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 SUMMARY. In the present work Hafnia alvei was isolated from laying hens displaying a
 reduction in egg production, loss of appetite, opisthotonus, and death. Multifocal necrotizing
 hepatitis and splenitis were the most prominent lesions. The organism was identified micro-
 biologically. Laying hens were experimentally inoculated by the oral and intraperitoneal route
 to show the pathogenicity of the organism. A very similar clinicopathologic effect resulted
 from this trial. Several experimentally infected laying hens died due to septicemia. We con-
 clude that H. alvei may cause a septicemia similar to that reportedly caused by Salmonella
 spp. in avian species.

 RESUMEN. Reporte de Caso-Septicemia asociada con Hafnia alvei en gallinas ponedoras.
 Se aisl6 Hafnia alvei de gallinas ponedoras que mostraron una baja en producci6n, perdida

 del apetito, opistotonos y mortalidad. Las lesiones mas prominentes fueron esplenitis y hep-
 atitis necrosante multifocal. El organismo fue identificado microbiologicamente. Ponedoras
 comerciales fueron inoculadas experimentalmente por la ruta oral e intraperitoneal con el
 objeto de comprobar la patogenicidad del microorganismo. Despues de la inoculacion, se
 observ6 un efecto clinicopatol6gico similar. Varias ponedoras infectadas experimentalmente
 murieron debido a la septicemia. Concluimos que H. alvei puede causar una septicemia
 similar a la reportada por Salmonella spp. en las aves.

 Key words: laying hens, Hafiia alvei, septicemia, clinicopathologic picture, immunoper-
 oxidase labeling, experimental challenge

 Abbreviation: PBS = phosphate-buffered saline

 Hafnia alvei is found in natural environ-
 ments such as soil, sewage, and water (1,17).
 This organism has been isolated from different
 foods, including cow's milk (21), honey (18),
 corned beef (15), and hard goat cheese (22),
 where it affects the microbiologic quality of
 these food items. Moreover, this microorganism
 has been reported to cause hemorrhagic septi-
 cemia in rainbow trout (6) and has been iso-
 lated from aborted equine fetuses (14,24), as
 well as from goats suffering from caprine pneu-
 monia (19) and cows with mastitis (2). In hu-
 mans H. alvei has been associated with gastro-
 enteritis, septicemia, and urinary infections

 (11,17). However, to our knowledge, H. alvei
 has not been reported to be associated with any
 clinicopathologic effects in poultry. The role of
 this organism as a primary pathogen has been
 questioned in most reported cases; it has gen-
 erally been considered to be an opportunistic
 pathogen occurring with other underlying ill-
 nesses or predisposing factors (17).

 Septicemic lesions caused by Hafnia spp. in
 several species (10,16) are very similar to those
 produced by Salmonella spp. Hafnia spp. are
 difficult to differentiate microbiologically from
 other common pathogens in poultry. Infections
 caused by Salmonella spp. may be particularly
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 problematic because colonies of Hafjnia in cul-
 tures may resemble those of Salmonella on rou-
 tine isolation media and cause confusion in
 confirming the identities of these organisms
 (17); Hafnia cultures reportedly are often ag-
 glutinated by Salmonella 0 antisera (4,8). Fur-
 thermore, there are no selective enrichment
 broth media for the isolation of Hafinia organ-
 isms. Distinguishing Hafniia spp. from Entero-
 bacter aerogenes, Enterobacter gergoviae, Serratia
 spp., and Yokenella regensburgei may also be dif-
 ficult (17).

 This report describes a field case occurring
 in a commercial laying hen flock displaying
 sudden loss of productivity and acute mortality
 with clinicopathologic septicemia from which
 H. alvei was isolated and identified.

 MATERIALS AND METHODS

 Ten chickens from a poultry farm with 3000 laying
 hens were submitted to the Veterinary Diagnostic
 Service (Veterinary Faculty, University of Las Palmas
 de Gran Canaria, Spain) for necropsy. The clinical
 history consisted of a daily mortality of 40-50 birds
 with loss of appetite, as well as reduction in egg pro-
 duction but without problems with eggshells or in-
 ternal quality of the eggs. Deaths also occurred sud-
 denly with no other previous signs. The flock under-
 went a good disease prevention program, including
 vaccinations against avian infectious bronchitis, New-
 castle disease, avian encephalomyelitis, Gumboro dis-
 ease, and Marek's disease.

 Affected birds were sacrificed at the Pathological
 Anatomy Laboratory of the Veterinary Faculty (Uni-
 versity of Las Palmas de Gran Canaria), where the
 necropsies were carried out. Serum samples obtained
 from these birds were collected and analyzed by hem-
 agglutination inhibition against Newcastle disease.

