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Wound Healing in Rainbow Trout following

Surgical Site Preparation with a Povidone–Iodine Antiseptic

GLENN N. WAGNER* AND E. DON STEVENS

Department of Zoology, University of Guelph,

Guelph, Ontario N1G 2W1, Canada

CHRIS HARVEY-CLARK

Animal Care Facility, Dalhousie University,

Halifax, Nova Scotia B3H 4H7, Canada

Abstract.—We investigated the effects of preparing surgical incision sites with a topical antiseptic

on wound healing and hematological response in rainbow trout Oncorhynchus mykiss. A povidone–

iodine solution was applied both pre- and postsurgery to the incision sites on treated fish. Three-

centimeter incisions in both treated (N � 9) and control (nontreated, N � 9) fish were closed with

four nonabsorbable sutures sewn in a simple interrupted pattern. During the 42-d period of wound

healing, there were no statistically significant changes in total erythrocyte counts (1.28 � 106/

mm3 � 0.05 SE), in percentage of dividing erythrocytes (0.76% � 0.07 SE), or in differential

leukocyte counts. Postmortem, pathogenic bacterial infections in the kidney or spleen were not

detected in any of the fish. There was no histological difference between control and treated

incisions to show either beneficial or adverse tissue reactions to the topical antiseptic treatments.

Blinded histological analysis revealed both treated and untreated incision sites healed within 42

d at the same rate. Therefore, preparation of the incision sites with a povidone–iodine antiseptic

did not improve wound healing nor alter healing rate in rainbow trout under the conditions of this

study.

Much research has been performed during the

last 20 years on the processes involved in wound

healing in fish (Phromsuthirak 1977; Bullock et al.

1978; Iger and Abraham 1989; Marty and Sum-

merfelt 1990). Both diet (Lim and Lovell 1978;

Nirgiotis et al. 1991) and temperature (Bullock et

al. 1978; Knights and Lasee 1996) have been

shown to affect wound healing in fish. Few studies

have evaluated the importance of aseptic condi-

tions or the use of different antiseptics, surgical

materials, or surgical techniques.

Surgical aseptic technique is standard practice

in mammalian surgery and has been suggested for

fish (Summerfelt and Smith 1990; Stoskopf 1993)

even though earlier studies dismissed such a need

(Krayukhin 1964; Pegel 1964). However, aseptic

technique still is not universally practiced for fish

(Carmichael 1991). Many surgical procedures are

performed on fish (e.g., cannulation and transmit-

ter implantation), but there is little knowledge re-

garding the effects of surgical asepsis, materials

or techniques. Animal care agencies such as the

Canadian Council on Animal Care (CCAC) and

the National Research Council (NRC) have not

established protocols for surgical procedures with
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fish (CCAC 1993; NRC 1996). This lack of in-

formation has undoubtedly had a negative impact

on the survival and health of fish used in experi-

mental work (Stoskopf 1993). It is important to

develop proper surgery techniques because faster

healing presumably increases the survival rate of

fish being released back to the wild and limits data

loss due to transmitter expulsion through an in-

cision.

Topical antiseptic preparations are an invariable

component of preparation for surgery on mam-

malian species. A topical antiseptic inhibits the

growth or development of microorganisms, and

may kill them, by interfering with their internal

chemical processes or the cell membranes (As-

cenzi 1996). One detailed report on the effects of

using topical medications on wound healing in gar-

ter snakes Thamnophis sirtalis (Smith et al. 1988)

showed that some topical treatments actually in-

hibited wound healing by inducing dermal gran-

ulomas; other treatments accelerated epitheliali-

zation. Although topical antiseptics have been

used to pretreat incision sites on fish (Petering and

Johnson 1991), no studies have been performed

on their efficacy. Hart and Summerfelt (1975) not-

ed that the topical use of benzalkonium chloride

(an antiseptic) irritated the skin of flathead catfish

Pylodictis olivaris, and Briggs (1995) found that
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374 WAGNER ET AL.

