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REPORT ON BACTERIOLOGICAL EXAMINATIONS IN CASES 
'OF INFLUENZA, MALTA COMMAND, 1918. 

By ADAM P ATRICK; lVI.D. 
Late Temporary Oaptain, Royal Arr.ty Medic'al Oorps. 

WORK done in the District Laboratory, Malta, in connexion with the 
influenza epidel~ic was chiefly on tW? lines: (1) bacteriological examination 
of sputum from pati~nts in hospital, aud (2) post-mortem examinations 
and examination of post-mortem material in the case of some men who 
died. Nearly all the specimens of sputum' sent to the laboratory came 
from St. Andrew's Hospital, but there were a few also from St. Eimo and 
Cottonera Hospitals. The sputum examinations were begun about the 
end of August and coJjtinued until the end of :December, a periodcorre
sponding roughly with the,second andseverest wave of the epidemic. As 
large numbers of patients w:hose sputum was examined were cases of 
brqnchopneumonia which had been transferred to a special block on account 
of the onset of this complication, they had usually been ill·for some time 
when specimens' were sent. An attempt was made to carry out a post
mortemexamination on as many cases 'as possible where death had 

'occurred", but there ·were difficulties in getting permission in the case of 
Maltese soldiers. The bodies of nearly all the British. 'soldiers who died 
were examined. 

EXAMINATION OF SPUTUM. 

The sputum was collected in wid~ sterile tubes into which the patient 
spat directly. The specimens were generally received in the laboratory 
and cultures made within three or four hours. The medium used for 
nearly all the cultures was blood~smeared agar made from bullock's heart, 
though a few cultures in the middle ofl the series were made on plain agar, 
when it seemed, after numerous negative results, that the influenza bacillus 
was not present. A direct smear was a\so made in each case. 'l'hese 
w'ere useful for the recognition of spirochretes; aud pneumococci and 
sarcinre were also thus easily observed. 

Specimens of sputum were examined from 187 patients, and in a few 
instances more than one examination was made. By far the most common 
organisms met with were diplo-streptococci, probably mostly pneumococci; 
but pneumococci and streptococci have been classified together as they 

. were not differentiated. T1:J.ese organisms were present in ninety-four per 
cent of all cases. Staphylococcus aureus was found in twenty-seven per 
cent. In the common infections of the respiratory tract this organism is 
unusual, and its prominence and virulence were features of the Malta 
epidemic. Other Gram-positive c~cci, mostly large, were found in fifty-five 
per cent, sarcinre, which were of. common occurrence, being included in this 
group. Gram-negative cocci of the ,Micrococcus catarrhalis type occurred 
in fifty-one, per cent,Gram-negative .coliform bacilli in thirty per cent. 
These bacilli gave very variable· reactions in sugars, but the pneumo
bacillus was conspicuously ,absent. Bacillus influenZa! was isolated in four 
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134 Report on Bac,teriological Examinations 

per cent of the cases. The standard taken for its identification was growth 
on' bloQd-smeared agar, failure of growth on ordinary agar,and greatly 

, increased growth in the 'proximity of staphylococcus. Spirochrntes, much 
resembling those present in Vincent's angina, were found in twelve per 
cent of the sputa. Fnsiform bacilli were present in large numbers in 
:;1ssociatioll with them in one. case. Bacillus septus wasJound in three cases. 

, The' following classification shows the organisms found in the sputum 
of twenty patients who afterwards died, and in the lungE! of ten others 
whose sputum had not been examined before death-thir,ty cases in all. 
Here d'iplo-streptococci were present in '76 per cent, S. aureus in 83 per 
cent, otiteT Gram-positive cocci in 30 per cent, Gram-negaf'ive diplococci in', 
30 per cent, coliform bacilliin 33 pet ~ent, E. injluenz(JJ "in 10 per c~nt, 
Spi1'och(JJt(s in 6 per cent, ard,B. septus in 3 per cen.t~ 

TABLE I. 
Organisms in sputum 9rganisIlfs in sputum or' 

of 187 cases lungs of 30 fatal cases 
Diplo,streptococci 94'per ,cent 76 per cent 
B. aureus ' 27 " 83 
o.ther Gram-positive cocci 55 " 30 
Gram-negative cocci . . 51 30 
B. influenzaJ .. 4 10 " 
Gram-negative bacilli (c'oliform) 30 33 
Spirochretes .. ' 12 ,6 
B. septus 1 3 

A 'striking feature in this t'able is the increased ,proportion of S. aureus 
in the fatal cases.' , ,\ 

The, percentage-fatality III conneXlOll with the organisms found IS 

shown in T'3,ble IT. . 

