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A s  a whole, the Salmonella group of organisms 1s associated with 

animals, domestlc as well as wild, and animal passage alone suffices 

for the perpetuation of species. The infected animal kingdom acts as 

the natural reservoir arid forms the basls of continual existence of 

the agents. Transmission t o  man is a blological possibility but n ~ t  

a blological necessity. 

In accordance with this concept, contaminated anmal materials are 

the primary source of human sa~~onel lo~sis_ ,  - T r ~ - i s s L o n  takes place 

by direct or rndirect contacts with such materials while human cases 

may create additional sources for  secondary cases. 

I INcn)ENCE OF HUMAN SAr-MONFLLmB 

Reporting of human salmonellosis is very incomplete because of 

inadequate diagnostic faci l i t ies .  In Denmark for mstance, a nation- 

wide typhi-murim epidemic m August 1955, total l ing more than 10,000 

cases produced only 721 bacteriologically confirmed cases for  off ic ia l  

reporting. The vehicle of infection was a certain brand of mayonnaise- 

salad advertised and sold a l l  over the country. Examples of official 

statistics are given in  the following table: 

Human salmonellosis 

Denmark 

England and Wales 

USA 

Itdp 

Poland 

Switzerland 

Holland 

West Germany 

Reported sporadic cases and outbreaks 

1947-57 4433 

1949-57 27588 

1953-57 116 

1952-56 ca. 2 W  

1952-57 141 

1952-58 %I 

1950-58 ca. KXOO 

1953-57 ca. 16500 

It seems a safe conclusion that  many counttiks have not yet 

realized the true magrutude of thei r  salmonella-problem. 



Incidence of hman salmonella-excreters 

Excreters per 1000 

England 1954 10,000 persons 2.4 

Poland, Poznan 1959 7,210 It 2.2 

11 Lodz 1-959 39,921 " 4.1 

I1 INCIDENCE OF ANTMAL SAIMONELLQSIS 

Bacteriological exarmnatlon of dead anlmals 

Sweden ( t o t a l  about 67,000) 

(Thal, Rutquist & ~olmquls t )  

Animal species 

Horses, adult 
Foals 
Cattle,  adult 
Calves 
P1gs 
Sheep and goats 
Poultry (exclusively S.pullorum- 

gallinarum) 
Chicken 
Dogs 
Cats 
Fur-an~mals 
Blrd pets  
Other- anzmals 

Per cent S~lrnonella-positive 
1949-56 1956-57 

Incidence of salmonella excreters among normal 

slaughter anlrnals 

Country Y e a r  Specres Total exam~ncd Excrs tcrs  per 1000 

England 
n 

USA 
Sweden 

I t  

Norway 
II 

Denmark 
I1 

1950-53 c a t t l e  ab. 4,000 
1940-47 pigs 6,285 
1954 pigs 374 
1953 c a t t l e  1,210 
1953 calves 6,348 
1953 pigs 9,278 
1954 ca t t l e ,  calves, pigs 

53,696 
1954 I l  I t  " 51,000 
1957 Pigs 4,114 
1957 c a t t l e  410 
1958 PIS 9,693 
3-959 poultry 2,835 
1959 seagulls 307 



Incidence of salmonella in mported foods.. 

Food - Country of examlnatlon No. samples 

Drled whole egg EXlglxld 1601 

Frozen If II 8962 

Dried egg whlte 11 5581 

Frozen " 11 I1 26%1 

Frozen whole egg Germany 791 

Frozen deboned veal Sweden 1000 

Raw pork sausages USA 

Smoled pork sausages n 

Per cent positive 

8 

8 

19 
12 

8-7 

9 

23 

12.5 

Incidence of salmonella m imported animal feed 

Feedstuff Country of examination No. samples Per cent posit ive 

Me a t  and borlemeal Sweden 515 26.6 
II 11 n Denmark 329 3 

Flshmeal Germany 270 15 

011 seed cakes Norway 910 4.6 
11 I1 11 Denmark 72 10 

I11 Ti-33 EPDEMIOLOGY O F  HUMAN SAINONFXLXIS 

Human salmonellosls is nearly always foodborne. A few cases may 

develop from di rec t  contact with infected anmals or  humans. The food 

must contain an infective level  of l lving lnvasive organisms. Animals, 

as  well as  man, seem to  contract the c l rn ica l  disease only when massive 

doses are involved, provided t h e m  resistance is not below normal f o r  some 

reason o r  other (infants,  old age, malnutrition). lngestlon of s l l gh t ly  

contaminated foods i n  healthy individuals normally w l l l  produce l a t en t  

infections only accompanied by t ransient  excretion of b a c i l l i .  The 

Infected animal population 1s the maln source of food contamination and 

faecal  pollution the main medium of contamination. 

