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Abstract

Background—Rift Valley fever (RVF) is an emerging arthropod-borne zoonoses of global
agricultural and public health importance. In December 2006, an RVF outbreak was recognized in
Kenya which led to the deployment of international response laboratory teams to the area.

Objectives—A field laboratory was operated in Malindi, Kenya to provide safe sample handling
and molecular testing for RVF virus (RVFV) as well as selected other pathogens for differential
diagnosis.

Study Design—Safe sample handling was carried out using a negative pressure flexible film
isolator (glovebox) and commercial reagents to inactivate clinical specimens and purify nucleic
acid. Whole blood was routinely used for diagnostic testing although paired plasma samples were
also tested in select cases. Subsequently, human macrophages were tested in vitro for their
susceptibility to RVFV.

Results—The field laboratory received samples from 33 individuals and a definite laboratory
diagnosis was provided in 16 of these cases. Using molecular diagnostic techniques, RVFV was
more consistently detected in whole blood than in plasma samples most likely due to association
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of RVFV with blood cells. Subsequent in vitro studies identified macrophages as a target cell for
RVFV replication.

Conclusions—RVFV appears to replicate in blood cells such as macrophages. Thus, the
sensitivity of molecular diagnostic testing is improved if whole blood is used as the clinical
specimen rather than plasma or serum.

1. BACKGROUND

Rift Valley fever virus (RVFV) has been responsible for extensive epizootics of disease in
domestic animals and subsequent epidemics in the human population throughout Africa and
the Arabian Peninsula.1:2 A member of the family Bunyaviridae, genus Phlebovirus, RVFV
infection of livestock normally occurs via floodwater Aedes mosquitoes, producing high
viremia and inducing abortions in susceptible animals; and epizootics can affect hundreds of
thousands of animals. Humans are infected through the bites of infected mosquitoes or by
direct contact with blood or tissues from infected animals. Although epidemics can extend to
tens of thousands of infected people, most are asymptomatic or only develop mild illness.
However, 0.5 to 1% of infected individuals will develop hemorrhagic fever or encephalitis
with an additional 1 to 10% developing retinitis.3 In December 2006, a RVF outbreak was
identified in the Garissa District of Kenya and virus activity was subsequently identified in
other parts of Kenya as well as Somalia and Tanzania.* Garissa District experienced a
similar RVF outbreak in 1997-1998 when an estimated 27,500 persons were infected and
170 hemorrhagic fever-associated deaths occurred.®

2. OBJECTIVES

The main objective was to assist international response teams with laboratory diagnostics for
RVFV and selected other pathogens of differential diagnostic concern during the 2007
outbreak of RVF in Kenya. We further aimed to advance RVFV diagnostics, in particular
on-site field diagnostics, through enhanced molecular detection.

3. STUDY DESIGN

3.1.Biosafety and laboratory set-up

The laboratory set-up is schematically illustrated in Figure 1. All clinical specimens were
handled in a High-Efficiency Particulate Air (HEPA) filtered, flexible film isolator which
maintained negative pressure isolation (Figurel). The system consisted of a mini vinyl
glovebox (Coy Lab Products, Grass Lake, MI) equipped with a pass-through chamber and
air pump (Hagen, Baie d’Urfé, QC). The pump was used to evacuate the isolator’s internal
air through two HEPA filters (Whatman, Toronto, ON) piped to the outside through a port.
When the isolator became sufficiently negative, outside air passively entered the unit
through a third HEPA filter (located in a separate port) allowing the unit to maintain a
pressure of —30 pascals. Hypochlorite solution (0.5-1%) was used as a disinfectant and
waste was incinerated daily

3.2. Clinical specimens

Blood samples were collected in ethylenediaminetetraacetic acid (EDTA) containing blood
tubes and plasma was separated after allowing settling of the EDTA blood sample at 4°C.
Centrifugation was avoided to minimize exposure of laboratory personnel. Whole blood and
plasma were used for molecular diagnostics.
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3.3. Virus inactivation and nucleic acid extraction

Whole blood or plasma (140uL) was used for virus inactivation and RNA extraction using
the QlAamp Viral RNA Mini kit (Qiagen, Mississauga, ON) following the manufacturer’s
instructions with the exception that a second AW1 wash step was added.

