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Objectives 
 
At the end of this exercise, the participants should be able to: 
 
 

1. Describe the steps in an epidemic investigation 
 
2. Develop a case definition in the context of an outbreak investigation 
 
3. Construct and interpret an epidemic curve 
 
4. Choose an appropriate control group for case control study  
 
5. Calculate and interpret an odds ratio. 



An epidemic of trichinosis in France, Page 3 of 16  
 

PART one 
 
 
 
On Friday, August 16, 1985 at 5 p.m., the chief of the internal medicine service at a suburban Paris 
hospital telephoned the Chief of Parasitology of a Paris teaching hospital. Four patients had just 
been admitted to the suburban hospital with fever >39°C, severe muscle pain (myalgias), and 
diarrhoea. All had eosinophil counts in excess of 1000 per mm3. Three of the cases were members 
of the same family. None had travelled outside France. The parasitologist suggested that serology be 
performed on the four patients to look for toxocariasis, trichinosis, and fascioliasis (liver fluke).  
 
The following week, two patients living in central Paris (14ème arrondissement) were hospitalised 
at the teaching hospital. Both presented with the same symptoms seen in the patients from suburban 
Paris. The serologies for the two teaching hospital patients and the four suburban patients were 
completed on 22 August. All serologic tests were negative except a single specimen from a 
suburban patient who was strongly positive for trichinosis.  
 
 
 
 
QUESTION 1:  Is this an epidemic?  
 
QUESTION 2:  Is further investigation warranted? Why or why not?  
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The parasitologist from the teaching hospital learned that other physicians in the Paris suburb had 
seen patients with symptoms similar to those of the hospitalised cases. He therefore decided to 
hand-carry the results of the serology to the suburb hospital and to ask permission of the hospital 
staff to interview the four patients. Upon arrival, he learned that two new cases had just been 
admitted and that 21 prisoners in a penitentiary located in the suburb had developed similar 
symptoms.  
 
That morning he interviewed five of the hospitalised cases and 8 non-hospitalised cases identified 
by two general practitioners in the suburb. He called his hospital to have them prepare a supply of 
trichinosis antigens to be used in further serologic testing. During the telephone call he learned that 
four new patients had been admitted to the teaching hospital in central Paris with the same symptom 
complex. All of the central Paris patients lived in the same “arrondissement” (14ième).  
 
Blood specimens were obtained on all of the new suburban and central Paris patients. The majority 
was positive for trichinosis. 
 
 
QUESTION 3:  What steps would you follow in investigating the outbreak?  
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Trichinosis is a helminthic infection that is contracted through the ingestion of the poorly cooked 
meat of animals who themselves have been infected through eating infected meat. The incubation 
period varies from several days to several weeks. After a first phase of the illness characterised by 
gastrointestinal symptoms, the larvae laid by the mature parasites enter the bloodstream and 
encapsulate in muscle tissue, where they produce fever, muscle pain, weakness, facial oedema, and 
conjunctivitis. Larvae entering the cerebral circulation can cause neurotrichinosis, a severe illness. 
Laboratory findings include high eosinophil counts and elevation of creatine kinase (CK) and other 
muscle enzymes. The diagnosis is confirmed by muscle biopsy demonstrating the presence of larvae 
in muscle tissue and/or by serologic testing. 
 
 
 
QUESTION 4:  In the context of this outbreak, how would you define a case?  
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PART two 
 
 
 
The following case definition was used:  
 
Definite (confirmed) case: An individual who presented with signs and symptoms suggestive of 

trichinosis plus either: 
1) a positive muscle biopsy  
2) positive serology by immunofluorescent testing  

 
Probable case: An individual presenting with acute onset of at least three of the following:  

1) Myalgias  
2) Fever  
3) Facial oedema  
4) Eosinophil count greater than 1000/mm3  

 
Possible case: An individual with the acute onset of signs and symptoms suggestive of trichinosis 

and whom a physician has diagnosed as having trichinosis.  
 
Suspected case: An individual presenting with an unexplained eosinophilia.  
 
The case definition was further limited to those individuals with signs and symptoms developing 
after the 15 of July, 1985 who were residents of the Paris suburb or the central Paris 14ième 
arrondissement. 
 
