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Abstract
Using iodine solutions to disinfect newly-spawned salmonid eggs
is well established. This study examined the bacterial communities of
eggs from five landlocked Chinook salmon Oncorhynchus tshawytscha
females subjected to 10-minute treatments’ of 100, 200, or 400 mg/l
of active iodine prior to hatchery incubation. Bacterial sampling of the
eggs occurred prior to disinfection, immediately after disinfection and
28-days later at the eyed stage of development. Hatchery incubation
water was also sampled. The number of cultivable bacteria on the
external membrane of freshly-spawned eggs ranged from 10 to over 66
colony-forming units. All of the iodine treatments significantly reduced
the number of bacteria compared to pretreatment samples, but there
were no significant differences among the treatments. Numbers of
cultivable bacteria on eggs at the eyed stage after 28 days of incubation
were approximately 105 times greater than those observed on the
freshly-spawned eggs. There were no significant differences in egg
survival among the iodine treatment groups. Acinetobacter dominated
the egg surface prior to iodine disinfection, and Psychrobacter also
was common. Flavobacterium was the most prevalent bacterial genus
from eyed-eggs, representing over 43% of the sequences. Vibrio and
Variovorax were also abundant. The bacterial flora of the hatchery
water was dominated by Proteobacteria, especially Pseudomonas
species, with Massilia, Zoogloea, Leptospirillum, and Rhodococcus also
abundant. No effects of iodine treatment level on the abundance or
genera of bacteria on eyed-eggs were evident.
Key Words: Iodine; disinfection; bacteria; Chinook salmon;
Oncorhynchus tshawytscha;

Introduction
Disinfection using povidone iodine is routinely conducted
when fish eggs are transferred between hatcheries or prior
to egg introduction into a hatchery setting from non-hatchery
environments [1,19,22]. However, the standard bath treatment
of 100 mg/L active iodine for 10 minutes does not kill all of
the bacteria attached the external egg membrane [8,16,29].
Symbiosis Group

Modifications to the standard treatment, such as using increased
iodine concentrations, increased treatment duration, or
increased treatment frequency, have all been evaluated with
mixed results [11,17,29,30,31,35]. Measurements of treatment
success typically involve bacterial evaluations immediately prior
and after iodophor treatment, but no studies have examined the
possible long-term effects of povidone iodine treatments on egg
membrane bacterial communities.

Bacterial populations associated with the incubation of fall
Chinook salmon Oncorhynchus tshawytscha eggs have been
extensively studied, making it an ideal model to use for the
determination of long-lasting iodine disinfection effects. Bacterial
numbers and species in the ovarian fluid of spawning salmon,
and the number and genera of bacteria on salmon eggs just prior
to their placement in hatchery incubators and then 27 days later
have been described [9,10]. Bacterial numbers were reported
from regular sampling throughout the incubation of landlocked
fall Chinook salmon eggs and from initial loading into trays until
just prior to fry swim-up [5]. The bacterial communities present
on the external egg membranes of hatchery incubated salmon
eggs from the eyed-egg stage through fry hatch have also been
examined [7]. Flavobacterium spp. on eggs and fry of Chinook
salmon have also been recently studied [18].
The primary objective of this study was to examine the effects
of three different initial povidone iodine disinfection treatments
on bacterial numbers and genera present on the external egg
membrane of landlocked fall Chinook salmon eggs four-weeks
later at the eyed-stage of development.