alcohol used as a surgical disinfectant seemed to

interfere with the cutaneous mucus layer of rain-

bow trout Oncorhynchus mykiss, allowing easier

penetration by pathogenic organisms. Stoskopf

(1993) recommended against the use of alcohol on

fish skin and suggested that iodine-based topical

antiseptics might be a viable option for some spe-

cies. For these reasons, we hypothesized that a

povidone-iodine treatment should improve healing

in rainbow trout by decreasing bacterial entry into

the wound site. This decrease should lower the

probability of an infection of the wounded tissues,

which should lower inflammation and speed heal-

ing. We chose a topical iodophor antiseptic be-

cause these antiseptics have been used previously

on fish (Petering and Johnson 1991) and they are

the most commonly used antiseptics in mammalian

surgery (D. Holmberg, Ontario Veterinary Col-

lege, University of Guelph, Guelph, Ontario, per-

sonal communication).

Methods

Experimental animals.—Eighteen rainbow trout

(length � 28.5 cm � 0.4 SE; weight � 300.2 g �

14.1) with a 1:1 sex ratio were obtained from the

Alma Aquaculture Facility, Alma, Ontario. They

were placed in a round 1,000-L tank at the Hagen

Aqualab, University of Guelph, provided with fil-

tered, recirculated well water at 9.3�C � 0.1, and

fed standard five point trout food (Martin Mills,

Inc., Elmira, Ontario). The effects of temperature

and diet were controlled by maintaining the same

daily temperature and feeding the same daily

amount of food (2% of body weight). We held the

fish for 2 weeks prior to surgery to allow them to

adjust to their new environment. The fish were

starved for 48 h prior to surgery, as recommended

by Summerfelt and Smith (1990), to minimize re-

gurgitation of food and defecation in the water

circulating through the surgery table.

Surgical procedures.—Prior to surgery, we

anesthetized all fish individually with a 70-mg/L

solution of tricaine methanesulfonate (MS-222)

until stage five of anesthesia was reached. As de-

fined by Summerfelt and Smith (1990), stage five

of anesthesia occurs when reactivity and reflexes

are absent and opercular movements are slow and

irregular. We tagged all fish for identification with

visible implant alphanumeric (VI alpha) tags in-

jected into the transparent adipose tissue of the

eyelid with a syringe-like injector (Northwest Ma-

rine Technology, Inc, Shaw Island, Washington).

A fish was placed on a plexiglass V-board in the

surgery table and its gills were continuously per-

fused with recirculating 10�C � 0.1 water, also

containing MS-222 (70 mg/L), through two soft

rubber tubes. Water was changed in the table res-

ervoir every 5–8 surgeries.

The surgeon’s hands were scrubbed with a 10%

povidone-iodine detergent and covered with clean,

nonsterile medical examination gloves. All sur-

gery tools were autoclaved at 121�C for 25 min

prior to use. Between surgeries, the single-needle

driver was cold-sterilized for 30 s in the disinfec-

tant Conflikt (active ingredient, ammonium chlo-

ride), then rinsed with sterile saline to maintain

low bacterial loads within the time constraints of

each surgery.

Once a fish was anesthetized and placed on the

surgery table, one of two ventral incision sites was

treated with antiseptic by swiping 10 times in the

direction of the scales with a Q-tip dipped in 10%

povidone–iodine detergent (0.75% free iodine;

Rougier, Inc., Chambly, Quebec), to remove de-

bris, followed by 10 more swipes with a second

Q-tip impregnated with 10% providone–iodine so-

lution (1% free iodine; Rougier). This incision area

was blotted dry with a sterile swab to remove ex-

cess antiseptic. The control incision area on the

same fish was not wiped with a Q-tip or blotted.

We randomly assigned control and treated incision

sites to either the right or left side of the abdomen

then alternated for each successive surgery, always

beginning with the treated incision.

The two parallel, 3-cm incisions were made on

the ventral surface of each trout’s abdomen, an-

terior to the pelvic girdle (Figure 1), with a number

11 scalpel blade. Blunt forceps were used to retract

the body wall and depress the viscera to prevent

internal damage while the incision was deepened

through to the peritoneal cavity. We closed each

incision with four simple interrupted stitches ap-

proximately 6 mm apart, tied with surgeon’s knots.

