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ABSTRACT

Introduction: Based on its ability to kill tumor cells, the vaccine strain of the measles virus is used
for oncolytic virotherapy. However, the dose required for cancer therapy is much higher than that
used for vaccination. Therefore, this study was conducted to evaluate the preclinical toxicology
of the vaccine strain of measles virus in monkeys. Methods: 16 healthy Macaca mulata monkeys
were randomly divided into four groups, of which one was a control. A preclinical safety evaluation
of the vaccine strain of the measles virus was performed, and the three experimental groups were
intravenously injected with the strain at doses of 10°TCID50, 10°TCID50 and 107TCID50 respec-
tively. Results : There were no significant abnormalities in the physical, clinical, haematological,
and biochemical parameters following the intravenous injection with measles vaccine at doses of
103TCID50, 109TCID50 and 107TCID50. The vaccine strain of measles virus remained in the plasma
until the 30th day and disappeared on the 60th, and it did not persist in the tissues on days 30 and
60 post injection. Measles IgG antibody was negative on days 0, 1, 3, and 8 and was positive on
days 15, 30, and 60 post administration of the measles virus. The histopathology of target organs
was not affected in all groups on days 30 and 60 post injection. Conclusions: The systematic pre-
clinical safety data of the present study confirms the safety of two months of concentrated measles

vaccine administration in the Macaca mulata monkey for clinical trials.
Key words: concentrated measles vaccine, preclinical toxicology, Macaca mulata monkey

INTRODUCTION

Oncolytic viruses (OLVs) have been used to effec-
tively treat several cancers due to their ability to repli-
cate and break down cancer cells and/or stimulate the
immune system to respond against tumours!. Re-
cently, many vaccines for preventing infectious dis-
eases have been repurposed for use in cancer treat-
ments, of which the measles vaccine strain has shown
great potential in anticancer activities against differ-
ent malignancies?. The effectivness of OLVs in can-
cer treatment has been established in preclinical stud-
ies and clinical trials, and several OLVs have been
approved by the US Food and Drug Administration

(FDA) for clinical practice>.

The vaccine strain of
the measles virus (MeV) is one of the most highly ef-
fective OLVs for cancer treatment. MeV has previ-
ously been shown to have a great anticancer property
in small animal models against different cancers such
as laryngeal cancer 4, human solid malignancies >, and
human hematological cancers®. However, the MeV
dose required for cancer treatment is much higher

than that used for vaccination. Therefore, it is nec-

essary to evaluate the preclinical safety and immuno-
genicity of the high-dose vaccine in experimental an-
imals before employing the same in clinical practice.
Attenuated MeV preparations are safe for the com-
munity and have been used as vaccines for over 50
years”. In Vietnam, the Centre for Research and Pro-
duction of Vaccines and Biologicals (POLYVAC) has
been producing effective, high-dose MeV vaccines
that meet community cancer treatment requirements
and standards.

The attenuated MeV strains use the CD46 receptor to
enter both human and monkey cells. Studies have
showed that the measles infection process in mon-
keys is similar to that in humans 7 therefore, monkeys
are the most suitable animals for evaluating the safety
and efficacy of the measles vaccine. Accordingly, the
present study was conducted to evaluate the preclini-
cal safety of MeV in monkeys by assessing the physi-
cal, clinical and histopathological profiles of the target
organs.

METHODS
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Ethical statement

All experimental animal procedures were conducted
according to the Institutional Animal Care and Use
guidelines. The study protocols were approved by the
Ethical Committee of the Vietnam Military Medical
University (VMMU).

Vaccine strain of measles virus

The vaccine strain of MeV was produced by POLY-
VAC. Live measles vaccine of the AIK-C strain was
produced in Vietnam, according to the technology
transfer from the Kitasato Institute, Japan. More-
over, the vaccines produced by POLYVAC (PolyVac
I and II) showed a high immunogenicity in two clin-
ical trials in Vietnam®. The vaccine used for cancer
treatment purpose was concentrated at doses of 10°
TCID50, 105 TCID50, 107 TCID50.