Materials and Methods

Spawning and Egg Incubation
Spawning occurred at Whitlocks Spawning Station near
Gettysburg, South Dakota, USA, on October 16, 2016. Eggs were
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collected by pneumatic extrusion from five female landlocked
fall Chinook salmon, fertilized with pooled sperm, and waterhardened for one hour prior to four hour transport to the McNenny
State Fish Hatchery, rural Spearfish, South Dakota. Immediately
upon arrival at the hatchery, and prior to any iodine disinfection,
10 eggs from each spawn were removed, placed into plastic bags
(Whirlpacs, Nasco, Fort Atkinson, Wisconsin, USA) containing
10 ml distilled water and 500 mg/L MS-222 (Tricaine-S, tricaine
methanesulfonate, Syndel USA, Ferndale, Washington, USA) for
euthanasia and transported for 15-minutes to Black Hills State
University in Spearfish, South Dakota for subsequent bacterial
sampling.
The remaining eggs from each spawn were then split into
three groups subjected to subsequent 10-minute povidone
iodine (Western Chemical, Ferndale, Washington) treatments of
100, 200, or 400 mg/L of active iodine. After disinfection, 10 eggs
were removed from each treatment of each spawn for bacterial
sampling as described for the pre-treatment egg samples. The
eggs from each treatment from each spawn were then inventoried
using the water displacement method and placed into discrete
vertical-flow incubation trays (Marisource, Puyallup, Washington,
USA) [22]. Well water (11oC; total hardness 360 mg/l CaCO3;
alkalinity as CaCO3, 210 mg/L; pH 7.6; total dissolved solids 390
mg/l) at 12 L/minute was used throughout incubation. Daily
formalin treatments using Paracide-F (37% formaldehyde, 6 to
14% methanol, Western Chemical, Ferndale, Washington, USA)
at a concentration of 1,667 mg/l for 15 min were administered
with a Masterflex model 7524-00 microprocessor peristaltic
pump (Cole-Parmer Instrument Company, Chicago, Illinois) once
a day for four weeks. Dead eggs were removed on incubation day
28 (eyed egg stage) and the remaining viable eyed eggs were reinventoried by water displacement. Survival (%) to eyed stage
of development was determined by using the following formula:
Survival (%) = 100 x [1 – (mortality at eyed stage / initial egg
number)]. Samples of 10 eggs from each of the treatment groups
from each spawn were also collected on day 28 as described
previously for the pre-incubation egg samples.

Bacterial Sampling and Analysis

After the eggs were received at Black Hills State University,
they were rinsed three times in sterile Phosphate Buffered Saline
(PBS) solution in a sterilized sieve, and then added to 3.0 ml
sterile PBS and vortexes vigorously for five minutes in sterile 15
ml falcon tubes. The remaining vortexes fluid was transferred
to two sterile 1.5 ml Eppendorf micro-centrifuge tubes and
micro-centrifuged at 10,000 rpm for 10 min. The supernate was
removed with a sterile 1.0 ml pipette tip. The pellet of material
vortexes from eggs from one of each paired tubes was frozen at
-80oC for later DNA extraction. The pellet from the other tube of
each pair was re-suspended in 330 µL sterile PBS and vortexes.
Three 100 µl portions of the re-suspended material were spread
onto plates of R2A media with 50 µg/ml cycloheximide (three
plates per sample) [23]. R2A agar plates were incubated four days
at 20o C. Bacterial Colony Forming Units (CFU) was estimated,
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and colony morphology recorded. All egg samples were handled
similarly, except for the eyed-eggs collected on incubation day 28
where for the fluid from the vortexes eggs was diluted at 10-3 and
10-4 prior to being spread on the R2A agar plates.

Approximately four colonies nearest the center of an R2A agar
plate of bacteria from each treatment were isolated on R2A agar.
Isolates were gram-stained and tested for cytochrome oxidase,
growth on citrate agar, reduction of nitrate to nitrite, and starch
hydrolysis to divide them into phenotypic groups [12,20,36].
Seven representatives (one or two from each of four major
phenotypic groups) were selected for genetic characterization.
Genomic DNA was extracted using a DN Easy Blood and Tissue
kit (Qiagen, Inc.) using the gram-negative bacteria protocol.
An approximately 1460 BP region of the 16S rRNA gene was
amplified by PCR with primers 27F (5′ AGTTTGATCMTGGCTCAG
3′) and 1492R (5′-GGT TAC CTT GTT ACG ACT T-3′) [32]. The
reaction mixture (15 μl) contained 5 Prime HotMasterMix (2.5x),
1.5 l of 10 mg/ml bovine serum albumin, primers (10 μm)
and 2μl genomic DNA. The PCR reaction used pre-denaturation
at 94°C for 2 min; 32 cycles of denaturation at 94°C for 30
sec, annealing at 57°C for 15 sec and extension at 65°C for 4
min; and a final extension at 65°C for 7 min. After cleaning the
amplified product with ExoSAP-IT (Affymetrix, Santa Clara,
California USA) sequencing was performed with primers 27F
(AGAGTTTGATCMTGGCTCAG), 338F (ACTCCTACGGGAGGCAGCAG)
and 1390R (CGGTGTGTACAAGGCCC)32–34 using Big Dye Terminator
v1.1 Cycle Sequencing Kit in ABI 3130xl Genetic Analyzer (Applied
Biosystems, Foster City, California USA). 16S rDNA sequences
were categorized to taxa using the Classifier program [33] at the
Ribosomal database website (https://rdp.cme.msu.edu/).
The water used to incubate the eggs was sampled for bacteria
by filtering approximately 20 L of water through a 0.22 µm
pore size Sterivex GP filter unit (Millipore Sigma, Merck KGaA,
Darmstadt, Germany) using a Masterflex E/S portable sampling
peristaltic pump (Cole-Parmer Instrument Company, Chicago,
Illinois, USA) to collect bacterial cells. DNA was extracted from
the membrane using a Power Water DNA extraction kit (MoBio,
Inc, Carlsbad, California, USA).

