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Abstract

Despite infrastructure and capacity challenges
in Africa, significant development has been
made in the number of laboratories supporting
immunological and safety studies required for
large-scale HIV/AIDS vaccine or intervention
trials. In Uganda, cohorts participating in HIV
intervention trials are often recruited from rural
areas. To avoid transporting samples from
intervention trial areas over long distances

(120 km) to central laboratories in Entebbe,
we set up a standardized peripheral blood
mononuclear cells (PBMCs) processing
laboratory at a field station in Masaka,
southwest Uganda. The laboratory was well
equipped and enrolled into the International
AIDS Vaccine Initiative (AVI) Quality Assurance
(QA) program. Staff was trained in laboratory
techniques and Good Clinical Laboratory
Practice (GCLP). The laboratory received IAVI

and GCLP accreditation in 2008. In this paper
we describe the process and achievements of
measures taken to overcome challenges, to
build staff capacity, and to optimize the quality
of the cells yielded.

Keywords: Good Clinical Laboratory Practice,
standardized laboratory procedures, capacity
building, rural Africa, HIV/AIDS vaccine or
intervention trials

IV vaccine safety and efficacy trials will often
involve investigations of the cellular immune
system of study participants, including HIV-1-
specific CD8 cytotoxic T lymphocytes (CTL)
and CD4 T helper (Th) lymphocytes. In order
to achieve good and valid results, the collection
and processing of fresh and cryopreserved pe-
ripheral blood mononuclear cells (PMBCs) must be optimal.
The quality of the resulting PBMC may be influenced by a
number of the following factors: blood collection,! process-
ing,* and shipping.” Recently it was shown that the length
of time from venipuncture to cryopreservation is the single
most important parameter influencing the quality of cells,®
and processing should occur within 8 hours of venipuncture.
This narrow window for specimen processing has important
implications in selecting and monitoring clinical sites with
laboratory capacity to perform these procedures in future
clinical trials.

The use of fresh PBMC cells is preferred,” but cryopre-
served PBMC has advantages. It allows researchers to conduct
batch testing, and cryopreserved PBMCs can also be used after
the conclusion of a clinical trial to help aid the interpretation
of findings and if questions arise due to new developments in
the field. Most important, it allows participation of remote
sites in African countries that are part of multi-center studies,
and indeed, laboratories in Africa are increasingly being used
to support internationally initiated clinical research trials for
HIV prevention and vaccine development.?
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The importance of building and maintaining laboratory
capacity to support global health systems was the central focus
of a recent conference in Kigali.”"'# In Africa, study popula-
tions are often located at substantial distances from centers
in which highly standardized laboratories exist. The MRC/
UVRI Uganda Research Unit on AIDS has a center of ex-
cellence laboratory with Good Clinical Laboratory Practice
(GCLP) accreditation, 120 km away from Masaka, southwest
Uganda; 1 of the study sites. However, road conditions and
weather seasons pose additional challenges for optimal sample
transportation and delivery. It would therefore be highly ben-
eficial to have well-functioning PBMC labs established that
are situated close to study populations. The establishment
of a standardized, high-qualitcy PBMC processing laboratory
in comparatively remote locations is in itself associated with
major challenges: difficulties around reagent procurement,
purchase delivery times, equipment servicing, unstable electri-
cal supply, and inconsistent liquid nitrogen supply are common.
Other major challenges are related to personnel training and
to safety issues such as the effective disposal of waste and toxic
reagents, prevention of fires, and the exposure of staff to
biohazardous substances.

This paper describes a number of simple measures taken
to establish a sustainable, well-functioning PBMC processing
lab in a field site in Africa. We also report on the results of
the quality of tests performed by this laboratory. We would
like to share this experience as it may be helpful to other
research groups working on immunological studies in Africa.

Methods

I. Infrastructure Development

The Masaka Cell Laboratory consists of 2 adjoining
rooms, renovated to a standard laboratory space. The labora-
tory was then equipped with a class II biosafety cabinet, a
refrigerated centrifuge, a +37°C water bath, a light microscope,
a +4°C/-20°C refrigerator/freezer, -80°C freezers, an ice
maker, a control rate freezer, and liquid nitrogen freezing
tanks. Uninterrupted power supply sources were secured and
installed with all equipment, as well as a back-up generator
to ensure a constant power supply. We established the pro-
curement of a constant liquid nitrogen supply, in addition
to a back-up liquid nitrogen tank (30 L) maintained for an
emergency. Most importantly, a disaster recovery policy was
developed and implemented to ensure that a back-up GCLP-
accredited lab was identified nearby, with the capacity to
provide liquid nitrogen and to store cell samples.
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Il. Personnel Recruitment, Training, and Securing
Laboratory Supplies

A virologist with a PhD in biological sciences led the
team in setting up the laboratory. The virologist had post-
doctoral experience in immunology, with a focus on HIV/
AIDS, in addition to experience living and working in Africa.
Two laboratory technologists were also recruited after plac-
ing advertisements in local Ugandan newspapers. Successful
applicants had first degrees (BSc) in biomedical laboratory
technology.