An individual sterile pack of 4–0 Surgipro (USSC,

Norwalk, Connecticut), a nonabsorbable polypro-

pylene monofilament suture with a swaged on 3/

8-circle reverse cutting needle, was used for each

fish.

After the incision was closed, the treated site

was again swiped 10 times with 10% povidone–

iodine solution. The control incision area was not

treated before or after surgery. After surgery, we

placed fish individually in darkened recovery

aquaria for 24 h then returned them to the com-

munal tank.

Tissue sampling.—Two fish were euthanatized

immediately after surgery (time zero), at 1, 3, and

7 d after surgery, then once every 7 d for the five
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375EFFICACY OF ANTISEPTIC IN WOUND HEALING

FIGURE 1.—Rainbow trout abdominal surface 7 d after surgery, showing an incision treated with povidone–iodine

(upper) and a control (untreated) incision (lower).

following weeks. To measure the response to sur-

gery and determine a time course for healing,

blood and incision site tissue samples were col-

lected from each fish.

We first anaesthetized the fish with MS-222 (70

mg/L) and extracted blood samples from the dorsal

aorta in a heparinized syringe with a 23-gauge nee-

dle. We measured total erythrocyte (red blood

cells, RBC), number of dividing erythrocytes, and

differential leukocyte (white blood cells) ratios.

Total erythrocytes were counted with a Neubauer

hemacytometer and Hendrick’s diluting solution.

Dividing erythrocytes also were counted as de-

fined by Murad et al. (1990) and Houston and Mu-

rad (1992). We fixed blood smears with Leukostat

(Fisher Scientific) for differential leukocyte ratios

and counted at least 200 cells per sample at 1,000

� magnification under oil immersion. All solu-

tions were made according to Houston (1990), and

differential counting methods followed those of

Filledes (1969). Cells were identified from pho-

tographs by Pickering et al. (1982) and Yasutake

and Wales (1983).

Following blood sampling, fish were euthana-

tized by submergence in a receptacle containing a

lethal dose of MS-222. We used a dosage of 140

mg/L for at least 5 min, which is well above the

lethal dosage of 80 mg/L recommended by Iwama

and Ackerman (1994). Incision areas on each fish

(approximately 4 � 2 cm) were then excised sep-

arately and placed in a tissue cassette into 10%

buffered formalin. The tissue blocks were dehy-

drated in a graded ethanol series and embedded in

paraffin. Sections (6–7 �m) of the incision site

were mounted on slides, stained with hematoxy-

lin–eosin, and examined by light microscopy.

Histological criteria.—Criteria used to quantify

wound healing (Table 1) were similar to those used

by Marty and Summerfelt (1988) and Christiansen

et al. (1991). Ratings of cell types were based on

numbers of cells per high-power field. Accurate

alignment of wound margins enhances wound

healing. Alignment was assessed qualitatively

with five ratings: perfect alignment (all tissue lay-

ers in apposition without displacement), discon-

tinuous alignment (opposing tissue layers partially

offset), misalignment (opposing tissue layers not

aligned anatomically), misaligned with nonana-

tomical tissues (foreign body such as scales pres-

ent), open incision (partial or full thickness deficit

in wound). We numbered each tissue sample non-

sequentially and performed single-blind analysis

in which observers were unaware of treatment or

postsurgery sampling day. Each sample was cat-

egorized as acute, subacute, or chronic based on

the observer’s histological analysis of each tissue

sample.

Bacteriology.—The spleen and a section of the

mid-kidney were excised from each fish after eu-

thanasia and placed in sterile twirl bags. Each tis-
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376 WAGNER ET AL.

TABLE 1.—Histological criteria used to quantify post-

surgical wound healing on rainbow trout.

