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Abstract 

Background 

CD4
+
 T-lymphocyte subset enumeration is routinely used for monitoring HIV disease progression, 

with approximately 300,000 tests performed annually in the UK alone. Technical variables can 

impact upon any laboratory test and therefore the final result obtained. Here, we report the findings 

of a survey questionnaire issued to 1587 clinical flow cytometry laboratories to: a) determine if the 

UK NEQAS for Leucocyte Immunophenotyping (UK NEQAS LI) Lymphocyte Subset External Quality 

Assessment (EQA) programme was suitable for current laboratory needs and practices; and b) assess 

the impact of these responses on clinical practice where CD4
+
 T-lymphocyte subsets analysis is 

undertaken. The survey covered areas not traditionally examined by EQA such as: staffing numbers, 

flow cytometer age and service intervals, plus six test specific sections covering:  leukaemia 

immunophenotyping, CD4
+
 T-lymphocyte subsets analysis (reported here), CD34

+
 stem cell testing, 

low level leucocyte enumeration, minimal residual disease testing and PNH testing. 

Results 

The responses revealed major methodological variations between centres undertaking CD4
+
 T-

lymphocyte subset analysis. Significant differences existed in basic laboratory practices such as: 

normal range derivation; pipetting techniques; instrument maintenance and units of reporting, all of 

which results in non-adherence to international guidelines. 

Discussion 

Despite the availability of international guidelines our survey highlighted a lack of concordance 

amongst laboratory techniques. Such variation could adversely impact on patient care and clinical 

trial data. Therefore, it is recommended centres undertaking flow cytometric CD4
+
 T-lymphocyte 
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subsets analysis urgently review their methodologies and normal ranges to ensure they are fit for 

purpose and meet current international guidelines.  
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Introduction 

The use of the CD4+ T-lymphocyte count in HIV positive individuals is now a well established routine 

method for the monitoring of disease progression and initiate therapeutic intervention at clinically 

relevant levels (1–6). We have previously shown however, that variations in technique for CD4
+
 T-

lymphocyte enumeration, such as dual platform flow cytometry, can have a direct impact on the 

precision of the results obtained that in turn affects the confidence limits on any given result and 

thus potentially affect patient care (7,8).  

 

UK NEQAS for Leucocyte Immunophenotyping (UK NEQAS LI)(www.ukneqasli.co.uk) is an accredited 

international External Quality Assessment (EQA) programme with over 3000 laboratories 

participating worldwide in 19 Haemato-oncology molecular and flow cytometry programmes. The 

primary role of UK NEQAS LI is educational, and as such, findings from our EQA programmes have 

been previously reported in order to drive best practice (9–11). However, to determine which clinical 

flow cytometric practices were in use within the UK NEQAS LI international cohort we issued a 

survey to all participating centres (n=1587). The survey attempted to elucidate how participating 

laboratories used staff resources, their flow cytometer and which areas of clinical flow cytometry 

were being practiced. Although the survey covered all of the UK NEQAS LI EQA programmes, it was 

designed in such a way as to survey only those areas relevant to the respondents’ current clinical 

practices. It was also designed so UK NEQAS LI could identify future trends in clinical flow cytometry 

that would facilitate the planning of EQA development. We report here on the findings from those 

centres that responded to the technical section and the specific clinical section related to CD4
+
 T-

lymphocyte subset analysis.  
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Method 

In May 2013, UK NEQAS LI issued an online survey to all laboratories currently registered in its flow 

cytometry EQA programmes (n=1587). The survey consisted of 141 different questions over 2 

sections. Section A focussed upon general areas of flow cytometric practices, such as staffing, 

equipment and EQA requirements. All responding centres were required to complete section A. 

