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MILK-BORNE INFECTIONS 

The transmission of pathogens through milk may produce either 

scattered sporadic cases, without obvious relat ion to  a common 

source, or locallzed epidemlc outbreaks, which very obviously 

point t o  a common source. This is  due to  fundamental differences 

i n  the epidemiological mechanism. 

A, The spor&c or non-epldemic type of milk-borne infections 

These resul t  from a more or l e s s  permanent occurrence i n  the 

milk supply of pathogens with a relat ively low ra te  of lnfect lvl ty 

and meet with a widespread ~ m i t y  In the human population. Within 

areas where tuberculosis or brucellosis are of wlde occurrence among 

the milking herds, a rather permanent exposure t o  these infections 

exists,  because of the almost permanent spread of bacl l l l  through 

the market milk from the chronically infected herds. Moreover, 

when the relat ively low ra te  of infect ivi ty and the mmmizing effect 

of s l ight  exposures axe considered, it seems quite natural that; the 

transmission of tubercle bac i l l l  or brucella organisms through the 

milk, i n  circumstances such as described, should resul t  m sporadic 

but ever recurrent cases of the dlsease rather than i n  massive 

epidemic outbreaks. 

B. The acute epidemc type of milk-borne infections 

These resul t  from the sudden appearance i n  the milk supply of 

an infectious agent which possesses a high r a t e  of infect ivi ty which 

meets with no or only a very s l ight  degree of amunity In  the human 

populatxon, The source of infection i n  these cases usually has only 

a very brief contact wlth the milk supply l ine ,  resulting i n  the 

spread of pathogenic rnlcro-organisms being of a short duratlon or of 

an intermittent character rather than a persistent spread, When 

the high r a t e  of infectivity 1s considered together with the absence 

of widespread immunity, it is obvious tha t  t h i s  mechanism should 

lead t o  acute epldemic outbreaks. 

LIST OF MILK-BORNE INFECTIONS 

It i s  difficult t o  draw up a complete llst of infectious diseases 

which may be transmitted through milk. Theoretically, any kind of 

pathogenicmicro-organlams.may occasionally gain access t o  the milk 

supply and consequently milk-borne transrmssion seems t o  be a 



possibility with regard t o  a l l  types of infectious dlseases 

transmissible by the alimentary route of infection. In some 

diseases, milk-borne spread have been definitely established 

since a long time, whlle i n  other diseases, the transmission 

through milk has not yet been established as an accepted fact. 

In the following table examples are given of both categories. 

TABLE 

I DISEASES I N  WHICH MILK-BCWNE TRANSMISSION OCCURS FAIRLY FRE&uEWlLY 

The sporadic, non-epidemlc type The acute, epldemlc type 

Tuberculosis 

Brucellosis 

Streptococcal angina and scarlet fever 

Diphtheria 

Typhoid fever 

Paratyphoid 

Salmonellosis 

Shigellosis 

Cholera 

I1 DISEASES I N  WHICH MILK-BORNE TRANSMISSION IS OF RARE CCCURRENCE 

OR A NON C O N F ~  POSSIB~LJTY 

Anthrax 

Foot and Mouth Disease 

Poliomyelitis 

Epidemlc hepatitis 

Leptospirosls 

Listeriosis 

Q-f ever 



I DISEASES IN WHICH MILK-BORNE TRANSMrSSION OCCURS FAIRLY FFEQuEXTGY 

A. The Sporadic, non-epidemic Milk-borne Infections 

1. Tuberculosis 

1.1 Bovine tuberculosis In  man 

The role played by the bovlne type of tubercle bac i l l i  i n  the 

epidemiology of tuberculosis i n  man is now f a r l y  well understood. 

While i n  ear l ler  days opinlons varies, it is now a well established 

fac t  tha t  the bovlne bac l l l i  equal the human type bac i l l i  regarding 

virulence and pathogenicity for  man. While bovine bac i l l i  i n  the 

early days were almost exclusively found i n  extrapulmonary tuberculosis 

(cervical glands, jolnts and bones, meningitis etc) ,  ~t is now recogmzed 

that  bovine bac i l l i  may also play an important part  i n  pulmonary 

tuberculosis. The rural. population i n  areas w i t h  a high incidence of 

tuberculosis i n  cahtle are exposed to  a double r i sk  of infection: by 

mouth through consumpt~on of contaminated milk, and by way of the 

respiratory t r ac t  through inhalation of bovine tubercle bacill i .  

Gut of a t o t a l  of $98 cases of pulmonary tuberculosis from d l  

parts  of Denmark type-determined up till 1936, 5.35% showed bovine 

baci l l i ,  whereas the incidence of bovfne infection reached as h g h  as 

42.5s among rural  patlents who acquired t h e ~ r  pulmonary tuberculosis 

while Ziv~ng In the south-western part of Jutland, where the percentage 

of tuberculous herds a t  tha t  tlme exceeded 75. 

For a correct understanding of bovine tuberculosis i n  man, it 

must be noted that exposure to  virulent tubercle bac i l l i  does not 

necessarily resul t  In the development of serious cl inlcal  tuberculous 

disease. In the large majority of cases such exposure 1s  only 

followed by a sub-clinical infection, causing inununity and a positlve 

tuberculin reaction. This happens regardless of whether the type 

of infecting bacl l l i  1s human or bovine. An encapsulated inactive 

primary lesion causlng ~mmuuty, but no serious disease, is produced 

more frequently, when the baclllx are introduced by M e  oral route, 

thanwhenintroduced byway of the respiratory tract.  Moreover, 

when primary lesions develop in to  cl inical  tuberchous disease, the 

course of the disease 1s usually less  malignant when the primary 

lesion is located i n  the alimentary t r a c t  than when it occurs i n  the 

respiratory system, especially the lungs. It is therefore very 



obvious that aerogenic infection and pulmonary lesions are the 

most dangerous and most predomnant causes of morbidity and 

mortality in tuberculosis of man. Most cases of pulmonary 

tuberculosis develop from aerogemc infections and primary lesions 

in the lungs, and as man as a whole (except for special professional 

groups) lives in closer contact with other human beings than with 

cattle, it is logical that the majority of pulmonary tuberculosis 

In man must be of the human type. Most cases of extrapulmonary 

tuberculosis develop from alimentary infection and primary lesions 

in the alimentary tract, and as milk, which is the most important 

source of alimentary tuberculosis infections, is much more exposed 

to contamination from tuberculous cattle than from man, ~t is logical 

that a very large percentage of extrapulmonary tuberculosis in man 

should be of the bovine type, this being especially so among the 

younger groups whose diet usually contains more milk. 

Thus the role played by bovine tuberculosis in cattle in the 

epidemiology of tuberculosis in man may be summarized as follows: 

direct contact between tuberculous cattle affected by tuberculosis 

of the lungs, and man involves the same risk of aerogenic infection 

and pulmonary tuberculosis as do human contacts involving persons 

affected by ~Grnonary tuberculosis. The spread of bovine tubercle 

bacilll through milk produced by tuberculous herds results in a 

widespread distribution of sub-clmical immunizing, alimentary 

infections plus a certain percentage of cllnical cases of extra- 

pulmonary tuberculosis (cervical, glands, abdominal tuberculosis, 

meningitis, bones and joints etc.) especially among children. 

The ratio of sub-clmical infections to clinical Infections depends 

upon the intensity of exposure and the incidence of acquired 

immunity within the exposed groups. Large numbers of bacilli in 

conjunction with a low resistance may result in fatal cases ~f 

miliary tuberculosis (menmgitis) as is seen fairly often in infants. 

