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Abstract

Nasal vaccines are very effective but the olfactory organ provides direct access of antigens to the 

brain. Infectious hematopoietic necrosis virus (IHNV) is known to cause high mortalities in 

salmonids. The purpose of this study is to evaluate the safety of a live attenuated IHNV nasal (I.N) 

vaccine in rainbow trout (Oncorhynchus mykiss). In the olfactory organ, the vaccine was detected 

1 and 4 days after primary I.N vaccination but not in the intramuscular (i.m) or control groups. In 

the brain, IHNV was detected by RT-qPCR 4 and 21 days after i.m primary vaccination. One i.m 

and one I.N vaccinated trout were positive at days 4 and 28 days post-boost, respectively. Presence 

of IHNV in the brain of i.m vaccinated fish correlated with moderate increases in IL-1β and TNF-

α expression in this tissue. These results demonstrate that IHNV vaccine lasts for 4 days in the 

local nasal environment and that nasal vaccination appears to be safe to the CNS of rainbow trout.
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1. Introduction

Vaccination induces protective immunity through activation of the host's immune system and 

ideally has no adverse effects. Killed vaccines are usually very safe, but do not mimic the 

immune response elicited by a live pathogen such as an attenuated vaccine. While live 

attenuated vaccines are highly immunogenic and lead to high levels of protection, they may 

cause safety issues particularly in immunocompromised hosts [1].
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Nasal vaccines are licensed for use in humans and other animals (cats, dogs, etc.). However, 

the usage of nasal vaccines in humans has been demonstrated to negatively affect the CNS. 

The notable Bell's palsy cases reported in Switzerland in 2000–2001 showed inflammation 

of the CNS due to ganglioside-binding Escherichia coli heat labile toxin adjuvant present in 

the influenza virus vaccine formulation [2,3]. While concern has arisen in instances of nasal 

vaccination such as the Bell's Palsy case, nasal vaccination continues to remain widely used.

Fish vaccination plays an important role in controlling infectious diseases that threaten the 

fish farming industry [4,5]. While several delivery methods of vaccination are available 

(including immersion, oral delivery and injection vaccination) [6], injection vaccination is 

the most widely used vaccination method for disease control in aquaculture [7,8]. Recently, 

a fourth delivery method, the nasal vaccination, has been shown to be potentially useful in 

aquaculture [5,9].

Infectious hematopoietic necrosis virus (IHNV) is a virus of the genus Novirhabdovirus [10] 

and the causative agent of infectious hematopoietic necrosis (IHN), one of the most serious 

threats to salmonid fishes. IHN outbreaks can cause more than 80% mortality rates in certain 

cases [11]. Interestingly, IHN can have both hematopoietic and neurotropic manifestations 

[12]. We have previously shown that the nasal route is extremely effective at protecting 

rainbow trout against IHNV when using a live attenuated IHNV vaccine [5,9]. However, due 

to the direct connection of the olfactory system to the CNS via the olfactory bulb, as well as 

the live nature of the vaccine and the neurotropic potential of this virus, we asked whether 

nasal vaccination leads to antigen access to the CNS of rainbow trout. We report here that 

nasal vaccination of 5 g rainbow trout with live attenuated IHNV vaccine is overall safe to 

the CNS based on molecular and histological studies.

2. Materials and methods

2.1. Animals and vaccination trials

Specific-pathogen-free (SPF) rainbow trout (mean weight, 5 g) were obtained from Clear 

Springs Foods, Inc. Fish maintenance and rearing conditions as well as live attenuated IHNV 

viral vaccination trials were conducted as previously reported [5]. Briefly, specific-pathogen-

free (spf) rainbow trout (4 g mean weight) were obtained from Clear Springs Foods Inc. 

(Buhl, Idaho). Fish were maintained in 378 L tanks that received single-pass spf spring 

water at a constant temperature of 14.5 °C and a dissolved oxygen content of 9.2 ppm. Fish 

were fed twice daily a commercial rainbow trout diet (Clear Springs Foods, Inc.).

