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Abstract

Purpose

This study was meant to determine the effect of time to plasma separation, storage duration,
freeze-thawing cycle and dilution proportion on the HIV-1 viral load level.

Methods

Experimental study design was employed by collecting 10mL whole blood samples into two
EDTA tubes from 88 eligible HIV infected patients at St Paul’s Hospital Millennium Medical
College. The viral load test was done using Abbott m2000sp/rt analyzer. Data was entered
into Microsoft excel and analyzed by SPSS version 20. Repeated measure analysis of vari-
ance was used to compare HIV RNA viral load mean difference between different time to
plasma separation, storage, freeze-thawing cycles and dilution levels. Post-hoc analysis
was employed to locate the place of significant differences. P value less than 0.05 was used
to declare statistical significance while viral RNA level of 0.5 log copies/ml was used to
determine clinical significance.

Results

There was significant HIV-1 RNA viral load log mean difference between plasma separation
time at 6 hours (hrs) and 24hrs (p<0.007). There was also significant HIV-1 RNA viral load
log mean difference between plasma tested within 6hrs and those stored at 2—-8°C for 15
days (p = 0.006), and between plasma stored at 2—8°C for 6 days versus 15 days (p<0.007).
There was significant log mean difference between plasma that was exposed to fourth cycle
of freeze-thawing after storage at -20°C when compared with plasma tested within 6hrs (p =
0.013).
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Conclusion

Plasma separated at 24hrs, stored at 2—8°C for 15 days or freeze-thawed for four cycles
had significant effect on HIV viral load level. However, the differences were not clinically sig-
nificant at a cut-off viral load level of 0.5 log copies/ml. Avoiding delays to plasma separation
beyond 24 hrs, storing at 2—8°C for 15 days and freeze-thawing for no more than 4 cycles is
recommended to improve the result quality.

Introduction

Human immunodeficiency virus (HIV)/Acquired immunodeficiency syndrome (AIDS) dis-
ease progression and antiretroviral therapy (ART) success are monitored by Cluster of Differ-
entiation 4 (CD4) T-cell quantification, clinical criteria and viral load quantification [1].
Although it is not widely accessible in resource limited countries, viral load quantification is
the gold standard in the detection of HIV-1 disease progression and treatment failure [2, 3].

The reproducibility and accuracy of HIV-1 Ribonucleic Acid (RNA) load quantification are
still major concerns, because HIV-1 RNA stability in whole blood or plasma is affected by sev-
eral factors [4, 5]. Quality specimen handling prior to HIV-1 RNA concentration testing is
important as poor specimen handling could affect the detection and quantification of the virus
[5, 6]. There is contradicting evidence regarding whether values of HIV-1 RNA obtained
under different conditions vary significantly [7]. For example, previous studies indicated that,
plasma sample can stay at room temperature without viral degradation for up to 24 hours [2,
8, 9], 5 days at 2-8°C and for longer periods at -80°C [2, 8].

On the other hand, a decline in HIV-1 RNA concentration has been observed when sam-
ples are analyzed after whole blood is stored for 24hrs, although the differences are not statisti-
cally significant [10, 11]. In contrast, certain studies have shown that HIV-1RNA is stable for
up to 72hrs at room temperature in whole blood sample [12-14].

There is evidence that shows HIV-1 RNA in plasma specimens stored at 4°C for 1 week
does not affect HIV-1 RNA measurement when compared with HIV-1 RNA concentrations
determined from fresh plasma [15-17]. It was also found that HIV-1 RNA copy number
remained within 0.5 log copies/ml (clinically significant viral load level) when plasma is stored
at 4°C for one week, with a viral load difference of less than 0.5log or +2SD difference consid-
ered as normal assay variation of plasma RNA level. Viral load changes of greater than 0.5log
or 28D indicates significant clinical difference [13]. It has been demonstrated that plasma
samples held at room temperature for up to three days [12] as well as up to 14 days [15] did
not show clinically significant difference. In contrast, HIV-1 RNA levels decreased signifi-
cantly when plasma was stored at 37°C for one week [15].