Out of a total of about 5,000 cases of human tuberculosis typed In 

Denmark between 1931 and 193, 456 cases of extrapulmonary bovine 

tuberculosis were found. These were predominantly due to milk- 

borne infection, and although thrs number 1s relatively low compared 

to the total number of individuals exposed to bovine tubercle bacilli 

from milk within the same period, it is nevertheless sufficiently 



h g h  t o  warrant an all-out f igh t  agalnst bovrne tubercle b a c i l l l  i n  

milk. To t h i s  number, moreover, must be added several hundred cases 

of bovzne pulmonary tuberculosxs, contracted from d i r ec t  contact 

with tuberculous cat t le .  

Add~ng everytbng together ~t is q u t e  c lear  t ha t  tuberculosis 

xn c a t t l e  must be eradicated i f  a general campaim a g a n s t  tuberculosis 

In  man is t o  succeed. 

These are the general principles as they have emerged from 

experience gamed I n  Denmark, where bovine tuberculosls has now been 

successfully eradicated, while a s  l a t e  a s  1939, about 55% of a t o t a l  

of about 200,000 heads of c a t t l e  were tuberculous, It 1s obvious, 

however, t h a t  the rnagnltude and overall  xmportance of the problem 

w i l l  vary from country t o  country, accordmng t o  the incidence of the 

disease i n  c a t t l e  as  compared t o  the incidence of human pulmonary 

tuberculosis I n  the population. Certaln moctiflcatlons may also 

be expected from variations m local  conditions with respect t o  

d ie ta ry  customs (boiling of milk) or t o  housing conditions for  

c a t t l e  and man. 

1.2 Contamlnatlon of rmlk wlth bovine tubercle b a c l l l i  

The t ransfer  of tubercle b a c l l l l  t o  the mllk may take place 

d ~ r e c t l y  through excretion from tuberculous leslons In the udder 

t i s sue  itself, or lnd l rec t ly  through contam~natron of the milk 

during rmlking wlth dust and other d i r t  materials, carrying viable 

tubercle b a c i l l i  originating from lnfect lve excreta (sputum, manure, 

urlne, vaginal discharge). The tuberculous lesxons within the udder 

i t s e l f  represent the most masslve source of lnfectlon of milk, but 

even l n  the absence of cases of udder tuberculosls within a tuberculous 

herd, the pooled milk from such herds w i l l  frequently carry tubercle 

b a c l l l i  i f  other types of open tuberculosis occur (uterus, lungs, kldney). 

1.3 Udder tuberculosis 

Q u s  localization ordinar i ly  develops a s  a form of generallzatlon 

i n  cows havlng p r l m y  leslons elsewhere. The introduction of 

contaminated instruments through the t e a t  canal may, however, produce 

a prlmary tuberculosis of the udder In tuberculin negative cows. Apart 

from t h i s ,  tuberculosis of the udder i s  mostly found i n  cows having 



advanced tuberculous lesions in other organs. It is generally 

said that 25-3C$ of cows wlth generalized tuberculosis will present 
lesions of the udder, and the average incidence of udder tuberculosis 

is about 1-2$ of the total number of tuberculin reactors. Most 

cases take on a chronic course with latent or only slight symptoms, 

the milk retaming a normal appearance for a long time, even when 

containing large numbers of tubercle bacilli. Hence many cases 

remain undetected for long periods of time and may give rise to a very 

extensive contamination of large quantities of milk. It is frequently 

found that milk from one single case of udder tuberculosis diluted with 

milk from several thousands of healthy cows is still infective to 

susceptible experimental animals. On one occasion about 25 tubercle 

bacilli per ml could be cultivated from market milk originating from 

a dairy plant with only one case of udder tuberculosis among about 

2,000 producing cows. 

1.4 Tuberculosis of the genital tract and kidneys, tuberculosis 
of the lungs 

Uterlne tuberculosls resulting In abortion and vaginal discharge 

comes next to udder tuberculosis as a source of tubercle bacilli in 

milk. The outflow from the vagina is often very rich in bacilli, 

especially during the first week following abortion, the tail, 

hindlegs, udder and surroundings become heavily contaminated with 

tubercle bacilli that easily find their way to the milking pail in 

handmilking, and also from the surface of the teats into the mrlking 

machine. Upon dessication, the materlal turns into virulent dust. 

Uterine tuberculosis occurs m 1-2$ of the total number of tuberculin 

reactors. Excretion of tubercle bacllli through the urine also 

provides posslbllities for a widespread transfer of bacilli. The 

same applies to faecal materials containing tubercle bacilli, as will 

be the case in animals having open tuberculosis of the lungs and 

swallowing the expectorate. It is to be noted that tubercle bacilli 

may remain viable in dust and dirt in dmk stables for several months. 

So pooled milk from tuberculous herds, even without actual cases of 

udder tuberculosis, will practically always carry viable tubercle 

bacilli when other types of open tuberculosis are present. 



1 1.5 Tubercle bacilll in mllk and mllk products 

Desplte the high dilution occurring in market mlk when milk 

from many herds is pooled together, tubercle bacilli may readily 

and regularly be demonstrated In market milk and milk products 

produced in countries with a high incidence of tuberculosls In 

cattle, if the rmlk has not been pasteurized. The tubercle 

bacilli are unable to multiply in milk, but they are very resistant 

and will survive for a considerable length of time and withstand any 

kind of processing (souring, cheesemaking, buttermaking, drying, 

freezing) except heating. 

1.6 Preventive measures against transmlsslon of tuberculosis 

through milk 

Of course a complete solution to this problem lies only in total 

eradication of tuberculosls in cattle. Until this can be achieved, 

certain preventive measures to minimize the danger must be applied. 

In fact,the milk control herd inspection service in Denmark 

w a s  especially created because something had to be done to protect 

primarily children against milk from tuberculous cows. The 

organization started about l9Ol and for many years the most important 

achievements of ths control system was the detection and elimination 

fromthe rmlkproducing herds, of cows with open tuberculosis. The 

milk of any cow showing clinical signs of tuberculosis (whatever the 

site of the disease may be) shall be retained and not delivered to 

any dairy plant or used for human consumpt~on. Cows suspected of 

udder tuberculosis, genltal tuberculosis, lntestlnal tuberculosis 

or open tuberculosis of the lungs, shall immediately be isolated 

and specimens sent for laboratory examination. If the diagnosis 

is confirmed, the animals must be slaughtered without delay. 

As soon as circumstances allow, only tuberculin-negative herds 

should get a llcence for the production of milk for human consumption, 

and tuberculin testing would have to be repeated regularly once a 

year as a condition for maintaming the licence. 



Animals suffering from brucellosls are nearly always the source 

of human brucellosis (Febrls undulans), as the dlsease - unllke human 

tuberculosis - 1s practically untransmssible from man to  man. 

Transmission from animals t o  man may take place i n  two ways- through 

contaminated foods, prxmarlly milk and milk products, and through 

chrect contact with Infected mmals. 

In Denmark about 500 - 600 cases of Febris undulans have been 

reported every year from 1928 to  1940. Since 1942, the yearly 

average has dropped, and m 1948 ~t reached only about 5C$ of the 

former level. The reason for th i s  c-e 1s that  since about 1940 

mlk-bwne cases have become very rare, partly due t o  the introduction 

of compulsory pasteurization of market mllk since that  year, and partly 

due t o  the introduction of the A.B.R. milk t e s t  In milk control whereby 

milk from infected herds could be segregated from mxlk from clean herds. 