A significant investment was made in the training of
laboratory staff technologists, composed of: 1) PBMC pro-
cessing, 2) storage, and 3) shipping procedures. Uganda Virus
Research Institute (UVRI)- International AIDS Vaccine
Initiative (IAVI) Vaccine Program laboratory in Entebbe,

a GCLP-accredited lab, conducted staff training on various
techniques using standardized UVRI-IAVT site-specific and
IAVI core laboratory standard operating procedures (SOPs).
At the end of the training, technologists were subjected to
proficiency testing. The IAVI trained laboratory management
in procurement, budgeting, cost of tests, shipping, preventive
maintenance of equipment, the management of logistics, and
staff skills. To ensure continuous availability of laboratory
supplies in Masaka, the MRC/UVRU’s established procure-
ment system was adopted. Adequate storage facilities were
provided to keep working stocks in the Masaka laboratory and
long-term storage in the Entebbe laboratory. Masaka is 120
km from Entebbe. The separation of stock storage is a disaster
recovery strategy.

lll. Guidelines and Policies

Good Clinical Laboratory Practice compliance is the min-
imal requirement clinical laboratories should meet to increase
adherence to standardized practices and procedures, optimize
management operations of clinical laboratories, and enhance
obtaining reproducible and reliable results, while ensuring the
safety of human research participants.!>!8 All laboratory tech-
nologists were trained in basic concepts and advanced GCLP
and laboratory management. Site-specific guidelines and poli-
cies were developed to facilitate the implementation of GCLP,
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electricity back-up plans, sustainable liquid nitrogen supply,
disaster recovery, and safety. Twenty-one site-specific SOPs

were developed and implemented, covering 4 major areas:
1) management, 2) sample handling, 3) quality control, and

4) health and safety.

IV. Laboratory Assays

Standardized operating procedures on PBMC processing
were introduced. At our site, we currently use SOPs from 2
international multi-center studies: The IAVI-sponsored Acute
Infection Study and the Wellcome Trust funded Short Pulse
Anti-Retroviral Treatment at Seroconversion (SPARTAC)
Trial. The Masaka Cell Laboratory was then enrolled into
the TAVI Quality Assurance (QA) program; this involves in-
dividual competency (dry-run experiments), internal control
(quality control), external assurance features (qualifying-run
experiments), and independent audits.

Results

I. Dry-run Experiments

Peripheral blood mononuclear cells from 2 blood packs
were isolated and cryopreserved. To analyze inter-operator
variability, each donor blood pack was divided into 2 equiva-
lent aliquots, which were handled independently by the 2
technologists at the Masaka Cell Laboratory. All PBMCs were
isolated using modified Ficoll density centrifugation according
to study protocol. A mean PBMC yield of 1.17 x 10° cells/ml
and >98% viability was observed (expected yield of 0.8 - 3.0
x 10° cells/mL). Between operators we observed comparable
PBMC yields. In Figure 1: sample 1 (S1), processed by opera-
tor 1 (S101), had a yield of 1.3 x 10° cells/mL as compared
to the same sample processed by operator 2 (S102), with a
yield of 1.2 x 10° cells/mL. Using another sample (S2), similar
yields were observed from both operators: 1.1 x 10° cells/mL
(S201) and 1.07 x 10° cells/mL (S202). Replicate cryopre-
served vials were then sent to the UVRI-IAVI HIV Vaccine
Program laboratory in Entebbe, where they were thawed,
rested overnight, and analyzed by 2 operators independently

Image 1_Papyrus field on the Entebbe - Masaka Road.
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Image 2_MRC/UVRI Uganda Research Unit on AIDS, Masaka Vaccine
Trial Clinic.
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Figure 1_Dry Run: PBMC processing from whole blood. Graph indi-
cates PBMC yields from 2 blood packs processed by 2 operators
simultaneously with an average yield of 1.17 x 10° cells/mL. Solid
black circles indicate the PBMC yield on the day of the processing.
Clear circles indicate recovery of stored samples in duplicate. The

acceptance criteria for frozen cell recovery and viability are: at Day 1:

% recovery >70% and % viability >80%; at Day 2: % recovery >60%
and % viability >70%. Recovery of all 4 samples was >94%, well
above the QA acceptance criteria of 60%. S101, sample 1, operator
1; S102, sample 1, operator 2; S201, sample 2, operator 1; S202,
sample 2, operator 2.

