HEMATOLOGICAL CHANGES FOLLOWING INFECTION OF ANIMALS
WITH THE ViRUS OF EPIDEMIC INFLUENZA

A.A. Korovin

From the Department of Virology (Director ~ A.A. Smorodintsey, Cotresponding Member
Acad. Med. Sci. USSR), Institute of Experimental Medicine, Acad. Med. Sci. USSR, and the
Chair of Propedeutic Therapeutics {Director — Associate Professor A A. Korovin),
Kishinev Medical Institute

(Received September 29, 1956. Presented by S.V: Anichkov, Active Member Acad. Med. Sci. USSR)

- Of the animals susceptible to the virus of € pidemi‘c influenza, ferrets, pigkets, and white mics are of the
greatest practical value. Ferrets may very readily be infected by the nasal secretons of an influenza patient,
whereas white mice are less susceptible to infection by this means; piglets only become susceptble 1o the virus
of epidemic influenza after it has been passed through ferrets or white mice,

We know of no papers dealing specifically with hematological changes taring place in ferrsts, piglets,
and white mice following infection with influenza virus. R. Shope's paper (1931), dealing with the etiology of

swine influenza, presents hematological data for swine before and after infection with a mixture of filtrabile
virus and Hemophilus influenzae,

In our present paper we present the results of an 1nvesdgation into the hematclogical 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 Ay, strain, Leningrad).

EXPERIMENTAL METHODS AND RESULTYS

Experiments with white mice. We used 53 white mice of the same age and weight. Of these, 19 served
as controls, 19 were inoculated with H. influenzae,and 15 with epidemic influenza virus.

The mice were inoculated under ether anesthesia, by intranasal instillation of infected material. The
first few blood samples were taken from the tail vein. It was not, however, always possible to withdraw suffi-
cient blood from the vein by this means, moreover, the vein often became empty after two or three punctures;
for these reasons we then resorted to collecting blood flowing from the tail after the tip had been cut off, From

three to s2ven hematological examinations were performed for each animal, In all, we performed 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We determined the mean leucocyte count of blood withdrawn from the tail vein of mice of the control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 15,957, as compared with 13,967 in biood cbtained by cutting off the tip of the tail;
the mean leucocyte count for the control group was thus 14,962 per mm?,

We observed considerable variability in the leucocyte count of white mice. Other authors who have

studied the hematology of mice found the same, and have recorded divergent mean values for the lsucocyte
count of white mice,

We inoculated 19 mice with a culture of H. influenzae, The dose of culturé was sublethal, but gave rise



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

The results of these experiments (mean values) are presen{éd in Table 1.

TABLE 1

Mean Daily Leucocyte Counts of Mice Following Infection
with Hemophilus Influenzae and Influenza Virus

Day after _ Leucocyte count of mice

inocula- | infected with| inlected with | infected with

tion H. influenzae| 1/100 of a about 1 MLD of
MLD of {nflu-}influenza virus
enza virug

1st 10,897 20,607 16,561

2nd 13,702 11,844 12,862

3rd 13,915 12,975 10,149

4th 17,847 12,979 11,653

5th 15,254 12,700 12,155

6th 14,841 13,498 11,831

Tth 14,330 12,135 14,419

It appears from the data of Tabie 1 that the leucocyte count of mice rises following fnoculation with H,
influenzae, reaching a maximum on the fourth day.

Fifteen white mice were inoculated with influenza virus; seven were given 1/100 of an MLD of virus,
and sight received about 1 MLD. One mouse of the first group died. Cf the eight mice given a doss of about
1 MLD, five died between the third and the seventh day after inoculation; autopsy revealed typical amjicrobial
consolidation of both lungs (no growth found on incculating blood-agar with lung tssue), The mean values

found for the leucocyte counts of both groups of infected mice show a definite tendency towards leucopents
(see Table 1.

Experiments with piglets, We used piglets weighing from 5 to 6 kg for our experiments. The lencncyts

counts of individual uninfected animals varied widely (from 6400 to 8800; in one case 12,000, and in another

- 30,000), but the values for each individual animmal showed much less variation, Inoculations were performed
under ether anesthesia, by intranasal {nstillation (5 cc into each nostril) of 2 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 ~otal number of instillations amounted to 36 {from 1 to 7 insullatons per animal),
given at intervals of 12-24 hours. Blood samples were taken from ear veins, The body temperature of the ani~
mals was measured at the time of blood sampling, The first symptoms of disease were observed two to four
~days after inoculation; the animals became inactive and refused food; their respiratory rate rose, 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 presented in Table 2,

In two cases the leucocyte count was unaffected (Table 2, Nos. 1 and 2) by inoculadon 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 leucocytosis (Nos. 4, 6, 7 and §).