What remms of human brucellosis today is m n l y  contact-mfection 

h r e c t l y  from Infected animals. Under the present comt lons  i n  

Denmark, it has been found that  milk-borne cases amount to  approximately 

5@ of the t o t a l  flgure f o r  human brucellosls, and direct contact 

infectlons t o  another 50 per cent. 

The further decllne of human brucellosis i n  Denmark since 1948 
results  mainly from the rapid progress of the eradication campaign 

agans t  brucellosls In cat t le  ackueved dur1n.g these years. 

Statistics of Febrls undulans (human brucel los~s)  in Denmark 

Yeas - 
1928 

1929 

1930 

1931 

1932 

1933 
1 9 9  

1935 

19% 

1937 

1933 

1939 

Total cases 

441 

525 

526 

589 

510 

6 6  

655 

513 

606 

581 

585 
521 
r r O  

Total cases 

327 
262 

284 

291 

8'9 

224 

194 

188 

153 
126 

70 

35 
91 



The principal type of brucella i n  cow's milk is, of course, 

Brucella abortus bovis. It must, be borne In mlnd also tha t  ---. .-- --- 
Brucella melitensis and Eruceila suis may occur In cows. Sheep 

milk and goat milk are the main vectors of Brucella melitensis. 

2.1 Brucella bacterla i n  mllk 

The main source of brucella bacteria In mxlk is no doubt udder 

infections which are a frequent manlfestatlon of generalized brucellosis. 

Apart from tlus, indirect contanunatlon during rmlking may also occur, 

especially from vaglnal discharges i n  anlmals tha t  have aborted. 

Brucella lnfection of the udder 1s a typical latent  infectlon 

without cl inlcal  symptoms of dlsease. The rmlk is apparently normal, 

and the udder-infected anlmals can actually only be detected by 

demonstrating the bacteria In milk samples, elther through guinea plg 

inoculatiofis or through cultivation, The number of bacteria per C.C. 

of milk from infected animals is usually rather low, varyin@i from 

some hundreds up to  a hundred thousand. The incidence of udder- 

infected cows In brucellosis herds varxes considerably. The highest 

r a te  of excretion is found among cows that  have aborted, a s  approximately 

8 6  of a l l  abortlng cows excrete brucella bacteria in  the milk for a 

longer or shorter period following abortion. Consequently, the 

percentage of excreters may approach 8 6  in herds where the disease 

is  present i n  its acute form, causing many abortlons. In herds 

where the acute phase of infectlon has passed and the dlsease has 

entered ihe chronic phase with only a limited number of abortlons, 

15-2@ of the cows are usually found t o  be excreters. Some udder- 

infected cows may r l d  themselves of the udder lnfectlon d t e r  a few 

months, or during the dry period, but very often the infectlon, 

when once established, w i l l  persis t  from one lactation perlod t o  

the next for years. 

Udder-infected cows w i l l  usually develop and maintain hlgh 

blood t l t e r s .  Removal from a herd of permanent high reactors, 

therefore, w i l l  clear that  herd of udder-mnfected cows t o  a very 

large extent. Cows showlng l o w  blood t i t e r s  the% tend t o  fade 

out w ~ l l  seldom harbour udder infectlon. Udder-infected cows 

will also show antibodies In  the milk (positive A.B.R. t e s t  or 

whey agglutmatlon t e s t ) ,  but antibodies i n  the m l k  i s  I t se l f  no 

proof of an udder Infection being present. Antibodies i n  the milk 
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foci i n  the udder tissue i t s e l f ,  but the lining epithelium of the 

udder is also permeable t o  antlbodies produced elsewhere and brought 

t o  the udder through the bloodstreamr In general, only about 5@% 
of Lbe cows showing antibodies i n  the milk are found to  be excreters 

of brucella bacteria. 

In  pooled milk, market milk or herd milk samples, the correlation 

between findings of antlbodies and brucella bacterla is much higher 

than inmilk from individual cows. Generally speaking,samples of 

market milk o r  herd milk shavlng a negative A.B.R. t e s t  can be 

considered f ree  from brucella bacteria, whereas such milk showlng a 

positive A.B.R. t e s t  w i l l  certainly contain brucella bacteria. 

Brucella bacteria are unable t o  multiply In m l k  or milk 

products but may survive for a considerable length of time, 

although they are found less resistant than tubercle bacllli .  

2.2 Epidemiolagy of milk-borne brucellosis i n  m a n  

In countries and areas where brucellosis i n  animal herds is 

widespread, unpasteurized market milk constantly contains brucella 

bacterla. This means that  consumers of mllk are permanently 

exposed t o  brucella infection from this source. A s  in  tuberculosis, 

only a rather low  percentage of the exposed persons develop clinical 

brucellosls (Febris undulans) . Natural resistance t o  brucella 

bacteria (especially Brucella abortus bovls) i n  humans 1s high, 

and sub-clinical infections quite often result  i n  inrmunlty as may 

be seen from the fact  that  positive blood reactions or positive 

skin t es t s  are very often found m healthy persons having no history 

of brucellosis. Jersi ld m Denmmk, made brucellin skin t e s t s  on 

603 persons, of whch 60 were found positive; only 7 out of these 

had a history of clinical brucellosls. It thus appears that  

exposure often results  i n  sub-clinical immunizing infections instead 

of clinical brucellosis. A s  mentioned earlier,  the number of 

bacteria excreted from the udders of infected cows is usually low, 

which, of course, is also one of the factors that l l m l t  the 

infectivity of the milk. Cream and ~ t s  derivatives are more 

dangerous than whole milk, because the brucella bacteria t eM t o  



concentrate i n  the cream. No doubt t h l s  tendency i s  due t o  

agglutination of the bacter ia  by the e f f ec t  of brucella antibodies, 

i n  the same way as 1s seen i n  posit ive milk when perform~ng the 

A.B.R. t es t .  Raw cream taken from the cream layer on top of 

mrlk cans i n  Infected herds 1s thus l ~ k e l y  t o  contain large 

amounts of brucella bacterra. 

2.3 Vaccinated herds 

k l k  from non-infected, s t r a i n  19 vaccinated herds, present 

hardly any danger of brucella infection as  long as the  vaccination 

is re s t r i c t ed  t o  calfhood vaccinatron. When cows also have been 

vaccmated, udder infection may re su l t  from vaccination. A s  has 

been proved by Huddleson i n  the Umted States,  s t r a n  19 i s  able 

t o  produce Febris undulans xn humans. Uncontrolled vaccinatlon, 

of course, makes it very difficult, or even ~mpossible, t o  

drstlnguish between lnfected and non-infected herds and deprlves 

the milk control of an excellent means of dlagnosls, which the 

A.B.R. t e s t  on herd milk samples would otherwise be. 

2.4 Preventive measures against transmission of brucellosis 
through milk 

Complete eradication of brucellosis from animal herds IS, of 

course, the only measure t h a t  w l l l  solve the en t i r e  problem of 

human brucellosls. When t h s  goal is  reached mllk-borne cases, 

as well as contact cases i n  humans w i l l  disappear. 

Mxlk from cows t h a t  have aborted should be retained and not 

delivered t o  any dairy plant u n t i l  discharge from the vagina has 

ceased. Thm measure, of course, w i l l  not prevent the milk of 

Infected herds from being contaminated w i t h  brucella bacteria, 

but as  aborting cows must be considered a s  especially dangerous 

sources of contamination, both because excretion of bacl l lz  is  

greatest  during the f l r s t  weeks a f t e r  abortion, and because of 

the danger of contamination presented by the  heavily infect ive 

vagxnal outflow, t h i s  measure seems, nevertheless, t o  be justif ied.  