 
QUESTION 5:  How might the investigators go about finding additional cases? 
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Before returning to Paris, the parasitologist decided to visit other clinical laboratories in the Paris 
suburb and in some of the surrounding suburbs. Because many laboratories close for the month of 
August in France, only four were open. The four reported that they had been seeing an increased 
number of full blood counts with elevated eosinophils. The parasitologist requested that the 
laboratories thaw any remaining blood on these patients and perform CKs. All the serums tested 
showed CK levels considerably in excess of the normal limits. 
 
During the following days, a plan for further case finding and investigation was established with the 
consent of the local health departments.  
 

l) All laboratories in the Paris suburb and the arrondissement in Paris from which 
the teaching hospital cases had come were asked to report all cases of 
eosinophilia.  
 
2) All physicians practising in these two areas were contacted, beginning with 
those who had ordered the blood counts that demonstrated an eosinophilia. 
 
3) Two junior residents at the suburban hospital were given responsibility for 
gathering information on all the patients, either by interviewing the patients 
directly or contacting them through their physicians. Information was gathered on 
the demographic characteristics, clinical signs and symptoms, the date of onset of 
the illness, and its duration. 

 
Using these techniques, 431 patients were identified between the l5th of July and the 15th of 
September 1985. Of these, 343 fit the definition of a definite or probable case. The following table 
presents a breakdown of cases by week of onset and residence. 
 
Table 1: Definite and probable cases of trichinosis by week of symptom onset and residence, Paris, 

July – September 1985 
 

Week of onset of 
symptoms 

 
Paris Suburb 

 
Central Paris 

 
Total 

 
15/7-21/7 0 0 0 
22/7-28/7 0 0 0 
29/7-04/8 2 3 5 
05/8-11/8 17 15 32 
12/8-18/8 77 54 131 
19/8-25/8 42 36 78 
26/8-01/9 5 22 27 
02/9-08/9 2 10 12 
09/9-15/9 1 2 3 

Date of onset 
unknown 

29 26 55 

    
TOTAL 175 168 343 

 
 
 
QUESTION 6 : Draw the epidemic curve for each location and describe the epidemic in terms of 

time. 
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A map of the location of the cases from the two sites is shown in Figure 1. The distance between 
these two sites is 40 kilometres. 
 
 
Fig. 1. Geographic distribution of trichinosis cases in Melun (Paris suburb) and in the 14ième 

arrondissement (central Paris) 
 

 
 •  Household with at least one case of trichinosis 
 
 
 
QUESTION 7:   Interpret the maps. 
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Among the 343 cases, 4 developed neurotrichinosis and two elderly cases died. Four of the cases 
were pregnant, and one suffered a spontaneous abortion. The table below presents the distribution of 
cases by site, sex, and age.  
 
 
 
Table 2. Definite and probable cases of trichinosis according to location, sex and age, Paris, July – 

September 1985 
 

LOCATION AGE SEX TOTAL 
  Male Female  
Paris suburb <15 5 6 11 
(Melun) 15-29 22 13 35 
 30-44 35 21 56 
 45-59 25 22 47 
 ≥60 12 14 26 
 TOTAL 99 76 175 
     
Central Paris <15 10 8 18 
(14ième 15-29 12 18 30 
arrondissement) 30-44 28 24 52 
 45-59 18 19 37 
 ≥ 60 10 21 31 
 TOTAL 78 90 168 
     

 
 
 
QUESTION 8:   Comment on the findings in this table. 
 



An epidemic of trichinosis in France, Page 10 of 16  
 

 
PART three 

 
 
Because meat is the usual vehicle of transmission for trichinosis, the investigators decided to gather 
further information on meat intake among the cases. Therefore, on the 23rd of August, a number of 
cases were interviewed informally concerning their usual meat consumption. The following is taken 
directly from the interviewer's notebook:  
 
Madame A:  regularly eats pork, beef, lamb, and horse. 
 
Madame B  pork ribs, uncooked ham, raw chopped horse meat, beef, 
and family: and a variety of other meats. 
 
Child C, age 6 knows he eats beef, but can't say which other meats that his 
 mother, who isn't at home at the moment, usually cooks. 
 
 
Monsieur D: loves raw chopped horsemeat; Madame D and Child D, who are not sick, 

never eat horsemeat. 
 
 
M and Mme E: eat cooked ham; sometimes eats raw ham. Had leg of lamb the 
 11th of August and horse. 
 
Madame G:  veal, undercooked pork, cooked ham; rarely eats horsemeat, never eats 

uncooked ham.  
 