(Figure 1). Mean recoveries were >94% for all samples and
viabilities >90% (determined by manual counting and auto-
mated counting). Recovery data were also comparable between
operators at the UVRI-IAVI HIV Vaccine Program laboratory,
and no contamination of cultured cells was documented.

Il. Qualifying-run Experiments

The purpose of the qualifying-run experiments is to ensure
that all PMBC:s isolated, frozen, thawed, and shipped from the
laboratory meet the QA requirements and to obtain IAVI ac-
creditation. The PBMC is isolated on site and witnessed by a
staff member from the IAVI core lab, cryopreserved PBMCs,

Figure 2_Qualifying Run: PBMC processing from whole blood. Graph
indicates PBMC yields from 7 fresh whole blood samples from
healthy donors with an average yield of 1.57 x 10° cells/mL and
average viability of >90%. All cryopreserved samples were sent for
reanalysis. There were 5/7 samples (S3-S7) that were thawed and
analyzed at the UVRI/IAVI laboratory, Entebbe. Solid black circles
indicate the PBMC yield on the day of the processing. Clear circles
indicate recovery of stored samples in duplicate. Recovery of all 5
samples was >95%, well above the QA acceptance criteria of 60%.

and analyzed for cell recoveries and viabilities. Aliquots

of cryopreserved cells are sent to IAVI core lab for use in

an enzyme-linked immunosorbent spot (ELISPOT) assay.
The QA criteria for the qualifying run are as follows:

* Expected cell yield from fresh blood on normal adult
subjects or subjects on vaccine testing is between 0.8 x 10°
and 3.0 x 10° cells/mL of blood.

* The acceptance criteria for frozen cell recovery and viability
are: at Day 1: % recovery >70% and % viability >80%, and
at Day 2: % recovery >60% and % viability >70%.

* The acceptable cell recovery from frozen cells for ELISPOT
is >60% and viability of >70%.

Image 3_Masaka’s Kiyumba Health Care Clinic.

Image 4_Masaka site electrical generator.
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Over a period of 1 week,
PBMC:s were isolated from fresh 21.7
whole blood from 7 healthy donors, Sample #5 (2) 10.6 2:147.5
manually counted, and cryopre- i 293
served. A mean PBMC yieldpof Sample #5 (1) 84 11,845
1.57 x 10° cells/mL and >98% 110
viability was observed (Figure Sample #4 (2) 1 2,085
2). Replicate cryopreserved vials h174
were then sent to the UVRI/IAVI Sample #4 (1) | $2,185
laboratory in Entebbe, where they 40
were thawed, rested overnight, Sample #3 (2) 399 —1700
and analyzed by 2 independent Y325
operators. Of the 7 samples, 5 Sample #3 (1) | 11,375
were chosen at random and ana- 158
lyzed; mean recoveries of >96% Sample #2 (2) I ) 2,367.5
were observed and viabilities were 1125
>80%. No contamination of cells Sample #2 (1) |~ 111,985
was documented. To further ana- 1 I
lyze the quality of cells obtained, Sample #1 (2) 25— 20 2,585
ELISPOT assays were performed i i 5044
on the cryopreserved cells shipped Sample #1 (1) f5. — : ‘ . ] 2,415
to the IAVI core lab in London. i T i T T
Overall results and data quallty 0 500 1,000 1,500 2,000 2,500 3,000
was sufficient for the laboratory to
pass the qualifying run (Figure 3). | ®™ FEC SFU / 10"6 PBMC O PHA SFU / 10°6 PBMC U Mock SFU / 106 PBMC

lll. PBMC Yields Using
2 SOPs

Figure 3_ELISPOT assay using cryopreserved PBMC cells from the Qualifying Run. ELISPOT was per-
formed on 5 samples (Sample No. 1 - Sample No. 5) using the cryopreserved PBMCs. Two operators

(designated [1] and [2]) performed ELISPOTS on the samples. One of the donors gave a discordant

The laboratory currently uses
2 different study protocols: the
IAVI Acute HIV Infection Study
and the SPARTAC trial proto-
cols. The SOPs differ in the following key steps: 1) blood vol-
ume, 2) amount of histopaque per mL of blood, 3) speed and
time of centrifugation steps, 4) reagents, 5) cell re-suspension
volume, and 6) total processing time (Table 2). Using the
IAVI-SOP, 12 healthy donors showed an average cell yield of
1.45 + 0.34 x 10 cells/mL (Figure 4: group A). In 25 patients

Image 5_Masaka staff obtaining patient consent.

