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MUL 0558

Dunaeva , T.N. and Shly gina , K.N.

CHANGE IN PHAGOCYTIC ACTIVITY TO TULAREMIA MICROBE IN HIGHLY SENSITIVE

AN I MALS WITH M I X E D  INFECT I ON

Zh. M.E.I. 54(4):86—91 , 1977

Gamale l Ins titute of Epidemology and Microbiology , USSR AMS , Moscow

(received 7/V/ 1976)

I t is known tha t du r i n g m i xed i n fec t ions there are observed

dev iations in the typ ica l development of the illness. We have deter-

mined that in types of animals with a low sensitivity to tularemia

pr io r  infec t ion by other st im u lan ts act iva tes pro tecti ve fac tors and

causes an accelerated deve’opment of specific i mun i ty react i ons. In

these cases the animals withstand (7 word cut off on Xerox — TRANSLATOR)

i nfection with massive fatal dosages of the tularem ia microbe .

I n an i ma l types which are highly sensitive to tularemia , in

the even t of mixed infec t ion there is an i ncrease i n the d u ra t ion of the

i l l ness and a decrease i n the in ten s i ty of sept icem ia /5, 6/. The

mechanism of these deviations during tularemia is undetermined (? word

cut off on Xerox - TRANSLATOR).

Phagocy tosis is a s i g n i f i c a nt fac tor in the protect ion of an

organ i sm. We studied the absorpt i ve and di ges t ive f unct ions of the

neut roph i l s  in rabb i ts , comon f i e l d  and whi te mice i n f ected wi th

pseudo tub er c u l o s i s , and guinea p i gs infected

wi th salmonella. The study was carried out in the opsonopha gocy ta ry

ractio n (OPR) with homologous and tularemic microbes , according to the

previously described method /7/. The react ion was staged simultaneously
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in animals wi th various periods of infect ion and in contro l (intact)

individuals. In each group 14 to 5 animals were studied . In field

mice and mice blood was taken from the heart after their mortifi cation;--

fro m gui nea pi gs -- while alive.

TABLE I Phagocytic activity of the neutrophi ls in the blood of

field mice infected with pseudo—tuberculosis
—S . - -~~~~ -~— . r ’  ~~~~~~~~~~~~~
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. 11 .5 5.7 0.49 46 23 10 4,2 0,42 40 Il7.1% .- .~~;. 12 .2 9,2 0.75 49 37 10 6,0 0,60 40 24
b i t  ‘ ‘ ~~~~~~~ 

‘ 12 .7 6,0 0.48 51 24 8.7 7.2 0.82 35 2914.1% . ‘ 9.2 16,5 1,78 37 66 6,2 4,2 06 5 25 17
HET3KTIIbIe: I h%1’~’GT

contro l :14,1O& l1et h da
’
~’ 4.2 14 .3 3.54 17 51 4.5 6,0 1,33 18 24

contro l by 7th day 6,0 16 .0 2,66 24 64 7.7 12,0 1,55 31 48

On t he day of the study of the OPR in animals at various

stages of i l lness from the pr imary  infec t ion , as wel l  as an i m a l s  of

the control group were i nfected subcutaneo us l y  homola te r a l l y  wi th

0.3 ml di lut ion tu larem ia culture (strain No. 503) , conta ining 10

microbe ce l l s  per 1 ml , wh ich accorded wi th 1 Dclm.

In field mice infected with pseudotuberculosis with a dose ~ Sectlofl~~
Sectioo Q

of 100 000 microbe ce l l s , there was an increase in the absorp t ive and

di gest ive functions of the neutrophils with respect not only to the
S- .  
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the homologous but to the tularem ic microbe (Table 1). This increase

is expressed clearly by the 4th to 10th day after i nfection with

the pseudotuberculosis stimulant , and is less perceptible on the 11+th

day of illness. In the reaction wi th the pseudotuberculosis bacteria

the functiona l capacity of the leucocytes was retained for the duration

of the entire experimen t , which is connected with the formation of a

specific imunity in the infected f ield mice. In intact f ield mice

-
. 

the absorption index of tularemia microbes increases chronographically

• by 2.66 to 3.54 times and, in the reaction with pseudotuberculosis

bacteria , by 1.33 to 1.55 times , which reflects the varying extent

of sensit iv i ty to infection on the part of filed mice to these bacteria.

• In white mice the OPR was studied on the 7th and 11th day

after infection with pseudotuberculosis microbes in a dose of 10,000

microbe cells. The absorpt ion indeces for tularemia bacteria after 30

minutes equalled 15.5 and 20.5, respectIve ly, and 13.2 in intact mice.

After 60 minutes of react ion the indeces rose in mice infected with

pseudotuberculosis by 1.07 to 1.5 times , and by 2.1 7 tines in intact .

specimens. In the react ion to the pseudotuberculosis microbe the ratio

of indeces on the 7th day of infection comprised 1.37, and 0.59 on the

11th day. In intact mice the absorpt ion index increased 1.98 times.

