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Introduction

The Baltic Sea has been historically affected by high 
levels of industrial and warfare-generated pollution with 
corresponding high levels of pollutants in tissues of 
invertebrates and flatfish [1-3], and in pelagic predatory 
fish [4-6], including the Baltic cod [7].

                   

Biomarkers are functional measures of exposure 
to environmental stress that are manifested in plants 
and animals. Biomarkers can be expressed at any 
level of biological organization and have been used 
in biomonitoring of health and robustness of aquatic 
organisms, but also, indirectly, to study the health of 
the ecosystem itself [8, 9]. Data in this study were 
collected at two levels of biological organization: 
organismal (condition factor, macroscopic lesions) and 
cellular/tissue level (histopathology). Condition factor 
(CF) has been employed regularly in fish studies as an 
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integrative biomarker [10], and when combined with 
histopathological biomarkers, it can provide data on a 
cumulative effect of endogenous and exogenous stressors 
[11]. Histopathological biomarkers have been linked 
to exposure to specific stress factors, or were shown as 
less specific but sensitive markers of poor environmental 
quality. In the latter group, the melanomacrophage cells 
(MMC) and hepatic and gonadal histopathology have 
been commonly used in fish [11, 12].

The application of MMC as biomarkers has been 
reviewed previously [13]. Historically, MMC have been 
considered as reliable indicators of exposure to sediments 
contaminated with organics or low dissolved oxygen, and 
are reportedly more numerous in fish from contaminated 
sites [14].

It has been widely accepted that many environmental 
contaminants can have a direct or indirect negative 
impact on reproduction [15]. The gonadal biomarkers 
of environmental stress include the level of ovarian 
follicular atresia, ovotestes, and testicular degeneration – 
all of which can also occur as part of normal physiological 
processes in fish [16, 17].

The cod Gadus morhua L. is a cold-water predator 
that is one of the EU’s most economically important fish 
species due to its value for human consumption [18]. 
Health data from farmed and wild cod in the Atlantic 
include bacterial diseases, most importantly classical 
vibriosis [19] and francisellosis [20]. In addition, 
numerous parasites, including larval Anisakid nematodes, 
have been reported from cod within the Atlantic and 
European waters [21]. Some of the above pathogens have 
a zoonotic potential. Although parasite assemblages have 
been described in Baltic cod [22, 23], only  limited health 
data have been published for Baltic cod [23, 24]. Based 
on its biological characteristics, i.e., top predatory position 
[18], documented high tissue levels of industrial pollutants 
[7], and cytotoxic and genotoxic changes [25, 26], cod has 
been listed as a sentinel/bioindicatory species of the Baltic 
[27]. Additionally, knowledge on the health status of the 
Baltic cod is important because, being a commercially 
harvested species, it has a high economic value but also 
could constitute a health hazard when consumed by 
humans [28]. 

The aim of this study was to collect pilot data on 
selected morphometric and morphological biomarkers 
from Baltic cod to expand data on histopathological 
bioindicators of environmental quality in this fish species. 

Materials and Methods

Legal-sized cod were collected by hook and line by 
sports fisherman in May 2012. Twenty fish, including 
thirteen females and seven males, were collected within 
50 km off the Polish Baltic coast near the town of Ustka. 
The fish were sacrificed immediately following collection 
by blunt head trauma and autopsies were performed. 
The gender of each fish was determined, and total length 
(TL), wet body weight (BW), and all external and internal 

macroscopic lesions were recorded. Representative 
samples from organs with macroscopic lesions, and from 
spleen (one midsection), liver (one midsection of the 
right lobe), testes (one transverse mid-organ section), 
and ovary (three representative sections with the largest 
follicles) were collected into 10% buffered formalin. 
These samples were processed routinely for paraffin 
embedding, sectioned at 4-5 µm, stained with hematoxylin 
and eosin H&E, permanently mounted on glass slides 
using standard histological techniques, and examined by 
bright-field microscopy. In addition, special stains were 
used on selected sections to detect bacteria (Z-N acid 
fast and Tworth’s stains), microsporidia (Giemsa), fungi 
(Grocott’s), and fibrosis (trichrome) [29]. Categories of 
histological lesions were used as described previously by 
the International Council for the Exploration of the Sea 
(ICES) monitoring techniques [11, 30].