Study design

The research was carried out at Rua Island in Bai
Tu Long Bay, Cam Pha City, Quang Ninh Province,
particularly at the Department of Pathophysiology
of Vietnam Military Medical University from August
2019 to May 2020. 16 monkeys (Macaca mulatta) of
2 years of age that weighed 2.5 & 0.2 kg and were
negative with measles IgG antibodies (confirmed by
ELISA) were chosen for this study, irrespective of
sex. The monkeys were raised in semi-natural con-
ditions, kept in separate houses, and fed appropriate
diets. During the quarantine period, monkeys were
fed with peanuts, fresh vegetables, and seasonal fruits.
They were then equally and randomly divided into
four groups: one control group and three experimen-
tal groups that were injected with the measles vaccine
at doses of 103 TCID50, 10° TCID50, 10" TCID50 re-
spectively. All the monkeys were administered a sin-
gle dose through the small saphenous vein. Data on
the study parameters were collected before injection
(day0) and on days 1, 3, 8, 15, 30 and 60 post injection.
On day 30 and 60 post injection, eight animals were
randomly selected (two per group/dose) and given an
intramuscular injection of ketamine HCI [15 mg/kg]),
following which they were euthanised (administer-
ing thiopentone sodium [100 mg/kg]). Tissues were
collected from various organs, including the brain,
salivary, lungs, heart, liver, kidneys, and spleen, for
histopathological examination and measles virus de-
tection.

Overall health status

The animals were checked and examined for be-
havioural abnormalities daily, and their body weights
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and temperatures were recorded. Skin, mucosa, and
conjunctiva were observed and examined for any ab-
normalities in the morning at each timepoint.

Clinical laboratory investigations

Blood samples were collected on days 0 and 1, 3, 8,
15, 30, and 60 post injection. The haematology profile
included red blood cell (RBC), total white blood cell
(WBC), and platelet counts as well as haemoglobin
(Hb) levels. The parameters were analysed via an
automated blood cell counter (Sysmex haematology
testing machine, USA) using blood samples collected
in EDTA K2 tubes. The laboratory parameters in-
cluded plasma glucose, blood urea nitrogen, creati-
nine, total protein, albumin, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), and
cholinesterase; these were estimated using an auto-
analyser (AU640, Beckman Coulter, USA). The qual-
ity control samples supplied by Wipro Biomed were
used to establish the precision and accuracy of the
analyses.

Nested PCR for detection of measles virusin
plasma and tissues

For MeV detection, plasma samples of the monkeys
on days 1, 3, 8, 15, 30 and 60 post injection and tis-
sue samples from the brain, salivary, lungs, heart,
liver, kidneys, and spleen on days 30 and 60 post
injection were collected. Total RNA was isolated
from the plasma and tissues using an RNA purifi-
cation kit (Thermo Scientific, K0731) and employed
as a template for cDNA synthesis using the Rever-
tAid First Strand cDNA synthesis kit (Thermo Sci-
entific, K1622). The synthesised cDNA was subse-
quently subjected to nested RT-PCR. The first-step
of RT-PCR using primers (NBE-MAS: 5-GAT CCA
GAC TTC TGG CCG G-3’ and NDE-MAS: GAA
TCA GCT GCC GTG TCT GG-3’) amplified a 430-
bp fragment of DNA. The second step of the PCR us-
ing another set of primers (NAE-MAS: 5-GGA GTC
TCC AGG TCA ATT GA-3’ and NCE-MAS: 5°-TCC
TTG TTC TCG AAC CAT CC-3’) amplified a 250-
bp fragment. PCR reactions were performed at Agi-
lent Technologies SureCycler 8800 (Malaysia) using a
DreamTag Hot Start PCR Master Mix (Thermo Sci-
entific, K9011), according to the manufacturer’s in-
structions. Thermal conditions for the first step of the
nested PCR involved denaturation at 94 °C for 4 min-
utes and then at 94 °C for 35 cycles of 30 seconds, an-
nealing at 52 °C for 35 seconds, and extension at 72
C for 45 seconds. Thermal conditions for the second
step involved denaturation at 94 °C for 4 minutes and
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then at 94 °C for 40 cycles of 30 seconds, annealing
at 50 °C for 35 seconds, and extension at 72 °C for
45 seconds. A polishing cycle at 72 °C for 5 minutes
was used for the final extension. Amplicons were sep-
arated in 2% agarose gels with TBE buffer and visu-
alised via GoldView staining (Solarbio, China). A 50-
bp DNA ladder (New England, Biolab, N3236S) was
used as the molecular weight marker.