When cxrcumstances pernut, only brucellosis-free herds should 

get  a licence f o r  producing milk f o r  human consumption. Then the 

A.B.R. t e s t  w i l l  provide an excellent means of ensuring that herds 

are kept f r e e  from brucellosis. 



B. The Acute epldemlc Wlk-borne Infectlo- 

1. Streptococcal ~ n f e c t i o n s .  Anglna - Scarlatina 

Streptococcal m i n a  i s  an acute inflammation of the t o n s i l l a  

and adjoining pharyngeal mucosa, caused by Streptococcus pyogenes 

humarms (Lancef i e lds  serologmcal group A, ) . A l l  milk-borne 

epidemics of angina have so f a r  proved t o  have been streptococcal 

angina. 

Scarlatina IS a closely re la ted  infectious disease, wbch 1s 

a lso  caused by Streptococcus pyogenes humanus. It may be described 

as streptococcal angina accompanied by a typlcal  exanthema of the 

skin probably's toxic  a l le rg ic  reactlon. Exposure t o  milk, ca r ry lm 

Streptococcus pyogenes humanus, regularly r e s u l t s  i n  the development 

of both angina and scarlatina cases, Adults usually reac t  by 

developing angfna while children largely develop scarlatina.  This 

i s  an indication that differences mn resmstance play some pa r t  m 

determinmg whether persons exposed t o  group A. streptococci respond 

t o  the  infect ion by developing angmna or the  more severe condition 

known as scarlatina.  The r a t i o  of angina to scarlatmna in  an 

angina-scarlatina milk epidemic w i l l ,  however, vary from one 

outbreak t o  another, indicating also t h a t  speclf lc  characteristics 

of the infecting stram or type of streptococci may play a role.  

Streptococcus pyogenes humanus 1s a typmcal hemolytlc streptococcus, 

Serologically ~t belongs t o  Lancefields' group A., but within t h i s  group, 

approximately 30 di f fe ren t  types have been dif  ferent la ted by means of 

an agglutination technique; each type contains, besides the mutual 

group antigen, a specif ic  type antigen located i n  the surface of 

the bacterial cell .  

Group A. streptococci d i f f e r  from the usual animal types of 

hemolytic streptococci m biochemical properties and I n  possessing 

a specif ic  enzyme, which &ssolves human fibrine.  Thereby it is  

characterized as  a specif lc  human pathogen, and it is  considered 

by f a r  the most important pathogeruc streptococcus I n  human pathology. 

Apart from being the cause of angrna and scar la t ina  I n  m a n ,  tkus 

streptococcus i s  also found in  a var ie ty  of other diseases of man, 

o t i t i s  medla, erysipelas, puerperal fever, pyogenic inflammations 

of various kinds, abscesses and - of special  importance regarding 



contamlnatlon of m l k  - very often i n  the common suppurative finger 

phlegmones, panaritlum. This important streptococcus, however, 

is  a l so  pathogeruc fo r  ca t t l e ,  as transmission from human infections 

t o  the udder of the cow may produce mastit~s. In f a c t  t b s  has 

been the epidemiological mecharusm i n  most angina-scaslatlna mllk 

epldem~cs. Fortunately group A. streptococcal mastitzs In  cows 

only occur occasionally. Inhumans, group A. streptococcal 

infections are widespread, both active c l in i ca l  cases and carriers. 

I n  Denmark found group A. streptococcl i n  pharynx and tons i l l a s  

An 3 . s  of a large number of healthy persons examined. Among people 

l rvlng l n  close contact with c l in i ca l  streptococcal cases, the 

percentage of car r ie rs  i s  much hlgher, and c l in ica l  recovery from 

angina or scar la t lna 1s often followed by a long perlod of l a t e n t  

pharyngeal or t ans l l l a r  infection. 

1.1 Epidemiology of q i n a  and scar la t ina  

The transmission and spread of angina and scar la t lna  may occur 

e i ther  through dxrect contact from c l in l ca l  cases or car r ie rs  i n  the  

form of a droplet lnfectlon by coughiq or sneezing, or through 

consumption of contaminated milk. The contamination of milk can 

be effected I n  two ways 

1 )  By d i r ec t  contamlnation from persons suffering 

from streptococcal dlsease (angina, scarlatlna,  

panar~tlum, o t ~ t l s  meaa, erysipelas, infected 

wounds, pustulous eczema); 

2) Indirect ly  wrth a cow's udder actlng as an 

lntermed~ate  l i nk  when persons suffering from 

streptococcal disease d u r ~ n g  milking and 

handling of cows transmit t he  infection t o  

the udder of a cow v ia  the teat duct. 

1.2 Dlrect contamlnation from humans 

Considering the  widespread occurrence of streptococcal dlsease 

i n  man, tus must be a ra ther  common btippening, but usually such 

contact does not r e s u l t  i n  a large enough contamination of the 

mllk t o  cause epldermcs, because group A. streptococcl are unable 

t o  multiply I n  milk under ordinary circumstances. I n  specla1 cases, 

where the milk has been very heavily contaminated, such d i r ec t  contact 



may be suff icient  t o  cause an epidemic spread of dlsease. So fax 

I n  Lhmark only one such occaslon has been reported where b r e c t  

contamination of the  milk supply from a human source produced a 

large epidemic spread. ' This was i n  1937, when a milker suffering 

from an o t i t l s  m d a  with a heavy purulent discharge from her ear, 

succeeded i n  transferring enough infective pus t o  the milk she was 

handling so tha t  about.118 cases of scarlat ina and 50 cases of 

angina developed among the consumers of the milk within three to 

four days (Anglna-~carlatina mlk epidemlc In  Vejle 19~). Moreover, 

t he re  have been one or two occasions where d i rec t  contamination of 

milk from panaritlum and angma cases among workers at a mllk bot t l lng 

plant produced a few scattered cases of angma-scarlatina among milk 

consumers within the area. That group A. streptococcl I n  low numbers 

may occasionally be found In mllk 1's also seen from the flndings of 

P.A. Bruhn, who carrled out a type determination of 345 s t r a ins  of 

hemolyt~c streptococci, selected at random from samples of raw 

producers milk. The majorlty of s t ra lns  were group B. and other 

specif ic  animal pathogens, but one s t r a in  proved t o  be of group A. 

occurring i n  a mllk  sample containing only about 100 hemolytic 

streptococci per cc. Bruhn's resul t s  are shown below. 

Type determination of 345 s t ra ins  of hemolytlc streptococcl 
isolated from producers milk samples 

Group A. 1 - - 0.3% 
( 1  B. 278 = 8~~674 
11 

C. 19 = 5.5% 
I1 D. 4 = I*@ 
I! E. 21 = 6.1% 
19 L. 22 = 6.4% 

1 .  Indlrect contamination - human - cows udder - mllk 

In  most of the large mllk-borne angina-scarlatina epideuucs that 

have been investigated, the source of the outbreak was found i n  a case 

of mastitls in cow caused by group A. streptococci transmitted t o  the 

cow from an infection I n  humans. The typlcal epldernic outbreak 1s 

only l lke ly  t o  occur when the m l k  happens t o  become heavily 

contaminated, s o  tha t  the milk supply s t i l l  carr ies  Infective doses 

of streptococci, even a f t e r  dilution with clean milk from other sources. 



Therefore the active multiplication of the streptococci m t h l n  the 

udder of a cow i s  essent ia l ,  as  the streptococci, as  already mentioned, 

are  unable t o  multiply i n  milk outside the udder glands. 