Measure Rating Descriptiona

Epidermal cell thickness 1–20 Actual number of cells

Blood clots 1 Small zone of hemorrhage

2–3 Minor hemorrhage involv-

ing one tissue layer

4–5 Major hemorrhage involv-

ing multiple tissue layers

Neutrophils 1

2

1–2 present

3–5 present

Lymphocytes 3

4

5

6–10 present

11–20 present

20� present

Melanomacrophages 1

2

3

4

5

1–2 present

3–5 present

6–8 present

9–12 present

13� present

Fibroblasts 1 1–19 active, disorganized

2 20–40 active, disorganized

3 �40 actively proliferating,

disorganized

4 �40 organized in whorls,

decreasing cytoplasmic

volume

5 �40 organized in cords,

anatomical congruity

with surrounding tissue

Myoepithelial cells 1 1–5 present

2 �5 in process of bridging

wound gap

3 �5 aligned, disorganized,

completely covering

wound bed

4 Noncontracted wound, or-

ganized continuous layer

of birefringent staining

5 Contracted wound, orga-

nized continuous layer

of birefringent staining

Capillary proliferation 1 1–5 buds visible in periph-

ery of wound bed

2 6–10 capillaries more ex-

tensively branching in

wound bed

3 11–20 capillaries found

throughout wound bed

4 21� capillaries anastomos-

ing and tortuous, branch-

ing throughout wound

bed

5 21� extensive capillary

network, parallel, orga-

nized, completely bridg-

ing wound bed

Giant or syncytial cells 1

2

3

4

5

1 present

2–3 present

4–5 present

6–10 present

11� present

TABLE 1.—Continued.

Measure Rating Descriptiona

Collagen organization 1 Early synthesis in actively

dividing and bridging fi-

broblasts

2 Deposition along capillary

beds and in early granu-

lation tissue

3 Organization as whorls

4 Linear organisation, resem-

bling surrounding tissue

5 Linear organisation, indis-

tinguishable from sur-

rounding tissue

a Numbers of cells present are those per high-power microscopic

field.

sue sample was weighed and crushed, and the

crushed sample was diluted 10:1 by volume with

sterile saline. We then transferred 0.1 mL of each

suspension onto trypticase soy agar (TSA) plates

by streaking them with a flame-sterilized loop. Iso-

lated bacterial colonies were identified by Gram

staining after 2 and 3 d incubation at 20�C. Water

samples also were analyzed at each sample period

by the same dilution technique.

Statistics.—Each fish had one control and one

treated incision site, so blood and bacterial results

were analyzed only to detect temporal changes af-

ter surgery. We analyzed all the blood variables

by analysis of variance (ANOVA) to determine if

significant variations occurred with respect to

time. Variables were compared with each other by

linear correlation analysis. Bacterial results were

also analyzed by ANOVA to determine time dif-

ferences. We analyzed histological characters by

analysis of covariance (ANCOVA) with time post-

surgery as the covariate, each criterion as a vari-

able, and use of antiseptic as the treatment. All

analyses were performed according to Steel et al.

(1997).

Results

All of the fish recovered from the anesthetic

within 5 min and swam normally within the com-

munal recovery tank after the 24 h isolation period.

One fish, meant for euthanasia 28 d postsurgery,

died within 24 h of surgery. A postmortem ex-

amination of this fish revealed extensive internal

bleeding, the cause of which was not determined.

Temporal Hematological and Bacterial Changes

Total erythrocyte numbers did not change sig-

nificantly with time postsurgery (P � 0.361) and

averaged 1.28 � 106 RBC/mm3 � 0.05 (Figure 2;
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377EFFICACY OF ANTISEPTIC IN WOUND HEALING

FIGURE 2.—(A) Total erythrocyte (red blood cell,

RBC) numbers and (B) percentages of dividing eryth-

rocytes in rainbow trout blood sampled over 42 d post-

surgery. Each datum is the mean � SE of two fish.

FIGURE 3.—Mean differential leukocyte (white blood

cell, WBC) ratios in rainbow trout blood sampled over

42 d postsurgery. Sample-day values are means of two

fish. Lymphocytes are open bars (SE � 2.2), thrombo-

cytes are forward-hatched bars (SE � 2.6), granulocytes

are backward-hatched bars (SE � 2.1), and monocytes

are cross-hatched bars (SE � 0.3).

TABLE 2.—Numbers of yellow-pigmented bacteria

found in the kidney and spleen of postsurgery rainbow

trout, expressed as colony-forming units per gram of tissue

(average of two fish); ��� represents colonies too nu-

merous to count.