Detection of measles virus-specific IgG an-
tibody

We used the Monkey Measles Virus Antibody IgG
ELISA Kit (Melsin, EKMON-0083, China) to de-
tect measles IgG antibody in monkey serum pre-
experiment and on days 1, 3, 8, 15, 30 and 60 post
injection. The samples, positive control, negative
control, and HRP-conjugated antibody were added
to each well of the provided microtiter plate, which
had been pre-coated with antigen. After incubation
and washing to remove the unbinding enzyme, chro-
mogen solutions A and B were added. The OD was
spectrophotometrically measured at a wavelength of
450/560 nm. The presence of MeV IgG antibody in
the samples was then determined by comparing the
OD of the samples with the cut-off values.

The pathological examinations

The brain, salivary, lungs, heart, liver, kidneys, and
spleen of the monkeys in each group on days 30 and
60 post injection were collected and preserved in 10%
buffered neutral formalin. After a minimum of 24
hours of fixation, they were sampled and processed;
paraffin blocks were made and 4 pm sections ob-
tained. The sections were stained with hematoxylin
and eosin (HE) and examined under a light micro-
scope. All deviations from normal histology were
recorded and compared with the corresponding con-
trols.

Statistical analysis

For the quantitative variables, mean and variance
were calculated. The values before and after the con-
centrated measles vaccine injection were compared
using a paired sample t-test; the values of each group
were compared by using ANOVA. For all the statisti-
cal tests, p < 0.05 was considered statistically signifi-
cant.

RESULTS

Overall health status

The physical activity and health statuses of mon-
keys infected with different doses of MeV (10°-

10’ TCID50) were examined. The results did not re-
veal any significant changes in body weight (Table 1),
body temperature (Table 2), or food intake among
the groups injected with different MeV doses. During
the study, all the monkeys were healthy and showed
no skin or mucous rashes or signs of disturbed con-
sciousness, behaviour, or movement. These results in-
dicated that the monkeys were indulging in normal
physical activities.

Clinical laboratory investigations

The health status of each of the monkeys was exam-
ined by checking the laboratory parameters. The re-
sults showed that the haematological (Table 3) and
biochemical parameters (Table 4) on days 0 and 1, 3,
8, 15, 30 and 60 post injection were within the normal
range. The difference in the clinical parameters be-
tween the groups was not statistically significant (p >
0.05). These results indicated that the monkeys were
of good health.

The presence of measles virus in plasma
and tissues

To examine whether MeV was persistent in the bod-
ies of the monkeys post injection, we took plasma and
tissue samples for viral detection via nested RT-PCR.
The results demonstrated that MeV was present in the
plasma of the monkeys until day 30 post injection
and disappeared on day 60 (Figure 1). MeV was not
present in the tissues of monkeys on day 30 or day 60
after intravenous injection (Figure 2). These results
indicate that the monkeys were infected with MeV,
and the viruses circulated for one month after the in-
fection.
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Table 1: Body weights of monkeys (kg)

Groups Days
(i} 3 8 15 30 60
Control 22+018®  22+018%  23+017®  244+010® 244008@ 263
109 TCID50  2.5+041%  224018@  254+029¢  24+040® 24+041® 310
10°TCID50  22+0.13®  234+013®  234+016™® 234+026® 244022@ 293

107 TCID50  24+0,15@  23+015@ 24+015@ 24+008@ 25+010% 27@

Values are expressed as average or mean =+ SD; Number in parentheses are number of animals. Comparing the weight among
groups of monkeys with different vaccination doses at the research times, there was no difference (p > 0.05).