The f i r s t  streptococcal milk-borne epldemlc of t h i s  type t o  be 

reported was a large epidemic which occurred i n  Chicago i n  1911. In 

Denmark several such epidemics have occurred, the most severe i n  recent 

years being the so-called Gladsaxe epidemlc of 1941 to t a l l i ng  2400 human 

cases with 24 deaths. The his tory of t h s  epidemic, which may be 

considered as  quite typical,  was as follows. On 19 November 1941 a 

physician i n  the town of Gladsaxe reported t o  the municipal veterinary 

off lcer  I n  charge of milk control, t ha t  he had tha t  same day, d i w o s e d  

SIX severe cases of angina under circumstances pointing t o  a milk-borne 

infection from the Gladsaxe dalry. The d l s t r l c t  medical off icer  was 

approached, but a t  t h a t  time he had no reports of an angina epidemlc 

within his district. The veterinary off icer  immediately collected 

samples of raw bot t led milk from the cooling rooms of the Gladsaxe 

dairy plant and planted the milk on t o  blood agar t o  investigate the 

presence of hemolytic streptococcx. Early i n  the morning of 20 November, 

moreover, samples were taken fo r  cul tural  ekamination i n  blood agar from 

a l l  producers' cans a t  the receiving platform of the dmry  plant. The 

market milk from 19 November was found, when the cultures were exarmned 

a f t e r  incubation overnight, t o  contain about 0.5 m i l l .  hemolytic 

streptocoecl per cc. Further dis t r ibut ion of milk from the plant was 

then stopped. Next day the  cultures of milk from the producing f a r m s  

were examlned and the mllk from one farm was found t o  contain more than 

5 m i l l .  hemolytic streptococci per cc. An  lnspectlon of the farm was 

immediately made; there were only f ive  cows i n  the barn, and one was 

suffering from an acute masti t is  i n  the r igh t  hindquarter. The gland 

showed oedematous swelling and the  secretion was purulent. From the 

secretion of the Inflamed quarter 1700 m i l l .  hemolytic streptococci 

per cc. were cultivated. A11 s t r a n s  xsolated from mzlk were determined 

as group A,, and proved ident ical  with s t r a ins  lsolated from throat  

swabs of the human patients. A milker on the farm was found t o  be 

suffering from a panarltium caused by the same type of streptococci. 

Durlng milking he had transmitted the infection t o  the cow, and, 

against the rules, the milk from the diseased cow had not been retained 

but delivered t o  the dairy plant ,  despite severe acute symptoms of mastitis. 



The average incubation perlod xn this epidemic was 18-20 hours. 

Of the reported cases, 2300 were anglna cases, only 100 scar la t ina  cases. 

The Incident showed t h a t  by applying a simple bacteriological 

examination of the mxlk for  hemolytic streptococci, the source of 

the epldemlc could be traced d m  with great certainty withln three 

days of suspxcion f i r s t  being aroused and whlle the epidemic was 

still developing. The same technique of epidemiological investigation 

has a lso  been successfully used on some l a t e r  occasions. 

2. Group A. streptococcal mastitls i n  cows 

The c l in i ca l  picture i n  group A. mast l t is  has proved xn most 

cases t o  be quite different  from the usual pfcture of bovlne streptococcal 

mastitis. Whereas the usual bovine streptococcal mastitis produced by 

group B. streptococci 1s a chroruc disease with a protracted course 

and long periods of la tens  xnterrupted by act ive flare-ups, t he  @oup A. 

mastitis is an  acute form of mastltis. Imedla te ly  following introduction 

of the infection, a severe reaction i s  seen with an  acute swelling of the 

affected udder and purulent secretions, and I n  a few weeks the affected 

gland becomes dry and a t rophc .  Consequently when investigating the  

source of a streptococcal milk epidemic, recent cases of acute mastitis 

with a severe inflammatory reaction,should especially be considered. 

In 1945, however, we discovered one case of moup A. mastitis which 

had obviously behaved as a typical chronic sub-clinical mastxtls. 

When discovered, the case had persisted f o r  more than a year, 

al together causing about 12 sporadic cases of scar la t ina  i n  persons 

t h a t  happened t o  take milk from t h a t  cow; mostly v i s i t o r s  t o  the 

farm who stayed f o r  dinner. The milk had a normal appearance, and 

there were only very s l lgh t  symptoms of induration of the gland, but 

the milk contained about 10,000 group A. streptococci per cc. 

This case did not glve rlse t o  a large explosive outbreak, but  

only a few sporadic cases over a longer perlod, because the milk from 

the  farm was delxvered t o  a creamery only producing pasteurized butter. 

It had no connection wlth the d;Lstribution of l iqu id  milk, and only 

people l iving on the farm or v i s ~ t m g  the farm were exposed when m l k  

f o r  the kltchen was taken from a can contaimng the  m l k  of t h a t  

par t icular  cow. (Tllsted endemic scar la t ina  originating from a 

cow with a chroruc group A. infect ion of the udder, 1946). 



Human streptococcal infections from which transmission t o  the 

udder of cows are known t o  have taken place include cases of p d t i u m ,  

angina, scarlatina, o t i t i s  media. In  s p i t e  of the numerous da l ly  

occasions fo r  contact between cows and such conditions i n  milkers, 

only a llmlted number of group A. mastitis cases r e s u l t  f ~ o m  such 

contacts, and when cases become established, no spread from one 

cow t o  another within the herd i s  seen, despite the f a c t  t h a t  

streptococcal udder infections i n  cows w i l l  ordinarily spread 

rather  easily. Obviously, cows are  ra ther  r e s i s t an t  towards 

group A. streptococci. The explanation f o r  t h i s  is found par t ly  

i n  the f a c t  t h a t  normal cows' milk contains a bac te r ios ta t ic  factor,  

which is  very act ive against group A. streptococci but not against 

the ordinary bovrne type streptococci belonging t o  Lancefields 

serological group B. Streptococcus agalactiae. This perhaps means 

tha t  special  circumstances are necessary before exposure of the o r i f i ce  

of the t e a t  canal to group A. streptococci r e s u l t s  i n  the establishment 

of a pers is tent  udder infection. 

3. Diphtheria 

Milk-borne epidemcs of diphtheria are  always caused by d i r ec t  

contamination of the milk supply from human carriers of Corynebacterium 

diphtheriae. They may be ei ther  c l in i ca l  cases or car r ie r  cases. 

Not only people having suffered from diphtheria become carr iers ,  

the same happens when immune persons are  exposed t o  infect ion from 

act ive cases. 

Transmission may take place from nasal discharges or from 

droplets produced by sneezing or coughing. Diphtheria pat ients  

may also harbour the  b a c i l l i  I n  ulcerative finger lesions. 

Corynebacterium diphtheria i s  able t o  multiply i n  m l k  kept a t  a 

temperature above 1 5 O ~ .  so t h a t  even a s l i g h t  primary contamination 

may develop i n t o  a large infection. It should be borne i n  mind that 

diphtheria b a c i l l i  have been demonstrated i n  sores and skin lesions 

of the t e a t s  of cows milked by persons suffering from d-lphtheria, 

s o  a c l in i ca l  examination of t he  t e a t s  of cows i n  herds where 

human cases of diphtheria among milkers have occurred is  useful. 



4. Gastro-Intestinal Infections 

4.1 Typhoid - Paratyphoid 

The nucro-organisms causlng typhold and paratyphoid i n  man, 

Salmonella typhi and Salmonella paratyphl A, B, C, are specif lc  

human pathogens. Infections i n  animals generally do not occur. 

