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A Contribution to the Study of Bubonic Plague 

by 

H. C. Matthea 

The endemicity of bubonic plague in the ground squirrel of 

California (Otospermophilus gramrourus beecheyi Richardson), ils 

appearance in New Orleans, and its presence in Galveston and Beau¬ 

mont in 1923 emphasize the importance of this disease in the United 

States. Local conditions such as climate, hosts, and vectors 

suggest that the port cities of Texas may become endemic centers 

of the disease as have areas in the state of California. Reser¬ 

voirs and vectors other than those previously demonstrated to be 

associated with the disease must be considered in such a possibil¬ 

ity, and it was with this view in. mind that research on the pre¬ 

sent problem was undertaken. 
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in regard to some of the bacteriological aspects of the problem • 
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Historical 

The amount of work done on plague has been enoimous. The 

literature contains a great abundance of reports on the different 

phases of this disease. Hotable in such research work are the plague 

commissions established by various nations concerned with the more 

important plague centers of the world. To date, probably the best 

summary of the disease is given by G. F. Petrie (1929). From the 

very beginning the present investigation resolved itself into a 

problem of building up the virulence of non-virulent cultures. 

According to Petrie (1929) the virulence of Pasteurella pestis 

(Kitasato and Yersin) is not readily attenuated by prolonged cul¬ 

tivation, and the virulence may be retained for years if the cul¬ 

ture is kept moist in the dark at a low temperature. Wilson re¬ 

ports that the bacilli retained their virulence as long as four 

years when kept in thëjsafe at the New York Quarantine Station. 

Kolle, Hetsch, and Otto (1904) state that a culture which is aviru¬ 

lent for the rat may still be pathogenic for the guinea-pig. Petrie 

(1929) observed that cultures which have lost part of their virulence 
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may regain it by passage through susceptible animals. Albercht 

and Ghon (1898) state that passage Of P* pestls through guinea- 

pigs and rats, without intervening culture on artificial media, 

does not alter the original virulence of the plague strain either 

for the animal used for the passage or for experimental animals. 

Only one reference has been found where avirulent strains have 

been made to show a lethal activity. This work was repented by 

Fialho and Pacheco (1928). Their experiments consisted in the 

blocking of the reticulo-endothelial system of rabbits and guinea 

pigs by the injection of trypan blue and carmine. This rendered 

the animals susceptible to previously tested avirulent strains of 

P* pestls. These investigators make the statement that such treat¬ 

ment seems to give an exalted virulence to the organisms used. 

But their experiments show that this exaltation of the isolated 

bacteria is not sufficient to kill normal unblocked guinea-pigs* 

Other phases of P*_ pestls virulence have been noted by many 

workers in the case of infected fleas* The Indian Plague Commiss¬ 

ion of 1907 showed that fleas remained infective for periods of 

at least 10 days if fed daily afjer the infective feeding. In 

1913 Swellengrebel working with Xenopsylla cheopis Roths, showed 

a period of 28 days of infectivity. In 1917 Otten’s experiments 

showed that the flea could still transmit plague 43 days after 

having fed on a diseased animal. Bacot (1915) reports that Cera- 

tophyllus fasclatus Bose, after 6 weeks starvation could still 

transmit the disease to a mouse. The relationship of virulence 
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variation of pest is to these differences in the length of 

flea infeetivity is not completely understood. The experiments 

of Bacot and Martin (1914) indicate that there is a loss of viru¬ 

lence by the bacilli in the stomach of the flea but probably in 

many of the cases the flea loses its infective power by ridding 

itself of the organism by fecal deposition, defense mechanisms 

against P. pestls set up in the ailmentary track, etc. and thus 

a flea mi$it easily be used in such experiments after having lost 

its P. pestls infection, without the investigator being aware of 

it, and thereby give a false impression of the length of its period 

of infeetivity. This would also explain some of the discrepancies 

which have appeared in investigations on this phase of bubonic 

plague. However, this does not invalidate the work of Bacdt 

Material and Methods 

The chief animal experimented upon in the present investi¬ 

gations was the cotton rat Slgmodon hlspidu3 Say and Ord, a very 

common field rodent of this part of the country. The animals 

were trapped in the common type of wire rat trap on the campus of 

the Rice Institute. Of the different types of baits used it was 

found that a slice of apple was most effective. The entrance to 

the trap and the hood of wire above the trap door were smeared 

with a piece of sliced apple. The slice was then sUo*ended b^ a 

string from the top or roof of the trap, ana mac.e to hang just 

in front of the trap door. 
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S. hispidus make3 an ideal experimental animal* Confined 