500 bp

210 bp

100 bp

500 bp

210 bp

100 bp

Figure 1: Electrophoresis image of PCR product of measles virus in monkey plasma. On the day 3 (A) and
day 60 (B) post-injection. M is a scale of 50 bp, (+) is positive using RNA from measles virus vaccine, (-) is negative
without RNA, (1-2) sample of control group, (3-4) sample of group1 injected at a dose of 1 0° TCID50; (5-6) samples
of group 2 injected at a dose of 10 TCID50; (7-8) samples of group 3 injected at a dose of 107 TCID50, the specific
band for measles virus is (210 bp).
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Figure 2: Electrophoresis image of PCR product of measles virus in spleen. On the day 30 (A) and day 60 (B)
post-injection. M is a scale of 50 bp, (+) is positive using RNA from measles virus vaccine, (-) is negative without
RNA, (1-2) sample of control group, (3-4) sample of group Tinjected at a dose of 10° TCID50; (5-6) samples of group
2 injected at a dose of 10° TCID50; (7-8) samples of group 3 injected at a dose of 107 TCID50, the specific band for
measles virus is (210 bp).

Table 2: Body temperature of monkeys (°C)

Groups Days
0 1 3 8 15 30 60
Control 39.0 £0.13 39.2+0.19 384+ 38.6 + 0.45 38.8 = 38.9 +0.48 393
(4) 4) 0.52 4 (4) 0.834) (4)
10° TCID50  39.1 + 0.28 39.6 £ 0.65 392+ 39.1 +0.95 392+ 39.5 +0.94 39.6 @
4) ) 0.694 ) 0.77% )
10° TCID50  39.1 +0.21 39.2 £0.22 394 + 39.0 £0.51 392+ 39.8 £ 0.50 393 @
(4) (4) 0.44 @ (4) 0.264) (4)
107 TCID50  39.3 =+ 0.28 39.3 £0.51 395+ 394 + 39.6 £ 0.31 39.7 £ 0.36 39.7 @
(4) (4) 0.37 @4 0.594) (4) (4)

Values are expressed as average or mean + SD; Number in parentheses are number of animals. Comparing the temperature among monkey
groups with different vaccination doses at the research times, there was no difference (p > 0.05)
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Table 3: Hematological parameters of monkeys

Parameters  Days Groups
Control 10° TCID50 10° TCID50 10’ TCID50
RBC x 10° 0 6.2+0.73 @ 6.5+ 0.87 4) 6.0 +0.49 4 59+0.16 4
/uL
1 59+ 0.43® 56+ 0.32 594042 ® 574020 ®
3 594038 554032 4 5.7 4+ 0.46 ¥ 56+ 0.41 4
8 5.5+ 0.41 4 544025 ® 564 0.57 @ 524 0.40 ¥
15 6.2+ 0.50 4 6.5+ 1.05(*) 6.6 +1.09 4 62+ 102"
30 6.7 +0.73 @ 6.8+ 1.66 4) 6.6 +1.19® 69+1.13@
60 63 @ 64 @ 6.3 69 @
WBC  x 0 12.8 £4.40 ¥ 123 +5.80 4 112+£139® 12.6 £5.52 4
103/uL
1 11.7 +4.81 @ 129+672® 12.7 + 3.66 4 12.1+5.16 @
3 13.7 £5.08 ¥ 13.2 £ 3.394 13.8£2.53 4 12.8 £ 4.98 ¥
8 13.4+£8371 1124140 123 £3.46 ¥ 13.5 £ 4.09 ¥
15 1394533 13.1+3.78 133 +3.88 4 13.6 +2.59 4
30 12.6 = 3.86 4 1324384 132 £ 455 12.7 £ 4.45 @
60 1293 13.0% 11.1@ 11.7@
Platelets  x 0 346.0 + 86.80 (4) 414.5 + 62.81% 353.0 + 121.52 4) 4402 + 154.73 W
10% /ulL
1 348.0 + 58.72 ) 4183 +87.20 ¥ 394.3 £108.27 ) 462.7 + 131.18¥
3 364.5 + 80.32 (4) 438.5 + 98.02 (4) 391.0 + 97.06 ) 426.5 +129.43 ¥
8 390.5 + 79.82 (4) 492.8 +161.62 (4 4243 +71.30 W 420.0 + 174.01 @
15 378.0 + 46.20 () 409.8 -+ 128.23() 336.5 + 164.81 ) 4545 +151.92 4
30 324.5+98.27 4 470.2 £ 107.60) 398.5 + 105.07 ) 401.2 +£129.99 ¥
60 347.5 ) 378.0 @) 349.5 @) 4225
Hemoglobin 0 143.8 +15.02 @ 147.5 +17.43 @ 139.8 +8.32 4 134.8 + 3.43(4)
&/ 1 135.8 & 15.02 4) 126.5 4 2.86 () 1345+ 6.53 ) 129.8 +2.27 ¥
3 136.0 & 11.05 ) 1253 +3.75 4 131.5+7.13 @ 128.0+3.73 4
8 128.8 4 8.63 (4) 125.6 +3.79 ¥ 131.0£7.32 4 128.0+3.73 4
15 147.5+13.33 ¥ 148.5 + 16.89 ) 156.0 = 21.82 () 159.5 = 23.82 (4)
30 154.5 & 10.53 (4) 151.5 + 30.63 (4) 139.8 + 8.32(4) 134.8 +3.43 )
60 137.0 @ 135.0 @ 1335 136.5