Dipio,streptococci 
S. aureus 
Other Gram-positive cocci 
Gram-negative cocci .. 
B. influenzaJ' .. 
Coliform bacill~ 
S pirochretes .. 

TABLE n. 

The total number of cases-eight:----in 
, was fo~nd is too small to give a reliable 

'Number of deaths where 
oigau~sm was present 

10 per cent' 

31 " 
8 
9 

37 
12 
8 

which the influen;>;a bacillus' 
figure., 

POST-MORTEM EXAMINATIONS. 

The number of autopsies made was twenty-three. Special attention 
was, directed tq cultures from the organs, and the results of these cultures 
are shown in, Table Ill. ' 

The prevalence of 8. aUTeus in pure culture in the first half-dozen cases 
i.s remarkable, and at first it seemed as though, it was the presence or 
absence of this, organism which made' the difference between death and 

_ recovery. In the first nine fatal cases it was the predominating organism 
in eight. One of these patients came from Ghain Tuffieha camp, three 
miles f~om t\t. Elmo Hospital, and four from the 1st Northumberland 

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-40-02-06 on 1 F
ebruary 1923. D

ow
nloaded from

 

http://militaryhealth.bmj.com/


/ TABLE IlL-CuLTuREs FROM ORGANS (POST-MORTEM). 

~seNO. ____ 1_ 2 3 4 5 6 7 8 _9_I_l_J __ ~t~~ 13· 14 15 16 ~~~_~I~O __ ~ __ 2~ 23\ 

Heart-blood". S 's S - - - S - S· B, P •• P P, 8 P B S, P B - B I P -' - ,P, S 
Right lung .. SI S S S - S s' Str l S P, S I s, B S, P S, f P S, P S, P, B P II,Sar P, S I I, P, S - S, P p, 
Leftlung' ........ S S,P S S Str S p,B S,B S,P ,S,P p2 SI S2, B, I, P,S, 'I,S B S,B,P P,S 
Right pleural .. .. .. .. .. .. P .. Sar I.. .. •• .. " .. .. .. .. PS'S .. .. 
M~t ' , 

Left pleural .. .. .. .. ., S P,S,Str Str" S B .. P,B P, S .. 
cavity 

Spleen' .. ' S S S 
Liver'.. .... .. S 

S 
S 

Gall-bladder.. - S· S 
Right lddney .. ' . . S S 
Left kidney.. .. .. .. IS 

S 
S 
S 

S , 

S, B 
S, B 

S 

1 Almost pure culture. 

P 
B 

-. P~.B 
P,B 

S,B 

·S 

B 
S,P P 

P 

P 
P 

P,B 
P 

(Cultures pure unless otllerwise stated.) 
" 

, S = Staphylococcus ait~eus. 

B 
B 

B 
-B 

P = Diplo.streptococci, resembling pneumococcus. 
Str '= Streptococcus.' , 

B = Gram-negative bacillus (coliform). ! 

Sar = Sarcina. " , 
I = B. influenza. . 

P 

S,B 
S 

H,B 

B 
B - i 

I 
I 

P 

B 

B,P' 

, \ 

-' Not a pure culture. 

P 

B, 
B 
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Report on Bacteriological Examinations 

Fusiliers. These were all the examinations made of fatal ~~ses from these 
.localities. Staphylococci were found in other cases, but not in the same ' 
degree of purity as in these eight. There is evidently a great tendency for 
organisms present in the lungs to become disseminated through: the body. 
Organisms were usually to be found in spleen and liver, and the frequency 
with which they were isolated from the kidneys is interest~ng. It will be 
noted that"in Case No. 18 influenza bacilli were grown from the kidneys. 
It might be mentioned here that cuituresmade from the. spleen in many 
previous .post-mortem examinati:ms in other diseases by the same method 
as was l:wre used for all the internal organs had given uniformly negative 
results. The remark alre_ady made about coliform bacilli found in the
sputum applies also to those isolated from internal organs. 