Section B, was test specific with laboratories requested to answer only questions regarding the flow 

cytometric tests they routinely offered. This section covered CD4
+
 T-lymphocyte subset testing, 

leukaemia analysis, Paroxysmal Nocturnal Haemoglobinuria (PNH) testing, CD34+ stem cell 

enumeration, leukaemia minimal residual disease testing and low-level leucocyte enumeration. The 

survey was produced using web survey software provided by SurveyMonkey 

(www.surveymonkey.com). This allowed the use of conditional branching, such that if a laboratory 

did not offer a certain test then the survey would automatically move to the next section. 

Furthermore, it also enabled the inclusion of several questions following split progression depending 

on the initial answer(s) provided.   

 

Each participating centre was notified by email when the survey was opened and it remained open 

for a period of 2 months. When the survey period closed, response data was downloaded into 

Microsoft Access and Microsoft Excel for analysis. The results presented here cover the Section A 

(General flow cytometric practice) and flow cytometric CD4
+
 T-lymphocyte subset analysis covered in 

Section B. 
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Results 

Section A-Flow Cytometric General Practices 

The survey was issued to all participants in UK NEQAS flow cytometry programmes, n=1587 (May 

2013). There were 496 respondents (31%) with 335 (21%) of these fully completing the survey with 

regards to all questions that applied to them and 161 (10%) providing partial answers.  

 

There were 353 of the 496 responses that answered the question ‘How old is your flow cytometer?’. 

Analysis showed that 265/353 (75%) used a flow cytometer less than 6 years old. However, 29/353 

(8%) of respondents were using flow cytometers that were at least 10 years old with 15 of these 

having no planned replacement programme. Of the laboratories using flow cytometers that were 

>10 years old there was no specific clustering related to economic profile or geographic region. 

Additionally, the survey asked laboratories how many staff in their centre were responsible for 

performing flow cytometry. A total of 354 responded with 143/354 (40%) having 3 or 4 staff 

routinely undertaking clinical flow cytometry, this being the most common response. However 

71/354 (20%) of centres responded that they only had 1 or 2 staff responsible for performing flow 

cytometry. 

 

The survey then progressed by asking specific questions regarding servicing and calibration 

schedules [Table 1]. The majority of centres 342/349 (98%) followed their instrument manufacturers 

recommended service intervals of 6 to 12 months (depending on flow cytometer model). However, 

our survey revealed that 7/349 (2%) failed to have their flow cytometers serviced at least once per 

year. The survey also asked questions regarding calibration practices, of which there were 336 

respondents. Of these, 278 (83%) undertook calibration at least every 6 months, with 172 of these 
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calibrating every 3 months or less.  There were 3/336 respondents that failed to calibrate their 

machines at least annually with 1 of these that neither calibrated or serviced their flow cytometer in 

any 12-month period. 

 

As technology has evolved this has facilitated the development of flow cytometers with 8+ 

fluorochrome detection capability. However, older flow cytometers have restricted fluorochrome 

detection capability (< 4 colours). The use of such technology can restrict the implementation of 

newer sophisticated multi-colour techniques. This survey identified there were 90/345 centres using 

instruments with  < 4-colour capability and 26 centres using instruments that had only a maximum 

of 3-colour capability. The data was examined by cross checking the number of fluorescent channels 

available for use on each centres flow cytometer with the actual number each centre actually used 

in clinical practice. This highlighted that 179/345 (52%) use the maximum number of fluorescent 

channels available on their instruments [Table 2]. However, of those laboratories that do not use the 

maximum fluorochrome capability of their flow cytometer (166/345 (48%)) there were 26/166 

(7.5%) that used only single- (5/26) or dual-colour flow cytometry (21/26) despite having 

instruments with a flow cytometer that >3-colour capability. The most common technique in use is 4 

colours used by 24% (83/345).  