Frequency of freeze-thaw cycle is also among the factors that affect the stability of HIV-1
RNA [12]. Direct and close association between freeze-thaw cycle and HIV-1 viral load has
been demonstrated [12]. However, there is evidence indicating the absence of significant effect
of plasma freeze-thawing on HIV-1 viral load [18, 19]. HIV-1 RNA was also stable in plasma
stored at -20°C and -70°C despite three freeze-thaw cycles [12, 20].

In practice, plasma could be diluted by diluents when the volume is insufficient or when the
concentration of HIV-1 RNA is above the reading limit of a given instrument. However,
plasma dilution by phosphate buffered saline (PBS) has been shown to have an effect on the
HIV-1 RNA concentration [21].
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Laboratory infrastructure, sample transportation and storage problems are the main chal-
lenges that affect HIV-1 RNA viral load quantification in developing countries [22, 23]. Ethio-
pia is among high HIV prevalent countries with a recent national prevalence of 0.9% [24] and
according to the latest spectrum modeling, an estimated 610,335 people were living with HIV
in 2018 [25]. Ethiopia has introduced routine HIV-1 viral load testing, the preferred monitor-
ing tool for diagnosing and confirming ART failure [26] based on WHO recommendation
[27]. The country also adopted the UNAIDS 90-90-90 by 2020 target [28]. Viral load testing is
a key component of achieving and monitoring progress towards the “third 90” target. The
country follows a sample referral linkage system strategy to scale up the routine viral load
monitoring service. However, poor specimen handling and poor referral linkage system could
result in RNA degradation which may lead to incorrect reporting of unsuppressed HIV-1 viral
load results as suppressed [27]. This may lead to drug regimen shift delays, resulting in the dis-
semination of resistant strains. This may also mislead policy makers and other stakeholders
who hence assume good viral suppression in the population [28]. Although there are different
contradicting reports on the effect of plasma separation time, storage, freeze-thaw cycle and
dilution on HIV-1 viral load, there is limited evidence to clarify their effects. Ethiopia is one of
countries in which such kind of evidence is lacking to support the program.

Methods

An experimental study design was employed to determine the effect of time to plasma separa-
tion, storage temperature, duration of storage, freeze-thaw cycles and dilution proportion on
HIV 1 RNA concentration from April to July, 2019 GC. The study was conducted on people
living with HIV who have been receiving antiretroviral therapy (ART) for at least six months
at St Paul’s Hospital Millennium Medical College in Addis Ababa, Ethiopia.

Sample size determination and sampling method

Sample size was determined by two means with equal sample size comparison formula by con-
sidering 4.1 mean log copies/ml of HIV-1 viral load of plasma stored at room temperature for
24hrs [12] and 3.9 mean log copies/ml of HIV-1 viral load of plasma stored for 48hrs at room
temperature [12]. In addition, 80% estimation power, 95% confidence level and 0.2 log differ-
ence [12] were considered in sample size calculation. Thus, a total of 88 participants were
enrolled to this study without employing any special sampling techniques. Thus, all eligible
individuals living with HIV and attending an ART program at the hospital during the study
period were included consecutively.

Specimen and data collection

Fig 1 depicts the overall procedure of specimen collection. Whole blood samples were collected
by the hospital phlebotomists and transported to the molecular laboratory of the Ethiopian
Public Health Institute (EPHI) using triple packaging and in temperature monitored condition
within five to ten minutes after collection. Standard operating procedure (SOP) was used to
follow the sample quality, storage temperature, time of sample collection, sample dilution and
freeze-thaw cycles. SOP and Job aids were prepared for each procedure of testing and
employed during laboratory operation processes.