in small wire cages and .ith a moderate amount of care they can 

he kept for very long periods of time. Unlike the wild Norway 

rat, Rattus norvegieus Erxleben, they are small, more cleanly, 

and very much less vicious. Two or three hours of captivity is 

sufficient to make them tame enough to nibble at a slice of apple 

held in the hand. With a little care they can be handled with the 

bare hand without danger of being bitten. However, on rare oc¬ 

casions 3Ctne of the rats», especially old males, are quite vic¬ 

ious and will sometimes kill and partially devour other rats 

confined in the same trap. 

The flea used in these experiments was Rhopalopsyllus 

slgmodoni described by Dr. M. A. Stewart (Canadian Entomologist 

Vol. 62, Ho. 8, Aug. 30, 1930, p. 135}. Of over 100 cotton rats 

examined this was the only flea found. This flea readily at taels 

humans. One flea was made to feed 7.5 minutes on the arm after 

a previous starvation of three days. 

Guinea-pigs and wild Norway rats were also used in the ex¬ 

periments. 

The infected animals were kept in flea proof glass cages. 

The cages were made of large jars covered by glass tops as shown 

in the photograph on page 6 figure § 1. The glass top was sealed 

to the jar with paraffin. The cage was air tight with the excep¬ 

tion of the two small openings used for drawing air through the 

chamber by means of a common aspirator attached to a faucet. 
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The floor of the cage was raised and set on peices of plank, and 

beneath the planks were placed paper towels to absorb the ex¬ 

creta of the animal. The glass plug that closed the top of these 

cages could be removed, and food and water could be placed in the 

feed pans by means of a long stemmed funnel. 

For transmission experiments another type of cage was designed, 

as shown in figure # 2 on page 6, This cage consisted of two 

sealed compartments. The paste-board partition between the two 

compartments was removed when a transference of fleas from a dis¬ 

eased animal to a healthy animal was desired. The wire mesh 

prevented actual contact between the rodents, but did not hinder 

flea transference. 

Extreme care was exercised in making post-mortem examinations. 

Rubber gloves, masks, and operating gowns were worn during the 

autopsies. The rodents were always thoroughly etherized before 

removal from the cage to kill any ecto-parasites that might be 

on the animal. The rodent was then transferred to an operating 

board, the top of which was covered with paper towels which had 

been soaked in a strong lysol solution. After the autopsy, the 

entire equipment including gloves, mask, and gown were steril¬ 

ized in the autoclave. Carcasses were disposed of in a like 

manner. 

The various media used in the investigations on virulence 

are given with the experimental data. Media used for diagnostic 
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purposes included the indicator sugars dextrose, saccharose* 

and lactose. Litmus milk, salt agar, and mt-dia containing bile 

salts were also used* On several occasions a test for indole 

production was made. A motility test was always made to differ¬ 

entiate JP. pestis cultures from a possible contamination with 

Corynebacterium pseudotuberculosis Eisenberg (B. pseudotuber¬ 

culosis rodentium). For diagnostic staining Archibalds Stain and 

Gram’s technique were employed. 

Four distinct cultures of P. pestis were used. One of these, 

the history of which is unknown, came from a biological supply 

house in Chicago. Another culture came from Tulane University. 

This culture came originally from a fatal human case and was 15 

^r*m 

years old. Two other cultures were receivedACalifornia. One of 

these two cultures had been isolated from a human in Contra Costa 

County, California in 1927, and the other had been isolated from 

a ground squirrel in San Benito County California in 1926. 