Gonadal staging was done according to Goodbred et 
al. [31], and atretic follicles were counted in the entire 
ovarian section using a 10x objective. The level of atresia 
was reported as the average number of atretic follicles per 
surface area at 10x objective equal to 2 mm2. The mean 

Table 1. Field data for cod, including morphometry and 
macroscopic lesions.

Fish 
number Sex BW (g) BL 

(cm) CF Macroscopic 
lesions

1 F 590 39 1.00 Nsl*

2 F 990 45 1.09 Nsl

3 F 1190 46 1.22 Nsl

4 F 690 41 1.00 Nsl

5 M 1190 48 1.08 Nsl

6 F 890 42 1.20 Nsl

7 M 990 47 0.95 Nsl

8 F 1180 43 1.48 Nsl

9 F 750 40 1.17 Nsl

10 M 990 44 1.16 Nsl

11 F 1390 52 0.99 Multifocal 
dermal ulcers

12 F 690 39 1.16 Nsl

13 F 1290 49 1.10 Nsl

14 F 1050 50 0.84 Nsl

15 F 1250 49 1.06 Nsl

16 M 690 41 1.00 Nsl

17 M 590 40 0.92 Nsl

18 F 990 48 0.90 Nsl

19 M 640 39 1.07 Nsl

20 M 790 42 1.07 Nsl

Nsl*: no significant lesions
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diameter of the largest follicles was calculated based on 
the 20 largest follicles measured.

Condition factor CF has been calculated based on the 
formula applied by Drevnick et al. [32], where:

CF = [100,000 x BW g] / [TL mm]3  
  

Morphological types of hepatic and splenic MMC 
were described, and their pigments were identified with 
Pearl’s blue [29]. Morphometric analysis of hepatic MMC 
was performed on 20 arbitrarily selected high-power fields 
HPF (40x objective) to count the number of MMC per 
HPF; these were used to calculate the mean number of 
MMC in one HPF for each fish. In the spleen, the MMC 
analysis was done as above, except due to the MMC 
morphology, i.e., curvilinear shape and confluence, the 
average for the % of splenic surface occupied by MMC in 
one HPF section was calculated. 

All measurements in the ovary, liver and spleen were 
done with a digital measuring system (Spot Insight TM 
Diagnostic Instruments Inc., Sterling Heights MI, USA) 
mounted on an Olympus BX41 microscope (Olympus 
America, Melville, NY, USA).

Results

Field data for the collected fish are shown in Table 1. 
The mean BL for females was 44.85 cm (range 39-52) 

and for males 43 cm (range 39-48). The mean BW for 
females was 995 g (range 590-1390) and for males 840 g 
(range 590-1190). Mean CF for all fish was 1.065; mean 
for females was 1.09 (range 0.84-1.48), and for males 
1.04 (range 0.92-1.16). All fish appeared in good body 
condition and macroscopic lesions were found only in 
fish No. 11; these consisted of severe multifocal dermal 
ulcers (Table 1). Microscopic lesions were found in all 
fish, and fell into the categories of 1. non-specific and 2. 
early toxicopathic/non neoplastic [11, 30]. The lesions are 
listed in Table 2, which also provides the percentage of 
fish affected by each lesion. 

The following is a description of histological 
findings with the percentage of fish affected provided. 
In the liver, microvacuolation compatible with glycogen 
storage was present in 43% of male and 31% of female 
fish. Hepatocellular macrovacuolation compatible with 
lipid storage was present in 90% of fish, but in 29% of 
males and 23% of females it was severe enough to be 
compatible with fatty change. Hepatocellular anisocytosis 
and megalocytosis were found in 60% of fish (29% in 
male and 77% in female) (Fig. 1). Minimal multifocal 
necrosis  was found in 65% of fish (71% of males and 
62% of females). In six cases the necrotic hepatocytes 
had intracellular organisms compatible with protista, 
but their identity could not be established. In addition, 
there was one case of peliosis (Fig. 2), two fish had 
necrocentric granulomas (Fig. 3), two livers harbored 
parasitic granulomas with anisakid nematode larvae, 

Table 2. Types of microscopic lesions with percentage of cod affected.

