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Abstract

Anthrax is endemic in Ethiopia with sporadic outbreaks despite the regular vaccination of
domestic livestock. This has raised concerns on the effectiveness of the vaccination strategy which
may be associated with breaches in the vaccine cold chain maintenance. This study was aimed at
demonstrating the tolerance of anthrax vaccine to cold chain breaches through evaluation of viable
spore counts expressed as colony forming units per mL (CFU/mL) of freeze-dried and suspension
anthrax vaccines stored at 5 °C, 20 °C and 37 °C for up to 6 months. Both vaccine formulations
maintained above the recommended minimum required titre (2 x 108 culturable spores per dose
for cattle, buffaloes and horses, and not <1 x 108 for sheep and goats) for up to 6 months at 5 °C
storage. In storage at 20 °C, the viability of freeze-dried anthrax vaccine maintained the minimum
required titre up to 6 months while up to 90 days in case of the suspension formulation. Both
types of vaccine formulations maintained the minimum titre per dose for up to 30 days at 37

°C storage. Generally, both vaccine formulations showed similar trends in titre fall in all of the
three storage temperatures (5 °C, 20 °C and 37 °C) as observed in the almost linearly overlapping
95% confidence intervals (Cl) up to day 90 at 5 °C and 20 °C storages while up to day 30 at

37 °C storage. However, a significant (P < 0.05) drop in titre was observed after day 90 for
storages at 5 °C and 20 °C, and after day 30 for 37 °C storage as observed in the non overlapping
95% CI from the average titres of previous time points. This study showed that if temperature
excursion occurs above the recommended temperature range (4-8 °C) during storage or transport,
the vaccine should remain effective and can still be used in vaccination programs.
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Introduction

Anthrax, a zoonotic disease caused by Bacillus anthracis, causes mortality and morbidity

in animals and humans. Owing to the spores of B. anthracis capable of spreading through
aerosol, the organism can present a serious bio-threat [1]. Globally, an estimated 20,000 to
100,000 incidents of human anthrax occur per year [2] with a significant number of cases
being in Chad, Ethiopia, Zambia, Zimbabwe and India. Anthrax ranks second next to rabies
as the disease of greatest zoonotic concern in Ethiopia [3] with sporadic outbreaks occurring
typically in May and June of the year [4]. In 2003, Ethiopia reported almost 2000 cases

of human anthrax [5]. Anthrax outbreaks have been reported in Amhara, Oromia, Tigray
and Southern regions of Ethiopia in domestic ruminants and humans. In Ethiopia, humans
are at risk of infection mainly due to the tradition of consuming raw meat and sharing

of home-butchered meat among the community, resulting in exposure of several people to
contaminated meat from a single animal anthrax case.

In Ethiopia, vaccination of livestock has been the major strategy in the prevention and
control of the disease in both animals and humans, a strategy considered to be the most
effective and practically feasible. Currently, most countries, including Ethiopia, use vaccine
prepared from live spores of a non-encapsulated but toxigenic variant of Bacillus anthracis
34F2 Sterne strain developed many decades ago [6,7]. The National Veterinary Institute
(NV1) is the sole provider of anthrax vaccine in Ethiopia, which is a lyophilized spore
vaccine. Vaccine distribution to the different regions is the responsibility of the Ministry

of Agriculture. The NVI delivers lyophilized vaccine to regional vaccine storage hubs in
case of bulk orders using cold trucks. Once the vaccine leaves the production facility, it is
recommended to be maintained at 2-8 °C until reconstituted and used.

In Ethiopia, the regional states carry out the anthrax vaccination strategy. In most cases,
districts have their own budget to order the vaccine, conduct both preventive, and reactive
vaccination (ring vaccination following an outbreak). However, there may be insufficient
incentive for the farmers to get their animals vaccinated routinely as they are expected to pay
for the vaccine.

Failure to maintain the cold chain has been a major problem at district level due to

frequent power outage, malfunctioning cold stores and lack of attention to abide by the
manufacturer’s instructions in vaccine storage and management. Thus, there is doubt as to
whether the vaccines are transported, stored and handled appropriately at district level. . The
availability of an effective vaccine and vaccination programme should have brought effective
control of the disease. It has been suggested that anthrax outbreaks in Ethiopia may be
partly due to the ineffectiveness of the vaccination programme. The situation on the ground
suggested the need for an investigation into the possibility of vaccine failure due to lack of
cold chain maintenance.