The three experimental groups included mock vaccinated (saline I.N and i.m), I.N 

(attenuated vaccine) and i.m (attenuated vaccine) vaccinated groups. Fish received either a 

primary vaccination alone or an additional booster vaccination 28 days after the primary 

vaccination using the same vaccine delivery method. Boosting was performed on day 28 

since at this point rainbow trout are known to have established an efficient adaptive immune 

response. Moreover, although a recommendation for humans, the Centers for Disease 

Control and Prevention (CDC) recommends spacing live viral vaccine administration at least 

28 days apart. Fish were vaccinated by pipetting 25 µl of live attenuated IHNV into the right 

nare (I.N) or through injection of 25 µl of the same vaccine into the dorsal musculature (i.m) 
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anterior to the dorsal fin as previously described [5]. Both olfactory rosettes and the entire 

brain of each fish (n = 5–6) were dissected out using sterile forceps and scalpel. Fish were 

sampled at days 1, 4, 7, 14, 21 and 28 days post-primary immunization (dpi), and after 

boosting fish were sampled (n = 6) at days 4,14, and 28 days post-boost (dpb) in order to 

reflect the kinetics of ectothermic vertebrates innate (7 dpi) and adaptive (28 dpi) immune 

responses.

2.2. Detection of IHNV and pro-inflammatory cytokines

RNA was extracted as explained elsewhere [5], cDNA was synthesized and RT-qPCRs were 

performed as previously described [13]. Positive IHNV detection was then confirmed for the 

IHNV G protein amplicon, 113 bp [14], via RT-PCR. Products were run in a 2% agarose gel 

in order to confirm that the detection was accurate. Specific primer sequences (5′–3′) were 

used to determine the presence of IHNV (IHNV-G1035F: CATGTCCATCCCCCAGAACT; 

IHNV-G1147R: GGACAACTGTTCCACCTTGTGTT; Accession Number: L40883) [14]. 

All RT-qPCR positive samples for IHNV were confirmed positive by RT-PCR.

To measure the expression of pro-inflammatory cytokines, trout elongation factor EF-1α 

(primers 5′–3′: EF-1aF: CAACGATATCCGTCGTGGCA; EF-1aR: 

ACAGCGAAACGACCAAGAGG; Accession number: AF498320) was used as a control. 

IL-1β was chosen as a marker for brain inflammation since it is known to be the major pro-

inflammatory cytokine triggered by rhabdoviruses in brain tissue of other animal species 

[15]. Additionally, the expression of two other pro-inflammatory cytokine genes, TNF-α and 

IFNγ, was also quantified. Specific primer sequences (5′–3′) used were: IL1bF: 

ACATTGCCAACCTCATCATCG; IL1bR: TTGAGCAGGTCCTTGTCCTTG; TNFaF: 

GGGGACAAACTGTGGACTGA; TNFaR: GAAGTTCTTGCCCTGCTCTG; IFNgF: 

GCTGTTCAACGGAAAACCTGTTT; IFNgR: TCACTGTCCTCAAACGTG [16]. The 

relative expression level of the cytokine genes was determined using the Pfaffl method [17] 

and qPCR results were analyzed by T-test to identify statistically significant differences 

between groups (p < 0.05).

2.3. Histology

The brains (n = 6) of trout from each experimental group were sampled after primary 

vaccination as described above. Brains were fixed in 10% neutral buffered formalin 

overnight and then transferred to 70% ethanol. Tissues were embedded in paraffin and 5 µm 

thick sections (ten sections per sample) were stained using routine hematoxylin-eosin stain. 

Slides were observed under a Zeiss Axioscope microscope coupled to a digital camera using 

the Axiovision V.2 software.

3. Results

3.1. Detection of IHNV RNA in the olfactory organ following vaccination

We measured the presence or absence of the live attenuated IHNV vaccine in the olfactory 

organ of trout in all groups. All (100%) I.N vaccinated fish tested positive for the vaccine 

RNA 1 dpi. Additionally, 4/5 (80%) fish tested positive for the IHNV RNA 4 dpi (Table 1). 

