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Introduction
The purpose of laboratory methods in clinical microbiology is 
to detect causative agents of infections. Tests conducted on 
patients outside the traditional clinical laboratory setting are 
called point-of-care (POC) tests. POC tests are rapid tests that 
are relatively easy to use, inexpensive and usually shorten the 
turnaround time and, thus, speed up patient management. 
While clinical laboratories have become more centralised, 
POC testing in other testing sites has become increasingly 
common.1 At best, POC test results can have an immediate 
effect on patient care.

The Epstein-Barr virus (EBV) is found all over the world 
and most people get infected with it at some point of their 
lives.2,3 EBV infection usually occurs during infancy or child-
hood. The infection can be asymptomatic but EBV can also 
cause infectious mononucleosis (IM) with symptoms including 
sore throat, fever and fatigue. EBV IM, also called glandular 
fever, is most common among teens and young adults.

Diagnosing EBV IM can be challenging because the symp-
toms may resemble, for example, some malignant haematologi-
cal diseases. Therefore, a false positive result may have serious 

clinical consequences due to the delay in initiating the right 
treatment. The diagnosis of EBV IM is based on clinical, hae-
matological and serological findings.4 Heterophile antibody 
tests are commonly used for this purpose because they are 
cheap to perform and robust. If needed, the infection can be 
confirmed with a blood test that detects EBV-specific antibod-
ies. Serological POC tests, including EBV IM test kits and test 
methods, have improved during the past decades5-8 and at this 
moment a selection of POC tests are commercially available 
for EBV IM. Even though they are simple to use in general, it 
is important to know the limitations of the test kit which has 
been selected for use.

The aim of this study was to evaluate the following: (1) are 
the results of the POC tests for EBV IM reliable and consist-
ent regardless of the site of testing, (2) how many tests and 
what kind of the methods are in use and (3) do these tests and 
methods differ in their performance. For this purpose, we col-
lected the data of the results of the external quality control 
(EQC) EBV IM samples of EQA rounds from an eight-year 
period 2010 to 2017 in Finland. In all, data from 18 885 EBV 
IM POC results of 273 testing sites were analysed.
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In Finland all investigations of communicable diseases, 
including POC tests, can only be done in testing sites that are 
approved for this purpose by the Regional State Administrative 
Agencies (RAAs).9 The detailed procedures for implementing 
the legal regulations, called the licensing system for clinical 
microbiology laboratories, were created in 1993.10 The aim of 
this mandatory licensure is to assure comparable and reliable 
performance in all testing sites investigating clinical microbiol-
ogy specimens. The Finnish Institute for Health and Welfare 
(THL) maintains a register of all these testing sites and the 
microbiological specimens they investigate.

In order to be approved, a testing site has to have the appro-
priate premises and equipment, and competent staff for per-
forming its tasks. Also, one of the basic requirements is 
obligatory participation in external quality assurance (EQA) 
rounds at least 4 times per test item per year. According to the 
communicable diseases act, the THL and RAAs give free 
access to the data of all the EQA results of every testing site. 
Most of the testing sites carrying out microbial POC tests 
using commercial test kits are small health care centres.

Materials and Methods
Data collection

The testing sites that participated in EBV IM EQA rounds 
were different-sized laboratories and health centres (called 
testing sites in this study) from both the public and private sec-
tor. The data was grouped according to the size of the testing 
sites: small testing sites (n = 155) examined only 50 or less 
(median 45) IM patient samples per year and large testing sites 
(n = 118) examined 51 or more (median 120) samples per year. 
This information was available in the THL’s register. Altogether, 
data on results of 273 testing sites was collected.

According to the THL’s register the most commonly used 
provider of the EQA rounds for EBV IM POC is Labquality 
Ltd. It is an independent Finnish service company focusing on 
the quality assurance of medical laboratories and POC testing 
sites. At Labquality Ltd, EBV IM POC EQA rounds have 
been available since 1987. The scheme is accredited according 
to the ISO 17043 standard.11 During the 8 years (2010–2017), 
in 32 EQA rounds, altogether 96 EQC samples had been sent 
by Labquality to the 273 testing sites.