Contamination of milk with these bacteria orlginate from human 

cases being i n  contact with the nulk supply, e i ther  c l ln ica l  cases 

or carriers. Infected humans excrete the b a c l l l i  through faeces, 

and sometimes through urine. It 1s very common tha t  people who 

recover from attacks of typhoid or paratyphoid continue t o  carry 

the infection i n  the ln tes t lna l  t r a c t  or i n  the g a l l  bladder or the 

b i l e  ducts for  a long time after, 3-5$ continue t o  be car r ie rs  for  

more than three months a f t e r  the c l in ica l  symptoms have subsided, 

and many of these w i l l  continue fo r  years. There are also carr iers  

who have never had a cl i rncal  attack of the disease. When i m e  

persons are  exposed t o  infection, no c l in ica l  disease w i l l  develop, 

but sometimes a sub-clinical carr ier  infection w i l l  r e su l t  from such 

exposure, just  the same as i n  the case of diphtheria. !Transfers of 

typhoid or paratyphold b a c l l l i  from humans t o  milk takes place 

through d i rec t  or i m r e c t  contamination of the milk with human 

faecal  material. Contact pnth unclean hands, not properly 

washed af ter  use of the lavatory, 1s one important source. Another 

i s  sewage-polluted water supply belng u t i l lzed  fo r  washing and cleamng 

milk utensils,  or pollution of the cowshed or f i e l d  crops n t h  human 

faeces because of lack of proper lavatory facilities. Typhold and 

paratyphold b a c i l l i  are able t o  multiply readi ly i n  milk a t  temperatures 

down t o  15'~. Also deposits and milk films i n  d l r t y  milklng utensi ls  

provide a smtable  medium fo r  growth. This, of course, means tha t  

even a very s l igh t  inoculation may resu l t  i n  a heavy contamination, 

when sui table  conditions of growth exist ,  because of improper cooling 

or otherwise. Salmonella typhi and Salmonella paratyphi may survive 

i n  milk and milk products f o r  several weeks, and at low temperatures 

they may survive souring of the milk i n  Lhe manufacture of but ter  

and cheese. The same applies t o  other types of salmonella bacteria, 

In Norway, several outbreaks of gastro-enteritis salmonellosa 

i n  man have been caused by salmonella-lnfected sour cheese, produced 

i n  farms where salmonellosis In ca t t l e  occurred. 



A very good ~ l l u s t r a t l o n  of the epidemiological mechmsm 

of a milk-borne epidemic of typhold 1s found i n  a case which 

occurred m a Danish town i n  1946. 12 cases of typhold occurred 

simultaneously i n  a group of people, a l l  of whom had participated 

In a dlnner party a t  whlch whlpped cream had been served. The 

whipped orem was bought from a milk shop i n  a house where a 

female typhoid carr ier  was living. Although she had been 

instructed t o  always use a separate to i l e t ,  she had, on that 

particular day, used another lavatory ln the house, which had 

afterwards been used by the milk dealer, immediately before she 

weighed and handed out whipped cream t o  the customer i n  whose 

house the infected meal was served. The milk dealer admitted 

tha t  she had not washed her hands i n  between. In another family 

which h6.d bought whipped cream from the same supply, only a short 

while af ter  the first-mentioned family bought its cream, 3 07 4 

cases of typhoid also developed, whereas the customers coming l a t e r  

escaped the infection. Although the milk dealer herself w a s  not 

a typhoid carrier,  she obviously had been able t o  pick up on her 

hands enough typhoid bac i l l i  from the polluted lavatory t o  transmit 

Infective doses to  the f i r s t  two portions of whipped cream she 

afterwards handled. Later, however, her hands must have become 

sufficiently clean so that further contamhation stopped. 

An American s t a t i s t i c s  of the source of infection i n  

milk-borne tyhpofd epfdemlcs shows the picture given below. 

Source of infection i n  373 milk-borne epidemics of typhoid 

Typhoid carriers i n  dairy farms or dairy plants : 162 outbreaks 

Active typhoid cases : 134 " 

Contamination of milk bottles returned from : 37 n 

houses w i t h  typhoid cases : 37 n 

Polluted water used for  cleaning mflk utensils 2 % "  

Contammation of cows from polluted water : 4 "  

various sources : 8 "  

4.2 Gastro-ententis salmonellosa 

Within t h e  salmonella group a large number of species are pathogenic 

to  man as well ax t o  animals, Salmonella tgphi unirium, Salmonella 

enteri  t id is ,  Salmonella dublin, & Cholerae 9, " a. o. In medical 

bacteriology these bacteria are often described as the gastro-enteritis 

mouD of salmonella, because they produce In man -- - -  



with a d i s t lnc t  c l in l ca l  picture,  different from t h a t  of typhold 

and paratyphoid. In typhoid and paratyphold the lncubatlon 

period 1s 2-3 weeks, and the d1seas.e 1s characterized by more or 

l e s s  severe symptoms of sepsis. The dwation of symptoms is 

3-4 weeks, and a f t e r  that a car r ie r  s t a t e  often develops. In 

the acute gastro-enteritis (gastro-enterit is  sslmonellosa), caused 

by b a c i l l i  of the gas t ro-en ten t i s  group, the lncubatlon perlod IS 

short, about 24 hours, and the predominant symptoms are those of an 

acute gastro-enteritis without general sepsis. The duration of the 

disease 1s generally only about 3-4 days and a c m l e r  s t a t e  only 

develops i n  a mlnorlty of cases. 

I n  animals, these b a c i l l i  may produce an acute sep t lc  gastro- 

en te r i t i s ,  usually m younger anunals, and car r le rs  are common. 

In some countries salmonellosis m calves IS widespread and when 

calves and cows axe kept together in the same barn, the danger of 

contamination of the milk from the faeces of dlseased calves exists.  

Occasionally cases of acute salmonellosls are seen i n  adult ca t t l e ,  

and when milking cows are mvolved, a rnllk-borne epldemlc of gastro- 

e n t e r i t i s  salmonellosamay r e s u l t  from t h i s  source. 

One such epidemlc was studled i n  Denmark i n  1922, 95 persons 

l n  a hospi ta l  being taken 111. The rmlk was delivered t o  the 

hospital  from a particular herd In  whch a cow had died from an 

acute sep t ic  e n t e r i t r s  with severe harrhoea.  Salmonella dublin 

was i so la ted  from spleen and udder t l s sue  of the cow and the same 

stram was found I n  the s too ls  of pat lents  a t  the hospital. Lake 

typhoid and paratyphold b a c i l l l ,  bacl l lx  of the gastro-enterlt ls  

group grow I n  milk a t  temperatures down t o  1 5 O ~ .  

Wlk  from cows suffering from salmonellosis must be retained 

and not delivered t o  any dairy plant. The same applies t o  a m a l s  

that a re  shown t o  be carriers.  The infected arumals must be 

removed from the cowshed and bacteriological examlnatlon of samples 

of faeces should be carried out t o  t r ace  carriers. The mllk from 

cows affected with f eb r i l e  e n t e r i t i s  accompanied by systemic 

&sturbances (sept ic  en te r l t l s )  should be handled In  the same way as  

milk from salmonellosis cases, even though the  hagnos l s  of salmonellosis 

is  not yet established. I f  salmonellosls occurs among calves housed 



together with the milking cows, the infected calves must be 

removed from the cowshed, and necessary cleaning and disinfection 

of the stable should follow. 