Experimental Data 

AS soon as the various cultures were received, sub-cultures 

were made to nutrient agar slants, and the various bacteriological 

tests were made on the organisms. Virulence was tested by sub¬ 

cutaneous inoculation of the bacilli into guindj-pigs and cotton 

rats. Although rather large dosages of bacilli were administered 

in each case, no definite local or general reactions were noted 

in the animals. Tests were also made by intra-peritoneal inocu- 
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lations of the whole of heavily seeded agar slants, washed in 

normal saline, and even here no reactions were observed* Ten 

days after making these various inocitiiations the animals were 

etherized and autopsied. The autopsies revealed no pathological 

condition except a slight enlargement of the spleen in a few of 

the animals* Bacteriological examinations were uncertain but in 

most of the cases they were apparently negative* The above experi¬ 

ments demonstrate clearly the avirulent nature of the bacilli 

used* 

In the first experiment at building up the virulence of the 

organisms a series of direct blood transfers were attempted* The 

results were as follows: 

Jan. 18, 1930 - A guinea-pig (Ko. 1} was inoculated by way of the 

heart with 0.5 c.c. of a normal saline washed slant of P. 

pestis.(Tulane culture). 

Jan* 19 - Guinea-pig Ko. 1 remained very inactive but ate normally 

and did not appear sick. 

Jan. 20 - The inodlated animal was etherized and blood was removed 

from the heart. A small amount of a very weak solution 

(0.5fv) citrate was used to prevent clotting. Two guinea-pigs 

(No. 2 and No. 3) were inoculated by way of the heart with 

1.0 c.c. each of this citrated blood. The autopsied animal 

(No. 1) shovel a very large spleen. Plate smears were made from 

the blood, liver, and spleen, and of the three the spleen plate 
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was the only one to show growth. The organisms seemed to 

be P. pestls. 

Jan. 21 - Guinea-pigs 2 and 3 seemed normal and healthy. 

Jan. 22 - Guinea-pig Ko. 2 was autopsied and blood was removed from 

its heart and inoculated by way of the heart into another 

guinea-pig (llo. 4). ]?. pestis could not be isolated from the 

autopsied animal (No. 2). No internal pathological symptoms 

were observed. 

Jan 2? - Guinea-pigs 3 and 4 were etherized and autopsied. Gross 

histological and bacteriological examinations were negative. 

A similar experiment to the one described above was started 

on Jan. 28, 1950. This time the Chicago culture was used, and the 

results were the same as those obtained with the Tulane culture. 

During I.Iay 1930 the Tulane culture was subcultured on nut¬ 

rient agar by a series of transplants every 48 hours. By the 

middle of June a rapidly growing organism resulted, but this or¬ 

ganism, when tested on a guinea-pig, gave negative results as had 

all the previous tests made with the various cultures. 

June 13, 1930 (12:00 P.M. ) - The spleen of a cotton rat (No. 1) 

was removed and 3 loop's (standard bacteriological loop) full 

of the fast growing Tulane culture were placed in the body 

cavity. 

June 14 (A.I1. ) - Nat No 1 seemed to be very sick. It moved about 

but little, No response was given to outside stimuli such as 
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tapping on the cage, etc. The animal died at 8:00 P.M. 

Autopsy showed a slightly splotched liver, and smears from 

this organ gave Gram negative bipolar staining bacilli. A 

non-splenectomized rat (No. 2) was inoculated subcutaneously 

with the infected blood from rat Ho. 1. 

June 16 - Eat Ko. 2 appeared to be sick. 

June 17 -(8:00 A. M.) - Rat No. 2 was dead, and smear examinations 

showed bacilli in the liver and spleen. A small congested area 

appeared at the point of inoculation. The lungs, liver, and 

spleen showed no necrotic areas. Bacteriological examination 

revealed P. Pestls. Another non-splenectomized rat (Ho. 3) 

wa3 inoculated with the infected blood of rat No. 2. 

