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Hafnia alvei (H. alvei) is a facultative and rod-shaped gram-negative bacterium that belongs to the 
Enterobacteriaceae family. The genus Hafnia contains only a single species (H. alvei), is a rare cause of 
infection in humans. The source of infection remains enigmatic but is most likely the intestinal tract. It 
has been found to inhabit food and mammalian guts. A total of 364 samples included 210 hospitalized 
patients(163 stool samples and 63 urine samples) suffering from  hemorrhagic colitis (HC) and hemolytic 
uremic syndrome (HUS) comprises   children's  age  from 6-8 year  and  from both gender,  and 138 
food samples (85 minced meat   and 53 vegetables) were cultured on Sorbitol, MacConkey„s, and blood 
agar. H. alvei strain was identified by conventional biochemical tests, API20E system and VITEK2 
system. It was detected in 15 samples (2 stools, and 13 imported frozen minced meats) at the first time 
in Iraq. In conclusion, the finding of pathogenic bacterial contamination in frozen minced meat of Indian 
origin strongly indicates the need for the implementation of surveillance programs for imported food to 
Iraq. 
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INTRODUCTION 
    Hafnia alvei is a facultative and rod-shaped 
gram-negative. (Duan et al. 2016), the genus 
Hafnia is one of more than 40 genera that 
currently make up the family Enterobacteriaceae 
(Janda and Abbott, 2006), that is rarely isolated 
from human clinical specimens and is rarely 
pathogenic. This organism is an extremely 
uncommon cause of spontaneous bacterial 
peritonitis (SBP) (Jung et al. 2010).The genus 
Hafnia was first recognised by 
Møeller(Møeller,1954).  , the legitimacy of this 
group was constantly challenged for two decades, 
during which it was often referred to as 
“Enterobacteralvei” “Enterobacteraerogenes 
subsp. hafniae” or “Enterobacterhafniae” (Janda 

and Abbott, 2006). Almost 62 years ago while 
studying amino acid decarboxylase patterns in 
members of the family Enterobacteriaceae. 
Møeller named this new group the „Hafnia group‟. 
While it is often considered to be a miscellaneous 
member of this group, an increasing awareness of 
the possible role hafniae may play in causing 
human and animal diseases has emerged over 
the past few years ((Janda and Abbott,2006).  It 
has been recognized that H. alvei, was 
heterogeneous at the DNA level, consisting of two 
or more genetically distinct species termed DNA 
groups or genomospecies (Abbott et al. 2011). 
Antigenic variation is one of the most important 
factors in pathogenicity and clonal adaptation, and 
it has been developed as the basis for defining 
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clones within a number of species (Dalong et al. 
2013). Little is known regarding the frequency, 
anatomic distribution, and disease spectrum of H. 
alvei or H. paralvei based upon recent taxonomic 
proposals (Huys et al. 2010), and very little is 
known about variations among Hafnia species ( 
Duan et al. 2016). H. alvei is normally considered 
a colonizing organism and rarely appears as a 
pathogen. Pulmonary infection is rare and 
appears associated with prolonged mechanical 
ventilation and immunosuppression of the host 
and also an ability to generate rapid resistance 
(Janda and Abbott, 2006).    
  Hafnia spp. have been detected in food 
production units and recovered from the natural 
environment, including soil and water, but they 
have also been reported as opportunistic 
pathogens in hospital infections. H. alvei may 
cause acute gastroenteritis, and it is also 
regarded as an etiological factor in extra-intestinal 
diseases, primarily in immunocompromised 
patients (Huys et al. 2003; Bruhn et al. 2004).Most 
standard microbiology texts list mammals, birds, 
reptiles, fish, soil, water, sewage and foods as 
sources from which hafniae can be 
recovered(Farmer,2003). Food products 
commonly yield hafniae, meat, pork products, milk 
and milk products and freshwater fish, harbor H. 
alvei (Gamage et al. 1998; Lindberg et al.. 
1998).Extra-intestinal invasive infections caused 
by this organism usually develop in patients with 
chronic debilitating disorders and are often 
hospital-acquired that occur after antibiotic 
treatment (Thomson et al. 1993). Cases of 
septicemia, endocarditis, endophthalmitis, 
meningitis, pneumonia, abscesses, and surgical 
wound infections constitute representative 
examples of invasive infections caused by H. alvei 
(Ramos and Dámaso, 2000; Janda and Abbott, 
2006). H. alvei is a flagellated, motile, facultative 
anaerobic opportunistic pathogen of the 
Enterobacteriaceae family, which is also known to 
play a role in microbial food spoilage (Bruhn et al. 
2004).This species has been isolated from a wide 
range of nosocomical infections, including 
septicaemia, as well as respiratory, enteric, and 
urinary tract infections (Janda and Abbott,2006; 
Al-Grawi, 2008 ). Moreover, H. alvei recovered 
from oropharyngeal specimens, from the 
gastrointestinal tract, less often from blood and 
variety of other anatomic sites, including tissue, 
urine and catheters , H. alvei can cause infection 
via a nosocomial route (Ratnam et al. 1979) 
associated with gasterointestinal disease 
(Redonodo et al. 2005)  . According Koneman et 