We compared these hematological findings with those of anatomopathological, bacteriological, and viro-
logical examination of the animals, in order to find the reasons for these differences between the hematological
responses of different animals, With this object, we kilied the piglets at different imes after infecdon. Thus,
piglets Nos. 1 and 2 were killed on the first day after inoculation, Nos. 3 and 4 three days after inoculadon,
Nos, 5 and 6 four days after inoculation, and Nos. 7 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 tssue; in additon,
we made bacteriological cultures of the lung tissues and blood.

The lungs of all six animals showed regions of infiluation, the intensity of which increased with dme af-
ter inoculation. In four cases out of six, cultures made by inoculation with the infiltrated lung foci proved o be
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Eacxcripiog}caily sterile, and in two cases (Nos. 4 and 6) a massive growth of mixed bacteria was obtained, De-
termination of the virus content of the lungs showed the presence of infiuenza virus {n high titer in the {afil-
trated regions of the lungs of five out of six animals, and its absence in one case (No. €),

Comparison of the results of hematological and bacteriological examinations of the Jungs showed that of
the four cases of amicrobial virus pneumonia the leucocyte count was unaffected in two cases and was slightly
lowered in the other two (Nos. 1, 2, 3 and 5). A regular and considerable rise in leucocyte count was observed
in all cases which were complicated by microbial infection (up to 14,400). ‘The rise in leucocyte count was
particularly laige (up 10-38,600) and prolonged (over 20 days) in piglets Nos, 7 and 8, which were allowed 1o
recover. In these cases the leucocytosis was assoclated with severe pneumonia. These antmals were sick for

" more than three weeks, They lagged behind other animals of the same age in body weight and growth rate.
~"These animals were not autopsied.

Experiments with ferrets, Ferrets may be infected with {nfluenza virus taken directly from a sick person,
For this reason, we attached particular importance to the hematological examination of wild ferrets before and
after their inoculadon with the virus of epldemic influenza.

We made hematological examinations of 23 ferrets in all. We are not aware of any published data on
the hemamlogy of these animals, in sickness or health, and in this connection we encountered certain Initial
difficulties in the choice of the method for obtaining blcod samples. Attempts at withdrawing blood from the

_ tail veins after shaving off the hair were unsuccessful, and we were obliged to take blood from ear veins,
which were nicked with a razor, This procedure permitted us to make five hematological examinatons of each
animal (one to two before infection, and two to three after infection). We made total and differential whits
cell counts,

An examination of 23 healthy ferrets before infection (40 analyses) proved that the animals have sufficient-
ly stable amounts of leucocytes. most of them between 6,000 and 10,000 w.b.c per mm®; in one case, the count
reached 16,600 and in another 18,200. The variations in the leucocyte count in individual animals were insig~
niffcant. A mean differential leucocyte count for healthy ferrets (according to our data) is as follows: leucocyte
count 7866, band neutrophils 3% (236}, segmented neutropéuis 53% (4163), eosinophiis 3% (236), basophils 0-1%
(79), lymphocytes 27% (2124), monocytic cells 13% (1022). We use the term “monocytic cells,” rather than

"monocytes,” becaiise these cells possess a specific structure in the ferret, resembling the round macrophage cells
encountered in the human,

Of the 23 ferrets, 13 were infected with influenza virus, eight of them receiving a lethal dose of virus
{2 cc of 10% homogenate), two a small dose of virus, 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 fouowing hematological changes were seen in these 13 infected ferrets: leucocytosis in two cases,
no change in four cases, and marked leucopenia in seven cases,

Anatombpath‘oiegical. bacteriological, and virological examinatons were made of 21l the infected ferrets
which died or were killed. The results of these, and of the hematological examinations, are presented in Table 3.

Itis e\ndent ‘from the data of Table 3 that leucocytosis was found in those ferrets suffering from pneumo-
nia with heavy bacterial infection of the lungs (hemolytc sweptococcus). No hematological reaction was found
in the ferrets which had been in contact with sick ones. We could find neither bacteria nor influenza virus in

_the lungs of thete animals, Evidently in such cases infection of the ferrets with influenza virut did not take
place, for which reason there was no hematological reaction. Ferret No. 938 was only examined once, nine
hours after inoculaton. This animal was not subjectzd to bematological examination, and should not be taken
into consideration. '

The majority of the ferrets (seven animal) resp‘ondeé to infection with influenza with a definite leuco-
penia. Bacteria could not be found in their lungs or blood, and serolegical investigation of their lungs showed
the presence of influenza virus in large amount. The results of hematological exarnination of some of these *
animals are presented in Table 4,

The following changes appeared in the differenrial white cell count of the ferrets after infection: fall in
absolute neutrophil count in five cases out of seven; 2 shift to the left was observed for the nuclei, but it was
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TABLE 3

_Results of Anatomopathological, Bacteriological, Virological, and Hematological Examinations of Ferrets In-
fected With Influcnza Virus