Experiment and laboratory analysis

Fig 2 shows sample allocation for each experiment. Approximately 10mL of whole blood was
collected into two 5ml EDTA tubes. Of these, 2ml was transferred into another EDTA tube
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Fig 1. Specimen and data collection flow chart.

https://doi.org/10.1371/journal.pone.0269943.9001

and was left at room temperature for 24hrs. The remaining 8ml blood was centrifuged at

5000rpm for 5minutes and 0.35ml plasma was aliquoted into six 1.8mL Thermo Scientific
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Fig 2. Sample allocation flow chart for each experiment.

https://doi.org/10.1371/journal.pone.0269943.g002
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two were stored at room temperature, two at 2-8°C and two at -20°C. The remaining one ali-
quot with 0.4ml volume was diluted in the following concentration ratios: 1:2, 1:3 and 1:5
based on standard practice at EPHI. Results obtained from the diluted samples were multiplied
by the dilution correction factors before data analysis was conducted. All diluted plasmas were
tested within six hours of collection. The remaining aliquot of 1.5ml was used for a four cycle
freeze-thaw experiment. The Real Time HIV-1 Viral Load assay, tested on the m2000 sp/rt
platform (both Abbott Molecular, Des Plains, IL, USA), was used to measure the HIV-1 viral
load according to the manufacturer’s instructions for use. [29]. Regarding laboratory quality
assurance, the Ethiopian National HIV reference laboratory of EPHI participates in profi-
ciency testing (PT) by One World Accuracy (OWA) three times a year and twice per year in
the Center for Disease Control (CDC, Atlanta, GA, USA) PT program. The results of PT were
acceptable for the quarter in which our experiment was done.

Data analysis

The data was entered into Microsoft office Excel window 10 and analyzed using SPSS version
20. Data was checked for normality, linearity, outliers and homogeneity of variance-covariance
matrices prior to analysis. Descriptive statistics were employed to explain the distribution of
socio-demographic characteristics and HIV viral load copies. Repeated Measure Analysis of
Variance (RANOVA) was done to determine the mean difference within each experimental
scenario. Post-hoc analysis was employed to locate the place of significance within each cate-
gory if significant difference was observed by RANOVA. The level of significance was set at
5%. Mean differences >0.5 log copies/ml or >+2SD were used as clinical significance thresh-
old [13, 21]. Mean viral load log and RNA copies were used for comparison in all analyses.

Ethical clearance

Ethical clearances were obtained from the Departmental Research and Ethics Review Commit-
tee (DRERC) of the Department of Medical Laboratory Sciences, College of Health Sciences,
Addis Ababa University (DRERC/411/19/MLS), and Institution Review board of Ethiopian
Public Health Institute (EPHI-IRB-100-2018). All participants provided written informed con-
sent after they understood the objectives and procedures of this study.

Results

Characteristics of study participants

A total of 88 PLWHIV were included in this study. Sixty eight percent of the participants were
female. The mean (+ SD) age of the participants was 37.3 (£8.44) years with the age range of
18 to 53 years. The mean viral load was 4.24 log copies/ ml for the plasma tested at 6hrs after
specimen collection, 4.23 log copies/ ml for the plasma stored at 2-8°C for six days and 4.21
log copies/ ml for the plasma stored at -20°C for 30 days [Table 1].

Viral load level at different plasma separation time

There was a significant difference between mean viral load tested within 6hrs of specimen col-
lection and from plasma separated after 24hrs (p < 0.001). Lower mean (+ SD) viral load was
observed when the sample was stored as whole blood for 24hrs as compared to viral loads
tested within 6hrs (4.1+0.83 versus 4.24+0.82) [Table 2]. The mean difference was 0.14 log cop-
ies/ml, which was not clinically significant at the recommended cut-off point of 0.5 log copies/
ml.
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Table 1. Mean and median log copies/ml viral load distribution of participants with different sample handling
conditions at Saint Paul’s Hospital Millennium Medical College, 2019.