 Lungs, trachea, heart, liver, spleen, kidney, proven-
 triculus, gizzard, intestines, and brain samples were
 fixed in 10% neutral buffered formalin and routinely
 embedded in paraffin. Four-micrometer-thick tissue
 sections were stained with hematoxylin and eosine.
 Selected sections were also stained using Gram stain
 and periodic acid-Schiff techniques.

 Samples of liver, lung, kidney, spleen, small intes-
 tine, and cecum also were taken for microbiologic
 study. These were cultured separately on blood agar
 (Difco), MacConkey agar (Difco), and mycobiotic
 agar (Difco), and incubated at 37 C under aerobic
 and anaerobic conditions for 24 hr. Samples from the
 same tissues were also cultured for mycoplasma using
 SP4 (23) and Friis (5) broth and agar media supple-
 mented with 20% horse serum. Penicillin (500
 IU/ml) was added as a bacterial inhibitor. These me-

 Table 1. Results of the experimental inoculation
 of laying hens with Hafnia alvei (187/95).

 Route Bacte-
 of rial

 Ani- ino- Clini- reiso-
 mal cul- cal Result of inoculation la-
 no. ationA signs (days postinfection) tionB

 1 IP + Death (6) +
 2 IP + Slaughtered (13) +
 3 IP + Death (8) +
 4 O + Death (9) +
 5 O + Slaughtered (24) +
 6 O + Slaughtered (24) +
 CA IP - Slaughtered (13 and 24)
 CC 0 - Slaughtered (13 and 24)

 AIP = intraperitoneal, O = oral, C = control an-
 imals.

 BIsolation of H. alvei from kidney, spleen, liver, and
 intestines.

 CTwo animals were used.

 dia were incubated at 37 C in a moist atmosphere
 for at least a week before cultures were considered
 negative.

 The isolated bacteria (number 187/95) were iden-
 tified by various tests, using previously described
 methods (20). Biochemical strips (API 20E, 20100;
 Bio Merieux, Lyon, France) were also used. To ensure
 the identification of the isolated bacteria as H. alvei

 187/95, a Hafnia-specific bacteriophage test (7) using
 phage 1672 (ATCC) was applied. This test allows a
 rapid differentiation of Hafnia from Salmonella or-
 ganisms; this distinction is usually a problem for
 identification. Different doses of phage 1672, from
 10? to 10-6, were mixed with the bacteria (187/95)
 on nutrient agar plates (7) and the results were com-
 pared with those obtained with other similar micro-

 organisms isolated in our laboratory, such as Salmo-
 nella spp. (96/93 and 261/94), Enterobacter cloacae
 (63/94), Klebsiella oxytoca (122/96), and Yersinia sp.
 (68/96). Phage 1672 should only show specific
 plaques of lysis with Hafnia strains (7).

 As H. alvei, to our knowledge, has not previously
 been reported in poultry, the isolated bacteria (187/
 95) identified as H. alvei was prepared for a challenge
 trial, as is shown in Table 1. The trial was conducted
 using six 30-wk-old hens (three were inoculated oral-
 ly and three were inoculated intraperitoneally) with
 a dose of 3 x 108 organisms. Four additional hens
 were used as controls; two hens were inoculated orally
 and two were inoculated intraperitoneally with 1 ml
 of sterile saline solution each. The source of these
 birds was a healthy but not pathogen-free flock that
 had shown no illness for at least 3 yr. Birds were
 killed following the schedule shown in Table 1. Nec-
 ropsies were performed and samples were taken for
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 microbiologic, histopathologic, and immunohisto-
 chemical study.

 To demonstrate the association of the isolated bac-
 teria with lesions in the affected chickens, an im-
 munohistochemical method (12) was used with a
 polyclonal antiserum against H. alvei 187/95 raised
 in two rabbits. Each rabbit was injected subcutane-
 ously twice with 2 ml of inoculum; the inoculum
 was delivered by multiple (10 points) doses in sepa-
 rate sites. The inoculum consisted of 1 ml of sterile

 saline solution containing H. alvei 187/95 (108 cells/
 ml) and 1 ml of incomplete Freund's adjuvant. A
 second injection was given 6 wk after the first, and
 both rabbits were bled 8 wk after the first boost (9).