Types of foods actlng a s  v e h c l e s  of infection 

These may be seen from the following s t a t i s t i c s .  



Foods ~ d e r t i f l e d  i n  485 outbreaks of salmonellosis i n  England and Wales 

(Cockburn, 1954) 

Flsh products and shel l - f lsh 4.3 per cent 

Fresh meat and prepared meat foods 43 n 

Sweets (custard, egg cream, ~cecream) 15 t~ 

Egg 28.7 

Milk 3.7 " 

Other foods ( f n u t s ,  vegetables, cheese) 5 n 

From these figures,  meat and eggs emerge as the mportant sources 

On the assumption t h a t  sweets mainly contract the lnfectlon from eggs, 

dishes wxth eggs a t t a l n  the same percentage as meat-dlshes, namely 

43 per cent, and altogether the two categories account f o r  86 per cent 

af. fhe taka1 number of -outbreaks. 

In  some par t s  of the world, foodstuffs, other than meat and eggs, 

m a y  play an important role .  Reports from Japan lncrlminate f i s h  and 

shel l - f lsh as  the most frequent source whlch is  relevant t o  the very 

high consumption of such food by the Japanese population, while the 

consumption of meat 1s low. 

IV MEAT-BORNE S ALMONEUASIS 

When salmonella are present I n  meats t h s  may be due e l ther  t o  

intra-vi ta l  sep t ic  salmonellos~s i n  food anlmals or t o  post-slaughter 

surface contmlnation from animal or  human in t e s t ina l  excreters. Which 

is  more Important depends upon the s t a t e  of development of the meat 

trade. In some countries and loca l i t i e s ,  the meat trade 1s almost 

en t i re ly  a business of f resh meat, which is  slaughtered and sold local ly  

i n  the form of f resh cuts of meat. There are no long dlstance transports 

of meats, no meat preservation practices and manufacturing of preserved 

or  half-preserved meat products. In ~ t s  most marked form t h i s  type of 

meat t rade is found In  m w  Amencan, Afrlcan and Aslatic countries 

coverlng very large areas of the world's t rop lca l  and cub-tropical zones. 

A hot climate coupled with the absence of refrigeration facilities o r  

other technical methods of preservatlon are the natural  circumstances 

wbch have led  t o  the t rad l t lona l  practice of dal ly  slaughter fo r  one 

day's consumption only. The storage l l f e  of meat 1s not more than 



twenty-four hours, and when meat has t o  ae stored, it 1s stored i n  the 

form of l ive  animals. The slaughter-houses are  based upon a limited 

local market. Slaughter takes place regularly every day early i n  the 

mornmg, and before the ertd of the day (usually even beforc noon) a l l  

of the day's volume of meat and edible vlscera has been sold and consumed. 

An mportant characterlstlc of t h i s  system of meat marketing is the very 

strong consumers ' preference fo r  freshly slaughtered meat. 'Rus 

preference i s  based upon customary opinions on t a s t e  and quality which 

are quite different  from those generally held in temperate zones, where 

consumers prefer t o  have the i r  meat ripened. 

In some other countries and loca l l t les ,  especially covering the 

temperate zones of the world and areas with an advanced industrial 

economy, the meat trade and the meat industry are carried on i n  quite 

a different way. I f  the former type of meat trade may be termed the 

agricultural type, t h i s  type may be nmed the industrial type. The 

characteristics of t h i s  type of organzation are centralization of 

slaughter a t  industr ial  plants, extensive application of refrigeration, 

long-distance transportation of meat and a large-scale production and 

consumption of preserved and half-preserved meat products. 

In countries having an agricultural type of meat trade, meat-borne 

salmonellosis due t o  slaughter of anmals affected by sept ic  salmonellosls 

is  common. Either the diseased arumals are k i l led  i l l ega l ly  or the 

condition is  not discovered because of inadequate meat inspection 

systems. This type of meat-borne sdlmonellosis, giving r i s e  t o  explosive 

localized epidemic outbreaks mnvolvmg large numbers of people, was 

classlc in Germany and other European countries before the development 

of meat inspection i n  the l a s t  decades of the nineteenth century. 