Lesion Categories Lesion % affected

0      No anomaly detected 0

1      Non-specific lesion Inflammatory change Dermal ulcers 5

Hepatocellular necrosis 65

Necrocentric granulomas liver/mesentery/spleen/ovary 30

Pericholangitis 30

Degenerative change Testicular degeneration/germ cell syncytia 29

Ovarian follicular atresia 92

Proliferative change Peribiliary fibrosis 45

Biliary hyperplasia 15

Marked MMC aggregates Spleen 75

Lipidosis Hepatocellular lipidosis
Hepatocellular fatty change

90
25

Parasites Anisakid larvae granulomas
Liver and mesentery

15

trematodiasis/liver 5

Biliary myxozoanosis 30

Ovarian microsporidiosis 10

2     Early toxicopathic 
changes

Hepatocellular megalocytosis
Peliosis hepatis

60
20
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and one fish had severe necrotizing hepatitis associated 
with a digenean compatible with a trematode  located 
within a necrotic blood vessel (Fig. 4). The intrahepatic 
biliary system had intraepithelial and coelozoic Myxozoa 
associated with minimal pericholangitis and peribiliary 
fibrosis in 30%, and biliary hyperplasia in 15% of fish 
(Fig. 5). In the mesentery parasitic granulomas with 
Anisakid compatible larvae and a necrocentric granuloma 

were found in 1 fish each (5% of fish). In the spleen, 
necrocentric granulomas were present in 5% of fish. The 
ovary had granulomas with Microsporidia in 10% (Fig. 6) 
and necrocentric granulomas in 15% of fish, and moderate 
numbers of atretic follicles in most females (Fig. 7, Table 
3). The testes had minimal degenerative changes in the 
form of condensed, apparently apoptotic cells (Fig. 8), 
and scattered multinucleated spermatids in 29% of males 
(Table 3). 

Special stains confirmed minimal peribiliary fibrosis, 
G+ Microsporidia within ovaries, and very few G- bacteria 
in necrocentric granulomas (Fig. 9); stains for acid-

Fig. 2. Baltic cod, liver with focal expansion of blood-filled 
sinusoids (→) compatible with peliosis hepatis; rare MMC are 
marked with X; H&E.

Fig. 4. Baltic cod, liver with a trematode (double →) within an 
arteriole; the vascular media is thinned (→) and the intima is 
diffusely necrotic and lined by fibrin (XX); H&E.

Fig. 3. Baltic cod, liver with large necrocentric granuloma; H&E.

Fig. 1. Liver of female cod in mid-late vitellogenesis. Hepatocytes 
have basophilic cytoplasm with macrovacuolation; Marked 
anisocytosis and megalocytosis (examples of megalocytes 
outlined in black) and a focus of MMC (→) associated with 
necrotic cells; H&E.
Insert: liver of male cod with microvacuolated hepatocytes with 
marginated granular eosinophilic cytoplasm; MMC aggregate 
(→); H&E.
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fast bacteria or fungi were negative in all necrocentric 
granulomas examined.

Among females, 23% were previtellogenic, 8% early 
vitellogenic, and 69% mid-late vitellogenic (Table 3). The 
mean diameter of the largest follicles in previtellogenic 
fish was 145 μ (range 117-191) and in vitellogenic 432 
μ (range 336-554). All but one female fish had atretic 
follicles; the mean number of atretic follicles per 2 mm2 

in previtellogenic fish was 0.19 (range 0-0.73) and 1.9 
for vitellogenic (range 0.33-4.27). There was no apparent 

association of atresia with the total number of lesions in 
the organs examined, nor with the presence of toxicopathic 
lesions or fish size (Table 3). Ovarian follicular nuclear 
vacuolation/collapse and cytoplasmic shrinking were 
noted in three fish, but not classified as degenerative 
changes (see discussion). All male fish were mid-late 
spermatogenic and 29% had minimal degenerative 
changes in their testes as described above (Table 3).