For anthrax vaccine to be effective, it should contain a minimum of 2 x 10° culturable spores
per dose for cattle, buffaloes and horses, and not<1 x 10° culturable spores per dose for
sheep, goats and pigs [8]. The vaccine is expected to contain these spores in an appropriate
volume, e.g. 2 x 108/ml [8]. This investigation was undertaken to examine vaccine stability
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under controlled laboratory conditions at different temperatures and time points to determine
the vaccine’s tolerance to storage under adverse environmental conditions, and to evaluate
potential differences between freeze-dried and suspension formulation vaccines.

2. Materials and methods

2.1. Anthrax vaccine samples

Samples from three different lots of freeze-dried anthrax spore vaccine produced and stored
at NVI, and samples from two lots also produced by NVI1 but already distributed to two
districts (field) were used for viabilty evaluation. Additionally, a suspension formulation of
anthrax spore vaccine kindly provided by Colorado Serum Institute (CSI) (Colorado Serum
Company, Denver, CO, USA) was also used for potency evaluation for comparison purposes
with the freeze-dried anthrax spore vaccine. This suspension vaccine is also produced from
the 34F2 Sterne strain of B. anthracis containing a suspension of viable Bacillus anthracis
spores in Saponin.

The freeze dried anthrax spore vaccine is prepared from spores of B. anthracis freeze dried
with saponin and skim milk used as an adjuvant and stabilizer, respectively.

2.2. Determination of viable spore count and vaccine storage conditions

Potency of anthrax vaccine can be determined either by determining the titre of the vaccine
which refers the expected number of live organisms it contains per dose or mL of vaccine

or in bioassay studies through determination of the protective efficacy [9,10,11]. In this
study, determination of viable spore count of anthrax vaccines was used as a measure of
potency and was done at the Research & Development Laboratory of the National \Veterinary
Institute, Ethiopia. Anthrax vaccine titre was determined by enumerating the number of
culturable spores employing the plate colony count method according to standard plate count
protocols described previously [12,13,14].

Viable spore count was done on two categories of vaccine samples which included:

anthrax vaccine samples obtained from manufacturers (Freeze dried vaccine from NVI and
suspension vaccine from CSI) and freeze-dried anthrax vaccine samples collected from field
(selected districts in Ethiopia). In case of anthrax vaccine samples obtained directly from
manufacturers, an accelerated stability test was conducted after keeping the vaccines under
controlled storage conditions. In the accelerated stability test, vaccine samples were stored
at two temperature points (20 °C and 37 °C) above the recommended storage temperature
and at one temperature point (5 °C) within the recommended storage temperature range
(2-8 °C). A total of nineteen time points at which viable spore count was determined, were
considered throughout the selected temperature points (6 time points at 5 °C, 8 at 20 °C and
5 at 37 °C) (Table 1) [13,15]. Two calibrated incubators and a refrigerator were used for

the experiment (in both freeze-dried and suspension Anthrax vaccines) and the temperature
record was monitored twice a day until the end of the experiment. The timeframe of 6-month
storage was set in this study due to the fact that customers unlikely store vaccines for >6
months after purchase.
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Accordingly, nineteen randomly selected vaccine vials from each of the three most recently
produced batches of freeze-dried anthrax vaccine from NVI cold storage and 19 vials from
a single batch of the suspension anthrax spore vaccine from CSI were used for accelerated
potency test after storage at 5 °C, 20 °C and 37 °C at the indicated time points shown in
Table 1.

At each time point, triplicate plates were used for each serial dilution of the vaccine. The
average CFU/ml of replicates from each batch and the average of the counts of the three
batches of the freeze-dried vaccine as well as the suspension formulation were determined to
estimate the viability of anthrax vaccines.

Culturable spore counts of vaccine samples obtained from the field (two districts from
Oromia region) were immediately analyzed for potency after retrieval from the field. In both
districts visited, vaccine was purchased and transported from NVI in ice blocks although
there is no means of verifying whether the recommended cold chain was maintained

during transport. Although both districts use refrigerators and freezers to keep vaccines,
they experience frequent power outages and technical malfunctioning of their equipment.

In both cases, anthrax vaccines that were sampled for viability evaluation were retrieved
from a storage room where they had been kept for eight (Dodota Sire district) and 11
(Zeway Dugda district) weeks at ambient temperature due to malfunctioning refrigerators.
The average ambient temperature at the site of vaccine storage at Dodota Sire district during
the time of the visit was 20 °C (range 13-24 °C) [16] while 18 °C (range 13-21 °C) at
Zeway Dugda [17].

