Plague
1 Summary XE "Plague: summary" 
· Plague: infection with Yersina pestis, a Gram-negative bacterium 

· Isolated cases or epidemic

· Transmission via fleas (importance of rat population) or aerogenically (cough)

· Lymphadenitis (bubonic plague), pneumonia (pneumonic plague) with septicaemia and bleeding

· Isolation of cases, flea eradication, streptomycin or tetracycline

· Tetracycline for immediate contacts

2 General XE "Plague: general" 
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Plague is an infection caused by a Gram-negative bacterium: Yersinia pestis XE "Yersinia pestis: plague, general" . This organism was isolated in 1894 by the Japanese researcher Shibasaburo Kitasato (a co-worker of Koch) and the Swiss bacteriologist Alexander Yersin (a student of Pasteur) during an epidemic in Hong Kong. The organism has a characteristic shape when stained with Giemsa or Wayson stain: a bipolar rod with a safety pin appearance. The organism is non-motile and forms no spores. The organism grows well on various tissue media. In 1897, the Japanese Masaki Ogata reported that plague was transmitted by rat fleas. In 1898, Paul-Louis Simond during his work in Bombay suspected that the rat flea Xenopsylla cheopis XE "Xenopsylla cheopis: plague, general"  might be the vector. This was confirmed experimentally in 1914 by Bacot and Martin. 

*

Do not confuse Yersina pestis with Yersinia enterocolitica XE "Yersinia enterocolitica: plague, transmission and epidemiology"  or Yersinia pseudotuberculosis XE "Yersinia pseudotuberculosis: plague, transmission and epidemiology" . These bacteria can provoke enteritis and mesenterial adenitis (swollen lymph nodes in the mesentery, especially near the terminal ileum and the ileocolic junction). Y. pseudotuberculosis is maybe the cause of Izumi fever (pseudoscarlatina).

3 Historical XE "Plague: historical" 
There have been various well-known pandemics in history. The Athenian "plague" (430 BC) at the time of the Peloponnesian War (431-404 BC) was described by the Greek historian Thucydides, but the precise aetiology of this epidemic is uncertain. The profusion of different hypotheses (Ebola, Rickettsia prowazekii, ergotism, epidemic recurrent fever, smallpox, Bacillus anthracis, Yersinia pestis, arbovirosis, robovirosis, a variant of “Spanish” flu, etc. ) shows that, in the absence of essential data, a correct diagnosis after the event is a hopeless task.

*

In 542 AD, at the time of the Roman emperor Justinian, an epidemic occurred in Pelusium, in Egypt, a seaport at the mouth of the eastern branch of the Nile delta. The epidemic subsequently struck Turkey and Europe (Justinian plague). The consequences and terrors were described by the Byzantine historian Procopius, secretary to Belisarius, one of the most important generals under Emperor Justinian. The epidemic ended about 767.

*

At the beginning of the Middle Ages, following the fall of the Roman Empire, the European population figures declined. The birth rate, which was high because of the lack of reliable contraception, fell below the mortality rate. Because the climate was fairly cold, the harvests were poor. Many people died from hunger and malnutrition. Wars and internal violence as a result of conflicts between kings and princes seeking power brought with them many victims. In the absence of a labour force, the large landowners found it difficult to have their lands worked. They decided to tie the farmers to their estates. From the 7th century, the climate began to warm up. The fields produced more grain. From 800 to 900 AD, the political situation started to become somewhat more peaceful. There were fewer wars.  More stable government by European monarchs appeared. The church promulgated "God’s truce" and "God’s peace". In these circumstances, the population numbers increased so that there was an increased need for food. Abandoned fields were taken back into use. Forests, heaths and peat moors were reclaimed. Land was won back from the sea by building dikes. Technical innovations made it possible to increase the yield per square metre. The rural population grew. Because of overpopulation there was migration to the cities, which then flourished. An end to the good times came around 1300. It was no longer possible to increase the average of farmland and the yield could no longer be increased with the resources existing at the time. Large international wars (e.g. the Hundred Years’ War) in which the tactics of trade embargoes were used held Europe in an iron grip. There were a number of consecutive very wet years, as a result of which the whole of Europe was transformed into a great quagmire for several years and harvests failed. It is against this background that the Black Death must be viewed. It was not until about 1450 that the European population returned to the numbers that existed in the year 200 AD.

*

In 1346 there were cases of plague in Astrakhan, situated at the mouth of the Volga (north of the Caspian Sea). Afterwards, spread occurred via the River Don to the Sea of Azov and subsequently to the shores of the Black Sea. In 1347 there were Genoese traders in the city of Caffa (now Feodosiya), in the south of the Crimean peninsula in the Black Sea. It was the terminus of the northern branch of the Trans-Asiatic silk route. The city was besieged by Janiberg, leader of the Kipchak Tartars, in whose camp an epidemic of plague broke out. The Tartars catapulted bodies of their own comrades who died of the disease over the walls of the city. To what extent this contributed to the spread of plague is open to question. Anyway, the plague appeared in Caffa city. Twelve Genoese ships withdrew with cases of plague on board. Their crews went ashore at various places in Constantinople, Cyprus, Messina (Sicily), Southern France and Italy, after which a major epidemic broke out in December 1347. [The Italian writer Giovanni Boccaccio, in his famous book "Decameron", described the flight of 10 Florentines from the plague in 1348]. In June 1348 the plague reached Paris. In December it arrived in England. In May 1349 a ship with a cargo of wool sailed from London to Bergen in Norway. A few days later it was found drifting with the crew dead off the Norwegian coast. The cargo was brought on land and by the end of 1349 the plague had spread throughout the whole of the country. In 1351 the plague came to Poland. The Black Death in the 14th century wiped out approximately a quarter of the population of Western Europe. Together with the other terrors of the 14th century (e.g. the Hundred Years’ War between England and France, 1339-1453), this meant that the European population declined from 73 million to 45 million. These terrors were also partly the cause of the French Peasants’ Revolt, the Jacquerie, in 1358. The term "quarantine" stems from 1370, when seafarers arriving in the Republic of Ragusa in Southern Italy were isolated for 40 days (quaranti giorni). In 1423, a lazaretto (quarantine station) was brought into use off the coast of Venice on the island of Lazarro. This system was subsequently applied in Dubrovnik, Croatia, and later it became the model for the rest of Europe. According to legend, Mr Roch was a young nobleman who had survived the plague in Montpellier, France. After having fled the city, he returned to look after the sick because of his religious conviction. However he died in prison, possibly in 1327, which is prior to the beginning of the great plague epidemic in Europe. St Rochus is often viewed as the patron saint of the sick.