al. (2010) the clinical relevance of H. alvei is not 
clear, since it has been isolated from human feces 
in asymptomatic patients. However, isolated 
cases have been described of infections in 
wounds, abscesses, sputum, urine samples, 
blood and other locations.   
   There have been reported cases of 
gastroenteritis, necrotizing enterocolitis, 
cholecystitis pyogenic, peritonitis, meningitis, 
urinary tract infections, skin abscess, 
endophthalmitis, bacteremia, endocarditis, 
pneumonia, empyema and wound infections in 
hospitalized patients. They can be isolated from 
samples of orofaringes, gastrointestinal, and less 
frequently in blood cultures, urine, tissues, and 
cultivation of endovascular catheters (Janda and 
Abbott, 2006). Nosocomial infections include 
cholecystitis, infections in the respiratory, hepatic 
and pancreatic pathways have also been 
associated with sporadic enteritis, conjunctivitis, 
conjoint infections, wounds pleuritis, peritonitis 
and bacteremia (Li et al. 2005; Janda and 
Abbott,2006). Although H. alvei infections may 
occur in Iraq, its prevalence has not yet been 
identified, so the objective of this work was to 
isolate and identify H. alvei from clinical and food 
samples 

 
MATERIALS AND METHODS 

Sample Collection    
    This study included 364 hospitalized 
patients(163 stool samples and 63 urine samples) 
suffering from  hemorrhagic colitis (HC) and 
hemolytic uremic syndrome (HUS) comprises   
children's  age  less than 15 year  and  from both 
gender, admitted to Al-Zaafarania hospital and 
central children‟s     hospital  in Baghdad ,  during 
1 years .And 138 food samples included : 85 
samples of frozen minced meat and 53 
vegetables samples of (potatoes, tomatoes, 
onion, cucumber, Muskmelon, Cabbage, lettuce, 
radishes, leeks, celery, Parsley, Crest, basil, and 
mint)collected from markets in different areas of 
Baghdad city ( AL-Dura , Al-Bayaa,and  Al-
Karada) were evaluated for the presence of H.  
alvei. The collected samples were transferred 
directly to the laboratory in an ice box with a 
minimum of delay. 

Isolation and Enrichment 
     Each food sample (25 g) of meat and 
vegetables was weighed into sterile container and 
225 ml of modified tryptic soy broth (mTSB) were 
added supplemented with vancomysin (0.8 mg/L) 
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or no according to Brando et al.( 2008  ) and 
incubated for  6-24 h at 42 °C . After 24 h 
enrichment aliquots of 100 μl were plated onto 
Sorbitol MacConkey agar(SMAC)  ,MacConkey 
agar(MAC)    and blood agar(BA)   for 18 to 24 h 
at 42 °C . For stool and urine:  Loopfull of each 
stool  and urine samples from  patients was 
enriched in modified tryptic soy broth (mTSB) 
supplemented with vancomysin (0.8mg/L) or no  
according to Brando et al.( 2008), then the same 
procedure of food samples was done.    

Conventional Biochemical Tests:  
    All bacterial isolates were examined 
morphologically by Gram's stain and subjected to 
by some biochemical testes including:    oxidase, 
Lactose, Motility, nitrate reductase, Catalase, 
Methyl red,   Simmons citrate    (Collee et al. 
1996; Farmer, 2003). 

API 20E System and VITEK 2 System: 
      The bacterial isolates suspected as Hafnia 
according to conventional biochemical tests 
results were re-examined by API20E system 
(Albert et al. 1991), and VITEK 2 system 
(bioMerieux).  The identification card for gram-
negative bacilli (ID-GNB card) for the VITEK 2 
system is a 64-well plastic card containing 41 
fluorescent biochemical tests (Funke et al. 
1998).The isolates were analyzed on the VITEK 2 
system , in accordance with manufacturer‟s 
instructions. 
 
RESULTS AND DUSCUSSION 

      A total of 364 clinical   and food samples 
(163 stools, 63 urine, and 138 foods) were 
enrichment at 41°C for 6-24 h on mTSB then 
plated on BA, MAC and SMAC     .  The 
macroscopic examination (Culture 
Characteristics) on SMAC showed that 165 isolate 
were inability to ferment D-sorbitol colorless 
colonies   . A total of 15 isolates 2(2.17%) from 
stool and 13(25.49%) from minced meat  from 165 
isolates were positive to H. alvei (Table 1),  They 
typically appear as not Lactose fermentation 
,large, smooth, convex, translucent colonies of 2 
to 3mm in diameter with an entire edge on MAC 
appearance.  Whilst on BA it appears as grey-
white glistening colonies. These appearances 
were considered as presumptive H. alvei (Table1) 
Microscopically of presumptive isolates for Gram's 
stain are Gram negative, motile, flagellated rods. 