2.3. Data analysis

The colony forming unit (CFU) data was recorded in Microsoft excel and were log
transformed. Descriptive statistics such as averages, standard deviations and 95% confidence
intervals (CI) were used in summarizing and analyzing the data.

3. Results

3.1. Viable/culturable spore count of anthrax vaccines

The results of the laboratory analysis of anthrax vaccine samples are presented in Table 2.

Generally, both formulations of anthrax vaccine (freeze dried and suspension) maintained
titre above the minimum recommended titre of 2 x 106 and 1 x 10° culturable spores per
dose for cattle and small ruminants, respectively [8] all through the 180 days after storage at
5 °C, although a gradual decreasing trend in titre was observed with no significant difference
(P > 0.05) among titres of the consecutive time points as observed in the almost linearly
overlapping 95% CI except for the freeze dried vaccine formulation where the titre fall was
significant (P < 0.05) after 90 days of storage as evidenced by the non-overlapping 95% CI

(Fig. 1)

Storage at 20 °C did not cause a drop in titre below the recommended titre per dose up to
day 90 for suspension vaccine and up to day 180 for lyophilized vaccine formulation. In
both formulations although the titre did not drop below the minimum recommended dose at
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storage at 37 °C up to day 30, a significant (P < 0.05) drop in titre was observed thenafter in
both cases (Fig. 3).

Generally, both vaccine formulations showed similar trends in titre fall in all of the three
storage temperatures (5 °C, 20 °C and 37 °C) as observed in the almost linearly overlapping
95% Cl up to day 90 at 5 °C and 20 °C storages while up to day 30 at 37 °C storage

and a significant (P < 0.05) drop after the above respective time points as seen in the

non overlapping 95% CI suggesting similar temperature tolerance of the two vaccine
formulations (Figs. 1-3). The lyophilized vaccine maintained the minimum recom mended
titre per dose at 20 °C up to day 180 which may be due to its higher initial titre as both
formulations showed similar trends in titre fall (Figs. 1-3).

The titre of anthrax vaccine collected from the two districts from Oromia region was 2x107
CFU/mL for Dodota Sire district while 3.5x107 for Zeway Dugda district; both with titers
above the minimum recommended per dose. Records show that the vaccine batch tested
(1/19) at Dodota Sire district was in their store for 8 weeks and that of Zeway Dugda district
(batch 4/19) for 11 weeks both kept at ambient temperature averaging 18-20 °C [16,17].

In storage at 5 °C, the average plate count at day 30 (2.6x108) was higher than day 14
(2.4x108) in freeze dried vaccine formulation while in storage at 20 °C the average plate
counts at day one was higher than the initial average counts in the suspension anthrax
vaccine. In storage at 20 °C, the average plate count of the freeze-dried anthrax vaccine at
day 3 (2.6x108) was higher than day one (2.4x108) and the initial count (2.5x108) while the
average plate count at day seven (2.8x108) was higher than the count at initial, day one and
three. At 37 °C, the average count at day three was higher than at day one in the freeze-dried
anthrax vaccine (Table 2).

4. Discussion

Generally, being biological substances, all vaccines are sensitive to adverse environmental
or storage conditions with a specific shelf life and gradually lose their potency. The

loss of potency is much faster when the vaccine is exposed to temperatures outside

the recommended storage ranges, indicating the strict requirement to abide by the
manufacturer’s instruction in maintaining the recommended temperature conditions under
which the vaccine is kept to the moment of administration in order that full vaccine
potency is retained.. One of the methods used in potency evaluation of live vaccines is
determining the titre of the vaccine, which refers the expected number of live organisms

it contains per dose or an mL of vaccine suspension although measuring the biological
activity/immunogenicity of the vaccine after administration into a living system (bioassay)
as in determining protection against challenge is a more robust method of evaluating
potency. Performing animal studies to evaluate potency, particularly in case of anthrax,

is expensive, and requires specialized bio-containment facilities and experience which
otherwise is hazardous due to the risks of environmental contamination and human health.

Thus, it was beyond the scope of this work. Because the anthrax vaccine is a live vaccine,
a decrease in viability would affect the dose given and potentially affect potency. Anthrax
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vaccine is a spore that can tolerate extremes in environmental conditions. However, it is not
known whether the vaccine is susceptible or tolerant to conditions outside manufacturers’
recommended storage conditions warranting an investigation.