3.4. Molecular detection

Assays were performed on the SmartCycler platform (Cepheid, Sunnyvale, CA) utilizing
Quantitect Probe RT-PCR and PCR kits (Qiagen, Mississauga, ON) for RVFV targets and
bacterial/parasitic targets, respectively. Primary testing focused on RVFV diagnosis and
used two quantitative real-time PCR (qRT-PCR) based tests®” using cut-off cycle threshold
(Ct) values for positive, equivocal and negative of <40, 40 to 45 and >45 respectively. The
assays were designed and validated by the original authors and verified by us to detect
RVFV at 20 genome equivalents (g.e.) or 0.5 plaque forming units (pfu)/reaction. For
differential diagnostics, the laboratory offered qRT-PCR tests for Leptospiraspp.,® Brucella
spp.,2 Plasmodium spp., 10 Salmonella typhA and Vibrio cholerae'? using primers and
conditions as published and cut-off Ct values for positive, equivocal and negative of <35, 35
to 40 and >40 respectively. As an internal control for extraction and amplification
procedures, inactivated vesicular stomatitis virus (VSV), Indiana serotype (courtesy J. Rose,
Yale University), was added to the lysis buffer with each extraction containing 12,000 and
each amplification reactions containing 1,000 g.e.. Subsequent detection in each sample was
done by qRT-PCR using VSVF (5’-caggacttacaggcaatatgataatga), VSVR (5'-
tctatgctcaaattaccaccactgtt) and VSVP (5” TET-caagagacggatggatcaccagttgtacat-TAMRA).
Routinely CT values for VSV detection of 30 are obtained with this assay. Samples that
provide CT values that are = 2 cycles higher than the extraction control are considered to
show inhibition and are re-extracted with additional washes until inhibition is no longer
observed.

3.5. In vitro infection of human macrophages

Human blood was collected from anonymous volunteers under a protocol reviewed and
approved by the NIH Institutional Biosafety Committee. Human monocytes were obtained
from peripheral blood provided by the Department for Transfusion Medicine and the NIH
Clinical Center at the National Institutes of Health (Bethesda, MD) and enriched by
apheresis and Ficoll-paque (GE Healthcare) as previously described.13 Monocytes were
seeded at 2 x 107 cells/20mls RPMI 1640 supplemented with 10% heat-inactivated fetal calf
serum (FCS), 0.2 mM L-glutamine, 1 mM HEPES buffer and 0.1 mM nonessential amino
acids (all from Invitrogen) (complete RPMI [cRPMI]) in T-75cm? flask. Cells were
incubated for 1 hour at 37°C/5% CO, and non-adherent cells were removed by gently
washing cells with PBS supplemented with 2% FBS. Following washing, cells were
incubated for 3 days in 20 mls of cRPMI supplemented with 100 ng/ml GM-CSF
(Peprotech) at 37°C/5% CO,. On day 3 of culture, half of the medium was replaced with
fresh cRPMI supplemented with 100% of cytokine. On day 4 of culture, the medium was
removed, cells were washed once with PBS and removed from the flask using Trypsin-
EDTA (Invitrogen). Cells were pelleted by centrifugation at 1200 rpm for 5 minutes and
resuspended at 5x10°%/ml in the reserved cRPMI. Cells were seeded 1ml per well of a 24
well plate and incubated at 37°C/5% CO, On day 5, half of the medium and 100% of GM-
CSF was replaced with fresh reagents. The resulting differentiated macrophages were used
on day 6 of culture. Cells were infected for 1 hour with RVFV, strain ZH501 (multiplicity of
infection (MOI) = 0.1),14 washed twice with RPMI followed by incubation in growth
medium. Cell supernatants were collected at 0, 6, 12, 24, 48, 72 and 96 hours post infection.
Vero cells, which are permissive for RVFV, were used as a control for RVFV growth.15 Cell
supernatants were titered for infectious virus using the TCIDsgq (tissue culture dose that leads
to 50% cytopathogenicity) method as previously derscribed.® Standard deviations were
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calculated based on three independent experiments for each growth kinetic and time point.
The infectious work with RVFV was conducted in the high containment laboratory of the
Integrated Research Facility at the Rocky Mountain Laboratories, Hamilton, Montana.