Hepatic MMC were only present in 20% of fish. The 
hepatic MMC consisted of singular or small groups (2-4) 
of cells with granular black pigment or organized MMC, 
i.e., large cells with granular golden pigment contained 
within thin collagenous capsules (Figs 1, 2). The most 
prominent organized MMC were in the fish with hepatic 

Fig. 6. Baltic cod, mid-late vitellogenic ovary with a granuloma 
harboring numerous G+ microsporidia → ); Tworth’s stain.

Fig. 8. Baltic cod testes; randomly scattered foci of apoptotic 
germinal cells (→); H&E.

Fig. 7. Baltic cod, mid-late vitellogenic ovary with a necrocentric 
granuloma (double →) apparently within a necrotic follicle and 
adjacent remnants of atretic follicles (→); H&E.

Fig. 5. Baltic cod liver with several intrabiliary plasmodia of a 
myxozoan parasite (XX); (→) points to a hyperplastic bile duct 
surrounded by minimal pericholangitis and peribiliary fibrosis; 
H&E.
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trematodiasis. Due to the very small numbers of MMC 
in the livers, the percentage of liver surface occupied 
by them in histological sections was not calculated. The 
average number of hepatic MMC per HPF in the four fish 
ranged from 0.05-4.3. In the spleen, MMC were seen as 
sporadic clusters of MMC with black, granular pigment, 
and/or curvilinear aggregates of perisinusoidal cells that 
followed the outlines of red pulp sinusoids (Fig. 10). 
The latter contained both granular black and gold-brown 
pigment.

Except for fish Nos. 4, 5, 6, 7, and 19, which had 
very infrequent MMC (range 0-7.6% of splenic surface 
occupied), all remaining fish had high or very high values 
for MMC, with the average percentage of splenic surface 
occupied equal to 36.89 (range 19.1-56.9%; Table 4). 
No apparent association between the MMC values and 
any other biomarkers studied, including size of fish, was 

present. The pigments in both splenic and hepatic MMC 
did not contain iron (except one cluster in one fish) on 
Pearl’s blue staining and thus were classified as ceroid 
(golden brown) and melanin (black).

 

Discussion

There is a wide consensus on the need for monitoring 
marine waters to understand the impact of changing 
environmental parameters on the health of aquatic life 
and, by extension, human health [5, 32-34]. Accordingly, 
numerous integrative biomonitoring tools have been 
employed worldwide to assess ecological integrity of 
marine ecosystems [35]. In the Baltic, a multinational 
program with the goals to measure, monitor, and control 
environmental degradation has been outlined in the EU-

Table 3. Gonad data, including stage, levels of atresia, morphometry of follicles, lesions in gonads, and total numbers of lesions in all 
organs examined in each fish. 

Fish Gonadal stage Number atretic$

2 mm2

Largest
Follicle

x μ
Lesions in gonads Total lesions

1 previtellogenic 0.13 127 Nsl$$ 2

2 mid/late vitellogenic 2.27 450 Nsl 2*

3 early vitellogenic 2.73 461 Nsl 5*

4 mid/late vitellogenic 1.40 336 Necrocentric granuloma
Nuclear vacuolation/collapse 2