*

Plague also raged from the 15th to the 17th century in Europe. The Great Plague of London in 1665 totalled 70,000 deaths. The epidemic was possibly stopped by the Great Fire of London in 1666, but according to English demographic data ("Bill of Mortality"), mortality had already declined before the Great Fire. [Anecdote: in 1665 the Englishman Robert Hooke published his book "Micrography", in which the first description of microscopic structures appeared. However, it was to take more than 200 years before the organism responsible for plague was demonstrated]. Subsequently other smaller outbreaks happened (Marseilles in 1720, Egypt in 1834). The decline of the plague has been associated with the reduction in the number of black rats and their replacement by brown rats which have less close contact with humans.

*

In 1860, a new epidemic arose in Yunnan, China, which later spread, first to the town of Pakhoi and then to Canton (Guangzhou), before subsequently travelling downstream and reaching Hong Kong in 1894. It was then that the organism was isolated. From this port there was further spread via ships’ rats (e.g. to San Francisco 1903, Auckland, Bangkok, Manila, Rangoon, Saigon, Batavia, Tokyo, Sydney, Cape Town, Buenos Aires, Mauritius and Glasgow), which caused huge mortality, especially in India. Between 1898 and 1918, 8 to 12.5 million people died in India. The epidemic was brought to a halt in the first half of the twentieth century. In North China there was also a major epidemic. This resulted from the intensified hunting of marmots (Marmota bobak sibirica or Arctomys bobac; "tarabagan"). These mammals had a valuable pelt and were also very susceptible to plague. The local Mongols knew the risk of this only too well and shot the animals instead of catching them. They also always avoided touching sick or dead animals. When the price of pelts quadrupled in 1910, there was a large influx of inexperienced amateur Chinese who hunted without precautions in search of rapid profits. The hunters also often kept warm together in underground shelters, which was ideal for transmission. Pneumonic plague broke out in Hailar and spread along the railway line to Harbin and afterwards to Vladivostok.

*

In the Second World War, Japanese Imperial Army's Unit 731 killed thousands of Chinese and Russians held prisoner in Japanese-occupied Manchuria, in experiments to develop chemical and biological weapons. Japanese doctors tested the use of plague, among others. Infected Pulex irritans XE "Pulex irritans: plague, historical"  fleas were cultured and released in a few Chinese towns, resulting in small epidemics of bubonic plague. 

4 Plague = plague? XE "Plague: plague = plague?" 
How do we know so positively that the "plague" in earlier centuries was in fact "the plague"? Naturally, there are numerous historical descriptions that are suggestive, but there still remain question marks. In the case of the Athenian plague there are a large number of question marks regarding the aetiology. There have also sometimes been epidemics of diseases with high mortality which disappeared as quickly as they had appeared and which do not resemble any disease that we now recognise (e.g. the epidemic of lethal "sweating sickness" (1485-1551) which, in the summers of 1508, 1517, 1528 and 1551, claimed many victims in England and elsewhere). The nature of the organism that caused "sweating sickness" is still a riddle. In 1998, Didier Raoult (Marseilles) studied the dental pulp of non-erupted teeth from people who had died in the 16th and 18th century from plague and were buried in large graves in Lambesc and Marseilles. Using PCR technology it was possible to detect a few genes of Yersinia pestis in the dental pulp (including the bacterial gene for plasminogen activator, a virulence factor). Control teeth were negative. The possible presence of PCR inhibitors was excluded by the positive results of an amplification undertaken on the human beta-globulin gene. This technique opens new avenues for study and for obtaining a better understanding of historical epidemics.

5 Present situation XE "Plague: present situation" 
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Plague is at present a rare, cosmopolitan disease which still persists in various foci in several parts of the world. The last epidemic in the USA in which rats played a role was in 1924-25. Between 1980 and 1994, 18,739 cases were reported to the WHO. In 1993, 267 cases were officially counted in the Congo (real number is unknown). In 1994 and 2002 there were outbreaks in India. Flare-ups in north-east Congo (Ituri and North Kivu), Madagascar (principally in the provinces of Antananarivo, Fianarantsoa and Mahajanga), Tanzania (principally the Tanga region in the Lushoto district), Botswana, etc., occur regularly. At the beginning of 1997 there were >260 cases in Namwalla, Zambia.

6 Transmission and epidemiology XE "Plague: transmission and epidemiology" 
Plague is first and foremost a disease of wild rodents (zoonosis). Mammals from at least 73 genera can be infected and approximately 30 species of fleas can transmit the organism. This does not mean that they are all equally important. Many of these animals are relatively resistant to the infection. Only a few are of importance for maintaining enzootic and epizootic cycles. In a focus of infection, it is possible to obtain an idea of the local situation (plague surveillance) by serological surveys of various wild animals. Sometimes an epizootic occurs (an epidemic in animals).