 For immunohistochemical labeling, sections were
 dewaxed and immersed in 3% HO02 in absolute
 methanol for 30 min. The sections were then rinsed

 in phosphate-buffered saline (PBS) and placed in a
 solution of 0.1% protease, pH 7.2, for 5 min at room
 temperature. The sections were washed three times in
 PBS, blocked with 5% normal goat serum for 30
 min, and exposed to polyclonal antiserum against H.
 alvei applied at dilutions ranging from 1:100 to
 1:1200 and incubated for 2 hr. The sections were
 rinsed in PBS and incubated for 30 min with a 1:5

 dilution of biotinylated antibody to rabbit IgG raised
 in goat (Kit LSAB; Dako, Burlingame, CA). All in-
 cubations were at room temperature. After rinsing in
 PBS the sections were exposed to 3-amino-9-ethyl-
 carbazole (Sigma, St Louis, MO) for 5 min. They
 were then counterstained with Mayer's hematoxylin
 and mounted using an aqueous mounting medium
 (Immumount; Shandon, Pittsburgh, PA). Hepatic
 tissues from avian species naturally infected with Sal-
 monella spp. were used as positive control tissues for
 Salmonella spp. infection. Negative controls consisted
 of a polyclonal antiserum against Salmonella arizonae
 kindly supplied by Dr. J. T. Meehan (13) from the
 National Animal Disease Center (Ames, IA), and also
 the substitution of normal goat serum, PBS, or non-
 related antisera for the primary antibody (anti-H. al-
 vei). Tissues from several noninfected avian species
 were also used as negative controls.

 RESULTS

 Pathologic results. At necropsy, the most
 significant lesions in the naturally infected
 chickens were in the liver, which was enlarged
 with numerous randomly scattered whitish-yel-
 low foci, 4-5 mm in diameter, throughout the
 parenchyma. A diffuse thickening of the intes-
 tinal wall with catarrhal exudate on the mucosal

 surface and splenomegaly (twice the normal
 size) were also observed. No other gross lesions
 were seen in the necropsied chickens.

 Histologic changes in these naturally infected
 chickens consisted of a severe multifocal nec-

 rotizing hepatitis, with abundant cell debris and
 infiltration of heterophils associated with the
 necrotic areas (Fig. 1). Large numbers of gram-
 negative rods were found closely associated with
 these hepatic lesions. Disruption of centrilob-
 ular hepatocellular cords and multiple venous
 thrombi were also observed. A severe multifocal

 necrotizing splenitis was also seen associated
 with small embolic bacterial colonies. Hyper-
 emia of the intestines and diffuse catarrhal en-

 teritis with loss of epithelial cells, heterophils
 infiltrating the lamina propria, and thrombi
 containing bacterial colonies were noted. No
 relevant microscopic lesions were seen in other
 organs.

 A strong immunoperoxidase red labeling of
 bacteria was clearly detected using the anti-H.
 alvei rabbit antiserum at a dilution of 1:500.

 Immunoreactivity was particularly intense
 around the edges of the necrotic areas of liver
 (Fig. 1) and spleen. Specific granular immu-
 noperoxidase labeling was also detected in the
 venous thrombi of the liver, associated with
 bacteria. Thrombi containing bacterial colonies
 in vessels of the intestinal lamina propria were
 also positive.

 Serologic and microbiological results.
 All the affected chickens were detected with

 high hemagglutination inhibition titers (be-
 tween 1:256 and 1:5120) against Newcastle dis-
 ease.

 The organism grown on the media was a
 gram-negative rod that produced small lactose-
 negative colonies on MacConkey agar. These
 bacteria were identified as H. alvei with the pro-
 file 4105112 in the API 20E system. This bac-
 teria was isolated from every affected tissue; no
 other bacteria were isolated from all tissues.

 With some tests this organism can be distin-
 guished from other bacteria (20) such as Sal-
 monella spp., Serratia spp., and Edwarsiella spp.
 The isolated bacteria may be confused with Yer-
 sinia ruckeri.

 Phage 1672 on nutrient agar plates only
 lysed the bacteria 187/95. The phage did not
 lyse any bacteria other than Hafnia sp. When
 a 10-6 dose of phage was used, four clear
 plaques of lysis with a diameter of 1-2 mm
 were observed, ensuring that the organism
 (187/95) was Hafnia sp.
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 Experimental results. Chickens from the
 challenge exposure showed clinical signs with
 opisthotonus, a sporadic reduction in egg pro-
 duction compared with the control birds, and
 diarrhea about 7 days after inoculation, and
 similar gross lesions to those that were de-
 scribed above in naturally infected chickens.
 The liver was enlarged and showed whitish-yel-
 low foci, 5 mm in diameter, throughout the
 parenchyma. Splenomegaly was also noted and
 enteritis was particularly evident in chickens in-
 oculated orally. No macroscopic lesions were
 found in other organs.

 Histologic changes included a severe multi-
 focal necrotizing hepatitis in dead chickens
 (nos. 1, 3, and 4; Table 1) with infiltration of
 heterophils around the necrotic foci associated
 with large numbers of bacterial rods. The
 spleen showed a severe multifocal necrotizing
 splenitis associated with large numbers of gram-
 negative rods. Numerous bacterial emboli were
 observed in kidneys, lungs, pleura, central ner-
 vous system, and small vessels of the myocar-
 dium, but no associated inflammation was seen

 in these organs. Chickens inoculated by the in-
 traperitoneal route (nos. 1 and 3; Table 1) also
 showed bacterial emboli in the intestinal serosa

 and infiltration of heterophils in this area. A
 diffuse catarrhal enteritis with thrombi contain-

 ing bacterial colonies in the vessels of the lam-
 ina propria was observed in one bird inoculated
 orally (no. 4; Table 1). No microscopic lesions
 were seen in other organs. No significant lesions
 were detected in noninfected control chickens.