5 mid-late spermatogenic - NA Nsl 4

6 mid/late vitellogenic 4.27 360 Nuclear vacuolation/collapse 5*

7 mid-late spermatogenic - Nsl 5*

8 mid/late vitellogenic 1.47 375 Granuloma, Microsporidia 3*

9 mid/late vitellogenic 0.53 554 Nsl 2*

10 mid spermatogenic - NA Apoptosis
Multinuclear spermatids 4*

11 late vitellogenic 0.33 472 Nsl 2*

12 mid/late vitellogenic 0.80 394 Granuloma, Microsporidia 5*

13 previtellogenic 0.73 191 Nuclear vacuolation 4

14 mid/late vitellogenic 2.73 400 Nsl 1*

15 mid vitellogenic 2.47 513 Necrocentric granulomas 3*

16 mid spermatogenic - NA Apoptosis
Multinuclear spermatids 1

17 mid spermatogenic - NA Nsl 2

18 previtellogenic 0.00 117 Necrocentric granuloma 6

19 mid spermatogenic - NA Nsl 5

20 mid spermatogenic - NA Nsl 5*

$: average based on  all ovarian sections examined at 10x objective 
$$: no significant lesions
*: denotes the presence of early toxicopathic category of lesions
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funded Biological Effects of Environmental Pollution 
(BEEP) project as outlined by the ICES Baltic Committee 
[27] that adopted biomonitoring standards and procedures 
[11, 36-40], several of which were used in the present study. 
The BEEP project resulted in data on high levels of organic 
pollutants and abnormal physiological parameters in 
coastal fish and bivalves [ 40-45], cytotoxic and genotoxic 
changes in fish [25, 26], and on morphological changes 
in tissues of fish [46, 47]. The latter were documented in 
several species of fish, including the flounder Platichthys 
flesus [46, 48] and the Baltic eelpout Zoarces viviparus 
[49]. Although the cod Gadus morhua has been named 
by ICES as one of the target species for environmental 
biomonitoring in the Baltic [50], to the best of our 
knowledge only limited data on histopathological lesions 
in this fish have been published so far [24]. Morphological 
biomarkers reported in the other target fish species for this 
region, the flounder Platichthys flesus, herring Clupea 
harengus, and eelpout Zoarces viviparus, included 
presence of hepatic and splenic melanomacrophages, 
hepatocellular cellular atypia, foci of cellular alteration, 
and hepatic adenomas [51]. In addition, hepatocellular 
degeneration was described in perch (Perca fluviatilis) 
and northern pike (Esox lucius) impacted by PAH along 
the Swedish coastline [4], and high frequencies of 
micronuclei, a genotoxicity marker, were found in blood 
erythrocytes of cod, flounder, herring (Clupea harengus), 
and eelpout (Zoarces viviparus) [6, 25, 26].  Historically, 
high levels of anthropogenic lipophilic pollutants have 
been reported from fish, including cod, collected along 
the Polish coast [1, 2, 52, 53], but histopathological 
descriptions are sparse [46, 48, 49]. Our study found a 
high prevalence of histological lesions in selected organs 
of all cod examined. The lesions included parasitic, early 

hepatocellular toxicopathic and inflammatory changes, 
degenerative changes in the gonads (including germ cell 
syncytia), moderate levels of ovarian atresia, and very high 
levels of splenic MMC. Interestingly, the general indicator 
of health, i.e., CF, was high in our study as compared to 
some studies as outlined below. 

A study on parasites in cod from the Kieler Fiord by 
Möller [23] provided data on condition factors for gutted 
cod with body lengths between 25 and 49 cm; the mean 
CF in this group was 0.774,  this low value due to the 
fact that they examined gutted fish. A study in the Atlantic 
by Aas et al. [28] documented differences in CF between 
cod from polluted vs. non-polluted sites (range 0.74-0.89 
from polluted site vs. 0.93±0.06 from reference site). In 
fish from our study, the two fish with severe lesions, i.e., 
skin ulcers and parasitic trematodiasis (albeit apparently 
in good body condition) had a CF value similar to the 
above-polluted sites, but the remaining fish from our study 
had a higher condition factor; this may have been partially 
caused by different collection times, i.e., Aas et al. [28] 
collected post-spawning fish in September and October. 
The above CF values can be compared otherwise, because 
the fish from both studies had similar body weight ranges 
(800±450 in Aas et al. [28]).