All the EQC samples were liquid human plasma, and each 
batch originated from a single human donor. The same 
plasma batch was used 1–3 times if the original volume was 
sufficient. Before distribution, each EQC sample had been 
pretested by an expert Finnish clinical microbiology labora-
tory. This pretesting consisted of the investigations of hetero-
phile antibodies, EBV-IgM, the EBV nuclear antigen 
EBNA-IgG, EBV-IgG antibodies and the avidity of IgG 
antibodies. The interpretation of results in EBV IM POC is 
qualitative (positive or negative).

The 32 rounds consisted of 36 positive and 60 negative 
EQC samples from 74 different plasma batches. The data of 

one negative EQC sample was excluded from this study 
because lack of consensus in reported results. This left data on 
95 samples with 18 885 results for analyses.

For further analyses, the data of the EQC results was 
divided into 3 groups according to the clinical interpretation. 
In Group I (n = 36), the samples were positive for heterophile 
antibodies EBV-IgG and EBV-IgM, negative for EBNA-IgG 
and low in IgG avidity, and they were graded as Positive, recent 
EBV infection. In Group II (n = 23), samples were negative and 
graded as Negative, no EBV antibodies. In Group III (n = 36), 
the samples were negative for heterophile antibodies and EBV-
IgM, positive for EBV-IgG and EBNA-IgG, and high in IgG 
avidity, and they were graded as Negative, old EBV immunity.

Statistical analyses

The Fisher exact test and the chi-square test were used to com-
pare the results between large and small laboratories, test 
methods and specimen groups. For the more complex associa-
tions, logistic regression analysis was used.12 A P-value <.05 
was considered to indicate statistical significance.

Results
In this study, data on 18 885 EBV IM EQC results reported by 
273 testing sites using altogether 3 test methods and 17 differ-
ent test kits were available for analyses (Table 1). Of all the 
results analysed, 99.3% were correct. Latex agglutination, 
immunochromatographic and immunofiltration tests methods 
gave 99.6%, 99.4% and 94.3% correct results, respectively. The 
most commonly used tests methods were immunochromato-
graphic methods (12 test kits, 17 959 EQC results). Some latex 
agglutination methods (4 test kits, 504 EQC results) and one 
immunofiltration method (1 test kit, 422 EQC results) were 
also used.

The number of testing sites per year varied during the eight-
year study period as some testing sites finished their microbio-
logical operations and new ones started (data not shown). Of 
the 17 test kits, 4 were used during the whole examination 
period (Table 1). The data of the results of 2 latex agglutination 
and 5 immunochromatographic test kits were grouped together 
due to too few results during the whole study period.

Altogether, 130 false results were given. Of these, 74 nega-
tive samples were reported incorrectly as positive and 26 posi-
tive samples incorrectly as negative. Clearview produced 58 
and InstAlert 28 false results, both most often for negative 
samples. The RDT EBV IgM assay that was validated for 
serum samples led to false positive results for 24 plasma sam-
ples (Table 1). The QuickVue test kit had the worst perfor-
mance for negative samples (correct results in 82%).

The test kits in use differed between the different sizes of 
testing sites. Monospot, the MNI Test and Mnitop were only 
used in large testing sites with 51 or more EBV IM patient 
samples per year. Mononucleosis and Nadal Mononucleosis 
were only used by small testing sites with 50 or less EBV IM 
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patient samples per year. Monogen, Clearview, InstAlert, 
OSOM Mono Test, QuickVue and the RDT EBV IgM Assay 
were used in both sizes of testing sites. Of the studied 95 EQC 
rounds, 42 were repeatedly and expectedly reported as either 

true positive or true negative by all of the participating testing 
sites. Of the 130 false EQC results, 46 were from EQA rounds 
that yielded one or two reported false results per round. No test-
ing site stood out with multiple false results (data not shown).

Table 1.  The external quality control results, test methods and used test kits during 2010–2017.

Test method
Test kit (manufacturer)