RBC: Red blood cell, WBC: White blood cell.

Values are expressedas average or mean + SD; Number in parentheses are number of animals.

The differences of RBC, WBC, Hemoglobin, Platelet count among monkey groups with different vaccination doses at the research times were
not statistically significant (p > 0.05)
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Table 4: Chemical parameters of monkeys

Parameters

Glucose
(mmol/1)

Ure
(mmol/l)

Creatinine
(umol/l)

Protein

(g/

Albumin
(/D)

AST (U/1)

Days

15
30
60

15
30
60

15
30
60

15
30
60

15
30
60

15
30
60

Control
59+1.03®

574+129@
59+ 1.66 4
494098 @
49+081®
5.0+ 0.36 4
562
6.1+028®

63+1.28@
6.8+111"
6.4+ 059 @
6.5+ 1724
6.1 £ 0.64(4)
6.4 @
73.4 +3.83 %)

78.9 & 5.25 (4)
75.3 & 7.05(4)
76.5 &+ 6.23 (4)
745+ 1.36 4
79.1 3.94 4)
70.6 @)
77.0 £2.02 4

79.0 & 2.67 4
72.8 +4.89 )
7214117 ®
74.3 + 5.304)
71.3 =+ 3.38(4)
69.3 @
40.745.12 4

42.6+4.42 4
422+1.88 @
41.7+1.82 @
43.742.88 4)
40.9+6.64 4
39.5 (2
56.1 & 9.23(4)
524+ 8.67 4
55.8 & 9.07 4)
553 +7.69 (4)
51.7 +14.9 4
51.9 & 10.40 4
55.4 @)

Groups

10° TCID50
544158

5.6+ 0.62 4
554243 @
5.0+ 0.24 @
584+1.10@
5.0+ 0.69
532
6.1+028®

69+127

6.8+113®

6.5+ 1.68 @

6.5+ 1.85 @

714214
722

83.3 +10.49 4)

874+ 6.61 4
81.0 = 8.30 4
84.7 +7.41 ¥
74.6 + 6.58 (4)
77.6 £+ 67.39 4
70.2 @
74.6 + 4.50(4)

79.0 & 5.19(%)
72.8 + 4.44 4
70.7 & 5.20 4)
71.9 + 3.09 4)
71.3 = 1.62(4)
70.3 @)
452 + 1.624)

425+234®
433 +275@
42.7 + 3.48@)
444 +1.80®
451 +1.83 @
4022
57.1 & 13.04@)
51.8 +4.82 @
56.2 & 6.55 (4)
55.8 + 5.82(4)
50.6 & 2.28 (4)
52.5 4+ 9.69 4)
57.1 @