Skin ulcers in Atlantic cod have been reported 
from waters affected by aluminium works, resulting 
in pollution with polycyclic aromatic hydrocarbons 
(PAHs) [28], and with bacterial infections, including 
experimental mycobacteriosis [54] and natural infections 
with Francisella noatunensis [55]. The latter infection 
resulted in multisystemic necrocentric granulomas that 
characteristically contained very few bacteria. Although 
first described only from farmed cod in Norway and Sweden 
[20], the horizontal spread of Francisella sp. to wild cod 

Fig. 9. Baltic cod, liver with large necrocentric granuloma with 
scattered colonies of G- rods (→) within the necrotic core; 
X: mononuclear cells including epithelioid macrophages  
surrounding the necrotic core
XX: fibrous capsule
XXX: peripheral edematous liver tissue with mononuclear cell 
infiltrates; Tworth’s stain

Fig. 10. Baltic cod spleen; randomly scattered foci of 
melanomacrophage cells MMC with black granular pigment 
(double →) and curvilinear perisinusoidal MMC with a mix of 
black and fine golden brown granular pigments (→); H&E.



62 Borucinska J.D., Morka D.

has been documented and postulated to threaten wild fish 
stocks [56]. Indeed, Francisella sp. has been recently 
identified by immunohistochemistry in liver lesions in 
one cod from Mecklenburg Bight in the southwestern 
Baltic Sea [57]. Our finding of multisystemic granulomas 
with no bacteria detected by acid fast or Tworth’s stain 
(except in the visceral granulomas of fish No. 13 that 
contained few colonies of short G- rods) is compatible 
with the descriptions of chronic lesions in experimental 
F. noatunensis in cod [58]. Further studies are needed to 
confirm the spread of Francisella sp. in the Baltic.The fish 
with dermal ulcers had no necrocentric granulomas in other 
tissues, and the dermal ulcers were histologically negative 
for microorganisms. Ulcerative dermatitis from cod in the 
Kieler Fiord has been postulated to be associated with 
Vibrio sp. [22]. Mycobacteria and fungi were not detected 
by histological stains in the necrocentric granulomas in 
this study; Microsporidia-associated granulomas found by 
us in the ovaries were morphologically very different from 
the necrocentric granulomas, suggesting that the latter 
were not caused by Microsporidia.

Xenomas of Ichthyophonus hoferi (Plehn & Mulsow), 
a Microsporidian classified previously as fungal cysts [22, 
23], have been reported from the heart, liver, kidneys, 
spleen, and muscle in the Baltic cod. This is the first 
record of ovarian microsporidiasis in cod from the Baltic. 
Interestingly, Möller [23] reported a low CF (0.742) in a 
single cod with systemic microsporidiasis as compared 
to non-infected cod; the two female fish in our study that 
harbored microsporidia had CF equal to 1.16 and 1.48, 
which was above the average CF for all female fish in our 
study (1.09).

Gadid fishes in the North Atlantic and the North Sea 
can harbor several species of biliary coelozoic Myxozoa 
[59]; these infections may produce biliary hyperplasia, 
pericholangitis, and peribiliary fibrosis [60-62]. Myxidium 
oviforme (Parisa) has been reported from cod in the Baltic 
[22, 23], but the associated pathology was not provided. 
We report biliary myxozoanosis in 30% of cod examined, 
and the minimal lesions of hepatocellular necrosis, 
pericholangitis, peribiliary fibrosis, and biliary hyperplasia 
present in these fish most likely represent a causal 

Table 4. Morphology and morphometry (% of splenic surface occupied) of MMC in the 
spleens of cod with the total number of lesions in each fish.

Fish number
TYPE OF MMC PREDOMINANT PIGMENT % SURFACE

MMC
Number of lesions in

all categoriesENC1 SPORADIC PSD 2 Melanin Ceroid

1 - + +++ + 41.6 2

2 - + +++ + 41.0 2

3 11 + +/- + 32.4 5

4 - + - + 0.2 2

5 - + - + 0.0 4

6 - + - + 0.0 5

7 - + - + 0.2 5

8 9 + +++ + 34.9 3

9 8 + + + 33.6 2

10 1 + + + 35.7 4

11 - + +++ + + 41.5 2

12 - + +++ + 39.9 5

13 14 + +++ + 32.1 4

14 89 + +++ + 41.9 1

15 - + + + 44.7 3

16 3 + +++ + 56.9 1

17 - + + + 47.6 2

18 - + +++ + + 39.7 6

19 10 + + + 7.6 5

20 23 + + + 19.1 5

ENC1: total number of encapsulated, large cells with mostly golden pigment
PSD 2:  curvilinear, perisinusoidal plump cells with granular pigments, (+) abundance of pigment
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relationship. Similar lesions of the liver and intrahepatic 
biliary system have been described in myxozoanosis in 
eelpout (Z. viviparus) in the Baltic [49]. 

