
HEMATOLOGICAL CIIANGES F O L L O W I N G  I N F s  OF ANIMALS 

WITH THE VIRUS OF EPIDEMIC INFLUENZA 

A . A .  K o r o v l n  

From the Department of Virology (Director - A.A. Smotodintsev, Corresponding Member 

Acad. Med. Scl. USSR). lmtitute of Experimental Medicine, Acad. Meek Sol' USSR, and the 

Chair of Propedeutic Therapeutics (Director - Associate Professor A.A. Komvln), 

Klshin~v Medical Institul~ 

(Received September 29, 1956. Presented by S.V.* Anichkov, Active Member Acad. Meal. $ci. USSII} 

Of the animals susceptible to the virus of epidemic influenza, ferrets, piglets, and white mice are of the 
greatest practical value. Ferrets may very readily be Infected by the nasal secretions of an influenza patient. 
whereas white mice are less susceptible to infection by this means; piglets on~" become susceptible to the virus 
of epidemic influenza after it has been passed through ferrets or white mlc~, 

We know of nO papers dealing specifically with hematological changes ta~ing place In ferrets, ptgl~ts0 
and white mice following infection with influenza virus, ru Shope~ paper (1931), dealing with the etiology of 
swine influenza, presents hematological data for swine before and aftQr infection with a mixture of filtrabl~ 
virus and Hemophilus influenzae. 

In our present paper we present the results of an investigation into the hemateloglcal changes occurring 
In ferrets, white mice. and piglets following infection with a strain of epidemic Influenza virus Isolated in A.A. 
Smorodintsev's laboratory.from victims of the influenza epidemic of 1936 (Type As, strain, Leningrad). 

E X P E R I M E N T A L  M E T H O D S  AND RESULTS 

Ex_.x~riments wi.th white mice. We used 53 white mice of the same a ~  and weight. Of these, 19 served 
as conlxols, 19 were inoculated with H. influenzae,and 15 with epidemic irtfluen~t vlnt~ 

The mice were inoculated under ether anesthesia, by intranasal instillation of infected mater ia l  The 
first few blood samples were taken from the tail vein. It was not, however, al~ays possible to withdraw ~.Ifll- 
cient blood from the vein by this means, moreover, the vein often became erapty after two ot three puncmrez; 
for these reasons we then resorted to collecting blood flowing from the tail after the tip had been cut off. From 
three to s~ven hematological examinations were performed for each animal. In all, we perforrtmd 256 hema-  
tological examinations, 

We determined the mean leucocyte count of blood withdrawn from the tail vein of mice of the control 
group, finding a value of 15,95'/, as compared with 13,967 in blood obtained b~r cutting off the tip of the talk 
the mean leucocyte count for the control group was thus 14,962 per rams; 

We ob~rved considerable variability in the leucocyte count of white mice. o~erauthors who have 
studied the hematology of mice found the same, and have recorded divergent rnean values fez the leucocyte 
count of white talcs, 

We inoculated 19 mice with a culture of H. influenzae. The dose of c~h~xe was sublcd~L but gave rile 

4,58 



to pronoutlccd symptoms of the infection. Only one of the group of 19 infected mice died, 

The results of these experiments (mean value~) are presented in Table 1. 

TABLE 1 

Mean Daily Leucocyte Counts of Mice Following Infection 
With Hemo ~hllus Influenzae and Influenza Virus 

Day after 
lrvocula- 
tion 

1st 
2nd 

3rd 

4 th  

5th 

6th 

7th 

l ~ ~ o c te count of mice 
infected with in:ected with infected with 
H. influenzae 

10.897 
13/'/02 
13.91s 
1"/,84~ 
15,254 
14.841 
14.330 

1/100 of a 
MID of influ- 
.enza virus 

20,60'~ 

11,844 
12,'F/S 
12.979 
12.?00 
13,498 
12,135 

about I MID of 
influenza virus 

16,561 
12.962 
10.149 
11.653 
12,158 
11,831 
14.419 

It appears from the data of Tabie I that the leucocyte count of mice rises following inoculation wlthH~ 
influenzae, reaching a maximum on the fourth day, 

Fifteen white mice were inoculated with influenza vlzus; seven were given 1/100 of an MID of vin~ 
and eight received about 1 MLD. One mouse of the first group died. Of the eight mice given a dose of about 
I MLD. five died ~tween the third and the seventh day after inoculation; autopsy revealed typical amicrobial 
consolidation of both lungs (no growth found on inoculating blood-agar with lung tissue). The mean values 
found for ,.he leucocyte counts of both groups of infected mice show a definite tendency towards leucopenla 
(see Table 1). 