 Immunohistochemical results were similar to

 those observed in naturally infected chickens.
 Positive immunoreactivity, using the anti-H. al-
 vei rabbit serum at a dilution of 1:500, was
 strong in the necrotic areas of liver and spleen
 (Fig. 2). Bacterial emboli in vessels of kidneys,
 lungs, pleura, central nervous system, and car-
 diac muscle were also labeled. One orally in-
 oculated chicken showed immunoreactivity in
 the thrombi of the intestinal lamina propria. A
 weak reaction was also observed in thrombi of

 the intestinal vessels (no. 1; Table 1). No im-
 munoreaction was detected when S. arizonae

 antiserum (13), normal serum, or PBS were
 used as primary antibody on tissues naturally
 or experimentally infected with H. alvei. Fur-
 thermore, H. alvei antiserum (187/95) reacted
 immunohistochemically negative on tissues
 with infected Salmonella spp.

 Hafnia alvei was reisolated from all experi-
 mental chickens (Table 1).

 DISCUSSION

 Microbiologically, the organism (187/95)
 isolated from the naturally infected laying hens
 was H. alvei. The bacterium could be distin-

 guished from other pathogens (11,17) that have
 been reported to be similar. The size and char-
 acteristics of the H. alvei colonies on Mac-

 Conkey agar closely resemble those of Salmo-
 nella spp. The isolated organism may grow on
 highly selective isolation media such as Salmo-
 nella-Shigella agar (17), but H. alvei fails to
 produce H2S on TSI and SIM agar. Salmonella
 cholerasuis subsp. IV, Salmonella bongori, and H.
 alvei can be cultured in the presence of KCN,
 but the production of acid from sorbitol by
 these Salmonella spp. establishes their difference
 from H. alvei. When separating H. alvei from
 E. aerogenes, E. gergoviae, Serratia spp., and E.
 cloacae, the failure of H. alvei to ferment sor-

 bitol and inositol is particularly useful. Hafnia
 alvei can be separated from Y. regensburgei by
 citrate utilization and acid production from
 melibiose and glycerol (17). Because the organ-
 ism that can cause more confusion is Salmonella

 spp., the API 20E system was a useful tool as
 a first diagnostic step and the Hafnia-specific
 bacteriophage 1672 provided the final reliable
 and precise method for the identification and
 differentiation of H. alvei 187/95 from other

 bacteria (Salmonella spp.: 96/93 and 261/94, E.
 cloacae: 63/94, K. oxytoca: 122/96, and Yersinia
 sp.: 68/96) that may cause similar clinicopath-
 ologic effects.

 Hafnia alvei has been considered to be an
 opportunistic pathogen in numerous species
 (11,17). However, in the present report, no
 predisposing factors were reported by the
 flock owner or by the veterinarian in charge.
 No other pathogen (bacteria or fungus) was
 found in the diseased chickens; virus infec-
 tion was not investigated, with the exception
 of a hemagglutination inhibition test against
 Newcastle disease virus. However, the flock
 had been recently vaccinated against Newcas-
 tle disease and no characteristic Newcastle
 disease lesions were noted in the diseased

 birds. Furthermore, the experimental trial to
 test H. alvei pathogenicity resulted in very
 similar clinical signs as those noted in the
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 naturally infected chicken with lack of appe-
 tite and depression commonly present with
 septicemia. The main lesions were character-
 ized by parenchymal necrosis of the spleen
 and liver, as are frequently found in septice-
 mia in hens caused by Salmonella spp. (3).
 The hepatic and splenic lesions were associ-
 ated with intravascular bacterial colonies in

 naturally and experimentally infected laying
 hens.

 The immunohistochemical methods dem-
 onstrated the association of H. alvei with the

 necrotic lesions in both naturally and experi-
 mentally infected laying hens. Thus, the im-
 munohistochemical procedure is a useful com-
 plementary test for detecting Hafnia, especially
 in formalin-fixed tissues.

 In conclusion, the present study reports the
 isolation of H. alvei from diseased laying hens.
 The isolated bacteria (187/95) caused very sim-
 ilar clinicopathologic effects in both naturally
 and experimentally infected laying hens. Be-
 cause Salmonella spp. may cause a very similar
 disease, we stress the possibility of a misdiag-
 nosis and advise the use of the techniques de-
 scribed above to establish an accurate diagnosis
 for H. alvei in such cases.
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