Our finding of anisakid-compatible nematode larvae 
supports data indicating that they are commonly found 
in the Baltic cod [23]; currently these parasites, which 
constitute a human health hazard, are becoming a serious 
problem due to increasing populations of the final host – 
the common seal (Phoca vitulina) [63-65].

Several species of intestinal trematodes have been 
reported from cod in the Baltic [22, 23], and Atlantic [21, 
59]. An adult hemiurid tramatode, Gonoerca macroformis, 
has been reported from Atlantic cod ovaries [59, 62]. To 
the best of our knowledge this is the first report of an 
intravascular, intrahepatic trematode (Dr. Ash Bullard, 
personal communication), although its intravascular 
location may be an incidental finding. Histozoic and 
intravascular flukes are considered potentially serious 
pathogens that can cause mortality both in aquaculture 
and in wild fish [66], which is consistent with the severity 
of lesions and low CF in the affected fish from this report. 
Metazoan parasites in herring have been proposed as 
biological indicators in the Baltic Sea [67], and expanded 
studies on parasites in cod could possibly expand the 
biomarker repertoire provided by this fish. 

The toxicopathic lesions in this study included 
hepatocellular megalocytosis and peliosis; the hepato-
cellular fatty change found in four fish needs to be 
interpreted with caution due to the fact that the liver 
in gadoids is physiologically accumulating fat. Both 
hepatocellular fat and glycogen are accumulated before 
spawning to be used during the reproductive period. 
Accordingly, hepatocellular eosinophilia with minimal 
macrovacuolation, consistent with glycogen and fat 
depletion, respectively, was present in male spermatogenic 
fish while most female fish had cytoplasmic basophilia 
and macrovacuolation consistent with vitellogenesis.

The average number of atretic follicles per 2 mm2 of 
ovarian sections ranged from 0-4.27. The previtellogenic 
ovaries had the lower values that are consistent with data 
from other fish species [15, 68]. In fish No. 36 with the 
highest level of atresia, the percentage of atretic follicles 
(1-2% of follicles per field, data not shown) was still below 
20%, whose value has been postulated to be compatible 
with reproductive failure [68]. We found several changes 
in oocyte morphology, including nuclear vacuolation/
collapse and cytoplasmic shrinking, but the significance of 
these remains to be established by future studies because 
these could be artefacts created by handling and fixation.

This study found a very high level of splenic MMC 
in the majority of examined fish. The spleens of juvenile 
cod (BW around 200g) do not have MMC as has been 
shown in experimental infection with F. noatunensis [58]. 
The splenic perisinusoidal aggregates of MMC found 
in the majority of adult cod from the Baltic collected 
in this study support the hypothesis that splenic MMC 
increase with age [58], but the marked differences in 
their morphometric values (0-56.9% of splenic surface 
occupied by MMC) indicate that environmental factors, 

not just age, play a role in their formation. Splenic MMC 
have been used previously as bioindicators of pollution in 
fish [14], and our study indicates that in cod the spleen 
is the major organ of MMC aggregation as negligible 
numbers of MMC were present in the livers. The major 
pigments in MMC in our fish were melanin and ceroid-
lipofuscin, with iron staining being negative in most of 
them. Accordingly, the pathogenesis of the MMC may 
have included inflammatory and necrotic processes 
with reactive oxygen species generation consistent with 
infectious and toxicopathic events [14]. 

Conclusions

Selected biomarkers of environmental quality and 
histopathological features of livers, spleens, and gonads 
are described from a small group of cod in the Baltic Sea. 
We found several known and new pathological features, 
thus our findings expand the existing data that were 
collected from cod for assessing environmental quality of 
the Baltic.
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