The vaccine was no longer detectable in the olfactory system 7 dpi and beyond. In the i.m 
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vaccinated group, no fish tested positive for IHNV RNA at any of the sampling points, 

similar to the control group. In the booster vaccination portion of the trial no fish tested 

positive for IHNV RNA in either treatment group.

3.2. Detection of IHNV in the CNS following vaccination

In order to examine the ability of a live attenuated IHNV vaccine to cross the blood brain 

barrier, brain tissue from mock, I.N, and i.m. vaccinated trout was examined for the presence 

of the IHNV G protein transcripts by RT-qPCR. IHNV RNA was detected in the brain tissue 

of 3/5 (60%) i.m vaccinated fish 4 dpi and in 1/5 (20%) of the i.m vaccinated fish at 21 dpi 

(Table 2). All I.N vaccinated fish were negative for IHNV G protein transcripts. Following 

booster vaccination, IHNV RNA was detected in 1/6 (16.6%) i.m vaccinated (4 dpb) and 1/6 

(16.6%) I.N. vaccinated trout (28 dpb). In both the primary and booster vaccination trial all 

mock-vaccinated trout tested negative.

3.3. Expression of pro-inflammatory cytokines in the brain of rainbow trout following i.m or 
I.N IHNV vaccination

We examined the modulation of three pro-inflammatory cytokines in the CNS of rainbow 

trout following primary vaccination with live attenuated iHNV. Approximately a 2-fold up-

regulation of IL-1β was detected in 4/5 (80%) i.m. vaccinated trout at 4 dpi, whereas a ~2-

fold down-regulation occurred in 4/5 (80%) i.m vaccinated fish at 7 dpi (Fig. 1A). Trout that 

received an I.N. vaccination experienced no significant changes in IL-1β expression levels 

compared to the control group (Fig.1A). With regards to TNF-α, we observed a significant 

down-regulation in expression in both i.m and I.N groups on day 1 (≈2-fold and 3-fold, 

respectively) (Fig. 1B). On day 4, TNF-α expression was significantly up-regulated (4.25-

fold) in the i.m but not I.N vaccinated group. On day 7, a second down-regulation in 

expression was observed in both vaccinated groups (approximately 4.5-fold) with no further 

changes in expression observed subsequently (Fig. 1B). IFNγ expression was significantly 

down-regulated on day 1 in both the i.m vaccinated group (32-fold) and I.N vaccinated 

group (14-fold) (Fig. 1C). Similar to what was observed for the other two genes, the i.m but 

not the I.N vaccinated group showed a significant change in IFNγ expression in the brain 4 

dpi, with a 2-fold increase in expression compared to control fish. No changes in expression 

were recorded thereafter (Fig. 1C).

Histological examination of the brain tissue of all groups failed to identify any signs of 

tissue damage or inflammatory cell infiltration into the CNS (not shown) although no 

markers for immune genes or leucocytes were used in the present study.

4. Discussion

Vaccines must pose no threats to the host and safety testing is essential prior to vaccine 

licensing. Vaccines delivered intranasally can be effective both in aquatic and terrestrial 

animals but the safety of nasal vaccination in fish had not been evaluated to date. Since cases 

of cerebral Bell's palsy linked to influenza virus nasal vaccination were reported in humans, 

we were interested in determining possible safety issues of nasal vaccination with IHNV in 

rainbow trout.
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Our results demonstrate that following nasal vaccination, the IHNV vaccine remains at 

detectable levels in the olfactory organ for at least 4 days but then is cleared, likely by a 

number of mechanisms, including uptake by infiltrating immune cells. This kinetics mirrors 

our previous results where we showed that the peak of the NALT innate immune response at 

the transcriptome level takes place 4 days post nasal vaccination with the same vaccine [5]. 