As regards the condition of the various organs, the· heart seemed to be 
not much affected, the most noticeable change being the dilatation of the 
right side, and especially of the right auricle. There was no valvular 
lesion and no obvious muscle changes.· The ave~age weight was ten 
ounces. . 

The lungs were nearly il,l1-Vays affected throughout, and in every case' 
some bronchopneumonia was found. In one case (No. 8) in which the 
organism concerned seemed to be a streptococcus, there was consolidation 
in both lower lobes, while the other lobes were pink and spongy, but in . 
every other case there was a change in colour and consistence throughout 
t_he lungs. Congestion was always present, with the tissue of a deep red 
colour, and marked cedema was noted in fifteen cases out of twenty-three. 
This cedema was occasionally extreme, and in one instance the lungs 
weighed fifty-three ounces and fifty-four ouimes respectively. In some 
Cases the lungs showed deep congestion, numeroUs small hffimorrhages, 
scattered ill-defined patches of bronch_opneumonia, cederba with much 
frothy cedematous fluid in the bronqhioles, and bronchi with deeply con
gested mucous membrane. In oth~ers the consolidation was more massive, 
the bronchioles were fiiled with pus (purulent bronchitis), and abscesses 
were sometimes found in tlii3 consolidated areas. The br.onchopneumonic 
process showed a special tendency to progress towards abscess formation, 
a.nd all intermediate stages were encountered between the presence of 
abscesses so small as just to be visible' and a stage in which the lung 
resemble'd a sponge soaked in pus. On section of a lobe the suppurative 
process was frequently seen in different stages side by side, the areas being -
usually wedge"shaped with their bases towards the pleural surface. 

The extent' of the areas, of bronchopneumonia varied greatly. Some
times they were sma,llandscattered,' a!1a'some~imes they ran into one' 
another and formed a massive consolidation. The lower lobes were 
more extensively affected than the upper, and the right middle ,lobe was 
noticeably less affected than any other part of the lungs. A common 
distribution was cQnsolidaticin in' the posterior parts of both upper lobes 
with the anterior parts spongy, the middle lobe free, and the lower lobe's 
completely consolidated except for a fringe along the anterior and lower, 
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AdamPatrick 137 

eCiges. The following table shows roughly the distribution of consolidation 
in twenty-three cases. , 

TABLE IV.-DISTRIBUTION' OF' PULMONARY CONSOLIDATION IN TWENTY-THREE CASES. 

Lobe ' Complete or almost ' Partial Absent complete 
Right upper .. 7 .. 11 5 

" 
middle .. 4 2 17 

" 
--lower .. ' 17 ,2 4 

Lef~ upper 6 9 8 

" 
lower 19 2 2 

_ Small hrnmorrhages throughout the lung tissue, showing under the 
pleura as petechirn, were of frequent occurrence, but extensiv.~ subpleural 
hrnmorrhage was found in one case on!y. 

Pleurisy was common, generally in patches, but sometimes involving 
almost the whole pleural surface. There was effusion of serous fluid in the _ 
right pleural cavity in three cases, and in the left in one of these three and 
in two others. In one case 1,500 cubic centimetres 'were present in the 
left pleural cavity, but in the others the amount was small. Double 
empyema occur~ed twice, and single left-sided empyem~ in five other 
cases. Generally only 'quite a small amount of pus -was found, but one 
pleural cavity contained about 500 cubic centimetres. 