FEC response; Sample No. 3 (2) had high MOCK background (39.1 vs 18.4) as well as a low PHA
response (700 vs 1375) compared to the duplicate; Sample No. 3 (1).

enrolled in the HIV acute infection study, the average yield
was 1.28 + 0.38 x 10° cells/mL samples (Figure 4: Group B).
Using the SPARTAC SOP, 36 HIV early infected patients
enrolled in the study showed an average cell yield of 1.01 +
0.56 x 10° cells/mL (Figure 4: Group C). On average, PBMC
processing using the IAVI-SOP took 4.06 + 0.58 hours to

Image 6_Masaka Cell Lab (MCL) technicians isolating Peripheral
Blood Mononuclear Cells (PBMCs).
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Table 1_PBMC Yield Using 2 SOPs process 85 + 16 mL of blood, whereas processing using the
SPARTAC-SOP required an average of 3.18 + 0.9 hours to
Group  Blood Vol. (mL) Time (h) Cell Yield (x 10 cells/mL) process 34 + 1.2 mL of blood (Table 1). A Bartlett’s test was

performed on cell yield per group, and a P value of 0.05 was
A 64.62 + 21.86 N/A 1.45 +0.35 . e 1 . :
A 8 obtained, indicating the variances of the measurement are not

5.02 + 16.06 4.06 + 0.58 1.28 +0.38 i

C 3418 5192 3184090 101056 the same for the different groups. When we analyzed the cell
yield of the HIV+ participants and adjusted for total blood
volume and time of processing, it showed that blood volume
(P=0.353, r?=0.083) and total time of processing (P=0.900,

Group A consists of 12 samples from healthy donors. Group B consists of 25 HIV+ samples
from patients enrolled in the IAVI Protocol C study. Group C consists of 36 HIV+ samples
from patients enrolled in the study. In group A and B, the IAVI-SOP was used, whereas in

group C, the SPARTAC-SOP was used. Using patient samples, on average IAVI-SOP (Group r2:0.083) did not have a Signiﬁcant correlation with cell yield.
B) took an average of 4.06 + 0.58 per hour to process 85 + 16 mL of blood with a PBMC
yield of 1.28 + 0.38 x 108 cells/mL. Using the SPARTAC-SOP (Group C) required an aver- IV. Comprehensive Audit Program

age of 3.18 + 0.9 per hour to process 85 + 34 + 1.2 mL of blood with a PBMC yield of

07 = 0,56  10° cells/m. To maintain GCLP compliance, we implemented an

audit program including: 1) internal audits, 2) bi-annual
GCLP compliance audits by Clinical Support laboratory
(CLS), Johannesburg, South Africa, 3) annual technical audits
by IAVI, and 4) yearly PPD audits on all Division of AIDS

25 (DAIDS)-funded studies.!” Audits allow sponsors to validate
" So labc?raFory systems prior to stuc.iy initiation; they help identify
4 20 . deviations from policies and reinforce GCLP compliance.
£ '.. s A “ - o] Following an audit, a report is issued detailing findings and
e 15 - ahay g Qg recommendations, and, in response, the lab implements cor-
§ oo A A, A o° rective actions to address findings. Two new SOPs were also
£ 10 L e Og e developed and implemented after the audit; for example,
] 1 A 8 o an SOP for material rejection and acceptance criteria and
S o5 2 o8 O an SOP for transport of samples clearly define how samples
S \%30(9 should be transported from the clinic to the lab for testing.
00 The auditor also noted conflicting job titles in the organiza-
@ Group A (mean - 1452035 tional‘chart for the lab scie,nt.ist, and t.his. was addressed by
A Group B (mean = 1.28  0.37) updating the staff member’s job description document. In
© Group C (mean = 1.01 = 0.56) another finding, the auditor noted that the thermometer used
.......... Overall mean con. (1.17 + 0.49) for the refrigerator/freezer temperature monitoring was not

checked for accuracy, the point of action was ordering new
certified thermometers for the refrigerator/freezer.

Figure 4_PBMC yield in 3 groups. Group A: PBMC yield in 12 healthy
donors using the IAVI-SOP, with an average yield of 1.45 + 0.35 x
108 cells/mL. Group B shows PBMC yields in 25 HIV+ samples from

patients enrolled in the 1AVI Protocol C study, with an average yield Discussion

of 1.28 + 0.37 x 106 cells/mL samples. Group C shows PBMC yields The objective of setting up a standardized PBMC labo-
using SPARTAC-SOP, in 36 HIV+ samples from patients enrolled in the  ratory in our rural field site was to build local laboratory
study with an average cell yield of 1.01 + 0.56 x 10° cells/mL. capacity in preparation and implementation of HIV vaccine

Image 7_Masaka Cell Lab (MCL) team working with the LIMS database. Image 8_Masaka Clinic - internal data regulation.