June 19 (P.M.) - Eat Ko. 3 was sick and kept licking the abdomen 

Vas though the area at the site of inoculation was painful. 

The eyes were watery and partially closed. 

June 20 (8:00 A.M.} - Rat Ho. 3 died and was autopsied* There 

was a slight bubo at the point where the inoculation had been 

made. The lungs were mottled, and the same was true of the 

liver, but to a less marked degree. The spleen appeared normal. 

Bacteriological examination wa3 positive. Another non-splen¬ 

ectomized rat (Ho. 4) was innoculated with infected blood from 

rat ITo. 3. 

June 23 (2:40 P.M) - The infected rat(Ho. 4} after a long period of 

absolute quiet suddenly started jumping about in the cage a3 

though crazy. This lasted about 30 seconds and was followed 



by a quiet spell of 45 seconds, during which heavy breathing 

was evident* This was followed by another paroxysm which 

also lasted for 30 seconds* .After 7 minutes the third and 

final paroxysm occurred, ending in death 15 seconds later. 

Judging from the way in which the fweed was scattered, the 

other experimental rats must have died the same violent death. 

Autopsy showed a severe hemorrhagic condition. The uttrus (the 

rat was a pregnant female) was especially congested. The spleen 

was but slightly enlarged. Plates made from the heart, lungs, 

and liver gave apparently pure cultures of P. pestis. These 

organisms which were isolated on nutrient agar, were non-viru- 

lent to guinea-pigs. Another non-splenectomized rat (Ho. 5) 

was inoculated with the infected blood of rat I7o. 4. 

June 25 (P.M. ) - Rat Ko. 5 was very sick* The eyes were glassy and 

the left one was covered by a watery film. The animal did not 

react to outside stimuli. 

June 26 (5: A.M. ) - Rat Ko. 5 was dead. Examination showed 

splotched lungs, a small left inguinal bubo in addition to 

the usual bubo at the site of inoculation, and a slightly en¬ 

larged but normal appearing spleen. The liv~r was pale and slightly 

mottled. There was a black blood clot in the heart; this was 

true for most of the examinations of rodents dead of plague. 

P. pestis was isolated on nutrient agar but ?ras avirulent 

by guinea-pig inoculation test. Another non-splenectomized 

rat (Ko. 6) was given a subcutaneous inoculation with infected 

blood from rat Ko. 5 
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June 29 (10:00 P.M.} - Rat Fo. 6 was dead and another non- 

splenectomized rat (ITo. 7) was infected with its blood* 

July 1 (4:00 P .1.1. ) - Forty-five individual Phopalopsyllus sig- 

modonl were placed in the special transmission cage (pre¬ 

viously described) with rat ITo* 6, and on July 2, 24 more 

fleas were added making a total of 69 fleas. 

July 3 (8:57 A.M. ) - Rat Ilo. 6 died. Convulsions lasted for 15 

minutes and were not quite so violent as in the previously 

described case, autopsy gave ths characteristic pathological 

picture of plague. The partition of the special cage was 

removed and later 26 fleas were found on the oo tton rat that 

had been placed in the adjoining chamber. This transmission 

experiment gave negative results, «nother ratfllo. 7) was 

inoculated with blood from the dead rat (No. 6) at 12:00 A.II. 

July 6 (6:00 A.K. ) - Rat Ko. 7 died and another one (Ho. 8) was 

inoculated. 

July 10 (1:30 A.K. ) - Rat Fo. 8 was dead and another one (Lo. 9) 

was inoculated. P. pestis was isolated from the dead animal 

(ITo. 8) on blood agar plates, and inoculated into a guinea- 

pig (ITo. 10) on July 12. 

July 12 (5:00 A. 
TT. ) - Rat ITo. 9 was dead. Fo autopsy was made. 

July 14 - Guinea-pig Ho. 10 died at 8:00 A. M. The lungs and 

liver of the dead animal were mottled. Bacteriological 

examination showed the presence of P. Pestis. A cotton rat 

(No. 11) was inoculated with blood from the guinea-pig. 
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July 14 - Cotton rat No. 11 died at 8:Ç0 A. U. 

