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Abstract
Background: Point-of-care testing, POCT, was widely used to assess hemoglobin status before proceeding with the 

confirmation test. Our study aimed to assess the validity of Mission® Plus Hb in detecting hemoglobin levels in a general 
population compared with a standard laboratory hematology analyser as the gold standard. 

Methods: Two types of samples, capillary and venous blood, were collected from all respondents by trained nurses. Both 
blood samples were tested using Mission® Plus while the remaining venous blood in EDTA test tubes was sent to the reference 
laboratory. 

Results: A total of 622 respondents participated in this study, 75% of them females. The mean Hb tested from capillary 
blood using Mission® Plus Hb was 11.80±2.02 g/dl. For venous blood, the mean Hb concentrations using Mission® Plus Hb 
and Sysmex XE-2100 hematology analyser were 12.16±1.84 g/dl and 13.07±1.87 g/dl, respectively. Sensitivity and specificity in 
detecting anemia from venous samples were 98.8% and 73.4% respectively. Positive Predictive Value (PPV) was 58.5%, while 
Negative Predictive Value (NPV) was 99.4%. 

Conclusion: The findings of moderate PPV should alert the programme managers to the importance of a confirmatory test 
following screening using Mission® Plus Hb. 
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Introduction
Anemia affects populations of both developed and 

developing countries. In 2008, WHO estimated that anemia 
affected 1.62 million people worldwide, with estimated 
prevalence of 30.2% among non-pregnant women above 15 
years of age [1].  In the Western Pacific region, it is estimated 
that 21.5% of non-pregnant women are anaemic [1]. In 
Malaysia, there is a lack of data on the national prevalence of 
anemia among the general population of non-pregnant women. 
A regression-based estimate by WHO reported that 30.1% 
of non-pregnant women aged 15 to 49.9 years of age were 
anaemic [1]. Several local studies estimated that the prevalence 
ranges from 17.2% [2] among non-pregnant women in interior 
Sarawak to 34.6% to 42.3% among pregnant women [3,4]. 

Anemia is considered to be a moderate public health problem 
when the prevalence is more than 20% [1].  

Various methods have been used to detect anemia in 
the population at risk. The methods range from hemoglobin 
colour scale, Sahli technique, copper-sulphate method, 
HaemoCue, and automated haematology analysers [5].  
HemoCue was considered to be the method of choice for 
POCT due to its reliability, portability, and ease of use [6-9]. 
But taking into account the economic implication, a less costly 
but still reliable POCT should be looked into to be used in a 
nationwide survey to estimate the prevalence of anaemia in 
Malaysia. In Malaysia, assessment of hemoglobin level using 
Mission® Plus Hb has been used in several primary-care 
settings without proper validation. As it is, a scientific validity 
test is urgently needed to ensure the validity of this POCT in 
detection of anemia. 

Our study aimed to assess the validity of Mission® Plus 
Hb in detecting hemoglobin levels in a general population 
compared with a standard laboratory hematology analyser 
(Sysmex XE-2100) as the gold standard.
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Methods
This is a cross-sectional study involving outpatient 

respondents recruited from a suburban primary care clinic in 
Selangor. A minimum sample size of 600 was required, based 
on 30% estimated prevalence of anaemia, with 90% sensitivity 
and specificity, using formulae for the sensitivity and 
specificity studies [10]. The study was reviewed and approved 
by the Medical Ethics and Research Committee, Ministry of 
Health Malaysia (NMRR-13-797-17207). Mission® Plus Hb 
(Acon Laboratories, USA) provided an in-kind Hemoglobin 
Meter and strips for the study. 

The eligible respondents voluntarily participated in this 
study. The eligibility criteria were that participants must be 15 
years of age or older and have never been diagnosed as having 
any blood disorders. Written consents were taken from all 
respondents. They were informed of the results of their blood 
tests, and respondents with anemia were referred to a family 
physician at the clinic for further management.