Al l  78 f ield mice infected with tularemia microbes on the

4th , 7th, 10th and 114th days after introduct ion of the pseudotuberculosis

bacteria died , the majority -— in the same period as the control , by

the 6th to 7th day. 13 f ie ld mice died by the 8th to 10th day. However,
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with mixed infection there was a decreased intensity of organ in—

semination , particularly of the blood, which was expressed dist inct ly

In the case of a 4 to 7 day interva l between infect ions (Table 2).

In 11 f ie ld  mice the results of microscopic study of smears from

• organs were negative , and the presence of tu laremia microbes was

determined only by seeding on Yemel’yanova ’s blood aga r with pen i-
5
’
. ci ll in.

• TABLE 2. Insemination by tularemia bacteria of organs in dead

field mice during mixed i nfection

Interva l between No. Presence of tularemia bacteria in smears
infect ions , Days of Spleen Liver Blood

f ield + — -  + - + -

• -
. mice

4 22 17 5 12 10 5 17
- •. 7 19 15 14 13 6 7 12

18 16 2 15 3 1 3  5
19 19 - 17 2 15 14

TOTAL 78 11(14.1%) 21(26.7%) 38(148.7%)

Control 20 20 - 20 - 20 -

Typica l for an imals highly sensitive to tularemia was a

maximum insemination of II I  - IV scores /9/ observed in the spleen of

70.5% of the f ie ld  mice , in the liver of 52.2% and in the blood of onl y

39.7% of individuals. In 20 contro l field mice insemination of the

organs and blood reached III  — IV scores in all cases. During mixed

Infection vacuolated cel ls  -- monocytes -- were found in smears from

organs , and neutrophils with phagocyted tularem ia bacteria in the blood.

S 
~~~~~
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Among the 78 f ield mice that died, phagocytat cel ls were found in the

spleens of 26% of the individuals , in the l ivers of 36.3% and in the

blood of 32.4%. With intervals between infections of 4, 7, 10 and 14

days , phagocytic cells were found, respect ive ly, in 63.6, 57.6 , 38.8

and 36.7% of the dying field mice. During monotularemia , phagocytic

cells are found very infrequently, in consequence of their complete

destruct ion and the filling of the entire field of view with tularemia

bacteria.

• Of 80 mice infected with tularemia bacteria after 3, 5, 7 and

14 days after the introduction of the pseudotuberculosis bacteria 74

died. 38 died within the same t ime period as the controls —— by the

6th to 7th day, 22 —- by the 8th to 9th day, and 14 mice by the 10th

to 12th day. The intensity of insemin ation with tularemia bacteria was

hi gh, and onl y in 7 mice was the bacteremia eva luated at I-Il scores .

Phagocytosis of tularemia bacteria was observed in smears from the

spleen in 6.8%, in the live r of 17.7* and in the blood of 19. 1% , of the

71~ individuals that died. During intervals between infect ions of 3, 5,

7 and 14 days , phagocytosis was observed , respectively, in 35.3, 40.0 ,

27.7 and 1.3% of the mice. The surviving 7 mice were infected after 20

days wi th a minimum dose of tularemia bacteria and died by the 7 to 10th

day.

The decrease in septice&a and the frequency of phagocytosis

manifestation coincided with the period of increased nonspecific

di gestive activity by the leucocytes in the first 7 days of the develop-

ment of pseudotubercular Infect ion. Later , the phagocytosis ob tained

~~~~~-
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specificity with respect to the pseudotuberculos ls bacteria and had
I;- .

no observable effect on the multiplication of tularemia bacteria

in vi tro and in the animals ’ organ i sms.

As can be seen from Table 3, in guinea pi gs infected with

S. typhimuri um in a dose of 500 mil l ion microbe cel ls , the increase

In phagocytary activity to the tularemia microbe was traced over a

long period of time. Even 54 days after the infection there was observed

some bacteriostatic activity of phagocytosis, as compared to the

in tact individuals.

• 
. TABLE 3. Phagocytic activity of neutrophils in the blood of guinea

• ‘ 
pi gs infected with S. typh imurium.
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~~~~~~~~ 7 3  12.3 1.67 30 48 48.6 47.0 0,90 bOO 100 -

• I4wraxTnbtejNMCT 6,5 16,2 2,67 25 65 10.6 21.8 2,38 42 76

- 24 guinea pigs were infected with tularemia bacteria 3, 7, 9,

14 and 22 days following the introduction of S. typhimurium. In 12 of

them the OPR was Investi gated on the 5th day fol lowing the infection with

tularemia bacteria. An increase in the digestive activity of the neutro—

phi ls was observed in 8 guinea pi gs. The ratio of absorpt ion indeces
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after 60 and 30 minutes of the react ion fluctuated between 0.47

and 0.93. In 4 guinea pi gs the decrease in the nuber of microbes

in the neutroph ils was expressed weakly: absorption indeces after

60 minutes remained the same or increased to 1.6 times. In the

control guinea pi gs infected onl y with tulare mia bacteria the

absorpt ion indeces increased ch ronographical ly by 1.8 to 2.4 t imes .

