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ABSTRACT

The EID50 titres per dose values of three batches of 
NDVI-2 were determined as log10 EID50 7.7, 7.6 and 6.8 
after production, against reference EID50 5.5 per dose. 
These values were log10 EID50 2.2, 2.1 and 1.3 above 
the reference EID50 for NDVI-2. These vaccines were 
re-evaluated at PANVAC laboratory Debre-Zeit, prior 
to release. The initial EID50 values were compared with 
EID50 values obtained by the certifying laboratory, after 
three weeks of cold monitored freight. The packaged 
vaccine cold storage temperature of +1.9 oC prior to the 
shipment, was recorded with the aid of a temperature 
logger. The temperature logger was set to record and 
retain packaged vaccine cold storage temperature at 
hourly intervals during the freight. At the end of three- 
week freight, the temperature logger readings were an­
alysed, and temperature range of -2.48 oC to 7.7 oC was 
observed throughout the freight. However, sudden rise 
in packaged vaccine storage temperature from 7.7 oC 
to 22.28 oC was noticed on the last day of freight. The 
initial EID50 titre per dose values, when compared with 
EID50 log10 6.5, 6.8, and 6.6 per dose obtained by the 
certifying laboratory after the cold monitored freight 
and re-evaluation, showed EID50 titre loss of log10 EID50 
1.2, 0.8 and 0.6, respectively. The observed EID50 loss

could not invalidate these vaccine batches, considering 
that these had an initial EID50 titre per dose values that 
were well above the reference EID50 titre for NDVI-2. 
In Nigeria, and to our knowledge, this is the first re­
corded monitored cold storage temperature transit for 
NDVI-2.
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INTRODUCTION

Newcastle disease (ND) aetiologic agent is the New­
castle disease virus (NDV), also known as type 1 avian 
paramyxovirus, a member of the genus Avulavirus of the 
Paramyxoviridae family [5, 8, 13]. This is a single strand­
ed, enveloped, negative sense RNA virus [8, 13]. Newcas­
tle disease affects all avian species, however, outbreak of 
ND in unvaccinated poultry flock results in severe losses 
[4, 6]. Mortality rate of 75 % to 100 % in unvaccinated 
poultry flock has been reported [16].

Due to poor cold keeping conditions in developing 
countries such as Nigeria, as a result of inadequate elec­
tricity supply especially in the rural communities across
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the country, the NDVI-2 vaccine was developed to bridge 
this gap [9, 17]. The avirulent thermostable Newcastle 
disease vaccine virus strain (NDVI-2) was tested in sev­
eral laboratories across the world and has proven to be 
efficient against the local virulent strains of the ND virus 
[2,14]. Thus, it has been recommended for use in develop­
ing countries for the protection of rural backyard poultry 
flock against severe consequences of Newcastle disease 
infection [9]. Vaccination against ND has been shown to 
be an efficient control strategy against ND outbreak in 
susceptible poultry flocks [3, 7, 14, 16]. Strategic New­
castle disease control through vaccination require the use 
of wholesome, safe, efficacious and potent ND vaccine 
[10]. Therefore, careful handling of vaccine according to 
the required standard method in regards to cold storage 
condition of vaccine after production till the time of use, is 
critical in effective ND vaccination control strategy, espe­
cially in Newcastle disease endemic regions. The strategic 
Newcastle disease control programme in endemic regions 
will involve series of vaccinations and re-vaccinations in 
accordance with stipulated NDVI-2 vaccination schedule 
[10]. Thus, vaccine cold storage and cold keeping con­
dition during transit, till the time of use is critical for an 
efficient Newcastle disease eradication programme. Poor 
vaccine cold storage and handling can significantly con­
tribute to vaccine EID50 titre loss. Therefore, this study 
was carried out to examine the potential EID50 titre loss 
for NDVI-2 vaccine after an extended transportation un­
der monitored cold keeping conditions with minimal alter­
ations in packaged vaccine cold storage temperature.