In Table (2 ) showed biochemical results of   
presumptive H. alvei isolates, being motile were 
able to have a positive results for   catalase, 

nitrate reductase, methyl red, citrate, and glucose. 
Whereas gave negative reaction for oxidase, and 
indole 

 
Table 1. Distribution of Hafnia  alvei and their 
frequency. 

 
Samples No. of 

samples 
Non-

ferment 
sorbitol 

Positive No. 
of  H. alvei 
isolates (%) 

 Minced 
meat 

85 51 13 (25.49) 

Vegetables 53 0 0 (0) 

Stool 163 92 2 (2.17) 

Urine 63 22 0 (0) 

Total 364 165 
(45.33%) 

15(9.09) 

 
Table 2. Biochemical properties of 
presumptive  Hafnia alvei. 

Test Results 

Shape rod 

Motility + 

Lactose - 

 Oxidase - 

 Catalase + 

Urease - 

Nitrate 
reductase  

+ 

Methyl red + 

Glucose + 

Indole - 

citrate + 

The presumptive isolates were also examined 
by API20E system; the positive samples were 2 
(2.17%) from stool and 13(25.49%) from minced 
meat, whereas no detected in urine and 
vegetables samples. After examining the isolates 
by API20E system, 15 bacterial isolate identified 
as H. alvei showed pattern results revealed in 
Table 3.  Results of the biochemical analysis with 
the API 20E test were compared with the 
reference profiles given by the manufacturer 
(Figure 1), this indicated that 99.9% of isolates 
was H. alvei 

To confirmation of the diagnosis we used 
VITEK 2 system; Vitek-2 system gave positive 
results for H. alvei as a selected organism with 
probability 98-99%, and showed that 15 isolates 
belonging to H. alvei and in  agree  with API 20E 
test. The results of the testing of 135 isolates are 
listed in Table 4. , were 15    H. alvei , and 120   
were no enteric bacilli.
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Table 3. Biochemical characterization by API 20E Tests grouping of H. alvei. 
  
   
   
  
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure .1.  API20E test for the identification of H. alvei. 
 
 
 
 
 
 
 
 

Test Result 

Beta-galactosidase test (ONPG) + 

Arginine dehydrolase     test (ADH) - 

Lysine decarboxylase test (LDC)  + 

Ornithine decarboxylase test (ODC) + 

Citrate Ultilization test (CIT) + 

H2S production test (H2S) - 

Urease test (URE) - 

Tryptophan deaminase test (TDA) - 

Indole production test (IND) - 

Vogesproskauer test (VP) + 

Gelatinase test (GEL) - 

Glucose  fermentation test (GLU) + 

Mannitol  fermentation test (MAN) + 

Inositol fermentation  test (INO) - 

Sorbitol fermentation test (SOR) - 

Rhamnose fermentation test (RHA) + 

Sucrose fermentation test (SAC) - 

Melibiose fermentation test (MEL) - 

Amygdaline fermentation test (AMY) - 

Arabinose fermentation test (ARA) + 
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Table.4.Results of the   VITEK 2 system. 
 