Dounl oaded ArHh httABMERIdR & Veluplecthiluaberety mpPecembeaBeit act / 42/ 12/ 711/ 2504891 labmedicine.com
by Uganda Christian University user
on 23 July 2018



Featured Article

Table 2_Difference Between the 2 SOPs

IAVI SOP

SPARTAC SOP

Blood

Vol. of histopaque
1st wash medium
1st centrifuge

2nd wash medium
2nd centrifuge 500 g for 10 min with breaks
3rd centrifuge 400 g for 10 min with breaks
Cell suspension volume for counting 5mL

Total time (min) Average 246 min

Undiluted whole blood
20 mL

Hank’s balance salt solution without Ca+ or Mg+ (HBSS)
400 g for 40 min at room temperature without breaks
Complete RPMI medium with 10% fetal calf serum

Diluted whole blood

25 mL

RPMI-PSG

800 g (220 rpm) for 20 min without breaks
RPMI+PSG

Centrifuge at 536 g (1800 rpm) for 10 min with breaks
372 g (1500 rpm) for 8 min with breaks

20 mL

Average 198 min

4) reagents, 5) cell re-suspension volume, and 6) total processing time.

Table highlights the difference between the 2 SOPs. Difference is in the following key steps: 1) blood volume, 2) amount of histopaque per mL of blood, 3) speed and time of centrifugation steps,

safety and efficacy trials and other immunological studies. We
wanted to establish this capacity as close to the study popula-
tion as possible, in order to decrease the total processing time
of the samples, reduce transport costs, and produce consistent
quality PBMC cell preparations. We successfully implemented
this work according to GCLP principles.

The laboratory benefits from the IAVI Quality Program,
which ensures GCLP is a continuous process. Good quality
control on reagents, equipment, and general maintenance
is performed. A policy is in place ensuring a regular supply
of liquid nitrogen to the lab and a back-up stock of liquid
nitrogen to last 10 days in case of supply disruption. A disas-
ter recovery system is also in place involving a back-up labora-
tory. In our case, 2 laboratories in Entebbe can be used for
this purpose: the lab of the Basic Science Programme of the
MRC/UVRI Research Unit on AIDS and that of the UVRI-
IAVI HIV Vaccine Program.

From the initial dry-run experiments performed at the
newly established Masaka Laboratory, comparable PBMC
yields were obtained by 2 operators on 2 blood samples.
Recovery data from the 2 PBMC samples cryopreserved at the
Masaka laboratory were within normal ranges when tested at
the UVRI/IAVI laboratory, and no contamination of cultured
cells was documented.

A qualifying run performed under the scrutiny of an
IAVI trainer on a larger number of blood samples (n=7)
processed and cryopreserved by 2 operators at the Masaka
laboratory, and shipped to the UVRI/IAVI laboratory, yielded
normal recovery and function by ELISPOT in 70%-80% of
the samples analyzed, which is within the IAVI acceptance
criteria. These results provided the basis for accreditation of
the Masaka laboratory by IAVL

In addition, larger numbers (n=12-36) of PBMC were
processed by the Masaka laboratory using 2 different SOPs.
The results demonstrated that cell yields were comparable
between procedures and were not influenced by initial blood
volume or the total time used for cell processing.

The use of the cryopreserved PBMCs in ELISPOT
assays showed the PBMCs produced were of optimal qual-
ity and could be used in immunology assays to study HIV T
cell responses in HIV vaccine-related studies. The laboratory
had the capability to run 2 protocols with different PBMC
processing SOPs. In both SOPs, PBMC yields were within
the expected range (1.0-2.0 x 10° cells/mL) even though there
were key differences in the 2 SOPs.

Audits, even though expensive and time consuming, were
implemented to reassure staff, sponsors, and collaborators of
the standards of the laboratory. The GCLP also allows the
laboratory to implement effective site-specific policies. The
laboratory received full GLCP accreditation from Qualogy.

Conclusion

We demonstrated feasibility of establishing a well-func-
tioning PBMC processing laboratory in a remote field site in
Africa. Currently, the laboratory has a limited capacity (1-4
patient samples/day), but it has the potential to expand and
double this capacity if and when an extra biosafety cabinet
and refrigerated centrifuge is acquired. Our experience could
be adopted by other research institutions in developing coun-
tries that plan to perform HIV vaccine immunology-related
work in remote sites. 1M
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