The isolated culture of P. pestis from rat IIo. 8 was also 

virulent for the cotton rat, but the organism lost its lethal 

power for both guinea-pigs urd rats when grovm on plain nutrient 

agar. 

In November of 1920 more 3tudie3 of the effect of splenectomy 

011 Pe3~fci3 virulence were made. Several Norway rats were splen- 

ectomized. In all of these cases a non-fatal apparent Bartonella 

infection followed. 

Cn November 29, 1930 the spleen w&3 removed from a cotton rat 

(lto. 12) and a loopful of P. peatl3 placed in the peritoneal cavity. 

The peritoneum of another rat (No. IS) was opened in a similar manner 

and a loopful of P. pesti3 introduced, another rat (No. 14) was 

inoculated intra-peritoneally with a normal saline washing of the 

same culture used for inoculating the othe two rats. Rat No. 12 

died on December 5 and plague baccilli were isolated. Lxperimental 

animals (13 and 14) lived and were later etherized and examined. 

Uo bacilli were found. The reason for this experiment was to test 

the effect of simple traumatic injury caused by the abdominal in¬ 

cision as compared to spleen removal. The test showed that the 

injury caused by opening tbe peritoneal cavity did not affect the 

susceptibility of the animal to the organism used. 

Since November several splenectomies have been performed and 

all were successful, the rats recovering from the operations. 
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Several attempts have been made to again build up the virulence 

of the Tulane culture. The culture always killed the splenectomized 

rats (R* norveglcue and _3. hispidus) and P. pestls could always be 

isolated from the dead animals. But, for sane reason the organisms 

had not gained a sufficient virulence to kill non-spleneetomized 

guinea-pigs. Probably if a series of splenectomies had been per¬ 

formed and the organism passed in series through these animals a 

strain sufficiently virulent to kill non-splenectomized animals would 

have resulted. 

The following culture method was used in an attempt to build 

up the virulence of the Tulane strain. 

A fresh meat infusion agar was prepared according to standard 

methods, and the pH was adjusted to 7.0. Each of fourteen test 

tubes were-filled with 0.5 c.c. of the agar and blood from a white 

rat (Ilorway) added in the amounts as listed: 

1. TIot anything : added to two Of the tubes 

2. l/8 c.c. Of blood to each of two tubes 

3. 1/4 c.c. tt n tt Hitt* n tt tt 

4. 1/2 c.c. tt » tt tt tt tt tt 

5. 1 c. c. tt it n It tt If tt 

6. 1 1/2 cc tt tt tt tt tt tt tt 

7. tt tt tt tt tt tt tt 

A small smooth colony was picked from a plate made of the 

Tulane culture. Starting with the plain meat infusion agar transfers 

of the organisms were made every 48 hours to the next tube in the 
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series as given* Tested at various stages during these trans¬ 

fers t\e organism gave negative virulence tests to non-splenectom- 

ized animals* A very noticeable increase in growth activity was ob- 

ation was also noted and may be taken as a possible indication of 

virulence increase* Lack of time prevented the experiment from 

being carried further* 

Passage of P. pestis through guinea-pigs without intervening 

culture on artificial media does not restore the virulence of 

avirulent strains. The organisms are probably killed off by 

phagocytosis before many transfers are made* 

Judging from the experiments listed by Ledingham (1931), 

blockade of the retieulo-endothelial system seems to exert but 

little influence on bacterial infect-ons in normal animals* The 

results of the research given here are not in agreement with such 

observations. As demonstrated by the experiments thf^biocking of 

the retieulo-endothelial system by splenectomy renders the Ilorway 

rat and the cotton rat susceptible to strains of ]?. pestis to which 

they are not otherwise susceptible. Such procedure exalts the 

virulence of the organisms, and as is shown by one experiment the 

virulence is increased to a normal lethal activity for the un¬ 

blocked rat and guinea-pig. Jhy the organism immediately lost its 

served. The appearance of chains 

Discussion and Conclusions 
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virulence upon cultivation on nutrient agar can only be guessed. 