*

The bacteria can survive for a long time in the burrows of various rodents. The infection is transmitted from animal to animal by fleas. When a flea sucks blood from an infected animal, it ingests bacteria. These organisms then proliferate in the insect’s proventriculus and stomach. The bacteria attach to the wall if they carry a specific gene, the so-called "haemin storage locus". At the same time they secrete an enzyme (coagulase) that coagulates the aspirated blood. This causes an obstruction in the flea’s stomach. The flea then becomes increasingly hungry and bites more often. As a result of the obstruction, the blood with bacteria is regurgitated. The flea can only digest the clots at temperatures higher than 28°C ("cold fleas digest poorly"). At high environmental temperatures (>28°C) a plague epidemic will therefore spread less rapidly and sometimes stop because the flea can digest the blood and there is much less regurgitation into the bite wound. The proventriculus of the flea in fact contains internal projections which make regurgitation difficult in "usual" circumstances. The bacteria can also be introduced into a wound by flea faeces or by crushing the insect (scratching an itchy fleabite!).
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*

An isolated case of plague can occur when a human is bitten by an infected flea from wild rodents such as sand rats or desert rats [gerbils] (e.g. Meriones sp XE "Meriones sp. : plague, transmission and epidemiology" , Tatera sp XE "Tatera sp. : plague, transmission and epidemiology" , Rhombomys sp XE "Rhombomys sp.: plague, transmission and epidemiology" , Gerbillus sp XE "Gerbillus sp. : plague, transmission and epidemiology" ). This is then referred to as sylvatic transmission ("sylva" = wood). This happens for instance to hunters, wood cutters, etc. Other animals, such as Mastomys sp. XE "Mastomys sp. : plague, transmission and epidemiology" , Arvicanthis XE "Arvicanthis sp. : plague, transmission and epidemiology" , Otomys sp XE "Otomys sp. : plague, transmission and epidemiology" , etc., are also involved in transmission but are less important. Carnivores of the cat and dog families and species belonging to the weasel family naturally have a high probability of being contaminated by their prey as a result of their hunting behaviour. There are regular cases of transmission via a sick domestic cat or dog. These animals can cough and infect humans aerogenically. Contamination can also occur through wounds and direct contact with contaminated body fluids.

*

Sometimes rodents that live close to humans are infected. Rats, principally the brown rat (Rattus norvegicus XE "Rattus norvegicus: plague, transmission and epidemiology" , also called the Norwegian, grey or sewer rat; little contact with humans) and the black rat (Rattus rattus XE "Rattus rattus: plague, transmission and epidemiology" , also known as the house rat, lives close to humans) constitute the main reservoir. These rats are much more susceptible to infection than gerbils. The plague bacterium usually kills the rat, after which the flea (Xenopsylla cheopis XE "Xenopsylla cheopis: plague, transmission and epidemiology" , also X. astia XE "Xenopsylla astia: plague, transmission and epidemiology"  and X. braziliensis XE "Xenopsylla braziliensis: plague, transmission and epidemiology" ) has to search for another source of blood, often humans. There are other fleas (e.g. Pulex irritans XE "Pulex irritans: plague, transmission and epidemiology"  [human flea], Nosopsyllus fasciatus XE "Nosopsyllus fasciatus: plague, transmission and epidemiology"  [brown rat flea], Oropsylla montana XE "Oropsylla montana: plague, transmission and epidemiology"  [rock squirrel flea], Oropsylla silantievi XE "Oropsylla silantievi: plague, transmission and epidemiology"  [tarabagan flea]) that can transmit plague, but these are of minor epidemiological importance. 

*

The presence of Y. pestis in the fleas affects their behaviour, such as their preferred optimal temperature. Infected fleas appear to prefer a mean environmental temperature that is 1.6°C lower than that of non-infected fleas. Healthy rats have a body temperature of ± 38.5°C. Sick rats develop fever (i.e. >38.5°C). Thus, infected fleas are unlikely to remain on an infected rat. They move on to the next available host. If this is a human, then the bacterium is transferred at the same time. This has important consequences in the epidemiology of the infection with the massive release of contaminated fleas in the event of extensive rodent die-off ("ratfall"). Humans are then accidental "hosts" to the fleas. In this case, human-to-human transmission still does not occur. This is sometimes described as anademic plague, but this term is best avoided ("anademic" = non-contagious disease which affects a large number of people within a restricted geographical region). Epidemic plague can occur e.g. via bites from the human flea ("Pulex irritans XE "Pulex irritans: plague, transmission and epidemiology" "). A patient with bubonic plague can develop secondary pneumonic plague. When humans develop the pulmonary form of plague, the disease can be further transmitted from person to person by cough droplets without further intervention by fleas or rats.

*

There are natural variations in the intensity of plague transmission from year to year. Transmission is lower during periods of hot drought, not only as a result of the effect of the temperature on the mechanical obstruction in the proventriculus, but also because young fleas are highly susceptible to drying out. Transmission has peaks in years in which a winter with high moisture levels is followed by a wet summer. Rodent populations are also markedly affected by rainfall. This has been formally demonstrated for Mastomys natalensis rats. For example, in Tanzania an additional generation of these rats is born in the early spring after a wet start to the rainy season (the quantity of precipitation varies markedly from one rainy season to another). This increases the number of reproducing animals later in the year, with higher densities of rodents as a result.

*

In the USA, there are several cases of plague every year following contact with sick or dead wild animals (mice, squirrels, prairie dogs, rabbits, etc). Oropsylla montana XE "Oropsylla montana: plague, transmission and epidemiology"  is an important vector in the USA. Monitoring rodent populations and their predators (e.g. coyotes) is important for predicting imminent outbreaks. It should be pointed out that domestic cats, dogs and other animals can also be infected with plague and develop the disease.