On the other hand i n  countries having an industrialized type of 

meat trade secondary in-slaughter and post-slaughter surface contamination 

has acquired much more importance, while pre-slaughter infection has 

become of very rare  occurrence as  a source of meat-borne salmonellosis. 

Efficient meat hspect lon systems prevent i l l ega l  slaughter and diseased 

or suspect animals are withheld, but a t  the same time the development of 

a centralized and complicated industr ial  trade makes it increasingly 

d i f f i cu l t  t o  control secondary contamination and t o  prevent such conta- 

mination from reaching infec-cive levels  during prolonged storage and 

handllnn i n  manufactured oroducts. 



Consequently, xn the highly industrialized areas, very l x t t l e  

salmonellos~s 1s traced back t o  fresh cuts of meat but qulte a l o t  t o  

various prepared and manufactured meat products. 

m e  Swedish meat-borne typhl-murlum epldemic of 1953 gives an 

excellent i l l u s t r a t ion  of the Importance of in-slaughter surface conta- 

mmation. T h ~ s  epidemic whlch to t a l l ed  more than 10,000 human cases 

al l  over Sweden had its source xn msanxtary handllng of carcasses i n  

a large k i l l i ng  plant from whlch meat fo r  manufacture was dis t r ibuted 

t o  local  establlshments throughout the country. The epidemic s t r a m  

was introduced xnto the k i l l l ng  pla-lt apparently by some anmal excreter, 

and established a high l eve l  corltamlnatlon of the plant and plant 

equrpment for  a period of about four weeks. Altogether 3,974 carcasses 

of pigs, c a t t l e  and calves, k i l l ed  durlng t h a t  period, were collected 

from cold storage plants around Sweden and submitted t o  bacterxological 

exammation. Fifteen per cent of the t o t a l  number of carcasses 

revealed surface contamination wxth S. typku-mxum wxth a maxl rmun  of - 
47.8 per cent fo r  a speclf ic  date of k i l l ing .  In 11 and 9 per cent 

respectively, the b a c l l l i  were shown t o  have invaded sub-surface 

muscular t l s sue  and lymph nodes. 

V ANIMAL VERSUS HUMAN M C R E m  

The r e l a t ive  importance of anlmal versus human i n ~ e s t i n a l  excreters 

as  t he  source of food-contammation is  d l f f l c u l t  t o  evaluate correctly.  

It IS t rue tha t  excreters commonly are detected among the s t a f f  i n  

foodhandlxng establlshments from which infected food products are being 

dzstrlbuted, but the human excreters m a y  jus t  as well be vlctims and not 

the prlmary cause, havlng plcked up the Infection from the  contaminated 

envxronment. Experrence frequently shows this t o  be the case. The 

incidence of excreters m a non-exposed animal populatxon has been found 

t e n  t o  twenty tunes higher than the lncxdence of human excreters,  and 

xn the case of meat and other foods of animal o r l g m , i t  is thought that  it can 

safely be concluded t h a t  contacts wlth anmal  faecal  material, in general, 

are much more intenszve than are contacts with human fecal  materxals. 



VI: EGG-BORNE SAI%X)mOSIS: PRFVENTIVE MEASURES 

1. Restricted use of eggs other than hens' sggs 

It has long since been real ized tha t  salmonella infection, 

especially S.typh.1-murium, i s  of ra ther  common occurrence i n  flocks 

of ducks, geese, pigeons and turkeys, and numerous incidents of human 

salmonellosis have been traced t o  raw dishes of eggs of these birds. 

In several countries, s ta tutory regulations require eggs t h a t  are not 

hen's eggs t o  be marked by special  stamps anc? prohibit t h e l r  use f o r  

non-heated prepared foods. 

2. How t o  reduce the mcidence of salmonellosis ln chickens 

O f  a more recent date is the observation tha t  hen's eggs also not 

infrequently carry salmonellas other than S.pullorum-gallmarum. 