Probably the virulence of the strain was of a truly exalted na¬ 

ture, and required the passage through a great number of animals 

to reach the stability of virulence characteristic of normal viru¬ 

lent strains of P. pestis. The reason that virulent organisms 

could be isolated on blood agar is probably explained by it3 richer 

nature as compared to the plain nutrient agar. 

The work on splenectomy is a partial repetition of that done 

by Pacheco and Fialho (1928), but was performed without knowledge 

of these earlier investigations. The work was incidental to some 

other research work being carried on at that time, so the reference 

to the work of these two men was not found until after the experi¬ 

ment had been started. 

Ifo definite conclusions can be drawn for the culture media 

experiment in relation to building up the virulence of avirulent 

strains of P. pestis, but there is an indication that if the trans¬ 

fers are made over a very long period of time and if the final 

medium approaches those conditions experienced by the organism in 

a natural host, the virulence may reach its normal lethal activity. 

Ho conclusions can be drawn from the experiment regarding the 

possibility of JR. slgmodoni as a vector of bubonic plague, inasmuch 

as the organisms used was of unstable virulence. 



18 

References 

Alcock, C. I. E. 

1929. Bartonella Lîuris - Ratti and the Infectious Anaemia of 

of Rats. Tropical Disease Bulletin Vol. 26, pp. 519-24. 

Bacot, A. 1ST. 

1915. Journal of Hygiene Cambridge Plague Suppl. 17, Jan. 1, 

1915, pp. 770-773. 

Bacot, A. W. and Martin, J. 

1914. J. Hyg., Camb., Plague Suppl. Ill, 423; 1924 ibid., 23, 98. 

Burynoghe, R. and Vassiliadis. 

1929. Contribution A L'Etude Les Eperythrozoaires Coccoides. 

Annales de Parasitologie Humaine et Comparée, Vol. 7, No. 5, 

pp. 353-64. 

Castellani, A. and Chalmers, A. J. 

1919. Manual of Tropical Medicine, pp. 1416-1436. 

Fialho, A. and Pacheco, G. 

1928. Influence Du Système Réticulo-Endothélial Sur La Virulence 

Bactérienne. C. R. Soc. Biology Paris 98, pp. 1562-1564. 

Ford, \'U W. 

1927. Text-book of Bacteriology, pp. 597-605; p. 835; p. 885. 

Inlow, Wm. De P. 

1929. The Spleen. Scientific Monthly, Vol. 28, pp. 549-53. 



19 

Jordon, E. 0. and Falk, I» S. 

1928. The Newer Knowledge of Bacteriology and Immunology. The 

Reticulo-Endothelial System, p. 890; A Theory of Microbic 

Virulence p. 565. 

Ledingham, J. C. G. 

1931. Reticulo-Endothelial System in Relation to Problems of 

Natural Immunity. A System of Bacteriology, Vol. 6 pp. 66-71. 

Mc Carrison, R. 

1931. A Note on Bartonella Mûris Anaemia.Indian Journal of 

Medical Research, Vol. 28, Ho. 3, Jan. 1931, pp. 945-49. 

Otten, L. 

1917. Rep. Dutch-Indian Med. Civil Service, p. 120; 1926, Zbl. 

Bakt., Abt* I, Orig., 98, 484. 

Petrie, G. F. 

1929. A System of Bacteriology, Vol. 3, pp. 137-224. 

Roberts, E. F. 

1929. The Reticulo-Endothelial System and .anti-Body Production. 

Journal of Immunology, Vol. 16, pp. 137-149; ibid, Vol. 17, 

pp. 273-78. 

Stitt, E. R. 

1929. Diagnostics and Treatment of Tropical Diseases, pp. 249-73. 



20 

Swellengrebel, N. H. 

1913. Rep. Dutch-lndian Led. Civil Service, p. 1; 1914, Zbl. 

Bakt, Abt. I, Origi., 74, 456; 1915, Z. Hyg. Infektkr., 79, 

436; 1915, Zbl. Bakt., -abt. I, Orig., 75, 456. 