Serial No. | Infection Virus dose | Outcome Patholog- | Bactericlog-| Blood culturel Virus content
date {cal charges| ical exam of lungs
in ung of luings
1, Ferrets responding with leucocytrosiz
955 10/29 2em® Died 11/7 oo Hemolytic | Hemolyde |1:100,000
strepto= stzepto-
coceus coccus
L aad ' )
923 9/27 2 cm? " 10/2 vt Proteus Not exanined
volgaris
b
2. Ferrets not giving any hematoclogical response
925 10/28 Placed in ] Killed 10/8 - Sterile Sterdle -
cage '
with a
sick ferret]
935 10/16 Ditto * 1w/ - . . -
924 9/29 . = 10/8 # ’ - -
938 10/15 2 cm? ® 1017w+ . . 1:10,060
3. Ferrets responding with leucopenia
054 10/25 2 em? Died 11/1 +44 Sterile 1 Sterile 1:106,000
953 10/29 2 cm? * 1/ ‘44 . . 1:10,000
9317 . 10/16. 2 em? Killed 10/19 ++ " i 1:10,000
922 9/21 2 cm® - 10/2 + . - 1:10,000
958 10/29 2 cm® Escaped - - - -
1172
936 10/16 0.1 cm? Killed 10/22 ++4 Sterlle Sterile -
934 10/16 0,1 cm® Escaped - - - -
10/22 ‘
very small; juvenile and younger-than-juvenile neutrophils did not appear in the blood; cosinophils regularly

fell or disappeared; in almost every case we observed a considerable fall in lymphocyte count during the flrst
few days after infection (down to 104 per mm®, as compared with 2000 normally); the number of monocyte
cells rose in most cases, sometimes by 40% (up to 2332 per mm®, as compared with 1000 normally).

The hematblogical reaction found in ferrets infected with influenza virus, uncomplicated by superposed
bacterial infecdon, was basically analogous to that found by us in uncomplicated human epidemic influenza

cases,

The hematological changes found by us {n mice, piglets, and ferrets were basically of the same type. All
these animals responded to pure virus infection with a leucopenia, and displayed ‘eucocytosis only when there.
was superposed bacterial infection.

As has been stated above, the majority of piglets examined responded to influenza infecton with a leuco-
cytosis, 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 infection by various bacteria in the former case,
due to the more severe injuries inflicted on their respirétory passages by the large amounts of inoculum intro-
duced. The ferrets were given only one single inoculaton, whereas the piglets were, in view of their low sus-
ceptibility 1o influenza virus, given repeated inoculations, up to seven in some cases. In general, each piglet
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TABLE 4

Hematological Reacton of Seven Ferrets Which Gave a Leucopenic Res;xmse o Infection With Inﬂnanza Virus
{the differendal white cell count is glven in absolute figures)

Examinauon Leucocyte Neutr_ophus Eoslno- Basophils Lympho- Monocytes
dae count band segmented phils v cytes
: Ferter No. 853 .
10/26 7,200 144 13,960 12 {12 2,160 82
10/21 6,700 134 3,819 61 - 1,843 731
10/29 6,800 204 3,808 - - 2,108 680
10/29 Inoculation with a lethal dose of influenza virus (2 cm®)
10/31 3,400 102 2,074 - |- 1 e12 B2
11/2 5,000 300 3,000 - - 650 1,050
_ Ferret No, 922 ;
/21 7,000 | - 2,450 560 . - 2,660 | 1,330
11/27 Inoculation with a lethal dose of influenzs virus (2 cm?®)
9/28 6,600 66 4,686 594 86 398 - 792
9/29 5,000 - 2,950 - - 200 1,850
10/1 5,200 104 2,808 52 52 104 2,080
Fesret No. 958
10/26 6,800 612 3,468 - - 1,700 1,020
10/21 6,900 138 4,692 €9 - 1,173 828
10/29° 6,800 - T 4,080 136 - " 1,360 1,224
.10/29 Inoculation with a lethal dose of influenza virus (2 cm?)
10/31 6,000 €60 4,260 - - 300 780
11/1 4,000 760 2,040 - - 320 880
Ferret No. 836
16/14 16,600 - 12,284 - - 2,158 2,158
10/15 15,200 304 10,488 - - 2,584 1,824
10/16 Inoculation with a small dose of influesnza virus (0.1 em?)
10/17 | 5400 | 270 3,240 - - 540 1,350
10/19 7,000 490 4,480 - - 560 1,470
10/21 10,600 212 6,784 - - 1,272 2,332

tolerated fnstillation of up te 70 cm® of infective homogenate fnto fts respiratory passages, over the space of 2%
days.

SUMMARY

Data on hematological changes in 23 ferrets, 53 white mice, and eight piglets are presented. The changes
ook place before and afier infection by ‘the virus of influenza Type A. Both the number of leucocytes and the
leucocytic formulas were studied. Hematologlcal data were compared with the data of pathologicoanatomical,
bacteriological and virological investigation of these animalk,

Observations showed that there was a tendency towards decrease of the number of leucocytes (in mice and
pigs) or 1o considerable leucopenia (in ferrets) in virus nonmicrobic preumonia, In presence of microbes regulas
pronounced and pmlonged reutrophilic leucocytods was noted.
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