 

The survey then covered the use of pipettes. It is well documented that pipetting is a key part of any 

flow cytometric assay, especially when single platform enumeration methods are used (12). There 

were 351 responses to this section [Table 3].  The majority, 289/351 (82%), use manual pipettes with 

155 of these using reverse pipetting. Only 62/351 employ an electronic pipette with 42 of these 

using reverse pipetting. Overall, reverse pipetting is used by 197/351 (56%).  Furthermore, we 

identified that 33/351 (9%) failed to have their pipettes serviced/calibrated at least once within any 
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12 month period with 11/351 (3%) stating they never having the pipettes serviced/calibrated. Only 

38/351 (11%) employed best practice of using electronically adjustable pipettes employing reverse 

pipetting technique and undertook pipette service/calibration at least once in a given 12-month 

service interval. Worryingly, there were 2 laboratories that never serviced/calibrated their flow 

cytometer and their pipettes.   

Section B- CD4+ T-lymphocyte Subset Practices 

The second part of the survey focussed on clinically specific flow cytometry practices. This section 

details the findings from 224 laboratories that responded stating they undertake CD4+ T-lymphocyte 

subset analysis. However, not every lab in this group responded to every question.  

 

The section covered workload, reporting units, normal ranges in use and adherence to best practice 

(following guidelines). There were 212/224 respondents that provided details of their workload with 

53/212 (25%) reporting that they undertook between 1 and 25 CD4
+
 T-lymphocyte subsets per 

month. Conversely, 17/212 (8%) reported that they had a workload of >1000 samples per month. 

We also asked specific questions regarding whether their workload was increasing, decreasing or 

remaining static. There were 208 responses to the question ‘Has this number increased over the last 

12 months?’, 40% (n=83) stated that workload was increasing, whilst 33% (n=69) and 27% (n=56) 

stated that their workload in this area was remaining static or decreasing respectively. Whilst there 

were 208 responses to this question there were not sufficient responses from individual countries to 

allow analysis of changes in workload based on the geographic location of the laboratories. 

 

We also asked specific questions with regard to what units are used when reporting CD4
+
 T 

lymphocyte/lymphocyte subset values (n=214 respondents) and derivation/implementation of 

normal ranges (n=221 respondents). The findings showed that 66/214 (31%) of participants still 
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report CD4
+
 T-lymphocyte subsets results in units of x10

9
/L (n=62; 29%) or x 10

6
/L n=4; 2%). The 

remainder (n=148; 69%) report results in the internationally accepted units of cells/µL. A total of 221 

laboratories responded to questions on normal range derivation and application and we found that 

only 89/221 (40%) used an in-house derived normal range. Of the remainder, 132/221 (60%) had 

never determined their own normal range but instead adopted normal ranges from publications. Of 

the 132 that stated they used a publication to define their normal range(s), 66 provided further 

details by stating the publication used. We also found that 29 centres used a paper published before 

the year 2000; 15 quoted a paper that only contained paediatric normal ranges despite them testing 

adult samples only; 7 centres used normal ranges automatically programmed into analysis software 

by the manufacturer;  2 centres quoted papers that did not contain any normal ranges and 2 centres 

stated they did not know the publication on which their normal ranges are based. Centres that 

developed their own normal ranges were asked how many samples were analysed in order to 

establish this.  A total of 72 centres provided further details and the results are shown in Table 4.  

 

Laboratories were asked which CD4
+
 T-lymphocyte subset values (percentages and/or absolute 

values) were provided to clinicians in order to assist in HIV patient treatment/monitoring and 

whether this was case dependent. Thus, we asked what results centres would be reported for an 

adult case and what results centres would report when dealing with a paediatric case. The results 

are summarised in Table 5.  

Finally, the survey was designed in such a way such that we could determine the exact procedures 

being used in each centre and which laboratories applied best practice for CD4
+
 T-lymphocyte subset 

analysis. We have defined best practice for this test as: Having the flow cytometer serviced at least 

every 12 months (as per manufacturer recommendations); regularly calibrating pipette(s) (as per ISO 

15189 recommendations) (13); using a single platform technique (7); using reverse pipetting (7,14) 

with either an electronic pipette or automated preparation station (to avoid potential repetitive 
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strain injury by use of automation (15));  and finally; reporting absolute values as cells/µL (4–6)[Table 

6]. In this analysis a total of 199 laboratories provided the relevant information to allow analysis. 