Histological examination of sections of lung tissue showed desquamation 
and inflammation ,of the mucous membrane of the bronchi, with dilatation 
of the blood-vessels and sometimEs leucocytic infiltration. Small areas of _ 
pneumonia could 'sometimes be traced to an origin round a bronchiole. 
Hrnmorrhage into the lung tissue and abscess formation were common. 
In the consolidated areas the 'alveoli were filled with effusion. -

The average weight of the right lung yvas 33'7 ounces, and of' the left 
30'3 ounces.--

There was no noticeable change in the spleen', In particular softening 
was absent, even in cases in which abscesses were found in the lungs, and 
staphylococci were grown from the spleen substance. In one such case 
the organ weighed only 21 ounces. The average weight _ of the spleen 
was eight ounces, ' but as ,several of the patients had previously ,suffered 
from malaria, this slight increase in size was probably attributable to the 
malarial infection. 

-ffidema was'sometimes ooserved in' the liver, and in some cases 
congestion; but i~ general there was no marhed change. The average 
weight was sixty ounces. ' 

The kidneys were congested, an'd in one instance,where there were 
abscesses ~n' the lung, the pelvis- of the kidney contained a 'little pus. 
The averag~ weight of the right kidney was 5'3 ounces, and of the left 
5'7 ounces. 

All but one of the deaths oc~urred in the seqond wave of the .epidemi'c, 
and this was, I believe; the only fatal case among the milihry population of 
the island at this time. The man was taken ill at GhainTufneha camp on' 
July 2, and died in Cottonera Hospital three days, later., Though there 
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138 Report on BaderiologicalBxaminations 

were oodema and scatteredc patches ,of bronchopneumonia throughout the 
lungs, the cause of this rapid death was not at first apparent. On culture, 
how:ever, S. a1freus was obtained from spleen and heart-blood in pure 
culture, and in the lungs'it was present in large numbels, and was the 
predominating .orgamsm.' App~rently the cause. of death was staphylo
coccus septicromia. This result led to fuller bacteriological examination 
in subsequent autopsies. 

No particular type of post-mortem appearances could be conriected with 
particular ,organisms.' Attention has been directed to the localized 
character of the consolidation in one case with streptococci predominant . 

. Pneumococcus and staphylococcus seemed equally c,apable 'Of producing· 
abscesses in the lung. It was sometimes found' that though other 
organisms than pneumococcus were present in the lung substance, the 
pneumococcus alone was present in .the fibrinous e~udate7 on the pleural 
surface. Pulmonary oodema 'wasJound in a marked degree in cases with 
S. aureus, in Case No. 14' where pneumococcus was the predominant 
organism, and inCas'e No. 17 where only coliform bacilli were found. The 
later cases in the' series showed much less tendeI!cy to abscess formation 
in the lungs than the eadier. A feature of some of, the staphyloc,occus 
cases was the occurrence of death with comparatively slight lung changes, 
and no evidence of disease elsewhere. 

A culture was made from the blood in five cases of bronchopneumonia, 
~ithout any growth resulting. One 6fthese was taken two days before 
death in a 9ase in which staphylococcus was afterwards found in the heart 
bJood. 'The leucocytes were counted in four cases, and !'I'ere not increased, 
the numbers per cubic millimetre being 4,000 (stapbylococcus case), 7,800, 
6,800 (staphylococcus case), and.6,800. 

CONCLUSIONS, 

The results obta:ined give no clue to the nature of the primary infection, 
but they show to what an extent this primary infection reduces the reslst7 
ance of ·the tissues to the attack of the secondary invaders. The occurrence 
of S. aureus in a large proportion ,of fatal Cases has not, I think, been 
recorded as a feature of the epidemic in other places. It would be inter
esting to know if it is connected with the great prevalence in Malta o( 
staphylococcus infections of the skin. It is evident from the numerous 
published accounts that the seconOdary organisms found iq the lungs vary 
indifferent localities; and difference in case death-rates may be due to 
difference in the secondary invaders. The conflicting evidence as to the 
presence ot absence of the influenza bacillus is possibly to be explained by 
some such variations in geographical distribution. It is difficult to believe 
that its apparent infrequency in Malta was due to the unsui~ability of the -

. medium ~mployed, for when it grew at all it gre,w without difficulty.' Six 
of th~ last specimens of sputum were plated ori the K medium recom· 
mended, by Fildes, Baker and Thomson (Lancet; 1918, ii, 697)" but with 
negative results. 
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