Data were collected using quota sampling in July 2014. 
Capillary and venous blood samples were collected from 
all respondents by trained nurses. A drop of venous blood 
directly from the needle was then tested with Mission Plus 
and its reading was documented. The remaining venous blood 
was then transferred into a test tube containing potassium 
EDTA as anticoagulant and tested using Sysmex XE-2100 
at the reference laboratory within 2 hours. Capillary blood 
from a similar respondent was then taken from the fingertip 
and directly tested using Mission Plus. For capillary testing, 
care was taken to remove the first drop of blood with a sterile 
cotton swab, and pressure on the finger that might result in 
hemodilution was avoided. The blood sample was taken using 
pipette supplied together with the strip. The blood was then 
dropped on the strip connected to the hemoglobin meter. Its 
reading was then documented. The Mission Plus used in this 
study was calibrated daily and the procedure was supervised 
by a representative from the manufacturer to minimise human 
error.

The hemoglobin concentration of venous blood 
using Mission® Plus Hb was compared to the hemoglobin 
concentration of venous blood using the gold standard 
procedure (Sysmex XE-2100). Sysmex XE-2100 was selected 
as the gold standard in this study based on its accuracy and 
precision in detecting anemia [11,12]. Venous and capillary 
blood readings using Mission Plus were then compared to 
determine the accuracy of the test using capillary blood in 
detecting anemia. Anemia was defined as Hb less than 12gm/
dl for women above 15 years of age and Hb less than 13gm/dl 
for men above 15 years of age [1].

The sensitivity, specificity, predictive positive and 
predictive negative values were then calculated using the 
following formulae: 

Sensitivity = TP/(TP+FN)
Specificity = TN/(TN+FP)
Positive Predictive Value, PPV = TP/(TP+FP)
Negative Predictive Value, NPV = TN/(TN+FN)
Accuracy = (TP+TN)/n,
where TP is the number of respondents correctly 

identified as anaemic by Mission Plus; FN is the number of 
respondents identified as not anaemic by Mission® Plus Hb 
but noted to be anaemic using Sysmex; FP is the number of 
participants identified as anaemic using Mission Plus but 
not anaemic using Sysmex; TN is the number of participants 
correctly observed to be not anaemic using Mission Plus; 
and n is the number of participants. Correlation between the 
results based on the Mission Plus in comparison to those tested 
using the gold standard were calculated. Pearson’s correlation 
coefficient and paired t-test were used to analyse the data using 
IBM SPSS Statistics (IBM Corporation, New York, USA).

Results
A total of 622 respondents participated in this study, 75% 

of them females. Age ranged from 15 to 77 years (35.7±12.9 
years). The results obtained from Mission® Plus Hb and the 
standard reference method are summarised in Table 1.

 On average, the Hb concentration using capillary and 
venous samples tested using Mission Plus were both lower 
than the level using Sysmex, a difference of -1.27 g/dl (95% 
CI: -1.34, -1.21) and -0.911 g/dl (95% CI: -0.96, -0.86), 
respectively. 

Overall, 169 respondents (98.8%) were observed to 
be truly anaemic based on a venous sample using Mission 
Plus. Based on the capillary results, 166 respondents (97.1%) 
were identified as anaemic using Mission Plus, while five 
respondents were falsely identified as anaemic. Table 2 shows 
the sensitivity, specificity, PPV, NPV and accuracy of detecting 
anaemia using Mission Plus.

The Pearson’s correlation coefficient between Mission® 
Plus Hb and standard reference was high; for capillary 
hemoglobin the correlation, r, was 0.909 (P<0.001), while for 
venous haemoglobin, r was 0.940 (P<0.001). 

Table 1. 
Hemoglobin (Hb) values of respondents (n=622)

Test Hb (g/dl)
mean±SD 

Range
(min-max)

Mission® Plus Hb Capillary 11.80 ± 2.02 6.4-19.8
Venous 12.16±1.84 5.5-20.1

Gold standard (reference)
Sysmex XE-2100

Venous 13.07±1.87 6.9-21.3

Table 2. 
Validity of Mission Plus in detecting anemia in comparison to 
standard reference

Validity Anemic* (venous) Anemic* (capillary)
Sensitivity (95% CI) 98.8% 97.1% 
Specificity (95% CI) 73.4% 62.5% 
Positive Predictive Value 58.5% 49.6%
Negative Predictive Value 99.4% 98.3%
Accuracy 80.4% 72.8%

  *Hb < 12 g/dl for females and Hb < 13 g/dl for males
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Discussion
In a community survey, the collection of venous blood 

samples is mostly unacceptable and the analysis of fresh 
blood at the standard laboratory is unfeasible. The anemia 
estimation using POCT allows the collection of information 
that may otherwise be inaccessible. In order for Mission Plus 
to be an acceptable POCT for haemoglobin measurement in a 
nationwide survey, it would have to be precise and accurate. 
The Ministry of Health Malaysia has produced a guideline to 
safeguard patient safety and management [13].

