 
between the two methods similar to what has been previously published 
[16,30]. Additional advantages of this portable POC technology is that 
the devices are simple to operate and work in identical fashion to the 
diabetic portable devices used to reliably monitor blood glucose levels 
among diabetic patients. Portable lactate can potentially be used in 
resource limited settings as is provides other advantages such short 
turn-around time (1-2 minutes), eliminating the need for special tubes, 
transportation of specimens on ice and restricted time before testing 
in a routine laboratory. Some technologies have now been developed 
with battery of tests such as lactate, glucose and triglycerides and 
this can improve the clinician’s management of patients. This POC 
testing modality is also considerably more affordable when compared 
to conventional lactate testing as the POC device costs ~ 1200 South 
African Rand (ZAR), (approximately USD 160.00) and reagent strips 
cost only ~ 9 ZAR each (approximately USD 1.30) compared to reagent 
costs/test of approximately ZAR 80 (approx USD 11.00) for the for the 
conventional test. Laboratory equipment required for the conventional 
test includes a dedicated power supply, maintenance and laboratory 
expertise to operate. One of the limitations of this study is that we could 
not validate the point of care machine for lactate results of more than 
5.4 mmol/l. However significant lactic acidosis is present if the blood 
lactate concentration is > 5.0 mmol/L.

Conclusion
The use of a portable lactate device provides an accurate and 

user friendly means of screening at-risk patients for the presence of 
lactic acidosis. Such a device should be considered for screening at-
risk patients being cared for in resource-limited settings with limited 
laboratory capacity. 
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Figure 1: Scatter plot with Passing-Bablok regression fit for portable point of 
care lactate (portlact) versus conventional laboratory lactate (convlact).
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Figure 2: Difference plot for portable lactate (portlact) versus conventional 
laboratory lactate (convlact).
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