Experiments with piglets. We used piglets weighing from 5 to 6 kg for our experiments. The leucocym 
counts of individual Uninfected animals varied widely (from 6400 to 9800; in one case 12.000. and in another 
30,000), but the values for each individual animal showed much less variation. Inoculations were performed 
under ether anesthesia, by intranasal instillation (5 cc into each nostril) of a 10% homogenate of lung tissue of 
mice infected with Type A virus. Eight animals were treated in this way. We gave 1-2 instillations per diem 
(morning and evening). The "oral nurnbcr of instillations amounted to 36 (from 1 to ~ [mtillatiom per animal), 
given at intervals of 12-24 hours. Blood samples were taken from ear veins. The body temperature of the anl- 
reals was measured at the time Of biood sampling. The first symptoms of disease were obser~ed two to fern 
days after inoculation; the animals became inactive and refused food; their respiratory rate rein, they coughed 
and appeared to have sore throats. Their temperature rose to 41-42" (normal temperature 38.5"). 

The results of the hematological examinations are Ixesemed in Table 2. 

In two cases the leucocyte count was unaffected (Table 2. Nos. 1 and 2) by inoculation with influenza 
virus; in'two cases (Nos. 3 and 5) there was a transient and slight fall in leucocyte count; and in four cases 
there was a definite leucocyrosis (Nos. 4, 6. 7 and 8). 

We compared these hematological findings with those of anatomopathological, bacteriological, and vlro- 
logicalexamlnation of the animals, in order to find the reasons for these differences between the hematological 
responses of different animals. With this object, we killed the piglets at different times after infection. Thus, 
piglets Nos. 1 and 2 were killed on the ['LeSt day after inoculation. Nee. 3 and 4 three days after Inooalation, 
Nee. 5 and 6 four days after inoculation, and Nos. '/and 8 were allowed to recover. We examined the lungs of 
the killed animals for pathological changes, and determined the virus content of the lung tls~.le; in additlo~ 
we made bacteriological cultures of the lung tissues and blood.. 

The lungs of all six animals showed regions of infiltration, the intensity of which increased with time al- 
ter inoculation. In four cases out of six, culu~es made by inoculation with the infiltrated lung loci pro~ed to M 
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bacteriologically sterile, aF~ ~ in two cases (Nee. 4 and 6) a massive gro~h of mixed bacteria was obtained. De- 
termination of the virus content of the lungs showed the presence of influenza virus In high fleer in the Infil- 
trated regions of the lungs of five out of six animaB, and its absence in or~ case (No. 6). 

Comparison of the results of hematological and bacteriological examinations of the lungs showed that of 
the four cases of amlcrobial virus pneumonia the leuco~)-~ count was unaffected in two cases and was slightly 
lowered in the Other two (Nee. 1, 2, 3 and 5). A regular and considerable rise in leucocyte count was obserwd 
in allcases which were complicated by microbial infection (up to 14,400). The rise in leucocyte count was 
particularly large (up to 38,600) and prolonged (over 20 days) in piglets Nee. "/ and 8, which we~ allowed to 
recover, in these cases the leucocytosis was assoclated wluh severe pncumo~a. These animals were dck for" 
more than three weeks. They lagged behind other animals of the same age in body weight and growth ra~. 
These animals were not autopsled. 

Expcriments with ferrets. Ferrets may be Infected whh influenza virus taken directly from a sick person. 
For this reason, we attached particular importance to the hematologlcal examination of wild ferrets befor~ and 
after fl~eir inoculation with the virus of epidemic influenza. 

We made hematological examinations of 23 ferrets in all We are not aware of any published data on 
the hematology of these animals, in sickness or health, and in this commclion we encountered certalnlnltal 
difficulties in the choice of the method for obtaining blc<>d samples. Attempts at withdrawing blood from th~ 
tail veins after shaving off the hair were unsuccessful, and we were obliged to take blood from e~ veins, 
which were nicked with a razor. This procedure permitted us to make five hematological examinations of each 
animal (One to two before infection, and two to three after infectibn). We made total and differential whim 
cell counts. 

An examination of 23 healthy ferrets before intectton (40 analyses) proved that the animals have sufficient- 
ly stable amounts of leucocytes, most of them b~tween 6,000 and 10,000 w.b.c per mint; in one case, the count 
reached 15,600 and in another 18,290. The variations in th~ leucocyte count in individual animals were insig- 
nificant. A mean differential leucocyte count for healthy ferrets (accordin/~ to our data) is as follows: l e u c o c ~  
count ~866, band neu~rophils 3~o (236), segmentsd neutrophiB 53qo (4!69). eosinophils 3~ (230. basophits 0-1~ 
(79), lymphocytes 2"/~ (2124), monocytic ceils I3~  (102"2). We use the term "monocytic cells:' rather than 
"monOcytes," because these cells possess a specific strucre~ne in the ferret, resembling the round macro#age  cells 
encountered in the human. 