Taliafero, W. H. 

1929. The Immunology of Parasitic Infections, pp. 222-42* The 

Century Company Hew York and London. 

Zinsser, Bans. 

1930. A Text Book of Bacteriology, pp. 681-97. 

Zinsser, Hans. 

1923. Infection and Resistance, p. 116; p. 309, p. 144. 



The Seasonal Abundance of Rhopalopsyllus 

sigmodonl Stewart (Siphonaptera) 

by 

H. C. Matthes 

The importance of a knowledge of the seasonal abundance 

of fleas has been emphasized by bubonic plague studies, but in spite 

of this relatively little work has been done on this phase of flea 

bionomics. In those studies which have been made a correlation 

between abundance of fleas, per cent.of relative humidity, and 

temperature has been observed and certain interpretations have been 

made. Such studies are of importance not only from the view point 

of pure biology but also from the viewpoint of the epidemiology of 

flea-borne diseases. 

The United States Government has made rat-flea surveys of New 

Orleans, Louisiana; Norfolk, Virginia; Boston, Massachusetts; and 

New York City. In the latter city the two rat-fleas Ceratophyllus 

fasciatus Bose, and Xenopsylla cheopis Roths, predominated and 

C. fasciatus was by far the more common. The average number of fleas 

never reached as high as two per rat. In Boston there was a higher 

average number of fleas but even there during any single month the 

flea population did not retch as high as three per rat* In this sur¬ 

vey, for the year 1923, C. fasciatus equaled 64.4 per cent, of the 
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rat-fleas collected and X» cheopis equalled 33.2 per cent* In Nor¬ 

folk, Virginia, X» cheopis constituted more than 80 per cent, of the 

fleas collected. More fleas per r? t were found there than in New 

York or Boston. Of the fleas caught in the New Orleans survey 

72 per cent, were X« cheopis. 26.6 per cent, were Ctenopsyllus segnis 

Gchonk, end only 0.5 per cent, were C. fasclatus. Conclusions drawn 

from these surveys showe that in so far as X. cheopis is concerned 

the abundance curve showed a general agreement with the relative 

humidity curve. Temperature also seemed to be of some importance. 

No such rat-flea survey has been made for the Port of Jiouston jhere 

climatic conditions appear to be ideal for plague, and also where 

almost the sole flea found on Battus norvegicus Erxleben is the 

.asiatic rat flea. 

This paper gives in part some of the results of research on 

a possible new vector and reservoir of bubonic plague. Rhopalop- 

syllus sigmodoni is a new species of flea recently described from 

the cotton rat (Sigmodon hispldus Say and Ord) by Dr. M. A. Stewart 

of The Rice Institute. This flea is so abundant on the ootton rat 

and so nearly the only flea found on this host that it well deserves 

the common name of the "cotton rat flea". B. sipnodoni is the 

only member of its genus known to occur naturally in North America. 

One specimen of Rhopalopsyllus bohlsi Wagner was collected in 1904 

from R. norvegicus in New Brunswick, Georgia where it had undoubt- 

ably been introduced from a ship which had visited ports in South 

or Central ^jnerica. Go far as is known the genus Rhopalopsyllus 

is a Central and South American genus, with the exception of the 

single species, sigmodoni found on the cotton rat of South Texas. 
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accurate data concerning the flea abundance on the cotton 

rat was kept from October 1, 1929 to October 31, 1930 with the 

exception of August and September 1930, during which period of 

time no rodents were trapped. The rats were caught alive in common 

wire cage traps on the campus of the Rice Institute and in nearby 

fields. The abundance of fleas in the different collecting areas 

was in close agreement, with but one exception. This exception 

was found in a hill of the rodents, consisting entirely of young 

rats, located about one mile from the regular trapping grounds. 