Our study revealed that within a monitored cold storage 
transportation with evidence of alterations in vaccine cold 
storage condition as recorded by the temperature logger, 
EID50 titre drop or loss is possible for the NDVI-2 thermo­
stable vaccine. Thus, cold storage condition at all time is 
critical and essential in vaccine EID50 titre longevity irre­
spective of vaccine thermostable and thermolabile nature.

MATERIALS AND METHODS 

Vaccine source
Samples of three batches of NDVI-2 vaccine produced 

at the National Veterinary Research Institute, Vom, Nige­
ria, were titrated to determine their EID50 titre per dose 
values after production. The vaccine is lyophilized live at­

tenuated, packaged in 50 doses per vial and administered 
through the intra ocular route.

Determination of EID50 values
The EID50 titre per dose values of three batches of New­

castle disease (NDVI-2) vaccine of 50 dose produced by 
the National Veterinary Research Institute (NVRI), Vom, 
were determined after titration and inoculation into 10-day 
old embryonated chicken eggs. The inoculated eggs were 
incubated in a humidified incubator at 37 oC following the 
World Organization of Animal Health (WOAH) Newcas­
tle disease live vaccine titration protocol. The NDVI-2 
vaccine EID50 titre per dose values (virus concentration 
per dose) were determined according to K a r b e r meth­
od [12]. The original vaccine EID50 titre per dose values 
obtained after production were consequently compared 
to EID50 titre per dose values obtained after re-evalua­
tion or re-validation by the Pan African Vaccine Centre 
(PANVAC) laboratory, Debre-Zeit, Ethiopia, which is the 
certifying laboratory, prior to release for field veterinary 
deployment.

RESULTS

The temperature monitor logger was set to monitor, 
record and store the packaged vaccine cold storage tem­
perature at an hourly interval during the vaccine freight to 
the certifying laboratory. The temperature logger readings 
showed steady temperature maintenance throughout the 
vaccine three-week transit, with minor temperature var­
iations. The temperature logger recorded temperature of 
27.2 oC (Fig. 1) (the laboratory room temperature) prior 
to insertion into the cold storage packed vaccine shipment 
box. The vaccine cold storage condition from the tem­
perature logger reading range between -2.48 oC to 7.7 oC 
throughout the duration of the vaccine three-week freight 
(Fig. 1); from June 9, 2021 to July 1, 2021. The cold stor­
age temperature of the vaccine during the freight was not 
adversely altered. At the time of the initial temperature 
reading on the day of freight (June 9), the temperature log­
ger recorded +1.9 oC and the final reading on July 1 was 
+7.7 oC. However, a sudden rise in temperature on July 
1 (last day of the vaccine transit) was equally observed 
with the packaged vaccine temperature rising from 7.7 oC 
to 22.28 oC (Fig. 1). This sudden rise in temperature was
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Fig. 1. Three-week monitored temperature logger chart from June 9 to July 1

attributed to possible custom clearance handling at the 
port of entry, and probably the vaccine transportation from 
the airport at Addis Ababa to Debre Zeit. Though the full 
event at this stage that triggered the significant rise in tem­
perature from 7.7 oC to 22.28 oC was not understood or 
studied. Thus, the use of temperature logger, should where 
possible be incorporated in vaccine storage and transport 
as it will reveal true vaccine cold temperature keeping con­
dition prior to NDVI-2 vaccine use.

The NDVI-2 vaccine batches showed EID50 titre per 
dose value of log10 EID50 7.7; 7.6; and 6.8 per dose after 
production (Table 1); which is 2.2, 2.1 and 1.3 logarithm 
above the recommended standard reference EID50 5.5 titre 
per dose value for NDVI-2 vaccine. However, logarithm 
titre loss of 1.2, 0.8 and 0.6 titres were equally observed 
after the extended monitored transit (Table 2). The tem­
perature logger showed evidence of alteration or vari­
ations in the vaccine cold keeping temperature (Fig. 1). 
Furthermore, despite the obvious titre loss of log10 EID50 
1.2, 0.8 and 0.6 respectively (Table 2) after comparison of 
EID50 per dose titre values obtained by both laboratories, 
the vaccine batches EID50 titre per dose value after transit, 
were well above the minimum reference log10 EID50 5.5 
titre value for NDVI-2 intended for field veterinary use. 
Thus, the EID50 titre per dose value loss was not enough 
to invalidate these NDVI-2 vaccines batches, after the ex­
tended transit and re-testing for certification. This finding 
further demonstrates that a naturally thermostable vaccine 
is prone to EID50 titre value drop, with evident minimal 
alterations in temperature.