When the data was stratified according to the above algorithm, only 23/199 (12%) where found to 

fulfil the criteria of following best practice. We also examined the relevant EQA performance and 

accreditation status of these 199 laboratories. There was no link between the use of incorrect 

methodologies and performance in the programme (data not shown). However, a total of 71 (36%) 

laboratories were identified as being accredited to either their prevailing National standards or ISO 

15189 (data was not available for the rest of the cohort) with 9/71 (13%) complying with all of the 

criteria for CD4
+
 T-lymphocyte subset analysis best practice as defined above.   
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Discussion 

Flow cytometry is a technology with many variables: antibody choice, antibody clone, fluorochrome 

selection, gating technique used and how results are finally reported (16,17). Thus, every aspect of a 

flow cytometric assay is open to interpretation – and, unfortunately to misinterpretation. This 

survey was the largest international survey ever undertaken into the flow cytometric clinical 

practices in the areas of general flow cytometry. As such, this is the first time that numerous non-

standardised approaches in many areas of clinical flow cytometry have been identified. The survey 

was issued to a total of 1587 laboratories worldwide (840 of which performed CD4
+
 T-lymphocyte 

subset enumeration) with response rates of 335 (21%) for the overall survey and 225 (27%) for the 

CD4
+
 section giving 95% and 90% confidence levels respectively with a 5% margin of error (sample 

size calculator www.surveymonkey.com). This was sufficient to conclude the practices in use 

worldwide had no significant bias. Locations of non-responding centres were analysed and no 

geographical pattern was observed, although any future surveys will be issued in a multi-lingual 

format to remove any language barrier that may have been in effect. 

The survey asked specific questions with respect to routine aspects of flow cytometry that have not 

been investigated on such a large scale. The results showed that the majority of machines currently 

in use are relatively new (less than 6 years old). Whilst multi-colour flow cytometry is essential in 

leukaemia/lymphoma testing (18) there are many other flow cytometric techniques that can easily 

be performed using as little as 2 or 3 colours (e.g. CD34+ stem cell enumeration and CD4
+
 T-

lymphocyte subset enumeration). Thus, age of a flow cytometer is not a restrictive factor in many 

routine clinical practices. However, regardless of the age of the flow cytometer in use, our study 

identified a small number of sites (2%) failing to have their instrument serviced appropriately (i.e. at 

least every 12 months), despite previous evidence that not undertaking essential machine 

maintenance impacts upon laboratory performance in PT/EQA studies (10). 
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When the data for pipetting technique was analysed we found that the majority of centres used 

manual pipettes (82%) rather than electronic pipettes (18%) even though evidence shows electronic 

pipettes provide greater precision and pipetting reliability, particularly when used in conjunction 

with a reverse pipetting technique (12). We identified that 58% of laboratories in this survey that 

employed a single platform technique for CD4
+
 T-lymphocyte subset enumeration did not use such 

an approach. It is also concerning that 9.4% of laboratories never service or calibrate their pipettes.  

One factor that laboratory managers should consider, especially when a large amount of pipetting is 

performed is that of staff health and safety. It has previously been shown that overuse of manual 

pipettes increases the risk of repetitive strain injury (RSI), particularly when used for >300 hours per 

year (19). This survey found 24 centres having less than 5 staff performing flow cytometry stated 

that they processed more than 100 CD4
+
 T-lymphocyte subset counts per week using manual 

pipettes suggesting that these staff have an increased risked of RSI.  

Further investigation of staff numbers per centre showed that 71/354 (20%) of the respondents had 

only 1 or 2 staff performing flow cytometry. Whilst this may be adequate for the needs of the service 

it highlights that a centres lack any spare capacity in case of staff absence or departure. Therefore to 

ensure long-term continuation of flow cytometry services it is recommended centres examine their 

knowledge transfer procedures.  