10° TCID50
514136@

5.0+ 1.48 @
524085
5.7 4053 4
48+1.98®
5.0 =+ 0.45 4
5.1
6.94231®

65+1.73 @
6.8 = 0.90()
7.2+1.28%
744136@
64+173®
7.1 @)
80.1 +5.21 4

79.8 & 4.59 (4)
75.4 £ 6.16 4)
829+ 541 %
77.9 +13.11 4
773 £12.87 4
71.1 @)
77.8 +9.06 4

72.5 +3.25 4
733+271 ¥
74.4 + 3.88(4)
75.6 + 0.92(4)
70.6 & 4.15 ()
73.7 @)
463 +£5.10 @

417 4334 @
425+ 246 @
43.7 £ 3.124)
45.5 + 2.49(4)
45.1 £ 2.494)
4512
53.2 + 7.40(%)
54.7 +10.92 4
544 +9.40®
47.9 +8.44 4
55.1 & 9.28 (4)
53.7 £3.78 ¥
49.3 ()

107 TCID50
5.0 & 0.82(4)

544175

49+ 1.06 @

4.9+ 0.50 4

474115

4.7 4+ 0.59®)
5.0

6.6 = 1.234

6.5+ 1.494)
6.2+ 0.87%
6.3+ 1.614)
65+1.11@
70+£117@
6.4 2
723 +13.25 @4

81.8 +8.33 4
81.2+9.17 @
80.4 = 6.00 4)
725+ 6.93 (4)
74.2 + 6.43 4
78.9 @)
73.9 £ 5114

70.9 = 6.98 (4)
722 +4.75 @
74.6 = 8.06(4)
75.1 & 5.30 (4)
73.63 & 3.46 4
70.7 )
41.9 + 3.544)

4154+ 438 @
40.1 +1.65 @
40.7 +3.10 @
447 +0.89 4
40.1 £ 2.754)
46.9 @
5324519 @
55.8 & 9.07(*)
57.1 & 7.66 4
49.8 +9.69 4
553 +9.72 4
5224127 @
48.8 @

Continued on next page
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ALT 0 82.7+3.72® 85.6 & 3.29(4) 86.1 +4.35@ 843+281 @
Table 4 continued ~ (U/l) 1 84.7 +3.74 4 83.0 & 3.044) 86.9 & 4.56 (4) 82.9 & 2.89(4)
3 86.2 +3.10 ¥ 84.3+229 @ 86.6 + 4.96 (4) 85.7 +2.99 4)
8 8224270 ® 85.9 & 2.45(4) 83.9 +4.76 ¥ 86.3 & 2.994)
15 84.6+1.98 4 84.7 & 3.79(4) 81.9+252® 86.1 +3.79 4)
30 853 +3.73 (4 85.7 +3.27(4) 83.9+436 @  84.85+4.08%
60 84.12 80.2 2 80.3 @) 83.0 @)
Cholinesteras 0 13.3 +2.15@) 11.7 +£1.39 4 112 +2.60 @ 9.7 +2.70®
KU/
119+ 147 @ 10.4 + 3.04 4 11.6+1.71@ 102 +1.40 4
3 138 +214@ 11.0 +1.51 4 98+1.63® 9.7 4+ 1.67%
8 109 £1.26 @ 11.1 £2.01% 119+1.17@ 11.1 £ 3030 @
15 11.4 +1.734 10.7 + 1.580 ) 128 +1.98 @ 11.0 £ 2.404)
30 112+391 @ 10.0 £ 1.604 128 +0.78 4 10.5 £ 2.904)
60 124 @ 104 @ 9.7 (2 10.3 @

Values are expressed as average or mean & SD; Number in parentheses are number of animals.

The differences of glucose, ure, creatinine, protein, albumin, AST, ALT, cholinesterase among monkey groups with different vaccination doses
at the research times were not statistically significant (p > 0.05)

D]
&

Er

Figure 3: The histopathological examination of brain, salivary, lungs, heart, liver, kidney, and spleen of the
control group and measles administration group at 30 day post-injection.