Sample
day

Number of colony-forming
units from:

Kidney Spleen

0

1a

3a

7

14a

21

28

35

42

���

2

0

53

3

2

���

37

���

���

0

0

���

0

3

���

14

���

a Days on which bacteria were identified in wounded tissue of at

least one of the two fish.

all error terms are SEs). Likewise, the percentage

of dividing erythrocytes did not change signifi-

cantly with time (P � 0.083); the peak of 1.54%

1 d postsurgery was not significantly different

from the overall mean (0.76% � 0.07). We also

found no significant changes in differential leu-

kocyte ratios postsurgery except for monocytes,

which reached a high of 3.5% on day 14. This

percentage was significantly greater than at any

other time point (P � 0.012) (Figure 3).

The bacteria found in the kidney and spleen

plates were three types of Gram-negative, yellow-

pigmented cocci in short chains, and likely were

Micrococcus spp. These bacteria, along with lesser

abundances of Flavobacterium spp., Flexibacter

spp., and Pseudomonas spp., were identified in wa-

ter from both holding tanks on all sampling days

and in quantities too numerous to count. No sig-

nificant difference in bacterial numbers occurred

between the kidney and spleen (P � 0.25). Bac-

teria were often low in number, but 39% of the

plates grew bacterial colonies that were too nu-

merous to count. There was no temporal pattern

associated with bacterial counts (Table 2). On the

three sample days bacteria were present in healing

wounds (Table 2), bacterial numbers were very

low or not present in the kidney and spleen.

Antiseptic Treatment Effects

Adhesions of coelomic viscera to the incisions

sites occurred in 86% of the fish by 21 d postsur-

gery. There were no significant differences be-

tween histological responses for treated and non-

treated wounds within any of the time periods (Ta-

ble 3). As well, no differences were seen between

treated and nontreated incisions with respect to

wound apposition. Finally, antiseptic treatment did
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378 WAGNER ET AL.

TABLE 3.—Healing of control (C) and treated (T) incisions in rainbow trout over acute (days 0–7, eight fish), subacute

(days 14–21, four fish), and chronic (days 28–42, six fish) time periods, after surgery. Zero (0) indicates ‘‘not present’’;

otherwise, histological measures and rating scales are those of Table 1. Asterisks denote measures whose ratings changed

significantly among time periods (P � 0.05). Within time periods and on particular sample days, ratings did not differ

between control and treated incisions (P � 0.05).

Mean rating over days:

Histological measure
Rating
scale

0–7

C T

14–21

C T

28–42

C T

Epidermal cell thickness*

Blood clots*

Neutrophils

Lymphocytes*

Melanomacrophages*

Fibroblasts*

Myoepithelial cells*

Capillary proliferation*

Giant or syncytial cells*

Collagen organisation*

0–20

0–5

0–5

0–5

0–5

0–5

0–5

0–5

0–5

0–5

2.0

3.2

2.5

0.9

0.1

0.2

0

0

0

0

3.2

3.6

2.5

0.8

0.1

0.4

0.2

0

0

0

11.5

4.2

1.8

2.2

1.8

2.8

0.8

0.2

0.8

1.0

11.5

4.2

2.2

2.2

1.5

2.8

0.8

0.2

0.2

1.2

13.0

0

2.0

2.4

3.6

4.2

1.2

2.6

1.8

3.8

14.0

0

1.4

1.4

3.4

3.8

1.6

3.6

1.6

4.2

TABLE 4.—Temporal changes in wound healing of com-

bined control and treated rainbow trout groups (combined

due to lack of significant differences between them; P �

0.05) over acute (days 0–7, eight fish), subacute (days 14–

21, four fish), and chronic (days 28–42, six fish) time pe-

riods after surgery. Along a line, ratings without a letter

in common are significantly different (P � 0.05). A Bon-

feronni correction was applied to the significance level,

(P0.05 � 0.017) because of the number of tests performed.