*

7 Yersinia pestis 

7.1 Yersinia pestis virulence factors
Yersinia pestis has several virulence factors that are important for its survival and pathogenicity in the different hosts (mammals and fleas). A large number of these are distributed on 3 plasmids. The smallest plasmid codes for a plasminogen activator and for pesticin. The second plasmid is a so-called Lcr (low-calcium-response) plasmid and codes for, among others, the V antigen, necessary for survival in macrophages. Organisms which are Lcr-positive inhibit the production of various cytokines such as gamma-interferon and tumour necrosis factor alpha. Lcr-negative organisms are avirulent. The largest plasmid (pFra) codes for the F1 envelope antigen, which renders the organism resistant to phagocytosis. Chromosomally coded virulence factors include endotoxins and a molecule which is important for mediating congestion of the flea stomach (see above: “haemin storage locus”).

7.2 Yersina pestis biotypes

Three biotypes of the bacterium are currently recognised on the basis of their glycerol fermenting and nitrate producing properties. These are the antiqua, mediaevalis and orientalis biotypes. The antiqua biotype occurs in Africa, Southern Russia and Central Asia. The mediaevalis biotype is found around the Caspian Sea. The orientalis biotype is predominant in Asia and is the only one that occurs in the New World. Ribotyping of the various isolates supports the recognised division of these biotypes.

8 Clinical XE "Plague: clinical" 
8.1 Clinical, general

Some cases are asymptomatic. After a flea bite, a local pustule or ulcer occurs, sometimes with a black crust. The bacterium spreads via the lymphatics. Some cases have clinical features of minor lymphadenitis.

8.2 Clinical, bubonic plague

The incubation period is short (2-7 days). In a minority of cases (6%), there is a pustule or a carbuncle at the site of the flea bite. In most cases, no ascending lymphangitis is noted. Sudden high fever with chills occurs, associated with hypotension, headache and severe general malaise. The regional lymph nodes draining the site of the bite enlarge rapidly and are very painful. In most cases, the femoral and inguinal lymph nodes are affected, followed in terms of frequency by the axillary and cervical nodes. Plague nodes differ from other lymphadenitides through their rapid development, severe pain and accompanying toxaemia. Mild forms however also occur ("pestis minor"). The swollen lymph nodes are known as buboes, from which the term "bubonic plague" is derived. The buboes rapidly break open, discharging dirty, foul-smelling, necrotic tissue. There is high fever and the patient’s general condition is poor, blood pressure low and liver and spleen can be enlarged. Subcapsular splenic bleeding is not unusual. Mortality is high (50-90%). With rapid treatment it can be reduced to 1-2%. Blood vessels are damaged and contain clots. Subcutaneous bleeding occurs, which takes the form of petechiae, purpura and ecchymoses. Subsequently, the skin lesions become necrotic and gangrene can set in ("Black Death"). If treatment is incomplete, meningeal invasion can occur (plague meningitis). When pustules or ecthyma gangrenosum are the predominant clinical features, this is sometimes referred to as cutaneous plague.

8.3 Clinical, septicaemic plague

Sometimes septicaemia is clinically apparent before the lymph nodes have time to enlarge: septicaemic plague. This is actually an incorrect term since septicaemia also occurs in the other forms of plague. Bacteraemia can be very high so that sometimes bacilli can be seen in a thin or thick blood smear. Often the patient presents initially with gastro-intestinal symptoms, such as nausea, vomiting, diarrhoea and/or abdominal pain, which can lead a clinician astray. In most cases the patient dies very rapidly (1 to 2 days) in a condition of septic shock with refractory hypotension, renal failure, stupor, ARDS and DIC (petechiae, bruising, bleeding tendency and acral gangrene).

8.4 Clinical, pneumonic plague

These days, pneumonic plague is rare. The infection can be primary as a result of contamination via an aerosol of plague bacteria or secondary through haematogenic spread to the lungs. Primary pneumonic plague has an incubation period of 2 to 4 days. The onset is acute and the course is fulminant with fever, chest discomfort, general malaise, hypotension and severe pneumonia, with a productive cough and bloody sputum. This is usually associated with pleural effusion. Patients who cough are very contagious. At this point another person can be infected by direct person-to-person transmission. It takes the form of a very rapidly progressive pneumonia with almost 100% mortality within a few days. Secondary pneumonic plague initially takes the form of interstitial pneumonia with a small amount of thick, viscous sputum, subsequently progressing to the symptoms described above. It is striking how unremarkable the auscultatory findings are. It is possible, but not formally proven, that Yersinia pestis increases its virulence after repeated passage via the lungs.

8.5 Clinical, oropharyngeal plague

Oropharyngeal plague, in which the portal of entry is the throat (ingested flea, consumption of contaminated meat, dirty hands after touching contaminated animal tissues), takes the form of a serious disease with throat pain, severely enlarged painful cervical lymph nodes and local oedema (DD diphtheria, anthrax, tularemia).

*

Note: Plague and CCR5-delta 32 mutation

Mutations are always occurring; some good, some neutral, some bad. It has been found that a human mutation designated CCR5-delta 32 confers immunity to AIDS if inherited from both parents. People carrying the CCR5-delta 32 mutation lack the receptors to which the AIDS virus must attach itself if it is to infect the person. Although the origin of the mutation is obscure, it appears to have suddenly become relatively common among white Europeans about 700 years ago. That increase suggests that something must have occurred about that time to greatly favour the survival of people carrying the mutation. What biological catastrophe decimated Europe 700 years ago? The Black Death. One-quarter of the Europeans succumbed between 1347 and 1350. The hypothesis is that the Black Death strongly modified the European gene pool, increasing the frequency of CCR5-delta 32. It may just be a quirk of fate that the survivors of the Black Death had a higher frequency of the CCR5-delta 32 mutation, but there are strong arguments to suppose that the mutation increased the likelihood of survival of plague victims. The mutation (especially in homozygotes) confers a resistance to AIDS, which is a recent human affliction. About 10% of whites of European origin now carry the CCR5-delta 32 mutation (heterozygotes). About 1% of the Caucasian population is homozygote. The incidence of heterozygotes is only 2% in central Asia. The mutation is quasi completely absent among East Asians, Africans, and American Indians.