Expected 
result

Reported results: 
true/all

Success 
%

Latex agglutination tests for heterophile antibodies 502/504 99.6

Monogena (Biokit) pos. 132/133 99.2

neg. 177/178 99.4

Monospota,b (Meridian) pos. 64/64 100

neg. 102/102 100

Latex agglutination, otherc pos. 12/12 100

neg. 15/15 100

Immunochromatographic assays for heterophile antibodies 17 855/17 959 99.4

Clearviewa,d (Unipath/Alere) pos. 4609/4618 99.8

neg. 7099/7148 99.3

InstAlerta,e (Innovacon) pos. 1800/1811 99.4

neg. 2964/2981 99.4

Mononucleosisd,f (SureScreen Diagnostics) pos. 235/238 98.7

neg. 454/456 99.6

Mnitop (All. Diag) pos. 87/87 100

neg. 162/162 100

Nadal Mononucleosisf (Nal von Minden) pos. 36/38 97.7

neg. 99/100 99.0

OSOM Mono Test (Sekisui Diagnostics) pos. 28/28 100

neg. 67/67 100

QuickVue (Quidel) pos. 26/26 100

neg. 41/50 82.0

Immunochromatographic, otherg pos. 57/57 100

neg. 91/92 98.9

Immunofiltration test for IgM antibodies 398/422 94.3

RDT EBV IgM Assayh (Bio-Rad) pos. 146/146 100

neg. 252/276 91.3

All test methods 18 755/18 885 99.3

17 test kits pos. 7232/7258 99.6

neg. 11 523/11 627 99.1

aThe test kit was in use for the whole eight-year study period.
bThe test kit was only used in large laboratories.
cContains the results from 2 tests: Avitex-IM (Omega Diagnostics) and MNI Test (Fumouze).
dContains one possible sample mix-up.
eContains two possible sample mix-ups.
fThe test kit was only used in small laboratories.
gContains the results from 5 tests: MNITOP optima im (Biosynex), Diaquick Mononucleosis Cassette (Dialab), Mono Rapid Test Cassette (Hangzhou Alltest biotech), 
Immunocard Stat Mono (Meridian) and Mononucleosis Test Card (ulti med).
hThe test kit only had manufacturer validation for serum samples.
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The grouping of the data in 3 groups showed differences 
between EQC samples representing different clinical interpre-
tation (Table 2). In Group I (Positive, recent EBV infection), the 
latex agglutination, immunochromatographic and immunofil-
tration test methods gave 99.5%, 99.6% and 100% correct 
results, respectively. In Group II (Negative, no EBV antibodies), 
the same methods gave 99.1%, 99.5% and 98.3% correct results, 
respectively, and similarly in Group III, EQC (Negative, old 
EBV immunity), the success percentages were 100%, 99.1% and 
86.4% respectively. The EQC samples in Group III produced 
statistically significantly more wrong results than the samples 
in Groups I and II (correct percentages 98.9% vs 99.6% and 
99.5%; P < .001; Table 2).

The success rate between large and small testing sites was 
compared within the same test method (latex, immunochro-
matographic and immunofiltration methods). Statistically sig-
nificant differences were not observed (data not shown).

The more detailed analyses showed that 23 (17.7%) of all 
130 false results were obtained from one negative, old EBV 
immunity EQC sample, namely sample 6/2010. For this sam-
ple, the success rate was 89.8% (Table 3). The problem appeared 
with one test kit in particular, Clearview, which gave 150 true 
negative test results and, thus, 22 (16.9%) false positive results 
of the total of 172 reported results (Table 3).

Discussion
EBV IM EQA testing was selected for this study because sero-
logical POC diagnostics to detect EBV IM is a common and 
well-established practice in different types of health care set-
tings and it is done in different sized laboratories and testing 
sites. Especially the performance of the EBV IM heterophile 
antibody POC test methods was interesting to evaluate. These 
methods are one of the most common clinical microbiological 
examinations and according to THL’s register about 25 000 
patient samples are tested per year for EBV IM in Finland.

In this study, data of 18 885 EQC results from 95 EBV IM 
EQC samples were analysed. In Finland, all testing of com-
municable diseases, including POC tests can only be done in 
testing sites that are approved for this purpose. Approval 
requires mandatory participation in the EQA rounds for each 
test type that a testing site offers. The results are from 273 
Finnish testing sites which took part in Labquality Ltd.’s EQA 
rounds during 2010–2017.

The overall success shown by data on results of EQC sam-
ples was good, with 99.3% correctly reported EQC results. In 
all, 3 different test methods and 17 different test kits were used. 
The success rates between the different test methods varied 
from 94.3% to 99.6%. In addition, there were variations in suc-
cess rates between the test kits. The lowest success rates were 
associated with negative samples and the QuickVue (82.0%) 
and the RDT EBV IgM Assay (91.3%) kits; the former is an 
immunochromatographic method for heterophile antibodies, 
the latter an immunofiltration method for IgM antibodies. The Ta
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data showed no clear trend in quality development in EBV IM 
EQC test results.