Histological measure

Mean rating over days:

0–7 14–21 28–42

Epidermal cell thickness 2.6 z 11.5 y 13.5 y

Blood clots 3.4 z 4.2 z 0.0 y

Neutrophils 2.5 z 2.0 z 1.7 z

Lymphocytes 0.9 z 2.2 y 1.9 y

Melanomacrophages 0.1 z 1.7 y 3.5 x

Fibroblasts 0.3 z 2.8 y 4.0 y

Myoepithelial cells 0.1 z 0.8 zy 1.4 y

Capillary proliferation 0.0 z 0.2 zy 3.1 y

Giant or syncytial cells 0.0 z 0.5 zy 1.7 y

Collagen organisation 0.0 z 1.1 y 4.0 x

not affect bacterial presence in wounds, because

bacteria were found equally in treated and non-

treated wounds. Because there were no significant

differences between treated and control groups,

they were combined for temporal evaluations.

Temporal Tissue Changes

Incised tissues generally displayed acute healing

responses over days 0 to 7, subacute responses

over days 14 to 21, and chronic responses over

days 28 to 42 with some overlap between cate-

gories (Table 4). Incisions were completely healed

by day 42 d, but only one fish in the study had

perfect wound alignment. Epidermal covering was

significantly less in the first week than later. Blood

clots were present (3.7 rating average) over the

first 3 weeks of the study, but were absent after

day 28. No significant temporal patterns occurred

in neutrophil numbers in the wound area during

the course of the study. The number of lympho-

cytes found in the wound region increased signif-

icantly after the first week. These results differ

from those for blood lymphocytes, which did not

change significantly during the course of the study

(Figure 3). Melanomacrophage and fibroblast ac-

tivities, myoepithelial and giant or syncytial cells,

capillary proliferation, and collagen organization

increased significantly over the course of the study

(Table 4).

Discussion

The only surgical complication was the single

postsurgical death. By maintaining the same daily

temperature and feeding the same daily amount of

food (2% of body weight), we controlled the ef-

fects of temperature and diet on wound healing.

Visceral adhesions to incision sites have been not-

ed previously (Lucas 1989; Knights and Lasee

1996), but the degree to which they occurred was

not reported. We made parallel incisions in indi-

vidual fish in order to compare adjacent tissue re-

actions to treatment with the antiseptic and without

it. This approach worked well for its intended pur-

pose but created problems with comparisons of

tissue adhesions, blood variables, and bacterial

contents. Therefore, these measurements were

taken over the 42-d time period but were not com-

pared between treated and control incisions.

Blood Variables

Maule and Schreck (1990) recommended against

the use of total blood leukocyte counts as a means
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379EFFICACY OF ANTISEPTIC IN WOUND HEALING

of estimating inflammatory response in the tissues

of salmonids because rapid, transient changes in

leukocyte numbers found in tissues of coho salmon

Oncorhynchus kisutch were not reflected in the pe-

ripheral blood. One alternative measure recom-

mended by Lowe-Jinde and Niimi (1983) was the

use of differential white cell counts.

Lymphocytes that infiltrate wound sites without

significant change in their percentage of blood

cells may reflect their capability of lysing localized

foreign cells (Ellis 1988). Some granulocytes are

eosinophilic and have the ability to phagocytose

antibody–antigen complexes. Monocytes are pre-

cursors of macrophages and have the ability to

phagocytose foreign particulate matter (Roberts

1978). We expected granulocytes and monocytes

to increase after surgery because of these phago-

cytic abilities, but this did not occur. We expected

thrombocyte numbers to increase during the ex-

periment because they are responsible for blood

clotting, but this also did not occur.

The ratios of leukocytes can change within

hours of a physiological stress on rainbow trout

(Casillas and Smith 1977; Spannhof et al. 1979),

which may explain the lack of significance among

differential counts with time in the present study.

Leukocyte levels may have changed but returned

to normal even before the day 1 samples were

taken. Pickering et al. (1982) found that lympho-

cyte numbers of brown trout Salmo trutta increased

significantly immediately after handling, then de-

creased significantly after 24 h and returned to

normal by 3 d poststress; as in our case, none of

the other blood variables measured (neutrophils,

thrombocytes, erythrocytes) changed over the 28-d

sampling period.