The survey also examined workload, and found that all  centres processing more than 1000 CD4
+
 T-

lymphocyte subset samples per month were in major urban areas and supports previously published 

findings (20). Furthermore, the easier access to medical facilities for patients in urban areas, as 

opposed to rural settings, could also be a contributing factor (21).  

The HIV pandemic is a worldwide concern and as such requires co-ordinated efforts in order to find a 

suitable treatment. With such an international issue it is essential to use consistent terminologies , 

particularly where results are used in clinical trials. Thus, for CD4
+
 T-lymphocyte subset counting, the 

internationally accepted reporting unit is cells/µL (4–6). However, despite such publications our 
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survey has highlighted that 28% of responding centres continue to report values either as cellsx10
9
/L 

or x10
6
/L. This means that clinicians would have to convert these values to cells/µL and should be 

avoided as any unit conversion introduces potential errors (22,23). As such it would be best practice 

for laboratories to adopt a harmonised reporting method to minimise the risk of confusion and error 

and report as cells/µL. 

Our study also investigated how normal range(s) were derived. It should be stressed that normal 

ranges would not typically be used when HIV patients are receiving highly active anti-retroviral 

therapy (HAART) because the laboratory/clinician should be undertaking trend analysis of CD4
+
 T-

lymphocyte subsets rather than applying a normal range. We surveyed laboratories asking how 

many samples were used to establish their normal range (when used) and identified that 71% of 

centres are using incorrectly established normal ranges due to using insufficient sample numbers 

(24). In addition this survey also found variability in the parameters reported for CD4
+
 T-lymphocytes 

(percentages/absolute values) based on patient age (Table 5).  

Whilst all of these individual technical issues highlighted herein cause concern, if an overall analysis 

is undertaken on the data to establish usage of best practice and adherence to published CD4
+
 T 

lymphocyte guidelines we calculated that only 12% of laboratories comply (Table 6). This highlights 

that although CD4
+
 T-lymphocyte subset enumeration is an established laboratory technique with 

millions of tests performed globally per annum there is still a lack of basic standardisation, 

adherence to good practices and application of guidance documents. Of interest is the potential 

effect that methodological variation has had on PT/EQA performance. The CD4
+
 T-lymphocyte subset 

enumeration operated by UK NEQAS LI monitors performance based on consensus values obtained 

from all participants. Examination of trial data has not identified a link between incorrect 

methodologies and performance in the programme (data not shown). However, because the 

majority of methodologies are incorrect it is likely that this is affecting the derivation of overall 
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consensus values such that it is not possible at this time to monitor the relationship between 

technique and PT/EQA performance.  

Interestingly, when accreditation status of laboratories was examined, 71 laboratories were 

identified as being accredited to either their prevailing National standards or ISO 15189 (data was 

not available for the rest of the cohort) but only 9 of these were identified as using correct 

techniques as we have defined. The best practice flow cytometric techniques we have defined within 

this document could be potentially used by accreditation authorities at inspection to improve CD4
+
 

T-lymphocyte subset analysis by flow cytometry.  

Recent publications recommend reducing the frequency of CD4
+
 T-lymphocyte subset monitoring in 

some HIV patients (25,26). However, this survey has identified highly variable practices with respect 

to deriving such counts which could impact upon the quality of results obtained. Because of a  

reduction in frequency of counting and the highly variable practices we have highlighted, it is 

extremely important that laboratories undertake a comprehensive review of their techniques to 

ensure that all protocols, practices and legacy documents are fit for purpose.  
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Table 1. Service and calibration intervals of flow cytometers in routine clinical use for all tests 

Time Number of laboratories by Flow 

Cytometer Service Interval 

(percentage in brackets) 

Number of laboratories by Flow 

Cytometer Calibration Interval 

(percentage in brackets) 

0-3 months 28 (8%) 172(51%) 