The results of this study revealed that both freeze-dried and suspension formulations of
anthrax vaccine are highly tolerant to storage above the recommended temperatures (4-8
°C) showing similar trends in titre fall. Freeze-dried anthrax vaccine maintained at least the
recommended minimum titre for up to six months at storage at 20 °C (room temperature)
while the suspension formulation was up to 90 days. Both types of vaccine formulations
maintained the minimum titre per dose for a month at storage at 37 °C. These findings are
corroborated by previous work where it has been demonstrated that storage at moderate
temperature that does not exceed 20 °C with minimum temperature variation and vaccine
protected from direct sunlight was stable and effective up to two years [13].

The disparities observed in the current study in the plate count data could be due to the
compound effect of the inherent limitation associated with the plate count method and
subjective factors related to the laboratory technician. Since CFU shows only an estimate

of the number of cells present, it is a skewed estimate based on the only cells that are

able to form colonies and that can grow under the conditions of the test which include
media, temperature, time, and oxygen conditions, which may be difficult to control. This can
contribute to the variations in plate counts between cultures. Another limitation of the plate
count or CFU method is that clumps of bacteria cells can be miscounted as single colonies
[18] since results are reported as CFU/mL rather than bacteria/ml. Moreover, the plate count
method has the relatively narrow countable range, generally considered to be 25-250 CFU
bacteria on a standard petri dish, which lowers its precision.

In addition, the recorded plate count data is the interpretation of the technician which is
known to vary among technicians even on the same sample. Generally, although plate count
data are the best data that we can have, they are an interpretation of the number of colonies
on the plate that can be influenced by the colony morphology, colony density, and the
temperament of the counter [18]. There are also a number of variables contributing for

poor reproducibility inherent with the method which may include errors associated with
plating, dilution, sampling, counting and recording. Such variability can only be minimized
by increasing the number of replicate platings [18]. The current study employed the standard
triplicate plates per dilution, and thus increasing the replicates was expected to increase the
accuracy of the method.

It is known that vaccine storage conditions at the district level can vary greatly and are very
often suboptimal. At many of the districts where vaccine is stored until delivery, there are
inconsistencies with availability of cold storage, with potential freeze—thaw cycles due to
frequent power outages, and lack of equipment that refrigerates reliably. However, in this
study, in working with vaccines retrieved from storage at the district level there was more
than sufficient titre to supply protection after storage at ambient temperatures for eight to
11 weeks. Combining the results from the laboratory study as well as the study of vaccine
retrieved from the field, we conclude that potentially adverse vaccine storage conditions are
not likely to be responsible for anthrax vaccination failures. This suggests that the sporadic
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occurrence of anthrax outbreaks observed in Ethiopia doesn’t appear to be associated with
vaccine failure, but rather related to timing of vaccination and coverage or some other causes
which may need further investigation.

In conclusion, the results of this study revealed that both freeze dried and suspension
formulations of anthrax vaccine were highly tolerant to storage above the recommended
temperatures (4-8 °C) showing similar trend in titre fall. Freeze dried anthrax vaccine
maintained the recommended minimum titre for up to six months storage at 20 °C (room
temperature) while the suspension formulation for up to 90 days. Both types of vaccine
formulations maintained the minimum titre per dose for one-month storage at 37 °C.

This study shows that if temperature excursion occurs above the recommended temperature
range (4-8 °C) during storage or transport, the vaccine should remain effective and can still
be used in vaccination programs. The high tolerance of anthrax vaccine to storage above the
recommended temperature range observed in this study suggests that temperature excursions
might not require canceling a vaccination campaign, if replacement vaccine is not available.
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Fig. 1.

Trends in viability of freeze dried and suspension anthrax vaccine formulations stored at 5
°C for a period of 6 months. . Note: The error bars show the 95% CI of each average log
CFU/mL. Almost linearly overlapping 95% CI show the lack of significant difference (P >
0.05) between the average values of consecutive time points while non-overlapping 95% CI
show significant differences (P < 0.05).
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Fig. 2.

Viability of Freeze-dried and suspension anthrax vaccine formulations determined at
different time points that were stored at 20 °C for 6 months. . Note: The error bars show the
95% CI of each average log CFU/mL. Almost linearly overlapping 95% CI show the lack of
significant difference (P > 0.05) between the average values of consecutive time points while
non-overlapping 95% CI show significant differences (P < 0.05).
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Viability of Freeze-dried and suspension anthrax vaccine formulations determined at
different time points that were stored at 37 °C for 3 months. . Note: The error bars show the
95% CI of each average log CFU/mL. Almost linearly overlapping 95% CI show the lack of
significant difference (P > 0.05) between the average values of consecutive time points while
non-overlapping 95% CI show significant differences (P < 0.05).
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