Under conditions such as they are m Denmark, flocks of ducks, geese 

and turkeys seem t o  act  as the  natural  permanent reservoir of avian 

salmonellosis, w h l e  salmonellosis m poultry flocks occurs i n  a sporadic 

and t ransient  way. It appears as lf poultry is not an optimal host 

f o r  the salmonella types i n  question. Poultry lnfectlons are due 

mainly t o  contacts with the aquatic birds or turkeys, and show no great 

tendency t o  pers i s t  i n  poultry flocks alone. Poultry, therefore, 

should be kept separated from other birds ,  and hatcheries should not 

be permitted t o  deal with hen's eggs together with other eggs. Moreover, 

regulations have been introduced requesting comerclal  hatcheries t o  

accept eggs from ducks, geese and turkeys only, when the flocks from 

which the eggs were delivered have passed a blood t e s t  f o r  S.typhi-murium 

and S.enter i t idis  within a month from the beginning of the hatching season. 

In infected flocks of poultry the morbidity r a t e  usually is  low 

while symptomless rn tes t ina l  excreters are common. Followlag an 

outbreak of egg-borne salmonellosis i n  a hospital,we examined the flock 

of poultry i n  the hospltal  farm. Faeoal swabs from 118 apparently 

healthy hens Jrlelded 3.typhi-murhrm in  28 per cent. In the atore-room - 
of the  hospltal  we found 1,500 eggs l a i d  by the infectetl flock. Only 

s i x  showed growth of typhi-murium mside  the egg. This means tha t  even 



in heavlly infected flocks only occasionally does s h e l l  contamination 

penetrate in to  the egg. !?he limiting factors  are temperature and 

humidity durlng storage. Exper~mentally, it was found t h a t  S .typhi- 

murium does not Invade through the ln tac t  egg she l l  a t  storage 
0 

temperatures below 10-15 C or  r e l a t ive  humrdrty below 90-95 per cent. 

A t  a l eve l  of 95 per cent re la t ive  humidity invasion -cakes place a f t e r  
0 

nlne days a t  30°c, a f t e r  elghteen days a t  15 C, w k l e  no lnvasion was 
0 

seen a f t e r  two months a t  4'~. A t  17 C no invasion took place except when 

the leve l  of r e l a t lve  humidity was kept as  high as  90 per cent, o r  above. 

Overial infection and hence gemrnatlve infectron of eggs with salmonella 

is i n  our experience very rare.  Bacteriological examlnatlon of ovarian 

f o l l i c l e s  from 2,600 hens plus nlneteen batches of such f o l l i c l e s  from 

an -own but very large nwnber of hens f a i l ed  t o  reveal a single 

s t r a i n  of salmonella. 

4. Pasteurization of l iqu id  egg 

Although the all-over incxdence of salmonella infected hen's eggs 

i s  st111 very low it 1s suf f ic ien t ly  high t o  cause contamlnatlon of a 

h ~ g h  percentage of large batches of l iqu id  egg f o r  drying, freezing 

o r  f o r  t he  productLon of mayonnaise and other raw egg products. Both 

contaminated she l l s  in breaking plants and eggs i n  which the rnfection 

has penetrated Into the contents play a par t  m such contammatlon. 

Homogenized l iquid whole-egg and l lquid egg-yolk can be pasteurized 

i n  plate-pasteurizers wlth three mlnutes holding time a t  temperatures 

between 64-66'~. For lrquid egg-white the hlghest temperature which 
0 

can be applied is 51-52 C; holdmg trme three minutes. The l a s t  

mentioned heat treatment rs insufficient t o  destroy large numbers of 

salmonella but qulte effect ive under ordinary condrtions wlth a low 

i n i t i a l  number. A high degree of safety is  reached by a combined 

chemical and thermal process, by whlch ammonla 1s added t o  the fermented 

egg-white u n t i l  pH 10.5. After standing f o r  twenty-four hours a t  
0 

temperatures not below 15 C, the alkallne murture is  pasteurized a t  

51-52'~. A t  the following process of t r ay  - o r  spray - dry= the 

ammonia w l l l  evaporate. The comblned process of course is  not 

app l~cab le  wlthout subsequent drying. For frozen egg-wkutes only 

thermal treatment can be applled. 



5. Acetic ac id  treatment of l l q u l d  yolk 

In case pasteurized l l q u l d  yolk i s  not  available f o r  t h e  manufacture 

of rnay.onnalse, raw l l q u l d  yolk may be rendered s a f e  by addlng a c e t i c  

ac id  t o  t h e  batch  of egg yolk until pH has reached 4.5. Then t h e  acrd  

yolk-rmxture is l e f t  a t  room temperazure f o r  four days before use .  