 Taxon No. of 
isolates 

Taxon No. of 
isolates 

 E.coli O157H7 40 Escherichia fergusonii 3       

Hafnia alvei 15 Enterobacter sakazaki 5       

 Acinetobacter baumannii 9 Proteus mirabilis 8     

 Serisia  liquefaciens 8 Proteus vulgaris 2      

Klebsiella pneumonia 1 E. coli 18 

Enterobacter cloacae 6   

 Citrobacter freundii 7   

Citrobacter braaki 3   

 Pseudomonas luteola 2   

 Serisia marcescens 8   

 
   Hafnia alvei is widely distributed in nature and 
has been found in a variety of mammals, fish and 
birds, and also in soil, sewage, freshwater and a 
number of foods such as meat and dairy products 
(Vivas et al. 2009). H. alvei is an opportunistic 
pathogen involved in various types of nosocomical 
infections. The species has been found to inhabit 
food and mammalian guts. However, its status as 
an enteropathogen, and whether the food-
inhabiting strains could be a source of 
gastrointestinal infection   remains obscure (Tan 
et al. 2014). H. alvei  inability to ferment D-sorbitol 
colorless colonies on (SMAC) appearance . H. 
alvei not produce acid from D-sorbitol (Sakazaki 
1981; Farmer, 2003; Koneman et al. 2010). In this 
study the characterization of   colony morphology 
of H. alvei on MacConkey agar was in agreement 
with other authors (Sakazaki, 2005; Stock et al. 
2005; Al-Garawi, 2008).  .Results of this study 
revealed that 2 stool and 13 frozen minced meats 
were contaminated with H. alvei when examined 
by API 20E (Table 3). In previous study conducted 
in Iraq, One H. alvei strain was isolated from urine 
of an elderly patient, and identified by 
conventional biochemical tests and API20E 
system   (Al-Grawi, 2008). Recently, Salih et al. 
(2016) identified one   isolate (1.2%) of  H. alvei 
out of 83 bacterial isolates from  the urine of 
patients in Iraq of male and female who aged 
between 4 days to 95 years. In Brazil Damasceno 
et al. (2016), identified the bacteria isolates in fish 
using the API 20E kit (Enterobacteria), and found 
the most predominant were H. alvei species.  
Studies suggested that Hafnia strains were H2S 
positive (Møller, 1954), although these strains are 
invariably H2S negative on traditional screening 
media such as TSI (Farmer, 2003). As with many 
Enterobacteriaceae that are H2S negative on TSI, 
H. alvei strains are moderately to weakly H2S 

positive on thiosulfate-containing media such as 
gelatin-cysteinethiosulfate medium at 48 h (Janda 
and Abbott,2006). According Koneman et al. 
(2010) the clinical relevance of H. alvei is not 
clear, since it has been isolated from human feces 
in asymptomatic patients. However, isolated 
cases have been described of infections in 
wounds, abscesses, sputum, urine samples, 
blood and other locations. Abbott et al. (2011) 
reported that 68 Hafnia strains approximately 70% 
of the hafniae tested additionally produced a 
cytolytic toxin active on Vero cells which may play 
a role in gastroenteritis. 
       Results of this study revealed that H. alvei 
was not detected in urine and vegetables 
samples, while detected in13 samples of minced 
meat (Table 1). Vegetables do not appear to be a 
frequent reservoir for these bacteria, although H. 
alvei was recovered from nine Finnish and 
imported vegetable samples in one study 
(Piddock et al. 1997). Hafniae are commonly 
recovered from oropharyngeal specimens, from 
the gastrointestinal tract, less often from blood, 
and from a variety of other anatomic sites, 
including tissue, urine, and catheters (Gu¨nthard  
and   Pennekamp, 1996). 
   Food products commonly yield hafniae. Meats, 
including minced and vacuum-packed beef and 
pork products, ground beef chubs, and retail 
packages, harbor H. alvei (Ridell and   Korkeala, 
1997; Lindberg et al. 1998). One Finnish study 
found almost 50% of all enteric isolates recovered 
from refrigerated meats to be H. alvei (Ridell and   
Korkeala, 1997). A subsequent study identified 
34% of minced meat samples, 14% of milk and 
cream products, and 12% of freshwater fish as 
containing hafniae (Gamage et al. 1998). Other 
consumables that are reported to yield H. alvei 
include cheese and honey (Morales et al. 2003).  
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    There was an agreement between conventional 
biochemical tests, API20E system and VITEK2 
system results (Tables 2-4). VITEK 2 testing took 
6 to 13 h. This automated short-incubation system 
appears to be a rapid and reliable tool for routine 
identification of producing isolates of 
Enterobacteriaceae.( Spanu et al. 2006).  Other 
authors used this system for identification of H. 
alvei (Funke  et al. 1998; Richter et al. 2013; 
Reuland et al. 2014; Stanic et al. 2015).The 
finding of pathogenic bacterial contamination in 
frozen minced meat of Indian origin strongly 
indicates the need for the implementation of 
surveillance programs for imported food to Iraq. 
This calls for more cooperation and coordination 
between veterinary and public health authorities to 
reduce the risk of infection. 
Conclusions 
    To the best of our knowledge, this is the first 
report that investigates the isolation and 
identification of H. alvei from child stool and 
imported meat in Iraq. It presented with bloody 
diarrhea and symptoms resembling the hemolytic-
uremic syndrome (HUS), possibly from ingesting a 
contaminated meat product. H. alvei is usually 
considered as moderately or nonpathogenic for 
humans. However, recent descriptions of sever 
community or nosocomial infections due to H. 
alvei have challenged this belief. The presence of 
these organisms in meat foods should receive 
particular attention, because their presence 
indicate public Health hazard and gives a warning 
signal for the possible occurrence of food borne 
diseases. 
 
CONCLUSION 
H. alvei was detected in 15 samples (2 stools, and 
13 imported frozen minced meats) at the first time 
in Iraq. The finding of pathogenic bacterial 
contamination in frozen minced meat of Indian 
origin strongly indicates the need for the 
implementation of surveillance programs for 
imported food to Iraq. 
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