9 contro l gu inea pi gs died from tularemia by the 8th to

13th day, by the 11th , 6th day on the ave rage. Of 24 guinea pigs

infected with mixed infection 19 died. 7 guinea pigs died by the

10th to 13th day, 14 on the 14th to 15th and 8 died wi th i n  the

period 17th to 25th day. The average period before death in the

various groups fluctuated between 13.6 and 16.3 days. In some

of the gu inea p igs  who died by the 17th to 25th day antibodies were
• found in the blood for the tularemia microbe in titers of 1;10 ,

1:40 and 1 :160. In guinea pi gs that died by the 13th to 14th day

such antibodies were not discovered.

Undoub tedly ,  the prolonged course of tularemia during mixed

infection is connected wi th the increase in phagocytosis. This  is

seen clarly when comparing the periods before death of 63 guinea pigs

infected with tularemia bacteria in various periods after salrnonel—

losis and l~ steriosis , and also of the control animals with OPR

ind i cators studied on the day of infect ion with tularemia (Table 4).

The data concerning the guinea pi gs that surv i ved are of

i n terest, too. In previous experi ments there were observed cases

~~~~~ -
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of gu i nea pi gs ill with tularem ia in concert with other infections ——

salmonellosis , pseudotubercu losis and listeriosis . In them were

found ant i bodies against the tularemia microbe and a long-term

(up to 40 — 118 days) carrying of tularemia bacteria /6/.

TABLE 4. Comparison of death times for guinea pigs with the

di gestive activity of neutrophils.

Number of .Period of . Absorpt ion index ratioGuineadeath , • . oO minutes:30 minutes
• Days P195 

_______________________________________

less than 1 1 greater than 1

4 - 1 1  22 21 1 0

12— 16 26 8 14

17- 25 15 2 1 12

In the present experimen t, the 5 surviving guinea pi gs

were examined on the 32nd day following the introduc t ion of the

tu l a r em ia bac te r ia , respectively on the 35th - 146th day after

• salmonella infection . In all guinea pigs there was salrnonellosis ——
agglut ination reaction positive in serum diluted 1:160 to 1:2560.

When stag ing the agglutination react ion with tularemia diagnosis and

separate study of l ymph nodes , spleen , l ive r and lungs with the use of

bioprobes in white mice , tularemia disease was not found.

In  3 gu inea  p i~ prior to infec tion an OPR was made which

found in tensive digestion of the tularemia microbe . Absorpt ion indeces

during 30 minute exposure equalled 16, 19 and 12, and after 60 minutes

these decreased to 7, 8 and 8. The index ratio equalled 0.43, 0.142

and 0.66.

•
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The number of bacteria absorbed by 25 neutroph i l s , in the

first smears, comprised 86, 115 and 51 , and in the second ones decreased

- • to 21 , 28 and 31. The increase in the digestive capacity of the

leucocy tes could ca use a des t ruc t ion of a smal l  n umber of i nnoc u la ted

bacteria (tularemia) in the adaptation phase, wh i ch preven ted the

development of infect ion. Similar cases during mixed infection were

observed infrequently in the previous experiments /5, 6/ as well.

• . Far more frequently there is a descript ion of cases of surviva l by

• white mice and gui nea pigs infected with plague microbes in conjunction

with other microbes /1 , 2, 4, 8, 10/.

Bacteriological and serolog ical investigation of the

• surviving individuals found no p la gue illness. Probably in these cases,

too, the “cross phagocytos is” /3, 8/ had a mort i fy ing effec t on the

plague microbe during its adaptation period in the organism. Often

such an imals are considered “un receptive”, “resistant ” or insensitive

to infection. In fact , in these cases there takes place an ins i g n i f i c a nt

r ise  in the recep t ion threshold in consequence of temporary act iva t ion

of the nonspecific protect i ve factor of phagocytosis. Repeated infection

• of these animals causes the development of fatal infection .

CONCLUSIONS

1. The infect ion of animals highly sensitive to tularemia

wi th subletha l doses of pseudotuberculosis and salmonella bacteria

causes an increase in the absorpt i ve and digestive activity of the
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leucocytes to the homologous and tularemia microbes.

2. The act i vation of the nonspecific protective factor of

• phagocytosis causes deviation s in the typica l course of tularem ia ,

causing an increase in the course of the illness , a decrease in the

intensity of septicemia and , rarely, an increased sensitivity

threshold connected with the death of small doses of the microbe

during the adaptation stage.
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CHANGE OF PHAGOCyTIC ACTIVITY TO TULARE/41A MICRO8E IN HJGHL’xSENSITIVE ANIMALS WITH MIXED INFEcTION 
- -

- 
T. N. Dunoeva, !(. N. Shlygina

An increa se of t he ingestive and digestive capacity of neutrophils to the homologous cau-• sat ive agent and tu laremla microbe was revealed by the opsonophagocytic test in iitiaotusarvalis, albino mice and guinea pigs infec te d w ith sublethal Yersinia pseudot uberc ulosis ar4Salmonella typhimurium doses. In subsequent tularemia infection some of the animals displayed
• a reduction of the septicemia intensit y, prolongation of the disease and elevation of the sw-ceptibility threshold. Period of manifestation ol the inhibitory action on tularemaa coincide

- 
with that of the increase in phagocytic activity. - 
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