16S rDNA Library Preparation

Genomic DNA was extracted from material vortexes from
eggs using the DNeasy Blood and Tissue kit (Qiagen, Inc.,
Hilden, Germany) using the protocol outlined for gram-positive
bacteria. A negative control, which followed the same extraction
protocol but without vortexes material, was also performed.
DNA concentrations were determined initially using a NanoDrop
spectrophotometer (Fisher Scientific International, Inc.,
Hampton, New Hampshire, USA) Samples with concentrations
less than 5 ng/μL were cleaned and concentrated with Zymogen
Research DNA Clean & Concentrator-5 kit (Zymo Research, Irvine,
California, USA). Samples > 5.0 ng/μL were diluted to 5.0 ng/μL
and 3.0 μL used in MiSeq library preparation; samples < 5.0 ng/
μL used 6 μL of DNA.
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Bacterial 16S rDNA metagenomic libraries for Next Gen
sequencing were prepared.
The Qubit Fluorometer 2.0
(Invitrogen, Carlsbad, California, USA was used to determine
DNA concentration. Libraries were prepared with an Next era kit
(Illumina, San Diego, California, USA). DNA was diluted according
to manufacturer’s instructions to normalize DNA concentrations
among samples. While all samples from eggs resulted in 16S
rDNA libraries, no library resulted from the negative control.
Library preparation was done according to Illumina (San
Diego, California, USA) “16S Metagenomic Sequencing Library
Preparation,” 15044223 Rev. B. (Qiagen, Inc., Hilden, Germany).
The 16S rDNA library was sequenced run on the MiSeq, and
results were sent to Base Space (Illumina, San Diego, California,
USA). MiSeq automatically removes primer sequences during the
quality control steps in Base Space.

SILVA database with the following parameters: 97% similarity
percentage; 2 minimum occurrences; 3 chimera crossover cost;
6 Kmer size; and with “Find Best Match” chosen. OTUs with low
abundances were removed at 10 minimum combined abundance.
The resulting alignment was combined with an alignment of
assignment Thermococcus from accession Y16227 downloaded
from NCBI.

16S rDNA sequences from samples were downloaded from
Illumina’s Base Space in .fastq format and uploaded to the CLC
Bio Workbench via Illumina import. Samples were imported
as “Paired Reads, Paired-end” (forward-reverse) 200 and 600
minimum and maximum distances, respectively. “Remove Failed
Reads” was also selected, and quality scores were set to the
NCBI/Sanger or Illumina Pipeline 1.8 and later. Paired sequences
were merged with mismatch costs at 1, minimum score of 40,
gap cost of 4, and maximum unaligned end mismatches of 5.
“Fixed Length Trimming” set all sequences to a uniform length.
Samples were filtered based on the number of reads with 100 as
the minimum number of reads and 50 as the minimum percent
from the median. “Copy Samples with Sufficient Coverage” was
chosen. OTU (Operational Taxonomic Unit) clustering using 97%

The number of cultivable bacteria on the external membrane
of freshly-spawned Chinook salmon eggs ranged from 10 to
over 66 CFU table 1. All of the iodine treatments significantly
reduced the number of CFU in comparison to the pre-treatment
samples (p = 0.013), but there were no significant differences in
CFU among the three iodine treatments. Numbers of cultivable
bacteria on eggs at the eyed stage after 28 days of incubation
were approximately 105 times greater than those observed on
the freshly-spawned eggs. The density of bacteria on eggs from
the spawns of different females varied greatly, although density of
bacteria on eggs from different iodine treatments collected from
the same female were similar. There was no significant difference
in egg survival among the iodine treatment groups.

16S rDNA Sequence Analysis

Statistical Analysis

All data analysis was done using SPSS (9.0) statistical
analysis program (SPSS, Chicago, Illinois), with significance
predetermined at p < 0.05. Bacterial Colony Forming Unit (CFU)
data was analyzed using the Kruskal-Wallis one-way Analysis of
Variance with Tukey’s HSD test used if there was a significant
difference among the treatments [15].