and Discussion

As part of the request for field laboratory assistance by the Global Outbreak and Alert
Response Network (GOARN); the Public Health Agency of Canada provided mobile
molecular diagnostics to the District Hospital in Malindi, Coastal Province, Kenya. The
laboratory was in operation from January 15-28, 2007 and provided qRT-PCR based tests
for RVFV diagnosis and differential diagnostics for Leptospira spp. , Brucella spp.,
Plasmodia spp., Salmonella typhi and Vibrio cholerae.812 Laboratory results were routinely
available within 3 hours of sample receipt. As per the outbreak protocol, following
collection and on-site testing all samples were shipped to the Kenyan Medical Research
Institute (KEMRI), Nairobi for long term storage and independent analysis.

In total, the laboratory received 47 clinical specimens from 33 patients (Table 1). Of these,
20 patients were from Malindi District Hospital, 11 from Kilifi District Hospital and 2 from
Ngao Hospital, Tana River District. A laboratory diagnosis was achieved in 16 out of 33
cases based on molecular testing. This testing identified 10 cases of RVF, 3 cases of malaria,
and a single case each of leptospirosis, cholera and typhoid fever (Table 1).

Three patients (patients A, B and C), positive for RVFV, were admitted to the Malindi
District Hospital, and repeated whole blood samples from each of these individuals were
available for testing. The C; values of the gRT-PCR assays for RVFV remained essentially
constant over a period of 9 days and up to 20 days post onset of disease (Figure 2). This was
surprising as we expected C; values to steadily increase reflecting the clearance of viremia
over time. Most reports indicate that RVFV is quite transitory and by 10 days post onset of
symptoms viral RNA is rarely detected.16 Molecular diagnostics to detect RVFV are
routinely performed on serum or plasma samples. Therefore, the unexpected persistence of
RVFV RNA found in whole blood may be due to the type of sample collected. Thus, we
also assessed plasma collected on the last day of sampling from each donor for the presence
of RVFV RNA. Interestingly, we observed that the Ct values for RVFV RNA were higher,
indicative of lower viral load in plasma samples than that in the paired blood from each
patient (Figure 2). A similar trend was observed in paired whole blood and plasma
specimens from additional five patients (Table 2). In the two individuals (patients D and E)
where C; values were below 25, both specimen sources produced essentially identical
viremia levels (similar C; values). In contrast, samples from the remaining six patients
(patients A, B, C, F, G and H) produced C; values that were greater than 25 and in all of
these instances we began to see a disparity between C; values from whole blood versus
plasma samples. Whole blood samples consistently produced lower C; values when
compared to plasma from the same patient, indeed plasma samples from two patients (C and
H) tested negative. Presumably these data suggest that higher quantities of RVFV RNA are
associated with whole blood compared to plasma.

One explanation for the increased concentration of RVFV RNA in whole blood samples is
that the virus is associated with blood cells such as mononuclear cells. Infection of
monocytes and macrophages has been observed in samples obtained from experimentally
and naturally infected animals as well as clinical samples from humans.1”-18 Furthermore, in
a recent study human CD14+ cells supported replication of RVFV.1? Thus, we proceeded to
determine whether RVFV could infect and replicate in fully differentiated human
macrophages. Cultures of primary human macrophages were infected with RVFV, strain
ZH-501,14 using a MOI of 0.1. Human macrophages exhibited similar titers of RVFV as
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those observed in VERO cells during the first 6 hours after infection (Figure 3). Over the
next 18 hours the virus appeared to replicate in human macrophages, although more slowly
than VERO cells, and reached maximum titers 24 hours after infection (Figure 3). Thus, our
data demonstrates that RVFV can infect and replicate in human blood cells. Furthermore,
our data support the contention that the increased RVFV RNA loads detected in whole blood
may be due to the presence of virus in mononuclear cells when compared to plasma
samples.