Laboratory diagnosis of acute mononucleosis has been 
based on the detection of heterophile antibodies that are 
directed against the antigens found in sheep, horse and bovine 
erythrocytes, which are exploited in many test kits.4,13,14 
Heterophile antibodies are usually demonstrable from the first 
week of the illness and decline to low levels by 3 months.15 
There are cases, especially in children less than 4 years old, 
where heterophile antibodies may stay negative throughout the 
whole illness.16,17 In addition, heterophile antibody tests may 
be positive in other viral infections, like autoimmune diseases 
and haematological malignancies. Even though various more 
specific immunological methods for identifying EBV-related 
diseases have been developed, heterophile antibody test meth-
ods are still widely used to test EBV IM. This is partly because 
they are cheap, rapid and easy to use.

According to the manufacturers, all the test kits used in 
EQA rounds were suitable for POC testing. All the immuno-
chromatographic and latex agglutination test methods used in 
this study were targeted to heterophile antibodies and were 
suitable for plasma samples. According to the manufacturers 
kit insert the immunofiltration RDT EBV IgM Assay has only 
been validated by its manufacturer (Bio-Rad) for serum sam-
ples, though it was used to analyse EQC samples made from 
liquid human plasma. However, while this kit succeeded in 
having 100% success with positive samples, it only had 91.3% 
success with negative samples.

Of the 17 POC test kits that were in use for EBV IM, the 
immunochromatographic methods were the most common: 12 
test kits from 12 manufacturers. The test kit that was originally 
used in a testing site was often changed during the study period 
due to competitive tendering, reducing material costs or seek-
ing a test method that produces better results in EQA rounds. 
Four test kits out of 17 were in use over the whole 8-year study 
period. These test kits were Monogen, Monospot, Clearview 

and InstAlert. Some kits were only in use for a short period of 
time. QuickVue (Quidel) was used in several laboratories dur-
ing 2016 and 2017, and the Mono Rapid Test Cassette 
(Hangzhou Alltest biotech) was only used in one EQA round.

Test kit manufacturers sometimes improved their tests by 
making them more easy to interpret by the user. When choos-
ing the test kit, laboratories often consider performance, ease of 
use, turnaround time and costs. Due to this, the best perform-
ing test kit is not always the most commonly used one. All the 
test kits had the CE marking for in vitro professional use. In 
Finland, as an EU member, POC tests are regulated by the 
European directive on CE marking, which simply certifies that 
a product meets basic EU health, safety and environmental 
standards.18 Even in this situation, proper validation of the 
conditions in which the test is intended to be used and regular 
participation in EQA rounds are important in order to ensure 
the good quality of the results of patient specimens.

For the further analyses, the EQC samples were divided 
into 3 groups according to the clinical interpretation obtained 
from pretesting, which consisted of an investigation of hetero-
phile antibodies, EBV-IgM, EBV nuclear antigen EBNA-IgG, 
EBV-IgG antibodies and the avidity of IgG antibodies. The 
presence of the IgM antibody in the EBV viral capsid antigen, 
EBV-VCA, is the most important serologic finding in acute 
primary EBV infection. The IgG antibody to the EBV nuclear 
antigen, EBNA, is usually absent in the acute phase of EBV 
infection but, once formed, persists for the rest of a person’s life. 
The presence of IgG antibodies in the EBV viral capsid anti-
gen EBV-VCA indicates that an EBV infection has occurred 
either recently or further into the past.19,20 The IgG avidity is 
low at the beginning of the infection but increases when the 
immune response matures.21 The results of the EQC samples 
that represented acute EBV infection or were negative for EBV 
antibodies were the easiest to interpret correctly. The samples 
that represented old EBV immunity were the ones that gave 
most of the false positive results.

Table 3.  The correct results from the negative Epstein-Barr virus infectious mononucleosis external quality control sample representing old EBV 
immunity (Sample 6/2010).