Table 1. NDVI-2 vaccine EID titre per dose value after vaccine
production

E ID 50 t it re  p e r E ID 50 t it re  p e r d o se  v a l- R e fe re n c e  E ID 50 t it re
d o se  v a lu e  a fte r ue a b o v e  re c o m m e n d - p e r d o s e  v a lu e  fo r
v a c c in e  p ro d u c - ed s ta n d a rd  re fe re n ce N D V I-2

tio n v a lu e  a fte r  v a c c in e
p ro d u c tio n

log10 7.7 p e r  d o se  

log10 7.6 p e r  d o se  

log10 6 .8  p e r  d o se

log10 EID50 2.2 p e r  d o se  log10 EID50 5.5  p e r  d o se

log10 EID50 2.1 p e r  d o se  log10 EI D50 5.5  p e r  d o se

log10 EID50 1.3 p e r  d o se  log10 EID50 5.5  p e r  d o se

Table 2. Vaccine EIDS0 titre per dose value after three-week freight 
and re-evaluation by the certifying laboratory

E ID 50 t it re  p e r d o se E ID 50 t it re  p e r d o se R e fe re n c e  E ID 50 t itre
v a lu e  a fte r  v a c c in e v a lu e  lo ss  a fte r  co ld p e r  d o se  v a lu e  fo r
re -e v a lu a t io n m o n ito re d  fre ig h t  

an d  re -e v a lu a t io n
N D V I-2

log10 6.5  p e r  d o se log10 1.2 p e r  d o se log 10 EID50 5.5  p e r  d o se

log10 6 .8  p e r  d o se log10 0 .8  p e r  d o se log 10 EID50 5.5  p e r  d o se

log10 6 .2  p e r  d o se log10 0 .6  p e r  d o se log 10 EID50 5.5  p e r  d o se

DISCUSSION

The vaccination of immunodeficient poultry flock with 
Newcastle disease vaccines especially NDVI-2 has been 
established and demonstrated to be a major control strat­
egy against ND pillage in poultry population in endemic 
region [3, 7, 14, 15, 16]. Thus, the use of various forms of 
ND vaccines at various stage of poultry flock growth has 
been inculcated towards achieving this strategic Newcas­
tle disease control objective.

The thermostable nature of the NDVI-2 vaccine has 
an additional edge over other Newcastle disease thermola­
bile vaccines such as the intra-ocular, Komarov and Laso- 
ta. Thus, the use of ND thermostable NDVI-2 vaccine has
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been suggested by [9, 11] in situations where ND vaccine 
cold chain maintenance is difficult. The use of the NDVI-2 
thermostable vaccine under poor cold storage conditions 
does not entail or encourage complete or absolute negli­
gence of standard vaccine cold storage condition; despite 
the NDVI-2 vaccine thermostable nature. This is also in 
agreement with the findings of [10] where it was reported 
that the thermostable nature of the NDVI-2 vaccine does 
not exempt it from EID50 titre value drop. It is therefore 
important to note that a thermostable vaccine must be han­
dled with same care accorded to other thermo-sensitive 
biological products; thus, thermostable vaccine such as 
NDVI-2 cannot be expose to sunlight and frequent altera­
tions in temperature and still be expected to remain potent 
[1]. It has also been observed and reported that variation in 
temperature can alter NDVI-2 vaccine viability especially 
if the vaccine cold storage temperature is altered [1]. Ther­
mostable and thermolabile vaccines require good vaccine 
cold storage condition from the time of production to the 
period of vaccine veterinary use. In many cases this cold 
keeping conditions are not strictly adhered to; especially 
in regions of the world where electricity supply is grossly 
inadequate; for appropriate vaccine storage especially in 
rural settings.