Results

Table 1: Colony Forming Units (CFU) per egg from eyed landlocked fall Chinook salmon eggs subjected to one of three pre-incubation iodine
treatments. Eyed egg survival is the mean of all three iodine treatment groups. Mean values followed by different letters are significantly different
(p < 0.05)
Iodine Concentration (mg/L)

Female

Pre-treatment

100

200

400

Survival (%)

1

12.61

4.22 x 105

1.63 x 105

2.68 x 105

11.95 (0.73)

3

15.21

1.32 x 105

2.19 x 105

29.46 (1.19)

5

50.85

2
4
Mean (SE)

10

9.60 x 105

15.40 x 105

65.63

10.50 x 105

13.30 x 105

30.86(11.45) z

11.17x105(5.65x105) y

9.82x105(3.84x105) y

30.20 x 105

Acinetobacter (16S rDNA sequence identical to A. iwoffii) was
the primary bacteria identified from the 16S rDNA sequences
(96.9% of sequences) obtained from salmon eggs prior to
iodine disinfection. This Acinetobacter OTU was not observed in
hatchery water. Pseudomonas sp. (0.4%) and Chryseobacterium
sp, (0.5%) were less common, while all other OTUs represented
less than 0.2% sequences each.
Flavobacterium spp. OTUs, which represented over 43% of the
sequences, dominated the 16S rDNA sequences from eyed-eggs

1.46 x 105

17.30 x 105

15.30 x 105
8.20 x 105

23.80 x 105

10.43x105(4.58x105) y

18.53 (1.10)
39.77 (5.11)
16.30 (0.75)
14.73 (2.88)

table 2. Vibrio (sequence identical to V. metschnikovii) (23.50%)
and Variovorax species (16.64%) were also abundant. No effects
of iodine treatment level on the abundance or genera of bacteria
on eyed-eggs were evident.
The bacterial flora of the hatchery water was dominated by
Proteobacteria, especially Pseudomonas species table 3. Massilia,
Zoogloea, Leptospirillum, and Rhodococcus were also abundant.
Flavobacterium constituted less than 0.5% of the 16S rDNA
sequences from hatchery water. Over 15 other bacterial genera
were sampled in the hatchery water.
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Table 2: Mean (± SE) percentages of bacteria genera from landlocked fall Chinook salmon eyed eggs. Genera comprising less than 0.59% of those
sampled are not listed. The phylum (or class for Proteobacteria) of each genus is also included.
Iodine Concentration (mg/L)

Genus

Phylum/Class

100

200

400

Overall Mean

Bacteroidetes

42.65 ± 2.80

43.54 ± 3.88

44.68 ± 1.94

43.62 ± 1.61

Variovorax

b-Proteobacteria

17.20 ± 1.81

15.73 ± 2.35

17.30 ± 1.92

16.75 ± 1.11

Acidovorax

b-Proteobacteria

Methylotenera

b-Proteobacteria

Flavobacterium
Vibrio

Pedobacter

g-Proteobacteria
Bacteroidetes

OM43 clade

Achromobacter
Pseudomonas
Massilia

Acinetobacter

b-Proteobacteria
b-Proteobacteria
g-Proteobacteria

b-Proteobacteria
g-Proteobacteria

24.69 ± 3.82
5.27 ± 1.08
2.73 ± 0.59
1.50 ± 0.27
1.22 ± 0.27
0.92 ± 0.57
0.73 ± 0.28
0.60 ± 0.17
0.59 ± 0.11

25.93 ± 7.62
4.59 ± 1.13
2.80 ± 0.98
1.37 ± 0.26
0.93 ± 0.22
1.13 ± 0.36
0.70 ± 0.10
0.65 ± 0.15
0.60 ± 0.13

19.54 ± 4.28

23.38 ± 3.03

6.42 ± 1.82

5.43 ± 0.77

2.34 ± 0.33

2.62 ± 0.37

1.97 ± 0.50

1.61 ± 0.20

1.95 ± 0.96

1.37 ± 0.33

0.65 ± 0.14

0.90 ± 0.22

1.23 ± 0.53

0.89 ± 0.20

0.73 ± 0.08

0.66 ± 0.08

0.63 ± 0.06

0.61 ± 0.05

Table 3: Bacterial percentages (> 0.48 %) from incubation water at McNenny State Fish Hatchery incubation water the phylum (class for
Proteobacteria) of each genus is listed
Genus