Test method
Test kit (manufacturer)

Reported results

True/all Success %

Latex agglutination tests for heterophile antibodies 8/8 100

Monogen (Biokit) 6/6 100

Monospot (Meridian) 2/2 100

Immunochromatographic assays for heterophile antibodies 194/217 89.4

Clearview (Unipath/Alere) 150/172 87.2

InstAlert (Innovacon) 41/42 97.6

Diaquick Mononucleosis Cassette (Dialab) 3/3 100

All test methods 202/225 89.8
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According to Green,22 more than 70% of laboratory-related 
errors take place before performing the actual test. This 
includes mixing up samples and choosing the wrong specimen 
type for the test. Both of these were seen in this study. There 
were 4 potential mix-ups that yielded 4 false positive results 
and 4 false negative results with the immunochromatographic 
test methods. The RDT EBV IgM Assay (Bio-Rad) test kit 
was used to analyse EBV IM EQC plasma samples although 
the manufacturer had only validated its use for serum samples. 
Sometimes laboratories may validate more sample types than 
the manufacturer has initially done. There is no clear answer 
to how a different sample matrix affects the results. In this 
study, however, the testing sites that used the RDT EBV IgM 
Assay (immunofiltration method) reported almost 9% false 
positive results for negative EBV samples and even almost 
14% false positive results for the specimens that represented 
old EBV immunity compared to latex (0% false) and immuno-
chromatographic test methods (1% false). In all, it was chal-
lenging to correctly test the samples representing old immunity 
and the results were statistically significantly more often 
wrong compared to samples representing clearly positive or 
negative samples.

All personnel conducting various laboratory and POC tests 
should be appropriately trained and the results properly moni-
tored. Serological POC tests are designed to be easy to use and 
many are visually read. Visual reading and interpretation of the 
test result requires skills and experience. In the POC test, a 
result is often qualitative, thus making the interpretation of the 
test result even more critical. The evaluation of the results of 
one of the most common clinical microbiology POC test, GAS 
(Group A Streptococcus) antigen detection, has shown that 
laboratory personnel are better at producing the right answer 
with POC tests than nursing staff.23,24 However, there are also 
some recorded mononucleosis pseudo epidemics in the litera-
ture due to tests that have been falsely interpreted as positive by 
laboratory personnel.25,26

From the total of 130 reported false EQC results 46 were 
from EQA rounds that yielded one or two reported false results 
per round. The randomness of these few scattered false results 
might indicate that there were some troubles in conducting the 
test or interpreting the result at that particular time. In the case 
of a real patient sample, it is important to remember that, if 
needed, there are several other, more specific laboratory tests, 
such as tests for EBV-specific antibodies, to confirm suspicious 
heterophile antibody test results. The possibility of false nega-
tive results in the case of young children and the possibility of 
false positive results if the clinical and haematological findings 
do not support the diagnosis should be kept in mind when 
interpreting the test results.27 One should also continuously 
monitor the level of positive and negative results per tested 
sample for changes (an unexpected increase or decrease) in 
order to investigate the cause of any such phenomena.

In EQC Sample 6/2010, only 89.8% of the results were cor-
rect, suggesting that there might be some problems with this 
sample or the test kits used by the testing sites. It turned out 
that almost 13% of the wrong results (false positives) were due 
to the Clearview test kit. The problem was seen only in Finnish 
testing sites, although foreign testing sites also investigated this 
sample (information from Labquality). This led to the conclu-
sion that there might have been a problem in a single reagent 
lot. The lot-to-lot analytical variation of immunoassays has 
been noted and accepted before,28,29 and it has been stated that 
it would be useful to mark the lot information in EQA rounds.30

In this study, the testing sites were grouped according to the 
number of EBV IM investigations for patient specimens they 
conducted per year. Based on the collected data, the EQC 
results are consistent regardless of the site of testing. Having a 
large testing site with a wide range of different patient speci-
mens and test methods in use, and thus, experienced personnel, 
did not seem to affect the EBV IM test results as much as the 
used test kit.

EQC results can be seen to reflect the everyday work in a 
clinical laboratory or testing site. In this study, there were some 
differences in the performance of the used test methods. Also, 
a sample’s clinical status affected the performance. Within 
those differences was the user’s impact on the test reliability. 
Internal controls and EQA rounds help a testing site to see 
whether tests work as they are meant to work in the conditions 
in which they are being used. The quality of laboratory diag-
nostics is dependent on the sample gathering, laboratory pro-
cess and interpretation of the reported results in the clinic. 
When new test methods and test kits arrive, it might take some 
time to get to know their behaviour in different situations. 
Differences between test methods should also be known by the 
laboratory and the clinician, and the clinician should use 
appropriate clinical criteria when ordering laboratory tests, as 
this can have an effect on the reliability of the results. Therefore, 
good collaboration between the laboratory and clinic is one of 
the key elements to ensure good management, patient care and 
patient safety.
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