4.3 Dysentery (Qysenteria baci l lar is)  

This is an infectious ulcerative c o l i t i s  i n  man caused by 

bacteria of the shigella group. Shigella are gram-negative 

non-motile, non-lactose fermenting rods, differentiated sero- 

logically in to  several types : Shigella dyaenteriae (Shiga-Kruse) , 
Shigella sonnei, Shigella flexneri, Shigella smithi, Dysentery 

behaves as a localized intest inal  infection without sepsis and the 

bacterxa do not spread outside the intest inal  tract. The incubation 

period is 2-5 days and the symptoms are fever, gastr ic  pains and 

diarrhoea w i t h  sliw and often bloody stools, The duration of 

typical cases is about one week, but chronic cases w i t h  very s l ight  

symptoms are of frequent occurrence as are carrler cases. Shigella 

are. specific human pathogens and the source of milk-borne epidemics 

1s consequently t o  be found among persons - chronic cases or carr ier  

cases - dealing with milk. Transrmssion takes place through faecal 

contamination, direct ly or indirectly, as described for typhoid and 

paratyphoid. Shigella organisms w i l l  multiply readily i n  milk and 

d i r ty  milk utensils a t  temperatures down t o  1 5 O ~ .  

Dysenterla baci l la r i s  Is a typical food-borne infection all over 

the world. The incidence of dysentery is generally considered t o  

re f l ec t  f a i r l y  accurately the prevailing standards of focd hygiene 

of a country. In Denmark about 2-300 cases a year i s  the normal 

figure. W i n g  World War 11, when hygiemc standards deteriorated 

by force of events, t h i s  figure rose 5-6 times. After the w a r  it 

returned t o  "normal". Similar experiences are common in many other 

countries. Milk-borne outbreaks have been reported rather frequently. 

Some have been traced t o  properly pasteurized milk which was 

recontaminated a t  the dairy plant a f t e r  pasteurization by carriers 

tha t  had transmitted the infection t o  unclean pipelines, storage 

tanks and bott le-f i l lers  i n  the dairy plant. The bac i l l i  obviously 

were able t o  establish themeelves i n  the sediment and dirt films i n  

unclean utensils in the same way as is seen w i t h  coliform bacilli .  

Only d thorough disinfection which clears the pasteurized milk of 

coliform organisms stopped the contanination. 



5. Growth of various pathogemc bacter ia  i n  milk 

The following r e s u l t s  from the investigations by Cohn and 

Malling Olsen I n  D e m k  are illustrative. 

I n l t i a l  Count aftero24 hours 
lnoculatlon a t  15 C 

Shige l la  W e n t e r i a e  

Raw mi- 
Pasteurized milk 

M a e l l a  sonnei 

Raw mxlk 
Pasteurized milk 

Salmonella typhl murxum 

Raw milk 
Pasteurized rmlk 

Corynebacterlum diphtheria 

Raw milk 
Pasteurized m l k  

Similar r e s u l t s  have been found with Salmonella t y p k  and 

Salmonella paratypk,  whereas Streptococcus pyogenes humanus 

(group A,) only grows t o  any appreciable extent 1n s t e r i l i zed  milk. 

The general ru l e  1s t h a t  pasteurlzed mlk is a be t te r  medium 

for  growth than raw mllk, because the bacteriostatic agent, present 

i n  raw mllk, IS destroyed by heat. This bac te r ios ta t ic  compound 

is especially actlve against the human type streptococci, but a l so  - 
although much l e s s  - against the pathogenic in t e s t ina l  bacteria. 

It must be stressed t h a t  a proper protection of pasteurlzed milk 

agalnst recontam~natlon by pathogenic intestxnal bacter ia  is a 

highly important f u n c t ~ o n  of dairy plant  s m t a t i o n .  

I1 DISEASES I N  WHICH MILK-BORNE TRANSMISSION IS OF RARE OCCURRENCE 

OR A NON-CONFIRMED POSSIBILrn 

1. Anthrax 

The occurrence of anthrax i n  a mi l -  herd needs t o  be 

considered from the  point of view of the resul t ing r l s k  of transmission 

of the lnfect lon t o  m a n  through the milk. Bacil lus anthracis x s  a 

spore-bearing bacillus, and spores w i l l  survxve any form of pasteurxzation. 

Only boillng f o r  5-10 rmnutes w i l l  k i l l  the spores. Contamination of 

m l k  with b a c l l l i  or spores of anthrax may take place ei ther  ind i rec t ly  

from infect ive faecal material, or h r e c t l y  t h r o w  the excretion of 



bac l l l i  may also be locallzed i n  the glandular t issue of the udder. 

In most cases the disease has an acute or peracute course with early 

death, leaving l i t t l e  time for the production of contaminated milk 

by the affected animals. Hawever, a few cases of chronic anthrax 

hsve been reported, where the anrrnal survived, but had a persistent 

localization of the lnf ection i n  the udder, showing symptoms of a 

chronic catarrhalic m a s t i t i s .  In one such case the con&ltion 

remained unchanged for  about a year and the milk contained as many 

as 40-100 mlllions of anthrax bac i l l i  per cc. 

Observations of milk-borne transrnisslon of anthrax t o  m a n  are 

very few, but one f a t a l  case has been reported. A s  anthrax i n  

man must always be considered as a severe hsease ,  drast lc  precautions 

t o  protect contamination of the rmlk supply seem justified whenever 

outbreaks of the drsease occur In rmlklng herds, 

The Danish instructions for  veterinarians i n  the milk control 

herd inspection service s ta te :  The milk of the diseased cows 

must not be used as food fo r  man or animals. Milk from healthy 

cars i n  the herd may be delivered, provided not more than two cases 

have occurred i n  the herd and the slck animals were removed from 

the herd immediately. Disinfection measures must be carried out. 

If the disease is spreading wlthin the herd, the milk must be 

retained from the whole herd 14 days af ter  the l a s t  case has been 

dlsposed of and disinfection of the barn has been undertaken. 

2. Foot and Mouth Disease 

m l k  from cows affected by foot and mouth disease carries virus 

fo r  a period of 10-12 days from the onset of disease. 'I'hls of course 

involves a considerable r i sk  of spread of the disease t o  other herds 

by transport routes collecting mllk from several farms. It also 

involves a certain r l sk  t o  mi lk  consumers insofar as foot and mouth 

dlsease vlrus has been reported as causing disease i n  man, The 

majority of these cases, however, have been transmitted through 

direct  contact t o  rnllkers handling diseased cows, and i n  any case 

the infect ivi ty of the vlrus fo r  humans i s  apparently very low. 

Even when large epidemics among ca t t l e  develop, only a few 

scattered cases of what 1s thought t o  be human foot and mouth 

disease are seen, despite ample opportunities of human contact 

with the virus. The symptoms i n  man are described as follows: 



it starts wlth fever (3'- 40'~) and general symptoms of dlsease - 
headache, palns i n  the throat  and sometimes diarrhoea. After a 

couple of days vesxcules erupt on hands, f ingers and sometimes 

also I n  the mouth and on the soles  of t he  feet .  Following the 

eruption of the vesicular exanthema, the temperature drops. The 

veslcules w l l l  rupture i n  a few days leaving superf ic ia l  erosions. 

The duratlon of the disease is about a week. 

The contamination of the milk with foot  and mouth dlsease v i rus  

i n  the f i r s t  few days of disease 1s due t o  excretion of vlrus  through 

the udder. Later, virus  w i l l  drop in to  the milk from vesicules on 

the t ea t s ,  rupturing durlng the process of milking. 

Much more important - from a milk hyglenic vlew - than the 

presence of virus  i n  the milk, 1s the influence of the dlsease 

upon udder functlon and the wave of mas t i t i s  which usually follows 

an attack of foot  and mouth dlsease. 