M and Mme H:  often eat cold cuts, smoked ham, and raw horsemeat. 
 
Monsieur I:  ate roast horse the morning before his symptoms began. 
 
Prison: The prison cook regularly prepares beef, lamb, and poultry. 
 Pork is always served with a second choice of meats. He never orders 

horsemeat. 
 
 
QUESTION 9:  Based on this information, what source do you suspect and what hypotheses 

would you test?  
 
 
 
 
 
 
 
QUESTION 10:  How would you go about testing them?  
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Two case control studies were carried out in the Paris suburbs. The first was conducted among 
family members of the non-prison cases, and the second among prisoners at the penitentiary. 
 
For the family study, cases were those who met the case definition. Controls were members of the 
same family or persons who usually ate with the family and who had no signs or symptoms of 
trichinosis in the preceding 2 months. 
 
For the prison study, controls were volunteers recruited by the prison infirmary who had been 
incarcerated since at least June 1, 1985. These controls were free of signs and symptoms of 
trichinosis in the two months before the investigation and also were seronegative. 
 
QUESTION 11:  Comment on the choice of the control groups. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
QUESTION 12: What other sources of control might you have considered?  
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In the prison, only 14 of the original 21 cases could be located; of the remaining 7 cases, 6 had been 
freed and one had escaped.  
 
In the household study, the attack rate among household members was so high that only 63 controls 
could be found for the 111 cases who agreed to participate in the study.  
 
The study participants were asked about meat consumption between July 15 and 
August 15, 1985. The results were as follows: 
 
Table 3a. Meat consumption among trichinosis cases and family controls 
 

 FAMILY STUDY 
  

CASES 
 

CONTROLS 
 (n=111) (n=63) 
MEAT  

Exp. 
Not 

Exp. 
 

Exp. 
Not Exp. 

Pork 99 12 59 4 
Beef 104 7 56 7 
Horsemeat 111 0 51 12 
Lamb 93 18 47 16 
Poultry 104 7 61 2 

 
Table 3b. Meat consumption among cases and controls in the prison 
 

PRISON STUDY 
  

CASES 
 

CONTROLS 
 (n=14) (n=19) 
MEAT  

Exp. 
Not 
Exp 

 
Exp 

Not 
Exp 

Pork 13 1 16 3 
Beef 14 0 18 1 
Horsemeat 14 0 13 6 
Lamb 14 0 17 2 
Poultry 14 0 17 2 

 
 
 
QUESTION 13:   How would you interpret these results?  
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Of the total of 343 cases (definite and probable) registered between 15 July and 15 September, 340 
(99%) stated that they ate horsemeat at least once between July 15 and August 15, 1985. The 
prisoners who became ill were different from the other prisoners in that they participated in a 
weekly Sunday night “improved” supper where they traditionally consumed roast horsemeat paid 
for by the prisoners themselves but cooked in the prison cafeteria. 
 
These findings and the findings of the two case control studies strongly implicated horsemeat as the 
vehicle of infection. Over the next 48 hours, the distribution chain of the horsemeat was traced to its 
source. 
 
In the meantime, to further investigate the role of horsemeat, a third case control study was 
undertaken in the two areas affected by the outbreak (the Paris suburb and Paris 14ième) including 
all the cases reported. Controls were chosen at random from these two areas using a telephone 
directory. The experience of the 790 controls was then compared with that of the 343 cases. The 
results obtained were as follows:  
 
Table 4: Horsemeat consumption of trichinosis cases and randomly selected regional controls  
 
Consumption of horsemeat Cases Controls Odds ratio 
 (n=343) (n=790)  
 
Never ate horsemeat 

 
3 

 
473 

 
Reference 

 
Ever ate horsemeat                       

 
340 

 
317 

 
169 
 

 < once a month 23 55 66 
once a month 50 109 72 
once a week 132 97 214 
> once a week 72 34 334 
 
unknown 

 
63 

 
22 

 
451.5 

    
 
 
QUESTION 14:  What conclusions can you draw from this table? What does this study add to the 

previous ones?  
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The subjects were also asked where and when they purchased horsemeat between July 15 and 
August 15. In the suburb, there were six horsemeat butchers. In the central Paris arrondissement, 
there were 4 horsemeat butchers, but it was easy for people to obtain horsemeat from butchers in the 
surrounding neighbourhoods.  
 