The most probable explanation of this discrepancy is that the colony 

had become isolated during a period 7/hen flea incidence was low and 

that the fleas had not had sufficient time to become established 

here. These studies also showed that there was a very even dis¬ 

tribution of the number of fleas per rodent during the same periods 

of the year. Occasionally an old battled-scarred male, especially 

if the scars indicated recent combat, was infested with a few more 

fleas than the average rat for that season of the year. The only flea 

found on the cotton rat during this irvestigation, and also during 

later investigations not included in this report, was R. sigmodonl. 

On page 4 Table I a record of the number of rats caught and 

the number of fleas collected is given. 

On page 5 a graph is given to show the relationship between tem¬ 

perature, humidity and the number of fleas per rat, Apparently 

humidity had but little effect on the flea incidence, but the state¬ 

ment is not supported by observations made in the laboratory with 
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Year Moral h 
No. of rafs caught 

(Sigmodon Vuspidus) 
No. of fleas collected 

CRhopalopsyllus <SI£$TOOCAOK>I) 

Average No, of 
fleas per rat 

192.9 

Oct. 17 H 0.7 

Nov. 5 u 2.2 

Dec. 9 22 2.5 

1930 

Jan, 9 27 3.0 

Peb. 10 62 6.2 

Mar. M 33 8.5 

Apr. 2 33 16.5 

May 10 100 18.0 

June 13 243 18.7 

July 3 86 28.7 

Aug. 0 — — 

Sep, 0 — — 

Oct. Ô 12 1.5 

ToVal 97 780 8.04 

Table 1 ~ Showing bbe abundance 

5lewarl on Si ÿmoclon ht&pvdus Say 

ot Rhopalopsyllus 

and Orel. 

&igmodoni 
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MEAN TEMPERATURE 

FLEAS PER RAT 

MEAN RELATIVE HUMIDITY 

Graph showing correlations between the number of fleas per rat } 

the per cent, of relattve humidity and the température j and the 
seasonal distribution of Rhopa\opsv|llu.s siÿmodoni ôtewart on the 
cotton rat &irf>madora his pi dus ôay and Ord for the period Oct. 
192.9 - Oct. 1930. 
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fleas removed from the rat* Here it was noted that fleas placed 

in dry, corked vials died within a few hours, while those placed 

in corked vials with a saturated atmosphere lived approximately 

for an average period of 15 days, even without food* The length 

of life of the adult flea under such conditions seemed to be in 

direct ratio to the amount of water vapor present, but proof is 

lacking to support such a conclusion. 

The graph shows flea abundance to follow the temperature curve 

rather closely, but temperature does not seem to be the sole determ¬ 

ining factor as show by the curves during the months of October, 

November, December and January* 

The flea incidence curve probably gives one false impression, 

and that is for the moih of July. Only three rats were caught, 

one of which was a battled-scarred male, to which reference has 

already been^ade. From this rat 45 fleas were collected and 22 

and 19 fleas respectively from the other two rats. Probably the 

true figure would approximate 20 fleas per rat. With no data 

for the months of August and September only a guess can be made 

as to what happened. Probably there was a slow decrease for the 

first pert of August, followed by a more rapid decfïne in the latter 

part of the month and during the first part of September. 
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Conclusions 

There seems to be an annual cyclic curve for flea abundance 

on the cotton rat. The number of fleas on the host at one period 

of the year corresponds rather closely to the number found during 

the same period of another year. This statement is not definitely 

substantiated but some evidence is tiven in support of it by the 

meager data of work done this year (1931) considered with the 

data presented in this paper. These observations plus an analysis 

of the graph on page 5 show that of the climatic factors affecting 

the number o f Rhopalopsyllus sigraodôni on Sigmodon hispidus 

temperature seems to be the more important. 

The observations made in Houston indicate that humidity appar¬ 

ently is of little importance in determining the flea (R. sigmodoni) 

abundance. The importance of humidity as a factor in the longevity 

of adult fleas removed from their host, as shown by observations 

in the laboratory» seems to be established. Undoubtedly, under 

natural conditions, humidity plays some part in determining flea 

abundance trhich did not manifest itself in the observations described 

in this paper 
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