Variable Mean (+SD) Median (IQR)
HIV viral load at 6hr 4.24(0.82) 4.25(3.53-4.94)
HIV viral load 1 week freeze thaw first cycle 4.24(0.83) 4.25(3.56-4.93)
HIV viral load 1 week refreeze thaw second cycle 4.2(0.89) 4.13(3.5-4.94)
HIV viral load 1 week refreeze thaw for third cycle 4.22(0.86) 4.20(3.54-4.92)
HIV viral load 1 week refreeze thaw for fourth cycle 4.18(0.80) 4.2(3.51-4.84)
HIV viral load results for plasma stored at RT for 24hrs 4.22(0.81) 4.19(3.6-4.9)
HIV viral load results for plasma stored at RT for 48hrs 4.20(0.81) 4.15(3.6-4.91)
HIV viral load result of WB separated after 24hrs 4.1(0.83) 4.06(3.42-4.8)
HIV viral load results for plasma stored at 2-8°C for 6days 4.23(0.84) 4.25(3.6-4.91)
HIV viral load results for plasma stored at 2-8°C for 15 days 4.18(0.85) 4.1(3.59-4.9)
HIV viral load results for plasma stored at -20°C for 30 days 4.21(0.83) 4.03(3.67-4.9)
HIV viral load results for plasma stored at 2-8°C for 60 days 4.20(0.86) 4.16(3.59-4.84)
HIV viral load result of 1 to 2 dilution(RNA copies) 3.98(0.79) 3.94(3.42-4.56)
HIV viral load result of 1 to 3 dilution (RNA copies) 3.83(0.8) 3.85(3.16-4.41)
HIV viral load result of 1 to 5 dilution (RNA copies) 3.61(0.79) 3.64(3.02-4.2)

RT-Room temperature, WB-Whole blood, SD-Standard deviation, IQR-Inter quartile range, HIV-Human

Immunodeficiency virus and RNA-Ribonucleic Acid

https://doi.org/10.1371/journal.pone.0269943.t001

Viral load at different plasma storage time and temperature

There was no significant difference between mean viral load quantified at 6hrs and after 24
hours (p = 0.999) or 48 hours (p = 0.430) room temperature plasma storage. There was signifi-
cant difference between mean viral load measured at 6hrs and plasma stored in 2-8°C for 15
days (p < 0.001). This significant difference was maintained when data was analyzed using
Post-hoc analysis (p = 0.006). There was also significant difference between mean viral load of
plasma stored in 2-8°C for 6 days and for 15days (p< 0.001) [Table 2]. However, considering

Table 2. Repeated measurement analysis of variance in log/ml for each plasma separation time, storage at room temperature, 2-8°C and -20°C.

Variables Measurement Indices
Mean(+SD) log/ml copies Mean Difference F- Statistics P- value

HIV VL within 6hrs—HIV VL Separated after 24hrs (log copies/ml) 4.24(0.82) - 4.1(0 .83) 0.145 33.11 <0.001
Within group comparison HIV VL for plasma stored for different time 1.106 0.336
HIV VL within 6hrs—HIV VL 24hrs RT 4.24(0.82) -4.22(0.81) 0.025 1.106 0.999
HIV VL within 6hrs—HIV VL 48hrs RT 4.24(0.82) -4.20(0.81) 0.038 1.106 0.430
HIV VL 24hrs RT—HIV VL 48hrs RT 4.22(0.81)-4.20(0.81) 0.013 1.106 0.999
Within group comparison of (log copies/ml) 10.164 <0.001
HIV VL within 6hrs- HIV VL 2-8°C for 6 days 4.24(0.82)- 4.23(0.84) 0.007 10.164 0.999
HIV VL within 6hrs- HIV VL 2-8°C for 15 days 4.24(0.82)-4.18(0.85) 0.060 10.164 0.006
HIV VL 2-8°C for 6 days- HIV VL 2-8°C for 15 days 4.23(0.84) -4.18(0.85) 0.052 10.164 <0.001
Within group comparison of (log copies/ml) 0.554 0.576
HIV VL within 6hrs- HIV VL -20°C for 30 days 4.24(0.82)-4.21(0.83) 0.029 0.554 0.899
HIV VL within 6hrs- HIV VL -20°C for 60 days 4.24(0.82)- 4.20(0.86) 0.036 0.554 0.999
HIV VL -20°C for 30 days- HIV VL -20°C for 60 days 4.21(0.83)-4.20(0.86) 0.007 0.554 0.999