9 Diagnosis XE "Plague: diagnosis" 
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Consideration should be given to the possibility of plague, particularly if there is a sudden increase in rodent mortality in an endemic region. The diagnosis should be considered in healthy subjects who suddenly become very severely ill with fever, extremely enlarged painful lymph nodes, brutal pneumonia or if a rapid succession of deaths occurs within one family.

*

Extensive leukocytosis is present. Microscopic examination of aspirated fluid from a bubo, sputum, cerebrospinal fluid and/or peripheral blood shows bipolar Gram-negative bacilli. The buboes do not contain liquid pus. Some sterile saline (1 ml) is injected into a bubo in order to obtain an aspirate. In the words of Yersin, the fluid contains "une véritable purée de microbes". Sometimes the bacteria can be detected in a thick or thin blood smear. They then have the appearance of a "safety pin" (bipolar granules). A staining method that reveals this clearly is the Wayson stain (based on basic fuchsin mixed with methylene blue in 95% ethanol and phenol). The organism is then light blue with darker terminal granules.

*

Culture is desirable for formal proof in view of the implications of a potentially threatening epidemic. Serology is possible in specialised laboratories (e.g. ELISA for detecting antibodies to the F1 antigen). Approximately 5% of survivors do not seroconvert. Serology permits a retrospective diagnosis, but is not useful for the acute, individual patient. There is also a technique available involving a dipstick coated with antibodies which can be used to detect the F1 antigen. This test can use sputum or serum, as early as the second day of the disease. The result is known in 15 minutes and is thus clinically very useful for the individual patient and any contacts. F1-deficient mutants occur very rarely and cannot be detected with this dipstick method.

10 Differential diagnosis XE "Plague: differential diagnosis" 
Bubonic plague, with its principal characteristic feature of acute buboes, need to be distinguished from lymphogranuloma venereum (much slower progression), chancroid (slower, ulcers, fluctuating bubo), streptococcal/staphylococcal adenitis (general condition is good), filarial adenitis (progression, microfilaria, eosinophils) and strangulated inguinal hernia.

*

Pneumonic plague takes the form of a rapidly progressing pneumonia. It can resemble a brutal bacterial pneumonia, legionellosis, tularaemia, anthrax, SARS (Coronaviral pneumonia) or hantavirus pulmonary syndrome (Sin Nombre virus). An isolated case can be easily missed. In epidemics, however, there is the possibility that all pulmonary symptoms of all patients are attributed to pneumonic plague (e.g. patients with pneumococcal pneumonia may be viewed as having pneumonic plague). Septicaemic plague develops very rapidly and resembles meningococcal septicaemia or other severe forms of Gram-negative sepsis. Confusion with acute rickettsioses (epidemic typhus) and louse-borne relapsing fever is possible.

11 Therapy XE "Plague: therapy" 
All patients should be isolated, including those with bubonic plague, because secondary pneumonic plague can develop. In 1948 it was discovered that streptomycin XE "Streptomycin: plague, therapy"  was active against the plague bacillus and this antibiotic still remains the first choice. In view of the high mortality and rapid progression, treatment must be initiated as soon as possible. The dose of streptomycin for adults is 2 x 1.5 g IM daily. If streptomycin is not available, gentamicin XE "Gentamicin: plague, therapy"  constitutes a good alternative. For gentamicin, a dose of 2 mg/kg tid is used. Hypotension should be treated, preferably with IV physiological infusions. Improvement is fairly rapid and most patients are afebrile after 3 days. It is not necessary to combine antibiotics. It is important to maintain therapy for at least 10 days.

*

Tetracyclines XE "Tetracyclines: plague, therapy"  are an alternative to aminoglycosides: 2 to 4 g orally for 10 days. They are also very useful in epidemics. Quinolones too are active, although somewhat less so, and they are more expensive. Chloramphenicol XE "Chloramphenicol: plague, therapy"  is indicated in plague meningitis and/or endophthalmitis. Initially it is given IV. After a few days, in most cases it becomes possible to switch to oral medication. Sulphonamides are also used as prophylaxis, but they are not the first choice. Penicillins, cephalosporins and macrolides are inactive against Yersinia pestis. Resistance to the common antibiotics is infrequent. Sometimes tetracycline-resistant strains are isolated. In 1995, a multiresistant strain of Yersinia pestis was isolated in Madagascar (resistance to streptomycin, kanamycin, chloramphenicol, tetracyclines, sulphonamides, ampicillin and spectinomycin). The resistance was coded by a plasmid. Yersinia pestis probably acquired the plasmid via horizontal transfer from another Gram-negative organism of the Enterobacteriaceae. Do not confuse this plasmid with plasmids coding for virulence factors of Yersinia pestis.

12 Surveillance XE "Plague: surveillance" 
Surveillance can be conducted in several ways. Carnivores can be regularly tested serologically and constitute a sensitive sentinel system of rodent plague in a specific area. Yersinia pestis can be detected in animals found dead in a region. The fleas can be collected from abandoned rodent nests, identified and tested. Live rodents too can be captured and these animals and their fleas examined.

13 Prevention XE "Plague: prevention" 
Plague is one of the three diseases for which international quarantine is obligatory, the others being cholera and yellow fever. Cases must be notified. All patients with plague, irrespective of the presence of cough or pneumonia, should be treated in strict isolation for at least 48 hours (risk of secondary pneumonic plague with subsequent aerogenic transmission). The room should be decontaminated and sprayed with insecticides. Masks, goggles and protective clothing are indicated. Gloves should be worn when handling bubonic aspirates and blood. Contacts may take tetracyclines (4 x 500 mg) or vibramycin for 1 week (sulphonamides are an alternative). They should be closely monitored for 7-10 days.