Our study found that the Hb concentrations in the 
capillary and venous samples tested with Mission® Plus Hb 
were on average lower than those recorded in the reference 
laboratory using venous samples. The standard for assessing 
the accuracy of the Hb measurement using POCT varies based 
on its clinical usage; it ranges from 0.5 g/dl for a perioperative 
blood transfusion [14] to 1.0 g/dl in various other settings 
[6,15]. As such, a mean difference of 1.27 g/dl for capillary 
and 0.91 g/dl for venous samples using Mission® Plus Hb 
as compared to the standard reference is considered good. 
The Hb estimation using Mission Plus as the screening tool 
in a national survey should be interpreted with caution as 
it may result in overestimating the prevalence of anaemia 
in Malaysia. The possibility that humidity may change the 
reagents in the Mission® Plus Hb hemoglobin meter should 
also be considered, as happened in a validity study of POCT 
HemoCue in Australia [16]. Thus, maintenance of proper 
storage and handling is very crucial. 

The findings of lower Hb using POCT Mission® Plus 
Hb did not agree with findings from POCT HemoCue, which 
exhibited higher Hb compared to the results from the automated 
analyser [9,17-20]. Technical errors such as incomplete filling 
or bubbles in a pipette may have also influenced the results 
from some samples in our study.  

Our study found that the ability of the POCT to detect 
anaemia, based on the PPV, was moderate. In addition, the 
specificity of the Mission Plus in detection of non-anaemia 
was 62.5% and 73.4% for capillary and venous samples, 
respectively. This figure is lower compared to a specificity 
of 100% using POCT HemoCue [9,17,18]. In contrast, the 
sensitivity of the Mission Plus for screening for anaemia 
was almost 100% for both capillary and venous samples. 
Furthermore, the correlation was also high. Thus, considering 
the above-mentioned values, Mission Plus is suitable to be 
used as a screening method for detection of anaemia in a mass 
population although it is necessary to emphasize a thorough 
training of those involved in the survey to minimize technical 
errors.  

Unlike other POCTs that have high specificity but 
moderate sensitivity, we found high sensitivity with moderate 
specificity and accuracy of Mission Plus in the detection of 
anaemia. The reasons for these differences require further 
investigation. Further study is also required to assess the 
conversion factor from capillary to venous blood at different 
levels of anemia. 

Our study has several strengths. Our samples included 
the whole spectrum of age groups from young adults to the 

elderly to avoid selection bias. We also used a blind and 
independent comparison between the findings using Mission® 
Plus Hb at a primary care centre with the measurement 
of haemoglobin using Sysmex XE-2100 at the reference 
laboratory. Our sample size was properly calculated using a 
specific formula and was much bigger compared to the sample 
size of other validity studies of a POCT. A limitation noted 
from this study is the lack of comparison with arterial blood 
samples. Other validation POCT studies have compared 
capillary with venous and arterial blood samples, but in our 
study, collection of arterial blood samples was not suitable as 
the study site was a primary care centre.  

Implications and recommendations

A highly sensitive tool is crucial for a screening, but high 
specificity is also a desired criterion to avoid unnecessary false 
positive results. As such, a positive finding with this POCT 
must be followed up by a confirmatory test before starting on 
any treatment. This tool might not be suitable to be used in a 
clinical setting such as monitoring of anaemic patients. On the 
positive side, we support the use of this POCT for screening 
for anemia in a mass population due to its characteristics as 
a rapid, fairly accurate and less costly method compared to 
other POCTs. However, it is necessary to note that any POCT 
should not replace formal laboratory venous sampling, which 
still remains the gold standard for haemoglobin measurement.

Conclusion
 Our study found that Mission® Plus Hb has high 

sensitivity and moderate specificity and is considered suitable 
to be used as a screening tool for assessment of hemoglobin 
levels in a mass population.
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