Phylum/Class

Percent

Pseudomonas

g-Proteobacteria

17.23

Zoogloea

a-Proteobacteria

8.08

Massilia

Leptospirillum
Rhodococcus

a-Proteobacteria
Nitrospirae

Actinobacteria

Enterobacter

g-Proteobacteria

Variovorax

a-Proteobacteria

Albiferrax

Pleurocapsa

Hydrogenophaga
Ferribacterium
Cymbella
Salana

Stenotrophomonas
Hafnia

Pseudoclavibacter

a-Proteobacteria
Cyanobacteria

a-Proteobacteria
a-Proteobacteria

3.75
3.74
2.56
2.03
1.77
1.5

g-Proteobacteria

1.33

g-Proteobacteria
Actinobacteria

Rhodococcus

Actinobacteria

Leptolyngbya

4.61

1.36

a-Proteobacteria

Acinetobacter

5.64

Chloroplast

Actinobacteria

Achromobacter
Burkholderia

9.57

a-Proteobacteria
Cyanobacteria

g-Proteobacteria

1.35
0.95
0.93
0.92
0.92
0.79
0.58
0.49
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Discussion
It is not surprising that a one-time disinfection prior to
disinfection using any of the iodophor solutions did not influence
the egg external membrane bacterial communities 28 days later
at the eyed stage of development. During incubation in verticalflow tray incubators, salmonid eggs are continuously exposed to
bacteria [5,28]. In addition, just as in this study, bacterial numbers
have been shown to be relatively low prior to and at the start of
incubation, with up to 400 fold increases in CFUs by the eyed
stage [5,6]. The lack of differences among the iodine treatment in
bacteria genera present on eyed salmon eggs also indicates that
the one-time treatments had little impact on long-term bacterial
colonization.
The results of this study indicate that the bacterial species
present in hatchery water are not indicative of the bacteria
attached to the external membrane of incubating eggs.
However, state the bacteria present on fish are similar to those
in the surrounding water [2]. While the bacterial profiles of the
incubation water and external egg membrane were generally
not comparable in this study, it is possible that at least some
of the Flavobacterium species abundant on the external egg
membrane were derived from the incubation water surrounding
the eggs. Incubation water has previously been implicated as
an inoculation source for Flavobacterium on Chinook salmon
eggs [18]. Although uncommon in McNenny hatchery water,
Flavobacterium appear to readily colonize eggs and become major
components of the bacterial flora. However, other bacteria, such
as Vibrio metschnikovii, were present on the eggs at spawning,
and persist on the eggs until maturity. It is interesting to note,
however, that Vibrio species were not isolated from in a culturebased survey of ovarian fluid of Chinook salmon [9].

The bacterial genera isolated at the eyed-egg stage during
this study show some similarities to those reported by [10
,18], such as the presence of large numbers of Flavobacterium.
However, this study did not observe the relatively high prevalence
of Pseudomonas observed by [10]. In addition, the very large
contributions of Vibrio and Variovorax, along with Pedobactor
and Acidovorax, are unique to this study. Some of these
differences could be due to the different incubation loadings used
in each study, with higher densities in another study [10], likely
producing considerably more available nutrients for bacterial
growth [3,25], as well as creating potentially different incubation
water quality conditions [27].

The bacterial communities on the external membranes of
Chinook salmon eggs after four weeks of incubation are obviously
different that of recently-spawned eggs or ovarian fluid [9,10].
Of the six bacteria genera isolated from spawning landlocked
fall Chinook salmon ovarian fluid by [9], only two were isolated
from the eyed eggs in this study. Both of them, Pseudomonas and
Acinetobacter, are extremely common in aquatic environments
[13,21,22,24]. Both have been previously recovered from
salmonid gametes [14,24,26], with some species in each genera
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pathogenic to fish [4,34].

In conclusion, although iodine disinfection treatments on
recently fertilized eggs reduced egg bacterial numbers, such
treatments had no effect on the abundance or genera of bacteria
on eyed eggs after 28 days of incubation. Eyed egg bacterial
populations also appeared to be dissimilar to the incubation
water. Subsequent research should examine the effects of
additional iodine treatments throughout incubation on egg
bacterial populations, as well as other novel practices to decrease
bacterial loads on incubating eggs.
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