*

Vaccination gives temporary protection against bubonic plague, but the vaccine is not easy to obtain. It is only indicated in very specific situations. Soldiers in the American forces during the Vietnam War were routinely vaccinated with a dead cell vaccine (3 primary injections followed by boosters, depending on the antibody titre in the blood). There was a much lower incidence in vaccinees than in the South Vietnamese forces (1/3000 cases per year of exposure).

*

Urban plague can usually be controlled by quarantine and by rat control and flea eradication. Sylvatic plague cannot definitively be eradicated in view of its animal reservoir. In combating urban plague, fleas should be controlled first and then the rats. Otherwise a large number of fleas are suddenly released (since they no longer have any animal host) and then transfer to humans. It is important to have an idea of the susceptibility of the insects to various insecticides. Thus, strains of Xenopsylla cheopsis XE "Xenopsylla cheopsis: plague, prevention"  and Synosyllus fonquerniei XE "Synosyllus fonquerniei: plague, prevention"  (flea vectors in Madagascar) have been found which were resistant to the insecticides DDT and dieldrin (organochlorine compounds), malathion or phenitrothion (organophosphates) and propoxur (carbamate). Such resistance data are useful if there is an outbreak. Rat control involves the use of various methods, including rodenticides such as anticoagulants (warfarin, fumarin, bromadiolone, chlorophacinone), zinc phosphide, sodium fluoroacetate and strychnine. Rats are very social and intelligent animals and can learn to avoid poison, as well as teaching their nest mates to do so.

14 Plague in India, 1994 XE "Plague: example - plague in India, 1994" 
cd_1075_024c.jpg
India was plague-free from 1966 until 1994. In August 1994, a large rat die-off occurred in Mamala, a village near Beed. In September/October there were cases of plague in the city of Beed in the state of Maharashtra. Shortly afterwards there were numerous cases in the coastal city of Surat, 300 km further west in the state of Gujarat on the Gulf of Khambhat (250 km north of Bombay). 

*

Hundreds of thousands of people fled the city and headed for Bombay, New Delhi and Calcutta. The panic reactions and the enormous media response which then followed show how this disease still plays on the imagination and fears of mankind and what impact the media can have. However, the outbreak remained limited as a result of rapid intervention. About 800,000 tetracycline tablets were immediately distributed via the Haffkine Institute in Bombay and subsequently a further 10,000,000 were flown in. Hundreds of tons of DDT and malathion were dispersed around Beed and the neighbouring cities. Measures then followed to sanitise the mountains of rubbish and waste (breeding sites for rats). A vaccine against plague is available, but it was not used for various reasons. Question marks still remain. For example, why were there so many cases of pneumonic plague and so few of bubonic plague? Ribotyping indicated that this was a new strain of Y. pestis (new ribotype). The cheopsis index of the rats was < 5. The surrounding temperature was often 35°C, which should have made an epidemic from fleas particularly difficult. Are there still missing data in the chain of transmission?

*

Response of other countries during the epidemic in India (1994)

In view of the epidemic potential of plague and the horror of the Black Death in the Middle Ages, international reaction was very intense when the epidemic in India was discovered. Detailed and reliable information was lacking at the outset. Several countries closed their borders to travellers from India, some airline companies cancelled all flights to India, trade embargoes were declared, and countries such as the United Arab Emirates even stopped postal traffic from India. Endless questions sprang up on the most varied of occasions. In retrospect, a more sober approach should have been adopted. It was not possible to deny the outbreak, but exaggerated reactions are best avoided. The potential for spread has to be monitored very rapidly. An efficient surveillance system has to be effective without being too cumbersome, either for the public or for the people responsible for implementing it. An outline is given below of how the CDC (Centers for Disease Control, USA) responded to this particular epidemic outbreak.

*

1. Dissemination of information

The target groups were: the media, the public, doctors, authorities and public health personnel. Information was disseminated: 

· A general notification of the epidemic. The various public health services and authorities were notified by fax, E-mail and/or a printed document. Updates were provided regularly and rapidly. All information was centralised by one team within one department of the CDC, which increased speed and efficiency. It also limited confusion.

· Special information for aeroplane passengers from India by means of a printed pamphlet ("plague alert notice") with the description of the symptoms and the recommendation to seek medical advice if they should develop fever within 7 days (maximum incubation period of pneumonic plague).

· Travel advice for passengers to India (voice information service, fax, telephone hotline).

· Guidelines for doctors on the prevention and treatment of plague.

· Guidelines for diagnosis and sample processing for doctors and laboratories.

· A general information article in the medical press - the Morbidity and Mortality Weekly Report (MMWR).

· Feed-back to the CDC was based on a number of people: civil servants, public health personnel and doctors, immigration service, customs, airline companies, private doctors, hospital personnel and the general public. A team of CDC investigators, together with experts from the WHO was sent to India.

*

2. Surveillance

Because resources were limited, primary, active, first-line surveillance was focused on individual critical control points, such as large international airports. Secondary, passive surveillance through private doctors and hospitals was less intensive, but more extensive. Follow-up of contacts was entrusted to existing epidemiological services, which were temporarily reinforced with additional staff.
.

Active surveillance through permanent medical staff at the major airports. Aircraft personnel were specifically asked to be on the alert for people with fever, chills or cough. Sick people were examined at the airport by the quarantine staff, with telephone back-up from the duty doctor at CDC. If these doctors suspected an individual had plague, the patient was isolated and afterwards hospitalised in a predetermined hospital, where further investigations were carried out to establish whether this was in fact plague or whether it involved a different condition. If the airport doctors considered that the risk of plague was low, people were nevertheless recommended to monitor their temperature for 7 days. If the person was hospitalised, all fellow passengers were advised to monitor their temperature and report any illness. Passengers who were seated within a radius of 2 metres of the suspect person were considered to have a substantial risk of secondary transmission. The argument behind this was that as a result of the downward air stream in aircraft cabins an aerosol cannot spread much further than 2 meters. They received advice to begin prophylaxis with antibiotics and to take them for 7 days. If a case of plague was subsequently confirmed, all passengers were to be contacted and monitored.