Previous investigators have reported PCR data complemented with results from serology,
virus isolation and/or antigen detection techniques.3>20 In these studies, no single
methodology was able to consistently detect every RVFV-positive case. The utility of PCR
testing is greatest during acute infection, before RVFV-specific IgM responses are
detectable, or in fatal cases where significant antibody responses do not always develop.
These previous investigations all used serum as test samples, and some of them have used
less sensitive PCR approaches for detection. With the application of highly sensitive qRT-
PCR to the detection of RVFV as done here, coupled with whole blood as the test sample,
we believe that this algorithm would allow the detection of RVFV viremia in the vast
majority, if not all, active RVFV cases.

While the provision of serological testing along with molecular detection is currently
recognized as ideal, qRT-PCR from whole blood samples may prove molecular detection of
RVFV to be sufficient in identifying active cases to enable outbreak control measures and
effective case patient management. This approach also has the potential benefit of
minimizing the biosafety risk associated with RVFV serologic tests. Laboratory-acquired
infections of RVFV have occurred following exposure to infectious material directly or
through the generation of aerosols and appropriate biocontainment measures and procedures
are necessary to mitigate the risk of infection in a laboratory or clinical environment.21: 22
Laboratory diagnostic techniques including antigen and antibody detection, virus isolation
and PCR-based assays each have risks associated with the handling of potentially infectious
samples. These risks relate to the level of inactivation possible for a given sample type, the
potential for generation of aerosols in the testing procedure, and the amount of manipulation
required in each procedure. Minimizing the manipulation of potentially infectious samples
and completely inactivating subsamples for testing minimize the efforts needed to ensure
safe handling of patient samples. As extensive manipulation of infectious samples,
especially centrifugation and aspiration, is not required for nucleic acid isolation from whole
blood, potential sources of laboratory-acquired infection are minimal. This can be of
importance especially in local clinics and field sites where centrifugation of serum samples
is routinely performed prior to shipment to laboratories for testing.
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Figure 1. Laboratory set-up

Laboratory was established in space provided at the Malindi District Hospital. Patient
samples were handled inside the flexible film isolator (glovebox) (bottom right photo) to
aliquot for inactivation for testing in Malindi and repacking for forwarding to the Kenya
Medical Research Institute. Spatial separation of procedures was maximized to avoid the
potential for contamination in PCR based testing using the SmartCycler platform (bottom

left photo).
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Figure 2. Detection of RVFV in serial samples

Amplification curves for RVFV (single target shown) from patients from whom serial
samples were available. Day post onset of clinical symptoms (p.o.) for each sample is shown
in the panels; the plasma sample was run on each final p.o. sample available. RVFV was not
detected in day 9 p.o. sample for Patient C.
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Figure 3. Growth kinetics of RVFV in primary human macrophages

Differentiated human macrophages and Vero cells were infected with RVFV, washed and
the media monitored for release of infectious virus over 96 hours. Peak titers were reached
by 24 hours in macrophages and remained steady for several days. Error bars represent the
standard error of mean from three independent experiments.
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Table 2

Comparison of RVFV in whole blood and plasma samples.

Patient | Days | WholeBlood | Plasma
(p.0) (Ct) (Ct)
A 20 295 37.8
B 16 35.0 >45.0
C 15 35.1 n.d.
D 4 16.8 16.5
E 7 234 238
F 11 321 36.1
G 6 30.0 40.0
H 10 36.5 n.d.

Page 12

Apparent viral genome loads in whole blood and plasma are equivalent for high titer patients (Ct values <25) but become increasingly disparate as

viral genome titers decrease (Ct values >25). Key: Ct = cycle threshold; n.d. = not detectable (no amplification present - negative); >45 =
amplification was present but did not reach threshold within 45 cycles, considered negative; p.o. = post onset of clinical symptoms
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