Figure 4: The histopathological examination of brain, salivary, lungs, heart, liver, kidney, and spleen of
control group and measles administration group at 60 day post-injection.
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The presence of MeV IgG antibody in
plasma

The vaccine activity of MeV and immune responses of
the monkeys were subsequently checked. The MeV-
specific IgG antibody was detected, and the results
showed that monkeys in the control group were neg-
ative for MeV IgG antibody during the study. Mon-
keys injected with 10°> TCID50, 10¢ TCID50, and 10’
TCID50 MeV were negative for MeV IgG antibodies
on days 0, 1, 3, and 8 and positive on days 15, 30,
and 60 post injection (Table 4). This result indicates
that MeV stimulated a specific immune response in
the study monkeys.

Histopathology of target organs

Histiopathology was performed to check whether
MeV may caused any damage in different organs
(brain, salivary, lungs, heart, liver, kidneys, and
spleen) during the persistence of the virus. No signifi-
cant changes in the histopathology were observed be-
tween the control and measles administration groups,
although different doses were present in the brain,
salivary, lungs, heart, liver, kidneys, and spleen of the
monkeys on days 30 (Figure 3) and 60 (Figure 4)
post injection. These results suggest that MeV did not
damage the organs of infected monkeys.

DISCUSSION

While the safety of attenuated MeV products has been
proved, the actual vaccine dose used for cancer treat-
ment is higher than that used for expanded immu-
nization. Preclinical experiments have also demon-
strated that extrapolating the data for clinical situa-
tions depends on species variation; therefore, species
and dose selection constitute the primary require-
ment in preclinical toxicology studies. Selection of the
species varies with the nature of the compound under
study. Evaluating the safety of a new biological prod-
uct depends on the species of the animal used®1°,
affinity and level of receptor distribution with the bio-
logical product, dose, and timing employed®. To eval-
uate the safety of the concentrated measles vaccine,
the Macaca mulatta monkey (non-human primate)
species was selected because 95% of this primate’s
genome is similar to that of humans; moreover, the
anatomical, physiological and immunological charac-
teristics of monkeys are similar to that of humans. No-
tably, Macaca mulatta monkeys are highly suscepti-
ble to MeV infection and may develop pathological le-
sions and clinical symptoms similar to MeV infections
in humans. A previous study showed that monkeys
with MeV infections have some clinical presentations

similar to those in humans, including rashes, mucosi-
tis and fever !'. Our study found that Macaca mulatta
monkeys infected with high doses of MeV showed no
significant abnormalities in physical and laboratory
examination, suggesting the safety of the MeV vaccine
strain for cancer treatment purposes.

The MeV doses administered in this study were
10°TCID50, 10°TCID50, and 107 TCID50, which
made it challenging. The MeV doses have been effec-
tively used for cancer treatment in our previous stud-
es'2 and also for human ovarian cancer treatment '3,
but these are higher than those used for vaccination
(10% TCID50). The MeV doses in our study meet
the WHO standards for animal vaccine testing prac-
tice 14. The results showed that there was no effect of
MeV on the overall health status and haematological
and biochemical parameters. This result is highly con-
sistent with those of previous studies '>~!8, indicating
the safety of MeV produced by POLYVAC for cancer
treatment.

Our results showed that MeV remained in monkey
plasma until day 30 post injection. Previous studies
have showed that MeV-RNA exists until the recovery
stage. The existence of MeV-RNA was first noted in
a follow-up study of Zambian children with measles,
in their tissues after their recovery from the disease '°.
Katz et al. (1962) showed that MeV-RNA can be de-
tected from days 4 to 21 in infected monkeys2°. Fur-
ther, a study conducted on Macaca monkeys showed
that the existence time of MeV depends on the vaccine
dose !l

The mechanism by which MeV-RNA persists and the
factors needed to eliminate viral RNA are unclear.
MeV effectively inhibits the synthesis of IFN and IFN
signals in virus-infected cells; this feature contributes
to the persistence of MeV-RNA. Domain C of the V
protein plays a role in inhibiting IFN synthesis. The
transition from type 1 to type 2 in the response of
t-lymphocytes, with the production of regulatory t-
lymphocytes and cytokines, plays a role in MeV-RNA
clearance. The binding of specific antibodies to H pro-
teins reduces the expression of proteins on the surface
of virus-infected cells. Antibodies may enhance the
existence of MeV-RNA by reducing the apoptosis and
immune clearance of infected cells?!. Prolonged ex-
istence of MeV-RNA is strongly associated with per-
sistent infections and may explain immunological ab-
normalities after rash eradication, with lifelong im-
munity development specific to measles??. The fast
clearance period is followed by a slow clearance pe-
riod, and MeV-RNA cannot be detected although it
can exist for a long time in lymphatic and other tis-
sues. Past studies on RNA sequences of late-stage
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Table 5: Elisa test for Measles IgG antibody detection