.

Passive surveillance. For people who became ill after disembarking, reliance was placed on private doctors and those doctors in hospitals. They could always telephone the CDC’s permanent duty unit. If suspected, the patient was hospitalised in isolation, diagnostic specimens were taken and treatment with antibiotics instituted. Contacts were traced and prophylactic antibiotics recommended. Investigations were undertaken to discover whether the patient was already symptomatic during the aeroplane journey. If so, the passenger list was requested, together with the seat numbering. All fellow passengers were contacted.
*

3. End

At the end of October 1994 an on-site investigation by a WHO team established that the epidemic was more limited than had first been assumed and was declining. The increased surveillance that had lasted for a month was lifted. However, several cases were again reported in February 2002.
*

Note: Doctors and the press

Sooner or later a number of us, whether we like it or not, will have to talk to the press. It is best to consider this in advance. The time frame is usually very short so that the complex situations with all the scientific uncertainties associated with the various aspects cannot be described in detail. There should be uniformity about: (1) what the message is, (2) who the main audience is, (3) who is to present the message. For this, joint consideration should be given in advance to:

· what is to be the essence of the interview (what is the central message)? Your statements should reflect - what you wish to see in the newspaper headlines the following day,

· what are the three facts or statistical data that you wish the public to retain from your story?

· what audience do you want to reach?

· designate one press contact person in your department.
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Note: Here follows a translation of an extract from Thucydides 2.47-55: The Plague. It should be stressed that it is still not known with certainty which organism caused the epidemic.

Chapter 47

Such was the funeral that took place during this winter, with which the first year of the war came to an end. In the first days of summer the Lacedaemonians and their allies, with two-thirds of their forces as before, invaded Attica, under the command of Archidamus, son of Zeuxidamus, king of Lacedaemon, and set about and laid waste the country. Not many days after their arrival in Attica the plague first emerged among the Athenians. It was said that it had previously broken out in many places in the neighbourhood of Lemnos and elsewhere; but a pestilence of such extent and mortality was nowhere remembered. Neither were the physicians at first of any service, ignorant as they were of the proper way to treat it, but they died themselves the most frequently, as they visited the sick most often; nor did any human art succeed any better. Supplications in the temples, divinations, and so forth were found equally futile, till the overwhelming nature of the disaster at last put a stop to them altogether.

Chapter 48

It first began, it is said, in the parts of Ethiopia above Egypt, and thence descended into Egypt and Libya and into most of the king's country. Suddenly falling upon Athens, it first attacked the population in Piraeus, -- which was the occasion of their saying that the Peloponnesians had poisoned the reservoirs, there being as yet no wells there -- and afterwards appeared in the upper city, when the deaths became much more frequent. All speculation as to its origin and its causes, if causes can be found adequate to produce so great a disturbance, I leave to other writers, whether lay or professional; for myself, I shall simply set down its nature, and explain the symptoms by which perhaps it may be recognised by the student, if it should ever break out again. This I can the better do, as I had the disease myself, and watched its operation in the case of others.

Chapter 49

That year then is admitted to have been otherwise unprecedentedly free from sickness; and such few cases as occurred, all determined in this. As a rule, however, there was no ostensible cause; but people in good health were all of a sudden attacked by violent heats in the head, and redness and inflammation in the eyes, the inward parts, such as the throat or tongue, becoming bloody and emitting an unnatural and foetid breath. These symptoms were followed by sneezing and hoarseness, after which the pain soon reached the chest, and produced a hard cough. When it fixed in the stomach, it upset it; and discharges of bile of every kind named by physicians ensued, accompanied by very great distress. In most cases also an ineffectual retching followed, producing violent spasms, which in some cases ceased soon after, in others much later. Externally the body was not very hot to the touch, nor pale in its appearance, but reddish, livid, and breaking out into small pustules and ulcers. But internally it burned so that the patient could not bear to have on him clothing or linen even of the very lightest description; or indeed to be otherwise than stark naked. What they would have liked best would have been to throw themselves into cold water; as indeed was done by some of the neglected sick, who plunged into the raintanks in their agonies of unquenchable thirst; though it made no difference whether they drank little or much. Besides this, the miserable feeling of not being able to rest or sleep never ceased to torment them. The body meanwhile did not waste away so long as the distemper was at its height, but held out to a marvel against its ravages; so that when they succumbed, as in most cases, on the seventh or eighth day to the internal inflammation, they had still some strength in them. But if they passed this stage, and the disease descended further into the bowels, inducing a violent ulceration there accompanied by severe diarrhoea, this brought on a weakness which was generally fatal. For the disorder first settled in the head, ran its course from thence through the whole of the body, and even where it did not prove mortal, it still left its mark on the extremities; for it settled in the privy parts, the fingers and the toes, and many escaped with the loss of these, some too with that of their eyes. Others again were seized with an entire loss of memory on their first recovery, and did not know either themselves or their friends.

Chapter 50

But while the nature of the distemper was such as to baffle all description, and its attacks almost too grievous for human nature to endure, it was still in the following circumstance that its difference from all ordinary disorders was most clearly shown. All the birds and beasts that prey upon human bodies, either abstained from touching them (though there were many lying unburied), or died after tasting them. In proof of this, it was noticed that birds of this kind actually disappeared; they were not about the bodies, or indeed to be seen at all. But of course the effects which I have mentioned could best be studied in a domestic animal like the dog.