Furthermore, efficaciousness of NDVI-2 vaccine in 
field situation depends on its wholesomeness, safety, po­
tency, with standard, and acceptable EID50 titre per dose 
value, thus, vaccine cold keeping condition and handling 
from the time of production to the time of veterinary field 
application; especially where the vaccine use is geared to­
ward Newcastle disease strategic control, and eradication 
initiative cannot be overemphasized.

The findings of our study revealed that at a temperature 
range of +1.9 to 22.28 oC under monitored cold storage 
condition and with limited observable temperature alter­
ations, the EID50 titre drop is most likely; based on the 
readings of the temperature data logger (Fig. 1) and the 
compared EID50 titre values obtained by both laboratories. 
Table 1 shows the NDVI-2 vaccine EID50 titre value af­
ter production while (Table 2) shows the NDVI-2 vaccine 
EID50 titre value after extended transit and re-evaluation by 
the certifying laboratory. Table 2 shows observable EID50 
titre value loss of log10 1.2, 0.8 and 0.6 EID50 per dose re­
spectively, after three weeks of freight. The record of the 
temperature logger analysis, showed that the vaccine cold 
storage condition was fairly maintained throughout the du­

ration of the freight with minimal temperature variations, 
but a significant rise in temperature was equally observed 
on the day the vaccine was moved from the port of entry to 
the certifying laboratory (Fig. 1).

The re-validated vaccine final EID50 titre per dose val­
ues were well within the acceptable EID50 potency titre 
value for NDVI-2 (Table 2), despite the observable EID50 
titre loss of log10 1.2, 0.8 and 0.6 respectively. The vaccine 
potency EID50 per dose titre values were well above the 
recommended log10 5.5 EID50 titre per dose reference for 
NDVI-2. The event of July 7, 2021, showed a sudden and 
significant rise in temperature based on the temperature 
logger data, although, the full event that led to this rise in 
temperature was not studied; however, it was attributed to 
possible clearance delay by customs service at the point 
of entry and probably to delay during the road trip from 
Addis Ababa to Debre Zeit.

The extra EID50 titres per dose value of log10 2.2, 2.1 
and 1.3 per dose (Table 1), incooperated into these NDVI- 
2 vaccines batches while being compounded as observed 
in this study, were able to carter for the vaccine EID50 ti- 
tre loss observed (Table 2). Our finding and that of [10], 
is a further confirmation of the robustness, and integrity 
NDVI-2 vaccine, produced by the National Veterinary 
Research Institute Vom, Nigeria. It is thus suggested that 
for all vaccines, be it thermolabile or thermostable, that 
extra EID50 value of about 1 to 2 EID50 logarithm values 
be in-cooperated to carter for possible EID50 titre loss that 
might occur due to poor cold vaccine storage conditions, 
especially in regions of the world with limited, or poor 
electricity supply.

CONCLUSIONS AND RECOMMENDATIONS

Our study revealed that irrespective of the Newcastle 
disease vaccine thermostable nature, its cold storage con­
dition from the time of production till time of use, should 
be accorded recommended vaccine cold storage condition. 
Therefore, having demonstrated EID50 titre loss in thermo­
stable NDVI-2 vaccine under limited variations in vaccine 
cold storage conditions; the need for in-cooperation of ex­
tra EID50 titre per dose value during vaccine production 
cannot be overemphasized, since vaccine poor handling, 
and possible temperature alterations during transit in the 
field situation, cannot be ignored, or treated with levity
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by the Newcastle disease vaccine end users. The vaccine 
producers must insist on strict adherence to vaccine cold 
keeping conditions at the point of purchase.

Based on our findings, being the first reported NDVI-2 
vaccine transportation under cold storage monitored con­
dition in Nigeria; we recommend the use of temperature 
logger for vaccine cold storage monitoring prior to NDVI- 
2 vaccine veterinary field deployment and use.
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