Of the 23 ferrets, 13 were infected with influenza Yiras. eight of them receiving a lethal dose of viAnts 
(2 cc of 10~o homogenate), two a small dose of vLnxs, not lethal to a ferret (0.1 cc), and three were kept in con- 
tact with sick ferrets which had been given a lethal dose of  virus, 

The following hematological changes were seen in these 13 idected ferrets., leucocytosis in two c . ~ ,  
no change in four cases, and marked leucopenia in sewn cases. 

Anatom0pethologicai, bacteriological, and virological examinations were made of all the infected f e n ~  
which died or were killed. The results of these, and of the hematological examinations, are presented in Table3. 

It is evident from the data of Table 3 that leucocytosis was found in those ferrets suffering from pneumo- 
nia with heavy bacterial infection of the lungs(hemolytic streptococcus). No hematological reaction was found 
in the ferrets which had been in contact with sick ones. We could fund neither bacteria nor influenza virus in 
the lungs of these animals. Evidently in such cases infection of the ferrets with influenza vlru.~ did not ~ke 
place, for which reason there was no hematological reaction. Ferret No. 938 was only examined once. lfir~ 
hours after Inoculaton. This animal was not subjecmd to hematological examination, and should not be ~Icen 
into consideration. 

The majority of the ferrets (seven animals)responded to infection with influenza with a defi~m leuco- 
penia. Bacteria could nor be. found in their lungs or blood, and serological investigation of their lungs showed 
the presence of influenza virus in large amount. The r~its of hematological examination of some of these" 
animals arc presented in Table 4, 

The following changes appeared in the differenlial ~aim cell count ofthe ferrets after infection: fall in 
absolute neu~ophil count in fiw ca~s out of seven; a s_hif~ to the left was observed for the nuclei, but it was 
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TABLE 3 

Re~lt~ of Anat0mopathoiogical, Bacteriological, Vlrotoglc~I, and Hematological Examinations of Fer~ts In-  
fected With InFlucnz~ Virus 

.... i feC o, ....... w , ,  do.  ] 0=home P  ,o ov [ Bac,o 10;og-j raced 
~ ' ~  I ical ehar.ges i tcal exam ] 

. . . . . . . . . . . . . . . . . .  : ..... I i n  hm~ | of l t m ~  

955 

923 

925 

935 
924 
938 

954 
953 
937 
922 
958 

936 
934 

lO/29 

9/27 

10128 

10/16 
9/29 
10/15 

10/25 
10/29 

.10116. 
9/27 

10129 

10116 
10116 

1. F e r r e t s  r e s p o n d i n g  

2 cn~ Died 11/7 

2 ere t - Io12 

§247247 

wi th  l e u c o c y t o l i t  

Hemolytic 
ttrepto, 

§247247 

+.§ Proteus 
vulgadm 
4.44. 

2.  F e r r e t s  

Placed in 
cage 
wtth a 
sick ferret 

Ditto 

2 cm s 

n o t  g i v i n g  a n y  h e m a t o l o g i c a l  t e s  

Killed 10/8 [ - Sterile 

! 

�9 lo/20 
- 10/8 
- i0/17 

3. 

2 cn~ l 

2 crot 
2 cm t 
2 cm m 

2 cm t 

0.1c~ 
0,1c~ 

F e r r e t s  r e spon .d i  

Died I I / I  ] 
�9 11/1 

Killed 10/19 
�9 I012 

E~caped [ 
111:'- 

Killed 10122 
r.~.a ped 
I01~ i 

Virus content 
of lungs 

w 

tk 
4-4, o 

ng w i t h  l e u c o p e n i a  

+ §  

§ 

D 

o -  

Ste rile 

w 

Sterile 
m 

Hemolytic 
=t~e pro - 
cocoas= 

ponse 

Steflle 

I 

r 

Sterile 

u 

to 

Sterile 

I:100.000 

Not examined 

o 

I:I0,000 

1:10.000 
1:10,000 
1:10.000 
1:10.000 

very small; juvenile and younger-than-juvenile neutrophih did not appear in the blood; eo~lnophils regularly 
fell or disappeared; in almost every case we observed a considerable fall in lymphocyte count during the first 
few days after infection (down to 104 per mm s, as compared with 2000 normally); the number of roonocy~lc 
cells rose in roost cases, sometimes by 40% (up to 2332 per mms. as compared with 1000 normally). 