VL-Viral load, RT- Room temperature, SD-Standard deviation, HIV-Human Immunodeficiency virus and RNA-Ribonucleic Acid

https://doi.org/10.1371/journal.pone.0269943.t002
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the recommended clinical significance cut-off point of 0.5log, all statistically significant differ-
ences were not clinically significant since the mean differences were 0.06 log copies/ml when
plasma was stored for 6 days and 0.05 log copies/ml when stored for 15 days. There was no sig-
nificant difference between mean viral load at 6hrs and after storing plasma in -20°C for 30
and 60 days (p = 0.576) [Table 2].

Viral load level at different freeze-thaw cycle and dilution

The mean viral load measured at 6hrs after specimen collection and from plasma freeze-
thawed for four consecutive cycles after storage at -20°C, with seven days between each cycle
revealed a statistically significant difference (p = 0.009) [Fig 3]. Post-hoc analysis indicated the
presence of significant difference between mean viral load measured at 6hr after specimen col-
lection and the fourth cycle of freeze-thawing (p = 0.013) [Fig 3]. However, the mean differ-
ence was 0.063 log copies/ml which was not clinically significant at 0.5 log cut-off of point. In
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Fig 3. (a) HIV viral load measurement after dilution of plasma With PBS. (b) HIV viral load measurement after each
of four cycles of freeze-thawing.

https://doi.org/10.1371/journal.pone.0269943.g003
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addition, there was no significant difference between the mean of viral load for undiluted and
diluted plasma (p = 0.707).

There was no statistical and clinical significant difference on dilutions proportions (a).
There was a statistically significant 0.06 mean decrease after the fourth freeze-thaw cycle
(p = 0.013) but it was not clinically significant (i.e. < 0.5 Log HIV RNA copies /mL) (b).

Discussion

Several studies have focused on identifying problems related to blood collection and process-
ing parameters that could affect accuracy and reproducibility of quantitative HIV-1 RNA viral
load testing. However, there are few studies on the effects of plasma separation time, storage
time and temperature, freeze-thaw cycles and dilution proportion on HIV-1 RNA viral load.
Thus, this study aimed to investigate effects of sample management on HIV viral load mea-
surement in a total of 88 participants from ART clinic in Ethiopia.

This study revealed that the mean HIV-1 RNA viral load from plasma separated at 24hrs
post collection, plasma stored in 2-8°C for 15 days and at the fourth cycle of freeze-thawing
were significantly different when compared to the mean viral load tested at 6hrs after collec-
tion. Although the differences were statistically significant, the changes were not clinically sig-
nificant at the recommended cut-off point 0.5log copies/ml (+2SD). There was no significant
mean difference in viral load at all room temperature and -20°C storage scenarios of plasma
samples as compared to the viral load tested within 6hrs of collection.

Evidence indicated that HIV viral load decreases up to 0.5 log copies/ml when whole blood
was stored at room temperature for 72hrs [12]. Another finding has shown that mean HIV
viral load decreases significantly when a whole blood sample is stored at room temperature for
30hrs as compared to viral load tested at 2hrs [11]. This research finding was similar to our
finding in which the mean HIV viral load was significantly different between viral load tested
within 6hrs and after 24hrs storage of whole blood.

In contrast, other studies have found that the mean viral load was not significantly different
between HIV viral load tested within 4hrs and after 24hrs storage as whole blood [7]. Further-
more, HIV-1 RNA was found to be stable up to 48hrs in whole blood at room temperature [6,
9]. Additionally, longer stability of HIV-1 RNA for up to 3 days [13] and 7 days [4] at room
temperature has been reported. This difference might be due to HIV strains variation, the level
of damaged HIV-1 RNA in the plasma and variation in testing conditions.