In the booster experiment, we could not detect IHNV RNA at 4 dpb, an indication that faster 

antigen clearance takes place in trout upon secondary encounter with the antigen (memory 

response). Interestingly, we found one I.N vaccinated fish (16.6%) with detectable IHNV 

RNA at 28 dpb. Larger sampling sizes may have revealed different proportions but in any 

case, this result suggests a few proportion of the animals may mount insufficient memory 

immune responses to the initial vaccination. However, given that 83.3% of the fish given a 

booster vaccination were able to clear the antigen successfully indicating that, in a majority 

of the cases, local memory immunity is effective at clearing the antigen upon secondary 

encounter.

Live attenuated viral vaccines, particularly neurotropic viruses, may pose a problem for the 

host's nervous system if the vaccine travels via the olfactory bulb to the brain. Our results 

clearly demonstrate that I.N vaccination is a safe vaccination method for the CNS of 

rainbow trout at the age group tested in this study. These findings indicate that following 

nasal vaccination the olfactory organ and/or the olfactory bulb do not allow the live vaccine 

to reach the CNS. This is in agreement with the observation that despite the olfactory 

mucosa serving as a conduit for a number of viruses to enter the brain, infections in the CNS 

rarely occur [18]. However, previous work in our laboratory found vaccine-associated 

mortalities when nasal vaccination with IHNV was performed in very young trout (~2.3 g), 

indicating the possibility that such mechanisms are not fully functional in younger fish [19].

Surprisingly, we found that primary i.m. vaccination can lead to presence of viral RNA in 

the trout CNS and to modulation in the expression of three different pro-inflammatory genes 

(IL-1β, TNF–α and IFNγ). Since IHNV is neurotropic, these results indicate that systemic 

delivery of the vaccine is sufficient for the live attenuated virus to reach the CNS. On the 

other hand, I.N vaccination did not result in the presence of viral RNA in the CNS. Despite 

the absence of the antigen, we still recorded a significant down-regulation in the gene 

expression of TNF-α and IFNγ in the brain of I.N vaccinated fish. I.N vaccination did not, 

however, lead to increased proinflammatory cytokine expression in the brain. Thus, CNS 

cytokine response following nasal vaccination must be triggered via other mechanisms. The 

CNS of teleosts contains large numbers of leucocytes, mostly lymphocytes and macrophages 

[20], therefore it is likely that CNS resident leucocytes are sources of IL-1β, TNF-α and 

IFNγ, although neuronal sources cannot be ruled out. Additionally, no obvious signs of 

inflammation were observed after histological examination, thus it is likely that the increases 

in IL-1β and TNF-α expression recorded do not result in serious damage to the CNS of 

rainbow trout. Alternatively, we cannot rule out that tissue damage may occur at a later time 

point that when gene expression is detected. In any case, mild inflammation in the CNS as a 

result of vaccination may be beneficial to the host if it occurs under controlled conditions 

and may protect the host against viral infection as shown in a mouse model [21].
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5. Conclusion

In conclusion, we demonstrate that nasal vaccination with a live attenuated IHNV vaccine is 

a safe vaccination method for rainbow trout (5 g) whereas mild inflammatory responses can 

occur in the CNS following i.m injection vaccination. Further studies will address whether 

induction of mild inflammatory responses in the CNS can be advantageous to the host and 

help clear neurotropic IHN upon secondary encounter with the pathogen.
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i.m intramuscular

I.N intranasal

CNS central nervous system

IHNV infectious hematopoietic necrosis virus

spf specific-pathogen-free

dpi days post-immunization

dpb days post booster
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Fig. 1. 
Fold-change expression of A) IL1-β B) TNF-α and C) IFNγ in the brain of I.N or i.m IHNV 

vaccinated rainbow trout compared to mock-vaccinated trout at different time points 

following primary vaccination. Bars represent mean fold change ± standard error (N = 5). 

Asterisks denote statistically significant differences (p < 0.05).
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