There can be large differences in differential

leukocyte numbers between and among fish spe-

cies. The leukocyte percentages we found differed

from those for other rainbow trout (Lowe-Jinde

and Niimi 1983) and common (mirror) carp Cypri-

nus carpio (Hines and Spira 1973). For the species

in these two studies, differential counts averaged

95% for lymphocytes, 3.3% for thrombocytes

(trout only), and 0.5–4.5% for granulocytes. Our

differentials were 58%, 20%, and 21%, respec-

tively, with monocytes making up the remaining

1%. Our counting methods were similar to those

of the previous authors, but they took blood sam-

ples immediately after anaesthetizing the fish

whereas we took the first blood samples after an-

esthesia and surgery, which may explain the wide

divergence in numbers. Differences in leukocyte

percentages within a species has occurred in other

studies. For normal channel catfish Ictalurus punc-

tatus, Dogden and Sullivan (1969) found 72% lym-

phocytes, 23% thrombocytes, and 2.5% neutro-

philic granulocytes, whereas Scott and Rogers

(1981) found respective values of 35%, 54%, and

11%. Scott and Rogers (1981) suggested that such

wide intraspecific divergences may be due to the

size and physiological condition of the fish sam-

pled. One problem encountered with the use of

differential leukocyte counts is that all ratios

change even if only one cell type increases or de-

creases in absolute number. The researcher may

incorrectly interpret physiological events with this

method. We, therefore, recommend the use of ab-

solute numbers in future studies. Veterinary doc-

tors prefer absolute numbers to percentages for all

species (D. Smith, Ontario Veterinary College,

University of Guelph, personal communication),

and we feel they are easier to compare among stud-

ies and better represent physiological changes in

the fish.

Murad et al. (1990) and Houston and Murad

(1992) found the percentage of dividing erythro-

cytes to be a valuable estimator of erythrocyte pro-

liferation after blood loss. This mechanism increases

the total number of hemoglobin-synthesizing cells

for recovery from surgery. Although these per-

centages did not differ significantly among tem-

poral points, there was a peak 1–3 d after surgery;

however, no correlated decrease in erythrocyte

numbers was observed. Moore et al. (1990) re-

ported no response in hematocrit and leukocrit val-

ues of Atlantic salmon Salmo salar 14 d after sur-

gery. Spannhof et al. (1979) observed that rainbow

trout erythrocyte numbers decreased in favor of

erythroblasts or proerythrocytes only within the

first 24 h postsurgery. Either situation could apply

to our study. Our percentages of dividing eryth-

rocytes were similar to those found by Houston

and Murad (1992) and Houston et al. (1993) in

goldfish Carassius auratus stressed by temperature

and heavy metal exposure. Total erythrocyte num-

bers were within the normal range for rainbow

trout (Barham et al. 1980), which supports our

finding that no significant response to surgery oc-

curred.

Bacteria

The two major blood-filtering organs in fish are

the kidney and spleen. The yellow-pigmented bac-

teria (YPB) found in these organs are common in

water and soil. Common YPB in these environ-

ments include Flavobacterium spp., Flexibacter

spp., and Pseudomonas spp., but the colonies we
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isolated were most likely Micrococcus spp. be-

cause they consisted of cocci in chains, while the

other genera contain rods. The species of these

genera pathogenic to fish tend to be involved with

skin and gill diseases. Therefore, it is unlikely they

would occur systematically, but may occur tran-

siently as they are cleared by leukocyte activity

(R. M. Stevenson, Department of Microbiology,

University of Guelph, personal communication).

Their considerable abundance in 39% of the sam-

ples is of some concern, but we do not believe the

bacteria found were systemic; inadvertent contact

of the organs with fish skin during their excision

may have transferred skin bacteria to the samples,

because high numbers of bacteria colonize mucus

membranes of fish (Austin and Austin 1987). Al-

ternatively, bacteria might have entered the peri-

toneal cavity through the sutured incisions and-

survived on the outer surface of the kidney and

spleen. Nemetz and MacMillan (1988) reported

bacteria entering the peritoneal cavity through

wounds, although their fish died within 48 h of

peritonitis and septicemia. The number of bacterial

colonies cultured from renal and splenic tissue

may not be a good indicator of systemic bacterial

infection. Organs should be rinsed thoroughly first

to remove bacteria that may have entered through

a surgical incision. A test of these possibilities

would be to swab the organs and compare their

external and internal bacterial contents.