The hematological reaction+ found in ferret, infected wl~  influenza virus, uncomplicated by superpomd 
bacterial Infec~ was basically analogous to that found .by us In uncomplicated human epidemic Influenza 
cases. 

The hematological changes found byus in mice, piglets, and ferrets wer e basleally of the same type. All 
these anlroal~ responde d to pure Virus infection with a leucopenia, and displayed !eucocytosis on!y when them. 
was supe~d bacterial infection. 

As has been stated above, the majority of piglets examined responded to i~fluenz~ infection with a leucoo 
cyrosis, whereas a definite leucopenia was found in the majority of ferrets examined. This difference may be as- 
cribed to the much greater incidence of superposed secondary t.nfection by various bacteria in the former cam. 
due to th e more severe injuries inflicted on their respiratory passages by the large amounts of itmculum intro- 
duced. The ferret, were given only one single inoculation, wberea~ the piglet5 were. in view of thei~ low ~ -  
cepdbiltty to influenza virus, given repeated ir~ulation~, up to seven in .,.ome caves. In general, each piglet 

467 



TABLE 4 

Hematological Reaction of ~ven  Fe~tctt Which Gave a Leucopenic Respov~ to In~ection With Influenza Vlru~ 
(the dHferendal white cell count is given in ab*olute figure,) 

Examination 
date. 

10/26  

10129 

x0/Zl 

~/~ 

9/~6 
~/~ 

lOli 

Leucocyte 
c o u n t  _ 

1o/96 
I012~ 
lo /~ '  

10/31 
n/1 

loll4 
lO/1~ 

band . ~ n ~ _ d  ..... IPM~ ..... ! ...... 

F e r r e t  No.  983 

Monocytes 

xom 
lO/lS 
io/2i 

%200 144 Z,960 [ 7~ 72 2.100 ~92 
6.700. 134 3,819 ! 6Z -- 1,~,3 73~ 
6,800 204 3,808 - 2,108 680 

1 0 / 2 9  I n o c u l a t i o n  wi th  a l e t h a l  dose of  i n f l u e n z a  v i rus  (2 cm )) 

3.400 1o= 2.07, l " ~13 
5,000 300 3,000 1,050 

F e r r e t  No, 98~ 

7.000 - 2.45o [560 1.330 
! 

1 1 / 2 7  I n o c u l a t i o n  wi th  a l e t h a l  dose ,m s) 

6.600 56 ~.586 15~ 7~2 
5.ooo - 2.9so | -  x.8~o 
5.~oo lo4 2,eo8 j 52 2,o8o 

Fer re t  No.  958 

! 6.800 612 3.468 " 1,'700 1,090 
6,900 138 4,691 69 -- 1,1'/3 828 
6,600 -- 4.080 136 -- ' 1,360 1,224 

�9 1 0 / 2 9  I n o c u l a t i O n  w i t h  a l e t h a l  dose  of  i n f l u e n z a  vl tu)  (~ cm | )  

6,000 660 4,260 I : - 300 '/80 
4,000 760 2,040 -- " 320 880 

i 
Fer re t  No.  936  

16,600 -- 12,284 ] : -- 2,188 2,158 
15,200 304 10,488 d o ~ e -- 2,584 1,824 

10/16 Inoculatlon with a small S of Influetiza vltus (0.I cm s) 

 o.,oo , , , o  , . o,o , . ,o~ 
j 7,000 490 4.480 - ~6o 1.47o 
~zo.~oo ~z~ 6.7~ - ~.~ ~.ss= 

- 512 
- 550 

- 2,650 

of  i n f l u e n z a  virus (~ 

66 396 �9 
- 200 

82 104 

tolerated lmtillation of up tO 70 cm ) of infective homogonate into ftt respiratory passages, over the space of ~ t  
days. 

SUMMARY 

Data on hematological changes in 23 ferrets, 53 white mice,, and eight plglet~ at .  presented. The changer 
took place before and afte~ infection by the virus of influenza Type A. Both the number of leucocytes and the 
leucocytic formulas were studied. HematolOgical data were compared with the data of pathologJcoanatomicalo 
bacteriological and virological investigation of these animals. 

Observations showed that there was a tendency towards r of ~he number of leucocytes (in mice and 
pigs) or to comiderabl~ leucopenta (in ferrets) in virus nOnmic.obic pneumonia. In presence of microbes regular 
pronounced and prolonged ncu~OPM1ic leucocytosL~ was ~ ted .  
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