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INTRODUCTION
The Baltic Sea is one of the most polluted seas of the world. In order to identify and remove sources of pollution, chemical and biological effects monitoring programmes have been developed and applied by Baltic Sea countries in
the last decades. As part of the biological effects monitoring, fish liver histopathology became a powerful assessment tool for the evaluation of environmental health. The present study serves as a baseline for the implementation of
liver histopathology of a “new” species representing the pelagic zone, the commercially and ecologically important herring (Clupea harengus), in monitoring programmes.

MATERIAL & METHODS
• 301 female herring were obtained at 26 sampling areas covering large parts of the Baltic Sea during four research cruises (
on board of the “FFS Walther Herwig III” (WH) within the year 2009 and 2010.
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• Dissected liver samples were fixed in formalin and after 48 hours transferred into ethanol for storage. Liver samples were embedded in paraffin wax, cut in slices of 3μm
thickness and stained with Haematoxylin and Eosin staining (H&E). Finally the samples were microscopically examined. A wide range of liver lesions was recorded and
classified according to published data for other fish species.
• On basis of prevalence data of occurring liver lesions the disease pattern of Baltic herring was calculated. Further analysis was performed to integrate fish and side specific
factors. Five sub-regions of the Baltic Sea (Gulf of Finland, Gulf of Riga, Gdańsk Bay, Bothnian Sea and Mecklenburg and Kiel Bight/western Baltic Sea) were compared by
means of the type and prevalence of the occurring liver lesions.
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RESULTS
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Basophilic focus (left, : 400x) and mixed cell focus (middle, : 200x). The basophilic inner part of the
mixed cell focus (FCA label) is surrounded by a vacuolated outer part ring (arrow). Hepatocellular adenoma
(A) a benign neoplasm (right, : 40x). Apparent are the irregular shape with bulges (short arrows) spreading
into the unaffected tissue and the definite separation (long arrow) from surrounding tissue.

Overview of the relevant lesions occurring in the sampling areas: Lesions
more prevalent than the mean (coloured) and, therefore, occurring more
frequently as the average were classified as relevant responses in the sampling
area. Based on this investigation, the suitability of lesion as biomarker was
assessed. Y: (Yes) Biomarker of contaminant effects, P: (partly) Under certain
condition suitable as biomarker of contaminant effects, N: (No) Rather not
useful as biomarker of contaminant effects. Hazardous status of the sampling
areas according to HELCOM (2010). M: moderate, P: poor. Lesion categories:
(ETL) Early non-neoplastic toxicopathic lesion,
(NL) Preneoplastic and
neoplastic lesions,
(NSL) Non-specific lesions,
Inflammatory lesions.
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Bi-nucleated cells in a liver section.
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Immunocompetent-cell infiltration: Infiltration with eosinophilic granulocytes
(left) and lymphocytes (right) ( : 400x).

Developing granuloma. Ring of
lymphocytes
and
eosinophilic
granulocytes (short arrow) enclosing
multiple layers of connective tissue
(large arrow) ( : 1000x).

Melano-macrophage aggregation (MMA). left: Single MMA with characteristic
greyish staining. (
: 400x). right: Severe infestation of MMA. Lymphocytic
infiltration (arrows) of the MMA is common. ( : 200x)
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Histopathological liver lesions detected in herring and their total prevalence in % (P) over all samples. Lesions were classified
into five categories (Cat.), according to the specifics of herring liver histopathology. 1 lesions and categories which do not already exist
in published data (e.g. BEQUALM), 2 herring specific lesions and categories.
Cat.

left: Micrograph showing two types of storage-cell disorder, variable glycogen
content (G) and steatosis/lipoidosis (S). ( : 200x). right: Typical patchy
appearance of variable glycogen content in an H&E-stained liver tissue. UAT:
Unaffected tissue ( : 40x).
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Characteristic pale
staining of
fibrotic tissue (F) around a large
blood vessel. ( : 200x)

Extensive necrosis (arrows) (
:100x).
Visible is the dissolution of the liver
tissue with the completely loss of the
tissue architecture.

Parasites: top: Unsporulated oocysts (UOC) and sporulated oocysts (OC) enclosed by a
parasitophorous vacuole (PV) of Goussia clupearum. The sporulated oocyst contains
sporocytes (SP). MMA and eosinophilic granulocytes (arrow) were often found close to
the PV ( : 600x). bottom left: Cross-section of a nematode (P) ( : 200x) enclosed in a
granuloma (large arrows) and accompanied by MMA, lymphocytes (*) and eosinophilic
granulocytes (short arrow). bottom middle: Cross-section of an acanthocephala ( : 200x)

Conclusion
1. Herring display similar lesions to those observed in flatfish and other fish species.
2. The observed lesions can be classified to herring specific categories based on published data of other
fish species.
3. Differences in the prevalence of the lesions between sampling areas existed.
From the results it can be concluded that liver histopathology of herring is a useful tool in biological effect
monitoring and early detection of environmental stress in the Baltic Sea.
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