We found bacteria in histological wound sec-

tions on three of the five sample days when bac-

terial numbers in the kidney and spleen were low

or absent (Table 2). The wounds of these fish were

open or misaligned. In other fish with open

wounds, conversely, we found no bacteria in

wound tissue but many bacteria in kidney and

spleen samples. Bacteria were likely present in the

incision areas of all the fish with open wounds,

but may not have been present in the individual

sections sampled.

Tissues

We found no significant results in our experi-

ment to prove either beneficial or adverse tissue

reactions to topical treatment with povidone–

iodine solutions. Treated and untreated incision

sites healed at the same rate, within 42 d, with

little difference in histological attributes (Table 3).

The temporal changes in cell activity in the healing

tissues were different from those found in other

studies. Epithelialization and most of the cells mi-

grating to the healing tissues were up to a week

slower in rainbow trout than in threespine stick-

lebacks Gasterosteus aculeatus (Phromsuthirak

1977), common carp (Iger and Abraham 1989),

and channel catfish (Marty and Summerfelt 1990).

The migrating cells of rainbow trout in our study

maintained high levels up to 35 d longer than the

other three species. We feel these differences are

more likely temperature related (we held our fish

at 10�C compared with 20�C) than species related,

because temperature has been shown to play a ma-

jor role in wound healing (Knights and Lasee

1996).

That only one fish in the study had perfect

wound alignment is of some concern. Good align-

ment of wound margins is particularly important

in an aquatic environment, where rapid epithe-

lialization of a wound minimizes osmotic distur-

bance and bacterial penetration.

In most fish experiments in which they were

used, antiseptics and antibiotics have been applied

via injections or water treatments. Few reports

have detailed the effects of these treatments on

fish tissues. Ahmed and Tan (1992) reported that

water treated with the antibiotic tetracycline

helped prevent tissue necrosis in and increased the

rate of skin healing in the catfish Clarias macro-

cephalus. Contrary to our study, Nemetz and Mac-

Millan (1988) reported epidermal cell loss at 3 d

after application of a topical iodophor to channel

catfish incisions. These results were complicated

by tissue reaction to the cyanoacrylic adhesive

used to close incisions.

Some topical antiseptics have been reported to

chemically burn or otherwise damage fish skin

(Nemetz and MacMillan 1988; Stoskopf 1993). As

well, Kashyap et al. (1995) reported that povidone–

iodine decreased wound strength in mice and may

be cytotoxic to fibroblasts and keratinocytes. We

could not find analogous reports for fish and no

such effect was seen with the povidone-iodine used

in our study. Epidermal thickness was similar in

all treatments and no difference in histological tis-

sue response occurred with treatment. These re-

sults are similar to those reported by Moore et al.

(1990), who found no adverse effects of a topical

Cicatrin antibiotic applied to wounds on Atlantic

salmon, but they performed only gross tissue anal-

ysis.

Along with creating a physical barrier to patho-

genic microorganisms, the mucus of fish contains

lysozymes, proteolytic enzymes, and other com-

pounds that inhibit bacterial colonization and in-

filtration (Alexander and Ingram 1992). The lack

of an adverse affect does not exclude the possi-

bility that, in other species of fish, the removal of
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the cutaneous layer of mucus with its natural an-

tibiotic properties might allow wound infections

and thus slow the healing process. On the other

hand, the removal of this mucus layer by antiseptic

treatment of the skin surface may be beneficial

during surgery by not allowing pathogenic bacteria

that reside in the mucus (Austin and Austin 1987)

to enter the wound. We were unable to test either

of these hypotheses in our study.

Conclusions

Our results show that the use of a povidone–

iodine topical antiseptic neither helped nor hin-

dered the full healing of abdominal incisions in

rainbow trout. We recommend against the use of

this topical antiseptic in surgery because its ap-

plication has no obvious benefit to healing and may

be detrimental. Some authors have reported that

topical antiseptics may actually hinder healing in

some fish species (Hart and Summerfelt 1975;

Stoskopf 1993; Kashyap et al. 1995), but no such

reports have been made on povidone–iodine so-

lutions used on fish. Further studies would have

to be performed on other fish and antiseptic com-

binations to verify a beneficial or detrimental ef-

fect.
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