4-6 months 194(55%) 106(31%) 

7-9 months 17(5%) 9(3%) 

10-12 months 103(30%) 46(14%) 

13 months + 7(2%) 3(1%) 
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Table 2. Comparison of the Flow Cytometric Colour Capability and Implementation 

  Flow Cytometric Colour Capability by laboratory 

(Maximum Fluorescent Channels Available)* 

  3 4 5 6 7 8 9 10 
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1 2 2 0 0 0 1 0 0 

2 11 4 1 1 2 2 0 0 

3 13 17 7 4 0 2 1 0 

4 0 41 14 13 0 10 1 4 

5 0 0 34 3 1 4 2 6 

6 0 0 0 33 0 26 0 4 

7 0 0 0 0 0 3 0 1 

8 0 0 0 0 0 38 0 10 

9 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 19 

*Please note only data up to 10 colours shown. 8/345 (2%) stated they routinely used >10 colours. 1 

laboratory used 16 colour flow cytometry (this laboratory is not shown in table). 
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Table 3. Current Laboratory Practices For All Laboratories With Regards to Pipette Usage and 

Maintenance 

    

Laboratories responding 

to Pipetting section 

 

Do you use a manual or 

electronic pipette 

 

Do you utilise reverse 

pipetting 

 

How often are the 

pipettes calibrated 

 

n=351 (100%) 

 

Manual 

n=289 (82%) 

Yes 

n=155 (44%) 

>13 months/never 

n=19 (5%) 

≤12 months 

n=135 (38%) 

No 

n=134 (38%) 

>13 months/never 

n=9 (3%) 

≤12 months 

n=124 (35%) 

Electronic 

n=62 (18%) 

Yes 

n=42 (12%) 

>13 months/never 

n=4 (1%) 

≤12 months 

n=38 (11%) 

No 

n=20 (6%) 

>13 months/never 

n=1 (0.3%) 

≤12 months 

n=17 (5%) 

 

Table 4. 

Number of Specimens Tested to Develop a Normal Range for CD4
+
 T-Lymphocyte Subsets 

Number of samples tested  

to develop normal range  

Number of Laboratories (n=72)  

1-5  3 (4%)  

6-10  0 (0%)  

11-20  8 (11%)  

21-30  5 (7%)  

31-40  6 (8%)  

41-50  11 (15%)  

51-100  18 (25%)  

101-150  6 (8%)  

151-200  1 (1%)  

>200  8 (11%)  

Unknown Number (Lab statement)  5 (7%)  

Done by another centre  1 (1%)  
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Table 5. 

Breakdown of how CD4
+
 T-Lymphocyte results are issued to the clinician based on patient age 

Test Parameter Provided  Paediatric Cases 

(n=89)  

Adult Cases 

(n=116)  

Percentage Values  3(3%)  2(2%)  

Absolute Values  10(11%)  22(19%)  

Percentage and Absolute Values  76(85%)  92(79%)  
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Table 6. 

Algorithm for identification of laboratories undertaking all best practices for  CD4
+
 T-Lymphocyte 

Subset Enumeration 

Recommendations*/Good 

Laboratory Practice** 

Initial Number of 

Laboratories Meeting All 

Previous Best Practices 

Number of Laboratories 

Performing Correctly  

Flow Cytometer Regularly 

Serviced (≤12 months)** 

199(100%) 197(99%) 

Single Platform Technique* 197(99%) 142(71%) 

Electronic Pipette/Automated 

Preparation Station* 

142(71%) 60(30%) 

Regularly Calibrated Pipette (≤12 

months)* 

60(30%) 57(29%) 

Reverse Pipetting** 57(29%) 38(19%) 

Reporting in Clinically Relevant 

Units (Cells/µL)* 

38(19%) 23(12%) 

 

*Recommendations are classed as information from internationally published guidelines 

**Good Laboratory Practice is classed as established practices that ensure the best performance of 

equipment 
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