Chapter 51

Such then, if we pass over the varieties of particular cases, which were many and peculiar, were the general features of the distemper. Meanwhile the town enjoyed an immunity from all the ordinary disorders; or if any case occurred, it ended in this. Some died in neglect, others in the midst of every attention. No remedy was found that could be used as a specific; for what did good in one case, did harm in another. Strong and weak constitutions proved equally incapable of resistance, all alike being swept away, although dieted with the utmost precaution. By far the most terrible feature in the malady was the dejection which ensued when anyone felt himself sickening, for the despair into which they instantly fell took away their power of resistance, and left them a much easier prey to the disorder; besides which, there was the awful spectacle of men dying like sheep, through having caught the infection in nursing each other. This caused the greatest mortality. On the one hand, if they were afraid to visit each other, they perished from neglect; indeed many houses were emptied of their inmates for want of a nurse: on the other, if they ventured to do so, death was the consequence. This was especially the case with such as made any pretensions to goodness: honour made them unsparing of themselves in their attendance in their friends' houses, where even the members of the family were at last worn out by the moans of the dying, and succumbed to the force of the disaster. Yet it was with those who had recovered from the disease that the sick and the dying found most compassion. These knew what it was from experience, and had now no fear for themselves; for the same man was never attacked twice -- never at least fatally. And such persons not only received the congratulations of others, but themselves also, in the elation of the moment, half entertained the vain hope that they were for the future safe from any disease whatsoever.

Chapter 52

An aggravation of the existing calamity was the influx from the country into the city, and this was especially felt by the new arrivals. As there were no houses to receive them, they had to be lodged at the hot season of the year in stifling cabins, where the mortality raged without restraint. The bodies of dying men lay one upon another, and half-dead creatures reeled about the streets and gathered round all the fountains in their longing for water. The sacred places also in which they had quartered themselves were full of corpses of people who had died there, just as they were; for as the disaster passed all bounds, men, not knowing what was to become of them, became utterly careless of everything, whether sacred or profane. All the burial rites in use before were entirely upset, and the bodies were buried as best as could be arranged. Many from want of the proper appliances, through so many of their friends having died already, had recourse to the most shameless acts: sometimes getting the start of those who had raised a pile, they threw their own dead body upon the stranger's pyre and ignited it; sometimes they tossed the corpse which they were carrying on the top of another that was burning, and so went off.

Chapter 53

Nor was this the only form of lawless extravagance which owed its origin to the plague. Men now coolly ventured on what they had formerly done in a corner, and not just as they pleased, seeing the rapid transitions produced by prosperous people suddenly dying and those who before had nothing succeeding to their property. So they resolved to spend quickly and enjoy themselves, regarding their lives and riches as alike things of a day. Perseverance in what men called honour was popular with none, it was so uncertain whether they would be spared to attain the object; but it was settled that present enjoyment, and all that contributed to it, was both honourable and useful. Fear of gods or law of man there was none to restrain them. As for the first, they judged it to be just the same whether they worshipped them or not, as they saw all alike perishing; and for the last, no one expected to live to be brought to trial for his offences, but each felt that a far severer sentence had been already passed upon them all and hung ever over their heads, and before this fell it was only reasonable to enjoy life a little.

Chapter 54

Such was the nature of the calamity, and heavily did it weigh on the Athenians; death raging within the city and devastation without. Among other things which they remembered in their distress was, very naturally, the following verse which the old men said had long ago been uttered: “A Dorian war shall come and with it death”. So a dispute arose as to whether dearth and not death had not been the word in the verse; but at the present juncture, it was of course decided in favour of the latter; for the people made their recollection fit in with their sufferings. I fancy, however, that if another Dorian war should ever afterwards come upon us, and a dearth should happen to accompany it, the verse will probably be read accordingly. The oracle also which had been given to the Lacedaemonians was now remembered by those who knew of it. When the God was asked whether they should go to war, he answered that if they put their might into it, victory would be theirs, and that he would himself be with them. With this oracle events were supposed to tally. For the plague broke out as soon as the Peloponnesians invaded Attica, and never entering Peloponnese (not at least to an extent worth noticing), committed its worst ravages in Athens, and next to Athens, within the most populous of the other towns. Such was the history of the plague.
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1. Madagascar. In the event of lymph node enlargement in the groin, plague should be considered as the most likely diagnosis. Do you agree? 

2. Botswana. When confronted with a case of plague, the first thing to do is try to eradicate all rats. Do you agree?

3. In bubonic plague, bacilli will almost always be found in the peripheral blood. Correct?

4. Zimbabwe. A pregnant woman is admitted with sudden very high fever and considerable pain in the groin. A large bubo is present with foul-smelling liquid. This has occurred very recently. What do you do?

5. "It reeks like the plague". Where does this expression come from?

6. Nepal. A thin 40-year-old man presents with chronic back pain, moderate fever and general malaise. You notice a fluctuating mass (abscess) in the right groin which does not feel hot. Any ideas?

7. India. Following an unexpected outbreak of plague, not enough streptomycin is available in the short term. Do you want penicilline, chloramphenicol or tetracyclines to be dispatched urgently? Why does your colleague in the crisis team order malathion?

8. New York, USA. What is the expected impact of a terrorist attack with aerogenic plague? Which strategic stocks should be called up?

9. Oman. A German engineer notices an insect bite on his left leg. He is able to catch the insect and it is positively identified as Xenopsylla cheopis. A few days later he feels generally unwell, dizzy, tired and he has a headache. Five days later he notices enlarged cervical and axillary lymph nodes. He is febrile, his throat is irritated and there are some red spots on his palate. He has a skin rash on his face and trunk. A RPR is performed, but this is negative. He seeks your advice. What else do you ask and why?

10. Discuss a possible epidemiological role for cats in the transmission of urban plague.