The relationship between foot  and mouth h s e a s e  and mast l t is  

has been studled m d e t a i l  by the Danish foot  and mouth dlsease 

s t a t lon  a t  Lindholm. The main findings were: the excretion of 

vlrus  through the udder during the generalization period i n  the 

ear ly  days of the disease may cause a pathological reactlon of 

the udder t i s sue  i n  both bacteriologically negative glands and i n  

glands harbouring a chronlc infection of streptococci or staphylococcx. 

This reaction occurs a f t e r  2-3 days of dlsease, and is considered 

t o  be an e f f ec t  of the vlrus  upon the glandular tissue. Later, a f t e r  

6-8 days, another and more severe reactlon follows due t o  the 

introduction of bacter la  through the t e a t  canal, whlch 1s prac t ica l ly  

unavoidable i n  t e a t s  havlng erosions on the t i p  followmng rupture 

of vesicules. Similar reactions also occur i n  glands already 

carrying a bac ter ia l  infection. 

Severe losses  In  mllk production follow from these attacks,  

and pathological milk appears An large quantities, maklng milk 

from herds affected by foot and mouth disease a very infer ior  

product with regard t o  i t s  hygienlc quality. 



3. Cther milk-borne infections 

It i s  obvious that  the l ist  of diseases tha t  have a milk-borne 

epidemiology 1s not limited t o  the diseases already mentioned. 

These are only examples of diseases where transmission through 

milk is actually bm. There remwn several more diseases where 

milk-borne spread is more or less  l ikely t o  occur. Thus milk-borne 

cholera epidemics have been reported e.g. from India, and other 

infectious agents occurring i n  human faecal material, sewage, and 

polluted water may also,of course, occasionally find their  way t o  

milk supply- poliomyelitis virus, hepati t is  epidemics virus. 

Leptospira of various types from human and animal leptospirosis 

is  another possibility. The same applies i n  the case of r icket ts ia ,  

causing Queensland-fever. In  California, for  instance, it has been 

found that  many cows show positive serological reactions of Q-fever 

and excrete the r icket ts ia  organisms through the milk. These 

organisms are remarkably resis tant  t o  heat and may sumrlve 

pasteurization. The epidemiological significance of these 

findings for  Q-fever i n  man, however, is not yet understood. 

The same applies t o  the presence of leptospira i n  milk from cows 

suffering from apparent or latent  leptospira infections, So there 

are still new f ie lds  t o  be explored within the theme of milk-borne 

human asease.  

111 GENWAL CHARACTERISTICS OF MILK-BORNE EPIDENICS 

When the milk supplywithm a certain milk distribution area 

suddenly becomes contaminated w i t h  the germs of some acute 

epidemic disease, a large number of people are exposed t o  the 

infection a t  one time. Through the distribution of infected 

milk, a whole l o t  of the infectious agent is ~rrtmediately carried 

around t o  a l l  the families receiving the i r  dwly  mllk supply from 

that  source. Consequently, as exposure to  infection occurred 

t o  a great many people simultaneously, the outbreak of disease w i l l  

also occur simultaneously in great numbers follavlng the expiration 

of the average incubation period. Milk-borne epidemics, therefore 

start very suddenly, the number of cases being high on the very 

f i r s t  day of the epidemic, and then fa l l ing  off rapidly. This 

picture is quite different from the picture seen i n  epidemics 

where transmission of disease takes place through contact from 



one person to  another. In epidemics spreading through contact, 

the number of cases per day IS low during the beginning of the 

ep1demi.c~ and then gradually Increases unt i l  half of the 

susceptible individuals have been immunized through an attack 

of the disease, whereafter the ra te  of Infection f a l l s  off 

following a curve whch is symmetrical w i t h  the curve of increase. 

A graphic representation of cases per day in  an epidemic transmitted 

through contact w i l l  thus be a symmetric curve w i t h  i t s  peak 

coincibng with the point when half of the susceptible population 

has been taken ill, whereas a graphic representation of cases 

per day i n  a food-borne epidemic w i l l  be an asymmetric curve. 

Milk-borne epidemic Epidemlc transmitted through 
contact 

1 2  3 4 5 6 d a y  week 

For th i s  reason a simple analysis of data reveals the 

epidemiological mechanism of an epidemic. 

Further characteristics of mllk-borne epidemics are that  

they are s t r i c t l y  confined t o  a certain topoe;raphical area 

following the routes and districts of mi lk  distribution and 

usually, moreover, several cases occur simultaneously i n  each 

of the affected families because a l l  members taking milk were 

exposed to  infection a t  the same time. 



IV PUBLIC HEALTH ASPECTS 

In many developing countries mlk-borne infections up till 

now played an astonishingly small role in spite of the primitive 

system of marketing - by street vendors and individual dairy 
farmers - of loose raw milk which undoubtedly carries an almost 
universal infectious contanunation. W s  is due to the fact 

that consumers in such areas adhere to the practice of boiling 

the milk prior to use. The poor keeping quality makesimmediate 

boiling upon receipt the only means of preserving the milk fit 

for use and so the population - from necessity and tradition - 
has come to consider raw nulk unfit for human consumption. 

This situation may change completely wlth the introduction 

of modern market milk schemes. 

To change the milk supply to marketing of bottled pasteurized 

milk when the necessary conditions are lacking with regard to 

disease control in dairy herds, milk hygiene and milk control 

In general incur great risks, because the public due to the 

improved keeping quality of the pasteurized bottled mlk over 

the ran loose milk to which it has been accustomed, will abandon 

the practice of boiling the milk, Then the public is left at the 

mercy of the safety of the ~asteuhzed milk and from all experience 

we know it takes a highly developed hygienic organization to 

produce pasteurized bottled milk which is safe and free from 

recontamination. Hence it is to be expected that such change over 

of the milk supply system will make the problem of milk-borne 

epidemics of current Interest within areas where this problem did 

not exist up till now. It is hoped that such countries will be 

able to learn with less delay than did m o p e  and North America 

how to command the centralized dairy plant operation's risk, the 

milk-borne epidemics. In Denmark the era of milk-borne epidemics 

only came to an end about 1945. 

To some people pasteurization is synonymous with milk hygiene 

and that is all there is to it. It 1s correct, of course, that 

public health hazards of milk, for instance the risk of transmission 

of bovlne tuberculosis, brucellosis and streptococcal infection 

from animal to man, can be counteracted by efficient methods of 



milk pasteurization, but as long as dlseases of t h l s  type are 

persisting withln the milklng herds and no system a t  all of 

hygieruc precautions agalnst pathogem c contarmnation is 

functioning, the day by day protection of the mllk-consuming 

public dep'ends upon efficiency of pasteurization only. Wlth 

the r l s k  of human and mechanical fa i lures  i n  mind, t h i s  situation 

i n  the long run must be deemed unsatisfactory for  safe operation 

of a mllk Industry. With chromcally infected herds, b i l l ions  

of pathogenic organisms are Invading the dalry plant daily, and 

the safety of the outgoing milk flow 1s determned accordingly 

a t  a l l  times by the ef f ic ient  operation of the pasteurizers. 

A satisfaCtory and las t ing  s t a t e  of safety can be established 

only when the dangerous animal dlseases and sources of pathogenic 

contamlnatlon of rmlk have been eradloated, and when pasteurization 

no longer represents the ultimate dis t inct ion between safe and 

unsafe milk supply, but acts  as an extra safeguarding insurance 

agaznst unforeseeable events. Thus a satisfactory m l k  hygiene 

services involves. 

1) Dlsease control and control of hygiene i n  the dairy 

farms t o  safeguard the raw m l k  supply. 

2) Efficient pasteurization. 

3) Hyglenic control of dairy plant operations and milk 

marketing t o  protect the pasteurized ml lk  against 

recontamination. 