The statistically significant difference observed in our study was not clinically significant
based on the cut-off point proposed by previous studies such as >+2SD or a variation
of < 0.5log difference [12, 13, 21]. A previous study has reported a clinically significant differ-
ence in the mean HIV viral load when viral load was tested at 6hrs and 24hrs [12]. This finding
contradicted the current study finding in which the mean viral load was not clinically signifi-
cantly different between viral load tested at 6hrs and 24hrs after specimen collection. This dif-
ference could most probably be due to statistical test used, duration from sample collection to
test and sample size difference. For example, the previous study used paired t-test to test the
statistical difference. This test could increase type one error when used for more than two cate-
gories [30]. However, in the current study repeated measure analysis of variance was used
which is free from the problem indicated above [30]. Furthermore, the study reported by
Sebire et al [12] based on an experiment conducted on 20 participants is too small sample size
compared to ours (88 participants).

The difference in the mean HIV viral load quantified from plasma stored at 2-8°C for 15
days was significantly different compared to the viral load tested within 6hrs after sample col-
lection. This finding was in line with a previous study in which viral load was significantly
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different compared to the viral load tested within 2hrs and 72hrs for the plasma stored in 4°C
[12]. In contrast, viral load remained stable at 4°C for up to 24 to 48hrs [6], 30hrs [5], 14 and
28 days [18]. This difference could be due to temperature fluctuation and poor temperature
regulation in the room where the test was done. Although the difference in mean HIV viral
load of plasma stored at 2-8°C for 15 days was significantly different in the current study, it
was not clinically significant at the cut-off point of 0.5log.

The mean HIV viral load was significantly different in plasma tested after the fourth cycle
of freeze-thawing after storing in -20°C as compared with the mean HIV viral load tested
within 6hrs. However, the difference was not significant up to 3™ cycles of freeze-thawing in
comparison with mean HIV viral load tested within 6hrs. In contrast to this finding, the viral
load from plasma stored in -70°C freezer and freeze-thawed for the fourth cycle was not signif-
icantly different [6]. This difference is most probably because of temperature difference and
might suggest that lower storage temperature gives better result when freeze thawing is
unavoidable. Although the mean difference was significant, it was not clinically significant as
the mean difference was <0.5 log. Thus, care has to be taken when interpreting statistical sig-
nificance as it is demonstrated in the current study where the observed statistically significant
mean differences were more likely to be clinically irrelevant.

Even though SOP was followed strictly, personal variation in test procedure and the lower
limit of detection of Abbott analyzer (2.2 log copies/ml for 0.2mL of plasma sample) could affect
the results of this study. In our actual situation, transportation conditions would not be similar to
the scenarios described in this study since the sample collection site (St Paul’s Hospital Millen-
nium Medical College) and EPHI are within 5 minutes walking distance. Thus, the result of this
study could not be equally implemented to the rural area where transportation is not easily
accessed. Electric power fluctuation could also impact the freeze-thaw test result of this study.
However, since the laboratory has a backup generator power, temperature fluctuation had minim
effect. In the current study, -80°C freezer was not used for freeze-thawing process, which could
limit our conclusion of freeze-thawing cycle at this storage temperature. Furthermore, all speci-
mens obtained for this study were above the clinically relevant threshold for HIV-1 viral load fail-
ure (3 log copies/mL). Thus, similar studies targeting this limitation are recommended.

Conclusion

This study has shown that HIV-1 RNA in plasma maintained stability and was not degraded
by greater than 0.5log for all scenarios of the experiment. However, there was statistically sig-
nificant difference on the mean viral load between viral load tested at 24hrs, stored at 2-8°C
for 15 days and freeze-thawed for four cycles compared to viral load tested at 6hrs after sample
collection. All the statistically significant variables were not clinically significant. Thus, to be
on the safe side, plasma should be separated before 24hrs from the whole blood left at room
temperature. In addition, plasma should not stay in 2-8°C beyond 15 days and should not be
freeze-thawed for more than three cycles.
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