All but 8 of 172 cases in the suburb shopped at a single butcher’s shop, and all but 8 of the 168 
cases from the central Paris arrondissement could be traced to a single shop. Further questioning 
revealed that all had eaten the horsemeat within 24 hours of purchase, and none had frozen the meat 
prior to eating it.  
 
Among those in the suburb who had purchased horsemeat only once between July 15 and August 
15, all had made their purchases between July 22 and July 31. For the cases in the Paris 14ième, the 
corresponding dates were July 22 to August 10.  
 
 
 
 
QUESTION 15: What additional investigations and public health measures would you undertake at 

this point?  
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PART four – Conclusion 
 
On the morning of the 22 of July, the butcher in the implicated shop in the Paris suburb received a 
half-carcass of a horse weighing 138 kg and began using the carcass that day. He was the exclusive 
distributor of horsemeat for the penitentiary. On the 31 of July, he closed his shop for the month to 
go on vacation. Both he and his wife contracted trichinosis.  
 
On the 22 of July, the butcher in the implicated shop in central Paris also received a half carcass 
weighing 139 kg and began using it immediately. The shop stayed open for the month of August. 
The butcher, his wife, and their two children contracted trichinosis. Like his counterpart in the 
suburban shop, he sold only horsemeat.  
 
The two half carcasses were from the same supplier in Paris. The supplier's accounting logs 
revealed that the carcass was from a shipment of 10 carcasses imported on the 21 of July by 
airfreight in a refrigerated container. The carcasses originated from a slaughterhouse in Plainfield, 
Connecticut.  
 
On the 3rd of October, more cases of trichinosis occurred in another suburb of Paris, and in the 
weeks that followed, 642 cases were diagnosed in 13 towns throughout France. All the cases had 
consumed horsemeat. All could be traced to consumption of meat from a single carcass that was 
part of a 30-ton shipment arriving in a refrigerated truck on September 11 from Hamburg, Germany.  
 
As with the earlier outbreak, the carcasses could not be traced back any further than the 
slaughterhouses from which they had been shipped.  All horse carcasses on the market were seized 
and examined. Because the duration of incubation of trichinosis is 2 to 3 weeks, all the suspect meat 
was already consumed, and no infected meat was discovered.  
 
The 9th of October 1985, the Ministry of Agriculture declared that samples of meat from all horses 
slaughtered in France as well as all horse carcasses imported into France must be examined for 
evidence of trichinosis. The exporting countries, including other European Economic Community 
members, the US, Canada, and Argentina demanded that France justify these measures.  
 
These two epidemics of trichinosis were exceptional for three reasons: 
 

1) Their magnitude: More than 1000 cases occurred in the two epidemics; since 1878, 
only 150 indigenous cases had been reported in the entire country.  
 
2) Their cause: In general trichinosis is due to eating pork or wild boar; there had been 
only three previous reports of small epidemics due to infected horsemeat. Subsequent to 
this epidemic, several other large epidemics of trichinosis associated with eating 
horsemeat occurred in France and Italy. As a result, horsemeat has accounted for the 
vast majority of reported cases of trichinosis in Western Europe since 1985.  
 
3) Finally, it was interesting that the two epidemics were closely clustered in time but 
involved horsemeat originating from two different continents.  

 
A number of hypotheses were raised to explain how horses, normally considered to be herbivores, 
could have become infected with trichinosis. It was not possible to determine how this had 
occurred, since the horses' origin prior to arrival in the slaughterhouse could not be traced. Genome 
study of specimens taken from two cases revealed that the first was a wild type of Trichinella sp, 
(phenotype T5) usually found in North America; the second was a domestic type of Trichinella 
spiralis usually found in pigs. Experimentally, infection of 9 horses was successful using a 
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specimen obtained from the first outbreak, but this demonstrated only that the organism was capable 
of infecting horses under experimental conditions. 
 
After the 9th of October 1985, millions of carcasses coming from the United States and Europe 
were examined under experimental conditions. By the end of 1994, not a single specimen showed 
evidence of trichinella larvae. 
 
In spite of all prevention measures, a new outbreak of trichinosis occurred in 1993 and was 
responsible for more than 500 cases. This outbreak was due to a horse carcass that was marked  
“trichinella free” and was originally from a slaughterhouse of North America. This outbreak 
questioned the screening techniques in place at that time. The origin of these horses’ infection 
remained unknown. 
 