Group

(i} 3
Control (positive/total) 0/4 0/4
10° CID50 (positive/total) 0/4 0/4
10° TCID50 (positive/total) 0/4 0/4
107 TCIDS50 (positive/total) 0/4 0/4

Days
8 15 30 60
0/4 0/4 0/4 0/2
0/4 4/4 4/4 2/2
0/4 4/4 4/4 2/2
0/4 4/4 4/4 2/2

measles did not detect mutations in the H and N
genes. The data available explains the long-term ex-
istence of MeV-RNA due to its slow clearance with-
out mutation and ability to escape the immune sys-
tem. The existence of RNA indicates that the low level
of replication in tissues facilitates the maturation of
the immune response to provide lifelong protection
against reinfection. Further studies are needed to bet-
ter understand the mechanism of MeV-RNA clear-
ance?!.

In the present study, the MeV-RNA was detected in
the plasma samples but not in the tissues up to day 30
post injection. This may be due to the amount of virus
in the plasma being higher than in the tissue. The de-
termination of the existence of MeV in organs at dif-
ferent times in experimental animals is important in
clinical practice to determine the dose and the dis-
tance between the treatment cycles for patients with
cancer. In our research, determining the existence of
the virus after 30 days showed that MeV in the organs
could no longer be detected. Therefore, it is necessary
to conduct research with a larger sample size and de-
termine the existence of MeV at an earlier stage with
more timepoints.

Preclinical safety testing of vaccines involves not only
the selection of appropriate species but also an assess-
ment of the immunogenic potential of such prepara-

tions 23

. Our results showed that IgG measles anti-
bodies were positive on days 15, 30, and 60 post in-
jection, which is consistent with other studies. Myers
et al. showed that measles IgG antibodies appeared
after 15 days'®. Rita et al. showed that the positive
rates of IgG after 1 week, 2 weeks, 3 weeks and 4 weeks
post-injection with Schwartz MeV were 0%, 14%, 81%
and 85% respectively?*. Another study showed that
87% of monkeys were negative for IgG antibodies in
the plasma 11 days post injection with MeV1-F4 and
Rouvax vaccine. However, On day 29 after injection,
100% of monkeys vaccinated with Rouvax and MeV1-
F4 were found to have IgG antibodies in their plasma,
suggesting that measles antibodies may not have been
produced until day 11 after injection!!. Our results
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showed that the MeV manufactured by POLY VAC has
strong immunity.

MeV can cause organ damage in three ways: infec-
tion, viral replication, and immune response produc-
ing neurotoxic materials and allergic reactions(25).
Therefore, high doses of MeV would probably in-
duce toxicity of multiple organs. However, we ob-
served non-significant histopathological changes in
brain, salivary, lungs, heart, liver, kidneys, and spleen
in the monkeys exposed to high therapeutic doses,
suggesting the safety of the test material. The limi-
tations of the current study are that the number of
monkeys was quite small and the time of follow-up
was short. Therefore, further research should be con-
ducted with larger sample sizes, other primates, and
longer follow-up periods.

CONCLUSIONS

There were no significant abnormalities in the phys-
ical, clinical, hematological, and biochemical param-
eters after the intravenous injections of high doses of
measles vaccine. The vaccine strain of MeV existed
in monkey plasma until day 30, and the measles IgG
antibody could be detected after 15 days following in-
jection. The viruses were not detected in the tissues
and had no damaging effect on the target organs. Our
systematic preclinical safety results indicate the safety
of the concentrated measles vaccine for two months
of clinical trials with Macaca mulata monkeys.
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TCID50: The median tissue culture infectious dose
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